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Bioinspired membrane in ion separator application  
 
Hathaikarn (Pook) Manuspiya 1,2, jiggali@gmail.com.  
(1) Petroleum and petrochemical college, Chulalongkorn University, Bangkok, Bangkok, Thailand; (2) 
Center of excellence on Petrochemical and Materials Technology (PETROMAT), Bangkok, Thailand.  
 
The separator in Li-ion batteries (LIBs) is a porous membrane that prevents short cir-
cuits between the anode and cathode while also allowing for ionic transport. Polyolefin 
materials such as PE, PP, and ultrahigh molecular polyethylene are currently used by 
all separator manufacturers due to their chemical stability, mechanical strength, and 
low cost (UHMWPE). However, several issues, including poor thermal stability, insuf-
ficient wettability, and excessive cell resistance, severely limit LIBs' electrochemical 
performance. Due to its good chemical stability and strong mechanical qualities, this 
study aimed to develop the thermoplastic polyether block amide (PEBAX) as a high-
performance separator in LIBs to address these concerns and eliminate waste-related 
environmental problems. In addition, bacterial cellulose nanocrystals (BCNCs) and 
bacterial cellulose acetate (BCA) extracted from nata de coco waste were used as bio-
fillers to improve the thermal stability, wettability, and porosity of the PEBAX mem-
branes. Meanwhile, BCA was synthesized by acetylation using a solution plasma pro-
cess. In a high-performance separator, increased BCNCs and BCA content improved 
wettability, ionic conductivity, electrochemical stability, and thermal stability. Theses 
nanofibrous membranes outperformed the commercial Celgard 2400 separator (excel-
lent thermal stability at 150°C) in terms of high ionic conductivity (up to 9.12x10-2 
S/cm), good electrochemical property, and safety. These findings demonstrated that 
BCNCs and BCA were important in assisting membrane pore formation, improving di-
mensional and thermal stability, and improving Li-ion transport for use as bio-fillers in 
high performance separator membranes. This leads to the recommendation of the 
high-performance separator as a substitute candidate for usage in LIBs.  

 
Polymer-decorated cellulose nanocrystals form one-component nanocompo-
sites with polymer-brush-like properties  
 
Chris Rader, christopher.rader@unifr.ch.  
Polymer Chemistry and Materials, Universite de Fribourg Adolphe Merkle Institute, Fribourg, Fribourg, 
Switzerland.  
 
Cellulose nanocrystals (CNCs) having high stiffness and strength, high aspect ratio, 
and renewable nature are used as a reinforcing nanofiller in polymer nanocomposites. 
However, issues with aggregation in polymer matrices arise from hydrogen-bonding 
as a result of the abundant hydroxyl groups on the surface of the CNCs. The latter 
allow for the decoration of the CNCs with initiator groups, which allow the grafting of 
polymers from their surfaces. The resulting “hairy nanoparticles” (HNPs) can be pro-
cessed into  
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one-component nanocomposites (OCNs). Here we report OCNs made from HNPs that 
were synthesized by grafting homo- and gradient diblock copolymers from the CNCs 
by way of surface-initiated atom transfer radical polymerization. The inner block (to-
wards the CNCs) features a low-Tg polymer (poly(methyl acrylate)), while the outer 
block is comprised of a high-Tg polymer (a gradient copolymer rich in poly(methyl 
methacrylate)). This combination leads to a microphase separated system consisting 
of rubbery poly(methyl acrylate) domains, glassy poly(methyl methacrylate) domains, 
and well-dispersed CNCs. The materials display characteristics of a highly entangled 
polymer system that have tunable thermomechanical and mechanical properties by 
altering the polymer compositions. Interestingly, the grafted polymers can be observed 
by 1H-NMR spectroscopy, as a result of a polymer-brush-like architecture with the 
CNCs acting as the core.  

 
Nature-inspired functional materials design  
 
LaShanda Korley, lkorley@udel.edu.  
University of Delaware, Newark, Delaware, United States.  
 
Inspired by natural materials, we have designed a series of polymer-peptide hybrids to 
explore the hierarchical arrangement critical to energy absorption and mechanical en-
hancement. We have bio-inspired material systems with tunable secondary structure, 
modulating extensibility, toughness, and stiffness. We have also explored the impact 
of a molecular design strategy that overlays a covalent and physically crosslinked ar-
chitecture in these hybrids, demonstrating that physical constraints in the network hy-
brids influences hydrogen bonding and morphology. Additionally, tailored physical as-
sociations within the soft and hard phases were engineered as a function of peptide 
content, leading to a rheological response dictated by block ordering and highlighting 
their potential as structural and injectable hydrogels. We also utilized these hybrids to 
design thermoresponsive shape memory elastomers with shape fixity and shape re-
covery tuned by secondary structure. More recently, we have developed water-respon-
sive systems with adaptable mechanics and shape memory behavior via the incorpo-
ration of cellulose nanofillers. These cellulose nanofillers also were probed as align-
ment and reinforcement guides for polyurethane fibrous systems. These polymer-pep-
tide motifs also have been utilized in the development of reinforced amphiphilic conet-
works with robust mechanics, tunable swelling, and responsive behavior.  

 
Investigating composites of functionalized cellulose nanocrystals  
 
Stuart J. Rowan, stuartrowan@uchicago.edu.  
Pritzker School of Molecular Engineering, University of Chicago Division of the Physical Sciences, Chi-
cago, Illinois, United States.  
 
Cellulose nanocrystals (CNCs) have attracted attention in recent years as potential 
green nanomaterials. CNCs are highly crystalline nanofibers that can be isolated from 
a variety of renewable biosources, including cotton, sisal, wood, and sea tunicates. 
The diameters range from 5 to 30 nm and the lengths range from 100 nm to several 
micrometers depending on the biosource and method of isolation. CNCs have several 
advantages as a nanomaterial, including bio-sustainability, bio-renewability, relatively 
low production cost, and low cytotoxicity. They generally have high surface area, low 
density, low coefficient of thermal expansion as well as high elastic moduli of about 80-
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150 GPa, depending on the biosource. We have been investigating the use of CNCs 
to access mechanically-dynamic composites, as reinforcing agents for polymers and 
aerogels and to access stable nano-emulsions and latexes. More recently we have 
exploring how functionalizing the CNC surface impacts the properties of the resulting 
nanocomposites and our latest work in this area will be discussed.  

 
Water interactions with cellulose  
 
Stephen J. Eichhorn, s.j.eichhorn@bristol.ac.uk.  
Bristol Composites Institute, University of Bristol, Bristol, Bristol, United Kingdom.  
 
This paper will review some of the collaborative work that was completed with Chris 
Weder's group on water interactions with cellulose within nanocomposites, moving on 
to more recent work on the graphene-cellulose interface and amphiphilic cellulose de-
rivatives for strong gels and self-healing materials. It will be demonstrated that there is 
much to explore in this space and that there are some misconceptions of the hydro-
phobic effect, but more understanding will lead to greater control of polymer nanocom-
posite processing and function. The cellulose-graphene interface is modelled using 
molecular dynamics where it is shown that the hydrophobic face of the cellulose 'ad-
heres' to the surface of graphene by displacing water with an entropic gain. Amphiphilic 
cellulose derivatives involving octylamine modified cellulose nanocrystals are demon-
strated to form high strength gels, where the driving interactions are thought to be hy-
drophobic. These interactions can be used to introduce thermally responsive behav-
iours, and enhance interactions with other biopolymers such as starch. Finally, Picker-
ing emulsions and emulsions involving solid polymer particles can be made using these 
modified celluloses which can be used to generate self-healing and water processable 
composite materials.  

 
Percolation in cellulose reinforced polymer nanocomposites  
 
Alain Dufresne, alain.dufresne@pagora.grenoble-inp.fr.  
Pagora, Universite Grenoble Alpes Grenoble INP Institut d'Ingenierie et de Management, Grenoble, 
Auvergne-Rhône-Alpes, France.  
 
The potential of cellulose nanomaterials has been proved for special functional nano-
materials but it is as a biobased reinforcing nanofiller that they have attracted signifi-
cant interest during the last 30 years. Impressive mechanical properties and reinforcing 
capability, abundance, low weight, and biodegradability of these nanoparticles make 
them ideal candidates for the processing of polymer nanocomposites. With a Young’s 
modulus in the range 100-130 GPa and a surface area of several hundred m2.g-1, new 
promising properties can be considered for cellulose. However, as for any nanoparti-
cle, the main issue is related to their homogeneous dispersion within a polymeric ma-
trix. Preliminary studies of this type of material have highlighted the importance of inter-
particle interactions. In suitable conditions, a mechanically percolating stiff network of 
nanoparticles can form within the polymer matrix that supports the mechanical solici-
tation. The formation of this network is conditioned by the homogeneous dispersion of 
the filler and can be impacted by several parameters. 
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Actuators and sensors based on cellulose nanocrystals  
 
Wadood Y. Hamad, wadood.hamad@fpinnovations.ca.  
Bioproducts Innovation Centre of Excellence, FPInnovations Market Pulp Vancouver, Vancouver, Brit-
ish Columbia, Canada.  
 
Responsive electro-active materials have potential applications in sensors and soft ac-
tuators for biomedicine and robotics, where new materials are constantly desired to 
provide new innovations and improve on existing technologies. To address this, we 
have developed a suite of scientific solutions based on the actuating and piezoelectric 
responses of cellulose nanocrystals, CNCs, and stretchable CNC-polymer nanocom-
posite systems. CNC surface charge and properties can be manipulated and controlled 
during the hydrolysis process, whereby a tunable measure of surface charge and ac-
tive moieties can be engineered. The electric dipole moment of cellulose nanocrystals, 
CNCs, has been measured using transient electric birefringence, with a reported 4400 
± 400 D magnitude permanent dipole along the CNC long axis. Many natural materials, 
including wood, show piezoelectric properties by virtue of the non-centrosymmetric ori-
entation of their molecular components. However, we will show how CNCs – unlike 
other natural materials – have unique, tunable, and long-lasting piezoelectric response, 
whether alone or in combination with other polymeric materials. Free-standing films of 
CNCs and nanocomposite hydrogels comprising CNCs, and hydrophilic polymers be-
have as anionic polymer actuators in response to an electric field. CNCs can be incor-
porated into non-electro-responsive polyacrylamide to yield nanocomposite materials 
with greater field-induced bending responses and longer lifetimes than purely CNC 
films. The actuation rate of CNC-polyacrylamide nanocomposite hydrogels in ionic so-
lution can be tuned by the amount of sulfate-bearing CNCs incorporated into the hy-
drogel and the density of sulfate groups on CNC surfaces to produce vast nanocom-
posite actuators (9 ° s-1 bending speed). Moreover, stretchable chiral nematic CNC 
elastomer composites can be prepared to exhibit reversible visible colour upon the 
application of mechanical stress. CNC and CNC-polymer nanocomposite films can 
also be prepared in a straightforward manner to produce cost-effective stretchable pi-
ezoelectric materials (d33>50 pC/N) that outperform PVDF and some ceramics. This 
paper will detail the mechanisms responsible for these unique responses governed by 
controllably manipulating CNC surface characteristics, and how this knowledge can be 
applied to develop sustainable, cost-effective organic electronic materials for a variety 
of end-use engineering and biomedical applications.  

 
Adsorption of β-cyclodextrins and derivatives onto cellulose nanofibril for de-
signing drug release materials 
  
Julien Bras1,2, Julien.Bras@grenoble-inp.fr, Bastien Michel1, Alain Dufresne1, Kristin 
Syverud3.  
(1) Grenoble INP, CNRS, LGP2, Universite Grenoble Alpes, Saint-Martin-d'Heres, Auvergne-Rhône-
Alpes, France; (2) Institut Universitaire de France, Paris, Île-de-France, France; (3) RISE-PFI, Trond-
heim, Norway.  
 
Nanocellulose, more especially cellulose nanofibrils (CNFs), are materials of great in-
terest and some research recently focused on its use for biomedical application. The 
combination of CNFs and β-CDs is recent and promising. Previous works have shown 
the strong impact on classic CNF to prolong the release of drugs. Understanding of the 
physico-chemical interactions and the conformation organization onto the fibre is still 
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tricky and only few consider using the CD derivatives. The combination of oxidized 
cellulose nanofibrils (toCNFs) and various β-cyclodextrins (β-CDs) to design improved 
materials for biomedical applications have been achieved very recently. Thus, this pro-
ject aims at developing innovative materials and characterizing the adsorption phe-
nomena and improving drug release of poorly-water soluble active principal ingredient 
(API) and consequently prolonging antimicrobial properties. First, the production of 
toCNF/β-CD materials was reported, with an investigation on the impact of process 
parameters on presence of CD derivatives on water sorption and mechanical proper-
ties. In this field, researchers faces some challenges, notably characterization of this 
association. In this study, the adsorption of β-CDs was characterized via different ex-
perimental tools confirming that β-CD derivatives adsorb up to 10 times more onto 
toCNF than β-CD. Finally, the functionalization of toCNF with β-CD derivatives showed 
improvement of the antimicrobial properties of films with a clear increased of efficiency, 
especially for carboxymethylated-β-CD. The results contribute to the knowledge on 
interaction of cyclodextrin and nanocellulosic materials and are a step-towards their 
efficient application in biomedical field as well as other applications such as depollu-
tion.  
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We did it like a sea cucumber  
 
Jeffrey R. Capadona1,2, jrc35@case.edu.  
(1) Biomedical Engineering, Case Western Reserve University, Cleveland, Ohio, United States(2) 
RR&D, US Department of Veterans Affairs, Cleveland, Ohio, United States.  
 
In the Spring of 2005, Chris Weder cold called me for a post-doc position because my 
CV was passed along by a colleague. That phone call changed my life trajectory for 
the better. His opening line was that he had an opportunity for me that was “High-Risk 
with the potential for High-Reward” and quickly realized that he should say “Medium 
Risk, with high likelihood for high reward” … Chris taught me to “Do it like a sea cum-
ber” and so much more. In my talk, I plan to tell the nearly twenty-year progression of 
the project he convinced me to try as a post-doc, and thank him for the highly rewarding 
career and life that I owe so much for to him. This talk will start with the novel materials 
design of sea cumber like mechanically-dynamic polymer nanocomposites, then dis-
cuss where we have taken those materials, and how it launched my career in neural 
interfacing, inspired me to lead my lab by his example, and how his work ethic and 
work life balance remains my daily inspiration.  
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The percolating network: Lessons on how connections matter  
 
Yoan C. Simon, Yoan.Simon@usm.edu.  
Polymer Science and Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, United 
States.  
 
In recognition of Prof. Christoph Weder’s accomplishments, I will be discussing some 
of the collaborative experiences that have shaped our most recent efforts on under-
standing the importance of connectivity in covalent, dynamic covalent and supramo-
lecular networks. We will cover early work with cellulose and how it has informed our 
journey towards new adaptable systems.  

 
 
Multiscale structure-induced functionalities in nanocellulose polymer compo-
sites  
 
Gustav Nystroem1,2, gustav.nystroem@empa.ch.  
(1) Laboratory for Cellulose & Wood Materials, Empa, Dubendorf, Zürich, Switzerland; (2) Department 
of Health Sciences and Technology, Eidgenössische Technische Hochschule Zürich, Zürich, Switzer-
land.  
 
To meet the needs for new materials for a sustainable future, we need to consider 
both the use of abundant and renewable resources as well as the efficient utilization 
of these raw materials. In this respect, and inspired by many examples in nature, hi-
erarchically structured materials have attracted considerable interest. Being able to 
control the structure and induce functionalities that can be transferred across multiple 
length scales is however challenging. In this talk I will share our latest results using 
cellulose nanocrystals as reinforcing agents for polymer nanocomposites and specifi-
cally describe how material structuring can be controlled from the macroscale down 
to the single micron level and discuss how the work can improve our fundamental un-
derstanding of these materials and be applied for material programmed stimuli-re-
sponsive functions. These results may contribute to advances in micro- and na-
noscale bio-electronics, soft robotics, future health care as well as small scale energy 
absorption devices.  
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Polymer-grafted or unmodified cellulose nanocrystals in latex-based pressure 
sensitive adhesives?  
 
Michael Kiriakou4, Julia Antoniw1,3, Vida Gabriel5, Elina Niinivaara2,3, Stephanie A. 
Kedzior4, Michael F. Cunningham6,7, Marc A. Dubé5, Emily D. Cranston1,2,3, 
emily.cranston@ubc.ca.  
(1) Department of Chemical and Biological Engineering, The University of British Columbia, Vancouver, 
British Columbia, Canada; (2) Department of Wood Science, The University of British Columbia, Van-
couver, British Columbia, Canada; (3) UBC Bioproducts Institute, The University of British Columbia, 
Vancouver, British Columbia, Canada; (4) Department of Chemical Engineering, McMaster University, 
Hamilton, Ontario, Canada; (5) Department of Chemical and Biological Engineering, University of Ot-
tawa, Ottawa, Ontario, Canada; (6) Chemical Engineering, Queen's University, Kingston, Ontario, Can-
ada; (7) Department of Chemistry, Queen's University, Kingston, Ontario, Canada.  
 
Meeting the requirements for “green” materials, cellulose nanocrystals (CNCs) have 
been demonstrated as good additives and stabilizers in emulsions, however their exact 
role is not always clear. Our work on miniemulsion, microsuspension, and seeded 
semi-batch emulsion polymerization has demonstrated that polymer latex properties 
(e.g., size, surface charge, surface roughness, degree of polymerization) can be highly 
tuned through the incorporation of CNCs. Most notably, the addition of CNCs always 
improves all performance metrics in latex-based pressure sensitive adhesives (PSAs). 
This is uncommon given that additives that increase adhesive properties normally de-
crease cohesive properties and vice versa. We have investigated nano-scale adhesive 
properties and their link to macroscopic tack, peel and shear strength to elucidate how 
CNCs act as “anchor points” for polymer entanglement, improve wettability and latex 
film coalescence, and form percolated networks throughout PSA films. Most recently, 
we have studied the effect of CNC surface chemistry (sulfated vs. carboxylated) as 
well as polymer-modified CNCs on PSA properties – the trends are not straightforward 
as changing the CNC surface affects aggregation/dispersibility, colloidal stability, the 
location of CNCs in the latex, and the tendency for coagulation to occur during polymer-
ization. This talk will explain the main conclusions across a series of papers on CNCs 
in latex-based PSAs and recommendations for when/if to modify CNC surface chem-
istry. While the focus is on latex-based PSAs we believe the work is translatable to a 
range of latex products including paints, coatings, inks, toners and rubbers.  

 
Adsorption of anionic polymers and anionic complexes on cellulose surfaces 
  
Lars Wagberg, wagberg@kth.se, Per A. Larsson, Karishma Jain.  
Fibre and Polymer Technology, KTH Royal Institute of Technology, Stockholm, Select One, Sweden.  
 
Physical modification of cellulose-rich materials by polyelectrolyte adsorption has been 
used over the years as a convenient method to modify the properties of fibres and 
nanofibrils. Due to the anionic nature of the fibres, originating from hemicelluloses or 
oxidized cellulose, the used polyelectrolytes have almost exclusively been cationically 
charged. However, it has also been shown that carboxymethyl cellulose and com-
plexes of PEDOT:PSS (poly ethylenedioxythiophene:polystyrene sulfonate) show a 
strong adsorption to cellulose materials under certain conditions. However, the funda-
mental mechanisms behind this adsorption have, until recently, not been established. 
In the present work we have used model surfaces of cellulose and the Quartz Crystal 
Microbalance with Dissipation (QCM-D) methodology to determine the adsorption of 
anionic polyelectrolytes and anionic complexes to clarify the driving forces behind the 
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adsorption. By performing the experiments at different temperatures and using differ-
ent pH, ionic strengths and valency of counterions, it has been possible to establish 
that the adsorption is entropy driven, most probably due to the release of water from 
the cellulose surfaces. At higher pHs the osmotic repulsion between the cellulose sur-
faces and the anionic polyelectrolytes/complexes will overcome this entropy gain and 
there is hence no adsorption at pHs above around 5. The absolute pH-level is naturally 
dependant on the type of polyelectrolyte and cellulose surface properties.  

 
Cell wall compositions determine handedness reversal in helicoidal cellulose 
architectures of Pollia condensata fruits  
 
Silvia Vignolini, sv319@cam.ac.uk.  
Chemistry, University of Cambridge, Cambridge, Cambridgeshire, United Kingdom.  
 
Chiral asymmetry is important in a wide variety of disciplines and occurs across length-
scales. While several natural chiral biomolecules exist only with single-handedness, 
they can produce complex hierarchical structures with opposite chiralities. Understand-
ing how the handedness is transferred from molecular to the mesoscopic scales is far 
from trivial. An intriguing example is the transfer of the handedness of helicoidal organ-
isations of cellulose microfibrils in plant cell walls. These cellulose helicoids produce 
structural colours if their dimension is comparable to the wavelength of visible light. All 
previously reported examples of a helicoidal structure in plant are left-handed except 
remarkably, in the Pollia condensata fruit both left- and right-handed helicoidal cell 
walls are found in neighbouring cells of the same tissue. By simultaneously studying 
optical and mechanical responses of cells with different handednesses, we propose 
that the chirality of helicoids results from differences in cell-wall compositions. In detail, 
here we observed statistical substantiation of three different observations: (i) light re-
flected from right-handed cells is red-shifted compared to light reflected from left-
handed cells, (ii) right-handed cells occur more rarely than left-handed ones and (iii) 
right-handed cells are located mainly in regions corresponding to interlocular divisions. 
Finally, (iv) right-handed cells have an average lower elastic modulus compared to left-
handed cells of the same colour. Our findings, combined with mechanical simulation, 
suggest that the different chiralities of helicoids in the cell wall may result from different 
amounts of compositions which strengthens previous hypotheses that hemicellulose 
might mediate the rotations of cellulose microfibrils.  

 
Use of lignocellulosics in the future of the bioeconomy  
 
Johan Foster, johan.foster@ubc.ca.  
Chemical and Biological Engineering, The University of British Columbia, Vancouver, British Columbia, 
Canada.  
 
Achieving energy security, healing and sustaining the Earth's ecosystem, and main-
taining a vibrant economy while reducing dependence on fossil carbon are recognized 
goals now at the forefront of a worldwide agenda. Realizing this green economy vision 
will require development of alternative and sustainable sources of chemicals and ma-
terials, as well as large-scale production of clean (or at least much cleaner) sources of 
energy and fuels. This intense research focus is motivated by a clear and compelling 
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opportunity to develop one of most abundant natural resources, the lignocellulosic bi-
omass from trees and crop residues, as a feedstock to support a diverse and growing 
biorefining industry.  
 
 

CELL 001C (Tuesday 3/28 2:00-5:45 p.m.) – In person 

Grand 3, The Westin Hotel Indianapolis 

Cellulose gelation and dissolution for filament spinning and material develop-
ment  
 
Guillermo Reyes2, Orlando J. Rojas1,2, orlando.rojas@ubc.ca.  
(1) Chemical and Biological Engineering, Chemistry and Wood Science, The University of British Co-
lumbia, Vancouver, British Columbia, Canada (2) Bioproducts and Biosystems, Aalto-yliopisto, Helsinki, 
Finland.  
 
This talk discusses a novel method for the continuous production of biomaterials (in 
the form of filaments, films, and auxetic meshes) from alkali-dissolved cellulose dopes. 
This approach takes advantage of the direct influence in the rheology of physicochem-
ical variables such as CO2(g) adsorbed from the air and shear forces. The flow prop-
erties and rheology are modulated to ease material processability and produce a re-
generated material with competitive mechanical performance. Additional in vitro tests 
suggest that the obtained material is suitable for applications where skin or cell contact 
is required, opening the possibility of producing textiles, meshes, or patches for wear-
able or biomedical devices. Considering the control of the chemical environment and 
shear forces, alkali dissolved cellulose offers a promising opportunity. We believe this 
contribution advances progress in novel approaches for biobased polymer fibers for a 
number of applications, relevant to the use of bio-renewable resources for new cellu-
lose technologies  

 
Nanocellulose as a renewable microstructure modifier for polyurethane insula-
tion foam  
 
Pratheep K. Annamalai1, p.annamalai@uq.edu.au, AthanasiaA. Septevani2, Darren 
J. Martin3, David A. Evans1.  
(1) Australian Institute for Bioengineering Nanotechnology, The University of Queensland, Saint Lucia, 
Queensland, Australia; (2) Research Center for Environmental and Clean Technology, Badan Riset dan 
Inovasi Nasional Republik Indonesia, Central Jakarta, DKI Jakarta, Indonesia; (3) School of Chemical 
Engineering, The University of Queensland, Saint Lucia, Queensland, Australia.  
 
Insulation is a cost-effective technological solution for energy-saving in space condi-
tioning applications. Rigid polyurethane foam (RPUF) is one of the most efficient insu-
lation materials that are widely used in appliances and building insulation. Given the 
demand for RPUF is increasing, the enhancement of thermal and mechanical perfor-
mance of RPUF using renewable materials remains still challenging. Our research fo-
cuses on achieving performance of RPUF through systematic incorporation of cellu-
lose nanomaterial, as cell modifier and reinforcer. Firstly, the incorporation of the cot-
ton-derived rod-like cellulose nanocrystal (CNC) (at 0.4 wt.%) under optimized ultra-
sonic conditions has afforded to improve the thermal insulation by 5 %, compressive 
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strength by 9 % and modulus by 14 % in comparison of control RPUF. The improve-
ment in mechanical performance has been attributed to the anisotropy induced by CNC 
along with foam rise. Secondly, when the CNC was introduced through scalable agita-
tor bead milling method, high quality dispersion was achieved. This approach has en-
hanced long-term thermal insulation performance which was presumably due to the 
formation of gel or interactive network between zirconium impurities (20 ppm level) and 
hydroxyl groups of cellulose and polyol. Thirdly, when high aspect ratio cellulose nan-
ofibre (CNF) produced from spinifex was incorporated in combination with cotton de-
rived CNC (i.e. 0.2 wt.% CNF with 0.2 wt.% CNC), it has afforded simultaneous im-
provement in thermal (insulation) and mechanical performance. This was attributed to 
combined effect of nucleation by CNC and viscosity control by CNF. The presentation 
will discuss the influence of these strategies on rheological properties and microstruc-
ture formation of foam in detail.  

 
 
 
Bioinspired cellulose-based antiadhesive surfaces  
 
Ullrich Steiner1, ullrich.steiner@unifr.ch, Johannes B. Bergmann1, Alexandre Re-
dondo1, Bodo Wilts2, Dafni Moatsou3.  
(1) Adolphe Merkle Institute, Universite de Fribourg, Fribourg, Fribourg, Switzerland; (2) University of 
Salzburg, Salzburg, Austria; (3) Karlsruher Institut fur Technologie, Karlsruhe, Baden-Württemberg, 
Germany.  
 
Many plants have developed mechanisms to defeat herbivories or pests. By creating 
specific surface patterns, plants enable a variety of functions, such as color effects, 
water repellency or wetting, etc. Following an overview of the various functions of pat-
terned plant surfaces, this presentation discusses the manufacture of patterned coat-
ings that mimic insect anti-adhesive properties of plants. These coatings can be made 
from sustainable materials, such as cellulose derivatives.  
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Functional materials based on cellulose nanocrystals  
 
Christoph Weder, christoph.weder@unifr.ch.  
Adolphe Merkle Institute, Universite de Fribourg, Fribourg, Fribourg, Switzerland.  

Cellulose nanocrystals (CNCs) appeared on my radar in the late nineties, when a friend 
provided me with a suspension of “tunicate whiskers” and encouraged me to explore 
how their presence would affect certain NMR experiments. This work never got any-
where (very likely my bad), but without this episode, we might not have considered 
CNCs as building blocks when, a few years later, we set out to develop mechanically 
adaptive nanocomposites that mimic the structure and function of the sea cucumber 
skin. In order to access such materials, we investigated various processes that allowed 
us to incorporate CNCs from various sources into a diverse range of host polymers. 
Over the years, we utilized and expanded this knowledge to prepare several genera-
tions of mechanically morphing materials, to achieve “conventional” reinforcement in 
various types of polymers, and to create stimuli-responsive materials with added func-
tions, such as ionic and electrical conductivity, healability, shape-memory characteris-
tics, fragrance-release, and sensing capabilities. We also explored several approaches 
to modify the surface of CNCs, which – among other things – opened up avenues to 
access “one-component nanocomposites” as well as materials whose properties may 
be closer to bottlebrush polymers than nanocomposites. We also turned the notori-
ously poor dispersibility of CNCs into a virtue and exploited their limited colloidal sta-
bility to create compositionally graded membranes with switchable asymmetric water 
permeability. 
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CELL 002A (Sunday 3/26 8:00-11:45 a.m.) – In person 

Grand 2, The Westin Hotel Indianapolis 

Aqueous-phase polyimine functionalization of cellulose for effective drying and 
composite reinforcement  
 
Meghan Lamm1, meglamm30@gmail.com, Kai Li2. (1) Manufacturing Science Division, Oak 
Ridge National Laboratory, Oak Ridge, Tennessee, United States; (2) Buildings and Transportation Sci-
ence Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States  

A simple, effective strategy was developed to synthesize a polyimine coated cellulose 
nanofibrils (CNFs) for efficient drying of CNFs and composite reinforcement. The pol-
yimine was synthesized in an aqueous medium using a selective hydrophilic and hy-
drophobic component which force the material to precipitate before the reverse hydrol-
ysis reaction of the imine could occur. The polymer coating allowed the CNFs to be 
easily filtered and oven-dried without undergoing hornification, which helped maintain 
a fibrillar morphology for direct use as composite reinforcement. Synergistic interac-
tions between the polyimine and polymer matrix in these composites provided an en-
hanced interface between the reinforcing agent and matrix. This facile strategy can be 
easily adapted to produce polyimine coated CNFs with a unique functionality useful in 
a range of applications. 

Relation between emulsifying capacity and surface free energy of cellulose nano-
fibers obtained from inverse gas chromatography  
 
TomohitoYagita1, tyagita@g.ecc.u-tokyo.ac.jp, TomokiIto1, Takayuki Hirano2, Taka-
yuki Toyomasu2, SaiHasegawa2, Tsuguyuki Saito1, Shuji Fujisawa1. (1) Tokyo Daigaku, 
Bunkyo-ku, Tokyo, Japan; (2) Kabushiki Kaisha Toray Research Center Kenkyu Bumon Shiga, Otsu, 
Shiga, Japan. 
 
Cellulose nanofibers (CNFs) can adsorb at the water/oil interface and stabilize an 
emulsion. They are regarded as promising emulsifiers due to their biodegradability, 
biocompatibility, and high emulsifying capacity. The stability of the emulsion depends 
not only on the type of oil but also on the chemical structure of the CNF surfaces. 
However, little is known about the influence of these two factors on stability, leading to 
delays in developing industrial products. Here, we study the effect of the CNF/oil com-
bination on the stability of the o/w emulsion, by assessing the desorption energy (DE) 
of the CNF from the oil surface. Two types of CNFs having different surface chemical 
structures were prepared through chemical surface modification. Their surface free 
energy was evaluated using inverse gas chromatography, and based on the VCG the-
ory, the nonpolar Lifshitz van der Waals force γLW, electron-acceptor γ+, and electron-
donor γ− components were obtained from the chromatography profiles. It was found 
that the electron-acceptor component of the CNF increased after the surface modifica-
tion, suggesting that the DE increases with electron-donor-rich oils (Figure 1). This was 
verified both by theoretical calculation using a fibrous model and experimental dynamic 
interfacial tension measurement. 
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Figure 1. The effect of surface structures of CNFs on the emulsifying capacities. 

 
Hydrogen bond induced surface modification of nanocellulose and its composites  
 
Kai Li, lik1@ornl.gov, Kashif Nawaz, Soydan Ozcan. Oak Ridge National Laboratory, Oak 
Ridge, Tennessee, United States.  
 
Nanocellulose has abound hydroxyl groups that can form strong inter- and intra-mo-
lecular hydrogen bond. The hydrogen bond is considered as the main reason for the 
challenge of the dewatering and drying of nanocellulose. However, hydrogen bond can 
also work in favor of improving the material properties of nanocellulose based compo-
sites and provide inspiration for the surface modification of nanocellulose. In this study, 
the hydrogen bond induced surface modification of the nanocellulose and its compo-
sites was investigated. The results show that through fine tuning the interaction be-
tween different components (e.g., tannic acid and polyvinylpyrrolidone), the hydro-
philicity of nanocellulose could be tuned and thus the mechanical properties of their 
composites. Additionally, introduction of the other form of interaction, such as ion in-
teraction (Cu2+), could induce the synergetic effect of the hydrogen bond and ionic 
interaction in the composite, leading to the significantly improvement in the mechanical 
properties (tensile strength, Young’s modulus and toughness). Our study provides a 
new strategy for the surface modification of the nanocellulose through hydrogen bonds 
and leading the way toward producing strong nanocellulose composites via noncova-
lent interaction. 
 
Fibrillated bleached softwood kraft pulp modified via grafting-through polymeriza-
tion  
 
Ahmad A. Ahmad1, ahmad.ahmad@maine.edu, Stephanie Christau3, William Gram-
lich2. (1) Advance Structures & Composites Center, University of Maine System, Orono, Maine, United 
States; (2) Department of Chemistry, University of Maine System, Orono, Maine, United States; (3) 
Chemistry, Williams College, Williamstown, Massachusetts, United States.  
 
A fully aqueous grafting-through polymerization approach was employed to apply var-
ious polymeric surface modifications to bleached softwood kraft pulp (BSKP). Several 
hydrophobic and hydrophilic polymers were chemically attached to the BSKP fiber sur-
face and confirmed by attenuated total reflectance-Fourier transform infrared spectros-
copy (ATR-FTIR). The samples were fibrillated and evaluated using optical fiber length 
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analysis and scanning electron microscopy analysis. Furthermore, the effect of the 
polymeric surface modifications before and after fibrillation on the water retention value 
was studied and showed a significantly reduced WRV after fibrillation. Modified pulp 
composites with poly(acrylamide) (PAM) and poly(methyl methacrylate) (PMMA) were 
scaled up to a pilot scale of 100L to measure the fibrillation energy needed to produce 
modified cellulose nanofibers (CNFs) using a super mass collider. The polymeric sur-
face modifications had a significant energy reduction in fibrillation compared with the 
unmodified pulp. The samples were dried and applied as a filler in polylactic acid (PLA) 
based matrix to enhance the tensile strength. 
 
Crystallinity of cellulose in wood: The newest findings further support its noncrys-
talline nature  
 
Umesh Agarwal, umesh.p.agarwal@usda.gov. USDA Forest Products Laboratory, Madison, 
Wisconsin, United States  
 
From the early days, based on X-ray diffraction, cellulose in wood has been assumed to 
be totally crystalline. However, the information obtained in the last decade has supported 
a different model – a model where cellulose is organized and aligned but is not crystalline. 
Several pieces of evidence/results will be presented in support of this alternate model. 
These investigations consisted of a number of techniques and approaches, such as Ra-
man, IR, and XRD along with the 64% H2SO4 hydrolysis of the G-layer-containing and G-
layer-free woods. This is an important development in the fields of wood- and cellulose-
sciences and has huge implications in various areas of research. 
 

 
Atomic-scale dents on cellulose nanofibers as the origin of diverse defects 
 
TomokiIto1, ito-tomoki0819@g.ecc.u-tokyo.ac.jp, Kazuho Daicho1, Shuji Fujisawa1, 
Tsuguyuki Saito1, Kayoko Kobayashi2. (1) Tokyo Daigaku, Bunkyo-ku, Tokyo, Japan; (2) Kyoto 
Daigaku, Kyoto, Japan.  

Cellulose nanofiber (CNF), a wood-derived sustainable nanoscale material, has poten-
tial for a wide range of applications. However, fundamental understanding of its atomic 
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scale geometries including defects is still lacking. Defects of nanoscale materials dom-
inate their physical properties. Here we report that dent defects exist on diverse posi-
tions including straight parts, kinks, and end points of CNFs. These dent defects were 
detected by comparing the measured and simulated heights of single CNFs by atomic 
force microscopy. Through the analyses of the amount, distribution, and shape of the 
dent defects on CNFs prepared by different methods, we found that the dent parts 
constitute 30–40% of the total length of CNFs in all the samples while their lengths 
vary. The length and depth of the dent defects are similar among all the samples but 
depend on the positions that the defects form such as kinks and end points. An impli-
cation of this study is that the dent defects essentially relate to the kink formation and 
fragmentation of CNFs. We discuss the mechanism of dent formation: the moment 
when dent defects form, and the structural origin in CNFs. 

In-depth TEMPO-mediated oxidation of native cellulose samples based on the 
structure of crystalline cellulose microfibrils  
 
Akira Isogai, aisogai@mail.ecc.u-tokyo.ac.jp, Yuko Ono, Miyuki Takeuchi, Gaoyuan 
Hou, Korawit Chitbanyong. Biomaterial Science, Tokyo Daigaku, Bunkyo-ku, Tokyo, Japan.  
 
TEMPO-mediated oxidation of native cellulose samples is recognized as a highly po-
sition-selective reaction at the C6-OH groups exposed on the crystalline cellulose mi-
crofibril surfaces to form sodium C6-carboxylate groups. However, simultaneously 
some other reactions are unavoidable, depending on the oxidation conditions. They 
are depolymerization, partial formation of C6-aldehydes, formation of beta-1,4-polyglu-
curonate tails, formation of water-soluble products, etc. These (side) reactions should 
be considered for structural analyses of TEMPO-oxidized native cellulose samples, 
and TEMPO-oxidized cellulose nanofibers/nanocrystals prepared thereof, and their ap-
plications. When wood cellulose fibers were oxidized by the TEMPO system, the yields 
of water-insoluble fractions decreased to 30-60%, depending on the oxidation condi-
tions. The water-insoluble fractions were found to contain large amounts of acid-insol-
uble but water-soluble products after acid hydrolysis in neutral sugar composition anal-
ysis. These products were then analyzed by solution- and solid-state 13C-NMR, show-
ing that they contained the following two chains linked together; one was the sodium 
beta-1,4-polyglucuronate homopolymer, and another was the glucose/glucuronate al-
ternative co-polysaccharide. Both of these two structures were formed from cellulose 
molecules present on the crystalline cellulose microfibril surfaces by TEMPO-mediated 
oxidation, and the ratios of the two chains depended on the crystallinity or crystal size 
of native cellulose samples. Thus, cellulose molecules on the crystalline native cellu-
lose microfibril surfaces are not homogeneous, and contain some defects or disor-
dered regions which are assessable to depolymerization and formation of homopoly-
mer tails during TEMPO-mediated oxidation. When sodium carboxylate groups of 
TEMPO-oxidized plant cellulose samples prepared from never-dried wood holocellu-
lose and callus samples, the sodium carboxylate groups were present in the entire 
molecular mass distribution ranges, shown by SEC-MALLS analysis. These results 
showed that all cellulose molecules in plant cellulose microfibrils, irrespective of the 
inside or surface molecules of crystalline cellulose microfibrils, are evenly oxidized to 
form C6-carboxylate groups. These results indicate a characteristic packing structure 
of cellulose molecules in each plant cellulose microfibril, differing from highly crystalline 
tunicate or algal cellulose samples with large crystal sizes.  
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Rietveld XRD studies of nanocellulose crystallinity  
 
Alfred D. French1,2, adfrench@cox.net, Jacobs Jordan1. (1) Southern Regional Research Cen-
ter, US Department of Agriculture, New Orleans, Louisiana, United States; (2) Cellulose Journal, Dor-
drecht, Netherlands.  

Powder diffraction has been a convenient and widely used way to study cellulosic ma-
terials since the late 1950s. The diffraction pattern reveals information on numerous 
traits of cellulose samples, including purity and history as indicated by one of at least 
five different crystal forms. It is important in many projects because it demonstrates 
that the starting material is what is described. For instance, workers may believe that 
they have a pure cotton fabric that they received from a textile mill, but the X-ray dif-
fraction pattern might reveal a polyester component, or some sharp peaks can indicate 
the presence of calcium oxalate. Perhaps the biggest question is “how crystalline is my 
sample”, broken down into how much crystalline material is present vs. the amount of 
non-crystalline material. The widely used Segal method and the “peak deconvolution” 
method have disqualifying problems, leaving the Rietveld method as the only hope for 
a quantitative answer. Nanocellulose from wood in an ISO method development study 
and some similar samples from cotton gin motes were compared along with a micro-
crystalline cellulose sample created from cotton fiber were studied using similar proce-
dures and the MAUD Rietveld software. Factors considered included variation in unit 
cell dimensions, preferred orientation, crystallite dimensions, and environmental back-
ground. In most cases, the analyses could be considered as over-fitted, as the number 
of observations per variable parameter is less than one. At the current state of the art, 
it may be that the effective crystallite widths can be determined. 
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Supercritical CO2 drying of dispersed cellulose nanofiber/polylactic acid com-
posites without an alcohol exchange step  
 
Alyson Manley, alyson.manley@maine.edu, Carl P. Tripp. Chemistry, University of Maine 
System, Orono, Maine, United States.  
 
An approach to forming highly dispersed and distributed cellulose nanofibers (CNFs) 
into polylactic acid (PLA) using liquid CO2 (L CO2) solvent exchange and supercritical 
CO2 (scCO2) drying that eliminates the need for an alcohol exchange step is described 
in this work. The suspension is premixed prior to scCO2 drying, allowing for contact 
dewatering to occur, and eliminating the need for an alcohol exchange step. The ap-
proach involves solvent exchange with L CO2, followed by venting under supercritical, 
liquid, and subcritical CO2 conditions. ScCO2 was best at drying the CNF/PLA sus-
pensions due to the fibrous morphology achieved, which allows for water to be re-
moved from inside the CNF network. The aggregation of the CNFs that occurred with 
liquid and subcritical CO2 drying trapped water inside the CNF network, which led to a 
lower amount of water removed. The CNF remained highly dispersed and distributed 
in the PLA after melting the composite material. 
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Carboxymethylated cellulose nanofibrils (CNF): Application in 3D tumor model-
ing  
 
Negar Abbasi Aval, negaraa@kth.se, Vamakshi Khati, Aman Russom, Torbjorn Pet-
tersson. Kungliga Tekniska Hogskolan, Stockholm, Sweden.  
 
In cancer research, either in diagnostics or anti-tumor drug development, it is important 
to fabricate a 3D tumor microenvironment in which all functions of cancer cells as me-
tabolism, growth, migration and invasion could be achieved. Also, in drug development 
process, there is a huge need to fabricate high throughput 3D cell-based disease mod-
els that could be beneficial in toxicity testing and study of mechanism of drug effect. 
3D cancer cell models as tumor spheroids, organoids, microfluidic based 3D cell ag-
gregation and biomaterial-based 3D cell spheroids could make a proper mimic of real 
in vitro system. This research field has been grown during last years to develop and 
improve spheroid generation techniques. It is observed that cellulose family with their 
hydroxyl groups can interact with hydroxyl and carboxyl groups of collagen leading to 
spheroid formation which could be adjusted by α2β1 integrins on cancer cells which 
have an important role in cancer research. In this paper, we present a platform for 
spheroid generation using CNF and decellularized ECM (dECM) of liver tissue for 3D 
spheroid formation in anti-tumor drug screening. Layer-by-Layer (LbL) assembly con-
taining CNF which was used as a method to coat microwell plates surfaces with varying 
parameters such as multiple cell seeding concentration, various tumor cell lines and a 
range of dECM concentration have been developed and characterized for spheroid 
formation and anticancer drug screening. The characterization methods with potency 
to characterize the LbL assembly of CNF were Atomic Force Microscopy (AFM) imag-
ing and GISAXS measurements. Moreover, Bright field and Fluorescence images  
were provided to demonstrate the formation and viability of formed spheroids with and 
without dECM, before and after anticancer drug treatment. 
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Supercomputing in nanocellulose reinforced thermoplastic for additive manufactur-
ing  
 
Monojoy Goswami, goswamim@ornl.gov, Shalini Jayaraman Rukmani, Mohan 
Mood, Vaidyanathan M. Sethuraman, Jeremy Smith, Soydan Ozcan. Oak Ridge National 
Laboratory, Oak Ridge, Tennessee, United States.  
 
Forest derived cellulose nanofiber (CNF) bio-based composites have shown strong, 
sustainable, and cost-effective feedstocks for the use in large-scale 3D printers and 
other manufacturing processes. However, producing the CNF-composite feedstocks 
face challenges, such as, drying and fibrillation of CNFs, dispersion of CNFs in polymer 
matrix. Therefore, a thorough fundamental study in these areas is essential to under-
stand the critical knowledge gaps, thereby help design CNF-composites in a predictive 
manner. In this talk, we will show how supercomputing can help design CNF-composite 
materials without doing multitude of wet-lab experiments. We will show long length- 
and time-scales coarse-grained simulations using Martini force-field that is comparable 
to the experimental length- and time-scales. We will demonstrate the use of various 
different solvents to enhance the fibrillation of strongly hydrophilic CNFs with low to no 
concentration of water. We will also show how to overcome CNFs agglomeration in 
composites by functionalization of CNFs with various different low molecular weight 
polymers. 

Statistical extraction of factors involved in improving the water solubility of 
poorly water-soluble compounds embedded in cellulose nanofibers  
 
Yoshikuni Teramoto, teramoto.yoshikuni.3e@kyoto-u.ac.jp, Hideki Yamaoka, Toshi-
yuki Takano. Division of Forest and Biomaterials Science, Graduate School of Agriculture, Kyoto 
University, Kyoto, Japan.  
 
In the field of drug formulation, water-soluble polymers including cellulose ethers are 
used as dispersion media to improve the water solubility of poorly water-soluble guest 
compounds. Cellulose nanofibers have a hydrophilicity and a surface capable of sup-
porting guest molecules, so they are expected to have an effect of improving their water 
solubility. However, in general, it is difficult to predict the compatibility between a guest 
and a solid dispersion medium because many properties are involved. In this study, 
using statistical treatment, we constructed prediction models for the elution behavior 
of guests into water when they were combined with cellulose nanofibers. As a control, 
data for hydroxypropyl methylcellulose (HPMC), a common dispersion medium, was 
also obtained and compared. Cellulose nanofibers produced by TEMPO oxidation 
(TOCN) were used as a dispersion medium. A dispersion medium was mixed with a 
water-soluble organic solvent solution of a guest and the system was cast. The ob-
tained pills were immersed in water for 24 h at 37°C, and the water solubility of the 
guest molecules (target variable) was quantified from the absorbance of the liquid 
phase. The properties of guests were collected by calculation, literature, and experi-
ments and used as explanatory variables. A part of the collected data (70 samples) 
was used as training data to construct a prediction model of dissolution behavior using 
minimax concave penalty (MCP), and it was verified with test data. As a result, five 
explanatory variables were extracted for each of TOCN and HPMC, and three were 
common. The remaining two differences may explain the difference in water solubility 
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enhancement mechanism between TOCN and HPMC. This work suggests that a com-
bination of small-scale experimental data, data-scientific approaches, and chemical 
perspectives can discuss the compatibility of nanocellulose with compounds. 
 
 
Upcycling of cotton-based textile waste using different recycling strategies fol-
lowing the principles of circular economy 
 
Varvara Apostolopoulou Kalkavoura, Maria-Ximena Ruiz-Caldas, Natalia Fijol, Aji 
Mathew. Materials and Environmental Chemistry, Stockholms Universitet, Stockholm, Stockholm, 
Sweden. 
 
Withdrawn 
 
 
Eco-friendly, nanofibrillated cellulose-based textile dyeing technology for cot-
ton and cotton-polyester blends  
 
Smriti Rai, smritirai@uga.edu, Suraj Sharma, Sergiy Minko. University of Georgia, Ath-
ens, Georgia, United States.  
 
The conventional textile wet process uses a significant amount of water and chemical. 
For example, natural fibers such as cotton require approximately 150 liters of water for 
every kilogram. Out of all wet processing, the dyeing of cotton uses 62% of water. 
According to a World Bank study, approximately 17-20% of water pollution is attributed 
to the textile dyeing industry, 4% of which is not treatable1. Treating effluents is an 
expensive process. We have developed a one-step nanocellulose gel-based dye-
ing/coating technology for cotton and cotton/polyester blended textiles. Nanocellulose 
is engineered, nano-structured cellulose with low environmental concern, large surface 
area (~103 m2/g), and facile reactivity from abundant surface hydroxyls. Cotton or cot-
ton/polyester fabric samples are coated with nanocellulose hydrogel dye particles or 
molecules and post-treated with chitosan. Nanocellulose gel acts as a carrier for dye 
particles/molecules (e.g., indigo, reactive, disperse dyes), and chitosan acts as a phys-
ical crosslinking agent, forming a film over coated cotton and improving fixation (above 
80%). With indigo dyes, nanocellulose gel-based dyeing/coating of cotton fabric elimi-
nates the use of reducing agents and alkali and reduces water usage up to a factor of 
25 compared to conventional denim dyeing2. With reactive and disperse dyes, water 
and auxiliaries usage drop up to a factor of 18 and 20, respectively, for cotton-polyester 
blended fabric. 
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Biodegradable, hygienic, and compostable tableware from sugarcane and bam-
boo fibers as plastic alternative  
 
Hongli Zhu, h.zhu@neu.edu, Chao Liu. Department of Mechanical and Industrial Engineering, 
Northeastern University College of Science, Boston, Massachusetts, United States.  
 
A world without plastics, or synthetic organic polymers, seems unimaginable today. 
Plastics’ largest market is packaging, especially these used for food packaging, which 
was accelerated by a global shift from reusable to single-use containers, such as straw, 
coffee cup, lunch boxes. However, due to these disposable plastics’ nonbiodegrada-
bility, lack of waste management and low-recycling rate, plastic wastes have been in-
putting from land into ocean and increasing within our food chain, causing a massive 
threat to the environment and human health. Therefore, there is an urgent need for an 
environmentally friendly, fully biodegradable, low cost and biocompatible alternative. 
To address the challenge, this work used sugarcane bagasse left from sugar industry 
as a feedstock to prepare fully biodegradable tableware by using a scalable molding 
method. In addition, long bamboo fibers were mixed with the sugarcane bagasse fibers 
to enhance the mechanical strength of the resultant plastic alternatives. The fabricated 
tableware has superior performances required for food packaging, including low heavy 
metal content (Pb, 0.3633 mg/kg; As, not detected;), oil stability (level 6, TAPPI stand-
ard), excellent hydrophobicity (contact angle of 127°), and high mechanical strength 
(tensile strength 35 MPa). More importantly, our tableware can be mostly biodegraded 
under natural conditions within 60 days, which is largely shorter that the degradation 
of synthetic plastics. Furthermore, the impacts of the manufacturing of this biodegrada-
ble tableware on environment were evaluated by calculating its CO2 emission. In com-
parison with the production of polystyrene (PS) plastic (7.36 kg/kg) and the traditional 
paper manufacturing (0.51 kg/kg), the manufacturing process of this tableware had 
much less CO2 emission (0.22 kg/kg). The tableware made from biomass feedstock 
thus represents an eco-friendly and biodegradable alternative of synthetic plastics to-
ward food packaging. 
 
 
Phosphorylated pulp fibers prepared under various conditions, and the prepa-
ration, properties and application of phosphorylated cellulose films  
 
Gaoyuan Hou1, hougyuan@163.com, Zhiqiang Fang2, Akira Isogai1. (1) Department of 
Biomaterial Sciences, Tokyo Daigaku, Tokyo, Tokyo, Japan; (2) South China University of Technol-
ogy, Guangzhou, Guangdong, China.  
 
Phosphorylation of cellulose hydroxy groups is an emerging method of introducing an-
ionic groups to cellulose fibers to prepare high-performance and functional biodegrada-
ble materials for cutting-edge applications. However, it still lacks in-depth and system-
atic research. In this work, a bleached softwood kraft pulp was first phosphorylated 
with (NH4)2HPO4 and urea at 150 Celsius degrees for 0-40 min, and the structures and 
properties of the phosphorylated pulps were systematically investigated in terms of 
reaction time and the amount of (NH4)2HPO4 added. The phosphorous and weak acid 
group contents, and weight recovery ratio increased with increasing reaction time, 
while the pulp maintained its fibrous morphology and cellulose I crystal structure. Al-
most all the ammonium phosphate groups in the phosphorylated pulp behaved as 
weak acids and only phosphate ester groups (neither carboxy nor carbamate groups) 
were introduced into the pulp in present study. A longer reaction time or a greater 
amount of (NH4)2HPO4 added resulted in lower water swelling behavior, indicating that 
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some intrafiber and/or interfiber crosslinking occurred in the pulp. Furthermore, me-
chanically ductile, flame-retardant cellulose films with tunable optical properties were 
prepared by simple mechanical disintegration of phosphorylated cellulose (PhC) fibers 
and successive filtration/pressing/drying. When mechanical disintegration conditions 
were optimized, the resultant PhC films exhibited an average density, tensile strength, 
Young’s modulus, tensile toughness, and folding resistance of 1.4 g/cm3, 150 MPa, 
8.5 GPa, 8.2 MJ/m3, and 4580 times, respectively. The PhC film hazes were widely 
controllable from 9% to 91%, while they maintained high light transmittances (>90%) 
at a 550-nm wavelength. Finally, the PhC films were used for light management of 
light-emitting diodes and effectively improved the luminescence uniformity of the de-
vices. 
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Hierarchical structure of cellulose microfibrils for regenerated cellulose fiber  
 
Jiliang Liu1, ligerliu@gmail.com, Ogawa Yu2, Michael Sztucki1, Michael Hummel4, 
Herbert Sixta3, Yoshiharu Nishiyama2, Manfred Burghammer1. (1) ESRF, Grenoble, Rhône-
Alpes, France(2) Centre de Recherches sur les Macromolecules Vegetales, Grenoble, Rhône-Alpes, 
France(4) Aalto-yliopisto, Aalto, Finland.  

Cellulose in solution can be regenerated into textile fibers by wet-spinning (Viscose 
etc.) and dry-jet wet-spinning (Lyocell, Ioncell etc.). Both types of fibers have significant 
differences in mechanical properties, but no obvious structural differences visible with 
microscopic techniques in the range of 100 nm to 10 μm. In this work, we explicitly 
demonstrate the complete structural information on regenerated cellulose fibers 
(RCFs) at multiple scales. Using scanning X-ray micro diffraction(SXM), we identify the 
“skin-core” morphology of RCFs. The “core” of RCF is made of microfibrils (MFs) hav-
ing size of ~100nm. MFs of Ioncell fibers contain homogeneous cellulose elemental 
fibrils (CEFs) having a ribbon shape of 6x2 nm, whereas MFs of Viscose fibers have 
great porous structure and highly heterogeneous CEFs. Furthermore, the cellulose 
molecular sheets within CEFs of Viscose fibers preferentially stack along the (0 1 0) 
direction, while the cellulose molecular sheets within CEFs of Ioncell fibers preferably 
align in the (1 1 0) direction. The great homogeneity of CEFs and low porosity within 
MFs is essential for Ioncell fibers achieving better mechanical properties than Viscose 
fibers. 
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Improving the colloidal stability of cellulose nanocrystals in aqueous media by 
biosurfactants  
 
Thuy Linh Phi1,2, thuylinhphi.tp@gmail.com, Eero Kontturi1, Niki Baccile2. (1) Depart-
ment of Bioproducts and Biosystems, Aalto-yliopisto, Aalto, Finland; (2) Laboratoire de Chimie de la 
Matière Condensée de Paris, Sorbonne Universite, Paris, Île-de-France, France.  

The development of materials from entirely biological sources is one of the key steps 
to a sustainable future for our societies. Cellulose nanocrystals (CNCs) possess a wide 
application potential in fields thanks to their low cost, abundant, non-toxic, biodegrada-
ble, and impeccable physicochemical properties. However, CNCs are constituted by a 
neutral surface, with consequent poor colloidal stability in water. To overcome this 
challenge, TEMPO oxidation yielding carboxylation or sulfonation obtained by treat-
ment with concentrated sulfuric acid are classically employed. Finding innovative eco-
friendly ways to disperse nanocellulose is then highly in demand. This study explores 
the possibility of using bioamphiphiles with surface active properties (biosurfactants) 
as effective and efficient molecules to enhance the dispersion of unmodified CNCs. 
Biosurfactants are believed to feature a natural binding affinity to cellulose, thanks to 
their glycosidic unit. The comparison of CNCs’ colloidal stability by various numbers of 
conventional surfactants and biosurfactants is analyzed by static multiple light scatter-
ing (SMLS), atomic force microscopy (AFM), Raman spectroscopy, and others. Pre-
liminary results indicate that biosurfactants stabilize CNCs and help their dispersion in 
water, thus paving the way to a novel sustainable way to disperse CNCs in water. 

 
Comparison of the cellulose nanocrystals derived from pulp, tension-wood, and 
tunicin 
  
UmeshP. Agarwal, umesh.p.agarwal@usda.gov. USDA Forest Products Laboratory, Madi-
son, Wisconsin, United States.  

Considering that the properties of cellulose nanocrystals (CNCs) depend upon their 
supramolecular structures, it is important to understand the structures in order to use 
the CNCs more effectively. In this presentation, CNCs produced using 64% H2SO4 
from pulp, aspen tension-wood (TW), and tunicin will be compared using AFM/TEM, 
Raman, XRD, and TGA. The order of CNC-crystallinity was tunicin > TW > pulp, indi-
cating that TW-CNCs were much more crystalline compared to pulp-CNCs. The rea-
sons for this will be discussed during the presentation. 

 
Influence of polysaccharide additives in fibrillation of cellulose fibres via twin 
screw extrusion process  
 
EmilienFreville1,2, emilien.freville@grenoble-inp.fr, EvelyneMauret1, ElisaZeno2, Va-
lerieMeyer2, JulienBras1. (1) Univ. Grenoble Alpes, CNRS, Grenoble-INP, LGP2, F-38000 Greno-
ble, France, Grenoble, France; (2) Centre Technique du Papier, Grenoble, Auvergne-Rhône-Alpes, 
France.  

Cellulose nanofibers (CNF) are a matter of interest in the last decades thanks to their 
outstanding properties combined positive environmental impact. Generally produced 
at low solid content (2 wt%), strategies to concentrate CNF (drying techniques) or pro-
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duce them at high solid content by maintaining equivalent properties have been pro-
posed these past few years. Among them, twin screw extrusion (TSE) combined with 
mechanical, chemical or enzymatic pretreatment was recently developed to be a pos-
sible process to obtain CNF at high solid content (20-40 wt%) with a good quality. A 
recent study proposed to hydrolyze cellulose fibers by simultaneous enzymes mixing 
and fibrillation during the twin screw extrusion to optimize the nanofibrillation. In this 
study, simultaneous fibrillation and mixing with low amount of rheology modifier addi-
tives were proposed. Polysaccharides like guar gum or cellulose ethers are added in 
the TSE to modify the rheology of the pulp. The influence of additives on the fibrillation 
was analyzed by traditional rheological characterization on a rotational rheometer, 
morphological analyses, optical microscopy pictures, and nanofibril content. However, 
those tests were performed on diluted suspensions (0.01 – 2 wt%). Some qualitative 
tests were adapted to the very viscous nanocellulose paste at high solid content. The 
viscosity increase was expected to help in the fibrillation of fibers. This was confirmed 
with one additive. Furthermore, the viscoelastic properties of the extruded nanocellu-
lose paste was improved, which is promising for the spreading and coating of this 
nanocellulose. 

 
Improved thermal energy storage performance of calcium chloride hexahydrate 
using cellulose nanofibril  
 
Damilola Akamo1,2, dakamo@vols.utk.edu, TugbaTurnaoglu2, Kai Li2, Jason Hir-
schey3, Monojoy Goswami2, Kyle Gluesenkamp2, Orlando Rios1. (1) The University of 
Tennessee Knoxville, Knoxville, Tennessee, United States; (2) Oak Ridge National Laboratory, Oak 
Ridge, Tennessee, United States; (3) Georgia Institute of Technology, Atlanta, Georgia, United States.  
 
The unique properties of the inorganic salt hydrate calcium chloride hexahydrate (SrCl2 
∙ 6 H2O) make it a promising candidate for use in phase change energy storage. Sig-
nificant phase separation and considerable supercooling are two of its intrinsic issues 
that have severely limited its use. To address these challenges, this research used 
cellulose nanofibril (CNF) and strontium chloride hexahydrate as a thickener/stabilizer 
and a nucleating agent, respectively in the SrCl2 ∙ 6 H2O based composite PCM sys-
tem. The resultant composite PCMs have an increased cycle stability, high phase 
change enthalpy (~170 J/g) and minimal supercooling. Multiple characterization meth-
ods, including scanning electron microscopy, X-ray diffraction, and Fourier transform-
infrared spectroscopy indicated that the ionic and hydrogen bond interactions between 
SrCl2 ∙ 6 H2O and CNF is the primary reason for the stabilizing effect. This study has 
important scientific implications for the use of green polymers such as CNF as stabi-
lizing agents in salt hydrate composite PCM systems for long-term thermal energy 
storage applications. 
 
 
Layer-by-layer engineered conduits within CNF hydrogels prepared at ultra-low 
volume fractions of CNF  
 
Rebecca Ostmans1, ostmans@kth.se, Tobias Benselfelt2, Lars Wagberg1. (1) Fibre and 
Polymer Technology, Kungliga Tekniska Hogskolan, Stockholm, Sweden; (2) Nanyang Technological 
University, Singapore, Singapore, Singapore.  
 
Cellulose nanofibrils (CNF) are nanosized rod-like particles with very high aspect ra-
tios, high elastic modulus and surface area. Due to the abundant literature on cellulose 
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modification, there is also a large toolbox available for the chemical modification of the 
surface of the fibrils. Hence, a non-complicated introduction of charges to the fibrils will 
in combination with its anisotropy, lead to very intriguing colloidal properties of CNF 
dispersions. Among other properties, the fibrils will form volume-spanning arrested 
states (VASs) at ultra-low volume fractions, which will appear as hydrogels with a loose 
network structure but with considerable elastic properties. Although only very small 
amounts of CNFs (> 0.15wt%) are present in such hydrogels, the mechanical proper-
ties of the networks are high enough to allow for the creation of continuous, stable 
conduits throughout the network during the locking of the fibrils. These flow channels 
can be further treated by nano-lining in order to strengthen the walls of the channels 
by utilizing the well-known layer-by-layer (LbL) technique. A strengthening of the chan-
nel walls opens up the possibility to transport heavier liquids through the channels in 
basically pure water. Potentially, these hydrogel structures could be used in different 
devices where hydrophilicity and controlled mechanical properties can be combined 
with the transportation of liquids, nanoparticles, and active medical components, to 
name a few. In the present work we have also investigated the possibility to utilize the 
LbL treatment of the channels to introduce different functionalities to the channel wall. 
As an example, a LbL combination of reduced graphene oxide and polyelectrolytes 
have been used to create a highly conductive channel through the hydrogel and we 
will also discuss potential uses of these types of devices. 

 
 
In situ preparation of CdSe-TG quantum dots capped with TEMPO-oxidized cel-
lulose nanofibers and its application as a heavy-metal chemosensor  
 
Jhonny M. Ceron, maoceron@outlook.com, Daniel A. Amaya Garcia, Marianny Y. 
Combariza, Cristian Blanco-Tirado. Universidad Industrial de Santander, Bucaramanga, Colom-
bia.  
 
Quantum dots (QDs) are light-emitting inorganic semiconductor materials with unique 
electronic and optical properties, such as high quantum yields, elevated resistance to 
photodegradation, broad extinction spectra, and narrow and tunable fluorescence 
emission. QDs find uses as photocatalytic, light-harvesting, and sensing materials. 
Typically, an organometallic synthetic route delivers highly crystalline and monodis-
perse QDs. However, this synthetic procedure usually requires high reaction tempera-
tures as well as the use of toxic reagents like trioctylphosphine oxide (TOPO), 
trioctylphosphine (TOP), or hexadecyl amine (HAD). Alternative greener methodolo-
gies involving less toxic reagents as capping agents (e.g., 3-mercaptopropionic acid, 
1-thioglycerol, and glutathione), water as a solvent, and low temperatures can also 
yield highly crystalline QDs. Nevertheless, these strategies still require using reducing 
agents, like NaBH4, cataloged as toxic. TEMPO-oxidized cellulose nanofibers (TOCN) 
are widely used to develop hybrid functional materials. TOCN can perform as reducing 
agents for the in situ synthesis of Ag, Pt, Au, and Pd nanoparticles, as reported in the 
literature. Still, no reports exist on using TOCN as a reducing agent for synthesizing 
semiconducting quantum dots. In this study, we report the simultaneous use of TOCN 
as a capping and reductive agent for CdSe-thioglycerol QDs (CdSe-TG QDs) synthe-
sis. We carried out a one-pot synthesis in aqueous media at 100 oC and followed the 
influence of reaction time on crystal growth and CdSe-TG/TOCN QDs size. After thirty 
minutes of reaction, CdSe-TG/TOCN QDs reached a crystallite size of 3.93 nm. We 
tested CdSe-TG/TOCN QDs as chemosensors using absorption and fluorescence 
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spectroscopy. The hybrid material displayed high selectivity and sensitivity toward the 
detection of copper ions (Cu2+). 

 

 
 
 
Bacterial cellulose doesn’t grow at the bottom of a culture, or does it?  
 
Bolaji Sadiku1, blsadiku@aggies.ncat.edu, Hunter Holden2, Dennis LaJeunesse2, Jef-
frey R. Alston1. (1) Nanoengineering, Joint School of Nanoscience and Nanoengineering, Greens-
boro, North Carolina, United States; (2) Nanoscience, Joint School of Nanoscience and Nanoengineer-
ing, Greensboro, North Carolina, United States.  
 
Interest in the utilization of microbial cellulose continues to grow because of its high 
purity, strength, water holding capacity, moldability and recyclability. These unique 
properties have made microbial cellulose a choice material in the fields of medicine, 
food, commercial products, and electronics. Bacteria that produce cellulose typically 
produce at the air-fluid interface. As microbial cellulose is produced, the cellulose ob-
structs the aerobic interface, thus slowing bacterial cellulose production. The slowed  
production makes the process inefficient and expensive and therefore commercially 
unattractive. Increased aerobic interface in a static bioreactor holds great potential to 
improve microbial cellulose production to commercially viable quantities while main-
taining the properties associated with static culture-produced microbial cellulose. In 
this study, we have successfully increased bacteria access to oxygen by layering the 
microbial cellulose culture medium on denser perfluorohexane sparged with oxygen. 
The upper surface of the media gives the bacteria access to oxygen from the top while 
the bioinert lower fluid layer provides another aerobic interface for the bacteria from 
the bottom. Both interfaces produced microbial cellulose thus signifying improved yield. 
With an improved yield of microbial cellulose, this novel system holds great potential 
in making commercial production of microbial cellulose possible and thus opens a 
world of opportunities in the utilization of this great biomaterial. 
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Engineering lignin-based carbon fibers for carbon dioxide capture  
 
Xianfeng Ma1, Jonah Brown2,1, Kendhl Seabright1, David Keffer3, David P. Harper1, 
dharper4@utk.edu. (1) Center for Renewable Carbon, UT AgResearch, Knoxville, Tennessee, 
United States; (2) Department of Chemical and Biomolecular Engineering, The University of Tennessee 
Knoxville Tickle College of Engineering, Knoxville, Tennessee, United States; (3) Department of Mate-
rials Science and Engineering, The University of Tennessee Knoxville Tickle College of Engineering, 
Knoxville, Tennessee, United States.  

Research using carbon fibers (CFs) as adsorbents has yielded promising results for 
CO2 capture. However, using the currently available ACFs for CO2 uptake has demon-
strated scientific and technological challenges. For example, commercially available 
CFs are expensive for practical applications due to the high cost of petroleum-based 
feedstocks and fiber production processes. Moreover, compared to the well-estab-
lished standard CFs, limited information is available for developing high-yield pro-
cesses to guarantee the production of carbon fibers with target pore structures and 
material properties. Further, the adsorption capacity of CFs is still low compared to 
powdered carbonaceous sorbents. In this work, we present our research to develop 
an integrated procedure for converting low-cost and sustainable lignin into CFs with 
application to CO2 capture. We have demonstrated the capability of our approach to 
synthesize morphology-directed fabric lignin with control over feedstock composition 
and structure. By engineering the conversion process, we have discerned the kinetics 
to form carbon fibers with ordered structures. With the further evaluation of CO2 uptake, 
we have identified the capacity, kinetics, and longevity of the achieved CFs for CO2 
capture, enabling us to establish the correlations between processing conditions and 
material properties. Additionally, we have identified the optimal design parameters for 
converting lignin-based CFs with enhanced performance for CO2 capture. 

 
Turning the entire wood matrix in precursor filaments for carbon fibers  
 
Michael Hummel, michael.hummel@aalto.fi, Mi Jung Cho, Mikaela Trogen. Depart-
ment of Bioproducts and Biosystems, Aalto-yliopisto Kemian tekniikan korkeakoulu, Espoo, Finland.  

Carbon materials have become vital components in our everyday life with wide-spread 
applications as lightweight and strong materials for energy-efficient mobility, green en-
ergy harvesting and storage, or filtration and purification of waste and fresh water. Cur-
rently, carbon materials are almost exclusively based on non-renewable, fossil re-
sources. Natural cellulosic fibers were used as precursors for short carbon fibers al-
ready in the 19th century by Thomas A. Edison and Joseph W. Swan. However, vari-
ous intrinsic properties of carbohydrates have so far prevented large-scale production 
and commercial success. At present, carbon fibers are almost exclusively made from 
PAN- or pitch-based precursor fibers. In search for sustainable and renewable alter-
natives, the use of lignocellulosic materials as precursor substrates for carbon materi-
als has experienced a renaissance. Ionic liquids (ILs) are powerful solvents for a wide 
spectrum of polymeric and inorganic materials. In particular, certain superbase-based 
ILs provide solutions of lignocellulosic material with visco-elastic properties that are 
suitable for Lyocell-type dry-jet wet spinning of continuous filaments. Herein, we report 
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the dissolution of entire wood by means of superbase-based ILs and subsequent dry-
jet wet spinning into continuous filaments. The Lyocell-type fibers are of high uniformity 
with a pronounced degree of orientation of the constituent biopolymers. This highly 
ordered structure is a distinct asset for the formation of an ordered carbon structure. 
The filaments were converted to carbon fibers through continuous carbonization in a 
carbon fiber line. The structure and properties of the wood precursor and resulting 
carbon fibers were analyzed in detail. The formation of a homogeneous copolymer 
matrix was dependent on the wood pretreatment prior to dissolution. 

 
Co-solvent enhanced lignocellulosic fractionation (CELF) from loblolly pine 
downed timber at different stages of natural degradation  
 
Javier A. Hernandez1, jah0189@auburn.edu, James A. Godwin2, Fatimatu Bello1, 
Stephen C. Chmely2, Maria S. Peresin1. (1) College of Forestry, Wildlife, and Environment, 
Auburn University, Auburn, Alabama, United States; (2) Agricultural and Biological Engineering, The 
Pennsylvania State University - University Park Campus, University Park, Pennsylvania, United States.  
 
Downed timber (DT) is a common description of uprooted and splinted trees left by the 
winds after a hurricane or tropical storm hits. In the US, this is a recurrent risk for 
southeast states, the economic impact for forest landowners can reach billions of dol-
lars. Handling DT implies fast recovery and intense use of labor. In this work, we aim 
to derivate some of these overflow inputs into the newest alternative markets of natural 
polymers recovery, biorefineries and utilization into value-added applications. Moreo-
ver, we propose that for some of these applications the degradation of DT is not that 
critical to justify a short window for recovery. In this work, we analyze on-site the deg-
radation incurred by downed timber using two techniques that can be easily applied on 
the field before loading DT for transportation. Three sites of known ages of loblolly pine 
were selected and trees were cut and laid down. Sound wave propagation measure-
ments and core samples were collected over a period of one year. Stump samples 
were collected at 0, 6, and 12 months. Sound wave propagation measurements were 
correlated to near-infrared spectroscopy (NIRS) to detect fundamental changes in the 
wood properties over time when subject to natural weather conditions. Principal com-
ponent analysis of NIR measurements was used to evaluate the spectral variation of 
the samples over. The Box-Behnken design was used to select 16 samples from a 3-
dimensional PC space that maximized spectral variability, producing better statistical 
models during prediction. Co-solvent enhanced lignocellulosic fractionation (CELF) 
pretreatment, employing acidic aqueous tetrahydrofuran (THF) mixture, was applied to 
effectively break down the lignin-carbohydrate matrix and promote extraction of lignin 
from lignocellulosic biomass. Lignin was characterized by Fourier transform infrared 
spectroscopy (FTIR), dynamic light scattering (DLS), gel permeation chromatography 
(GPC), thermogravimetric analysis (TGA), and High-performance liquid chromatog-
raphy (HPLC). 
 
 
Hierarchical materials based on nanocellulose and poly(lactic acid)  
 
Manon Guivier, manon.guivier@agroparistech.fr, Giana Almeida, Sandra Domenek, 
Chloé Chevigny. UMR SayFood, AgroParisTech Departement Sciences et Procedes des Aliments 
et Bioproduits, Palaiseau, Île-de-France, France.  
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Nanocelluloses, i.e. cellulose nanocrystals (CNC) and cellulose nanofibrils (CNF), 
have shown excellent gas barrier properties which makes them of the highest interest 
for the food packaging applications. However, the nanocelluloses swelling, in presence 
of water vapor, thwarts their good gas barrier properties. Consequently, the use of 
nanocelluloses in food packaging, while extremely promising is still a challenge. A mul-
tilayer architecture starting with an hydrophobic layer of poly(lactic acid) (PLA) could 
be a solution to protect nanocelluloses. Different studies have been devoted to the use 
of nanocelluloses as fillers in a PLA matrix, but here, a new architecture was developed 
by depositing layers of nanocelluloses on PLA. The effect of nanocelluloses coating 
on O2 barrier properties and water vapor barrier properties was studied, as well as the 
organization of the nanocellulose layers (Fig.1). Very promising results were obtained, 
with O2 permeation several orders of magnitude lower than PLA, thus validating this 
innovative process. 

 

Figure 1: Oxygen permeabilities of uncoated and coated-PLA (a) and the AFM images of the 
sample surfaces coated with 10 deposits of CNC (b), CNF (c) and CNF TEMPO (d). 

 
Relating soy adhesive material properties to plywood performance  
 
Chris G. Hunt, christopher.g.hunt@usda.gov, John Considine, Peter Kitin, joseph 
Jakes. USDA Forest Products Laboratory, Madison, Wisconsin, United States.  

There is a new driver for finding alternatives for the ~20 million tons of urea-formalde-
hyde (UF) adhesives used in wood products each year: the EU is proposing banning 
melamine, the ingredient that allows UF to pass formaldehyde emission requirements. 
Soy also presents an opportunity to produce a biobased, formaldehyde-free adhesive 
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system. One issue preventing soy adhesives from capturing more of the wood product 
adhesive market is their modest wet strength. Previous research on soy adhesives 
have paid almost no attention to the material properties of the adhesive in the glueline, 
focusing only on product performance. This project is focused on understanding what 
mechanical properties of the adhesive are related to improved performance in the 
standard plywood tests of wet shear (ASTM D906) and 3 cycle soak (ANSI/HPVA HP-
1). We used different soy sources, additives, and temperatures to generate plywood 
with a wide range (0 to 1.7 MPa) of wet strengths. Nanoindentation tests of gluelines 
were performed to identify adhesive hardnesses and elastic moduli. Adhesive fracture 
energy was determined from four-point bending tests on notched laminates. SEM was 
used to investigate the structure of the swollen adhesive. The talk will briefly review 
the methods and discuss relationships between adhesive material properties and ply-
wood performance. Interestingly, the elastic modulus of all soy adhesives tested is 
similar to Jell-O, even those much strong than needed for commercial interior plywood. 
The data suggests that they are poroelastic, i.e. sponges. As predicted, the energy 
required to produce a fracture through the soy correlated very well with plywood per-
formance. 

 
Potential causes of the differences in adhesive strength between soluble and 
insoluble soy protein fractions  
 
Heikko Kallakas1,2, heikko.kallakas@taltech.ee, Nayomi Plaza Rodriguez2, Casey 
Crooks2, Derek Turner2, Matt Gargulak2, Chris G. Hunt2. (1) Department of Materials and 
Environmental Technology, Tallinna Tehnikaulikool, Tallinn, Harjumaa, Estonia; (2) USDA Forest Prod-
ucts Laboratory, Madison, Wisconsin, United States.  
 
Pure soy protein isolates, when used as plywood adhesives, can give commercially 
viable wet strength or no wet strength, depending on the processing of the protein. 
Therefore, we are very interested in understanding how the protein aggregation/dena-
turation state influences bonding performance. We have discovered that while many 
isolates had commercially relevant wet strength, samples made with the soluble frac-
tion of these isolates usually fell apart during the water soak when determining wet 
strength using the Automated Bond Evaluation System (ABES) method according to 
ASTM D7998. In this work six different SPIs were obtained, five commercial and one 
native state, laboratory-made isolate. The aim of the study was to investigate the 
source of the difference in bond strength between the soluble and insoluble fractions. 
Characterization of the soluble and insoluble fractions included protein, sugar, and salt 
content, particle size, fraction of native state by DSC, and extent of protein hydrolysis. 
Both wet strength and dry strength of the SPIs were tested in ABES. Adding the cross-
linker PAE (polyamidoamine epichlorohydrin) improved all strength values, but the sol-
uble fractions were still inferior. Initial data indicates that there were no differences 
between molecular weights of soluble and insoluble fractions, which is significant be-
cause we have seen that hydrolysis can result in strength reduction. Initial tests clearly 
show the particle size of the soluble fraction is smaller than insoluble fraction. A variety 
of potential causes for the difference in performance will be discussed in light of the 
data presented. 
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Effect of potassium impregnation and torrefaction on the thermal degradation of 
wood blocks  
 
Jasmine Wolfgram1,2, jasmine.wolfgram@gmail.com, Larissa Richa1, Baptiste Colin1, 
Anelie Petrissans1, Rafael L. Quirino3, Wei-Hsin Chen4, Mathieu Petrissans1.  
(1) LERMAB, Universite de Lorraine, Epinal, Grand Est, France; (2) Bettinger Department of Chemistry 
and Biochemistry, Ohio Northern University, Ada, Ohio, United States; (3) Chemistry, Georgia Southern 
University, Statesboro, Georgia, United States; (4) National Chin-Yi University of Technology, Taichung, 
Taiwan.  
 
With the increasing environmental awareness of the public, government and industry 
seek to replace nonrenewable energy sources with renewable ones to lower green-
house gas emissions. At the same time, energy demand continues to increase due to 
the development of industry and the exponential growth of the population. These con-
cerns have the potential to be balanced with the use of wood as a fuel source. Wood 
is a sustainable, renewable, and low-cost resource and unlike conventional fuel 
sources, the use of wood for energy applications limits CO2 emissions, thus the nega-
tive impact on the atmosphere. The thermal properties of wood in energy can be im-
proved by torrefaction, which is thermal treatment at 200-300°C in an inert atmosphere. 
Thermochemical conversion processes are efficient methods to produce biofuels from 
biomass; of these methods, torrefaction has the lowest global warming potential. Tor-
refied biomass is known to have higher calorific values, higher bulk and energy densi-
ties, lower biological degradation, and higher hydrophobicity. Potassium (K) is a min-
eral naturally present in wood and responsible for the plant’s growth. Past studies have 
shown K to have catalytic effects on the thermal degradation of wood powder. Since it 
has a major role in the degradation of lignocellulosic biomass, it is of interest to see 
the effect of K impregnation on the torrefaction of wood blocks instead of powder. Con-
sequently, 14 x 6 x 2 cm3 blocks of beech were impregnated with demineralized water, 
0.004 M, 0.008 M, and 0.012 M of K2CO3 solutions and torrefied at four different dura-
tions: 5 min, 15 min, 30 min, and 60 min at 275 °C. Pre-torrefaction, atomic emission 
spectroscopy (ICP-AES) was used to check the diffusion of K throughout the wood 
block's thickness and found that the surface has more K than the heart of the wood. 
This finding spurred interest in the examination of the effect of K and the thermal treat-
ment throughout the wood’s thickness. Post-torrefaction, samples from the surface and 
core of the wood were pyrolyzed using thermogravimetric analysis (TGA) to obtain TG 
and DTG profiles. Likewise, X-Ray diffraction (XRD) and scanning electron microscopy 
(SEM) were used to analyze the effect of K and heat treatment on crystallinity and the 
char’s porosity. 

 
Enhancement of waste fines/PLA composites by deashing modification  
 
Anqi Ji1, aji102@syr.edu, Shuyang Zhang2, Samarthya Bhagia3, Xianhui Zhao4, Ar-
thur J. Ragauskas2,3,5, Jeong Jae Wie6,7, Chang Geun Yoo1,8. (1) Chemical Engineering, 
SUNY College of Environmental Science and Forestry, Syracuse, New York, United States; (2) Chemi-
cal and Biomolecular Engineering, The University of Tennessee Knoxville, Knoxville, Tennessee, United 
States; (3) Biosciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States; 
(4) Environmental Sciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United 
States; (5) Department of Forestry, Wildlife and Fisheries, Center for Renewable Carbon, The University 
of Tennessee Knoxville, Knoxville, Tennessee, United States; (6) Organic and Nano Engineering, Han-
yang University, Seongdong-gu, Seoul , Korea (the Republic of); (7) Human-Tech Convergence Pro-
gram, Hanyang University, Seongdong-gu, Seoul , Korea (the Republic of); (8) The Michael M. Szwarc 
Polymer Research, Syracuse, New York, United States.  
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Three-dimensional (3D) printing through fused filament fabrication (FFF) is a promising 
and material-efficient technology. Waste fines (WF), the rejected fibers from paper recy-
cling process, are a great potential resource for economic importance and are considered 
as a new additive for making 3D printing products because of their high cellulose content. 
However, the high ash content (10 ~ 20%, mainly calcium carbonate) of waste fines can 
cause insufficient mechanical strength and other technical challenges. In this study, waste 
fines were treated by two different deashing methods (hydrochloric acid, trisodium citrate) 
and applied as a filler in polylactic acid (PLA) for making 3D printing products. This project 
aims to study the feasibility of fabricating waste fines/PLA composites and also investigate 
the effect of ash on the mechanical properties of the biocomposites. The results indicated 
that by removing the ash, the compatibility of waste fines with plastics will be improved, 
thus enhancing the interactions between waste fines and polymer matrix, ultimately im-
proving the properties of 3D printing composites. 

 

 

CELL 008B (Wednesday 3/29 2:00-5:45 p.m.) – In person 

Grand 2, The Westin Hotel Indianapolis 

Treatment of undergraduate laboratory waste: An interesting opportunity for 
sugar cane bagasse / polysaccharide-based adsorbents  
 
Denise Petri, dfsp@usp.br. Universidade de Sao Paulo, Sao Paulo, São Paulo, Brazil.  
 
Laboratory waste (LabW) generated in practical classes of chemistry is a common 
problem in many educational institutions. The combination of sugar cane bagasse mi-
croparticles (BG) and carboxymethyl cellulose (CMC) or chitosan (CHI) led to the cre-
ation of new biobased adsorbents that could be molded into desirable shapes and 
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sizes, facilitating their application as filters for the treatment of LabW. The LabW con-
tained 17 elements and pH 1.0. The C0 (mg/L) values determined by ICP-OES for 
each element are the following: Pb (10), Ca (91.3), Mg (21.0), K (5597), Na (2601), Sr 
(45.2), Cr (184), Mn (63.3), Fe (212), Co (15.6), Ni (24.8), Cu (356), Zn (19.8), Al (6.66), 
Ag (0.418), Au (0.0646) and Hg (1.05). The adsorbents presented high mechanical 
and chemical stability over a pH range of 1.0 to 9.0 due to the in-situ polymerization of 
dopamine or to the esterification with citric acid. Operating at flow rate of 1.0 mL/min, 
CMC/BG and CHI/BG adsorbents removed simultaneously more than 60% and 80% 
of all metal ions, respectively. The higher efficiency of CHI/BG adsorbents in compari-
son to CMC/BG adsorbents is due to the negatively charged metal-chloride complexes 
present in the LabW. The subsequent flocculation with a polycation removed com-
pletely all other metal ions, disclosing the potential of combining adsorption on bi-
obased adsorbents and flocculation to treat complex wastewater from undergraduate 
laboratories. 

 
Polyethyleneimine (PEI) functionalized graphene oxide (GO)-TEMPO oxidized 
Cellulose nanofiber (COOH-CNF) composite hydrogel for removal of multiple wa-
ter pollutants  
 
YUFEI NAN, yzn0009@auburn.edu, Diego Gomez Maldonado, Maria S. Peresin. Col-
lege of Forestry, Wildlife and Environment, Auburn University, Auburn, Alabama, United States.  
 
Most water sources like wells, rivers, lakes, and even oceans are drowning in a complex 
mixture of pollutants, including heavy metals, dyes, organic compounds, and spilled oils. 
Therefore, developing efficient technologies to remove multiple pollutants from water 
sources is necessary. In this work, COOH-CNF/GO/PEI composites hydrogel was synthe-
sized by cationic chelation and physical adsorption. Cellulose nanofibers from soybean 
hulls were oxidized by TEMPO mediated oxidation to obtain COOH-CNF. Then, GO was 
added to the COOH-CNF dispersions and chelated with zinc ions to form COOH-CNF/GO 
hydrogels. These hydrogels were immersed into PEI solution for functionalization. Finally, 
the removal of methyl blue, methylene blue, Cu (II) and soybean oils with the formed 
COOH-CNF/GO/PEI hydrogels was tested. A positive correlation between GO and immo-
bilized PEI was found. A similar relationship with porosity and maximum adsorption capa-
bility was observed. Moreover, adding GO did not change the adsorption isotherm model 
and adsorption mechanism but increased the external diffusion rate of the Intra-particle 
diffusion model. Based on the Langmuir adsorption model, the maximum adsorption ca-
pability for the methyl blue increased from 3125 to 3962 mg/g when 0.2% of GO was 
added, corresponding adsorption efficiency increased from 7.9% to 12.7% at maximum 
methyl blue solubility (70,000 mg/L). Likewise, the adsorption efficiency for the Cu (II) and 
soybean oils increased from 63.9% to 68.2% and 2% to 7%, respectively. These results 
indicate that COOH-CNF/GO/PEI hydrogel has a great potential for the removal of multiple 
pollutants from water resources. 

 

Effect of chemical modification on date palm fibers 

CELL 3802342 – Withdrawn 
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Cellulose nanofibers templated metal organic frameworks for fluorescent-visual 
detection and adsorption of pesticides  
 
Kailong Zhang, kzhang24@vols.utk.edu, Mi Li. The University of Tennessee Knoxville, Knox-
ville, Tennessee, United States. 
  
Pesticide residues pose threats to the global environment and human health. Recent 
progress has shown the potential of luminescent metal organic frameworks (MOFs) for 
rapid detecting organophosphorus pesticides. The high porosity of MOFs enables their 
feasibility to adsorb hazardous pesticide residues from the environment. However, the  
crystal powder-shaped MOFs tend to agglomerate, resulting in poor flexibility and pro-
cessability. Cellulose nanofiber (CNF) shows a flexible and fibrous structure and 
matches the size of individual MOFs at the nanoscale, which can be hybrid with MOFs 
for improved processibility and applications. Here, we developed a pesticide sensor by 
templating zirconium-based MOFs (Zr-MOFs) on CNF scaffold substrate. Zr-MOFs 
were in situ assembled on the CNF following the addition of Zr4+ and 1,2,4,5-Tetrakis 
(4-carboxyphenyl) benzene. CNF provided a fibrillar template for Zr-MOFs particles at 
the nanoscale and improved their dispersion. The CNF/Zr-MOFs hybrid can be there-
fore fabricated in a 3D freestanding platform for sensing methyl parathion (a typical 
pesticide) with rapid response time. Meanwhile, the sensor had the ability to adsorb 
methyl parathion in solution due to the high surface area and pore volume of Zr-MOFs. 
This CNF/Zr-MOFs hybrid exhibited promising adsorption and sensing capacity 
against pesticide residues. Our work provides a novel strategy for the construction of 
rapid detection and simultaneous adsorption of pesticide residues. 

 
Long operation life transient (degradable) batteries and life cycle assessment to 
address end-of-life issues  
 
Erlantz Lizundia1,2, erlantz.liizundia@ehu.eus. (1) Department of Graphic Design and Engi-
neering Projects, Universidad del Pais Vasco, Bilbao, País Vasco, Spain; (2) Fundacion BCMaterials - 
Basque Center for Materials Applications and Nanostructures, Leioa, País Vasco, Spain. 
  
The development of electrochemically efficient and environmentally sustainable bat-
teries is nowadays one of the most pressing global challenges that face our society. 
The next generation of batteries should consider aspects such as natural resource 
depletion, waste accumulation, and global warming. Currently, lithium-ion batteries 
(LIBs) comprising critical raw materials and petroleum-derived polymers are the most 
widely used batteries. However, their implementation bears serious environmental bur-
dens, mainly at their end-of-life phase, due to the following aspects: the use of non-
degradable materials, toxic battery components, and recycling challenges. A possible 
solution arises from transient (degradable) batteries, which are designed to reliably 
store and deliver on-demand power during operation, followed by a controlled disinte-
gration at the end-of-life. Our work is focused on the development of different transient 
battery configurations relying on LIBs and zinc-ion batteries (ZIBs) using non-toxic and 
earth-abundant elements. In these configurations, cellulose-based electrolytes play a 
pivotal role to ensure stable cycling of the batteries with lifespan extending over 8000 
h. The use of biocompatible organic cathodes is also investigated to deliver a perfor-
mance comparable to that of traditional batteries with the additional benefit of transi-
ency. Battery recycling is also an interesting end-of-life scenario as it reintroduces 
spent materials back into the economic cycle and prevents landfill. The reclamation of 
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materials from spent batteries reduces the pressure over finite critical raw materials 
and avoids severe heavy metal contamination issues associated with battery disposal. 
We apply the life-cycle assessment methodology to study the environmental impacts 
of different battery recycling scenarios in 18 impact indicators such as global warming 
potential. These results are aimed to provide guidance toward sustainable batteries 
through eco-design approaches, so the long-term sustainability of batteries could be 
ensured. 
 

Transparent wood production: Life cycle assessment using emerging technolo-
gies and strategic scale-up framework  
 
Prodyut Dhar, prodyut.bce@iitbhu.ac.in, Rohit Rai. School of Biochemical Engineering, In-
dian Institute of Technology BHU Varanasi, Varanasi, Uttar Pradesh, India.  
 
As the upcoming sustainable material, transparent wood can replace conventional pol-
ymers because of its biodegradable and renewable features. Electronics, construction, 
packaging, and energy storage are some of the areas that have utilized transparent 
wood recently. The current study performs a cradle-to-gate assessment of the routes 
available for producing transparent wood and indicates that sodium sulfite, hydrogen 
peroxide, sodium hydroxide-based delignification, and infiltration with epoxy present 
minimum ecological impacts. It reduced global warming by 24 % and terrestrial acidifi-
cation by 15 % compared to infiltration with polymethyl methacrylate (PMMA) and del-
ignification by sodium chlorite. The modeled system for industrial-scale transparent 
wood production presents reduced ecological impacts (human toxicity < 97%, global 
warming < 28%) and electricity requirement (< 98.8%) than laboratory scale. The end-
of-life (EOL) assessment of transparent wood presents less environmental impact (107 
times) than polyethylene (PE), indicating its potential for commercial adaptation to sub-
stitute petroleum-based polymers. 
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Computer simulation of water-cellulose located in non-confined spaces to de-
velop insights into the drying of lignocellulosics  
 
Nelson Barrios1, nabarrio@ncsu.edu, Jose Parra1,2, Lucian A. Lucia1, Richard 
Venditti1, Lokendra Pal1. (1) Department of Forest Biomaterials, NC State University, Raleigh, 
North Carolina, United States; (2) Department of Chemistry, Universidad de Carabobo, Valencia, Cara-
bobo, Bolivarian Republic of Venezuela.  
 
The cellulose-water interaction was evaluated using Molecular Dynamics (MD) simulations 
to provide insights into the drying process. A Iβ-cellulose microcrystal containing 36 cellu-
losic chains, with different Miller indices (lateral: {010} and {020}, inferior and superior: 
{100} and {200}) was built. Further, an NVT ensemble and the CHARMM36 potential en-
ergy model were employed to describe the cellulose microcrystal. Two water models, 
TIP3P and OPC, were selected to describe water molecules. Two main systems were 
evaluated: 1) 683 water molecules surrounding the microcrystal, and b) 2780 water mole-
cules located inside and outside the microcrystal. In both cases, boundary conditions along 
the x-y axis, and vacuum along the z-axis, were employed. The simulation results showed 
water molecules adhere to the lateral planes of the microcrystal, highlighting the presence 
of strong hydrophilic domains. Further, the selected force fields are useful to describe the 
effect of temperature on the water-cellulose interaction, evidenced by a reduction in hy-
drogen bonding with increasing temperature 

 
Number of hydrogen bonds in time for the cellulose/water system at different temperatures. 

 

Sustainable nanocellulose for new type of wood-based construction materials 
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Ionphane: Cellulose films by means of the Ioncell® technology  
 
Eva Gonzalez, eva.gonzalezcarmona@aalto.fi, Inge Schlapp-Hackl, Michael Hum-
mel, Herbert Sixta. Department of Bioproducts and Biosystems, School of Chemical Engineering, 
Aalto-yliopisto, Aalto, Finland.  

Plastic films are widely present in our everyday life, for instance, as packaging material 
or bags. They are a very versatile, durable, safe, and inexpensive material, but their 
overconsumption has led to some global challenges. It contributes to the depletion of 
fossil resources and also results in massive amounts of waste that can end up in water 
resources, creating a hazard for aquatic biodiversity and, not least, for human health. 
As an alternative, a sustainable and eco-friendly process to produce cellulose films by 
means of the Lyocell-type Ioncell® technology was established. Cellulose solutions in 
a non-toxic ionic liquid (1,5-diazabicyclo[4.3.0]non-5-ene acetate, [DBNH][OAc]) are 
transformed into films in a continuous mode via dry-jet wet spinning. Thereby, these 
solutions are extruded through a slit nozzle and are regenerated by immersion into an 
aqueous coagulation bath, after passing an air gap. Then, the films are led to a motor-
driven collecting roll, where the necessary stretching is provided. After the production, 
the films are washed to remove the retained ionic liquid, and dried. The influence of 
the cellulose concentration (8, 10 and 13 wt%), spinning temperature (50 to 100 oC) 
and spinneret geometry in the properties of the films has been studied. The produced 
films are thin (12 – 21 μm), transparent (transmittance = 91%) and homogeneous. 
Moreover, they exhibit high mechanical properties: stress values up to 210 MPa and 
elongation of 19% in machine (longitudinal) direction, which clearly outperform those 
of commercial cellophane (stress values of 125 MPa and elongation of 22%). Ionphane 
films, which exhibit outstanding optical and mechanical properties and are produced 
by a green process from renewable raw materials, hold great potential to become a 
biodegradable and eco-friendly alternative to commercial films. 

 
Sustainable alternative materials for long-lasting insecticide nets: Interfacial in-
teractions and stability of insecticides in regenerated cellulose processing con-
ditions  
 
Sydney Brake1,2, slb0072@auburn.edu, Diego Gomez Maldonado1,2, Michael Hum-
mel3, Alistair King4, Maria S. Peresin1,2. (1) College of Forestry, Wildlife, and Environment, Au-
burn University, Auburn, Alabama, United States; (2) Forest Products Development Center, Auburn 
University, Auburn, Alabama, United States; (3) Department of Bioproducts and Biosystems, Aalto-ylio-
pisto, Aalto, Espoo, Finland; (4) Teknologian tutkimuskeskus VTT Oy, Espoo, Uusimaa, Finland.  
 
In the search for high-performance bio-based materials, lignocellulosic biomass can 
be used as a sustainable and renewable carrier for active ingredients as an alternative 
to traditionally fossil-based polymeric systems, such as, polyesters or polyethylene. 
For example, long-lasting insecticides nets (LLIN) are currently made from petroleum-
based polymer fibers, showing a lack of biodegradability and long-term durability. We 
aim to improve these by the implementation of bio-based polymers as an absorptive 
fiber base for netting fabric. To achieve this, understanding the underlying interactions 
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between insecticides and cellulose is necessary, as well as analyzing the stability of 
the insecticides under dissolution and regeneration conditions. Belonging to a group of 
insecticides called pyrethroids, deltamethrin and permethrin are used for killing malaria 
parasite carrying mosquitos via LLINs, along with the synergist piperonyl butoxide 
(PBO). Surface sensitive techniques - Atomic Force Microscopy, Quartz Crystal Micro-
balance with Dissipation, and Surface Plasmon Resonance were used to quantify the 
surface interactions between the insecticides and cellulose allomorphs, that were re-
generated using deep eutectic solvent and ionic liquid (IL). The model films, polysty-
rene, and silica were also studied due to their surface nature similar to other biopoly-
mers of interest. In addition, Nuclear Magnetic Resonance (NMR), was used to evalu-
ate the insecticide stability in IL, under dry-jet wet-spinning conditions. Based on the 
preliminary surface and stability studies, permethrin and PBO were chosen to be in-
corporated into cellulose pulp, dissolved in IL, to be regenerated via the IONCELL® 
process, at concentrations suitable for LLIN application. This process involves multiple 
washing steps to remove the solvent. Thus, NMR was further used to assess the re-
sidual insecticide content in the fibers and spin-bath, after processing. The results sug-
gests that insecticides can be retained in the IONCELL® fibers, due to preferential 
phase compatibilities. 
 
 
Lipase catalyzed transesterification of model long-chain molecules in double-
shell cellulose coated oil in water emulsion particles as micro-bioreactors  
 
Yachin Cohen1, yachinc@technion.ac.il, Itzhak Meir2, Dmitry M. Rein1, Yael Arazi3, 
Ayelet Fishman3, Gilad Alfassi4.  
(1) Chemical Engineering, Technion Israel Institute of Technology, Haifa, Haifa, Israel(2) Interdepart-
mental Program in Biotechnology, Technion Israel Institute of Technology, Haifa, Haifa, Israel(3) Bio-
technology and Food Engineering, Technion Israel Institute of Technology, Haifa, Haifa, Israel(4) Bio-
technology Engineering, Braude College of Engineering, Karmiel, Israel.  
 
Lipase-catalyzed transesterification is an effective alternative to chemical catalysis. 
However, due to lipases’ unique structure, the reaction requires a biphasic system, 
which suffers from low reaction efficiency due to limited interfacial area. Use of emul-
sion particles can be an effective way to increase surface area and activity. This re-
search focuses on cellulose as a natural surfactant for oil in water emulsions, and eval-
uates the ability of lipase, introduced into the emulsion’s aqueous phase, to integrate 
with the emulsion micro-particles and catalyze transesterification reaction of high mo-
lecular weight esters. The microparticles were fabricated by high-pressure homogeni-
zation of solution of long-chain esters in decane with aqueous dispersion of cellulose 
hydrogel particles. This yielded double-shelled micro-particles composed of a hydro-
phobic core with two concentric shells: an inner shell of aqueous cellulose hydrogel 
covered by an external coating of continuous amorphous cellulose. This unique mor-
phology was investigated by light, fluorescence and cryogenic scanning electron mi-
croscopy that reveal their complex structure. Triacylglycerol lipase (EC 3.1.1.3) was 
added to the emulsion’s aqueous medium. Successful incorporation of lipase into the 
micro-particles was demonstrated by monitoring the lipase-catalyzed hydrolysis of p-
nitrophenol-dodecanoate dissolved in the particles' core, by the color of the released 
p-nitrophenol. A model reaction system was designed to assess the catalytic activity 
of lipase added to the aqueous medium in reactions of model hydrophobic reactants 
(methyl laurate and oleyl alcohol), dissolved decane in the hydrophobic core of the 
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emulsion droplets. After incubation, emulsion samples were broken by freezing over-
night, defrosting and centrifugation, and the concentrations of molecules dissolved in 
the decane phase were analyzed using GC-MS. The results showed significant con-
version of methyl laureate to oleyl laureate in the core. This provides clear evidence 
that lipase can migrate from the aqueous phase through the emulsion particles’ coating 
to the inner interface, and catalyze transesterification in preference to hydrolysis. 
These results are relevant to further development of “one-pot” processes for cellulose 
valorization by a cascade of biochemical reactions. 

 
 
Sphere-shaped cellulose particles: from dissolution in organic electrolyte solu-
tions to regenerated cellulose materials  
 
Vasco Valente, Carmen S. Freire, Carla Vilela, cvilela@ua.pt. Universidade de Aveiro 
CICECO, Aveiro, Aveiro, Portugal.  

Cellulose is the most abundant natural polymer and is being explored to produce par-
ticles at the micro and nano scales with potential application in multiple fields. In the 
present work, cellulose spherical particles were fabricated via dissolution of wood pulp 
fibers in an organic electrolyte solution (OES) followed by regeneration in water via 
solvent displacement method. The dissolution process was investigated by studying 
the rheological behavior of the cellulose solutions containing different volume fractions 
of 1-ethyl-3-methylimidazolium acetate ([Emim][Ac]) and dimethylsulfoxide (DMSO). 
The regeneration of the various cellulose solutions in water originated sphere-shaped 
cellulose particles with distinct dimensions depending on the [Emim][Ac]:DMSO ratios 
and the syringe pump flow rate at which the cellulose solutions were added to the anti-
solvent. The cellulose spherical particles were characterized regarding their morphol-
ogy and size, crystallinity, thermal stability, mechanical performance and water reme-
diation capacity. 

 

Schematic illustration of the preparation of sphere-shaped cellulose-based particles 
via dissolution in OES and regeneration in water. 

 



 ACS Spring 2023 
 

Physicochemical properties of palm oil empty fruit bunches from E. guineensis 
and E. oleifera x E. guineensis cultivars grown in Colombia  
 
Andrea Paola P. Martinez Ramirez1, andrea2208004@correo.uis.edu.co, Neila M. 
Mantilla Barbosa2, Jesús A. García Nuñez2, Cristian Blanco-Tirado1, Marianny Y. Com-
bariza1. (1) Universidad Industrial de Santander, Bucaramanga, Colombia; (2) Investigacion e Inno-
vacion Tecnologica en Palma de Aceite, Bogota, Colombia. 
  
Palm oil extraction from fresh fruit bunches (FFBs) yields aqueous and solid byprod-
ucts. The empty fruit bunch (EFB) is the most abundant of the solid residues, compris-
ing approximately 21 wt % of the fresh fruit bunch (FFB) weight. Nowadays, EFB finds 
limited uses as composting material in plantations or low-grade fuel in boilers. How-
ever, with a worldwide production of more than sixty-eight million tons per year, and 
high cellulose (50.9%), lignin (17.84%), and hemicellulose (29.6%) contents, EFB has 
the potential to become a biomaterials source. Colombia is the fourth global producer, 
with 1.6 M tons of palm oil per year. There is a diversity of palm oil cultivars and proge-
nies in Colombia. Some are exclusive of African origin from Elaeis guineensis cultivars 
(e.g., Deli x La Mé, Deli x Ghana, and Deli x Malawi), and others are interspecific hy-
brids known as OxG from a cross between African palm Elaeis guineensis and Amer-
ican palm Elaeis oleifera (e.g., Coari x La Mé). These cultivars exhibit distinct proper-
ties and characteristics, such as oil productivity, extraction rate, and disease re-
sistance. This work compares the physicochemical composition of spikelets and cen-
tral axis from fresh and sterilized EFB from E. guineensis (Deli x La Mé) and the E. 
oleifera x E. guineensis hybrid (Coari x La Mé) cultivars grown in Colombia. SEM, TGA, 
XRF, and calorific value measurements provided information regarding the material's 
morphology, composition, thermal properties, and energy content. The lignin, cellu-
lose, and hemicellulose contents suggest slight compositional differences (up to 3 wt 
%) between the two cultivars. The material's surface structure is similar across all sam-
ples, with rough fibers containing silica bodies functioning as a defensive barrier 
against bacterial and fungal attacks. 

 
Alterative asphalt derivatives produced from renewable sources and oxygen rich 
coal  
 
Jeramie J. Adams, Jeramie.adams@uwyo.edu, Seth Bassham, 
sbassham@uwyo.edu, Jean-Pascal Planche.  
Western Research Institute, Laramie, Wyoming, United States.  

Renewable carbon solvents such as fatty alcohols can be used to defiantly extract and 
modify Poweder River Basin Coal (PRBC) molecules. The abundant, easily accessible, 
oxygen rich PRBC feedstock is a form of ancient biomass that can be extracted from 
the earth’s crust and transported to a refinery for production into various engineered 
products. Utilizing PRBC as a precursor to asphalt derivative has a cradle-to-gate CO2 
footprint approximately 1/3 that of petroleum. The utilization of PRBC as a chemical 
feedstock becomes more environmentally attractive by using reactive renewable sol-
vents to produce the PRBC molecules. During this process a high amount of PRBC is 
extracted (can be greater than 80%), compared to extraction using the classical hydro-
gen donor solvent, tetralin, under the same conditions. The modified molecules still 
contain some phenolic groups which are further reacted with high oleic soybean oil 
(HOSO) fatty acids, via direct esterification, to tune the solubility and viscosity of the 
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products. The reaction conditions are tuned so that catalysts and acids are not neces-
sary, but controlled enough to minimize olefin crosslinking reactions which can result 
in oliogmers and polymers. The chemistry of PRBC molecules, derived from tetralin 
extraction and from fatty alcohols, will be discussed and some insights into the mech-
anism will be discussed. Follow chemistry for HOSO fatty acids to modify the PRBC 
molecules will also be shown and related to petroleum asphalt products. 
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Synthesis of α-1,3-glucan esters for amorphous solid dispersion technologies: Im-
pact of morphology on performance 
 
Stella Petrova1,2, stellap@vt.edu, Mariel Gomez2, Lynne Taylor3, Kevin J. Edgar2,1.  
(1) Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States (2) 
Sustainable Biomaterials, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United 
States (3) Industrial and Physical Pharmacy, Purdue University, West Lafayette, Indiana, United States. 
 
Most drugs in development and on the market have limitations because they are very 
lipophilic and tend to crystallize rapidly out of aqueous solutions, thereby causing poor 
oral bioavailability in vivo. Consequently, although a drug may have high therapeutic effi-
cacy to treat severe diseases (e.g. cancer and HIV), it cannot come to market and reach 
patients in need. To improve drug solubility and bioavailability, thereby enhancing the 
chances that these medicines become viable treatments for ill patients, research into 
amorphous solid dispersions (ASDs) as oral-delivery drug carriers has garnered much 
attention from academia and the pharmaceutical industry. High-performing ASD polymers 
often have high Tg, carboxyl groups, sufficient hydrophobicity, and good water solubility. 
Recently, our research has focused on functionalizing α-1,3-glucan polymers to create 
novel ASD polymers, then evaluating the impact of polymer morphology on ASD perfor-
mance. α-1,3-Glucans have identical polarity relative to cellulose (β-1,4-glucans); how-
ever, their structures differ from that of cellulose due to their α-1->3 linkages which incor-
porate kinks in the polymer chain, significantly changing secondary structure and solubil-
ity. In this work we report the synthesis of α-1,3-glucan acetyl and propionyl derivatives of 
varying degrees of substitution, then esterifying the modified backbones with succinic or 
glutaric anhydride to create polymer libraries of novel glucan derivatives. Polymers were 
characterized by NMR, TGA, and GPC. Then evaluated as potential ASD polymers with 
several candidate drugs to determine their efficacy as crystallization inhibitors. Inhibitory 
power was then compared to that of cellulose ester polymers previously synthesized by 
the Edgar group to determine whether and how the morphology of these polysaccharides 
affects drug crystallization inhibition. 
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Figure 1: synthesized α-1,3-glucan polymer derivatives. 
 
 
Biobased radically polymerizable monomers for sustainable polymers 
 
Sylvain Caillol, sylvain.caillol@enscm.fr.  
Institut Charles Gerhardt de Montpellier, Montpellier, Languedoc-Roussillon, France. 
 
Cardanol, which is a natural phenolic oil, is issued from Cashew Nutshell Liquid (CNSL), 
a non-edible renewable resource, co-produced from cashew industry in large commercial 
volumes (1Mt p.a.). Cardanol is non-toxic and particularly suitable for the addition of aro-
matic renewable resources in polymers and materials. We recently reported various 
routes for the synthesis of di- and poly-functional building blocks derived from cardanol 
thereafter used in polymer syntheses. We especially synthesized a new radically polymer-
izable cardanol-derived monomer. Hence, we synthesized cardanol-based aromatic latex 
by radical aqueous emulsion (and miniemulsion) polymerization. We also synthesized UV-
reactive cardanol-derived latex for styrene-free coating applications. The latexes were 
colloidally stable with monomodal particle size distributions and mean particle diameters 
ranging from 100 to 250 nm. Eugenol (4-allyl-2-methoxyphenol), a major component of 
clove oil, is an aromatic renewable resource with potential to replace some petroleum-
based aromatic monomers. We interestingly synthesized a new platform of eugenol-de-
rived methacrylates and studied for the first time their reactivity in radical aqueous emul-
sion (and miniemulsion) polymerization. The resulting latexes were stable and featured 



 ACS Spring 2023 
 

an average particle diameter of 40-50 nm. These results open the door to the formulation 
of new bio-based aromatic latexes with potential applications in adhesives and coatings. 
Vegetable oils and their fatty acids (FAs) derivatives have become the most promising 
alternative solution to design performant bio-based polymers. However, considering the 
poor reactivity of the internal unsaturation of FAs through radical process, most currently 
available synthesis of monomers reported in literature are limited to polycondensation. 
Therefore, the objective of our work was to synthesize monomers from fatty acids bearing 
reactive function through radical process and evaluate their resulting methacrylate poly-
mers as viscosity modifiers in various oils such as mineral or vegetable oils. 

 
 
 
Influence of the chemical structures of end-functionalized cellobiose derivatives on 
olefin cross-metathesis: Model studies of cellulosic diblock copolymer synthesis 
 
Yuuki Sato1, sato.yuki.46r@st.kyoto-u.ac.jp, Kazuki Sugimura1, Kevin J. Edgar2,3, Hiroshi 
Kamitakahara1. (1) Graduate School of Agriculture, Kyoto Daigaku, Kyoto, Kyoto, Japan (2) Department 
of Sustainable Biomaterials, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United 
States (3) Macromolecules Innovation Institute, Virginia Polytechnic Institute and State University, Blacks-
burg, Virginia, United States. 
 
We hypothesized that ω-alkenyl groups and substituents of cellobiose derivatives would 
differently affect selectivity of olefin cross-metathesis (CM) reactions. Several pairs of cel-
lobiose derivatives with the olefin handles at their reducing-ends were subjected to CM 
reactions. We found that the ratio of cross- and self-metathesis products varied with the 
chemical structures of ω-alkenyl groups on the cellobiose derivatives. In contrast, the dif-
ference in substituents did not influence CM selectivity as expected. This talk will address 
model studies of this versatile synthetic method for cellulosic deblock copolymers. 
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New insight in the cellulose oxidation by the periodate-chlorite sequence: Side re-
actions comprehension and limitations 
 
Lorette Brault1, lorette.brault@grenoble-inp.fr, Nathalie Marlin1, Gérard Mortha1, Jérémy 
Boucher2, Dominique Lachenal1. (1) Laboratoire Genie des Procedes Papetiers, Saint-Martin-
d'Heres, Auvergne-Rhône-Alpes, France (2) Fibre Excellence, Saint Gaudens, France 
 
Periodate-chlorite sequence of oxidation of cellulose is widely used for its remarkable se-
lectivity. Periodate oxidizes cellulose on C2-C3 position into dialdehyde cellulose (DAC); 
and further, chlorite oxidizes aldehydes into carboxyls. Cellulose degradation is limited 
due to high reaction selectivity, compared to the use of other oxidants.  
In literature, different methods were reported to measure the carbonyl content of the sub-
strate after periodate oxidation. Measures are commonly performed by specific group ti-
tration after derivatization, e.g. carboxyls after chlorite oxidation. Assessments can also 
be done from the amount of consumed periodate during oxidation or from the degradation 
of DAC through β-alkoxydegradation in mild alkaline medium. Only few papers compared 
these methods and attribute eventual differences in carbonyl contents to hemiacetal for-
mation or to periodate-induced degradation. 
In the present study, we studied the differences between these methods for various con-
ditions (temperature, NaIO4/AGU ratios, DPV). Periodate consumption was measured by 
UV-HPLC, degradation of DAC was measured by alkali back-titration and carboxyl content 
after chlorite over-oxidation was measured by conductometric titration. Regardless the 
conditions, results showed an important but constant difference between periodate con-
sumption and carboxyl content, except for varying NaIO4/AGU ratio. Carbonyl assess-
ments from DAC β-alkoxydegradation confirmed that this difference comes from a limita-
tion of the chlorite reaction rather than side-reactions with periodate. 
Although chlorite oxidation is a very selective reaction, side-reactions such as hypochlorite 
formation affects reaction efficiency. Oxidation is then commonly carried out with a large 
excess of chlorite and for long time. Previous works on hypochlorite scavengers, as 
DMSO, hydrogen peroxide or sulfamic acid, have proved interesting, although a strong 
degradation was observed with sulfamic acid. 
Therefore, as a next step, we aimed at reaching full chlorite reaction by varying pH or 
hypochlorite scavengers. Scavengers impact on cellulose DPv was also measured, in or-
der to ensure the high oxidation selectivity. 
 
 
Side reactions in dialdehyde cellulose chemistry critically revisited 
 
Lukas Fliri1, lukas.fliri@aalto.fi, Jonas Simon2, Thomas Rosenau2, Antje Potthast2, Alistair 
King3, Michael Hummel1. (1) Bioproducts and Biosystems, Aalto-yliopisto, Espoo, Finland (2) Depart-
ment of Chemistry, Institute of Chemistry of Renewable Resources, Universitat fur Bodenkultur Wien, Wien, 
Wien, Austria (3) Teknologian tutkimuskeskus VTT Oy, Espoo, Uusimaa, Finland 
 
Periodate oxidation of cellulose to produce dialdehyde cellulose (DAC) received a consid-
erable amount of research interest in sustainable materials development lately. Besides 
the possibilities offered by DAC itself, the introduced aldehyde functionalities furthermore 
allow for derivatizations, e.g., over reductions, oxidations, or reactions with N-nucleo-
philes. While the literature on these topics is plentiful, it turned out not to be conclusive 
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and, in some parts, even contradictory. In attempts to implement DAC chemistry to add 
functionality to cellulose fibers, we thus encountered various problems. These can be at-
tributed to the peculiarities of DAC including its tendency towards beta elimination and the 
formation of highly crosslinked and stable structures. Consequently, efforts were under-
taken to better understand and tackle these fundamental issues. By applying state of the 
art analytical techniques like solution state cellulose NMR spectroscopy and an indirect 
GPC protocol, new insights into the occurring side reactions could be obtained. The re-
sults of critical investigations concerning contaminations with residual oxidizing iodine 
compounds, reductive aminations of DAC and the depolymerization during periodate oxi-
dation will be presented. We highlight the importance of side reactions in DAC chemistry 
and present strategies to avoid them, thereby providing a refined toolbox for cellulose 
derivatization and valorization. 

 
Renewable polyol synthesis and characterization from epoxy ring-opening reac-
tions of soybean oil and high-oleic soybean oil 
 
Elena A. Robles Molina, elena.rob92@gmail.com, Nathan S. Mosier, Junli Liu.  
Agricultural Biological Engineering, Purdue University System, West Lafayette, Indiana, United States. 
 
Plant oils as renewable resources provide the possibility to synthesize novel polymer ma-
terials, such as polyols. However, the commercial synthesis of polyols employs expensive 
and hazardous catalysts such as molybdenum, meta-chloroperbenzoic acid (mCPBA) or 
tetrafluoroboric acid (HFB4). Here we present the optimization of epoxidation conditions 
for the synthesis of polyols from soybean oil (SBO) and high oleic soybean oil (HOSBO) 
using a simplified, lower-hazard process for epoxy ring-opening reactions. Epoxides of 
SBO and HOSBO were formed using 30% hydrogen peroxide, sulfuric and acetic acids at 
temperatures between 30-50°C for 3-24 hrs.  
Epoxy-ring opening reactions were performed in ethanol, catalyzed by 8% sulfuric acid in 
water for 6 hrs. at 65°C. Epoxidation of soybean oil resulted in an average oxirane oxygen 
(OO %) of 6.53 with 86.5% yield. In contrast, high oleic soybean oil had an average 
oxirane oxygen of 4.51, corresponding to a yield of 94.5%. The results found are compa-
rable to similar commercial products which suggests that H2SO4 is an effective catalyst. 
Polyols generated from epoxy ring-opening reactions were evaluated in terms of hydroxyl 
values (HV), residual epoxy groups, and FTIR spectrum analysis of the disappearance of 
epoxy groups C-O, and appearance of -OH of the polyol. The resulting soybean oil polyols 
have HV values ranging from 165-220 mg KOH/g, and epoxy conversion yields from 70-
80% without process modification related to the oil composition. Therefore, polyol synthe-
sis can be effectively achieved by acid-catalyzed epoxy ring-opening reactions, and low 
molecular weight alkyl. These results can be further improved by balancing the molar ra-
tios of the reactants as a function of the polyunsaturated fatty acids composition and cor-
responding epoxide concentration. This could enable applications of higher-density poly-
mers, compared to current applications where vegetable oil-based polymers are signifi-
cantly diluted with petrochemical-based polymers. 
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Synthesis, characterization, and properties of poly (MAA)-cotton graft copolymer 
using peroxydisulfate/ferrous sulfate as a novel redox pair for initiating grafting 
 
Khaled Mostafa, kh_mostafa@hotmail.com.  
Material testing, National Institute of standards, Cairo, Egypt 
 
The novelty addressed here is undertaken by using cotton textile (CT) as a starting sub-
strate for graft copolymerization with methacrylic acid (MAA) using peroxydisulfate (PDS) 
in presence of ferrous sulfate as a novel redox pair for initiating grafting. This was done to 
reduce the polymerization temperature to nearly room temperature, maximizing the graft 
yield % and rendering the so-obtained grafted product dyeable with basic dyes. For this 
purpose, the graft copolymerization of MAA onto cotton textiles has been studied in an 
aqueous medium using peroxydisulfate in presence of FeSO4 in a nitrogen atmosphere. 
Grafting is influenced by reaction time, temperature, the concentration of monomer, initi-
ator, and catalyst. For comparative catalytic influence, the reaction has also been carried 
out in presence of another salt like FeCl3. The maximum graft yield % of 70.6 is obtained 
at 35°C for the following concentrations; monomer (0.8 M), K2S2O8 (0.03 M), and FeSO4 
(1.5 x 10-3 M). From the experimental results, a mechanism for graft initiation propagation 
and termination has been proposed. The extent of water absorption, tensile strength, elon-
gation at break, dyeability with basic dyes as well as FTIR, thermal behavior, and mor-
phological surface change of the grafted products have also been established in compar-
ison with the ungrafted cotton sample. 
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CELL 010B (Monday 3/27 2:00-5:45 p.m.) – Hybrid 
 
Grand 4, The Westin Hotel Indianapolis 
 
The high potential of renewable materials in sustainable energy storage devices 
 
Katariina Torvinen, katariina.torvinen@vtt.fi, Chamseddine Guizani, Virpi Siipola, Maria 
Smolander, Marja Vilkman. Teknologian tutkimuskeskus VTT Oy, Espoo, Uusimaa, Finland. 
 
The global annual energy storage demand is expected to increase from 200 GWh to 10 
000 GWh in 20 years period due to the electrification of societies. In addition, solutions 
are needed to fight against climate change in the areas of e.g. electric vehicles, wind and 
solar energy parks and consumer electronics. Fortunately, diverse technologies for en-
ergy storage are available, but complex sustainability and environmental challenges re-
lated to the highly polluting and energy-intensive mining of raw critical materials such as 
Li, Pt and natural graphite remain unsolved. Renewable materials (bio-based and recy-
cled) can provide novel chemistries and meet different end-application needs, both in bat-
tery and advanced supercapacitor devices. In this paper, we will discuss the potential of 
lignin-based hard and activated carbons for batteries and supercapacitor applications. We 
will present recent results on the thermal processing of different lignin grades into high 
performance carbon materials and discuss the dependence of their multiscale properties 
and electrochemical performance on the lignin grade. Very promising electrochemical per-
formance was achieved in working anode material, especially in supercapacitors. In Li-
batteries, replacing graphite with bio-based hard carbon shows promising first results, but 
still requires additional optimization work to improve the electrochemical performance. 
However, in novel chemistries as of Na-ion batteries, lignin-based hard carbons turn to be 
particularly suitable due to their turbostratic nanostructure which can better accommodate 
the Na ions. In this perspective, we will also discuss how crucial is the understanding of 
structure properties-performance relationships in lignin carbon materials engineering to 
develop novel advanced energy storage devices with different end-use requirements. Fi-
nally, we will also show new results on the development of biomass-based binders that 
can replace toxic halogenated commercial binders to enable a truly sustainable future of 
energy storage devices. Although cellulose-based separators are already in use, it is pos-
sible to further improve their performance via chemical functionalization and to use them 
in combination with more sustainable electrolytes. 
 
 
Silver nanoparticles-added paper sheets 
 
Korawit Chitbanyong1,2, chitbanyong-korawit@g.ecc.u-tokyo.ac.jp, Buapan Puangsin2, 
Sawitree Pisutpiched2, Somwang Khantayanuwong2, Akira Isogai1. (1) Tokyo Daigaku 
Daigakuin Nogaku Seimei Kagaku Kenkyuka Nogakubu, Bunkyo-ku, Tokyo, Japan (2) Department of Forest 
Products, Kasetsart University Faculty of Forestry, Bangkok, Bangkok, Thailand 
 
To meet the increasing demand for hygienic paper-based products, modification of cellu-
lose fiber surface is an alternative to develop anti-microbial property. In this study, com-
mercial soft wood bleached kraft (SBKP) pulp was oxidized by means of TEMPO cata-
lyzed system in water at pH 10. Sodium hypochlorite (NaClO) was used as a primary 
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oxidant at two level of concentrations (3 and 5 mmol/g of bone dry SBKP). To obtain TO-
SBKP/Ag fibers, silver nanoparticles (AgNPs) were then added to TEMPO oxidized 
SBKPs (TO-SBKPs) by ion-exchange with silver nitrate (AgNO3) solution and followed by 
thermal reduction at 100 °C for 1 h. TO-SBKP/Ag fibers exhibit C=O absorption band by 
FTIR spectroscopy indicating that C2/C3 hydroxyl were converted to ketones caused by 
reduction of Ag+. The AgNPs on the modified cellulose surface have mostly homogenous 
diameter (32-40 nm) and were distributed across the fiber, which was observed by SEM. 
Paper sheets were prepared by laboratory papermaking method by mixing SBKP with TO-
SBKP/Ag fibers at various ratios (0-50% by weight). It was found that addition of AgNPs 
did not interrupt the bonding area of the paper sheets. The tensile strength of the paper 
sheets also increased at higher weight ratio of TO SBKP/Ag fibers. The antimicrobial tests 
were done against Gram-positive Staphylococcus aureus and Gram-negative Escherichia 
coli and showed effective antimicrobial activities. Therefore, silver nanoparticles-added 
paper sheets are promising for application in hygienic paper-based production with con-
ventional papermaking process. 
 

 
SEM image of the handsheet consisting of SBKP and TO-SBKP/Ag fibers. 
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Surface modification of lignin-based carbon fiber for specific capacitance reten-
tion 
 
John Hinkle1, jah0095@tigermail.auburn.edu, Archana Bansode1, Nima Alizadeh1, Am-
ulya Poudyal1, John Thornhill1, Anthony Bass1, Xinyu Zhang1, Andrew J. Adamczyk1, 
Thomas J. Elder2,1, Maria L. Auad1. (1) Auburn University, Auburn, Alabama, United States (2) US 
Department of Agriculture, Auburn, Alabama, United States. 
 
Lignin is one of the most common naturally occurring macromolecule. It is found alongside 
cellulose and hemicellulose to provide structure to plants. Lignin is made from three dif-
ferent phenolic alcohols, paracoumaryl alcohol, syringyl alcohol, and sinapyl alcohol, and 
the ratio between these three alcohol changes depending on the source of the lignin. A 
majority of the lignin is consumed during the liquor recovery cycle in the kraft pulping 
process. Other uses of lignin include the development of aromatic compounds and fuels. 
One current interest is using lignin to develop carbon fibers to act as supercapacitors. 
To develop these carbon fibers, the lignin undergoes a process known as electrospinning 
to develop lignin nanofibers. These nanofibers are then carbonized under an inert atmos-
phere to prevent the combustion of the fibers. In order to improve the capacitance, the 
surface area of the fibers is increased using an activation process. In addition to activation, 
the carbon fiber undergoes a surface treatment to grow nickel hydroxide nanocrystals on 
the surface. This not only increases the surface area, but the nickel hydroxide nanocrys-
tals react with the electrolyte solution to further increase the capacitance of the carbon 
fiber. 
 
 
Current status of sweet batteries development to meet “net zero”: Needs of the 
green energy future 
 
Jaya Verma, jayaverma745@gmail.com, Saurav Goel.  
School of Engineering, London South Bank University, London, London, United Kingdom. 
 
The increasing environmental concerns triggered by burning fossil fuels have caused a 
pivot to green and clean energy sources such as wind and solar. Driven by the UN’s SDGs 
and European Green Deal, this decade is witnessing the exploration of sustainable alter-
natives to fossil fuel energy. Green technologies, however, require an energy storage so-
lution to reach their full potential. Electrochemical energy storage devices such as batter-
ies pave way for climate neutral energy programs. Batteries come in every shape and size 
these days as they have different chemistries, but they must be certainly safe, durable, 
and efficient. Likewise, significant improvements are required for batteries in terms of sus-
tainable materials inputs along the battery value chain. Sweet batteries are commonly 
known as sugar biobatteries, which are net-zero energy storage procedures, are a pre-
cious power substitute for battery making and its bio-clearance. In this study, we dis-
cussed the recent progress in bio-based batteries and their emergence towards next-gen-
eration green energy storage technologies for a sustainable energy future. The emerging 
technical feasibilities, challenges, and solutions for the long-term use of sweet batteries 
are also explored. The sugar biobatteries could achieve better (up to 10x) energy density 
with improved charging as well as recharging capabilities compared to traditional chemical 
batteries. 
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Iron-quinone hybrid redox-flow battery 
 
Janine Maier1, janine.maier@tugraz.at, Melissa Egger1, Ingo Koehne2, Dominik Wicken-
hauser1, Rudolf Pietschnig2, Stefan Spirk1. (1) Institute of Bioproducts and Paper Technology, 
Technische Universitat Graz, Graz, Steiermark, Austria (2) Institute of Chemistry and Center for Interdisci-
plinary Nanostructure Science and Technology (CINSaT), Universitat Kassel, Kassel, Hessen, Germany. 
 
The increasing introduction of renewable energy like wind and solar power into the elec-
trical grid results in an increased need for large-scale energy storage technologies to bal-
ance the discrepancy between power supply and demand. A promising technology for 
stationary large-scale energy storage is redox flow batteries. However, comprehensible 
sustainability in the energy system should also be based on renewable materials rather 
than the currently used non-renewable and often even toxic ones in commercial RFBs. 
Here, we present the electrochemistry of two phosphonate containing ferrocene deriva-
tives (((1,1’ ferrocenyl-bis(phosphonate)) tetrasodium and ((1,1’ ferro-
cenylbis(methylphosphonate)) tetrasodium). Both ferrocene derivatives showed promis-
ing results, exhibiting good solubility and stability in diluted acid and highly reversible re-
dox characteristics with standard potentials of 0.48 and 0.18 V for the ferrocene phospho-
nate and the methyl phosphonate, respectively. These compounds were tested against a 
quinone in a full flow battery system and revealed good stability over 50 cycles. 
 
 
Investigation of the reaction kinetics for the manufacturing of renewable and sus-
tainable redox-active materials 
 
Dominik Wickenhauser1,2, dominik.wickenhauser@tugraz.at, Claudio Vallazza2, Georg 
Rudelstorfer2, Stefan Spirk1, Susanne Lux2. (1) Institute of Bioproducts and Paper Technology, 
Technische Universitat Graz Fakultat fur Technische Chemie Verfahrenstechnik und Biotechnologie, Graz, 
Steiermark, Austria (2) Institute of Chemical Engineering and Environmental Technology, Technische Uni-
versitat Graz Fakultat fur Technische Chemie Verfahrenstechnik und Biotechnologie, Graz, Steiermark, 
Austria. 
 
Organic molecules are emerging candidates to be used as redox active species for aque-
ous redox flow batteries. In this context, quinones have attracted significant interest as 
some of these can be produced from biobased and naturally occurring precursors such 
as lignin using oxidation reactions, e.g. using hydrogen peroxide. One of these precursors 
is vanillin, a commonly used flavor component, which reacts in a Dakin type oxidation to 
2-methoxyhydroquinone. The 2-methoxyhydroquinone, has been demonstrated as a 
promising candidate for renewable redox flow batteries. However, for the design of large-
scale production, reaction kinetics is required, but this is not yet known for the synthesis 
of vanillin to 2-methoxyhydroquinone. 
Here we demonstrate the experimental determination of the reaction kinetics as well as 
the reaction enthalpy of this reaction. The reaction proceeds very fast and is completed 
within a minute under the chosen conditions. The determination of the reaction order 
shows coefficients of α = 1 and β = 1.4. This data will support the further design of scale 
up of the reaction in larger quantities. 
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Optical wood with switchable solar transmittance for all-round thermal manage-
ment 
 
Daxin Liang1,2, daxin.liang@nefu.edu.cn, Wenxuan Wang1, Zhichen Ba1. (1) College of Ma-
terials Science and Engineering, Northeast Forestry University, Harbin, Heilongjiang, China (2) State Key 
Laboratory of Bio-Fibers and Eco-Textiles, Qingdao University, Qingdao, Shandong, China. 
 
Technologies enabling passive daytime radiative cooling and daylight harvesting are 
highly relevant for energy-efficient buildings. Despite recent progress demonstrated with 
passively cooling polymer coatings, however, it remains challenging to combine also a 
passive heat gain mechanism into a single substrate for all-round thermal management. 
Herein, we developed an optical wood (OW) with switchable transmittance of solar irradi-
ation enabled by the hierarchically porous structure, ultralow absorption in solar spectrum 
and high infrared absorption of cellulose nanofibers. After delignification, the OW shows 
a high reflectivity (95.9%) integrated over the solar spectrum (250-2500 nm) and high 
broadband emissivity (0.93) in the infrared region (2.5-25 μm). Owing to the exceptional 
mass transport of its aligned cellulose nanofibers, OW can quickly switch to a new highly 
transparent state following phenylethanol impregnation. The transmittance of optical wood 
(OW-II state) can reach 68.4% from 250 to 2500 nm. The switchable OW exhibits efficient 
radiative cooling to 4.5 °C below ambient temperature in summer (81.4 W m-2 cooling 
power), and daylight heating to 5.6 °C above the surrounding temperature in winter (heat-
ing power 229.5 W m-2), suggesting its promising role as a low-cost and sustainable so-
lution to all-season thermal management applications. 
 

 
Schematic diagram. a, OW-I (left) and OW-II (right). b, The working principle of the energy efficient 
building made with an OW roof, based on the controlled impregnation and rinsing of the wood 
panels with either phenylethanol (OW-I to OW-II) or ethanol (OW-II to OW-I) 
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CELL 010C (Tuesday 3/28 8:00-11:45 a.m.) – Hybrid 
 
Grand 4, The Westin Hotel Indianapolis 
 
 
New high performance hydroxylpropyl methyl cellulose films using amylose inclu-
sion complexes 
 
Gordon W. Selling, gws1961@hotmail.com.  
Agricultural Research Service, US Department of Agriculture, Peoria, Illinois, United States. 
 
When high amylose (70% amylose) corn starch, is gelatinized in the presence of hydro-
phobic ligands an amylose inclusion complex (AIC) can form. With cooling, the amylose 
fraction wraps around the ligand to form the AIC. These AICs will typically be composed 
of 95% starch and 5% ligand. Normally when either component is on its own, they will 
come out of water solution by either forming a gel or a precipitate. However, when com-
bined as an AIC, they form a colloidal suspension and stay in solution. AICs formed from 
fatty sodium salts or fatty ammonium salts were found to be effective at modifying the 
properties of cellulosic films. Hydroxypropyl methylcellulose (HPMC) is a widely used wa-
ter soluble cellulosic polymer. Its utility can be increased by blending HPMC with AICs. 
The properties of the HPMC / AIC blended films is dependent on the ratio of each com-
ponent used and which charged ligand is used. Fatty acid salt AICs provide higher value 
HPMC films with a better balance of physical properties, and decreased gas permeability. 
Fatty ammonium salt AICs blended HPMC films have decreased gas permeability and 
have an anti-microbial surface. The incorporation of readily made inexpensive AICs into 
HPMC provide a novel route to increase the value of HPMC films. 
 
 
Transformation of waste lignocellulosic biomass to acoustic materials for sound 
insulating applications 
 
Ashutosh Negi1,2,3, negi.ashutosh90@gmail.com, Jontymago3, Ms Sunali3, Adepu Kiran 
Kumar5, M Ali Haider1, EjazAhmad4, S. Fatima3. (1) Department of Chemical Engineering, Indian 
Institute of Technology Delhi, New Delhi, Delhi, India (2) School of Interdisciplinary Research, Indian Insti-
tute of Technology Delhi, New Delhi, Delhi, India (3) Center for Automotive Research and Tribology, Indian 
Institute of Technology Delhi, New Delhi, Delhi, India (4) Department of Chemical Engineering, Indian Insti-
tute of Technology, Dhanbad, Jharkhand, India (5) University of Arkansas for Medical Sciences, Little Rock, 
Arkansas, United States. 
 
Biorenewable feedstocks such as natural fibers have been explored to fabricate acoustic 
materials for sound-absorbing and insulating applications. Bio-based binders are utilized 
in the fabrication process to develop green acoustic materials with efficacy comparable to 
commercial synthetic acoustic materials. The efficacy of an acoustic material depends on 
the functional and structural integrity of the feedstock and binder. Moreover, the surface 
morphology of the material decides its effectiveness in sound absorbing or insulating ap-
plications. Toward this, the functional and structural characteristics of the feedstock and 
binder during the fabrication of sound-insulating materials are being studied. Fourier trans-
form infrared spectroscopy (FTIR), X-ray diffraction (XRD), and scanning electron micros-
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copy (SEM) are utilized for the analysis of functional, and structural characteristics, re-
spectively. Functional and structural analysis of the raw feedstock and developed material 
indicates an enhancement in structural integrity after fabrication using the compression 
molding technique. 
Noticeably, the operating temperature and pressure have an effect on the morphology of 
the developed material, which is indicative of its effectiveness in sound-insulating appli-
cations. Moreover, the initial results of sound transmission loss from impedance tube set-
up have indicated the similar efficacy of the developed material in sound insulating appli-
cations compared to commercial synthetic alternatives. 
 
 
Valorization of brewer’s spent grain for the production of more sustainable  
Materials 
 
Sebastien Cardinal1, sebastien_cardinal@uqar.ca, Amy McMackin1,2, Vincent Banville2. 
(1) Biologie, chimie et géographie, Universite du Quebec a Rimouski, Rimouski, Quebec, Canada (2) Centre 
de Développement Bioalimentaire du Québec, Sainte-Anne de-la-Pocatière, Quebec, Canada. 
 
Global beer consumption is growing steadily, generating increasing quantities of co-prod-
ucts. Brewer’s spent grain (BSG), which represents approximately 85% of these total res-
idues, is currently undervalued. It is primarily used as an animal feedstock, which is logis-
tically challenging as wet BSG has a short shelf-life and breweries are often at inconven-
ient distances from animal husbandry farms. Moreover, the demand for BSG as an animal 
feedstock is lower than the supply available. This project proposes a novel use for BSG 
as the starting material for biodegradable microbeads for personal hygiene products, as 
well as films for packaging purposes. In regard to bead production, the methodology is 
inspired by a process for the production of cellulose  
microbeads, which uses 3 to 7 wt% pretreated, purified cellulose in the beads’ formulation. 
Our work reduces this to 1 wt% cellulose, with the remaining solid material obtained from 
a NaOH-ZnO-BSG slurry. A co-product of this method is a hemicellulose rich acid filtrate, 
which can be used in other applications. As for the formation of BSG films, our protocol 
allows to valorize the entirety of the biomass in a single application, as opposed to the 
fractionation method elaborated for the production of microbeads. After acid hydrolysis 
pretreatment, we demonstrate that the acid-BSG mix can be directly dissolved by adding 
ZnO and a solution NaOH of a higher concentration. The resulting slurry is shaped into 
films by solution casting and may or may not be acid regenerated. The resulting composite 
nature of the microbeads and films grants their interesting, albeit complementary, me-
chanical and chemical properties, characterized through various techniques. Conse-
quently, our work simultaneously yields novel uses for the primary residue of an ever-
growing industry and provides promissing alternatives to conventional plastic products. 
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Composites with thermally or photochemically crosslinked biobased matrices and 
cellulosic fillers 
 
Sara Dalle Vacche1,3, sara.dallevacche@polito.it, Jérôme Capannelli1,2, Davide Bene-
venti2, Alessandra Vitale1,3, Roberta M. Bongiovanni1,3. (1) Department of Applied Science and 
Technology (DISAT), Politecnico di Torino, Torino, Piemonte, Italy (2) LGP2, Université Grenoble Alpes, 
CNRS, Grenoble INP, Grenoble, France (3) Consorzio Interuniversitario Nazionale per la Scienza e Tecno-
logia dei Materiali, Firenze, Toscana, Italy. 
 
Cellulosic fillers are renewable biobased materials with interesting applications in several 
domains, such as paper, packaging, paint and coatings, adhesives, tissue engineering. In 
view of sustainability, the coupling of biobased polymers and cellulosic fillers is of great 
interest. Particularly, microfibrillated cellulose (MFC) is emerging for the development of 
materials with remarkable mechanical and barrier properties, still maintaining the biodeg-
radability of cellulose; their sensitivity to moisture is greatly reduced when they are mixed 
with polymeric matrices. In this work, we examine the properties of composites containing 
cellulose macrofibrils or microfibrils, and biobased matrices, derived from cardanol, a nat-
ural phenolic compound, extracted from cashew nutshells, a non-edible byproduct of the 
agri-food industry, or vegetable oils such as soybean oil. Thermally and photochemically 
crosslinked composites are prepared, and the advancement of the polymerization reac-
tions is monitored by FTIR spectroscopy. The morphology, the thermal and mechanical 
properties (studied by dynamic scanning calorimetry, thermogravimetric analysis, dy-
namic mechanical analysis and UTS tensile test) and the insoluble content of the compo-
sites are characterized and discussed with respect to the main parameters influencing 
them, namely the polymer/cellulose ratio, the type of polymeric matrix, the crosslinking 
process. As an example, the glass transition temperature (Tg) of a cardanol based epoxy 
resin thermally crosslinked with a polyetherdiamine hardener was found to range from – 
40 °C to – 30 °C depending on the epoxy: amine ratio and on the cellulose content. The 
same epoxy resin, combined with MFC and cationically photocrosslinked showed a Tg of 
approximately 0 °C. In addition, for composites obtained in the form of flexible films, the 
permeability to oxygen and water vapor is also discussed. 
 

 
Figure 1. Photochemically (a, b) and thermally (c, d) crosslinked composites; thermogravimetric 
analysis of cationically photocrosslinked (e) and thermally crosslinked (f) resins and composites. 
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Improved biopolymer aerogel production through low-energy methods 
 
Bolaji Sadiku1, blsadiku@aggies.ncat.edu, Jacob Coscarelly2, Rutuuja Kulkarni1, Jeffrey 
R. Alston1. (1) Nanoengineering, Joint School of Nanoscience and Nanoengineering, Greensboro, North 
Carolina, United States (2) Nanoscience, UNC Greensboro, Greensboro, North Carolina, United States. 
 
Post-regeneration processes in biopolymer processing can significantly alter the final 
properties of the produced material. It is known that the choice of drying method used 
plays a significant role in the surface and pore properties of the dried polymer. The two 
well-known methods of producing ultralight and porous biopolymers, freeze-drying and 
supercritical drying, produce dried materials with different pore and surface properties. 
The mechanical properties of regenerated cellulose are also determined by the drying-
method used. These two methods however have high energy needs and processing limi-
tations which necessitate the need to develop alternate but improved drying methods to 
produce aerogels. This study investigates how two additional drying methods of producing 
aerogels; tert-butanol freeze drying and ambient pressure aerogel drying, can be adapted 
for use in biopolymer aerogel production and the results are compared to the two well-
known methods of producing cellulose aerogels. The aerogels produced through each 
drying method are investigated using analytical tools such as TGA, DSC, FTIR, BET, 
XRD, and DMA. Low-energy cellulose aerogel production will ensure improved applicabil-
ity and cheaper production of biopolymer aerogels. 
 
 
Interactions of cellulose nanofibrils and xyloglucan to produce filaments by wet 
spinning 
 
Eupidio Scopel1,2, eupidio@gmail.com, Behzad Zakani3,4, Camila Rezende1, Emily D. 
Cranston2,3,5. (1) Institute of Chemistry, Universidade Estadual de Campinas, Campinas, SP, Brazil (2) 
Department of Wood Science, The University of British Columbia, Vancouver, British Columbia, Canada (3) 
Department of Chemical and Biological Engineering, The University of British Columbia, Vancouver, British 
Columbia, Canada (4) Department of Mechanical Engineering, The University of British Columbia, Vancou-
ver, British Columbia, Canada (5) UBC Bioproducts Institute, The University of British Columbia, Vancouver, 
British Columbia, Canada. 
 
Lignocellulosic biomasses are a source of colloidal particles, such as cellulose nanofibrils 
(CNF). Due to their high aspect ratio and flexibility, CNF have many potential applications 
and can be easily processed into hydrogels and filaments. Furthermore, wet spinning is a 
low-cost and scalable method that can be used to produce CNF hydrogel-based filaments. 
However, CNF hydrogels often require crosslink agents to improve their performance. In 
this context, xyloglucan (XG) is an attractive and green crosslinking agent that increases 
the viscosity of CNF hydrogels by taking advantage of the native interactions between 
these two polysaccharides in the plant cell wall. This work evaluated the production fila-
ments from CNF hydrogels, pure or mixed with XG. CNF was isolated from sugarcane 
bagasse using an organosolv treatment, followed by TEMPO-catalyzed oxidation and mi-
crofluidization. A single-step organosolv treatment reduced the lignin content from 30 to 
15 wt.% and promoted significant morphological changes to facilitate CNF isolation. In 
sequence, TEMPO-oxidation and microfluidization were applied to the partially delignified 
substrate. This sequential approach resulted in CNF with an average diameter of 2 nm 
and length of 650 nm without needing several harsh bleaching steps. The introduction of 



 ACS Spring 2023 
 

charges by TEMPO-catalyzed oxidation resulted in colloidal stable CNF, which showed a 
gel-like behavior at 1 wt.%.  
Furthermore, the addition of XG in the CNF hydrogels in different concentrations (0.1-1 
wt.%) increased the apparent viscosity. Finally, CNF dispersions and their combinations 
with XG were processed into filaments by wet spinning using isopropyl alcohol as the 
coagulant solvent. The influence of CNF and XG contents was correlated with the rheo-
logical behavior of the hydrogels and the filament morphology and mechanical properties. 
This study will guide the production of bioinspired materials with potential healthcare and 
biomedical applications, such as those used in wound healing, contributing to valorize 
agro-industrial residue materials. 
 
 
Sustainable cellulose-derived polymer composite film with reversible multifunc-
tionality triggered by water 
 
Yimin Yao1,2, yimin@vt.edu, Yang Zhou3,2, Glenn A. Spiering2,4, Sunhao Liu4, Zhenghao 
Zhai2, Lina Quan4, Robert B. Moore2,4, Kevin J. Edgar3,2, Michael Bortner1,2.  
(1) Chemical Engineering, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United 
States (2) Macromolecules Innovation Institute, Virginia Polytechnic Institute and State University, Blacks-
burg, Virginia, United States (3) Sustainable Biomaterials, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia, United States (4) Chemistry, Virginia Polytechnic Institute and State University, Blacks-
burg, Virginia, United States. 
 
As the demand for sustainable materials increases, cellulose-derived materials have 
gained strong attention in composite systems as renewable reinforcements. Incorporating 
hydroxypropyl cellulose (HPC) in thermoplastic polyurethane (TPU) allows for tuning me-
chanical and optical properties in the presence of moisture. In this study, we used a simple 
one-step method to fabricate HPC/ thermoplastic polyurethane (TPU) composite films with 
commercially available materials amenable to large-scale manufacture. We observed tun-
able optical and mechanical properties of HPC/TPU composite film in both dry and wet 
states compared to the pure TPU film and that suggest properties not typically achievable 
with plasticization. Furthermore, we highlight the capability of HPC/TPU composites in 
flexible optical materials for UV-near infrared protection. We believe this composite film 
could play a significant role in stimuli responsive materials with its water-activated, re-
versible multi-functionality. What's more, applying this method can promote further use of 
sustainable and inexpensive materials. 
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Dual role of natural wood fiber as a bio-nucleating agent and reinforcement mate-
rial for poly(lactic acid) 
 
Chao Lv, Shupin Luo, luosp@caf.ac.cn.  
Chinese Academy of Forestry Research Institute of Wood Industry, Beijing, Beijing, China. 
 
Biodegradable plastics such as poly(lactic acid) (PLA) are gaining considerable interest 
as promising substitutes for conventional petroleum-based plastics due to ecological, 
health and environmental concerns. PLA possesses good biodegradability and biocom-
patibility, but is limited by its slow crystallization rate, low impact resistance and high costs. 
In this study, a low amount of natural poplar wood fiber (WF) was incorporated into PLA 
to improve mechanical and crystallization properties. According to mechanical test results, 
the optimal WF size and addition level was determined to be 80-100 mesh and 1 wt%, 
respectively. Isothermal crystallization kinetics revealed that the crystallization half-time 
was significantly reduced with the incorporation of WF, indicating the crystallization pro-
cess was accelerated. Moreover, polarized optical microscope observation found that the 
spherulite density was increased and its size was decreased in the WF-PLA composites. 
These findings revealed that the WF of appropriate size, even at a low addition level, could 
act as both reinforcement material and efficient nucleating agent for PLA. Enhancing the 
performance of PLA via the incorporation of natural WF with appropriate size provides a 
feasible and simple way to develop fully renewable and biodegradable PLA based com-
posites with reduced cost. 
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Effects of water on the physicochemical properties of fructose-based natural deep 
eutectic solvents 
 
Judit Beagle1, jbeagle1@udayton.edu, Elaina Ismert2, Erick S. Vasquez2. (1) Chemistry, Uni-
versity of Dayton, Dayton, Ohio, United States (2) Chemical and Materials Engineering, University of Day-
ton, Dayton, Ohio, United States. 
 
In this study, fructose-based natural deep eutectic solvent of choline chloride (2-Hydroxy-
ethyl trimethylammonium chloride) were synthesized at different molar ratios. The physi-
cochemical properties such as density, apparent viscosity, pH, conductivity, and micro-
wave heating response were measured and analyzed as the amount of added water was 
varied (0-30 w/w%). The analysis of these properties revealed that the viscosity decreases 
as the water content increases, making it more suitable for industrial applications as sol-
vents. It was also shown that both pH and density remained constant in the different water 
contents analyzed. However, a strong interaction with microwave energy was found in all 
cases. As the amount of added water increases, the thermal stability of the solvent under 
microwave irradiation also increases. The studied choline chloride:fructose NADES have 
many desirable properties to be applied to the industrial processing of food products, cos-
metics, pharmaceuticals, and other extraction processes. Further application of these sol-
vents will be explored in the future. 
 
 
Energy pellets from whole-wheat straw processed with a deep eutectic solvent: A 
comprehensive thermal, molecular and environmental evaluation 
 
Ran Bi1, ran.bi@ubc.ca, Tianyu Guo1, Yan Yu1, Zhangmin Wan1, Shiva Zargar2, Jie Wu2, 
Shahabaddine Sokhansanj1, Qingshi Tu2, Orlando J. Rojas1. (1) The University of British Co-
lumbia Faculty of Applied Science, Vancouver, British Columbia, Canada; (2) The University of British Co-
lumbia Faculty of Forestry, Vancouver, British Columbia, Canada. 
 
Bioenergy holds a crucial position on greenhouse gases mitigation and illustrates the best 
decarbonizing performance when involving wastes and residues due to the avoidance of 
high impacts from dedicated crop production and emissions from waste management. In 
Canada, the annual average production of agricultural residues is estimated at 48 million 
dry megagram, with straw contributing an estimated average net yield of 15 million meg-
agram basically from the cereal straws produced in the Canadian Prairies. However, due 
to challenge of storage and transportation of the seasonal crop residues, it is highly likely 
that processes such as densification, pelletisation, briquetting, etc., will be increased to 
achieve incorporation to the future supply chain. To address these needs, we present an 
efficient deep eutectic solvent (DES) pretreatment approach that can fabricate wheat 
straw pellet demonstrating high heating value, durability, water stability, solvent recycla-
ble, as well as low cost, which has not been previously reported. The design of the pre-
treatment method retained large content of lignin, which not only presented as binder in 
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the pelletisation process and improve the pellet stability during the logistics transportation, 
but also enhance the combustion characteristics in the subsequent application. After treat-
ment, the durability and hardness of all pellets increased, especially with higher acidy 
ratio. The elevated devolatilization index and decreased activation energy show volatile 
matters of all pellets are easier to release during pyrolysis. Specific energy consumption 
and energy gain were determined to evaluate the efficiency of the pellet manufacturing 
process. The results are helpful in preparing a guideline to generate wheat straw pellets 
for fuel purpose in agricultural waste utilization as well as in large-scale centralized wheat 
straw pelleting plants. 
 
 
Chitin nanowhiskers derived from crustacean waste using ionic liquids 
 
Julia L. Shamshina, jshamshi@ttu.edu, Noureddine Abidi.  
Fiber and Biopolymer Research Institute, Texas Tech University, Lubbock, Texas, United States. 
 
Chitin is a polysaccharide made of linked N-acetylglucosamine subunits with the chemical 
formula (C8H13O5N)n. Amount of this polymer is tremendous. It is the second most abun-
dant natural polymer on Earth. It is estimated that more than 1011 tons of chitin is pro-
duced annually: chitin is the main component of the exoskeletons of crustaceans (e.g., 
prawn, crab, lobster and shrimp) and insects (e.g., fly larvae, beetles), and is also con-
tained in the cell walls of fungi and some mushrooms, and cephalopods’ gladius (an inter-
nal body part of squid and octopuses). Chitin biopolymer is used for preparation of numer-
ous high-performance materials,  
including chitin nanowhiskers, which have been emerging as sustainable materials with 
unique properties: high aspect ratio, high modulus (200 GPa), stiffness, strength, nontox-
icity, biodegradability, crystallinity, biocompatibility, high binding energy, and liquidcrystal-
line behavior. They are rod- or whisker-shaped particles that have dimensions of 5–20 nm 
in width and 50–500 nm in length and a high aspect ratio. The most important application 
of chitin nanowhiskers is thermoplastic/thermosets reinforcement material (examples in-
clude poly(vinyl alcohol) (PVA), poly(styrene-co-butyl acrylate) (poly(S-co- BuA)), bi-
obased polymers such as PLA and PHA, acrylonitrile-butadiene (NRB), polycaprolactone 
(PCL), poly(acrylic acid), polypropylene, etc.). 
Importantly, for ChNWs production, pure chitin is used as a raw material. This extra step 
of chitin isolation adds cost and, thus, for further commercial applications it would be de-
sirable to improve cost-effectiveness of the process and prepare nanowhiskers directly 
from the crustacean biomass. Besides, the current industrial method for chitin production 
relies on using hydrochloric acid followed by treatment with sodium hydroxide at elevated 
temperatures. The method is considered to be environmentally unsafe due to high emis-
sions associated with the process and large amounts of waste. 
The presentation discloses the alternative ionic liquid-based processing of crustacean bi-
omass with formation of chitin nanocrystals. Understanding the technical challenges as-
sociated with ionic-liquid based-production, scaleup of the technology, and chitin pro-
cessing into nanofillers will be the foundation of developing a variety of applications lead-
ing to environmental and economic benefits. 
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Chitin materials from waste crustacean shells: Pulping, scale-up, and  
applications 
 
Patrick S. Barber, pbarber@uwf.edu.  
Department of Chemistry, University of West Florida, Pensacola, Florida, United States. 
 
Chitin is one of the most abundant biopolymers on earth and can be isolated from waste 
crustacean shells from the seafood industry. A pulping process was reported for waste 
shrimp shells that utilizes a protic ionic liquid (hydroxylammonium acetate) to produce a 
chitinous material with equal to higher purity and higher molecular weight than current 
industrial technologies. Here we present our efforts towards the use and scale-up of this 
ionic liquid pulping with lobster shells, characterization of the materials and by-products, 
and chemical modification of the resulting chitinous material for applications in environ-
mental remediation. 
 
 
The effects of various anions and cations in ionic liquids on cellulose dissolution 
 
Vidura Thalangamaarachchige1, vidurata@yahoo.com, Noureddine Abidi2, Niwanthi Dis-
sanayake1, Carson Smith1, Juan Fierro-Trujillo1. (1) Chemistry and Physics, McNeese State Uni-
versity, Lake Charles, Louisiana, United States (2) Texas Tech University College of Agricultural Sciences 
and Natural Resources, Lubbock, Texas, United States. 
 
Cellulose is the most abundant biopolymer on earth and has been used in the paper and 
textile industries throughout history. Due to insolubility in conventional organic solvents, 
the utilization of cellulose in various applications is limited. However, over the years, Ionic 
liquids (ILs) emerged as efficient cellulose solvents. ILs are salts that contain a cation and 
an anion and possess interesting properties such as negligible vapor pressure and high 
thermal stability. During our study, fourteen novel ILs were synthesized to investigate the 
effect of the anion and the cation of ILs on cellulose dissolution. Those ILs consist of 
various imidazolium-based cations and alkylphosphonate anions. Nuclear magnetic res-
onance spectroscopy (1H NMR, 13 C NMR), High performance liquid chromatography 
(HPLC) were used to characterize and to determine the purity of the ILs. The synthesized 
ILs were dried under vacuum and water content was measured prior to dissolution exper-
iments using Karl Fischer titrations (below 100ppm). All the dissolution experiments were 
performed using microcrystalline cellulose at 90οC. Dissolution behavior is discussed 
based on the physico -chemical properties such as conductivity, basicity (hydrogen-bond 
acceptor capability) and viscosity of the ILs. Our study confirms that both the anion and 
the cation of the ILs impact the cellulose dissolution synergistically. After the dissolution, 
cellulose was regenerated to produce biomaterials and will be characterized using scan-
ning electron microscopy (SEM) and Fourier transform infrared (FTIR) spectroscopy. 
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3D printing of the cotton linter cellulose solution from ionic liquids 
 
Shaida Rumi, shaida-sultana.rumi@ttu.edu, Julia L. Shamshina, Sumedha P. Liyanage, 
Noureddine Abidi.  
Plant and Soil Science, Texas Tech University System, Lubbock, Texas, United States. 
 
Synthetic polymers, mostly thermoplastics, are currently extensively used for manufactur-
ing of 3D-printed structures, because of the ease of their handling through melt pro-
cessing. At the same time, biopolymers, such as cellulose, exhibit many attractive prop-
erties including renewability, biodegradability, and excellent mechanical properties. How-
ever, “traditional” 3D printing methods are not suitable for cellulose. It is crucial to control 
cellulose processing in order to create highly precise cellulosic structures, such as 3D 
printed architecture, in order for cellulose to be a viable replacement for polymers derived 
from fossil fuels. 
In this study, we explored the sustainable use of low-cost cotton linters as a cellulose 
source for 3D printing. This approach involved the dissolution of cellulose in ionic liquids 
(ILs), dispensing solution to create a predefined shape, coagulation, and freeze-drying. In 
order to establish desired rheological behavior of solutions for 3D printing, we evaluated 
the viscosity of cotton linter cellulose solutions at various cellulose concentrations, in dif-
ferent ILs with and without use of cosolvents, which allowed successful adjustment of the 
cellulose solution viscosity to a favorable range. We have also assessed the shape accu-
racy and aspect ratio of the printed structures after drying. This work showed that cellulose 
could be a feasible alternative material for the creation of intricate structures. 
 
 
Pickering emulgels reinforced with host-guest supramolecular inclusion com-
plexes for high fidelity direct ink writing 
 
Bo Pang, bo.pang@mmk.su.se. Department of Materials and Environmental Chemistry, Stockholms 
Universitet, Stockholm, Stockholm, Sweden. 
 
Direct ink writing (DIW) of Pickering emulsions offers great potential for constructing on 
demand objects. However, the rheological properties of fluid emulsions greatly undermine 
the shape fidelity and structural integrity of 3D-printed structures. We solve here these 
challenges and realize a new route towards complex constructs for actual deployment. A 
dynamic, supramolecular host-guest hydrogel based on poly(ethylene glycol) and α-cy-
clodextrin was synthesized in the continuous phase of cellulose nanocrystal-stabilized 
Pickering emulsions. The storage modulus of the obtained emulgels could reach up to 
∼113 kPa, while being shear thinning and yielding precise printability. Diverse complex 
architectures were possible with high shape fidelity and structural integrity. The printed 
objects, for example, a double-wall cylinder with 75 layers, demonstrated excellent dimen-
sional stability (shrinkage of 7 ± 2% after freeze drying). With the merits of a simple fabri-
cation process and the high biocompatibility of all the components, the concept of dynamic 
supramolecular hydrogel-reinforced emulgels represents a potentially versatile route to 
construct new materials and structures VIA DIW for use in bioproducts and biomedical 
devices. 
 
  



 ACS Spring 2023 
 

Sustainable 3D printing of recyclable biocomposite empowered by flash graphene 
 
Yuchao Wu, YC121708@gmail.com, Jian Lin.  
of Missouri, Columbia, Missouri, United States. 
 
Sustainability of 3D printing can be reflected in three main aspects: deployment of renew-
able inks, recycling of printed products, and applications for time-, materials-savings, and 
efficiency-improving. In this work, we demonstrated sustainable vat photopolymerization 
(VPP) based 3D printing in a whole life-cycle process by developing a renewable ink made 
of soybean oil and natural polyphenols, and recycling the ink for reprinting or converting 
printed biocomposite to flash graphene (FG) as reinforcement nanofillers in the biocom-
posite. We also realized its applications in fabricating lightweight, materials-saving 3D 
structures, acoustic metamaterials, and disposable microreactors for time-saving and ef-
ficiency-improving synthesis of metalorganic framework nanostructures. In addition to en-
hancing the tensile strength and Young’s modulus of the biopolymers by 42% and 232% 
with only 0.6 wt% FG nanofillers, respectively, FG improved the printability of the ink in 
forming 3D tubular structures, which are usually very hard to be achieved in transparent 
resin. Success of this work will inspire further development for sustainability in 3D printing. 
 
 
CELL 010E (Wednesday 3/29 8:00-11:45 a.m.) – In Person 
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Acidic thiourea fractionation of softwood lignocellulose 
 
Juho A. Sirvio, juho.sirvio@oulu.fi, Ari Ämmälä.  
Oulu Yliopisto Teknillinen Tiedekunta, Oulu, Finland. 
 
The efficient fractionation and production of individual biomass components is pivotal pro-
cess in biorefinery concept. However, the recalcitrant nature of lignocellulose biomass is 
one of the main obstacles in wider application of biomass-based chemicals and materials. 
In this study, thiourea was used as nucleophilic fractionation chemical in aqueous acidic 
condition. At relatively mild conditions (100°C for 30 – 90 min), around 90% of lignin could 
be removed softwood and the obtained solid carbohydrate fraction exhibited mild yellow-
ish color, being contradict to many delignification processes where severe darkening of 
the fiber fraction has been observed. Cellulosic fraction had high degree of polymerization 
and was easily bleached to bright white using halogen-free bleaching, and both bleached 
and non-bleached cellulose fibers could be easily disintegrated into cellulose nanofibers 
by mechanical treatment. Dissolved lignin could be precipitated from washing liquor with 
high yield (around 90%). Precipitated lignin was light in color and after alkaline treatment, 
it could be dissolved in organic solvents. In addition, small amount of water-soluble lignin 
was obtained and both alkaline treated and water-soluble lignin had high molecular weight 
(around 40 000 g/mol). Tentative reaction mechanism of fractionation is via formation of 
isothiouronium-modified lignin during the reaction, allowing the dissolution of lignin in re-
action solution in relatively mild condition. The formation of isothiouronium minimize the 
degradation and condensation of lignin during the fractionation, which in turn results in 
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production of high molecular weight lignin and prevents the darkening carbohydrate and 
lignin fractions. 
 
 
Biocatalysts and chemical pretreatments of lignocellulosics for enhanced press  
dewatering and energy efficiency 
 
Nelson Barrios, nabarrio@ncsu.edu, Richard Venditti, Lokendra Pal. Department of Forest 
Biomaterials, NC State University, Raleigh, North Carolina, United States. 
 
This research aims to understand the effects of biocatalysts and chemical pretreatments 
on press dewatering to decrease equilibrium moisture content (EMC) while maintaining 
paper strength properties after pressing. Experiments included a sequence of refining, 
enzymatic, and chemical treatments on pulp samples, followed by papermaking, equilib-
rium moisture content (EMC), and mechanical characterization. The combined effect of 
controlled refining, enzymatic treatments, and chemical additives showed promising re-
sults in terms of press dewatering and paper properties enhancement. A ~3.0 wt.% abso-
lute decrease in moisture after pressing and up to 20-60% increase in paper strength was 
obtained with various pretreatment applications. Further, the work demonstrates the po-
tential of a ~10% reduction in energy demand due to increased press solids without com-
promising paper strength, which is essential for achieving a net-zero target set by the pulp 
& paper industry. 

 
 
Figure: Biocatalysts and Chemical Pretreatments of Lignocellulosics for Enhanced Press De-
watering and Energy Efficiency. 
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Enzyme-assisted liquefaction for different fractions of corn stover pellets 
 
Diana Milena M. Gutierrez1,2, ramir120@purdue.edu, Antonio Gonçalves da Cruz1,2, Xueli 
Chen1, Rosineide Gomes da Silva Cruz1,2, Luana Serra1,3, Ria D. Corder8, Nathan S. 
Mosier1, David Thompson Thompson4, John Aston4, James Dooley5, Pankaj Sharma6, 
João Ricardo Almeida7,7, Eduardo Ximenes1, Michael R. Ladisch1. (1) Agricultural and Biolog-
ical Engineering, Purdue University, West Lafayette, Indiana, United States (2) Chemical Engineering, Uni-
versidade Federal de Sao Carlos, Sao Carlos, SP, Brazil (3) University of Brasília, Brasília, Brasília, Brazil 
(4) Idaho National Laboratory, West Lafayette, Indiana, United States (5) Forest Concepts LLC, Auburn, 
Washington, United States (6) Purdue University, West Lafayette, Indiana, United States (7) Empresa Bra-
sileira de Pesquisa Agropecuaria, Brasilia, DF, Brazil (8) Materials Engineering, Purdue University System, 
West Lafayette, Indiana, United States. 
 
With an increase in population, the world will depend on renewable sources to meet the 
increasing energy needs. The use of lignocellulosic biomass as a renewable source has 
been proven efficient for conversion to cellulosic ethanol and capable of contributing to 
thresholds for energy demand while reducing greenhouse gases by 90% when compared 
with fossil fuels. However, limitations in feeding and flow within biorefineries are encoun-
tered when system plugging occurs due to biomass compaction and a high yield stress 
for slurries formed during its processing. Furthermore, differences in the biomass source 
present a challenge to the continuity of operations and reliability in the process. This work 
explores enzyme-assisted liquefaction for solid loadings up to 30% as an alternative for 
the creation of slurry from two different types of biomass (pelleted corn stover and cobs) 
that were liquefied in a fed-batch process using commercial enzymes Celluclast 1.5L or 
Ctec-2 at 1FPU/g or 3 FPU/g of dry solids in a 10 mM sodium citrate buffer solution (pH 
4.8). Pellets were fed into a 1 L stirred bioreactor according to a predefined fed-batch 
protocol during the first 5 hours until 30% solid loading was reached. After 6, 24 and 96 
hours, samples were taken and characterized with respect to their composition, rheology, 
and water absorption. Successful slurry creation with dramatically reduced yield stress 
was achieved for corn stover for both enzymes assessed. Yield stresses of 178±7 Pa (3 
FPU, Celluclast 1.5L) and 79±6 Pa (3 FPU, Ctec-2) were measured for corn stover at 24 
hours, compared to 6,000 Pa for samples without enzyme. Yield stress was 155± 29 Pa 
(3FPU, Ctec-2) and 257 ± 72 Pa (1 FPU, Celluclast 1.5L) for corn cobs at 24 hours. A 
profile for 6, 24 and 96h of yield stress measurements and sugar conversion is presented. 
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How does pelleting alter the enzymatic digestibility of corn stover? 
 
Xueli Chen1,2, xuelic@hotmail.com, Diana Milena M. Gutierrez1,2, Michael R.Ladisch1,2,3, 
Nathan S. Mosier1,2. (1) Laboratory of Renewable Resources Engineering (LORRE), Purdue University, 
West Lafayette, Indiana, United States (2) Agricultural and Biological Engineering, Purdue University, West 
Lafayette, Indiana, United States (3) Weldon School of Biomedical Engineering, Purdue University, West 
Lafayette, Indiana, United States. 
 
Pelleting of lignocellulosic biomass facilitates its transportation, storage and handling and 
offers opportunities to improve the enzymatic digestibility of pelleted biomass. Here, we 
report the impact of pelleting on the enzymatic digestibility of corn stover prior to pretreat-
ment and associated substrate characteristics. Pelleting almost doubles the digestibility 
of unpretreated corn stover, from 8.2 to 15.5% glucan conversion, at 5% solid loading 
using 1 FPU Cellic CTec2 per g solids. Compositional analysis indicates that loose and 
pelleted corn stover have similar non-dissolvable compositions, although their extractives 
are slightly different. Enzymatic hydrolysis of washed corn stover after size reduction to 
normalize particle sizes and removal of extractives confirms that pelleting improves corn 
stover digestibility. Such differences may be explained by the decreased particle size, 
increased specific surface area, improved cellulose accessibility, and reduction of the pol-
ymer length of cellulose induced by pelleting. These findings help to design processing 
schemes for sustainable and efficient use of lignocellulose. 
 
 
Upcycling biomass into bioplastics by a combined chemical and biological  
approach 
 
Noppadon Sathitsuksanoh1, n.sathitsuksanoh@louisville.edu, Napat Lertthanaphol1, Md. 
Anwar Hossain1, Mohammad Shahinur Rahaman1, Sarttrawut Tulaphol2, jiedong3. (1) Uni-
versity of Louisville, Louisville, Kentucky, United States (2) Chemistry, King Mongkut's University of Tech-
nology Thonburi, Bangkok, Thailand (3) Southern Illinois University Edwardsville, Edwardsville, Illinois, 
United States. 
 
Conventional plastics are derived from petroleum. However, the extraction and processing 
of petroleum into plastics generate a large amount of carbon dioxide, contributing to cli-
mate change. Clearly, we need to find alternative feedstocks for the production of plastics. 
Biomass is a renewable source of sugars. Moreover, polyhydroxyalkanoates, biodegrada-
ble polyesters produced by bacterial fermentation of sugars, are potential bioplastic alter-
natives to petroleum-derived plastics. The ability to convert biomass into polyhydroxyal-
kanoates will Although biomass is an abundant renewable source of sugars, ordered crys-
talline cellulose structure within biomass makes it difficult to release sugars in a high yield. 
Here we show a chemical-biological pathway for the production of PHAs from rice straw 
and hemp hurd. We combined alkaline pretreatment, enzymatic hydrolysis, and bacterial 
fermentation. The alkaline pretreatment partially fractionated hemicellulose and lignin; 
these effects increased cellulose accessibility to enzymes and enabled a high sugar re-
lease (up to 83 % glucose yield) at high solid loading. Therefore, we obtained 69 wt.% 
mcl-PHAs from pretreated hemp hurd. These findings lay the groundwork for producing 
biodegradable plastics from renewable feedstocks. Moreover, unlike hazardous petro-
leum-derived plastics, polyhydroxyalkanoates are biodegradable and do not pollute our 
ecosystems and food chains. This developed process can be extended to other biomass 
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species and provide revenue to the agricultural sector, mitigate global warming from pe-
troleum processing, and potentially reduce plastic pollution. 
 
 
Effect of the C:N ratio in PHA yield and productivity by a native microorganism us-
ing culture media containing liquid cacao residues 
 
MABEL QUINTERO1, mabeljulianaquintero@gmail.com, Silvia J. Suárez-Rodríguez2, 
Cristian Blanco-Tirado3, Marianny Y. Combariza3. (1) Vicerrectoría de Investigación y Extensión, 
Universidad Industrial de Santander, Bucaramanga, Santander, Colombia (2) Escuela de Ingeniería 
Química, Universidad Industrial de Santander, Bucaramanga, Santander, Colombia (3) Escuela de 
Química, Universidad Industrial de Santander, Bucaramanga, Santander, Colombia. 
 
Biosynthesized intracellularly by various microorganisms, PHAs are potential replace-
ments for conventional plastics. Cacao mucilage exudate (CME) is a liquid by product of 
cacao bean fermentation. CME was used as a substrate for polyhydroxyalkanoates 
(PHAs) production. Previous studies showed that the Carbon:Nitrogen (C:N) ratio is the 
nutritional variable that most influence PHA production when using culture media contain-
ing liquid cacao residues. 
This study follows the process of a native microorganism (Bacillus megaterium B2) adap-
tation to CME-based media with various C:N ratios. The goal of the adaptation is to in-
crease PHA yield and productivity. The CME-based medium with a C:N ratio of 12.5 ena-
bled a maximum product yield of 0.89 g/g and a productivity of 0.19 g/L*h for PHA. An 
experimental design allowed the derivation of a mathematical function correlating the 
product yield to the C:N ratio. Function optimization suggested a maximum product yield 
at a C:N ratio of 12.4, obtaining an increase of 6% in this value and a productivity of 2 
g/L*h. On the other hand, chlorinated solvents are typically used to isolate and purify PHAs 
from biomass. We tested alternative extraction methods to substitute the traditional sol-
vents. Using Chemical agents (SDS, NaClO, H2O2 and C2H5OH) and mechanical dis-
ruption (ultrasound) we isolated PHA with 99% compared to the traditional method. 
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Efficient production of 2,5-furandicarboxylic acid by stable engineered Pseudo-
monas putida using a smart coupling of lambda Red and CRISPR 
 
Ngoc-Nam N. Pham1, nnphamchemist@gmail.com, Yu-Chen Hu1,2. (1) Chemical Engineering, 
National Tsing Hua University, Hsinchu, 300044, Taiwan (2) Frontier Research Center on Fundamental and 
Applied Sciences of Matters, National Tsing Hua University, Hsinchu, Taiwan. 
 
2,5-Furandicarboxylic acid (FDCA) is a versatile chemical for polymer synthesis, involving 
poly(ethylene 2,5-furandicarboxylate) (PEF), a promising alternative for poly(ethylene ter-
ephthalate) (PET). Recently, FDCA can be chemically obtained from biobased 5-hy-
droxymethyl furfural (HMF), whose process requires an environmental unfriendly condi-
tion such as high temperature/pressure, organic solvents and metal based catalysts. Al-
ternatively, Pseudomonas putida (P. putida) S12 is promising for FDCA production, but 
engineering P. putida remains challenging, probably due to the lack of genetic engineering 
tool. In this study, we developed a smart coupling of Lambda-Red recombinase and 
CRISPR-Cas nuclease to generate stable engineered P.  
putida S12 for FDCA production. We first evaluated 3 Cas orthologs and revealed their 
efficient ability of inducing double-stranded breaks (DSBs), resulting in a robust cell death 
of 99%. We further discovered that P. putida S12 lacked DNA repair machinery, leading 
to the impossibility of foreign gene integration within the cell genome, even with the assis-
tance of DSBs. Subsequent development of Lambda-Red-coupled CRISPR could facili-
tate the gene integration into all endogenous copies of target gene with extremely high 
efficiency and frequency and thus, resulting in the stable cell line, which can robustly 
maintain the integrated gene in serial selection-free subcultures. This strategy was then 
utilized to integrate HMF/furfural oxidoreductase (HMFH) or HMF oxidase (HMFO) into 
the genome of P. putida. Resultantly, both engineered strains were able to produce ~42-
43 mM FDCA from 50 mM HMF. Moreover, we uncovered the cosupplement of CaCO3 
and MnO2 drastically enhanced the cell tolerance to HMF and thus, increase FDCA pro-
duction to ~177 mM within 24 hours, corresponding to the titer of ~26 g/L and the produc-
tivity of 1.08 g/L.h. Together, the data imply the potential of CRISPR technology for gene 
engineering in P. putida S12 for FDCA production. 
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Supramolecular interaction-driven delignification of lignocellulose 
 
Juho A. Sirvio, juho.sirvio@oulu.fi, Ari Ämmälä.  
Oulun Yliopisto Teknillinen Tiedekunta, Oulu, Finland. 
 
Lignocellulose widely available and renewable resource to replace fossil raw materials in 
chemicals and material production, consisting mainly of carbohydrates, that is cellulose 
and hemicellulose, and lignin. The complicated structure of lignocellulose creates signifi-
cant barrier for its application potential, as the isolation of individual lignocellulose com-
ponents has so far hardly achieved in mild condition. Here, we demonstrate that the use 
of strong hydrogen bond donor (thymol) to create supramolecular interaction between 
delignification medium and lignin is key to remove almost all of lignin from softwood within 
minutes at temperature close to room temperature. Almost completely white cellulose 
fraction was isolated along with two low molecular weight lignin fractions. Lignin fractions 
showed high UV absorption properties with low absorption at visible light region. It is pos-
tulate that due to the presence of large number of ether and aliphatic hydroxy groups 
along with few numbers of carbonyl groups, lignin has distinct hydrogen bond accepting 
properties. Supramolecular interaction is therefore formed via hydrogen bonding and π 
stacking, enabling the rapid delignification. The supramolecular interaction was demon-
strated via formation of room temperature liquid/gel between two solids (technical lignin 
and thymol). 
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Structural inhomogeneity of cellulose assembly in plant cell wall affecting aniso-
tropic mechanical property 
 
Jongcheol Lee1, jul1371@psu.edu, Juseok Choi1, Luyi Feng2, Jingyi Yu5, Yunzhen-
Zheng5, Qian Zhang5, Yen-Ting Lin1, Saroj Sah3, Ying Gu3, Sulin Zhang2,4, Daniel Cos-
grove5, Seong H. Kim1,4. (1) Chemical Engineering, The Pennsylvania State University - University 
Park Campus, University Park, Pennsylvania, United States (2) Engineering Science and Mechanics, The 
Pennsylvania State University - University Park Campus, University Park, Pennsylvania, United States (3) 
Biochemistry and Molecular Biology, The Pennsylvania State University - University Park Campus, Univer-
sity Park, Pennsylvania, United States (4) Materials Science and Engineering, The Pennsylvania State Uni-
versity - University Park Campus, University Park, Pennsylvania, United States (5) Biology, The Pennsyl-
vania State University - University Park Campus, University Park, Pennsylvania, United States. 
 
Cellulose microfibrils (CMFs) in plant cell walls are a major load-bearing component, and 
the microfibril structure is a key factor that regulates plant cell wall mechanics that is crit-
ical to the wall extension and cell growth. Thus, the structure of CMFs in plant epidermal 
cell walls has been widely studied for the microfibril structure-wall mechanic relationship 
because of its ease of access for characterization and mechanical tests. However, the 
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structural information of CMFs has been deduced from the assumption that the whole 
tissue has a uniform CMF structure. Here, we report the distinct CMF assemblies in the 
epidermal cell edges compared to that in the cell faces. The vibrational sum frequency 
spectroscopy (SFG) imaging found that the CMFs in the cell edges are preferentially 
aligned perpendicular to the anticlinal wall plane, while the CMFs in the cell faces have 
the known crossed-polylamellate structure. This discovery clarifies the discrepancies in 
CMF structural information obtained with different techniques. Also, it suggests that the 
origin of the anisotropic mechanical properties of single epidermal cell wall tissues is due 
to the cell edges where CMFs are preferentially aligned. 
 

 
 
 
Changes in pulp fibre-wall nano-structure during humidity cycling studied by wide 
and small angle x-ray scattering 
 
Tomas Larsson, tomas.larsson@ri.se, ClaesHolmqvist, JohanAlfthan, Galya Simeonova, 
Therese Johansson. Bioeconomy and Health, RISE Research Institutes of Sweden AB, Goteborg, Väs-
tra Götaland, Sweden. 
 
Changes in the temperature and relative humidity of the environment have an impact on 
the properties of lignocellulosic materials. In particular, the dimensional changes resulting 
from varying climate can have detrimental effects on paper and board products and can 
be a cause of process disturbances or process interruptions during converting and printing 
operations. Although the hygroscopic nature of cellulose-based products such as paper 
and board is well-known, the detailed cause, or causes, for the dimensional instability are 
difficult to identify. The complex nature of a fibre network, such as a sheet of paper, to-
gether with the complex morphology of the pulp fibre-wall combined with the complex 
supramolecular structure of the polymers making up the fibre wall, may look like a daunt-
ing scientific challenge. 
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In this study, attempts were made to investigate if there is a detectable correlation be-
tween the changes occurring on the macroscopic level and changes occurring in the fibre 
wall nanostructure. Test pieces cut from sheets made from different types of commercial 
pulps (different degrees of beating and press-levels) have been subjected to cycles of 
relative humidity while moisture content and dimensional changes were measured. Small 
and wide angle x-ray scattering (SAXS and WAXS) measurements were performed on 
the test pieces before and after exposure to humidity cycling to monitor any nano-struc-
tural changes. Results show that for some of the pulps, depending on quality and treat-
ment, systematic correlations were found. Results and some tentative models for the cau-
sality of the observed correlations will be discussed. 
 
 
Tracking ligand exchange in surfactant-modified cellulose nanocrystals via autolu-
minescence 
 
Marcus A. Johns1, marcus.a.johns@ubc.ca, Anze Li2, Wang Zhang Yuan2, Emily D. 
Cranston1,3,4. (1) Wood Science, The University of British Columbia, Vancouver, British Columbia, Can-
ada (2) Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai, China (3) Chemi-
cal and Biological Engineering, The University of British Columbia, Vancouver, British Columbia, Canada 
(4) UBC BioProducts Institute, The University of British Columbia, Vancouver, British Columbia, Canada. 
 
Ligand exchange is an important reaction pathway in synthetic chemistry, enabling – for 
example – the post-production modification of nanoparticles. However, characterization 
of the degree of “exchange” is challenging, especially for non-soluble particles such as 
cellulose nanocrystals (CNCs). For example, elemental analysis is accurate but is costly, 
requires careful sample preparation and cannot be performed in-flow. Similarly, spectros-
copies like FTIR typically require at least 5 wt.% of the moiety of interest to be present in 
the sample in order to acquire a useful signal and are often not quantitative. Here, we 
investigate whether cluster-triggered emission (CTE) luminescence – previously used to 
characterize CNCs (Johns et al., Nanoscale, in press) and cetyltrimethylammonium (CTA) 
surfactants (Tang et al., Angew. Chem. Int. Ed., 2022, 61, e202117368) – can be used as 
a new spectroscopic method to rapidly determine the degree of ligand exchange without 
the need for laborious additional sample preparation steps. 
Modifying CNCs with surfactants through counterion exchange is a straightforward 
method to increase the hydrophobicity of nanocelluloses (Salajková et al., J. Mater. 
Chem., 2012, 22:19798; Abitbol et al., Nord. Pulp. Paper Res., 2014, 29:46; Naga-
lakshmaiah et al., ACS Appl. Mater. Interfaces, 2016, 8:8755). Herein, we have ex-
changed the counterion (H+) of the sulfate-half ester group of CNCs for the amphiphilic 
CTA cation as a model ligand exchange reaction. The nitrogen group present in CTA 
results in new fluorescent spectral bands due to intermolecular interactions involving the 
free-electron pairs, which increase in intensity as the degree of counterion exchange in-
creases (Figure 1). Ongoing research is investigating whether other luminescent tech-
niques – phosphorescence, luminescent lifetime – can be utilised to track the modification 
reaction, and whether the choice of solvent in which CNCs are suspended has an impact. 
This will enable us to confirm whether CTE luminescence is suitable for characterizing 
ligand exchange reactions with nanocelluloses. 
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Figure 1. Normalized difference in excitation/emission spectral map compared to dialyzed CNCs 
for a) ~50% CTA-modified CNCs, b) ~75% CTA-modified CNCs, and c) ~100% CTA modified 
CNCs. 

 
Optical activity arising from plasmonic nanoparticles grown in chitin-nanocrystal 
self-assembly 
 
Zihao Lu1, zl404@cam.ac.uk, Thomas Parton1, Bruno Frka-Petesic1, Emeline Raguin4, 
Aurimas Narkevicius2, James Dolan1, Kevin Vynck3, Silvia Vignolini1,4.  
(1) Chemistry, University of Cambridge, Cambridge, Cambridgeshire, United Kingdom (2) Technische Uni-
versitat Dresden, Dresden, Sachsen, Germany (3) Universite Claude Bernard Lyon 1 Bibliotheques de Sci-
ences, Villeurbanne, Auvergne-Rhône-Alpes , France (4) Max Planck-Institut fur Kolloid und 
Grenzflachenforschung, Potsdam, Brandenburg, Germany 
 
Optical activity (OA) arising from chiral arrangement of metallic nanostructures is desired 
for a range of emergent applications such as negative-index materials, chiral biosensors, 
and cloaking devices. However, it is still challenging to break the mirror symmetry of the 
spatial arrangement of plasmonic nanoparticles in a large-scale solid state material to 
produce genuine OA. The past research often uses the chiral nematic cellulose-nanocrys-
tals (CNCs) as chiral templates. Their selective reflection of lefthanded circularly polarized 
light in the visible range, however, strongly impedes the observation and subsequent in-
terpretation of OA generated by plasmonic inclusions. Here, we show that, by using a 
unique in-situ crystallization method, the silver nanoparticles (AgNPs) grown within a hel-
icoidal chitin nanocrystals (ChNCs) gel can produce OA in the resultant solid-state com-
posite films. This material displays characteristic circular dichroism (CD) effects with a 
well-defined bisignate peak-and-dip line shape surrounding the plasmon resonance fre-
quency of AgNPs. Our theoretical calculation reveals that OA originates from the spatial 
distribution of cross-talking AgNPs, even if they appear to be randomly disposed. In con-
clusion, our work provides a novel method to making device-friendly chiral plasmonic ma-
terials, and may be intriguing to multiple disciplines such as chemistry, physics, and ma-
terial science. 
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Thermoplastic starch esters via transesterification with saturated and unsaturated 
fatty acids 
 
Laura Boetje1, l.boetje@rug.nl, XiaohongLan1, Fitrilia Silvianti1, Jurv. Dijken1, Michael 
Polhuis2, Katja Loos1. (1) Rijksuniversiteit Groningen Zernike Institute for Advanced Materials, Gro-
ningen, Groningen, Netherlands (2) Cooperatie AVEBE UA, Groningen, Groningen, Netherlands 
 
The problem regarding plastic pollution calls for bio-based alternatives, like starch. Alt-
hough starch is low in cost and abundant, it has several drawbacks. Pristine starch con-
tains three hydroxyl groups in every repeating unit, making it sensitive to moisture. More-
over, the degradation temperature is below its glass transition temperature (Tg) making 
processing nearly impossible. Fortunately, thermoplastic starch obtained by transesterifi-
cation with fatty acids does not suffer from these drawbacks. This work presents thermo-
plastic starch, synthesized by a transesterification catalyzed by 1,5,7-triazabicyclo[4.4.0]-
dec-5-ene (TBD) in DMSO, which yields starch esters that are esterified with saturated 
and unsaturated fatty acids (8, 11, and 18 carbon atoms). A series of fatty acids was 
chosen to study the effect of saturation and chain length. We found that the degree of 
substitution could be increased by purging the reaction with nitrogen instead of keeping 
the system under a nitrogen atmos-
phere. The effect was most obvious for 
long-chain fatty acids. Thermogravi-
metric analysis (TGA) showed a slight 
increase in degradation temperature 
after substitution, and differential 
scanning calorimetry (DSC) results 
showed that starch esters from un-
saturated fatty acids have a lower Tg 
than their saturated analogs. This can 
be attributed to the lower melting point 
of unsaturated fatty acids. The struc-
tural orientation was determined by X-
ray diffraction which revealed a more 
ordered structure for starch esters with 
long-chain fatty acids. In addition, sat-
urated fatty acid starch esters possess 
higher crystallinity than their unsatu-
rated analogs. Moreover, both contact 
angle and moisture uptake measure-
ment confirmed an increase in hydro-
phobicity for all starch esters com-
pared to unmodified starch. These re-
sults offer a promising route to devel-
opment of biobased films that could re-
place conventional plastic. 
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Isolation and characterization of Cannabis pectin 
 
Emilie Kohler2,3,1, Charles E. Frazier2,3,1, cfrazier@vt.edu. (1) Sustainable Biomaterials, Virginia 
Polytechnic Institute and State University, Blacksburg, Virginia, United States (2) Wood-Based Composites 
Center, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States (3) Macro-
molecules Innovation Institute, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, 
United States. 
 
The industrial hemp industry has grown rapidly due to demand for cannabidiol (CBD) 
products. CBD processing produces solvent-extracted flower that is discarded or burned. 
Prior extraction makes hemp flower a potentially useful chemical feedstock. We are inter-
ested in pectins, and since plant pectins are structurally variable there is value in studying 
their properties. As poly(galacturonic acids), pectins might be interesting rheological ad-
ditives for alkaline-phenolic resols. We obtained hemp flower from local CBD producers; 
solvent extracted it; isolated the pectins using pH 3.5 aqueous extraction followed by iso-
propanol precipitation producing a yield of 4.6%. Infrared spectroscopy revealed a methyl 
esterification level of 46%, designating these as low methoxyl pectins. The sugar compo-
sition was 76% galacturonic acid, and the remainder in order of decreasing concentration 
were galactose, arabinose, glucose, mannose, rhamnose, xylose, and fucose. Rheology 
of pectins in phenolic resol resins revealed that pectins introduced non-Newtonian shear-
thinning behavior. In this study, Cannabis pectins looked potentially valuable as rheologi-
cal additives for resol resins; more study is warranted. 
 
 
Steam explosion and recycled wood: Effects of the process on diverse wood spe-
cies 
 
Arnaud Besserer1, arnaud.besserer@univ-lorraine.fr, Kyle Aguilar1, Safwan Saker2, Ma-
rie-Laure Antoine1, Christelle Perrin1, Vilma Kokonnen1, Jithin Paul Chacko1, NicolasBro-
sse1. (1) LERMAB, Universite de Lorraine, EPINAL, Grand Est, France (2) CRITTbois, EPINAL, France. 
 
Over the last decades, the growth of the furniture market has led to a significant increase 
in the amount of waste wood products. Among them, particles and fibres from wood pan-
els are only poorly recycled or used for energy production due to the presence of urea 
formaldehyde (UF) resin. This causes a real environmental problem and limits their re-
use. We have recently shown that steam explosion (SE) can be used to effectively remove 
UF resin from wood fibres. Recycled wood is a complex mixture of different species. Near 
infrared spectrometry analysis coupled with microscopic identification established the 
presence of at least 9 temperate hardwood and softwood species in the industrial mixture. 
A SE treatment was then carried out on wood particles from the panel industry in compar-
ison with the 9 reference species. The solid and liquid phases were characterized. The 
molecular profiles of the SE liquid fractions were analyzed by High Performance Thin 
Layer Chromatography (HPTLC). For identical treatment conditions, the aqueous extracts 
show very contrasted profiles for sugar content and extractables depending on the spe-
cies considered. Moreover, the aqueous extracts of the recycled wood mixture are en-
riched in nitrogenous compounds. Multimodal imaging observations were performed on 
the solid phase by combining scanning electron microscopy (SEM), X-ray tomography 
and near infrared spectrometry (NIRS). SE treatment affects porosity, cell cohesion but 
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also parietal chemical composition in a differential way depending on the species studied. 
Decreases in hemicelluloses and surface deposition of lignin walls seem to be related to 
the intrinsic anatomical properties of the species, such as the thickness of the walls of the 
fibres or tracheids and the presence of anatomical barriers. Finally, SE-treated particles 
showed an 80% decrease in UF resin. The different treated woods were discriminated by 
NIRS analysis. This allows a non-destructive qualitative and quantitative analysis of the 
treatment process. These observations constitute an important first step in the coupled 
use of EM for the decontamination and valorization of recycled wood particles. 

 
 
 
Under-liquid soft matter biofabrication into 3D nanocellulosic structures 
 
Yi Lu1, yi.lu@ubc.ca, Gerald G. Fuller2, Orlando J. Rojas1,3. (1) Bioproducts Institute, Depart-
ment of Chemical and Biological Engineering, Department of Chemistry and Department of Wood Science, 
The University of British Columbia, Vancouver, British Columbia, Canada (2) Department of Chemical En-
gineering, Stanford University, Stanford, California, United States (3) Department of Bioproducts and Bio-
systems, School of Chemical Engineering, Aalto-yliopisto, Aalto, Finland 
 
Bacterial nanocellulose (BNC) biofilms grown at the air-water interface are promising 
structural materials due to their green production and remarkable mechanical strength. 
Theoretically, emulsion systems could also guide the growth of BNC by providing a large 
area at the oil-water interfaces, with controllable size and surface curvature. However, the 
proliferation of aerobic nanocellulose-producing bacteria (e.g., Komagataeibacter me-
dellinensis) demands appropriate oxygen supply during its lifecycle, which is limited in 
emulsified systems. Herein, we introduce a biofabrication process that occurs at the 
oil/water interface. We show an efficient oxygen transport and supply through the contin-
uous oil phase that significantly promote the growth rate of BNC biofilms fully biosynthe-
sized under liquid. The under-liquid biofabrication processes impact the physiochemical 
properties of the produced BNC biofilms, including the fiber scale, surface area, mechan-
ical strength, among others.  
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Nanocellulose-based soft matter with complex shapes were obtained by modulating the 
curvature of the oil/water interface, including BNC capsules/foams (via emulsion), fila-
ments (via structural liquid), and membranes (via flat interfaces). In summary, this work 
provides a comprehensive understanding of under-liquid biofabrication, which paves the 
pathway to 3D-shaped nanocellulosic soft matter through emulsion templating.  
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CELL 010G (Thursday 3/30 8:00-11:45 a.m.) – In Person 
 
Grand 5, The Westin Hotel Indianapolis 
 
Green production of lignin nanoparticles 
 
Victor Girard1, Nicolas Brosse1, Hubert Chapuis1, Laurent Marchal-Heussler2, Nadia 
Canilho3, Isabelle Ziegler-Devin1, isabelle.ziegler@univ-lorraine.fr. (1) LERMAB, Universite de 
Lorraine, Nancy, Grand Est, France (2) ENSIC, Universite de Lorraine, Nancy, Grand Est, France (3) L2CM, 
Universite de Lorraine, Nancy, Grand Est, France. 
 
Wood processing produces large amounts of residues such as barks, shavings, sawdust, 
chips... For instance, to produce 1m3 of sawn timber, 1.7 to 2 m3 of log are required, 
generating nearly 50% of waste. The valorization of 1m3 of a log by sawing produces then 
about 8-10% ok barks, 10-13% of sawdust and 20-30% of other wood chips (data for 
beech and spruce). Pulping and wood energy are the main outlet for these wastes, while 
many other valorization possibilities could be envisaged. 
Wood is a lignocellulosic material mainly composed of three polymeric fractions, cellulose, 
hemicellulose and lignin, which are highly entangled. As much as cellulose and hemicel-
luloses are well valorized today, lignin remains completely under-valued. Lignin is then 
mainly used by thermal valorization while it contains phenolic monomers with high added 
value. Thanks to its aromatic structure, lignin has many properties (biocide, antioxidant, 
UV-light blocker...) which could be useful in technical applications. One of the ways of 
valorization of lignin still poorly explored is the production of nanolignins.  
Usually, the usefulness of nanoparticles lies in their size (< 100 nm), which provides them 
a high surface reactivity as well as physic and chemical properties that the materials would 
not have at a macroscopic scale. Nanoparticles are nowadays intentionally incorporated 
in many consumer-products as for example sunscreens, toothpastes... as well as in elec-
tronic devices and new medicinal treatments. The two goals of this work are to optimize a 
green extraction process of macrolignin from wood waste (beech and spruce) and then to 
optimize nanolignin production from lignin for a future valorization in both pharmaceutical 
and cosmetics applications. 
 
 
Particle assembly of betulin extracted from bark and applications 
 
Xun Niu, niuxun@mail.ubc.ca, Orlando J. Rojas. Chemical and Biological Engineering,  
The University of British Columbia, Vancouver, British Columbia, Canada. 
 
We report on the valorization of wood bark components, specifically bioactive betulin, in 
effort to promote sustainability of forestry resources. Self-assembly of betulin with tailored 
structures and geometries is shown for establishing and optimizing the functionality of 
supraparticles. Betulin, an abundant triterpene, is first extracted from birch bark to then 
follow directed bottom-up self-assembly into hierarchical crystalline structures. In this pro-
cess, solvatomorphs of betulin-2-propanol firstly form high axial aspect morphologies, 
100-300 μm in length and lateral sizes in the 15-40 μm range. Under sonication, the mi-
croparticles evolve into 3-D hedgehog suprastructures (15–30 μm in size) comprising a 
core (3-5 μm diameter) with connected spines (200- 300 nm in width). A key in our strategy 
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is to continuously provide energy input, via sonication. We propose that the formation of 
betulin superparticles involves four main steps, namely, metastable aggregates, rupture, 
solvent migration, and regular radial growth, where the formation and the oriented attach-
ment on specific crystal facets occurs via residual solvents from recrystallization and pu-
rification of betulin from bark. Our results provide the fundamental basis for designing 
supramolecular structures from natural building blocks, which are expected to deliver 
functions encoded in the respective morphology. Owing to the unique features of betulin 
supraparticles, they develop surface architectures, for instance, in superhydrophobic coat-
ings, which are shown to exhibit exceptional repellency and surface mechanical strength 
as tested on various substrates. 
 
 
Lignin nanoparticles as an interfacial compatibilizer between nanocellulose and 
biodegradable polyesters 
 
Erfan Kimiaei, Erfan.kimiaei@aalto.fi, Muhammad Farooq, Monika K. Osterberg.  
Bioproducts and Biosystems, Aalto-yliopisto, Aalto, Espoo, Finland 
 
Engineering the interfacial interactions of lignocellulosic building blocks is the key to de-
signing biobased and biodegradable materials. The inherent surface hydroxyl groups in 
cellulosic materials limit their combination with hydrophobic polymeric systems. To intro-
duce attractive interactions between cellulose and hydrophobic materials, an adjacent in-
terfacial mediator between them is essential. Recently, converting of crude lignin into col-
loidal lignin nanoparticles (CLPs) has generated vast attraction in the materials community 
due to overcoming the hurdles commonly posed by lignin’s complex structural heteroge-
neity. Apart from the CLPs' potential applications in coating, adhesive and cosmetic fields, 
their excellent performance as an emulsion stabilizer can be innovatively used as an in-
terfacial compatibilizer for developing sustainable materials. The amphiphilic characteris-
tic of CLPs and their active surface sites promote the interfacial bonding between hydro-
philic nanocellulose and hydrophobic polyesters such as polycaprolactone (PCL), ad-
dressing the major bottlenecks in using nanocellulose, including poor compatibility with 
hydrophobic polymeric matrix and moisture sensitivity. In this work, combining CLPs with 
cellulose nanofibrils (CNF) enabled the production of stable Pickering emulsion of PCL 
with small droplet sizes. After drying the emulsion, nanocomposites with an even distribu-
tion of components were achieved. The free-standing nanocomposite films exhibited un-
precedented mechanical properties in both dry and wet states due to the favorable inter-
component interactions. These interactions were studied using quartz crystal microbal-
ance with dissipation monitoring (QCM-D) to understand the interactions between CLPs 
and PCL and between CLPs and CNF. Furthermore, the inclusion of CLPs induced ex-
cellent protection against UV and oxidation properties in the developed nanocomposite 
films, proposing packaging applications for the developed nanocomposite films. Our strat-
egy offers a facile route to design multifunctional cellulose-based nanocomposites using 
only biodegradable polymers and lignocellulosic nanoparticles without any chemical mod-
ifications. 
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Development of removable and repairable hydrophobic polyimine coating with lig-
nin and pendent aminopropylsilicones 
 
Di Xie, dxie1@vols.utk.edu, Mi Li.  
Department of Forestry, Wildlife and Fisheries, UT AgResearch, Knoxville, Tennessee, United States. 
 
Traditional hydrophobic thermoset coatings are difficult to degrade and re-heal because 
of irreversible covalent bonds. They are not environment-benign usually because of the 
use of fluorine-containing materials. Lignin has been widely used to fabricate hydrophobic 
materials inspired by its naturally water-resistance function in plant cell walls. To construct 
a sustainable, removable, and repairable hydrophobic coating, a polyimine, is synthesized 
with lignin and pendent amino-propylsilicones via dynamic covalent imine linkages in the 
current study for the first time to our knowledge. Firstly, kraft lignin is modified with levulinic 
acid to graft ketone groups to enable the occurrence of Schiff base reaction. FTIR, 31P 
NMR, 1H NMR, and 2D HSQC NMR data confirmed that ketone groups were successfully 
grafted. Followingly, modified lignin is used to react with bis(3-aminopropyl)-terminated 
poly(dimethylsiloxane) (PDMS) without a catalyst. The synthetic product, lignin-PDMS 
polyimine, is structurally characterized by FTIR, 13C NMR, and 2D HSQC NMR. FTIR 
result suggested that the C=N dynamic covalent bonds are formed in the synthetic polyi-
mine. The surface and thermal properties of the polyimine are determined by iGC and 
TGA, respectively. Finally, polyimines will be coated on glass slides and paper by solvent 
casting for a water contact angle test. The removability of the coatings will be evaluated 
by the weight change of coated glass slides after immersing in aqueous HCL solutions 
(0.01, 0.1, 0.5 mol/L) for 1 day. The repairability of the coating will be examined after the 
artificially damaged coated paper is thermally pressed under 160 degree centigrade and 
10 MPa for 2 h, and the performance will be evaluated by testing the water contact angle 
and surface morphology. The current study is expected to develop a removable and re-
pairable lignin-based thermoset coating with excellent hydrophobicity. 
 
 
Developing amphiphobic nanolignin coatings for paper packaging 
 
Kalavathy Rajan3, krajan@utk.edu, Gila Stein2, Nilesh Charpota2, Zhongjin Zhou1, Siqun 
Wang3, Nicole Labbé3. (1) Forestry, Wildlife and Fisheries, The University of Tennessee Knoxville, 
Knoxville, Tennessee, United States (2) Chemical and Biomolecular Engineering, The University of Ten-
nessee Knoxville, Knoxville, Tennessee, United States (3) Center for Renewable Carbon, The University of 
Tennessee Knoxville, Knoxville, Tennessee, United States. 
 
Paper and molded fiber packaging products feature per- and poly-fluoroalkyl substances 
(PFAS) that pose severe threat to human health and the ecosystem. In response to the 
urgent need to migrate away from PFAS coatings and to develop ecofriendly and sustain-
able single-use packaging, we have developed lignin-based spray coatings. Different 
chemical functionalization routes of the lignin hydroxyl groups were investigated with the 
aim of increasing both the oil and water contact angles relative to that of un-coated paper. 
The chemically modified lignins were blended with water or ethanol, spray coated at 144 
± 2 mg/g of paper, and then air dried prior to contact angle measurements. We also tested 
the efficacy of lignin micro- and nano-particles, generated using eco-friendly ultrafine 
grinding and modified using in-situ aqueous chemical means, for further increasing the oil 
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contact angle. The best-performing chemical modification scheme was optimized for var-
iable pH (1, 4, 9) of the spray coating formulation and the particle size of lignin (100 to 500 
nm). The test results indicated that a water contact angle of ≥ 110° and an oil contact 
angle of ≥ 56° could be achieved using the lignin coatings on paper. Additional character-
izations using atomic force microscopy and X-ray photoelectron spectroscopy provided 
insights on lignin interactions with cellulose fibers and self-assembly of modified lignin 
coatings. Thus, through comprehensive evaluation of surface chemistry and morphology 
of lignin coated-fibers, this study provides a pathway for improving the barrier performance 
of bio-based coatings to be on par with PFAS. 
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CELL 012A (Sunday 3/26 8:00-11:45 a.m.) – Hybrid 

Grand 4, The Westin Hotel Indianapolis 

Thermosensitive hydrogels composed of xyloglucan and cellulose nanocrystals  
 
Géraldine Rangel1, Christophe Chassenieux2, Bernard Cathala1, bernard.ca-
thala@nantes.inra.fr. (1) INRAE, Biopolymeres Interactions Assemblages, Nantes, Pays de la 
Loire, France; (2) Institut des Molecules et Materiaux du Mans, Le Mans, Pays de la Loire, France.  
 
The primary cell wall of plants is a complex network of water-swollen polymers that can 
be described as a hydrogel. Cellulose microfibrils are essential components of this 
structure and are closely associated with hemicelluloses such as Xyloglucan (XG). The 
interactions between cellulose and XG have been extensively studied for decades and 
the adsorption of XG onto cellulose surfaces is now understood as an entropic process 
that can be modulated by kinetic effects. The properties of the final nanocellulose/XG 
network can therefore be adjusted by controlling the XG/nanocellulose ratio, structure 
of xyloglucan, concentrations or mixing conditions. Hydrogels were formulated by mix-
ing solutions of XG and nanocrystalline cellulose. The addition orders were tested to 
investigate the kinetic factors underlying the formation of the hydrogels. Then, the im-
pact of XG/CNC ratio and concentrations was investigated using a triphasic diagram. 
Enzymatic degalactosylation of the mixtures was achieved to impart thermosensitive 
properties to the hydrogels. Thermosensitive hydrogels were observed with a rever-
sible thermal transition. The formulated mixtures were characterized by rheology and 
microscopy. All these results make it possible to describe the formation mechanisms 
of hydrogels and the mechanisms that govern their properties.  
 
Structural and dynamical properties of hydrated xylans using molecular dynamics 
simulations  
 
Poornima Ramamohan1,2,3, pooram@kth.se. (1) Fibre and Polymer Technology, Kungliga 
Tekniska Hogskolan Skolan for teknikvetenskap, Stockholm, Stockholm, Sweden; (2) Chemical Engi-
neering, Indian Institute of Science, Bangalore, Karnataka, India; (3) Chemical Engineering, RV College 
of Engineering, Bangalore, Karnataka, India.  
 
The analysis of aggregation properties and pore structure of hydrated xylans is essen-
tial for the tailoring of physical properties for various applications in industries such as 
packaging, pharmaceuticals, etc., and in order to understand the interaction of hemi-
celluloses with other plant cell wall constituents. Xylans, typically found in the saturated 
state with different degrees / types of chemical substitutions, form a major constituent 
of hemicelluloses in the plant cell wall. Interplay between structure and dynamics was 
observed through similarities in the local structural and dynamical evolution of hydrated 
xylans, which converged at timescales close to a microsecond at high hydration levels 
(at or greater than the moisture content corresponding to saturation). In the highly hy-
drated systems, phase separation between the aggregated polymer-rich and water-
rich regions was observed at steady state starting from an initially homogeneous sys-
tem. The structural heterogeneity in the hydrated xylans was studied using atom-cen-
tred densities corresponding to local structural variations, and the dynamical hetero-
geneity by parametrically quantifying the decay of the auto-correlation function describ-
ing the polymer backbone flexibility. The polymer backbone dynamics of the xylan 
chains were observed to have fewer dynamical modes, indicating lesser dynamical 
heterogeneity, at higher levels of hydration compared to the systems at low moisture 



 ACS Spring 2023 
 

content. The water dynamics in terms of the self-diffusion coefficients were observed 
to span several orders of magnitude at all the hydration states, with a significant frac-
tion corresponding to that of the order of bulk water diffusivity at or above moisture 
saturation. Simulations over a microsecond long were carried out to understand how 
different substitution patterns involving acetyl and 4-O-methyl glucuronic acid groups 
affect polymer-water interactions and the pore network within the aggregated xylan 
structure. The results indicate significant differences in aggregation characteristics for 
the different xylan chains with accompanying variations in the local hydration environ-
ments surrounding xylan carbons.  

 

 
Investigation of hemicellulose and cellulose interactions for all-polysaccharide 
based hydrogels  
 
TuuliM. Virkkala, tuuli.virkkala@vtt.fi, Ville Rissanen, Suvi Arola, Tekla Tammelin.  
Biomaterial processing and products, Teknologian tutkimuskeskus VTT Oy, Espoo, Uusimaa, Finland.  
 
Mixed-linkage glucans (MLGs) are hemicelluloses found in grassy plants as structural 
cell wall components interacting with cellulose fibrils. MLGs have been shown to irre-
versibly adsorb onto surfaces of cellulose fibrils, and the naturally present interactions 
allow MLGs to efficiently gel nanocellulosic materials, such as TEMPO-oxidized cellu-
lose nanofibers (TCNFs) even at ultra-low solids contents. These features make MLGs 
an interesting component for sustainable polysaccharide-based functional structures. 
To advance our understanding of MLG-nanocellulose interactions, we have used 
quartz crystal microbalance with dissipation monitoring (QCM-D) to study adsorption 
of three commercially available different molecular weight MLGs on spincoated TCNF 
model surfaces. The rheological properties of the TCNF-MLG thin films are modelled 
by fitting the data to the Voigt model, which describes the adsorbed layers as having 
both elastic and viscous behaviour when subjected to oscillating stress. The complex 
shear modulus of the layers is defined as G = G' + iG'' = μf + 2πifηf = μf(1 + 2πifτf) 
where G’ represents the adsorbed layer’s ability to store energy and G’’ the energy that 
is lost to heat. Additionally, we compare properties of MLG layers to those of common 
soft wood hemicelluloses, such as galactoglucomannans, arabinoglucuronoxylans, 
and arabinogalactans, and discuss the relevant features affecting gelation of cellulosic 
materials. Ultimately, we aim to understand how different hemicelluloses contribute to 
the rheological properties of nanocellulose-based hydrogels.  
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Figure 1. (A) Schematic representation of MLG adsorption on a TCNF surface, (B) 
frequency and dissipation changes during adsorption of three different molecular 
weight MLGs measured by QCM-D, and (C) schematic depiction of the Voigt model 
used for interpretation of the viscoelastic properties of the adsorbed thin films.  

Swelling of cellulose in inorganic salt solutions: Mechanism for generating po-
rous structures  
 
Kayoko Kobayashi1, kobayashi.kayoko.3s@kyoto-u.ac.jp, Ryosuke Kusumi1,3, Nori-
yuki Isobe2, Masahisa Wada1. (1) Graduate School of Agriculture, Kyoto Daigaku, Kyoto, Japan; 
(2) Kaiyo Kenkyu Kaihatsu Kiko, Yokosuka, Kanagawa, Japan; (3) Shinrin Sogo Kenkyujo, Tsukuba, 
Ibaraki, Japan.  

Cellulose is swelled and dissolved in concentrated aqueous solutions of some inor-
ganic salts such as zinc chloride and lithium bromide. The materials prepared from 
these inorganic salt solutions are quite different. Tough cellulosic material obtained by 
zinc chloride treatment, which is designated as “vulcanized fiber”, has been used for 
more than a hundred years. On the other hand, highly porous hydrogel is obtained by 
dissolving and regenerating of cellulose in concentrated lithium bromide solution. How-
ever, the details of the structure and the mechanism of swelling and dissolving in these 
solutions have not been understood yet. In this study, we investigated changes in struc-
ture of cellulose swelling in these inorganic salt solutions using ramie fiber. In both 
inorganic salt solutions, the ramie sample showed the specific X-ray diffraction pat-
terns, which may indicate the complex structure of cellulose and the inorganic salts. 
These patterns disappeared at a certain temperature, where the swelling of cellulose 
proceeded rapidly. This result indicated the two-step process of swelling and dissolving 
of cellulose in the inorganic salt solutions. 

Aerogel-like cellulose made without supercritical drying  
 
Lucile Druel, Tatiana Budtova, Tatiana.Budtova@mines-paristech.fr.  
Center for Materials Forming, Mines Paris, Sophia Antipolis, France.  

Bio-based aerogels are nanostructured materials with low density and high specific 
surface area of several hundreds of m2/g. To obtain such properties, the solvent from 
aerogel precursor is usually extracted under supercritical conditions. The reason is that 
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capillary pressure, which is developed during drying at ambient pressure, is zero in 
supercritical conditions and pores’ collapse is avoided. However, supercritical drying 
is costly and involves high-pressure technology; thus, the development of alternative 
drying pathways, still preserving aerogel precursor morphology, are of a great interest. 
One option is to perform evaporation of a non-polar liquid from the pores of aerogel 
precursor; capillary pressure, which is directly proportional to the surface tension be-
tween the evaporating liquid and gas phases, should be as low as possible. We pre-
pared cellulose II aerogel-like materials using low-vacuum drying from ethanol. The 
density of the materials was around 0.1 – 0.2 g/cm3 and specific surface area 200 – 
300 m2/g, very similar to characteristics of cellulose II aerogels obtained via drying with 
supercritical CO2. The influence of processing conditions on material morphology and 
properties will be discussed together with intriguing open questions. 

Effects of concentration and non-solvents on the drying behavior of regener-
ated cellulose gel beads  
 
Hailong Li1,2, Lars Wagberg1, Torbjorn Pettersson1, torbj@kth.se. (1) Fibre and Poly-
mer Technology, KTH Royal Institute of Technology, Stockholm, Sweden; (2) Dalian University of 
Technology, Dalian, Liaoning, China.  
 
Depending on the cellulose concentration and the nonsolvent composition, the struc-
tural evolution of cellulose gel beads during drying follows one out of three distinct 
regimes. In this study the drying behavior of regenerated cellulose gel beads swollen 
with different non-solvents (e.g., water, ethanol, water/ethanol mixtures) have been 
studied in situ on macroscopic scale with an optical microscope as well as on na-
noscale using small angle/wide-angle X-ray scattering (SAXS/WAXS) techniques. 
When the cellulose concentration is lower than 0.5 wt.%, the drying process comprises 
three steps and, regardless of the water/ethanol mixture composition, a sharp struc-
tural transition corresponding to the formation of a cellulose II crystalline structure is 
observed. When the cellulose concentration is higher than 5.0 wt.%, a two-step drying 
process is observed and no structural transition occurs for any of the beads studied. 
When the cellulose concentration is between 0.5 and 5.0 wt.%, the drying process is 
dependent on the nonsolvent composition. A three-step drying process takes place for 
beads swollen with water/ethanol mixtures with a water content higher than 20%, while 
a two-step drying process is observed when the water content is lower than 20%. To 
describe easier the drying behavior governed by the cellulose concentration and non-
solvent composition, a simplified phase diagram is proposed and presented. 
 

Fabrication of aerogels directly from waste biomass using zinc chloride salt hy-
drate  
 
Mairui Zhang1, mzhang60@syr.edu, Yang Liao2, Daniel Fougnier3, Ivan Gitsov3,4, Gyu 
Leem3,4, Xuejun Pan2, Jeong Jae Wie5, Chang Geun Yoo1,4.  
(1) Department of Chemical Engineering, SUNY College of Environmental Science and Forestry, Syra-
cuse, New York, United States; (2) Department of Biological Systems Engineering, University of Wis-
consin-Madison, Madison, Wisconsin, United States; (3) Department of Chemistry, SUNY College of 
Environmental Science and Forestry, Syracuse, New York, United States; (4) The Michael M. Szwarc 
Polymer Research Institute, Syracuse, New York, United States; (5) Department of Organic and Nano 
Engineering, Hanyang University, Seongdong-gu, Seoul, The Republic of Korea.   
 



 ACS Spring 2023 
 

Aerogel is a highly porous material with unique properties such as low density, thermal 
conductivity, and high water/oil retention capacity. It is mainly fabricated from synthe-
sized polymers or cross-linked by additional chemical agents. With the increasing de-
mand for green materials and sustainable processes, more attention has been drawn 
to developing aerogels directly from natural and renewable materials such as lignocel-
lulose. Molten salt hydrate is an aqueous solution with a high salt concentration where 
the molar ratio of water to salt is near to the coordination number of the salt cation. 
Because of the similar properties of molten salt hydrates and ionic liquids, molten salt 
hydrates showed their capabilities to dissolve cellulose. Zinc chloride is a well-known 
cellulose swelling and dissolving agent with inexpensive price and low toxicity. Dis-
solved cellulose in zinc chloride salt hydrate has been reported to form hydrogel and 
films while cross-linking is necessary to provide sufficient strength. Waste fines (i.e., 
end-of-life paper products) and food packaging paperboards are typical unrecyclable 
biomass. Waste fines are rejected fibers in the paper recycling process because the 
short fibers are unable to provide sufficient strength for paper. Food packages have 
challenges in their recycling as they contain food residues like food dyes and oils. 
Hence, waste biomass and food packages are mostly landfilled or incinerated, which 
causes increasing economic and environmental issues. However, these are potential 
resources for cellulose-based aerogel synthesis. Also, calcium carbonate in the waste 
fines can generate calcium ions, which are well-known as cross-linking agents for hy-
drogel formation in the proposed salt hydrate system. Herein, we report a facile route 
to fabricate cellulose aerogel directly from waste biomass using zinc chloride salt hy-
drate, where the role of calcium carbonate changes from impurities to cross-linkers to 
provide strength. The process is simple and under mild conditions. The aerogels 
showed high mechanical strength and lightweight with good thermal insulation perfor-
mance. This study could pave a new way to valorize the waste biomass.  
 
Superelastic, ultralight, and multifunctional aerogels assembled by hemp micro-
fibers  
 
Jiaying Zhu1, jyz0226@mail.ubc.ca, yelingzhu1, Yuhang Ye1, Zhe Qiu1, Yifan Zhang1, 
Zhengyang Yu1, Xia Sun1, David C. Bressler2, Feng Jiang1. (1) The University of British 
Columbia, Vancouver, British Columbia, Canada; (2) University of Alberta, Edmonton, Alberta, Canada.  

Aerogels with both high compressibility and fast shape recovery would have board 
technological applications covering thermal regulation, adsorbents, and electrical de-
vices. However, creating such materials from cellulosic materials requires complicated 
preparation process. Here, we report a simple strategy for scalable production of con-
tinuous hemp microfibers using a top-down method, which can further be assembled 
into aerogels with interconnected porous structure via ice-templating technique. With 
density as low as 2.1 mg/cm3, these aerogels demonstrated isotropic superelasticity, 
as exhibited by their fast shape restoration from over 80% compressive strain. Due to 
the high porosity (99.8%), the aerogel showed a low thermal conductivity of 21.5 mW 
m-1 K-1, suggesting its potential in thermal insulation purpose. Certain hydrophobic 
modification using silane derivative further endowed the aerogels with tunable water 
affinity. Overall, the proposed strategy to prepare bio-based microfibers using scalable 
technology, as well as its assembled aerogels, provides new insights into the design 
and development of multifunctional bio-based materials for value-added applications. 
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Grand 4, The Westin Hotel Indianapolis 

Glycyrrhizin-based hydrogels as wound healing gels for normoglycemic and di-
abetic wounds  
 
Maarten Mees2, Esther Hoste1, Wim Thielemans2, wim.thielemans@kuleuven.be.  
(1) VIB, Universiteit Gent, Gent, Belgium; (2) Chemical Engineering, Katholieke Universiteit Leuven, 
Kortrijk, Flanders, Belgium.  
 
Efficient wound repair is crucial for mammalian survival. The healing of skin wounds is 
severely hampered in diabetic patients, resulting in chronic non-healing wounds that 
are difficult to treat. Glycyrrhizin, a natural product extracted from licorice, is a known 
potent high-mobility group box 1 (HMGB1) inhibitor. HMGB1 is released during wound-
ing, thereby delaying regenerative responses in the skin. Hence suppressing HMGB1 
could have beneficial effects on healing of wounded skin. Since glycyrrhizin is also 
known to form hydrogels in water through by entropy-driven self-assembly we set out 
to explore the physicochemical and biological properties of glycyrrhizin-based hydro-
gels as bioactive wound dressings. The gelation behavior upon temperature reduction 
of an aqueous suspension was determined as well as the rheological behavior as func-
tion of temperature and concentration of glycyrrhizin in water. The gel structures for-
med were further elucidated by SAXS measurements and cryo-SEM imaging. Combi-
ning all this knowledge enables us to adapt the physicochemical properties of the gels 
to the wound environment. Wound healing tests on normoglycemic and diabetic mice 
showed a decrease in healing time and less granulation tissue when mice were treated 
with glycyrrhizin-based hydrogels relative to non-treatment or treatment with a com-
mercial hydrogel. An overview of the physicochemical gel characteristics and wound 
healing experiments will be given during the presentation. 
 
pH-Responsive oxidized hydroxypropyl cellulose/carboxymethyl chitosan hy-
drogels for targeted drug release  
 
Yang Zhou1,2, zhouyang@vt.edu, Zhenghao Zhai2, Yimin Yao2,3, John C. Stant1, Sa-
rah L. Landrum2, Michael Bortner2,3, Charles E. Frazier1,2, Kevin J. Edgar1,2. (1) Depart-
ment of Sustainable Biomaterials, Virginia Polytechnic Institute and State University, Blacksburg, Vir-
ginia, United States; (2) Macromolecules Innovation Institute, Virginia Polytechnic Institute and State 
University, Blacksburg, Virginia, United States; (3) Department of Chemical Engineering, Virginia Poly-
technic Institute and State University, Blacksburg, Virginia, United States.  
 
Polysaccharide-based Schiff base hydrogels are promising for biomedical applications 
including drug delivery, wound dressing, and tissue engineering. We made pH-respon-
sive, injectable, and self-healing hydrogels using oxidized hydroxypropyl cellulose (Ox-
HPC) and carboxymethyl chitosan (CMCS). The reversible nature of the imine bond 
linkage provides hydrogels with injectable and self-healing properties. Phenylalanine 
as a model amine-containing drug was chemically bonded to Ox-HPC within the hy-
drogel. Phenylalanine release was faster at the tumor tissue extracellular pH (6.8) than 
at normal tissue extracellular pH (7.4). Therefore, Ox-HPC/CMCS hydrogels show 
promise as tumor targeting drug carriers.  
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Figure: Amine-containing drug can be linked by imine bonds to Ox-HPC within the hydrogel.  

 
Interfacial complexation of hyaluronic acid and nanochitin enabling fibrous capsules 
formation for drug delivery applications  
 
Laurianne Legay3, laurianne.legay@mines-paristech.fr, Milad Kamkar1,2, Sijtze Bu-
walda3, Orlando J. Rojas2, Tatiana Budtova3. (1) University of Waterloo Department of Chem-
ical Engineering, Waterloo, Ontario, Canada; (2) Bioproducts Institute, Departments of Chemical and 
Wood science, The University of British Columbia, Vancouver, British Columbia, Canada; (3) Mines 
Paris, PSL Research University, Center for Materials Forming (CEMEF), Sophia Antipolis, France.  

Two oppositely charged polysaccharides, hyaluronic acid (HA, anionic) and nanochitin 
(nCh, cationic), were combined for the fabrication of capsules for drug delivery appli-
cations. The capsules were formed in aqueous media upon interfacial assembly and 
complexation by injection of one phase into another. The formed films on the surface 
of capsules are strong enough to hold the capsules in highly non-equilibrium shapes. 
This new process avoids the use of any, potentially toxic, crosslinking agents. The 
interactions between HA and nCh were confirmed by FTIR, and films’ morphology was 
investigated via optical microscopy. The robustness and water resistance of the films 
were demonstrated by immersion in aqueous solutions containing NaOH and HCl. 
Both polymers are bioactive, biodegradable as well as biocompatible and are already 
used in biomedical applications. Thus, as a proof of concept, we showcased the appli-
cation of these capsules for controlled-release of a water-soluble model drug. The re-
lease kinetics was modulated by the different preparation factors (e.g., polymer con-
centration). The obtained results provide guidelines for making capsules protected by 
complexed HA-nCh films for biomedical applications such as drug delivery. 

Cellulose aerogels and cryogels for controlled drug release applications  
 
Marion Negrier1, marion.negrier@minesparis.psl.eu, Guenaelle Bouet2, David 
Eglin2, Elise El Ahmar3, Romain Sescousse4, Martial Sauceau4, Tatiana Budtova1.  
(1) BIO, Centre de mise en forme des materiaux, Sophia Antipolis, Provence-Alpes-Côte d'Azu, France; 
(2) SAnte INgenierie BIOlogie St-Etienne, Saint-Priest-en-Jarez, Auvergne-Rhône-Alpes, France; (3) 
MINES Paris, PSL Research University, Center of Thermodynamics of Processes (CTP), 77305 Fon-
tainebleau, France, Fontainebleau, France; (4) Centre de Recherche d'Albi en Genie des Procedes des 
Solides Divises de l'Energie et de l'Environnement, Albi, Occitanie, France.  
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Aerogels are light-weight and nanostructured porous materials with high specific sur-
face area. Polysaccharides-based aerogels are promising materials for life science ap-
plications, as demonstrated, for example, for pectin aerogels [1]. Microcrystalline cel-
lulose (MCC) is a commonly used excipient in pharmaceutical industry, but practically 
nothing is known about using aerogels made from dissolved MCC as delivery matrices. 
We prepared cellulose materials in the shape of monoliths with a core-shell structure 
by dissolving MCC in ionic liquid, which allows cellulose dissolution in a wide range of 
concentrations. Aerogel precursors were made using non-solvent induced phase sep-
aration approach; they were dried with supercritical CO2. Cellulose aerogels obtained 
had a specific surface area around 300 m2/g, a low density of 0.1 g/cm3 and a high 
porosity (> 90 %). Aerogels were loaded with ascorbic acid 2-phosphate and their re-
lease kinetic was analyzed as a function of aerogels density and morphology. Aero-
gels’ cytocompatibility was also investigated with the aim potential biomedical applica-
tions.  

3D printing and characteristics of reinforced and anticancer drug-incorporated 
tissue engineering scaffolds  
 
Xiaodie Chen, chenxiaodie0818@gmail.com, Hanqi Zhu, u3595859@connect.hku.hk, 
Min Wang, memwang@hku.hk.  
The University of Hong Kong Faculty of Engineering, Hong Kong, Hong Kong.  
 
Tissue engineering scaffolds assist human body tissue regeneration when the body is 
unable to repair itself due to trauma or diseases such as cancer. After surgical removal 
of the tumor, therapy is still needed to eliminate residual tumor cells if there are any. 
The implantation of a tissue engineering scaffold containing therapeutic agent/agents 
at the resection site can provide efficient treatment of cancer and reduce systemic 
toxicity while promoting tissue regeneration. 3D printing is increasingly used in tissue 
engineering. Also, hydrogels have been widely used in creating novel scaffolds/matri-
ces for tissue regeneration. Many hydrogels, such as gelatin and alginate, have poor 
printability as well as mechanical strength. Another material can be blended with these 
hydrogels for improving printability and also mechanical properties of printed scaffolds. 
Chitosan is a cell-compatible cationic polysaccharide, and methacrylate-modified chi-
tosan (CSMA) has improved solubility in water and also UV cross-linking property. Me-
thylcellulose (MC) is a non-toxic polymer. In this study, polymer blends composed of 
CSMA and MC for improved printability were investigated for their 3D printing into rein-
forced tissue engineering scaffolds. Furthermore, an anticancer drug, doxorubicin hyd-
rochloride (DOX), was incorporated in the scaffolds to equip them with the therapeutic 
function. Experiments were conducted on (1) making 1% (w/v) CSMA hydrogel and 
adding 6%, 8%, 10% and 12% (w/v) MC to prepare blend hydrogel inks; (2) 3D printing 
of blend hydrogel scaffolds and optimizing the blends inks and printing parameters; (3) 
incorporating DOX of different concentrations for the optimized scaffolds; and (4) cha-
racterizing the inks and scaffolds, including in vitro biological assessments. It was 
found that the addition of MC to CSMA significantly improved the hydrogel printability. 
The fabricated CSMA/MC blend hydrogel scaffolds possessed desired properties, in-
cluding good mechanical properties, biocompatibility and controlled drug release be-
havior. The scaffolds therefore have great potential for treating postoperative cancer 
patients.  
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Ionic modification of agarose for sustained drug release  
 
Markus Witzler1,2, markus.witzler@h-brs.de, Margit Schulze1,3, Martin Gericke2, 
Thomas J. Heinze2. (1) Hochschule Bonn-Rhein-Sieg Fachbereich Angewandte Naturwissenschaf-
ten, Rheinbach, Nordrhein-Westfalen, Germany; (2) Institute of Organic Chemistry and Macromolecular 
Chemistry, Friedrich-Schiller-Universitat Jena, Jena, Thüringen, Germany; (3) Faculty of Agriculture, 
Rheinische Friedrich-Wilhelms-Universität Bonn, Bonn, Nordrhein-Westfalen, Germany.  
 
Currently, various polysaccharides (PS) are being used as hydrogels for drug release 
in biomedicine such as targeted stem cell-based bone regeneration due to their inher-
ent properties and biocompatibility. The application of agarose with its thermoreversi-
ble gelling behavior but without further functional groups, is usually limited to providing 
the hydrogel, while other PS carrying ionic moieties influence drug release or cell ad-
hesion. This work demonstrates the synthesis, characterization, and application of ion-
ically modified agarose (Fig. 1). Synthesis pathways for both anionic and cationic aga-
rose derivatives have been established through homogenous derivatization, resulting 
in agarose derivatives that can be used for polyelectrolyte systems and – depending 
on the degree of substitution (DS) – partly retain their thermoreversible gelling behav-
ior. By tuning the DS, we are able to prepare derivatives with defined properties. Aga-
rose, sulphated in the 6-position of the galactose unit, can be synthesized under mild 
conditions in a one-step synthesis. Ammonium-bearing cationic agarose carbamate is 
synthesized under mild conditions via agarose phenylcarbonate with subsequent ami-
nolysis. The resulting agarose derivatives are used to sustain the release of four dif-
ferent model drugs into aqueous media. Used both as polyelectrolyte microbead sys-
tem and as an additive to agarose/hydroxyapatite composite scaffolds, they proved to 
effectively reduce burst release and sustain the release of ATP, suramin, methylene 
blue, and A740003 (a purinergic P2X7 receptor ligand shown to influence the differen-
tiation of mesenchymal stem cells) over a time period of 14 days.  
 

 
 
Carboxymethyl cellulose-based aerogels and cryogels for biomedical applica-
tions  
 
Sujie Yu, sujie.yu@minesparis.psl.eu, Rudy Valette, Tatiana Budtova. CEMEF, Mines 
Paris - PSL, Sophia Antipolis, Île-de-France, France.  

Carboxymethyl cellulose (CMC) is a well-known cellulose derivative used in various 
applications. In particular, CMC is widely used in biomedical applications due to its 
non-toxic, biocompatible and biodegradable properties. However, not much is known 
about the use of CMC for making bio-aerogels and their potential biomedical applica-
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tion. In this work, bio-aerogels and cryogels were prepared from CMC solutions, fol-
lowed by solvent exchange and then drying with supercritical CO2 and freeze drying, 
respectively. The influence of CMC molecular weight (Mw), degree of substitution (DS) 
and concentration on aerogel and cryogel properties were investigated. Aerogels pos-
sess density below 0.24g/cm3 and specific surface area up to 140 m2/g; cryogels’ 
density is 0.04 g/cm3 to 0.07g/cm3 and low specific surface area, around 10 m2/g. The 
inner morphology of aerogels and cryogels strongly depends on the drying method. 
CMC aerogels and cryogels were loaded with a L-Ascorbic acid 2-phosphate and drug 
release kinetics investigated. We demonstrated the feasibility of making bio-aerogels 
and cryogels from CMC which opens the prospects in using them in biomedical fields.  

Porous cellulose for adsorption and release of theophylline  
 
Loris Gelas, loris.gelas@minesparis.psl.eu, Tatiana Budtova.  
CEMEF, Mines Paris - PSL, Sophia Antipolis, Provence Alpes Côte d'Azur, France.  

Aerogels are a special class of materials, presenting nanostructured architecture with 
open pores in the range of tens to few hundreds nanometers, a very low density, and 
a high specific surface area. These materials present excellent properties to be applied 
in thermal and acoustic insulation, catalysis support, adsorption, absorption, in batter-
ies, wound dressing and drug delivery. A new generation of aerogels was developed 
at the beginning of the 21st century: they are biomass-based and are thus called bio-
aerogels. As compared to inorganic aerogels, bio-aerogels are mechanically much 
stronger. No toxic compounds are used for bio-aerogel preparation opposite to many 
synthetic polymer aerogels. The combination of these advantages makes bio-aerogels 
‘‘human-friendly’’ and thus very attractive in all types of applications, in particular, as 
drug delivery matrices. Numerous research has been performed on the drug release 
ability from various polysaccharide aerogels including nanocellulose based aerogels. 
Surprisingly, very few is known about the drug release ability of aerogels prepared from 
dissolved cellulose. Here we investigate the potential of using cellulose II aerogels, 
obtained by cellulose dissolution in NaOH-water, for controlled release; theophylline 
was used as a model drug. We also made porous cellulose materials via freeze-drying 
and low-vacuum drying, all resulting in different morphology and properties. First, we 
characterized the structure and properties of the obtained materials depending on the 
initial cellulose concentration, the solvent used during the solvent exchange as well as 
the drying technique. Then, we studied the impact of these properties on the drug load-
ing capacity and release kinetics.  
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Emerging and effective additive manufacturing assisted 3-D printed cellulose 
phosphate and its composite biomaterial for remediation of methylene blue  
 
Rahulranjan, Prodyut Dhar, prodyut.bce@iitbhu.ac.in. School of Biochemical Engineering, 
Indian Institute of Technology BHU Varanasi, Varanasi, Uttar Pradesh, India.  
 
Cellulose has received a lot of attention as a sustainable material due to its excellent 
water uptake ability, high mechanical strength, ease of chemical modification, biocom-
patibility, and biodegradability. Methodologies such as carboxylation, animation, phos-
phorylation, esterification, sulfonation, and acetylation have been developed for the 
functionalization of cellulose to achieve targeted and desired applications. In recent 
years, phosphorylation as a fictionalization technique is gaining lots of interest for dif-
ferent applications such as flame-retardant, water purification, drug delivery, superca-
pacitor, wound healing, composites, food packaging, and sensors. Most of the studies 
are focused on its flame-retardant applications. However, other potential applications 
of cellulose phosphate are yet to be discovered. For the first time, cellulose phosphate 
gel has been synthesized utilizing fertilizer-based chemical reagents such as Diammo-
nium hydrogen phosphate and urea. The synthesized gel has been further used for the 
production of cellulose phosphate MoS2 composite. A theological study was performed 
to check the printability of the cellulose phosphate gel and cellulose phosphate MoS2 
composite gel. Both materials have been 3-D printed and subsequently utilized for the 
adsorption of methylene blue dye and composite for photodegradation. The physico-
chemical, morphological, and mechanical properties of the printed 3-D structures were 
investigated using XRD, SEM-EDS, FTIR, XPS, TGA, and texture analyzer. Maximum 
adsorption achieved by cellulose phosphate and cellulose phosphate MoS2 3-D 
printed structures were 417 mg/g and 925 mg/g respectively. 99% of methylene blue 
(100 mg/L) got photodegraded by composite within 30 minutes. The maximum charge 
content in the cellulose phosphate was 1133 mmol/kg. Both the developed material 
has great potential for tackling the issues of wastewater pollution and be produced on 
a large scale economically using additive manufacturing. 
 
Direct write assembly of metal microstructures with bio-based inks  
 
HAVVAE, AYSAL1, ee.aysal@gmail.com, Brian K. Paul2, Chih-Hung Chang3, Kon-
stantinos Sierros4. (1) Materials Science and Engineering, West Virginia University, Morgantown, 
West Virginia, United States; (2) Mechanical, Industrial & Manufacturing Engineering, Oregon State 
University, Corvallis, Oregon, United States; (3) Chemical Engineering, Oregon State University, Cor-
vallis, Oregon, United States; (4) Mechanical and Aerospace Engineering, West Virginia University, 
Morgantown, West Virginia, United States. 
  
As metals are increasingly used in additive manufacturing, there is a need for safer, 
greener, and lower-cost 3D printing alternative methods. Direct ink writing (DIW) is a 
very promising alternative to laser-based printing methods. It is highly versatile since it 
utilizes solution-based, shear-thinning formulations (a.k.a. inks) that can involve myr-
iad, disparate, precursors. In addition, it is very efficient in terms of ink usage in contrast 
to laser-based methods which require significant powder recycling. During ink design, 
metal particles are typically mixed with a polymeric binder solution for pneumatic, ro-
botic, extrusion through a nozzle. In this work, we introduce aqueous bio-based metal 
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inks using environment-friendly binders. In particular, binder solutions prepared from 
cellulose pose unique advantages such as abundance, non-toxicity, biocompatibility, 
and biodegradability. In addition, hydrogels are used for comparison and due to their 
fast-swelling ratios which highly accelerate ink formulation. We designed and engi-
neered different cellulose-based binders in certain amounts for rheological (shear-thin-
ning) behavior compatible with DIW. Finally, we utilize DIW to print novel metal-based 
inks for enabling hierarchically complex metal structures. We will be discussing the 
latest results related to the effect that printing parameters and ink formulation have on 
various debinding and sintering procedures. In summary, it is believed that the versa-
tility of DIW and ink design can enable the next generation of complex metal hierarchi-
cal structures using environment-friendly material precursors 
 
Development of a low-cost cellulose based fungal bio-ink for dye decoloriza-
tion and remediation  
 
Prodyut Dhar, Vikash Kumar, vikashkumar.rs.bce21@iitbhu.ac.in. School of Biochemical 
Engineering, Indian Institute of Technology BHU Varanasi, Varanasi, Uttar Pradesh, India.  

3D printing has gained the worldwide interest of many researchers, especially to de-
velop 3D-printed biological structures, scaffolds, and systems using biological materi-
als. Many biological materials are available such as gelatin, chitosan, alginate, etc. 
which are used commonly and easily commercially available. These materials, there-
fore, have been extensively used as the base material for bio-ink 3D printing in various 
fields of biological 3D printing such as tissue engineering, live cell printing, etc. How-
ever, one major disadvantage is that these materials are very expensive, which makes 
biological 3D printing an expensive process. To overcome this problem, we have de-
veloped a low-cost cellulose phosphate-based bio-ink for fungal 3D printing. Cellulose 
phosphate gel was developed in our lab using economical raw materials and chemicals 
like urea and diammonium hydrogen phosphate and viscose. Later Aspergillus niger 
spores were added and mixed with the cellulose phosphate gel to make a fungal bio-
ink which was 3D printed to develop scaffolds to study the dye decolorization. 

High-throughput microgel biofabrication via air-assisted co-axial jetting for cell 
encapsulation, 3D bioprinting, and scaffolding applications  
 
Vaibhav Pal1,2, vfp5149@psu.edu, Yogendra PratapSingh3,2, DeepakGupta3,2, Mecit 
AltanAlioglu3,2, MomokaNagamine1,2, Myoung HwanKim4,2, Ibrahim T.Ozbolat3,2,5. 
(1) Department of Chemistry, The Pennsylvania State University, University Park, Pennsylvania, 
United States(2) The Huck Institutes of the Life Sciences, The Pennsylvania State University, Univer-
sity Park, Pennsylvania, United States(3) Engineering Science and Mechanics Department, The Penn-
sylvania State University, University Park, Pennsylvania, United States(4) Department of Biomedical 
Engineering, The Pennsylvania State University, University Park, Pennsylvania, United States(5) Ma-
terials Research Institute, The Pennsylvania State University, University Park, Pennsylvania, United 
States. 
 
Microgels have recently received widespread attention for their applications in a wide 
array of domains such as tissue engineering, regenerative medicine, and cell and tis-
sue transplantation because of their properties like injectability, modularity, porosity, 
and the ability to be customized in terms of size, form, and mechanical properties. 
However, it is still challenging to mass produce microgels with diverse sizes and 
tunable properties. Herein, we developed an air-assisted co-axial device (ACAD) for 
continuous production of microgels in a high-throughput manner. To test its robust-
ness, microgels of multiple hydrogels and their combination, including alginate (Alg), 
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gelatin methacrylate (GelMA) and Alg-GelMA, were formed at a maximum production 
rate of 65,000 microgels per sec while retaining circularity and a size range of 50-500 
μm based on varying air pressure levels. The ACAD platform allowed single and mul-
tiple cell encapsulation with around 75% efficiency. These microgels illustrated appeal-
ing rheological properties such as yield stress, viscosity, and shear modulus for bi-
oprinting applications. Specifically, Alg microgels have the potential to be used as a 
sacrificial support bath while GelMA microgels have potential for direct extrusion both 
on their own or when loaded in a bulk GelMA hydrogel. Generated microgels showed 
high cell viability (>90%) and proliferation over 7 days with their increased interactions 
with cells, particularly for GelMA microgels. The developed strategy provides a facile 
and rapid approach without any complex or expensive consumables and accessories 
for scalable high-throughput microgel production for cell therapy, tissue regeneration 
and 3D bioprinting applications.  
 

 
 

 

 

 

 

Swelling chitin gel as a prestressing agent  
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Noriyuki Isobe, isoben@jamstec.go.jp. Japan Agency for Marine-Earth Science and Technol-
ogy (JAMSTEC), Yokosuka, Japan.  

Expansive cement is used as a reinforcing agent in the concrete. This is called chemical 
prestressing. Here, we report that the dried chitin gel can swell up and expand upon the 
introduction of water. The swelling pressure reached 0.5 MPa, which is comparable to that 
of moderate expansive cement. The applicability of swelling chitin gel as "physical" pre-
stressing agent was demonstrated: swelling rod-shaped chitin gel enclosed in aluminum 
tube can increase flexural force by 150 N. 
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Cellulose nanofibril stabilized Pickering emulsion templated aerogel with high 
oil absorption capacity  
 
Shuaib A. Mubarak, Yunsang Kim, yunsang.kim@msstate.edu. Sustainable Bioproducts, 
Mississippi State University, Mississippi State, Mississippi, United States.  
 
Nanocellulose-based aerogels, featuring a three-dimensional porous structure, are 
considered as an ideal green absorbent because of their superior absorption perfor-
mance, abundance, and renewability. To make them an effective oil absorbent, how-
ever, a hydrophobic modification or carbonization is required, which is often environ-
mentally unfriendly and energy intensive. Herein, a Pickering-emulsion-templating ap-
proach is used to create a cellulose nanofibril (CNF) aerogel featuring a hierarchical 
pore structure with ultrahigh oil absorption capacity. n-Hexane-CNF oil-in-water Pick-
ering emulsions are prepared as an emulsion template, which are further lyophilized to 
create a hollow microcapsule-based CNF (HM-CNF) aerogel with density 3.0 – 7.9 
mg/cm3 and porosity ≥ 99.5%. The hierarchical pore structure of the HM-CNF aerogel, 
arising from the CNF Pickering emulsion template, is revealed by scanning electron 
microscopy and Brunauer-Emmett-Teller analyses, which confirm the very high sur-
face area of 216.6 m2/g with the average pore diameter of 8.6 nm of the aerogel. The 
maximum absorption capacity of the aerogel reaches 334 g/g and 170 g/g for chloro-
form and n-hexadecane, respectively, without any surface modification or chemical 
treatment. After five cycles of absorption-distillation, the aerogel shows 38% of an oil 
retention (n-hexane). Combined results demonstrate potential of the Pickering emul-
sion templated CNF aerogel as a sustainable and high-performance oil absorbent. 

Revisiting biochar valorisation potentials  
 
Heiko Lange1,2, heiko.lange@unimib.it, ElisabettaBorsella3, PietroColucci3.  
(1) Department of Earth and Environmental Sciences, Universita degli Studi di Milano-Bicocca, Milan, 
Lombardia, Italy; (2) Department of Civil, Environmental and Natural Resources Engineering, Lulea 
tekniska universitet, Lulea, Norrbottens, Sweden; (3) CR Casaccia, ENEA Agenzia Nazionale per Le 
Nuove Tecnologie l'Energia e lo Sviluppo Economico Sostenibile, Rome, Lazio, Italy.  

Conversion of biomass into biochar via pyrolysis processes is a common approach in 
biomass valorisation, since both the components in the condensed phase as well as 
the char residues eventually represent higher value materials than the starting bio-
mass. Processes are commonly optimised looking at the gaseous components, ne-
glecting the formation process of the biochar and thus its characteristics, ultimately 
artificially limiting its valorisation potential. Our collaborative project revisits biochar for-
mation from technical lignins, including detailed characterization not only of the con-
densed phase, but also of the solid phase. Preliminary results generated suggest that 
it is possible to tune biochar formation conditions such as to produce materials from 
lignin that are not completely depleted in lignin-typical motifs and/or lignin-typical func-
tional groups, especially oxygen-containing functionalities, and hence still comprise the 
possibility to perform subsequent valorisation steps towards higher value-added prod-
ucts.ù Process parameters are optimised for favouring formation of ‘reactive’ biochar, 
and tuning of biochar formation includes the use of binary mixtures of technical lignins 
and used polyethylene and polypropylene, such as to arrive at structural characteristics 
not achievable using only one of the components. The ‘reactive’ biochar such as to 
produce starting materials for the formation of high value-added performance materi-
als, including electrospun fibrous mats and nanoparticles, eventually transformable in 
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carbon fibre mats and carbon dots, respectively. ‘Reactive’ biochar is tested with re-
spect to the production of char that redox-actively binds metal components, for appli-
cations as catalysts. 
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CELL 014A (Tuesday 3/28 8:00-11:45 a.m.) – Hybrid 

Grand 5, The Westin Hotel Indianapolis 

Development of foams and lightweight composites based on renewable nano-
particles 

Bruno Mattos2, Roozbeh Abidnejad2, Orlando J. Rojas1, 2, orlando.rojas@ubc.ca  
(1) Chemical and Biological Engineering, Chemistry and Wood Science, The University of British Co-
lumbia, Vancouver, BC, Canada; (2) Bioproducts and Biosystems, Aalto-yliopisto, Helsinki, Finland.   

This talk summarizes our efforts on surface active colloids, which display a unique 
ability to stabilize complex fluids, such as emulsions and foams. The inherently weak 
interparticle interactions in these system limits their consolidation into robust solid ma-
terials, which is a major objective in engineering light-weight architectures. Efforts in 
this area have included compositing with soluble polymers that introduce cohesion in 
materials assembled from the foam precursors. Related efforts have targeted structural 
applications, whereas functions have been neglected. Herein, we take advantage of 
the high axial aspect ratio and hydration ability of cellulose nanofibrils (CNF), which 
added at extremely low volume fractions enable highly cohesive particle assemblies at 
the air-liquid interface, for example in Pickering foams. The supramolecular assemblies 
formed under strong cohesive interactions, for instance, with hydrophobic particles of 
low aspect-ratio, represent anew avenue in material chemistry. CNF/particle stabilized 
foams are demonstrated as versatile precursors for the formation of materials with var-
ied morphologies, ranging from porous foams to dense composite films. The perfor-
mance of the introduced CNF bioadhesive is further tuned by given surface modifica-
tion. 
 
Integrated wood aerogels, scalable preparation and applications  

Yuanyuan Li1, yua@kth.se, Jonas Garemark1 
 (1) Kungliga Tekniska Hogskolan, Stockholm, Sweden.  

Aerogels are prospects in various applications ranging from aerospace to thermal in-
sulation, to energy harvesting and storage. The mechanical brittleness and sustaina-
bility requirements drive the investigation of biomass-based aerogels. Wood is of in-
creasing interest, given the carbon neutrality due to CO2 storage during biosynthesis 
and superior mechanical property derived from oriented strong cellulosic fibrils embed-
ded in the matrix of lignin and hemicellulose. The porous structure provides good ther-
mal insulation function and opportunities for nanoengineering towards multi-function-
alities. 
To obtain aerogels, wood is often disintegrated into nano building blocks (e.g. nano-
cellulose) and reassembled into aerogels. However, the complex processing and high 
energy consumption are limits. A top-down approach is an alternative to obtain aero-
gels by directly using wood while the nanostructured wood cell wall is in situ modified. 
The step of nano building blocks extraction is eliminated which is beneficial for scalable 
fabrication. 
In this context, integrated wood aerogels, a highly nanoporous structure with cellulosic 
nanofibril network filling the empty wood channels, are fabricated through cell wall par-
tial dissolution and regeneration. The development of wood processing to achieve in-
tegrated wood aerogels structures will be explained. The structure understanding of 
the aerogels will be presented. Relative applications that benefit from the structural 
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design will be demonstrated including thermal insulation and hydrovoltaic energy har-
vesting. 
 

Assembly of nanocellulose fibers and nanocrystals for emerging applications  

Shu Yang1, shuyang@seas.upenn.edu.  
(1) Materials Science & Engineering, University of Pennsylvania, Philadelphia, PA, United States.  

Because of their shape anisotropy, nanoporosity, and high mechanical strength, bio-
based cellulose nanofibers and nanocrystals are of interests for applications, including 
energy harvest and storage, sensors, actuators and carbon capture. For many appli-
cations, it will be important to control their assemblies into ordered structures, followed 
by embedding in a polymer matrix. Meanwhile, the nanocrystals are often used as 
additives to enhance the alignment of soft elastomers to direct their actuations. Here, 
I would like to different strategies to assemble them (from micro- to macroscales) and 
the potential applications in soft robotics, wearables and carbon capture. 
 

Ultrastretchable ionogel with extreme environmental resilience through con-
trolled hydration interactions  

Yuhang Ye1, yuhangye@mail.ubc.ca, Hale Oguzlu1, Jiaying Zhu1, Penghui Zhu1, ye-
ling zhu1, Zhangmin Wan2, Orlando J. Rojas2, Feng Jiang1 

(1) Department of Wood Science, The University of British Columbia, Vancouver, BC, Canada. (2) 
Chemical and Biological Engineering, The University of British Columbia, Vancouver, BC, Canada.  

Ionic conductive gels are widely sought after for applications that require reliable ionic 
conduction and mechanical performance under extreme conditions, which remains a 
grand challenge. To address this limitation, we deliberately control water-induced hy-
dration interactions within ionic liquid (IL)-based conductive gels (ionogels) to achieve 
all-round performance. Specifically, the competitive interactions between IL, water and 
cellulose nanofibrils (CNF) are balanced to preserve the nanoscale morphology of CNF 
while avoiding its dissolution. As a result, we synergistically enhance both mechanical 
performance and ionic conductivity of the resultant ionogel. For instance, an un-
trastretchable ionogel (up to 10250 412% stretchability) with both high toughness (21.8 
0.9 MJ/m3) and ionic conductivity (0.70 0.06 S/m) is achieved. Furthermore, multimodal 
sensing functions (strain, compression, temperature, and humidity) are realized by as-
sembling the ionogel as a skin-like membrane. Due to the low volatility of IL and its 
strong interaction with water, the ionogel maintains an excellent performance at either 
ultra-low temperature (-45 oC), high temperature (75 oC) or low humidity environment 
(RH < 15%), demonstrating superb anti-freezing and anti-drying performance. Overall, 
we introduce a simple yet versatile strategy that leads to environmentally resilient iono-
gels to meet the requirements of next-generation electroactive devices. 
 

Photonic cellulose nanocrystal films: The role of kinetic arrest  

Thomas Parton1, tgp27@cam.ac.uk, Bruno Frka-Petesic1, Sonja Osbild1, Richard M. 
Parker1, Silvia Vignolini1. (1) Yusuf Hamied Department of Chemistry, University of Cambridge, 
Cambridge, Cambridgeshire, United Kingdom.  
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Cellulose nanocrystals (CNCs) are elongated colloidal particles that spontaneously 
form a cholesteric liquid crystal phase in aqueous suspension. As the suspension dries, 
the system undergoes kinetic arrest (KA), in which the CNCs become trapped into a 
non-equilibrium configuration. The KA transition allows the helicoidal structure to be 
preserved upon drying into the solid state, giving rise to vibrant structural color. Under-
standing and controlling the interplay between liquid crystal phase formation and KA 
in CNC suspensions is essential for producing well-ordered photonic films, but it is 
unclear how KA is affected by experimental parameters commonly used to tune the 
color of CNC photonic films (e.g. ionic strength, ultrasonication dose and loading of 
non-volatile additives). 
In this study, we analyzed the optical response of CNC photonic films using angle-
resolved spectroscopy and interpreted the data in terms of the reflection expected from 
distorted helicoidal structures. From this analysis, the cholesteric pitch and CNC con-
centration at the KA transition (around 10 vol% CNC) can be obtained from dried films. 
This analysis provides evidence of a transition from glass-like to gel-like behavior with 
increasing ionic strength, consistent with rheological studies, while ultrasonication and 
non-volatile additives primarily change the cholesteric pitch without affecting the KA 
transition. Based on these findings, we propose design principles for optimizing the 
visual appearance of CNC photonic films by tuning the initial formulation. 

 

(a) Visual appearance of photonic films with increasing salt-CNC ratio, and corre-
sponding ordering of CNCs. (b) Onset of different kinetic arrest regimes for increasing 
salt-CNC ratio (green points). 

Wood materials for sustainable electronics and photonics  

Guido Panzarasa1, gp4779@gmail.com.  
(1) D-BAUG, Eidgenössische Technische Hochschule Zürich, Zürich, Switzerland.  

The need to increase the sustainability of energy generation and conversion is evident 
from contemporary societal and environmental challenges. Conventional technologies 
for the generation and transport of electricity and light are often based on unsustaina-
ble, non-renewable and often toxic materials and metals. The environmental damage 
resulting on the global scale from the incorrect disposal and inefficient recycling of such 
devices (e-waste) requires a fast, large-scale implementation of more “green” alterna-
tives. 
This talk will showcase the design and production of sustainable wood devices able to 
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generate and transport electricity as well as light, with a special focus on their applica-
tions in smart buildings. Wood piezo- and triboelectric nanogenerators able to convert 
mechanical motion into electricity, wood conductors made by improved laser-induced 
graphitization, and luminescent as well as electroluminescent wood are some of the 
examples that will be discussed along with their principles of operation. 

 
Cellulose nanocrystals-stabilized foams and emulsions for the drop on demand 
and direct ink writing printing in liquid medium  

Parisa Bazazi1, parisa.bazazi@princeton.edu.  
(1) Mechanical ENG, Princeton University, Princeton, NJ, United States.  

Particle-stabilized emulsions are ideal candidates to be used as ink in 3D printing sys-
tems. Emulsions allow encapsulating hydrophilic and hydrophobic cargoes together 
into the same printed texture. Also, emulsions enable interactions between the printed 
frame and the surrounding media, where the space within the printed texture, i.e., po-
rosity, is controlled by the droplet size distribution. In this work, Cellulose nanocrystals 
(CNC)-stabilized foams and emulsions are used in the forms of Emulgel to print hier-
archal structures in a surrounding liquid phase. The concentration of CNCs controls 
the stability and printability of Pickering foams and emulsions. We develop a printability 
map and discuss the required conditions for CNC-based materials to be used in drop-
on-demand and direct ink-writing 3D printing. 
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Sustainable superblack materials from wood for light management  

Bin Zhao1, bin.2.zhao@aalto.fi, Xuetong Shi2, Yang Meng3, 5, Alexey Khakalo4, Bruno 
Mattos1, Orlando J. Rojas1, 2 (1) Department of Bioproducts and Biosystems, Aalto-yliopisto, Aalto, 
Finland; (2) Departments of Chemical & Biological Engineering, Chemistry and, Wood Science, The 
University of British Columbia, Vancouver, BC, Canada; (3) Kunming University of Science and Tech-
nology, Kunming, Yunnan, China; (4) VTT Technical Research Centre of Finland, Ltd., Espoo, Finland; 
(5) Yunnan Provincial Key Laboratory of Energy Saving in Phosphorus Chemical Engineering and New 
Phosphorus Materials, Kunming, China.  

Superblack materials, displaying ultralow light reflectance (≤ 0.1 %), are important for 
suppressing undesirable light scattering (i.e., stray light) that impairs the resolution of 
many optical devices, e.g., telescopes and lasers. Superblack materials are usually 
fabricated by growing vertically aligned carbon nanotube (VACNT) arrays on a metal 
substrate using chemical vapor deposition (CVD). However, large-scale applications 
of VACNT array are seriously limited by the cost, low CNT growth rate, low thickness 
(≤ 400 μm) and poor mechanical properties of VACNT coatings. We have fabricated 
sustainable wood-based superblack materials by carbonization of delignified wood to 
achieve ultralow light reflectance. We have investigated the graphitization degree of 
carbonized wood with its light adsorption capacity to maximize chemical-derived black-
ness. Moreover, delignification was employed to engineer the wood nano-microstruc-
ture to optimize the structural blackness. The radial section of wood carbon materials 
typically shows 3-10% light reflectance while it drops to 1-3% in the cross section due 
to the multiscale inwards reflection of the tubular wood microarray. In order to decrease 
further the light reflectance, we assessed by finite element modeling how the wood 
anatomical elements and their dimensions affect light reflection. We examined the cell 
wall thickness, lumen size and fiber length toward ultralow reflectance of superblack 
wood carbon. The dimension of cell wall, identified as the major player in controlling 
light reflection was reduced from the micro to the nanoscale in carbonized natural wood 
materials. Vertically aligned carbon fiber arrays were formed in the cross section of 
delignified wood during high-temperature carbonization. Therefore, the light reflec-
tance was lowered down to superblack levels, i.e., to ~0.3 %. Superblack wood carbon 
materials have several advantages over CNT-based technologies, concerning me-
chanical robustness, tunable light interaction capacity, and sustainability. 
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CELL 014B (Tuesday 3/28 2:00-5:45 p.m.) – Hybrid 

Grand 5, The Westin Hotel Indianapolis 

Combination of the microfibrillated cellulose and bioplastics for new thin bar-
rier and thermosealable layer onto paper for new sustainable packaging solu-
tion  

Julien Bras1, 2, Julien.Bras@grenoble-inp.fr, Roya Hafezi1, Abdelilah Idaabad3, Fleur 
Rol3, Helene Curmi3. (1) Grenoble INP, CNRS, LGP2, Universite Grenoble Alpes, Saint-Martin-
d'Heres, Auvergne-Rhône-Alpes, France. (2) Institut Universitaire de France, Paris, Île-de-France, 
France. (3) Centre Technique du Papier, Grenoble, Auvergne-Rhône-Alpes, France.  

Applications of bio-based materials in the sustainable packaging industry have shown 
strong growth due to recent trends in the consumer market moving toward greener 
packaging. Over the past few years, new policies, regulatory frameworks, and stand-
ards adopted worldwide enhance and implement the circular economy and bioecon-
omy. Within this framework, an excellent candidate for new high performance biobased 
materials is nanocellulose. Specifically, microfibrillated cellulose (MFC) brings ad-
vantages in strength enhancement, light-weighting and barrier properties. By using 
MFC, it is possible to reduce the package’s total weight, develop films featuring excel-
lent barrier against gases like oxygen and even grease and oil, and at the same time 
reduce CO2 footprint by replacing aluminum and plastic film in packaging. 
In this regard, the MFC wet lamination process, recently developed, can assemble a 
layer of MicroFibrillated Celluloses (MFC) onto the fibre based materials without the 
use of glue. The MFC layer is thin enough to be economically relevant and thick 
enough to get the barrier performance. Some challenges still exist for this material to 
exploit in the packaging industry like the sealability among others. Currently, the usual 
heat-sealable closure of the packaging is made of polyethylene based solutions. 
This project proposes solutions to formulate heat-sealable MFC suspensions and to 
shape wet multilayer MFC to produce barrier and heat-sealable sustainable packaging. 
The aim is to formulate heat-sealable MFC suspensions from bioplastic materials. The 
main subjects studied are: (i) the process formulation of heat-sealable MFC by adding 
different bioplastic (e;g PLA, PHBH) via different strategies (In situ during the fibrillation 
orafter), (ii) the impact of additives on the film forming and stability of MFC suspen-
sions, and (iii) the characterization of the heat-seal strength of wet-laminated MFC 
sample. Promising results were obtained with a specific combination of PLA and MFC. 
 

Transparent armor reinforced by mercerized bacterial nanocellulose  

Daniela Wloch1, d.wloch19@imperial.ac.uk, Natalia Herrera1, Koon-Yang Lee1.  
(1) Aeronautics, Imperial College London, London, United Kingdom.  
 
Transparent composites with high impact strength are used in a variety of areas of 
application such as in windshields, protective glazing, or transparent armor. Typically, 
silica-based glass has been used when a high level of impact protection is required, 
which comes with the drawback of its high weight. The work here focuses on creating 
alternative transparent composites of impact-modified acrylic (IM-acrylic) and polycar-
bonate (PC) reinforced by bacterial nanocellulose (BC) for improved impact perfor-
mance. 
BC is grown in a three-dimensional intermeshing network of cellulose fibers, leading to 
both high stiffness and fracture toughness in the dried nanopaper. Inherently, the BC 
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nanopaper is both brittle and opaque. To improve its value as reinforcement for impact-
resistant and transparent composites, an alkaline treatment is employed to improve 
the transparency and ductility of the nanopaper. 
Two types of BC nanopapers were prepared, neat BC, press-dried from the pellicle 
without further treatment, and BC-20, for which the pellicle was immersed in a 20 wt.% 
NaOH solution for 30 min prior to neutralization and press-drying. The nanopapers 
were subsequently impregnated with a liquid, UV-curable resin and sandwiched in be-
tween two layers of either IM-acrylic or PC, followed by UV-curing. After the alkaline 
treatment, the total light transmittance of the nanopaper increased from 40 % to 80 % 
at 550 nm, and the fracture toughness was increased by 50 %. All of the laminated 
composites are transparent with a total light transmittance of 74 - 77 % at 550 nm. The 
impact resistance of the IM-acrylic-based composites was measured by Charpy impact 
testing, where the impact was 16.7 kJ m-2 when reinforced with the neat BC and in-
creased to 19.5 kJ m-2 with the BC-20 nanopaper. In the PC-based composites, the 
bending stiffness and strength were increased by 21 % and 16 % respectively when 
reinforced by the BC-20 compared to the neat PC. When subjected to an impact energy 
of 100 J by a falling weight impactor the PC+BC-20 composites were able to absorb 
13 % more energy than the pristine PC. 
 

Self-fibrillating fibers: A way towards energy-efficient fabrication of cellulose 
nanofibril films and composites  

Per A. Larsson1, perl5@kth.se. Yunus Can Görür1, Lars Wagberg1. (1) Department of 
Fibre and Polymer Technology, KTH Royal Institute of Technology, Stockholm, Sweden.  

Materials made from cellulose nanocrystals (CNCs) and cellulose nanofibrils (CNFs) 
have aspired to replace petroleum-based materials in transparent packaging applica-
tions for about two decades. The major reason is that such materials provide high 
transparency, strength, rigidity and barrier properties. However, fabrication of films 
from CNC and CNF dispersions is still at the laboratory scale or small pilot scale be-
cause it is both tedious and energy-consuming to dewater nanoparticle dispersions, 
regardless if it is by removal of water by membrane filtration or evaporation. As a way 
to solve the energy-consuming production of dry CNF films, we have developed a 
chemically modified fibre, herein referred to as self-fibrillating fibres, that can be fibril-
lated to CNFs after dewatering of excess water in a papermaking process. In other 
words, we have changed the order of the process steps of fabrication to gain a much 
faster and presumably more energy-efficient process [1]. This contribution firstly dis-
closes our fundamental understanding of how the self-fibrillating fibres swell upon an 
increased pH and finally fibrillate, and the highly competitive properties of the trans-
parent films fabricated [1,2]. Secondly, it discloses applications with other components, 
such as clay minerals and graphite, to also fabricate state-of-the-art composites [3]. 
 

Hemicellulose: New key players for bio-based nanomaterials  

Feng Peng1, fengpeng@bjfu.edu.cn.  
(1) Beijing Key Laboratory of Lignocellulosic Chemistry, Beijing Forestry University, Beijing, China.  

Hemicellulose, as the second most abundant plant polysaccharide, are biodegradable, 
biocompatible, and abundant, yet its application in the field of nanomaterials has been 
little touched. Recently, we have integrated hemicellulose with liquid metals to access 
a series of stable conductive nano-inks with core-shell structures, either serve as nano 
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catalyst for room temperature ultrafast gelation (<10 s) or self-assemble into free-
standing Janus films with high mechanical strength (~94 MPa). More importantly, we 
also successfully extracted high-valued laminated hemicellulose nanocrystals via sev-
eral scalable top-down strategies (i.e., oxalic acid hydrolysis, ammonium persulfate 
oxidation, and alkaline periodate oxidation), featuring great water dispersibility, intri-
guing humidity sensitivity, and excellent biocompatibility. We also showcase the suc-
cessful multidimensional material applications for phase-change materials, 
nanozymes, and household detergents. The scalable, low-cost, and sustainable hem-
icellulose nanocrystals can be envisioned to add another layer of polysaccharide 
chemistry. 
 

Thickness dependence of the cholesteric ordering in photonic cellulose struc-
tures  

Hongning Ren1, hongning.ren@postgrad.manchester.ac.uk, Tadeusz Balcerowski1, 
Ahu Gumrah Dumanli1.  
(1) The University of Manchester, Manchester, Manchester, United Kingdom.  

Hydroxypropyl cellulose (HPC), a sustainable, cost-efficient and bio-compatible cellu-
lose derivative that is able to self-assemble into cholesteric liquid crystalline phases at 
highly concentrated water suspensions. Such cholesteric suspensions reflect bright 
colours with right-handed circular polarisation. While there have been studies exploit-
ing HPC’s structural colouration and transferring the suspension’s cholesteric phase 
into solid form via cross-linking, there is still lack of understanding on the structural 
ordering of the HPC at high temperatures. 
In this work, we demonstrate a linear relationship between the visual coloration and 
the thickness of HPC samples in solid form which allows tuning of the coloration 
through film casting thickness. Our work also reveals the combined color trapping 
mechanism consist of both kinetic arrest and thermal expansion. This is due to the 
thinner parts of the casted films has faster evaporation rate which causes shrinkage 
between the cholesteric layers and the thicker regions trap the water for longer time 
and can thermally expand before getting cured. To the best of our knowledge our study 
is the first in showcasing a full tuning ability of the vivid structural coloration of the HPC 
without further cross-linking and functionalization. 
In this presentation we will demonstrate that although the reflective wavelength of 
cured HPC has a thickness dependence, this relationship is accompanied with evapo-
ration rate and surface exposure during the curing of the HPC gels. Furthermore, when 
the samples were casted using different angles of support, the similar thickness and 
temperature treatments imposed different coloration stemming from the mechanical 
support of the cholesteric layer and the flow of the HPC at different slope angles. 
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Figure 1 (a) HPC gel, where has HPC liquid crystals (white layer) in aqueous environment 
(blue). (b) Water evaporation is the main mechanism of the kinetic arrest of HPC, which causes 
cholesteric structure shrinkage. (c) A dense skin layer is formed and shields water content 
inside which allow the inside gel to thermal expand. (d) The final state of cured HPC. (e) Pho-
tograpgh of cured 64wt.%HPC samples of diameter 35mm with angle of about 15°. 

Hygroscopic salt enabled super-absorbent cellulose nanofibril scaffold for so-
lar-driven water harvesting from atmosphere  

Penghui Zhu1, 2, 3, penghui1@mail.ubc.ca, Yi Zheng1, Dingyuan Zheng1, Hao Sun1, 
Zhengyang Yu1, Yangyang Qian2, 3, Yuan Wei2, 3, Gang Chen2, 3, Feng Jiang1. (1) De-
partment of Wood Science, The University of British Columbia, Vancouver, BC, Canada; (2) State Key 
Laboratory of Pulp and Paper Engineering, South China University of Technology, Guangzhou, Guang-
dong, China; (3) Guangdong Engineering Technology Research and Development Center of Specialty 
Paper and Paper-Based Functional Materials, South China University of Technology, Guangzhou, 
Guangdong, China.  

Freshwater scarcity poses a great challenge to human survival, especially for people 
living in remote and arid areas. Due to the large amount of water vapors in the atmos-
phere, solar-driven atmospheric water harvesting (AWH) using sorbent-assisted tech-
nology is considered a promising way to alleviate the water shortage issue. However, 
the sorbents used for AWH usually suffer from serious drawbacks such as swelling, 
agglomeration, and leakage, leading to greatly decreased water vapor adsorption ca-
pacity (WVAC) after several adsorption/desorption cycles. In this work, we developed 
a bi-layered cellulose nanofibril/lithium chloride-cellulose nanofibril/carbon nanotube 
scaffold (CLCCS) for AWH, which consists of a cellulose nanofibril/carbon nanotube 
(CNF/CNT) photothermal conversion top layer and a 3D printed super-absorbent cel-
lulose nanofibril/lithium chloride (LiCl) scaffold (CLS) bottom layer. The micron-sized 
pores introduced by the freeze-drying process confine hygroscopic LiCl in the CNF 
scaffold (CS), which can minimize the leakage and agglomeration of LiCl during the 
water harvesting process. Furthermore, millimeter-sized grid structure introduced by 
the 3D printing process can facilitate the water transport between the bottom scaffold 
layer and the air. Based on such design, CLCCS has a wide working range, showing 
38.5% WVAC at 11% relative humidity (RH) and 164.6% WVAC at 95% RH, and good 
adsorption/desorption cyclic stability (maintaining 85.3% of the initial WVAC after 6 
cycles). In addition, the efficient photothermal conversion of CNF/CNT layer enables 
CLCCS to have high water evaporation efficiency of 80.3% within 2 h. Finally, an array 
of CLCCS was demonstrated, and liquid water was successfully harvested outdoors 
under natural sunlight, indicating a promising way for the development of the 3D printed 
cellulose-based scaffold for practical uses. 



 ACS Spring 2023 
 

CELL 014C (Wednesday 3/29 8:00-11:45 a.m.) – Hybrid 

Grand 4, The Westin Hotel Indianapolis 

Shaping 90 wt% nanoMOFs into robust multifunctional structures using high-
aspect-ratio CNFs  

Jowan Rostami1, jowan@kth.se, Tobias Benselfelt1, Lorenza Maddalena2, Civan 
Avci3, Farhiya Alex Sellman1, Goksu Cinar Ciftci1, Per A. Larsson1, Federico Carosio2, 
Farid Akhtar4, Weiqian Tian5, Lars Wagberg1. (1) Kungliga Tekniska Hogskolan, Stockholm, 
Sweden; (2) Politecnico di Torino-Alessandria Campus, Alessandria, Italy; (3) Sorbonne Universite, 
Paris, Île-de-France, France; (4) Lulea tekniska universitet, Lulea, Norrbottens, Sweden; (5) Ocean Uni-
versity of China, Qingdao, Shandong, China. 

Although metal-organic frameworks (MOFs) have a wide range of structural and chem-
ical diversity suitable for many advanced applications, their utilization is hindered by 
their hard-to-shape powder form. A binder system is required to form self-supporting 
MOF-based systems with mechanical integrity without compromising the MOF content 
and their inherent properties. We address this challenge by reporting a water-based 
strategy to combine 90 wt% nanoMOFs with 10 wt% cellulose nanofibrils (CNFs). The 
colloidal stability and high-aspect-ratio of the CNFs used, act as a low-density mechan-
ical framework that hosts nanoMOFs in aerogels with high compressive modulus in the 
longitudinal direction and sponge-like properties in the transverse direction. The aero-
gels have a high specific surface area of 1470 m2 g–1, and a high wet integrity, achieved 
via heat treatment at 120 °C without using crosslinkers. The robust nanoMOF-CNF 
aerogels were effectively utilized as adsorbents for wastewater purification of anionic 
dyes, CO2 and CH4 gas adsorption and separation, and fire-safe insulation that does 
not ignite under typical conditions of a fire. The aerogels were also carbonized at high 
temperatures (800–1000 °C) under an inert atmosphere, maintaining their macro-
scopic structure with noticeable mechanical integrity. Moreover, the carbonized aero-
gels showed excellent properties as structural electrodes for supercapacitors with a 
high capacitance of 273 F g–1. In conclusion, this work showcases the unique ability of 
tailored CNFs to hold large amounts of nanoMOFs in place to create self-supporting 
robust materials, a property maintained even after carbonization, suitable for different 
advanced applications. 
 
Bio-sourced intumescent nanocoating  

Dallin L. Smith1, 3 smith.dallinlee@gmail.com, Natalie A. Vest1, Danixa Rodriguez-
Melendez1, Bethany Palen1, Jaime C. Grunlan2, 1,. (1) Chemistry, Texas A&M University, Col-
lege Station, TX, United States; (2) Mechanical Engineering, Texas A&M University, College Station, 
TX, United States; (3) Materials Science and Engineering, Texas A&M University, College Station, TX, 
United States.  

Nylon-cotton blended fabric (NYCO), commonly used in military uniforms and work-
wear for its comfort and resilience, presents an inherent fire risk due to its high flam-
mability and high heat release. There are few effective flame retardant treatments for 
NYCO that are environmentally-benign and maintain the hand of the fabric. To solve 
this problem, a layer-by-layer (LbL) assembled 15 quadlayer (QL) coating, consisting 
of chitosan (CH), phytic acid (PA), and tannic acid (TA), was applied to NYCO. Individ-
ually pairing TA or PA with CH is not self-extinguishing, but they work synergistically 
in the QL system to create an effective intumescent coating. This completely bio-
sourced, water-based coating self-extinguishes in a vertical flame test (ASTM D6413), 

mailto:smith.dallinlee@gmail.com
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with only 16.6% weight added to NYCO, yielding 91% post-burn residue and a 51% 
decrease in peak heat release rate. This novel coating provides an opportunity to re-
place environmentally questionable flame retardant treatments with a fully sustainable 
system. 

 
 

Bioinspired design of nanomaterials to improve mechanical properties  

Shengfeng Yang1, yangzhang1314@hotmail.com. (1) Mechanical and Energy Engineering, 
Indiana University Purdue University Indianapolis, Indianapolis, IN, United States. 
 
Many biological materials, such as abalone nacre and microfibers of cellulose nano-
fibrils, have been discovered to possess exceptional mechanical properties. The ob-
jective of our study is to apply computational methods to identify the mechanisms of 
the effect of microstructures on the mechanical properties of biological materials, and 
so as to guide the design of bio-inspired nanomaterials for mechanical engineering 
applications. Two biological materials, i.e., nacre tablet, and microfibers of cellulose 
nanofibrils, will be studied to understand the underlying mechanisms for their extraor-
dinary mechanical properties. In the study of nacre, it is found that nacre tablet, which 
is assembled by 95 wt% brittle aragonite and 5 wt% soft organic materials, has several 
orders of improvement in fracture toughness compared to pure aragonite. Through 
modeling nacre tablet as mineral–protein composite, the critical role of protein in im-
proving the fracture toughness of nacre was investigated. Simulations of single crys-
talline aragonite, polycrystalline aragonite, and mineral–protein composite under ten-
sile loading were performed. The results show that the fracture toughness of mineral–
protein composite is significantly larger than that of single crystalline or polycrystalline 
aragonite. Proteins serve as strong glue between the inorganic nanograins. The strong 
electrostatic interaction between protein and aragonite nanograins, combined with the 
remarkable plastic ductility of protein, enhances the fracture toughness of the mineral–
protein composite. 
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Supramolecular engineering of lignocellulosic biomass  

Chaoji Chen1, chenchaojili@whu.edu.cn.  
(1) School of Resource and Environmental Sciences, Wuhan University, Wuhan, Hubei, China.  

Natural polymers derived from biomass such as cellulose have emerged as a sustain-
able group of materials widely used in consumer products and functional devices. The 
renewable and sustainable features of cellulose have made it extremely attractive 
when competing with the petrochemical-based counterparts. Through engineering cel-
lulosic biomass at the supramolecular scale, we are able to regulate their supramolec-
ular structure, configuration and their mechanical, electronic, ionic, fluidic, optical and 
thermal properties, imparting them with improved or even new functions for potential 
uses in multiple sustainable devices. In this talk, I will discuss the supramolecular en-
gineering strategies of cellulosic biomass and their potential uses in various sustaina-
ble devices. 
 
Modulating interactions between protein amyloid fibers and nanocellulose to-
wards advanced applications  

KevinJ. De France1,2, kevin.defrance@queensu.ca, NicoKummer2,3, SilviaCampioni2, 
GustavNystroem2,3. (1) Chemical Engineering, Queen's University, Kingston, Ontario, Canada; (2) 
Laboratory for Cellulose and Wood Materials, Empa - Swiss Federal Laboratories for Materials Science 
and Technology, Dubendorf, Zurich, Switzerland; (3) Health Sciences and Technology, Eidgenossische 
Technische Hochschule Zurich, Zurich, Zürich, Switzerland. 

Due to their natural abundance, functional diversity, and biocompatibility, proteins are 
an interesting class of biomolecule building-block for the fabrication of functional ma-
terials. In nature, proteins exist in a semi-stable “native” conformation; however, pro-
teins can also self-assemble into organized aggregated conformations called amyloid 
fibers. Amyloid fibers have exceptional stability and material properties vastly different 
than the native proteins they are assembled from. Here, protein amyloid fibers will be 
introduced and discussed in the context of controlled functionality, and practical appli-
cation, with an emphasis on understanding key structure-property relationships in the 
design of functional materials. In particular, the use of common proteins such as lyso-
zyme and bovine serum albumin (BSA) and various synthetic pathways for the prepa-
ration of amyloid fibers are highlighted, describing their effects on kinetics of self-as-
sembly, fiber morphology, and surface charge. 
In addition, the interactions between amyloid fibers and nanocellulose are discussed, 
as relating to the preparation of composite materials. A particular emphasis is placed 
on the fabrication of composite films with chiral nematic structuring, assembled via 
evaporation-induced self-assembly. Here, we investigate the concentration-dependent 
incorporation of positively charged lysozyme amyloid fibers and negatively charged 
BSA amyloid fibers in relation to chiral nematic film structuring. We also demonstrate 
the effects of amyloid fiber incorporation on other physical properties including anti-
bacterial activity and adhesiveness. Taken together, we anticipate that engineering the 
design of protein amyloid fibers and their interactions with nanocellulose will pave the 
way for a new generation of smart composite materials with enhanced functionalities. 
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Novel synthesis of biobased sodium lignosulfonate nanoparticles and its multi-
functional activities  

SOURAV BANERJEE1, sourav007banerjee@gmail.com, Vivek Yadav2, Satyaranjan 
Bairagi2, Wazed Ali2, 1. (1) School of Interdisciplinary Research, Indian Institute of Technology Delhi, 
New Delhi, Delhi, India, (2) Textile and Fibre Engineering, Indian Institute of Technology Delhi, New 
Delhi, Delhi, India.  

Green nanoparticles have attracted a lot of attention because of the many different 
fields in which they can be used due to their enhanced multifunctional actions. We 
have investigated the possibility of synthesising sodium lignosulfonate nanoparticles 
(SLS NPs) with the help of chitosan, another biomolecule. The presence of two bio-
molecules (i.e., lignosulfonate and chitosan) in the structure of the synthesised SLS 
NPs (with an average diameter of 125 nm) has demonstrated synergetic efficacy by 
exhibiting outstanding multifunctional properties. Excellent antibacterial activity was 
found for the synthesised SLS NPs against both Gram-positive (S. aureus) and Gram-
negative (E. coli) bacteria. SLS NPs have also shown a 92% increase in antioxidant 
activity. As SLS NPs are made up of polyphenolic molecules, they can work well as 
UV protectors, which has been shown in experiments. 

 
Figure: Sodium lignosulphonate Nanoparticles (SLS NPs) synthesis and assessment of func-
tional properties 
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Mesoporous carbon from food waste for asymmetric supercapacitors  

Khang Huynh1, khang.huynh@mines.sdsmt.edu, Mukesh Kadam2, Bharathkiran 
Madipuddi1, Sandeep Kumar2, Rajesh V. Shende1. (1) Chemical and Biological Engineering, 
South Dakota School of Mines and Technology, Rapid City, SD, United States; (2) Civil and Environ-
mental Engineering, Old Dominion University, Norfolk, VA, United States.  

Globally, about one-third of the food produced, equivalent to 1.3 billion tons per year, 
is wasted. About half of the globally produced fruits, vegetables, roots, and tubers at 
the retail and consumer level end up as waste. Over one-third of the food produced in 
the U.S. is never eaten, wasting the energy and water used to produce it, filling landfills, 
and leading to methane emissions from landfills, and water impacts from pesticide and 
fertilizer use. In this study, hydrochar was derived from hydrothermal carbonization of 
food waste in the presence of a surfactant. Hydrochar was activated with KOH in the 
presence of Pluronic F127 surfactant. To accomplish this, the hydrochar was dispersed 
in aqueous KOH solution containing 10% Pluronic F127 via sonication for 90 minutes. 
After sonication, the slurry was transferred to a petri dish and heated to 100°C and 
thermally treated further at 800°C to obtain porous carbon (POC). The specific surface 
area on POC was 1771 m2/g, and pore volume of 0.985 cm3/g. Asymmetric superca-
pacitors (ASCs) were fabricated using POC and sol-gel derived (Mn, Ti)-oxide material 
and 8M aqueous KOH electrolyte. For comparison, POC electrode was replaced with 
graphene nanoplatelet electrode. As-fabricated ASC specimen was charged with a DC 
power supply of 2-4 volts and 0.006-0.03 amperes for 10 minutes. After charging the 
ASCs, electrochemical properties were analyzed by cyclic voltammetry using a 
Gamry’s G-300 potentiostat/galvanostat/ZR system. The specific capacitance of the 
asymmetric supercapacitor prepared with POC electrode was 157 F/g. Results ob-
tained with the ASCs prepared with mesoporous carbon will be presented. 
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Renewable reduced graphene oxide-based inks from lignin  

John Hinkle1, jah0095@tigermail.auburn.edu, Gautam Chandrasekhar2, John Thorn-
hill1, Vijaya K. Rangari2, Emmanuel Winful1, Maria L. Auad1. (1) Auburn University, Auburn, 
AL, United States, (2) Tuskegee University, Tuskegee, AL, United States. 

Lignin is one of the most common naturally occurring polymers. Together with cellulose 
and hemicellulose, they form lignocellulosic material. While the former two are com-
monly used in the paper-making process, lignin is removed and in kraft pulping, the 
most common form of pulping, it is burned during the liqueur recovery cycle. The issue 
with that is that lignin has the capability of being converted into a number of useful 
chemicals, such as vanillin, resins, and graphitic materials. One such material is gra-
phene oxide, which lignin is capable of converting to graphene oxide with the aid of 
vermiculite. 
Lignin is first dissolved into water with the usage of a tip sonicator. Vermiculite is added 
to this solution and is sonicated in order to aid in the adsorption of the lignin solution. 
After sonication, the lignin-absorbed vermiculite is placed into a furnace under a nitro-
gen atmosphere and heated to 600oC to carbonize the lignin. The planar structure of 
vermiculite causes the lignin to carbonize into graphene oxide sheets. These sheets 
are extracted using hydrofluoric acid and hydrochloric acid to dissolve the vermiculite. 
Multiple methods of characterization were used to understand the graphene oxide that 
was produced: SEM, XRD, and Raman spectroscopy. The graphene oxide was then 
reduced with ascorbic acid and developed into conductive inks. 
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Amphipathic bio-based polymer integrating highly ion-conductive membrane 
for cell-level high energy density all-solid-state batteries  

Daxian Cao1, Hongli Zhu1, h.zhu@northeastern.edu. (1) Department of Mechanical and 
Industrial Engineering, Northeastern University, Boston, MA, United States.  

Sulfide solid-state electrolytes (SEs) featured with nonflammability and superior ionic 
conductivity (>10-3 S cm-1) enable all-solid-state lithium batteries (ASLBs) to deliver 
safer and more reliable energy storage. However, current sulfides-based ASLBs ex-
hibit far below expected energy densities at the cell level (<50 Wh kg-1, <100 Wh L-1), 
due to the employment of SE membranes with extreme high thickness (>500 μm), large 
weight (>80 mg cm-2), and limited ion conductance. The high sensitivity to polar solvent 
and natural brittleness of sulfide SE challenge the fabrication of thin light-weight SE 
membranes with no sacrifice in ionic conductivity. 
The binder-assisted solution method is a promising strategy to fabricate a thin and 
robust sulfide SE membrane. A critical step to is to select a binder satisfying following 
requirements: 1) Excellent solubility and stability in nonpolar solvent; 2) High stability 
with sulfide SE; 3) High thermal stability; 4) High binding strength. In this work, for the 
first time, we employed and studied ethyl cellulose as a binder. Attributing to ethyl cel-
lulose’s unique amphipathic molecular structure, the obtained freestanding SE mem-
brane possesses ultralow thickness (<50 µm), high ionic conductivity (>1.0 mS cm−1), 
high robustness, excellent stability. The excellent compatibility among ethyl cellulose, 
Li6PS5Cl, and toluene is comprehensively studied. Li6PS5Cl shows a high ionic con-
ductivity of 1.6 mS cm-1 and good stability in nonpolar solvent toluene. However, the 
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dispersion of Li6PS5Cl was poor in toluene bringing challenges in film fabrication. The 
hydrophobic ethyl groups enable ethyl cellulose good solubility in toluene, and the hy-
drophilic hydroxyl groups helps the Li6PS5Cl dispersing well in toluene. Meanwhile, 
the point glue effect of the ethyl cellulose has been successfully proved through the X-
ray computed tomography. The Li6PS5Cl takes the main fraction of the SE membrane 
and forms an integrated region, benefiting the ion conduction. The ethyl cellulose ran-
domly distributes at the boundaries of Li6PS5Cl particles but not fully wrapping the 
particles contributing to less barrier and more continuous ion transport paths. The 
ASLB utilizing this thin SE membrane delivers outstanding energy densities of 325 Wh 
kg-1 and 861 Wh L-1 based on cathode and SE layer, and cell-level energy densities 
of 175 Wh kg-1 and 670 Wh L-1. 
 
Fast fabrication of hybrid nanocellulose fibril-silver nanowire transparent elec-
trodes via spray deposition  

Marie Betker1, 2, betker@kth.se, Constantin Harder2, 3, Elisabeth Erbes2, 4, Julian Eliah 
Heger3, Alexandros Alexakis1, 5, Benedikt Sochor2, Qing Chen6, Matthias Schwartz-
kopf2, Andrei Chumakov2, Peter Mueller-Buschbaum3, Simone Techert2, 4, L. D. Söder-
berg1, 5, Stephan V. Roth2, 1. (1) Kungliga Tekniska Hogskolan, Stockholm, Sweden; (2) Deutsches 
Elektronen-Synchrotron, Hamburg, Hamburg, Germany; (3) Technische Universitat Munchen, Mun-
chen, Bayern, Germany; (4) Georg-August-Universitat Gottingen, Gottingen, Niedersachsen, Germany; 
(5) Wallenberg Wood Science Center, Stockholm, Sweden; (6) Empa, Dubendorf, Zürich, Switzerland.  

As we will proceed to move away from fossil fuels, an environmentally friendly, and 
industrially relevant fabrication of sustainable electronic devices is as topical than ever. 
Spray deposition is a fast and easy-to-implement technique, and already highly used 
in the industry to deposit thin, homogeneous films on a large scale. Functional nano-
composites are of high interest, as they combine favorable properties of different ma-
terials in a hybrid material. Here, we explore spray deposition to fabricate two types of 
thin, and transparent nanocomposite electrodes consisting of wood-based, lightweight, 
and flexible cellulose nanofibrils (CNFs) as sustainable matrix material and highly con-
ductive silver nanowires (AgNWs). Type I is a layered structure of an AgNW network 
sprayed on top of a thin CNF layer, while type II consists of a mixed layer of CNF and 
AgNW. We correlate the structural, morphological and electrical properties of both 
types using UV-Vis, SEM, AFM, grazing incidence small-angle X-ray scattering 
(GISAXS), and four-point conductivity measurements. Our results demonstrate that 
the mixed type II has a lower roughness, allows for earlier onset of conductivity and 
shows a lower sheet resistance than type I. Hence, the addition of CNFs to the AgNWs-
solution upon spraying has beneficial templating effects on the electronic properties of 
the resulting AgNW network. 
 
Tough and ultrastretchable liquid-free ion conductor strengthened by deep eu-
tectic solvent hydrolyzed cellulose microfibers  

Xia Sun1, xiasun@student.ubc.ca, Feng Jiang1. (1) Department of Wood Science, The Uni-
versity of British Columbia, Vancouver, BC, Canada.  

Ion conductors (ICs) have gained extensive research interest in various advanced ap-
plication scenarios including sensors, batteries, and supercapacitors. However, 
stretchable, tough, and long-term stable ion conductors are still hard to achieve yet 
highly demanded. In this study, we propose a one-pot green and sustainable fabrica-
tion of cellulose based ICs through polymerizable deep eutectic solvents (PDES) 
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treated cellulose followed by an in-situ photo-polymerization. The obtained ion conduc-
tors exhibit extremely high stretchability (3210±302%), high toughness (13.17±2.32 
MJ/m3), high transparency, and self-healing ability. Notably, the introduction of cellu-
lose fibers greatly enhances the mechanical properties of ICs while eliminating the 
environmental concerns of traditional nanocellulose fabrication process. More im-
portantly, the ICs possess good long-term performance stability after one month stor-
age. Due to these outstanding properties, the feasibility of applying ICs in human mo-
tion sensing and physiological signal detecting is demonstrated. This simple and green 
method will contribute to the development of tough, self-healing, transparent and long-
term stable ICs. 

Bacterial nanocellulose-based functional materials for biomedical applications  

Guang Yang1, gyang-hust@mail.hust.edu.cn. (1) Department of Biomedical Engineering, 
Huazhong University of Science and Technology, Wuhan, Hubei, China.  

Bacterial nanocellulose (BNC) is naturally produced by several bacterial genera in the 
form of a hydrogel at the air-medium interface. It is an unbranched polymer comprised 
of repeated glucose units, which are linked together through β-(1-4) glycosidic linkages 
and form nanofibrils. These linear glucan chains form highly regular intra- and intermo-
lecular hydrogen bonds, which stabilize its structure. BNC is an environment-friendly 
material and possesses unique features such as high mechanical properties, biodeg-
radability, and biocompatibility, owing to its unique nano-size (20-100 nm) fibrous 
structure. The presence of free hydroxyl (OH) groups on its surface allows its surface 
modification by different chemical and physical methods to bless it with unique func-
tional properties, thus can find potential applications in medical field such as skin tissue 
repair materials, artificial blood vessels, intervertebral disc replacement materials, con-
trolled-release drug carrier, injectable embolization agent, electroactive hydrogel, eco-
friendly energy-harvesting and interactive device and so on. Furthermore, we are 
adopting engineered Gluconacetobacter xylinum and utilizing the assembly and ar-
rangement of cellulose fibers to achieve highly specific three-dimensional micro-pat-
terns, which will provide highly sophisticated multi-level tissue engineering scaffolds to 
induce directed cell adhesion and aggregation for applications in regenerative medi-
cines.  
 
Tailored nanocellulose-based matrixes for the immobilization of photosynthetic 
microorganisms  

Valentina Guccini1, valentina.guccini@aalto.fi, Ville Rissanen2, Jaanika Blomster3, 
Thaddeus C. Maloney1, Tekla Tammelin2, Eero Kontturi1. (1) Bioproducts and Biosystems, 
Aalto-yliopisto, Aalto, Uusimaa, Finland; (2) Teknologian tutkimuskeskus VTT Oy, Espoo, Uusimaa, Fin-
land, (3) Helsingin yliopisto, Helsinki, Uusimaa, Finland.  

The use of nanocelluloses to fabricate matrixes suitable for photosynthetic microor-
ganisms is in its infancy and rapidly emerging, thanks to the excellent results already 
reported. These microorganisms have a predominant role in the sequestration and fix-
ation of carbon dioxide, which is closely related to understating the effects of anthro-
pogenic pressure on the environment and mitigating the climate crisis. With numerous 
metabolic pathways, they can break down toxins and pollutants and ultimately recover 
contaminated environments, while producing raw materials for the energy, food and 
chemical manufacturing industry. Herein, we demonstrate the full potential of nanocel-
luloses in harnessing the functionalities of photosynthetic microorganisms. We show 
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the versatility of cellulose nanofibers and nanocrystals-based matrixes prepared by 
osmotic dehydration, in immobilizing a range of cyanobacteria and microalgae. We 
have correlated the cells' proliferation to the matrixes' physical-chemical properties 
(e.g. porosity, surface chemistry) and abiotic factors such as light irradiation. Our study 
contributes to integrating microbial life into the production of chemicals, energy and 
nutrients with the intent of building a more sustainable society.  
 
Surface modification of cellulose nanocrystals with the herbicide 2,4-dichloro-
phenoxyacetic acid  

Delaney Clouse1, delaney.clouse@gmail.com, Elise Collins1, Mariya Khoda-
kovskaya2, Virginia A. Davis1. (1) Chemical Engineering, Auburn University, Auburn, AL, United 
States; (2) University of Arkansas System, Little Rock, AR, United States.  

Herbicides are critical to the agricultural industry; however, 90% of these chemicals 
never make it into the plant cell wall and instead become air, ground, or water contam-
inants. Nanomaterials are promising for the targeted delivery of agricultural agents, but 
there are concerns that the use of synthetic nanomaterials may create new environ-
mental risks. Plant-derived cellulose nanocrystals (CNCs) are a promising solution to 
this conundrum. They provide the small size and high specific surface area needed for 
delivering agents to the plant cell wall and can be used without introducing new mate-
rial into the environment. However, there have been very few studies on the surface 
modification of CNCs with agricultural agents. We report the development of a scheme 
for the functionalization of CNCs with the growth regulator 2,4-dichlorophenoxyacetic 
acid (2,4D). In short, ammonia was reacted with sulfated CNCs through a well-estab-
lished reaction route to produce an amine-functionalized CNC. 2,4D was then cova-
lently bound to the surface using water-soluble carbodiimide and N-hydroxysulfosuc-
cinimide. The intermediate and final products were characterized through a combina-
tion of infrared spectroscopy, thermogravimetric analysis, energy dispersive x-ray 
spectroscopy, and UV-vis spectroscopy. The effects of the reaction conditions on the 
degree of 2,4D substitution are reported. In the future, these results could enable a 
cyclic process whereby CNCs could be extracted from agricultural waste and used for 
the direct delivery of herbicides to new crops, thereby decreasing the environmental 
burden created by both agricultural waste and excess herbicides.  
 
Biopolymer-stabilized emulsions for the encapsulation of Trichoderma conidia 
towards biological control  

Kevin J. De France1, 2, kevin.defrance@queensu.ca, Yolanda Martinez3, Francis 
Schwarze3, Gustav Nystroem2, 4. (1) Chemical Engineering, Queen's University, Kingston, ON, 
Canada; (2) Laboratory for Cellulose and Wood Materials, Empa, Dubendorf, Zürich, Switzerland; (3) 
Laboratory for Cellulose and Wood Materials, Empa Standort Sankt Gallen, Sankt Gallen, SG, Switzer-
land; (4) Health Sciences and Technology, Eidgenössische Technische Hochschule Zürich, Zürich, 
Switzerland.  

Trichoderma are a class of ubiquitous soil-borne fungi, the conidia from which are 
widely used in biological control to promote healthy plant growth and protect against 
plant pathogens. However, as with many biological materials, the relative instability of 
Trichoderma conidia limits their practical use in industrial applications. Therefore, there 
has been significant research interest in developing formulations and encapsulation 
methods that can enhance the shelf-life and overall efficacy of the Trichoderma. To 
this end, herein we investigate the use of a variety of biopolymers for the stabilization 
of Trichoderma atrobrunneum T720 conidia. The best performing agents – agar and 
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cellulose nanocrystals (CNC) – were used in the preparation of oil-in-water emulsions 
to encapsulate T720 conidia. Emulsion properties including oil type, oil:water ratio, and 
biopolymer concentration were investigated with respect to emulsion stability, droplet 
size, and conidia viability over time. Overall, agar-based formulations yielded highly 
stable emulsions with small droplet sizes, showing minimal evidence for creaming or 
phase separation after 1 month of storage. Moreover, agar-based formulations were 
able to maintain ~ 100% conidial viability after 3 months of storage, and over 70% 
viability after 6 months. We anticipate that the results demonstrated herein will lead to 
a new generation of significantly improved formulations for practical biological control 
applications. 

 
 
Patterned bacterial cellulose patches for multi-drug release in wound manage-
ment  

ASZAD ALAM1, ms21resch11006@iith.ac.in, Mohammed A. Khan1, Mudrika 
Khandelwal1. (1) Materials Science and Metallurgical Engineering (MSME), Indian Institute of Tech-
nology Hyderabad, Hyderabad, Telangana, India.  

Wound management is getting momentum in healthcare and is extensively explored 
nowadays, since the healing of wounds demands a combination of factors, like the 
release rate of therapeutic agents, protection from external infection, maintenance of 
a moist environment, etc. Literature suggests that a multi-drug release in terms of burst 
release of analgesic for immediate pain relief and sustained release of antimicrobial 
for long-term infection protection can be the key to wound healing. However, a lot of 
available wound healing patches either lack the above aspects, or compromise with 
comfort in application and ease in removal. Bacterial Cellulose (BC), in that case, is a 
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biopolymer with high water-holding capacity and breathable structure which maintains 
a moist environment, absorbs the excess exudate, and exchange the wound oxygen. 
Additionally, the mechanical strength, flexibility, and cutaneous compatibility of BC pro-
vide protection for wounds throughout its application. In order to achieve this goal and 
delve into the depth of BC-based patches in wound healing, we envisioned a novel 
modification in BC in the form of patterning. These patterned BC (pBC) patches loaded 
with antimicrobial and pain relief agents are expected to facilitate their different release 
for a desired period of time as compared to non-patterned samples. Additionally, pat-
terning facilitates the ease in the replacement or removal of these patches as they do 
not engraft with the skin, as well as prevents the formation of post-healing scars by 
controlling the cell proliferation and distribution of cells over the patterned surface. 
In this work, BC pellicles were cultured from cellulose producing bacteria Acetobacter 
xylinum into the standard HS media, which were subjected to in-situ or/and ex-situ 
patterning, followed by structural and morphological characterization of those pat-
terned BC. The incorporation and release of both the therapeutic agents, i.e., antimi-
crobial and analgesic have been evaluated on the pBC, which shows the viability and 
potential application of such systems in wound management. 
 

CELL 014E (Thursday 3/30 8:00-11:45 a.m.) – In Person 

Capitol I, The Westin Hotel Indianapolis 

Improving the performance of iron oxide nanoparticles/cellulose nanobiocom-
posites for color removal from textile wastewater  

Sergio Serrano-Ovalle1, Luis F. Turizo-Zapata1, Hernesto Hernandez-Rojas1, Jhonny 
M. Ceron1, maoceron@outlook.com, Cristian Blanco-Tirado1, Marianny Y. Comba-
riza1. (1) Universidad Industrial de Santander, Bucaramanga, Colombia.  

Textile wastewaters (TW) exhibit low biodegradability rates due to their complex and 
recalcitrant nature. Treating TW requires a multi-pronged approach because single 
strategies result in poor removal efficiencies. However, combining physical, chemical, 
and biological treatments is operationally complex and often carries high implementa-
tion and maintenance costs. Composite materials made of catalytically active nano-
particles (NPs) dispersed and stabilized in biocompatible/biodegradable matrices can 
effectively act as heterogeneous catalysts in advanced oxidation processes thanks to 
the fibers' robust nature, and the transition metal oxides NPs catalytic properties in 
Fenton-like reactions. 
Typically, the biocomposite preparation involves forming iron oxide NPs directly on the 
surface of fique fibers. Here, we explore the influence of experimental parameters on 
the catalytic properties of the iron-cellulose nanobiocomposites towards color removal 
(CR) from standard solutions of indigo carmine (IC) and actual TW samples. 
The material's morphology and composition were tested using UV-Vis, XRD, and SEM. 
During iron oxide NPs formation, pH was the most influential experimental factor af-
fecting the material's catalytic performance. With the starting synthetic conditions (pH 
~10), CR reached 95% after 25 min reaction of a 100 ppm IC solution using 0.2 g of 
the nanocomposite. Under the improved synthetic conditions (pH ~5), we observed CR 
above 95% after 2 min reaction for 500 ppm IC solution. 
The optimized nanobiocomposite was tested for reusability using a 100 ppm IC solu-
tion, with CR above 90% in less than 10 minutes for 28 cycles. Commonly used dyes 
from the textile industry, like yellow F3R, red F3B, black B, and black WNN, were tested 



 ACS Spring 2023 
 

-together with actual wastewater samples- achieving up to 90% CR in 15 and 20 
minutes, respectively. The material's functionality improved due to changes in the iron 
oxide structure. Reaction at pH 5 favored the formation of goethite, while pH ~10 re-
sulted in magnetite. The optimized material can remove color from a 500 ppm IC solu-
tion in 2 min and from actual TW in 20 min. In contrast, the original composite required 
25 and 120 minutes, respectively. 

 
 

New insights into hydroxypropyl cellulose (HPC) mesophases-functionalisation 
and colour-responsive materials  

Tadeusz Balcerowski2, 3, Hongning Ren2, 3, Ozge Akbulut1, Ahu Gumrah Dumanli2, 3 
ahugumrah.parry@manchester.ac.uk. (1) Faculty of Engineering and Natural Sciences, Sabanci 
Universitesi, Istanbul, İstanbul, Turkey; (2) Department of Materials, The University of Manchester, Man-
chester, Manchester, United Kingdom; (3) The Henry Royce Institute, Manchester, United Kingdom.  

Hydroxypropyl cellulose (HPC) is a derivative of the most abundant biopolymer, cellu-
lose. HPC is known to organize itself to lyotropic cholesteric phases in aqueous solu-
tions [1]. This liquid crystalline phase reflects light in the visible wavelength range de-
pending on the HPC concentration and furthermore, the reflection is selective towards 
right-handed circular polarized light due to the twisted stacking of the cholesteric layers 
[2]. In this talk, we will share our new insights on the formation of these mesophases 
and restructure the HPC phase diagram as a function of further functionalisation of 
HPC polymers with dicarboxylic acids with different chain lengths to modulate the col-
our response. By introducing water-based esterification chemistry, it is possible to alter 
the reflection wavelength of the HPC mesophases in liquid as well as the solid state, 
also the scattering distribution and the polarization response can be modulated. Fur-
thermore, through 3 d printing of these mesophases, we are able to create two-degree 
hierarchical order in the cholesteric arrangement of the HPC as a function of the shear 
pressure applied through the printing system [3], Figure 1. Through the rheological 
properties, it is possible to predetermine the colour response and we will demonstrate 
how these new insights can help us to design materials with distinct colour responses 
to their environment. 
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Figure 1. a) Illustration of the 3d printing of the functionalized HPC mesophases with b) uni-
form structurally coloured filaments and c) the second-degree microstructural hierarchy in-
duced by the shear forces through the 3d processing 
 

Thiol-grafted cellulose nanocrystals as selective bio-depressants in froth flota-
tion  

Feliciana Ludovici1, feliciana.ludovici@oulu.fi, Robert Hartmann2, Henrikki Liima-
tainen1. (1) Fiber and Particle Engineering, Oulun Yliopisto Teknillinen Tiedekunta, Oulu, Finland; (2) 
Fraunhofer Center for Chemical-Biotechnological Processes CBP, Fraunhofer-Institut fur Grenzflachen- 
und Bioverfahrenstechnik IGB, Leuna, Saxony-Anhalt, Germany.  

Extraction of various minerals is commonly conducted through froth flotation, which is 
the most versatile separation method in mineral processing. Depressants are chemi-
cals which improve flotation selectivity changing the minerals' wettability, therefore re-
ducing their natural or induced floatability. Currently, flotation chemicals are mainly 
based on fossil resources, and the emerging sustainability goals in the mining sector 
further promote the development of new bio-depressants from renewable resources. 
Cellulose represents a promising alternative to enhance sustainability and selectivity 
in the ore beneficiation processes, mitigating the environmental drawbacks of many 
current flotation chemicals. Especially, nanocelluloses have many appealing charac-
teristics such as high specific surface area and tailorable surface chemistry. The pre-
sent work reveals modified cellulose nanocrystals as a bio-depressant in mineral froth 
flotation. Thiol-functionalized cellulose nanocrystals were synthesized through an 
aqueous silylation reaction and their performance in flotation of chalcopyrite and pyrite 
in the presence of sodium isobutyl xanthate (SiBX) collector was studied. The recovery 
of chalcopyrite at pH 6 decreased from 76.11% to 23.64% when using thiol-grafted 
CNCs, while the pyrite recovery decreased only from 81.89% to 75.47%, indicating 
efficient selectivity of modified CNCs towards chalcopyrite depression. 
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Interactions between CNCs and silk proteins: Revealing the parameters for fila-
ment formation  

Tekla Tammelin, tekla.tammelin@vtt.fi, Ilona Leppänen, Suvi Arola, Alistair King 
Teknologian tutkimuskeskus VTT Oy, Espoo, Uusimaa, Finland 

Natural materials, such as silk and cellulose, have an inspiring set of properties to be 
exploited in modern materials engineering. By combining cellulose nanocrystals and 
regenerated silk fibroin (RSF, Bombyx mori), we attempted to construct functionalized 
materials which can transition from an aqueous state to an insoluble fiber through a 
stress input. CNCs are expected to bring order and alignment along with reinforcing 
ability, whereas RSF provides soft and more mobile regions to further facilitate the 
alignment of the final filament structure. We used both the negatively charged colloidal 
CNC particles and aminated CNCs (via silanization), to tune the attractive interactions 
between CNCs and silk. Interactions and compatibility between CNCs and silk were 
studied using QCM-D to determine whether the physical interactions are enough for 
sufficient binding or whether the covalent crosslinking is needed. In addition, the rheo-
logical properties of the mixtures were measured to determine their suitability for fila-
ment spinning. Furthermore, we will discuss the latest developments on NMR analysis 
to confirm the covalent binding of amine groups introduced on CNC surfaces. 
 

Interfacial engineering of nanocellulose substrates by solid-state polymer ad-
sorption 

Wenyang Xu1,2, wxu@abo.fi, Oliver Werzer4, Roland Resel5, Torbjorn Pettersson3, 
Eero Kontturi2. (1) Abo Akademi, Abo, Varsinais-Suomi, Finland; (2) Aalto-yliopisto, Aalto, Finland; 
(3) Kungliga Tekniska Hogskolan Institutionen for filosofi och teknikhistoria, Stockholm, Sweden; (4) 
Karl-Franzens-Universitat Graz, Graz, Steiermark, Austria; (5) Technische Universitat Graz, Graz, Stei-
ermark, Austria. 

Surface modification is a fundamental necessity regarding material applications con-
cerning cellulose. Surface modification by chemical reactions has suffered from acces-
sibility issues, harsh reaction conditions and poor control over the substitution. A pre-
liminary work (Kontturi etl al. Langmuir, 2017) demonstrated that the surface of cellu-
lose nanopapers could be exclusively modified by facile adsorption of hydrophobic pol-
ymers from aprotic solvents, thereby omitting chemical reactions. However, the surface 
coverages were fairly meagre and the adsorbed layers were weakly attached. In the 
present study, a surface adsorption from a molten state of polymer on a cellulose sur-
face was established, inducing the formation of a strongly adsorbed polymer layer, i.e., 
a so-called Guiselin layer.(W. Xu, et al. J. Colloid Interface Sci. 2022 ) As a proof-of-
concept, a steady Guiselin layer of polystyrene (PS) was studied on the model films of 
cellulose. A thicker film of PS was coated on cellulose, followed by annealing above 
the glass transition temperature, which induced a strongly adsorbed Guiselin layer of 
PS on cellulose. A subsequent leaching of the excess polymer by a good solvent final-
ized the procedure. As a result, a polystyrene film with nanoscale dimensions was 
irreversibly adsorbed on cellulose changing the physio-chemical properties of the cel-
lulose surface into a hydrophobic exterior. In the realm of material application, the solid-
state adsorption of polylactic acid was further implemented achieving full surface cov-
erage of macroscopic cellulose substrates including nanopaper and textile. Collec-
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tively, this method supplies a new route for surface modification of lignocellulosic ma-
terials with direct polymer melt coating, beneficial for developing functionalities in lig-
nocellulosic materials. 

 
 

Developing predictive constitutive models of biomaterials using molecular sim-
ulations and experimental datasets  

Sinan Keten1, s-keten@northwestern.edu. (1) Northwestern University, Evanston, IL, United 
States.  

Transitioning from plastic to synthetic biomaterials is important for producing biode-
gradable packaging, manipulating food texture, developing biocompatible medical 
grafts, and enhancing durability of textiles. Structural biomaterials such as titin, silk, 
collagen, resilin and mussel foot proteins exhibit fascinating mechanical behavior. 
These model materials are critical starting points for identifying relationships between 
sequence and mechanical properties and are often used as templates to design syn-
thetic biomaterials with tunable properties. Current experimental and computational 
methods for characterizing structural proteins are time and resource intensive, which 
hinders the rate at which favorable sequence mutations can be tested. Complex strat-
egies for developing constitutive relations of these materials are most successful when 
computational and experimental techniques are combined to account for variable pre 
and post yield behavior. For resilin, silk, and other protein families, sequences vary 
across species producing an envelope of material properties related to sequence var-
iability. In this project, the molecular mobility, strength, elasticity, and toughness of 
structural protein sequences based on silk and mussel foot proteins are characterized 
using molecular dynamics simulations as well as experimental data. Mutation studies 
are presented to asseess their impact on protein’s adhesive and cohesive properties, 
and this is tied with data-driven methods to relate molecular design parameters to me-
chanical properties in higher throughput. We then explore how current strategies for 
developing predictive constitutive models can be applied to explain the results in this 
context and for other proteins and hybrid biomaterials.  
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Modified gelation in the self-assembly of CNCs using xanthan gum  

Tadeusz Balcerowski1,2,  tadeusz.balcerowski@postgrad.manchester.ac.uk, Ahu 
Gumrah Dumanli.1,2 (1) Department of Materials, The University of Manchester, Manchester, Man-
chester, United Kingdom; (2) The Henry Royce Institute, Manchester, United Kingdom. 

Cellulose nanocrystals (CNCs) are a rod-like nanoparticles that can be isolated from 
native cellulose through various processes. We produce CNCs via acid hydrolysis of 
cotton-based material, which introduces half-sulphate ester charges to stabilise the 
CNC suspensions and facilitate a sequential phase transition. The liquid-crystalline 
nature of CNCs leads to their helicoidal self-assembly and is a well-documented phe-
nomenon. Through evaporation-induced self-assembly (EISA) CNCs start from iso-
tropic suspensions, form tactoids and finally gelate into cholesteric mesophase films. 
Such films can be used to produce optically active components or processed further. 
In this study, we explore the parameter space in CNC colloidal suspensions and their 
interactions with gelation agents to explore the onset of the gelation point via incorpo-
rating xanthan gum. Xanthan gum is produced by the fermentation of simple sugars by 
the bacteria Xanthomas campestris. While the presence of the complex polysaccha-
ride gum brings flexibility to the CNC films, they also demonstrate remarkable colour 
uniformity and loss of iridescence due to the entrapment of the CNC tactoids into cap-
sule structures to combine a surface texture and scattering of visible light within the 
co-assembled structure. In this talk, I will explain how in the evaporation stage Xanthan 
advances the onset of gelation and provides colloidal stability, thus restricting the ex-
pected phase separation that arises from the merger of tactoids into large domains. 
This work sheds new light on the gelation mechanisms in hybrid CNC systems and 
their interaction with an additive of alike chemistry. 

 

Figure: Evaporating CNC suspensions. a) CNC-xanthan hybrid suspension showing no visible 
phase separation, b) CNC suspension showing visible phase separation, c) CP micrograph of 
CNC-xanthan hybrid suspension showing clearly encapsulated tactoids, d) CP micrograph of 
CNC suspension showing colour and large spanning fingerprint regions forming. 
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Nanodancing with moisture: Humidity-sensitive bilayer actuator derived from 
cellulose nanofibrils and reduced graphene oxide  

Jiayin Yuan1, Frederic Heraly1, jiayin.yuan@mmk.su.se. (1) Stockholms Universitet, 
Stockholm, Stockholm, Sweden.  

Bilayer actuators, traditionally consisting of two laminated materials, are the most com-
mon types of soft or hybrid actuators. Herein, a nanomaterial-based organic–inorganic 
humidity-sensitive bilayer actuator composed of TEMPO-oxidized cellulose nanofibrils 
(TCNF-Na+) and reduced graphene oxide (rGO) sheets is presented. The hybrid actu-
ator displays a large humidity-driven locomotion with an atypical fast unbending. Cati-
onic exchange of the anionically charged TCNF-Na+ and control of the layer thickness 
is used to tune and dictate the locomotion and actuator's response to humidity varia-
tions. Assembly of a self-oscillating electrical circuit, that includes a conductive rGO 
layer, displays autonomous on-and-off lighting in response to actuation-driven alter-
nating electrical heating. 
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CELL 016 “Environmental and Economic Sustainability of Biobased Materials 
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Organizers: Lizundia, Erlantz, Universidad del Pais Vasco; Peresin, Maria, VTT; Gon-
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CELL 016A (Wednesday 3/29 8:00-11:45 a.m.) – Hybrid 

Grand 5, The Westin Hotel Indianapolis 

Stochastic economic evaluation of different production pathways for renewable 
propylene glycol production via catalytic hydrogenolysis of glycerol  
 
JUDEA OKOLIE1, jude.okolie@usask.ca, Fredrick Omoarukhe2, Emmanuel Epelle3. 
(1) The University of Oklahoma, Norman, Oklahoma, United States; (2) University of Ilorin, Ilorin, Kwara, 
Nigeria; (3) University of the West of Scotland, Paisley, Renfrewshire, United Kingdom.  

Hydrogenolysis of crude glycerol is regarded as an alternative route for the production 
of propylene glycol owing to the issues of environmental sustainability and declining 
petroleum sources. However, the source of hydrogen is still a concern for the imple-
mentation of this technology. In this study, we investigated the economic viability of 
three different renewable propylene glycol (RPG) production scenarios. This study 
aims to answer the research question: Does the hydrogen production route influence 
the economic viability and environmental friendliness of renewable propylene glycol 
production via catalytic hydrogenolysis of glycerol? Furthermore, we developed a 
mathematical model using a stochastic approach based on Monte Carlo simulation to 
estimate the minimum selling price of RPG that considers the uncertainties and future 
price trends. The results showed that scenario 1, with an NPV of 3.2 M U.S $, is more 
economical compared to scenarios 2 and 3, which have lower NPV values of 0.2 M 
U.S $ and -1.9 M U.S $, respectively. The stochastic mean minimum selling price 
(MSP) of propylene glycol for all three scenarios is also similar to the deterministic 
values (2.9 U.S $/kg for scenario 1, 6.3 U.S $/kg for scenario 2 and 7.6 U.S $/kg for 
scenario 3). In terms of the GHG emissions, the direct emissions for scenario 2 (0.23 
Mtons CO2 eq/y) are greater than those for scenarios 1 and 3, while Scenario 1 has 
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the highest amount of indirect CO2 emissions, almost twice that of scenario 3 and 9.35 
times more than scenario 1. This study will help consolidate the growing research on 
renewable propylene glycol production. 

 
Sustainable, biodegradability, and water-resistant packaging materials by metal-
cation-induced wettability transition of hydrophilic lignocellulose  
 
Oshani N. Rathnayaka Mudiyanselage, onr15@msstate.edu, Xuefeng Zhang.  
Sustainable Bioproducts, Mississippi State University, Mississippi State, Mississippi, United States.  
 
Renewable and biodegradable biomass-derived lignocellulosic papers are appealing 
materials to replace non-biodegradable petrochemical plastics. However, lignocellulo-
sic paper suffers from poor water resistance and low wet strength because of the hy-
drophilic nature of lignocellulosic fibers. This limits the wide-ranging applications of 
lignocellulosic paper as water-resistant packaging material and the use of other wood-
based product products. This study offers a simple, effective, and environmentally 
friendly technique for converting conventional hydrophilic, low-wet-strength lignocellu-
losic paper into hydrophobic and water-resistant paper with high wet strength through 
a metal-ion-induced modification process. The effects of modification time and metal 
ion concentration on modified papers' water contact angle (WCA) were investigated. 
Different types of paper have been successfully modified thus far, including paper tow-
els, A4 paper, packaging papers, newspaper, and high WCAs up to 140°. These 
adapted papers have maintained WCAs and shown high stability even after solvent 
washing (e.g., ethanol, methanol, water). In addition, the scalability was investigated 
by modifying lignocellulosic fibers with metal ions and developing wood-based prod-
ucts with high wet strength and mechanical qualities. Results from X-ray photoelectron 
spectroscopy, infrared spectroscopy, and scanning electron microscopy imply that the 
hydrophilic-hydrophobic transition is likely due to the coordination between multivalent 
metal ions and hydroxyl groups of lignocellulosic fibers. Furthermore, modified papers 
and fibers with high hydrophobicity could be good candidates for water-resistant pack-
aging and scalable production of hydrophobic fibers and wood-based products to re-
place petrochemical-based products. 

 

Investigating sewage sludge biochar capabilities to mitigate lead and copper 
contamination from highway storm water runoff 

CELL 3821140 – Withdrawn 

 
New comprehensive life cycle assessment framework focusing on ecotoxicity: 
Case study of bio-tape using ionic liquids as solvents  
 
Yi Zhang1,2, zhangyi@westlake.edu.cn, Fang Liu1,2, Jian Yu3, Jun Zhang3, Lei 
Wang1,2. (1) Key Laboratory of Coastal Environment and Resources of Zhejiang Province (KLaCER), 
Westlake University, Hangzhou, China; (2) Westlake Institute for Advanced Study, Hangzhou, Zhejiang, 
China; (3) Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of Engineering Plas-
tics, Institute of Chemistry, Chinese Academy of Sciences, Beijing, Beijing, China. 
  
Lignocellulosic biomass is renewable and sources for bio-based fuels, chemicals, and 
materials which replace fossil-based ones, tackling challenges in fossil fuel depletion 
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and global warming issue. Ionic liquids (ILs) have been increasingly applied in biomass 
pretreatment and bio-composite preparation as green solvents for its unique proper-
ties. However, “greenness” is a multi-criteria while has been extensively referred with-
out comprehensive assessments, whether for chemical process or final product. Es-
pecially for existing solvent selection guides, it mostly benchmarks only few aspects 
such as safe, health, or environmental with oversimplified ranking principle, which may 
lead to a shifting on environmental burdens e.g., CHEM21. Herein, taking ILs as an 
example, we proposed a framework to quantify the “greenness” of three ILs as solvents 
which most used in the field of the cellulose industry, i.e., AmimCl, BmimCl, EmimOAc. 
To avoid the burdens shifting among different life cycle stages or impact categories, 
the scope of this framework was established following full life cycle thinking to include 
production and end-use of three ILs. Specifically, the aquatic ecotoxicity impacts are 
evaluated via integrating physico-chemical properties, fate transportation parameters, 
and ecotoxicity experimental results using the scientific consensus model USEtox. Af-
ter the comprehensive assessment, results indicate that AmimCl is preferable to be 
applied as the solvent. As a case study to demonstrate the applicability of this frame-
work, an assessment on biobased tape made from cellulose using AmimCl was per-
formed which was further compared to that of the traditional BOPP tape. Despite that 
the fossil depletion based environmental impacts such as global warming and ozone 
depletion potentials are superior to those of traditional BOPP tape, the toxicity catego-
ries demonstrate inverse results. For the biobased tape, high toxicity impacts scores 
could be associated with the use of sulfite pulp and energy in their upstream produc-
tion. In general, the framework established give a more comprehensive collection of 
impact categories, enabling their quantification and results interpretation via tracking 
upstream sources in. This new framework could also be used in other wider fields to 
address challenges in chemicals comparison, selection, and replacement, towards a 
more sustainable chemistry future. 

 
 
Study of organosolv-cell wall interactions toward maximized monolignols pro-
duction from lignocellulosic biomass  
 
Jianyu Guan, 20034577r@connect.polyu.hk, Shao-Yuan Leu, Ho Yin Tse. 
The Hong Kong Polytechnic University, Hong Kong, Hong Kong.  
 
Developing biorefinery technologies to harvest renewable fuels and chemicals is an 
environmentally attractive approach toward sustainable development which is also a 
possible solution to the energy crisis. With the need of whole biomass valorization, the 
biorefinery economy and research focus on biomass valorization have grown from ob-
taining functional carbohydrates to the ‘reactive’ lignin, a valuable renewable aromatic 
chemical. To further utilize the biomass, the lignin value maintenance/ valorization 
should be considered in the design phase. During the separation process， control-
ling/quenching the generation of benzyl carbocation intermediate has been reported to 
be a critical mechanism for reducing lignin condensation which keeps the high β-O-4 
linkages & reduces new C-C bond formulation. In this study, a new organic solvent 
pretreatment factor (OPDF) was constructed as the separation protocol in wood waste 
biorefinery. A mathematical function was established to correctly simulate the relation-
ship among the pretreatment factors, lignin removal, β-O-4 linkages, and monomer 
yields, based on the results of 62 pretreatment experiments. Through a series of ex-
periments, the OPDF index successfully simulates (90.88% Accuracy) the perfor-
mance of biomass separation and lignin condensation (-OH function group and β-O-4 
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linkages) under various operational temperatures, time, and acid catalyst concentra-
tions. The mechanism of lignin condensation was further revealed. The loss of hydroxyl 
groups at Ca&Cγ positions which is the key reason due to the lignin reprecipitation in 
organic solvents. Also in this study, the dissolved lignin was subjected to catalytic 
transfer hydrogenolysis to produce high-value monolignols. The monomer yield was 
compared with other biorefinery techniques based on various delignification principles, 
with the identification of changing lignocellulosic structure using 2D HSQC NMR, XRD 
and chemical composition analysis. The utilization of the OPDF to establish the con-
tinuous flow reactor which can increase the monomer yield by 30%, and at the same 
time achieve a lignin separation efficiency of more than 95%. The OPDF-based biore-
finery has shown its potential in organic waste valorization, while the role of the pre-
treatment strategy in a circular economy still relies on further exploration of the func-
tionalities and demands of the related products. 
 
 
Bio-binder from hydrothermal liquefaction processing of microalgae toward sus-
tainable epoxy-based composite materials  
 
Philip Agbo, pagbo@aggies.ncat.edu, Abhijeet Mali, Lijun Wang, Lifeng Zhang. North 
Carolina Agricultural and Technical State University, Greensboro, North Carolina, United States.  

Epoxy is a class of polymer resin containing epoxide functional groups. As the most 
prevalent thermoset polymer matrix in the field of polymer composite materials, epoxy 
has shown a wide range of consumer and industrial applications such as adhesive, 
coating, electrical insulators, and structural composite. Conventional epoxy resin is 
made through precursors of epichlorohydrin and bisphenol A and paired with a curing 
agent (hardener). All these chemicals are from petroleum-based chemical industry. 
Concerns have been raised about the sustainability of epoxy resin system. There is an 
increasing demand to find ways to make epoxy resin to be somewhat sustainable. 
Current sustainable or green epoxy products have limitations such as low mechanical 
performance and high cost. In this research, we prepared bio-binder from microalgae 
through hydrothermal liquefaction process where microalgae are directly decomposed 
in water at moderate temperature and pressure and generate bio-binder that can be 
mixed with conventional epoxy resin. It is observed that epoxy/bio-binder bicomponent 
system can be cured/solidified following regular epoxy curing cycle, but its mechanical 
performance is not comparable to the neat epoxy resin system (epoxy + hardener). By 
adding small amount, i.e. 2.5 wt.%, regular hardener/curing agent of epoxy resin, the 
mechanical performance of the bicomponent epoxy/bio-binder system after curing can 
be significantly improved. Upon our research results, we enabled a game-changing 
epoxy resin system and a value-added composite product from a sustainable resource. 
This sustainable development has a great potential to inject sustainability to epoxy 
based composite materials. 
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Spin-dyeing man-made cellulosic fibres with pigment dyes and their recyclabil-
ity  
 
NicoleNygren, nicole.nygren@aalto.fi, MarikeLanghans, MarjaRissanen, Michael-
Hummel. Department of Bioproducts and Biosystems, Aalto-yliopisto, Espoo, Finland.  

In our research, we aim at tackling the growing quantities of textile waste and water 
pollution originating from the steeply increasing production of textiles. The dyeing pro-
cess is the most polluting step in the mostly linear textile chain. More sustainable textile 
fibres and an improvement of the recycling of cellulose-based textiles is urgently 
needed. Using the Ioncell process, a Lyocell-type technology, we propose to spin-dye 
man-made cellulosic fibres (MMCFs) with pigment dyes, resulting in textile fibres with 
excellent mechanical and colour fastness properties. Spin-dyeing is an established 
process for synthetic polymer fibres but is not implemented widely for cellulosic textile 
fibres. Our earlier experiments have shown that when using the Ioncell technology, the 
amount of dye needed to achieve strong colours is significantly lower than with tradi-
tional dyeing. This would be especially beneficial for the production of textiles that are 
produced in large quantities such as black or dark blue. Further, previous studies have 
shown high potential for recycling of spun-dyed fibres. Therefore, we investigated mul-
tiple recycling cycles of the produced fibres to study the changes in the properties of 
the fibres, such as colour intensity, cellulose DP, mechanical properties, and colour 
fastness. Through ICP analysis we studied the potential loss of dye during the process. 
Low concentrations of pigment dye were dispersed in the ionic liquid 1,5-diazabicy-
clo[4.3.0]non-5-ene acetate before dissolving cellulose pulp in the respective dye sus-
pension. The cellulose solution was then dry-jet wet spun into fibres, that were made 
into yarn and thereafter knitted into a jersey fabric. This produced fabric was then re-
dissolved and respun into virgin fibers. The produced spun-dyed fibres with excellent 
mechanical and fastness properties present a sustainable alternative path to dyed tex-
tiles. 

 
Life cycle analysis of polylactic acids from different wet waste feedstocks  
 
Taemin Kim1, tlkim@anl.gov, Arpit Bhatt2, Ling Tao2, Pahola Thathianabenavides1. (1) 
Argonne National Laboratory, Lemont, Illinois, United States; (2) National Renewable Energy Labora-
tory, Golden, Colorado, United States.  
 
Producing a valuable chemical through diversion of wastes can simultaneously resolve 
the problems associated with increasing wastes and greenhouse gas emissions from 
conventional chemical production processes. In this work, we investigate the life-cycle 
greenhouse gas emissions, water, and fossil-fuel consumption for waste-derived pol-
ylactic acids (PLA) from three different waste feedstocks, or namely wastewater 
sludge, food waste, and swine manure, using the Greenhouse Gases, Regulated 
Emissions, and Energy Use in Technologies (GREET) model. The GHG reduction po-
tential of replacing conventional resins (corn-based PLA, fossil-PET, and -HDPE) with 
the waste-derived polymer is also investigated. The results show that swine manure-
to-PLA pathway is the least carbon intensive (-1.4 kgCO2e/kg) among the three waste-
to-PLA pathways on a cradle-to-grave basis, followed by the food waste case (-1.3 
kgCO2e/kg) and then by the wastewater sludge case (0.6 kgCO2e/kg). In the baseline 
scenario, all three waste-to-PLA pathways were less carbon intensive than both fossil-
based PET and HDPE on a cradle-to-grave basis: 66% (vs. PET) and 56% (vs. HDPE), 
171 and 192%, 181 and 205% reduction in GHG emissions for wastewater sludge-, 
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food waste-, and swine manure-to-PLA pathway, respectively. For all sensitivity cases 
investigated, the food waste- and swine manure-to-PLA pathways were significantly 
less carbon intensive than their fossil-counterparts. In terms of the annual decarboni-
zation potential of replacing fossil-based PET or -HDPE, the wastewater sludge- and 
food waste-pathway showed higher mitigation potential than the swine manure-path-
way: i) 18 (vs. HDPE) and 28 (vs. PET) kilotons of CO2e-reduction per year for 
wastewater sludge pathway; ii) 23 (vs. HDPE) and 26 (vs. PET) kilotons CO2e-reduc-
tion/yr for food waste pathway; and iii) about 5 (vs. HDPE or PET) kilotons CO2e-
reduction/yr for swine manure pathway depending on the type of conventional resin 
replaced. However, given the abundant availability of the swine manure feedstocks 
across the United States, the decarbonization potential of swine manure-based path-
way can also increase as the plant capacity or the number of plants grow. 
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Cellulose nanomaterials as sustainable water and oxygen barrier layers for 
food packaging 

JeffreyP. Youngblood, jpyoungb@purdue.edu, JohnA. Howarter, ReazChowdhury, 
MdNuruddin, JingxuanZhang. School of Materials Engineering, Purdue University, 
West Lafayette, Indiana, United States 

Cellulose nanomaterials have gained a lot of notice recently owing to their impressive 
mechanical and thermal properties, environmental benefit, low toxicity and relatively 
low cost. One application space is as a “barrier” layer for food packaging primarily to 
replace synthetic polymer barrier layers such as ethylene vinyl alcohol, polyvinylalco-
hol and others. Here we present the fundamental permeability behavior of cellulose 
nanocrystals (CNCs) and cellulose nanofibrils (CNFs), as well as our efforts to utilize 
these materials as barrier layers in packaging. We detail our processing methods and 
integration efforts and report relevant packaging related technical metrics. We show 
that CNC and CNF do have potential as barrier layers in real-world packaging, but do 
not quite meet current synthetic material metrics in use, primarily due to water sensi-
tivity. 
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Investigation of surfactant-nanocellulose interactions for enhanced dewatering 
and barrier performance 

Kazi Md Yasin Arafat, Karafat@ncsu.edu, Hasan Jameel, Lucian A. Lucia, Loken-
dra Pal. Department of Forest Biomaterials, NC State University, Raleigh, North Car-
olina, United States 

Nano-celluloses which include microfibrillated cellulose (MFC), cellulose nanocrystals 
(CNCs), and bacterial cellulose (BC) are of great interest for their use in advanced 
biomaterials due to their biodegradability, renewability, and high strength-to-weight ra-
tio. The presence of abundant hydroxyl groups render them amenable to a panoply of 
chemical modifications. However, such an abundance of hydroxyl groups promotes 
rapid self-aggregation and sluggish dewatering, limiting high-value applications.  

In the present study, we demonstrated improved dewatering of nanocellulose using a 
cationic surfactant, viz., cetyltrimethylammonium bromide (CTAB), and a non-ionic sur-
factant, alcohol ethoxylate, at different fibrillation levels of microfibrillated cellulose 
(MFC). MFC samples of different dimensions were produced by applying varying me-
chanical energies, which were treated with a surfactant for film preparation. The sur-
factant nanocellulose interaction was verified by SEM, ToF-SIMS, XPS, and EDS. The 
effect of surfactant treatment on nanocellulose dewatering, bound water (BW), and 
hard-to-remove water (HRW), as well as the barrier properties, was investigated. It was 
found adsorption of surfactant reduced surface tension, bound water (BW), and hard-
to-remove water (HRW). In addition, nanocellulose film prepared from surfactant-
treated MFC exhibited enhanced mechanical and barrier properties.  

Thus, our approach will likely increase industrial applications of nanocellulose by re-
ducing total energy needs and aid in minimizing the usage of single-use plastic for food 
packaging. 

Facile method to prepare a nanocellulose-coated woven fabric for particulate 
filtration 

Hong Wing JoanneLi, hong.li18@imperial.ac.uk, Koon-YangLee. Aeronautics, Impe-
rial College London, London, London, United Kingdom 

Fine particulate matters and other toxic volatile organic compounds (VOCs) in ambient 
air are posing severe threat to human health. With their highly porous nature and rich 
functionalities, metal – organic frameworks (MOFs) have been an emerging material 
for applications such as adsorption, filtration, separation, etc. Herein, MOFs are sug-
gested to be incorporated with nanocelluloses to help capturing organic pollutants and 
particulates. In this study, bacterial nanocellulose (BC) was functionalised by the in-
situ growth of zeolitic imidazolate framework-67 (ZIF-67) with a rapid and less chemical 
– intensive approach. Porous ZIF-67 nanocrystals were proved to be grafted on the 
surface of the nanocelluloses uniformly by different physiochemical characterisations 
and microscopy. The ZIF – decorated nanocelluloses (ZIF/BC) also possessed a high 
surface area of 370 m2/g and exhibited enhanced adsorption capacities in both liquid 
and vapour phases through dye removal tests and dynamic vapor sorption (DVS). Be-
sides, various grammages (0.25 gsm, 0.5 gsm and 1 gsm) of ZIF/BC were vacuum 
filtered onto woven cotton fabrics respectively and their filtration properties were 
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probed. Attributed to their high surface areas and hierarchical structures, a PM1 filtra-
tion efficiency of 95% was observed in the 1 gsm ZIF/BC – coated prototype, which is 
a 10% boost when compared to the BC – coated counterparts while sustaining similar 
air permeabilities.  

With enhancement in both adsorption behaviour and particulate retention rates, this 
work demonstrated the potential of ZIF – functionalised nanocelluloses and their 
coated fabrics as gas – permeable filters for particulates removal and dermal protec-
tion. 

Recent progress in the gas- and liquid-phase acylation of cellulosics 

TetyanaKoso2, MariLeino1, MikkoMäkelä1, AnttiKorpela1, AlistairKing1,2, 
alistair.king@helsinki.fi. (1) Teknologian tutkimuskeskus VTT Oy, Espoo, Uusimaa, 
Finland(2) Helsingin yliopisto, Helsinki, Uusimaa, Finland 

The industrial acetylation of cellulose is well studied mechanistically and known to 
involve fibril chain exfoliation, leading to cellulose triacetate (CTA) formation. The 
biodegradability of such materials, in the context of the single-use plastics directive, 
are justifiably under scrutiny.  

Recently we developed gas- and liquid-phase acetylation protocols that allow for fine 
control over the regioselectivity of surface acetylation of different cellulose substrates. 
These can be applied to dried cellulose substrates and allow for acetylation of even 
delicate shaped cellulosic objects. We wish to show recent progress concerning the 
acylation of different substrates - from nanocellulose to the morphologically more com-
plex kraft pulp handsheets. We wish to demonstrate that it is possible to broaden the 
scope of reaction for gas- and liquid-phase acetylation, yet still with fine control over 
regioselectivity (surface vs bulk). 

Direct confirmation of nanocellulose reducing end group modifications 
through solution-state NMR 

AlistairKing1,2, alistair.king@helsinki.fi, TetyanaKoso2, JingwenXia2, Kat-
jaHeise3,4, ilkkaKilpeläinen2. (1) Teknologian tutkimuskeskus VTT Oy, Espoo, 
Uusimaa, Finland(2) Helsingin yliopisto, Helsinki, Uusimaa, Finland(3) Aalto-yliopisto, 
Aalto, Finland(4) Technische Universitat Bergakademie Freiberg, Freiberg, Sachsen, 
Germany 

Several methods are available for the functionalisation of reducing end groups (REGs), 
most often applied to nanocelluloses. However, due to the low abundance of these 
functionalities and the previous abscence of a versitile direct spectroscopic method, 
the ability to optimise these reactions is severely limited.  

We would like to present our recent results concerning the application of solution-state 
NMR in the analysis of reducing end group modifications: namely the Pinnick oxidation 
of REGs to carboxylic acid, conjugation with amines under reductive amination condi-
tions and Knoevenagel condensation to form ketone-terminated nanocellulose. 
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Using mechanochemistry for simultaneous comminution and hydrophobization 
of (nano)cellulose 

JuliaPescheux-Sergienko, julia.pescheux-sergienko@grenoble-inp.fr, Lorel-
eiDouard, NaceurBelgacem, JulienBras. University Grenoble Alpes, CNRS, Greno-
ble-INP, LGP2, Grenoble, France 

Facing environmental issues, especially over single-use plastics, the packaging indus-
try has an urgent need for new biosourced materials leading to efficient barrier proper-
ties. The cellulose-based materials are part of the potential solutions towards this prob-
lem. Gathering a great number of advantages like renewability, recyclability, and bio-
degradability, cellulose has also a diversity of scales and surface chemistry 
possibilities. Cellulose nanofibrils (CNF) are particularly interesting in this field due to 
their high specific area allowing the formation of light and dense material resistant to 
oxygen penetration and grease absorbency. However, CNF are lacking water re-
sistance unfulfilling a great number of packaging applications.  

This study presents the hydrophobization of cellulose by grafting fatty chains (FC) by 
mechanochemistry   using a vibratory ball milling under atmospheric conditions. This 
technic allows chemical modification without solvent and with reduced reaction times. 
The chemical modification is proved by direct methods (FTIR, XPS, elementary analy-
sis). The structural changes of the cellulose are also monitored through morphological 
analysis (optical microscopy, SEM, TEM), crystallinity (XRD) and degree of polymeri-
zation. By varying the intensity and the time of the reaction, various functionalized 
(nano)cellulose can be produced. Surface and barrier properties of grafted materials 
have been tested with promising results linked to hydrophobicity. 

Structurally colored radiative cooling cellulosic films 

WenkaiZhu2, BenjaminDroguet1, QingchenShen1, qs226@cam.ac.uk, YunZhang2, 
ThomasParton1, XiweiShan2, RichardM. Parker1, MichaelDe Volder3, TaoDeng4, 
SilviaVignolini1, TianLi2. (1) Department of Chemistry, University of Cambridge, 
Cambridge, Cambridgeshire, United Kingdom(2) School of Mechanical Engineering, 
Purdue University, West Lafayette, Indiana, United States(3) Department of 
Engineering, University of Cambridge, Cambridge, Cambridgeshire, United King-
dom(4) School of Materials Science and Engineering, Shanghai Jiao Tong University, 
Shanghai, China 

Daytime radiative cooling (DRC) materials offer a sustainable approach to thermal 
management by exploiting net positive heat transfer to deep space. While such 
materials typically have a white or mirror-like appearance to maximize solar reflection, 
extending the palette of available colors is required to promote their real-world 
utilization. However, the incorporation of conventional absorption-based colorants 
inevitably leads to solar heating, which counteracts any radiative cooling effect. In this 
work, efficient sub-ambient DRC (Day: -4 °C, Night: -11 °C) from a vibrant, structurally 
colored film prepared from naturally derived cellulose nanocrystals (CNCs), is instead 
demonstrated. Arising from the underlying photonic nanostructure, the film selectively 
reflects visible light resulting in intense, fade-resistant coloration, while maintaining a 
low solar absorption (~3%). Additionally, a high emission within the mid-infrared 
atmospheric window (>90%) allows for significant radiative heat loss. By coating such 
CNC films onto a highly scattering, porous ethylcellulose (EC) base layer, any sunlight 
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that penetrates the CNC layer is backscattered by the EC layer below, achieving 
broadband solar reflection and vibrant structural color simultaneously. Finally, scalable 
manufacturing using a commercially relevant roll-to-roll process validates the potential 
to produce such colored radiative cooling materials at a large scale from a low-cost 
and sustainable feedstock.  

 

Structurally colored films capable of full-time sub-ambient radiative cooling were pre-
pared from a composite of cellulose nanocrystals and ethylcellulose. The distinct 
nanostructure within each layer allows for selective reflection of visible light generating 
color, whilst maintaining a broadband solar reflection. 

Valorization of disposable paper cups into nanocellulose: An approach to-
wards environmental sustainability 

Munmun Basak, mbasak@ncsu.edu, Lucian A. Lucia, Lokendra Pal. Department of 
Forest Biomaterials, NC State University, Raleigh, North Carolina, United States 

Billions of disposable paper cups are thrown away each year, and only a few are recy-
cled due to the thin polyethylene lining on paper cups. To resolve this issue, a mechan-
ical recycling technique using a blender, disintegrator, and screener was implemented 
in the present study to separate the polyethylene layer by ensuring maximum repulpa-
bility of the paper cups. Further, nanocellulose, such as cellulose nanocrystals, was 
isolated from the disposable paper cup pulps by alkali treatment followed by organic 
maleic acid hydrolysis. The prepared cellulose nanocrystals exhibit a rice-like structure 
as confirmed by TEM. The present study strongly suggests disposable paper cups are 
a sustainable source of cellulose-rich feedstock for nanocellulose materials develop-
ment. The isolated cellulose nanocrystals have potential applications in packaging, 
composites, 
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CELL 024A (Wednesday 3/29 2:00-5:45 p.m.) – Hybrid 

Grand 5, The Westin Hotel Indianapolis 

Challenges in improving compatibilization of lignin/PLA composites 

Lucas Lagerquist1, Ellen Sundström1, Oskar Backman1, Luyao Wang1, Andrey Pra-
novich1, Xiaoju Wang1, Patrik C. Eklund1, Chunlin Xu1 chunlin.Xu@abo.fi. 1. Faculty of Sci-
ence and Engineering, Abo Akademi, Abo/Turku, Varsinais-Suomi, Finland.  
  
Thermoplastics are polymers that soften and are malleable when heated and harden upon 
cooling. These properties allow for the extrusion or molding to a wide variety of products, 
i.e., pipes, packaging films, bottles, technical parts, etc. The mechanical properties of these 
materials can be tuned, and the materials can have beneficial properties such as recycla-
ble, lightweight, and chemical resistance. Most thermoplastics are still fossil-based and, 
thus, challenges are seen in negative environmental impact, dependence on politically un-
stable regions, and poor biodegradability. 
Polylactic acid (PLA) is a renewable polymer derived from lactic acid, which can be ob-
tained by fermenting plant starch (e.g., sugarcane, maize, and corn). Current applications 
for PLA include plastic film, bottles, biodegradable medical devices, and 3D printing. PLA 
degrades slowly in the environment but can be recycled and degraded by industrial com-
posts. Yet, its drawbacks are low heat resistance, high cost, and low strength. 
Lignin is a structural component in lignocellulosic biomass and constitutes up to 30% of its 
mass. The biopolymer is currently underutilized, as large amounts could be isolated from 
the forest industry and it is expected that large quantities can be produced as a side product 
from bioethanol production. Current applications of lignin are mainly energy production, but 
it is also used for other types of applications such as concrete additives, adhesives, and 
dispersants. 
One possible way of utilizing lignin is to blend lignin with other polymers, such as PLA, to 
form new thermoplastic materials. Lignin not only can decrease the cost of the materials 
but also introduce new or improved properties such as increased strength or can act as an 
antioxidant. However, due to the structural differences between the polymers, there can be 
miscibility difficulties. We have studied the strategies of making the polymers compatible 
are by chemical modification of lignin (e.g. acetylation or fatty acid esterification) and co-
polymerization (e.g., ring opening polymerization of ε-caprolactone with lignin). To mix the 
two polymers, extrusion or solvent casting was tested. On a lab scale, solvent casting is 
preferred, but due to the high amount of solvent used, extrusion is preferred industrially.  
 

Hydroxyethyl lignin and its useful derivatives with augmented properties 

Scott Renneckar1, Qi Hua1, Li-Yang Liu1, 3, Xue Wan1, 2, Muzaffer A. Karaaslan1, 
Zhixin Huang1, Tao Zou1. scott.renneckar@ubc.ca. 1. Wood Science, The University of British 
Columbia Faculty of Forestry, Vancouver, BC, Canada.  
2. Sichuan Agricultural University - Chengdu Campus, Chengdu, Sichuan, China.  
3. Stockholms Universitet, Stockholm, Stockholm, Sweden. 
  
Technical lignin comes in all ‘shapes and sizes’, with regards to functionality, interunit link-
ages, and molar mass. Creating useful lignin derivatives that have altered thermal proper-
ties, solubility, reactivity and miscibility with other polymers expand the ability to process 

mailto:chunlin.Xu@abo.fi
mailto:scott.renneckar@ubc.ca
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lignin and augment the performance of the materials. Towards this end, lignin derivatization 
using the benign carbon storage compound, ethylene carbonate, provides a path to create 
lignin with uniform chemical functionality with only aliphatic hydroxyl groups. Methods such 
as real-time monitoring of the reaction and fractional precipitation have been adopted to 
control the degree of hydroxyethylation of lignin and limit side-products. This talk will pro-
vide insight into the reaction, the role of moisture, and methods to isolate lignin with desired 
molar mass. Further, unique lignin derivatives will be described after subsequent esterifi-
cation with organic acids such as benzoic acid, acrylic acid, and oleic acid to control solu-
bility and melt processability. Analysis such as thermal stability and melt viscosity are used 
to determine processing windows for samples that are 100% lignin derivatives or blended 
with polyesters like polybutylene adipate terephthalate (PBAT) or polyethylene tereph-
thalate (PET). Other methods like solution fabrication of colloidal lignin particles from these 
derivatives will be highlighted. As such, lignin modification can play a significant role in 
enhancing the utility of lignin for the advancement of renewable materials. 
 

Recent advancement in the production of lignin-based dispersants 

Pedram Fatehi1, Weijue Gao1. pfatehi@lakeheadu.ca. 1. Lakehead University, Thunder Bay, 
ON, Canada. 
  
Dispersants are vastly used in the chemical industry. For example, they are used in mining, 
oil, construction, and textile manufacturing. Despite their acceptable performance, the cur-
rently used dispersants are expensive synthetic materials with limited biodegradability. Lig-
nin has been regarded as an underutilized by-product of the chemical pulping and cellulosic 
ethanol industries. Interestingly, lignin can be tailored to have diverse charge densities, 
molecular weights, and hydrophilicity, which are all critical aspects of dispersants. In this 
presentation, various approaches undertaken for the generation of lignin-based disper-
sants will be reviewed, and the latest achievements and existing challenges will be dis-
cussed. This presentation will also cover the fundamental aspects of lignin-based disper-
sant productions and the application of such products in different colloidal systems. 

Interfacial dynamic bonds for high performance lignin/polymer biocomposites 

Weifeng Liu1.weifengliu@scut.edu.cn.1. Chemical Engineering, South China University of Technol-
ogy, Guangzhou, Guangdong, China. 
 
The conversion and utilization of biomass resource has become an important strategy to 
reduce the carbon emission. Lignin is the second largest biomass resource after cellulose 
with excellent anti-ultraviolet and anti-aging functions. Nonetheless, as the major byproduct 
of pulping and bio-refinery industry, lignin has not been well utilized despite of over 50 
million tons global annual production. The application of lignin as a natural aromatic biopol-
ymer into synthetic polymeric materials is an effective strategy to realize its high value 
utilization. However, the preparation of high performance lignin/polymer biocomposites has 
always been a great challenge, due to that lignin has strong intermolecular interactions and 
easily agglomerates, resulting in poor compatibility and poor dispersion in polymer matrix. 
Natural polymers such as spider silk and mussel byssus exhibit excellent strength and 
toughness, attributing to their hierarchical structures of nanophase separation and the 

mailto:pfatehi@lakeheadu.ca
mailto:weifengliu@scut.edu.cn
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densely confined energy sacrificial bonds such as hydrogen bonds and coordination bonds. 
Lignin is rich in oxygen-containing polar groups, which can form strong hydrogen bonding 
interactions and serve as natural ligands for efficient ionic/coordination interactions with 
Zn2+, Ca2+, Fe3+ etc. Recently, inspired by the reinforcing mechanism of biomaterials, 
we have designed a series of high performance lignin/polymer biocomposites. By taking 
advantage of the natural amphiphilicity and oxygen-containing polar groups of lignin mole-
cules, hierarchical nanophase separation structure was constructed in lignin/polymer com-
posites, and meanwhile, dynamic bonds were introduced into the interphase between lignin 
and polymer matrix to improve the interfacial interactions. The key problems of poor dis-
persity and poor interfacial compatibility of lignin in polymer matrix have been effectively 
solved. Simultaneously enhanced strength and toughness with excellent UV shielding were 
achieved in lignin-modified PVA and PE plastics, NBR and EPDM rubbers, polyurethane 
elastomers and adhesives. High performance artificial muscle material was also prepared 
by incorporating lignin as a green functional reinforcer for the construction of interfacial 
coordination bonds. This biomimetic strategy allows preparation of high performance lig-
nin/polymer biocomposites, promoting the high value utilization of lignin and the greening 
of polymer materials. 

Maleic acid hydrotropic lignin (MAHL) for efficient conversion to lignin aromatics: Produc-
tion, characterization, conversion 

Junyong Zhu1, Cheng Cai2, Kolby Hirth1, Feng Wang2 junyong.zhu@usda.gov. 1. USDA 
Forest Products Laboratory, Madison, WI, United States. 2. Chinese Academy of Sciences Dalian Institute 
of Chemical Physics, Dalian, Liaoning, China. 

In this presentation, I will describe maleic acid hydrotropic fractionation (MAHF) of wood 
for producing highly reactive lignin for efficient conversion to lignin aromatics. MAHF can 
achieve rapid (~ 30 min) dissolution of wood lignin at ~100°C at high yield in aqueous 
systems. The dissolved lignin can be easily separated through precipitation by simply di-
luting the spent liquor with water to the minimal hydrotrope concentration (MHC). The dis-
solved xylose can be efficiently dehydrated into furfural, a high value chemical, using the 
acid hydrotrope (maleic acid) in the spent liquor without additional catalyst. The rapid sol-
ubilization of lignin at low temperatures resulted in lignin with low degree of condensation 
and highly reactive, which facilitated catalytic conversion to lignin aromatics. We will com-
pare the properties, especially reactivity and conversion yields of MA hydrotropic lignin 
(MAHL) from batch reaction with those from flow through reaction. Both catalytic oxidative 
depolymerization and supercritical methanol dehydration hydrodeoxygenation processes 
were applied to MAHL from batch and flow through reactions. The results show MAHL can 
be efficiently converted to lignin monophenols. MAHL from flow through reaction are even 
more reactive with higher conversion yield due to the high content beta-O-4 linkages re-
tained. MA is a US FDA approved indirect food additive, the low solubility of MA also facil-
itates MA recovery, therefore MAHF has significant advantages over most existing frac-
tionation processes especially those solvent-based processes. 

Catalytic transfer hydrogenolysis of CELF-derived lignin over NiCo2O4 catalyst in ethanol 

James A. Godwin1, Jonah P. Babusci1, 3, Nichole M. Wonderling2, Stephen C. Chmely1 
jag6995@psu.edu. 1. Agricultural and Biological Engineering, The Pennsylvania State University - Uni-
versity Park Campus, University Park, PA, United States. 2. The Pennsylvania State University - University 
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Park Campus, University Park, PA, United States. 3. The Pennsylvania State University - University Park 
Campus, University Park, PA, United States 

Catalytic transfer hydrogenolysis could be an efficient method to valorize lignin into useful 
materials. Pd/C, Ru/C, and other noble metals are used extensively as catalysts for transfer 
hydrogenation, but a major challenge for their deployment is related to their sustainability. 
Here, we synthesized earth-abundant mixed-metal oxides of Fe, Ni, and Co. We charac-
terized these putative catalysts using x-ray diffraction (XRD) and then tested their reactivity 
for transfer hydrogenation of acetophenone. We noted that the spinel NiCo2O4 demon-
strated the highest conversion of acetophenone and selectivity for ethylbenzene, so we 
tested it for efficacy in deoxygenation and depolymerization of switchgrass lignin extracted 
under mild operating conditions by cosolvent enhanced lignocellulosic fractionation 
(CELF). The catalytically depolymerized lignin showed a decrease in its average molecular 
weight (Mw) and an increase in the yield of phenolic monomers. Using NMR spectroscopy, 
we were able to demonstrate that the lignin displayed highly reduced aliphatic carbons as 
a result of the redox reaction that took place at the α-carbons in a manner analogous to 
our catalytic reactions with acetophenone. This result is a vital step in the further develop-
ment of the lignin-first biorefinery as it opens the door for the use of sustainable catalyst 
materials and mild transformation conditions to generate and refine a suite of new bioprod-
ucts. 

Lignin fractionation: Effects of lignocellulose type and process temperature on structure, 
functionality and molecular weight 

Edita Jasiukaityte Grojzdek1, Tina Rocnik Kozmelj1, 2, Blaz Likozar1, MIha Grilc1, 2 edita.ja-
siukaityte@ki.si. 1. Kemijski institut, Ljubljana, Slovenia. 2. Univerza v Novi Gorici, Nova Gorica, Slovenia. 

To enhance lignin valorization is absolutely critical to assure the isolation of as much as 
possible uniform lignin fragments with defined reactivity/functionality and of course to as-
sure the process repeatability. The development of the specific fractionation protocol em-
ploying the anti-solvent methodology in combination with the process conditions enables 
isolation of lignin with the specific properties. In this study, organosolv process has been 
applied to isolate lignin from various lignocellulosic biomass sources (hardwood, softwood 
and straws), which contain different lignin structures (different ratios of monolignol units 
and thus functional groups). A gradual change of the solubility parameter attained with the 
addition of the anti-solvent induced the formation of the insoluble lignin fractions. Addition-
ally, the effect of different process temperature to the structure of isolated lignin has been 
investigated. 
Fractional lignin precipitation enabled lignin separation according to the molecular weight. 
Therefore, isolated lignin fractions were characterized using size-exclusion chromatog-
raphy, to obtain molecular weight distributions of the acetylated fractions, while the NMR 
analysis provided information about the functional group distribution and the main structural 
features. Specifically, 31PNMR was used to quantify the different OH groups, while 2D NMR 
showed the distribution of the main lignin motifs within the fractions. Such a fundamental 
approach disclosed the limits of the possible tailoring of lignin characteristics employing 
solely water and the process temperature. Lignin of the reduced complexity has signifi-
cantly higher potential to be further used for different applications such as polymer synthe-
sis, depolymerisation, (de)functionalization. 
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Lignin extraction of whole pine using biomass-derived deep eutectic solvent 

Rebekah N. Brucato1, Adelina Voutchkova-Kostal1. rebekahbrucato@gmail.com. 1. Chem-
istry, The George Washington University Columbian College of Arts and Sciences, Washington, DC, United 
States. 

Delignification of biomass is an important processing step because it enables the utilization 
of lignin and the release of fermentable sugars. There has been an increasing amount of 
research focused on lignin removal that includes chemical methods such as acid, alkali, 
organosolv, and ionic liquid treatment. However, these methods suffer from environmental 
pollution, poor biodegradability, and high production costs. Recently, deep eutectic sol-
vents (DES) have emerged as a promising treatment for lignin extraction due to their low 
toxicity and cost. Here, we report a tunable DES system, derived from a transfer hydro-
genation reaction of biodiesel waste, composed of lactic acid, formic acid, glycerol, and 
choline chloride capable of high lignin extraction of whole pine biomass. 

CELL 024B (Thursday 3/30 8:00-11:45 a.m.) – In-Person 

Grand 4, The Westin Hotel Indianapolis 

Monodispersed lignin particles and self-assembly into superstructures 

Jingqian Chen2, Jing Tian2, 3, Dong Wang2, 1, Nianjie Feng2, 4, Bin Zhao5, Yizhou Sang2, 
Orlando J. Rojas2. jqchen@umich.edu 
 
1. Key Laboratory of Bio-based Material Science and Technology (Ministry of Education), Northeast For-
estry University, Harbin, Heilongjiang, China. 2. Department of Chemical and Biological Engineering, De-
partment of Chemistry, Department of Wood Science, and Bioproducts Institute, The University of British 
Columbia, Vancouver, BC, Canada. 3. International Innovation Center for Forest Chemicals and Materials 
and Jiangsu Co-Innovation Center for Efficient Processing and Utilization of Forest Resources, Nanjing 
Forestry University, Nanjing, Jiangsu, China. 4. School of Materials and Chemical Engineering, Hubei Uni-
versity of Technology, Wuhan, Hubei, China. 5. Department of Bioproducts and Biosystems, Aalto-yliopisto, 
Espoo, Finland.  

Control over the size and shape heterogeneity of lignin particles (LP) has challenged their 
conversion and applications, the latter of which include optical devices, coatings, biochem-
ical sensors, among many others. It is often of interest to fractionate particle into popula-
tions with a low size dispersity and controlled assembly. For this purpose, it is desirable to 
have a theoretical understanding of related fractionation and aggregation processes.  
Two main methods used for lignin fractionations include selective precipitation and ultra-
filtration. However, both operations are energy-intensive and time-consuming. Hence, a 
particle size fractionation method by two-stage centrifugation is proposed to process highly 
polydispersed lignin colloids into monodispersed particles (PDI <0.06, dynamic light scat-
tering) in a broad range of average sizes, from 58 to 857 nm. The proposed methodology 
provides a systematic linear fractionation of LP based on the effective centrifuge capacity 
and capacity factor. Depending on the initial particle size distribution, one or multiple linear 
fractionation ranges could be developed, which guides the LP size fractionation on a po-
tentially industrial scale. The correlation of LP size with functionality was further validated 
by 31P nuclear magnetic resonance and gel permeation chromatography. 
The aggregation behavior of monodispersed LP (157 nm average size) was induced by pH 
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and salt adjustment. A two-stage pattern was observed: fast diffusion-limited and slow re-
action-limited stages. A population balance model was applied to quantitively describe the 
aggregation with parameters that fit the collision efficiency. The mass fractal index was 
measured by static light scattering. The collision efficiency was found to increase with ag-
gregation rate and exponentially decreases with cluster size. The salt and pH critical ag-
gregation points correspond to 24 mM and pH=2, respectively. In sum, we unravel the LP 
aggregation mechanism induced by pH adjustment or salt addition to construct a road map 
for LP particle assembly in aqueous systems, assisting in the development of materials for 
advanced applications. 
 
Elucidating carbohydrate-aromatic interactions in plant cell walls by solid-state NMR and 

DNP 

Wancheng Zhao1, Alex K. Kirui2, Fabien Deligey2, Frederic Mentink-Vigier3, Tuo Wang1. 
wzhao22@msu.edu. 1. Michigan State University, East Lansing, MI, United States. 2. Louisiana State 
University, Baton Rouge, LA, United States. 3. National High Magnetic Field Laboratory, Tallahassee, FL, 
United States. 

Lignocellulosic biomass, as an important natural renewable material, is a major resource 
for producing biofuels, construction materials, and chemical feedstocks. Plant cell walls 
serve as the majority of this kind of inexhaustible biomass materials, regulating cellular 
integrity and providing structural support for plant cells. Rigid scaffolds of cellulose micro-
fibrils are enclosed either in a soft biopolymer matrix (hemicellulose and pectin) in primary 
cell walls, or in a hemicellulose and aromatic polymer (lignin) mixtures in secondary cell 
walls. Understanding these biopolymer networks will facilitate the development of more 
digestible crops and cost-effective conversion technology for biofuel production. Compared 
to traditional characterization methods, the use of multidimensional solid-state NMR 
(ssNMR) spectroscopy has become a powerful technique to investigate whole plant cells 
in their native environment, without pre-chemical treatments. 
 
Firstly, we employed three wood samples, that is eucalyptus and poplar (hardwood), and 
spruce (softwood), to achieve in vivo investigation of biopolymer contacts of lignocellulosic 
components in plant secondary cell walls using ssNMR. Our results show that the extent 
of carbohydrate-aromatic association increases sequentially across grasses, hardwoods, 
and softwood. Lignin principally packs with the xylan in a non-flat conformation via electro-
static interactions and partially binds the junction of flat-ribbon xylan and cellulose surface 
as a secondary site. All molecules are homogeneously mixed in softwoods; The dynamics 
and hydration level of polysaccharides in wood cell walls are also discussed. This work will 
guide the rational design of more digestible plants and more efficient biomass-conversion 
pathways. 
 
Furthermore, progress was also made with 13C natural abundance plant cell walls with the 
assistance of dynamic nuclear polarization (DNP) approaches and engineered biomateri-
als. Even with 13C-unlabeled samples, 2D 13C-13C correlation spectroscopies of carbo-
hydrates in rice and in-vitro synthesized cellulose are now rendered available. DNP is pav-
ing the road to avoid the isotopic labeling of these biomass materials, which is expensive, 
time-consuming, and significantly limits the choice of samples. 
  
  

mailto:wzhao22@msu.edu
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Comparing the four spectrophotometric assays DPPH, ABTS, FRAP and Folin-Ciocalteu 
to evaluate the antioxidant activity of a set of lignins 

Jessica Rumpf1, 2, René Burger1, Xuan T. Do1, Ralf Pude2, Margit Schulze1, 2. jes-
sica.rumpf@h-brs.de. 1. Department of Natural Sciences, Hochschule Bonn-Rhein-Sieg - Campus 
Rheinbach, Rheinbach, Nordrhein-Westfalen, Germany. 2. Agricultural Faculty, Rheinische Friedrich-Wil-
helms-Universitat Bonn, Bonn, Nordrhein-Westfalen, Germany. 
  
Antioxidants play a crucial role in human health, as they can prevent oxidative stress re-
lated diseases like high blood pressure, neurodegenerative disorders, or cancer. In partic-
ular, natural antioxidants are getting increasing attention due to sustainability issues. One 
prominent example is lignin, a polyphenolic biopolymer that can be extracted from ligno-
cellulosic biomasses. Due to their great number of phenolic hydroxyl groups, lignins are 
able to terminate oxidative chain reactions and quench free radicals. To determine the 
antioxidant activity (AOA), various assays are established. However, AOA studies are so-
phisticated, as no single method is capable to measure all naturally occurring reactions, 
and thus can depict the whole potential of any antioxidant. 
 
In this study, four different assays, namely the 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), ferric ion reducing antioxidant 
potential (FRAP) and Folin-Ciocalteu (F-C) assay, were used to investigate the AOA of 50 
organosolv lignins from miscanthus, paulownia, silphium, beech, and wheat straw, and two 
kraft lignins. 
 
The coefficient of variation was determined for each method and was lowest for ABTS (0.25 
%) and highest for DPPH (5.30 %). When comparing these two radical scavenging assays, 
ABTS seems to be favorable regarding reaction time, sensitivity, and reproducibility. The 
best correlation between two assays is found for FRAP and F-C (R2 = 0.944), which is not 
surprising as both rely on the same mechanism, the single electron transfer (SET). In con-
trast, the underlying reaction mechanisms for ABTS and DPPH cannot be assigned to ei-
ther SET or hydrogen atom transfer (HAT) but are more complex as both occur in varying 
ratios. Nevertheless, a good correlation (R2 > 0.75) between ABTS, FRAP and F-C, re-
spectively, could be found, while DPPH merely correlates with the others (R2 < 0.5), lead-
ing to the conclusion that the DPPH assay is closer to the HAT mechanism. Conversely, 
this does not mean that the DPPH assay is not feasible for the measurement of lignins, it 
rather reflects varying antioxidative attributes, most probably due to a different reaction 
mechanism. 
  
Fractionated lignin depolymerization: Correlation between structural features, product dis-

tribution and reaction conditions 

Tina Rocnik Kozmelj1, 2, Blaz Likozar1, MIha Grilc1, 2, Edita Jasiukaityte Grojzdek1. 
tina.rocnik@gmail.com.1. Kemijski institut, Ljubljana, Slovenia. 2. Univerza v Novi Gorici, Nova Gorica, 
Slovenia. 
  
The organosolv fractionation of lignocellulosic biomass has emerged as procedure for the 
isolation of uncondensed lignin rich in ether (β-O-4) bonds. Moreover, lignin molecular 
weight, interunit bond (C-O and C-C) content and hydroxyl group content of (fractionated) 
lignin affect structure and yield of depolymerized products. Depolymerization of fraction-
ated lignin via β-O-4 cleavage provides monophenolics and oligomeric fragments which 

mailto:tina.rocnik@gmail.com
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remains mostly unexploited despite its unique structural features. Therefore, the objective 
of the research has been achieving tailored lignin and oligomeric fragments structure to 
maximize lignin valorization to high-value bio-based materials (e.g. monomers, aromatic 
building blocks for polyurethane resins). Additionally, the effects of reaction conditions have 
been studied to correlate the process-related structural features of lignin to product distri-
bution and structural changes after catalytic treatment. 

The catalytic depolymerization has been applied for fractionated ethanol organosolv lignin 
which have been placed in batch reactor with Ni/C catalyst and ethanol at supercritical 
conditions. The effect of temperature on the product distribution of fractionated lignin de-
polymerization was tested by running the reactions at 225, 250, 275 °C. Reaction products 
- monomers, oligomeric fragments and solid residue were analysed using GC/MS, SEC 
and NMR to evaluate the effect of lignin molecular weight and reduced dispersity on the 
efficiency/selectivity of its depolymerisation. Temperature depended structural features of 
partially depolymerized lignin pointed toward the importance of screening the reaction con-
ditions for utmost lignin valorization. Furthermore, the anti-solvent fractionation of lignin 
strongly improved overall lignin depolymerisation to monomers and oligomers by suppress-
ing char-forming reactions. 

Use of biorenewable alcohols in the production of aspen lignin for high-value applications 

Biljana Bujanovic1, Kolby Hirth1, Sally Ralph1, Richard Reiner1 biljana.buja-
novic@usda.gov. 1. Forest Service, Forest Products Laboratory, US Department of Agriculture, Madi-
son, WI, United States. 
  
Lignin has been explored as an alternative to fossil-carbon polymers for various applica-
tions ranging from additives for asphalt, thermosets and thermoplastics to hydrogels for 
drug delivery. Intrinsic lignin properties, such as UV-absorption, radical-quenching, and 
antimicrobial properties, offer performance benefits to these materials. In addition, low-
molecular weight aromatic and phenolic compounds produced from lignin may be used to 
replace petroleum-based chemicals. However, inconsistent physicochemical properties 
and contaminants, such as carbohydrates and inorganics, along with a more condensed 
nature of technical lignins in comparison to that of lignin in situ are notoriously recognized 
as obstacles hindering broader use of lignin in high-value applications. This study aims to 
explore lignins produced after organosolv delignification conducted on both aspen and hy-
drothermally pretreated aspen using select biorenewable alcohols of various solubility pa-
rameters. Aspen lignins from organosolv liquors along with the lignin recovered from auto-
hydrolysate are characterized and compared to aspen MWL and softwood kraft lignin as 
the most abundant technical lignin available today. Our goal is to assess the ability of these 
alcohols, applied individually or in conjunction with hydrothermal pretreatment, to selec-
tively remove lignin from aspenwood chips and, produce lignin of improved properties, in-
cluding chemical structure and purity. 

 

mailto:Reiner1%20biljana.bujanovic@usda.gov
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Symposium Separates 

CELL 026 “Celebrating Scientific & Engineering Research of Minority Scientists that 
Address the Grand Challenges of the 21st Century” 

Organizers: Curry, Michael, Tuskegee University; Joseph, Reni, St Louis community 
college. 

 

Monday 3/27/2023 afternoon 

 

 

CELL 026A (Monday 3/27 2:00-5:45 p.m.) – In Person 

Grand 3, The Westin Hotel Indianapolis 

Award Address (ACS Award for Encouraging Disadvantaged Students into Ca-
reers in the Chemical Sciences sponsored by The Camille and Henry Dreyfus 
Foundation, Inc.). ACS encouraging disadvantaged students into careers in the 
chemical science’s national awards lecture: Insights gained from mentoring stu-
dents through personalized research projects  
 
AnnC. Kimble-Hill, ankimble@iu.edu. Biochemistry & Molecular Biology, Indiana University 
School of Medicine, Indianapolis, Indiana, United States.  

Our greatest resource to develop and implement strategies that address the Grand 
Challenges of the 21st Century lies within a diverse workforce prepared with both skills 
and experiences. This preparation must include careful thought and planning with an 
eye towards one of the most important National Academy of Engineering Grand Chal-
lenges: Advance Personalized Learning. The work presented here will discuss per-
sonal experiences of mentoring students (many of which being underrepresented mi-
norities, female, and first-generation students) as they learn from tailored research pro-
jects in my laboratory. Reflections will describe practical coaching and structured ap-
proaches that guide high school, undergraduate, and postbaccalaureate trainees from 
being dependent on step-by-step instruction to become self-motivated lifelong learn-
ers, while celebrating their research findings accomplished along the way. 
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Promoting diverse participation in chemistry and engineering education through 
a biopolymer product design high school summer camp  
 
Lucian A. Lucia1, lalucia@ncsu.edu, Med Byrd2, Paula Harrod2. (1) Forest Biomaterials, 
Chemistry, Biomedical Engineering, NC State University, Raleigh, North Carolina, United States; (2) 
Forest Biomaterials, NC State University, Raleigh, North Carolina, United States.  
The Paper Science & Engineering Program at NC State University is world famous for 
its teaching, research, and outreach missions that ultimately serve the forest products 
and allied industries. Yet, despite its success, increasing underrepresented and under-
privileged populations within its ranks has been identified as paramount to ensuring its 
vitality. An activity identified to promote diversity within its ranks is an annual week-
long summer bootcamp in which high school students from North Carolina are invited 
to participate in classroom and laboratory activities, network, engage with profession-
als, and visit the campus of NC State University. The presentation will overview the 
logistics and mechanics of the summer camp and through the support of designed 
surveys and interviews show how it can serve as a useful vehicle promoting the Uni-
versity as a forum for higher education among a range of populations. 

 
Hydrogen: Past, present, and future  
 
Jalaal A. Hayes, jhayes@lincoln.edu. Chemistry, Lincoln University School of Natural Sci-
ences and Mathematics, Lincoln University, Pennsylvania, United States.  
 
Since the Industrial Revolution that occurred in the United States, more sources for 
energy production were developed due to the increasing demand from the public and 
drastic climate change. The following sources of energy: petroleum, natural gas, coal 
(all known as fossil fuels) and nuclear energy were used in energy production. How-
ever, because of the finite fossil fuels (mainly petroleum and coal) in the 21st century, 
a major concern for future energy production needs has emerged. As a result of in-
creasing demands for energy, the US Department of Energy (DOE) as well as other 
government agencies has spearheaded efforts to produce cleaner alternative ways for 
meeting the nation’s energy needs. Investigations in alternative energy research are 
designed to produce clean, efficient, and environmentally sound energy sources for 
use by the public. Recent in 2020, hydrogen has been increasing in interest for a po-
tential option in the renewable energy market. Based on increasing and commerciali-
zation on this emerging market, the current presentation will discuss the strengths and 
weaknesses on the landscape of hydrogen regarding production, storage, and appli-
cations. In addition, the talk will focus on specific research of hydrogen storage and 
production via metal hydride storage and biohydrogen production respectively. 

 
Effect of crystal growth on thermodynamic stability and oxygen reduction reac-
tion activity of Cu-Pt nanoparticles  
 
Francis Y. Acquaye, fyacquaye@crimson.ua.edu, Anne Roberts, Md Ashaduzzaman, 
Shanlin Pan, Shane Street.  
Chemistry and Biochemistry, The University of Alabama, Tuscaloosa, Alabama, United States.  

Thermodynamically stable (ordered) platinum based bimetallic nanoparticle (NP) cat-
alysts are auspicious candidates for catalyzing the oxygen reduction reaction (ORR) 
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in fuel cells. Although the cubic (L12) and tetragonal (L10) ordered phases have been 
extensively studied, very little is known about the cubic (D7) thermally stable/ordered 
CuPt7 with regards to its synthesis at room temperature and ORR activity. Typical 
synthetic approach to the ordered phase (L12 and L10) has been by thermal annealing 
of the disordered phase in an inert atmosphere. We demonstrate that by coordinating 
Cu2+ and Pt4+ ions to amino groups in aqueous polyethyleneimine (PEI) (precursor 
solution), slow crystal growth by a UV-light assisted photoreduction can be used to 
achieve ordered CuPt7 NPs at room temperature. Slow crystal growth produces a rel-
atively expanded lattice (7.766 Å) of CuPt7 and a lesser ORR activity via a 4-electron 
transfer pathway. Conversely, fast crystal growth through a NaBH4 assisted chemical 
reduction produces a disordered CuPt phase at room temperature, and a contracted 
lattice (3.809 Å) which enhances the ORR activity of CuPt via a 2-electron transfer 
pathway. Our comparative observations of CuPt and CuPt7 support the observation 
that lattice contraction is critical in the ORR activity of Cu-Pt nanoalloys. Furthermore, 
in a different aqueous system (PEI-Ag+), a slow crystal growth of Ag NPs at room 
temperature results in a more thermodynamically stable phase (face centered cubic 
(fcc)) whereas the fast crystal growth results in an unconventional less thermodynam-
ically stable ω phase in coexistence with an fcc phase. Interestingly, the difference in 
phases of these NPs has a direct consequence on their electrocatalytic product selec-
tivity in carbon dioxide reduction reaction (CO2RR). 

 
Cultivating change: Equity solutions to advance inclusive excellence  
 
Dontarie M. Stallings1, dstallings@ucsd.edu, Rigoberto Hernandez2, Vartika C. Sa-
man2. (1) Chemistry and Biochemistry, University of California, San Diego, California, United States; 
(2) Chemistry, Johns Hopkins University, Baltimore, Maryland, United States.  
 
Over the past 10 years, the percentage of faculty members from demographically un-
derrepresented groups at top chemistry research programs has increased modestly. 
Though the overall numbers don’t seem substantial, when one mines the data the hir-
ing trends at the Assistant professoriate rank paint a positive picture —noting a sub-
stantial demographic increase among junior faculty. This complicated reality highlights 
the fact that the lack of demographically equitable representation within our chemistry 
programs is inconsistent with a drive toward excellence. It runs counter to the academic 
case for diversity which argues for the causal relationship between diversity and suc-
cess in research teams. Through the National Diversity Equity Workshops, engaging 
social scientists and chemistry department heads, we have identified barriers to inclu-
sive excellence, and solutions —that is, procedures, policies, and practices— to re-
duce inequities. Central to these solutions is a need for re-imagining the ‘leaky pipeline’ 
metaphor. Instead of a pipeline, we envision a professional ladder where every rung 
represents an opportunity for individuals to opt out or stay in our field. The solutions 
that will be discussed focus on purposeful and strategic policies and practices that 
encourage individuals to persist on the STEM ladder. That is, the academic path should 
be so desirable that URPOC chemists will choose to opt-in.  

 
 
  



 ACS Spring 2023 
 

Lignocellulosic biomass valorization via valence-switch catalysis  
 
Raisa Carmen Andeme Ela, randemee@mtu.edu. Chemical Engineering and Materials Sci-
ence, University of Minnesota Twin Cities, Minneapolis, Minnesota, United States.  
 
The effective implementation of catalysis, and reaction engineering-based systems is con-
tingent on solid fundamental knowledge to enable control of the reactor capabilities, per-
formance, and output. These include, material structure-performance patterns, safe oper-
ating conditions, catalyst activation, active site tuning (i.e., by modulating adsorption ener-
gies), catalysts stability, regeneration and selectivity. Particularly, the concepts of the ac-
tive-site evolution, and controlled selectivity in practical conditions remain nebulous and 
challenging. To tackle these challenges we propose sensible reactors, capable of tuning 
the sensitivity of the catalyst active site and control the reaction pathway. 

 
Cellulose beads composite hydrogel systems for water remediation  
 
Diego Gomez Maldonado, dzg0023@auburn.edu, Maria S. Peresin. College of For-
estry, Wildlife and Environment, Auburn University, Auburn, Alabama, United States.  
 
Access to safe drinking water is one of the biggest challenges that society will have to 
address in the upcoming years. The World Health Organization has estimated that by 
2050, at least 50% of the global population will be living in water stressed areas. This 
challenge will be faced not only because of higher water consumption, but also by the 
increasing variety of pollutants that are released into wastewater. The current technol-
ogies used to treat these streams do not consider or eliminate many of the emerging 
contaminants, resulting in the liberation of these pollutants to the ecosystem and into 
drinking sources. Thus, new systems should be developed to remove them. However, 
these new materials still need to have high efficiencies and versatility to be integrated 
into current technologies and should be acquired through sustainable sources and pro-
cesses. Dissolving cellulose into sodium-urea alkaline solutions has been proven to be 
a versatile processing alternative to generate soft materials like beads which can be 
used for the adsorption and removal of these emerging contaminants. Moreover, we 
have demonstrated the possibility of utilizing agricultural side streams as cellulose 
source instead of the traditional dissolving pulp by reducing the scale of the raw mate-
rial. The formed beads were also made into composites with improved adsorption ca-
pacities by adding biopolymers like chitosan, cyclodextrin, or Tara gum into different 
processing steps. Likewise, resilient molecules and bacteria can be removed by using 
these cellulosic beads as scaffold for enzyme immobilization or metallic nanoparticles 
formation. This research demonstrates the versatility of regenerated cellulose beads 
in the improvement of water quality and can help to achieve sustainable solutions for 
emerging challenges. 

 
Fabrication and characterization of cellulose-based PLA polymer composites: 
Green alternatives to conventional plastics  
 
Michael L. Curry1,2, mcurry@tuskegee.edu. (1) Chemistry, Tuskegee University, Tuskegee, 
Alabama, United States; (2) Materials Science and Engineering, Tuskegee University, Tuskegee, Ala-
bama, United States.  
 
Growing challenges with the remediation of conventional petroleum-based plastics re-
quire the development of environmentally friendly, sustainable alternatives. In addition 



 ACS Spring 2023 
 

to the emission of chemicals such as carbon dioxide due to burning threatening global 
warming, petroleum-based plastics are not biodegradable. Cellulose-derived plastics 
could be the solution to this challenge. Cellulose is a highly abundant, green, sustain-
able polymer with characteristics that make it a promising alternative as raw material 
for the manufacturing of bioplastics. The global market for cellulose products is pro-
jected to increase dramatically by 2028 with the major driver coming from the demand 
for cellulose acetate (i.e., modified cellulose) used in electronics and food packaging 
applications. One major challenge of expanding cellulose application to other products 
is in increasing cellulose compatibility with traditional industrial solvent  
processes and interfacial adhesion with hydrophobic polymers. Furthermore, the ther-
mal and mechanical properties of renewable polymers are often inferior when com-
pared to traditional petroleum-based polymers. To address this challenge, many inves-
tigations have focused their efforts on the chemical and physical modification of cellu-
lose surfaces. These modifications can have negative consequences on the resulting 
cellulose properties and performance of the cellulose product within the environment. 
Hence, we will discuss our research efforts on the development of a new composite 
fabrication process that improves the compatibility and interfacial adhesion of unmod-
ified cellulose within biobased polymer (e.g., PLA) matrices. These newly fabricated 
cellulose composites exhibit enhanced thermal and mechanical performances and al-
tered biodegradation mechanisms. 
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CELL 027 “Lignocellulose-Based Thermoplastics: Their Manufacturing, Characteri-
zation and Processability” 

Organizers: Larsson, Anette, Chalmers Tekniska Hogskola; Malmstrom, Eva, KTH 
Royal Institute of Technology; Larsson, Per, KTH Royal Institute of Technology; 

Westman, Gunnar, Chalmers University of Technology. 
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CELL 027A (Sunday 3/26 2:00-5:45 p.m.) – In Person 

Grand 3, The Westin Hotel Indianapolis 

Organic superbase salts for dissolution, modification and regeneration of  
biopolymers  
 
IlkkaKilpeläinen, ilkka.kilpelainen@helsinki.fi, EvaGazagnaire, WilleKilpeläinen, 
AleksandarTodorov. Department of Chemistry, Helsingin yliopisto, Helsinki, Uusimaa, Finland.  

Organic superbase carboxylate salts (ionic liquids, SBILs) allow for efficient dissolution 
of various types of biopolymers from polysaccharides to lignin or proteins. These sol-
vents also allow for fast regeneration of the dissolved material which led to develop-
ment of IONCELL process to produce textile fibers from various cellulosic materials, 
like wood pulp. From organic superbases, family of bicyclic guanidine SBILs show gen-
erally good results both in dissolution power and mechanical properties of the regen-
erated fibers. Nevertheless, both guanidine and amidine superbase salts generally un-
dergo slow hydrolysis, even as carboxylate salts. We have prepared a series of bicyclic 
guanidine structures with varying ring sizes and substitution patterns and some of 
these new structures tolerate aqueous conditions even as free bases, while the corre-
sponding SBILs show low toxicity and high dissolution efficiency for cellulose. A unique 
property of the SBILs is that varying the acid/base rattio, and the nature of the anion, 
it is possible to adjust the cellulose solution properties from high bacisity to slightly 
acidic.This property has allowed for novel reaction pathways for cellulose modification. 
Typically, the reaction yields are high and the DS of the product can be adjusted at 
wide range. 

 
Influence on solvent and 2nd oxidant on TEMPO oxidation of cellulose  
 
Savannah C. Zacharias, savzac@chalmers.se, Gunnar J. Westman. Chemistry and 
Chemical Engineering, Chalmers tekniska hogskola, Goteborg, Sweden.  

Cellulose is an excellent choice for creating sustainable and renewable polymers, how-
ever there are still gaps in our knowledge. In order to make novel polymers tuned for 
specific applications it is necessary to modify the fibers and fibers that a in a spe-
cific/targeted way. The purpose of this work is to derive a better understanding of the 
mechanism of modification to allow for precise modifications to obtain predictable prop-
erties of the new material. To do this we selected the TEMPO oxidation reaction that 
is used in numerous applications. In this project we explore how parameters such as 
variation in solvent mixtures and 2nd oxidant effect the oxidation efficiency and location 
within the fiber structure the oxidation occurs. While maintaining the fiber integrity of 
different cellulose sources. Solvent systems using different ratios of water-acetonitrile 
mixtures is evaluated. Acetonitrile was chosen as the co-solvent due to its effect on 
swelling of cellulose in combination with its reported enhancing oxidation efficiency in 
TEMPO/BAIB-oxidations. A range of co-catalysts were chosen based on their selec-
tivity, reactivity and size. The TEMPO oxidation is carried out using various cellulose 
sources while changing the reaction conditions. These sources include bleached Kraft 
pulp (BKP), thermomechanical pulp (TMP), microcrystalline cellulose (MCC), milled 
cotton linters (MCL) and rayon. When the fibers are pre-swelled by stirring in solvent 
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overnight, we observe an enhanced reaction rate and the addition of acetonitrile im-
proves the degree of oxidation. It was found that by changing the co-catalyst from so-
dium hypochlorite (NaOCl) to (diacetoxyiodo)benzene (BAIB) the reaction stops at the 
aldehyde state if only water is used as the solvent on microcrystalline cellulose. Oxi-
dation to the carboxylic state occurs when acetonitrile is used. pH changes were used 
to monitor the reactions and the oxidized cellulose material was characterized by titra-
tion, FT-IR, MS-imaging, microscopy and single-fiber tensile measurements. 

 

 
Polysaccharide-based ketones: Synthesis of hydrogels, pro-actives, and poly-
mers for drug bioavailability enhancement  
 
Kevin J. Edgar1,2, kjedgar@vt.edu, Yang Zhou1, Zhenghao Zhai2. (1) Sustainable Bio-
materials, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States(2) Mac-
romolecules Innovation Institute, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, 
United States.  

Selective oxidation of hydroxypropyl polysaccharides has been innovated in recent 
years and is perhaps the most efficient, selective route to ketone-substituted polysac-
charides. We describe in this presentation how these ketone-terminated oligohydroxy-
propyl substituents can be exploited in many ways. We will describe how they may be 
used to create all-polysaccharide hydrogels, with considerable promise for controlled 
release, space-filling, lubrication, and other applications. We will describe how they 
can be used to link active molecules to the polysaccharide, either permanently or by 
labile linkages. We will describe new families of derivatives that can be synthesized in 
this way, including amino acid-polysaccharide constructs, polyzwitterionic derivatives, 
and derivatives with considerable promise for amorphous solid dispersion of drugs to 
enhance their solubility, and hence bioavailability. 

 
Utilizing wheat straw as a lignocellulosic feedstock for thermoplastic materials  
 
Nazmun Sultana1,2, Ulrica Edlund1,2, edlund@kth.se. (1) Fibre and Polymer Technology, 
KTH Royal Institute of Technology, Stockholm, Sweden; (2) FibRe – Centre for Lignocellulose-based 
Thermoplastics, KTH Royal Institute of Technology, Stockholm, Sweden.  

Wheat (Triticum) is an annual cereal grain plant in the family of grasses and constitutes 
almost 50% of the total grain harvest in Sweden. Wheat straw is an abundant by-product 
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of wheat production and consists of mainly cellulose, lignin, hemicelluloses, and small 
amounts of proteins, starch, and inorganics (primarily Si and K). The fact that wheat is an 
annual plant while wood is perennial is one reason why the straw anatomy is very different 
from wood with a heterogeneous hierarchical organization of biomass cell structures. 
Wheat straw has a higher content of non-fibrous cells than wood and further differs signif-
icantly with respect to lignin structure, distribution, morphology, and linkage patterns. Ther-
mochemical, thermomechanical, and fermentation processes for wheat straw have been 
reported and are in some cases commercially used for the production of paper, feed, bio-
ethanol, and composite reinforcing fibers. It is yet to be understood how to treat the straw 
lignocellulose to provide accessible interphases and enable thermoplasticization with as 
minor modification as possible. We devise hydrothermal fractionation processes and in-
vestigate key parameters for converting the pristine straw into one or a few viable ligno-
cellulosic materials with partly liberated fibers and/or softened cell walls. The presentation 
will highlight the morphology, chemistry, and thermal performance of wheat lignocellulosic 
materials, as well as process-structure relationships. 

 
Investigation of molecular and nano structures in thermoplastic etherified  
arabinoxylans  
 
Ratchawit Janewithayapun1, ratjan@chalmers.se, Mikael Hedenqvist2, Anette Lars-
son1, Fabrice Cousin3, Anna Ström1. (1) Chemistry and Chemical Engineering, Chalmers 
tekniska hogskola, Göteborg, Västra Götaland, Sweden; (2) Fibre and Polymer Technology, Kungliga 
Tekniska Hogskolan, Stockholm, Stockholms län, Sweden; (3) Laboratoire Leon Brillouin, Gif-sur-
Yvette, Île-de-France, France.  
 
Arabinoxylan (AX) is a polysaccharide found in substantial amounts in cereal plant cell 
walls. AX consists mainly of a xylan backbone substituted with arabinose on the C2 or 
C3 position. The side-group content, or the molecular structure of AX, is known to 
strongly impact the solution behavior of AX. Modification of AX, via oxidation, reduc-
tion, and etherification, has further shown to produce thermoplastic material (BGE-Diol 
AX). It has been hypothesized that the side-group content of the starting AX also plays 
a role in the behavior of the thermoplastic material – through the assumption that ether-
ification occurs primarily on the arabinose side-group. Here we report on transition 
temperatures of melt compressed materials obtained from AX with varying arabinose 
contents (0.3, 0.5 and 0.9 ara/xyl) but similar ether molar substitutions (1:1). The melt-
compressed materials share transi-
tion temperatures: at -75°C and -30°C 
(Tg) followed by a melting peak at 
100°C. Through wide-angle x-ray 
scattering (WAXS) and chemical 
characterization, we show the pres-
ence of what is hypothesized to be 
nano-sized domains. The side-group 
content does not seem to affect the 
transition temperatures although, dy-
namic mechanical analysis (DMA) 
suggests that tensile storage and loss 
modulus are affected.  
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Incorporation of low molecular weight plasticizers through ultrasonication for 
highly ductile cellulosic papers  
 
Adrian Eliasson1,2, adrianel@kth.se, Lars Wagberg1,2, Eva E. Malmstrom1,2, Mikael 
Hedenqvist1,2. (1) Fiber and polymer technology, Kungliga Tekniska Hogskolan, Stockholm, Swe-
den; (2) FibRe: Lignocellulose-based thermoplastics, Stockholm, Sweden.  

Polymeric materials are essential in today’s modern society, one of the largest sectors 
is the packaging, estimated to 146 million tons in 2015. A large fraction of the packag-
ing material is single use and ends up in landfill or is incinerated, as most plastics used 
are hard to degrade or recycle in an effective manner. Cellulose is a polymer widely 
available in nature with favorable mechanical properties. Although it is a polymer it 
does not show thermoplasticity as most conventional synthetic polymers and therefor 
is hard to shape through extrusion or injection molding. Our approach based on plas-
ticization of other bio-polymers, such as starches and gluten, through the utilization of 
small molecular weight plasticizers, is to incorporate plasticizers through ultrasoni-
cation. The hypothesis is that the small plasticizing molecules will reduce the strong 
intermolecular interactions within cellulose and enhance the molecular mobility and 
yield a material that can be processed through conventional thermo-processing such 
as extrusion A step on the way has been the incorporation of different bio-based plas-
ticizers, such as glycerol, through ultrasonication as a mean to open up the fibers and 
aiding the sorption of plasticizers. In this work, the primal focus was to understand the 
synergistic effect of plasticizer and sonication on the improved mechanical properties 
on the formed materials with could increase their ductility up to 300 % compared to the 
reference. The sonication itself, a high energy treatment, peels off fibrils from the fiber 
surface, breaks down the crystal region and exposes hydroxyl groups to the plasticiz-
ers, which in turn increase the ductility and ultimate strength compared to the reference 
material. As a result, a 100% bio-based material consisting of more than 75 % ligno-
cellulose is under evaluation as an extrudable material for packaging applications with 
the potential to be bio-degradable and/or recyclable. 

 
Emulsion strategy as a tool for lignocellulosic modification and processing  
 
Monika K. Osterberg, monika.osterberg@aalto.fi, Erfan Kimiaei, Alexander Henn, 
Muhammad Farooq. School of Chemical Engineering, Department of Bioproducts and Biosystems, 
Vuorimiehentie 1, Aalto University, 02150 Espoo, Finland.  

Inherent properties of lignocellulosic building blocks are versatile and lucrative; how-
ever, it is not enough. The challenge lies in precisely transforming the lignocellulosic 
building blocks into products, which are equally competitive or better than plastics with-
out sacrificing the crucial traits of lignocellulosics like biodegradability. Constructing 
such sophisticated structures from lignocellulosic materials requires a combination of 
controlling the surface interactions of the different components and efficient processing 
methods complementing these interactions. Herein, we report the use of a simple 
emulsion strategy as a tool to design multifunctional biomaterials with superior proper-
ties, which are otherwise not realizable. Emulsions are elemental to many aspects of 
everyday life, from food to pharmaceuticals. However, unlike conventional emulsions, 
we utilize emulsions as an intermediate stage, to implement a smart design approach 
by tuning the interfacial interactions between the lignocellulosic components. The re-
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sults of such an approach are quite surprising. For instant, Pickering emulsion stabi-
lized with lignin nanoparticles (LNPs) enables the fabrication of a nanocomposite sys-
tem incorporating Polycaprolactone (PCL), a hydrophobic polymer and hydrophilic 
CNF. This strategy allows the even dispersion of PCL within the CNF network inducing 
waterproof characteristics and enabling synergistic effects of PCL and CNF, resulting 
in composites with higher tensile strength and toughness than pure CNF nanopapers 
in both dry and wet conditions. Furthermore, the inclusion of LNPs induces additional 
functionalities, making them interesting for packaging applications. The emulsion strat-
egy was also employed to prepare lignin adhesives based on the combination of LNPs 
and epoxidized lignin. Performing the epoxidation reaction at the water-oil interface 
minimized the reaction time and simultaneously reduced homopolymerization, result-
ing in high yield of highly reactive and water soluble epoxidized lignin. Combining the 
epoxidized lignin with LNPs allowed the preparation of phenol or formaldehyde-free 
adhesive with a lignin content of over 80%. The formulated adhesives demonstrate 
impressive dry and wet strength and excellent thermal stability. The results obtained 
from the emulsion-based systems vindicate the importance of reactions at interfaces, 
which hold the key to the intelligent design of smarter biosystems. 

 
Mechanisms of films hydrophobization and molecular expansion  
 
Laurent Heux1, laurent.heux@cermav.cnrs.fr, Francois Bru1, Sonia Boisseau1, Ka-
rim Mazeau1, Claire Monot2, Eline Bartolami2, Philippe Martinez2. (1) CERMAV, CNRS, 
Universite Grenoble Alpes, Saint-Martin-d'Heres, Auvergne-Rhône-Alpes, France; (2) Centre Tech-
nique du Papier, Grenoble, Auvergne-Rhône-Alpes, France.  
 
In the search for universal barrier performance to protect food before consumption and 
avoid considerable losses, the packaging industry faces a dilemma in material selec-
tion. Most conventional hydrophobic olefins such as polyethylene or polypropylene 
have very good water and water vapor barrier properties but with high oxygen perme-
ability, while hydroxylated materials such as MFC or PVA provide an excellent oxygen 
barrier but are very sensitive to water. One answer to this challenge is the at least 
partial hydrophobization of the upper part of the hydrophilic layer. The so-called chro-
matography process, which consists of depositing drops of fatty acyl chloride on a sub-
strate that is heated to develop the reaction and finally then flushed with a blade of hot 
air, has been shown to significantly transform the expected hydrophilic behavior of cel-
lulose or PVOH films into a hydrophobic behavior. Similar experiments can be repli-
cated on a laboratory scale in a gas phase experiment that allows for the controlled 
hydrophobization of cellulose aerogels. In both cases and since the chemical modifi-
cation is performed on heterogeneous materials, the reagent must penetrate the inte-
rior of bulky materials and progress from the skin to the core of the film. In the case of 
long fatty acid chains that have a huge molar volume, a second phenomenon that can 
be likened to molecular expansion occurs along with the progression of the chemical 
modification. In this paper, we will show how this molecular expansion can be modeled 
by both calculation and computational means, using simple additive laws and molecu-
lar modeling, respectively. In the case of PVA and cellulose, an increase in molar vol-
ume by a factor of 5 to 8 respectively can be calculated and verified on computer mod-
els in the case of cellulose. From an experimental point of view, different levels of 
grafting were obtained on PVA and cellulose films and the resulting molecular expan-
sion was qualified from the macroscopic changes of the film dimensions. SEM experi-
ments involving the labeling of fatty acyl chloride containing double bonds were also 
developed to visualize the progression of the chemical modification. The difference 
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between PVA for which vertical penetration is controlled and cellulosic films which ex-
hibit different behavior will be discussed. 

 

CELL 027B (Monday 3/27 2:00-5:45 p.m.) – Hybrid 

Grand 5, The Westin Hotel Indianapolis 

Influence of dialcohol modification of cellulose fibres on the properties of their 
composites with PEDOT:PSS  
 
LarsWagberg, wagberg@kth.se, PerA. Larsson, KarishmaJain. Fibre and Polymer Tech-
nology, KTH Royal Institute of Technology, Stockholm, Select One, Sweden. 
  
The discovery of conducting polymers has opened up totally new possibilities for de-
veloping new, light-weight, flexible and efficient energy storage and interactive devices. 
In this respect, PEDOT:PSS ((poly ethylenedioxythiophene:polystyrene sulfonate) has 
been demonstrated to be an interesting starting material. However, in order to fully 
utilize the inherent properties of the PEDOT polymer, it is important to achieve an effi-
cient phase separation of the PEDOT and the PSS in the final material to create the 
necessary crystalline organization of the PEDOT polymer which has proven to have 
the best conductive properties. This phase separation should ideally be combined with 
an organization of the polymer in a composite allowing for the development of flexible, 
yet highly conductive materials. To manage this, the PEDOT:PSS has been combined 
with secondary, more or less complicated, dopants which will allow both for a better 
organization of the PEDOT while, at the same time, creating composites with suitable 
mechanical properties. In the present contribution, we have found that by combining 
PEDOT:PSS with dialcohol-modified cellulose fibres and glycerol it has been possible 
to create mixtures that are very well-suited as 3D-printing inks for the preparation of 
highly conductive, flexible and wet stable composites. Different types of structures 
could be prepared by non-complicated 3D printing and by washing the prepared ma-
terials with water, highly conductive, flexible, wet stable, adhesive, and durable mate-
rials could be prepared. Furthermore, by using Wide Angle X-ray Scattering (WAXS) it 
was also possible to establish the effect of the different additives. It was found that 
glycerol and dialcohol-modified cellulose fibres showed a synergistic dopant effect for 
the phase separation of PEDOT and PSS, and for the crystallization of the PEDOT. 

 
 
Improving ductility of post-consumer mixed engineering plastics by nonwoven 
rayon suspension aided with anionic sodium dodecyl sulfate  
 
Kanjanawadee Singkronart1, ks1518@ic.ac.uk, Koon-Yang Lee1,2. (1) Aeronautics, Im-
perial College London, London, London, United Kingdom; (2) The Institute for Molecular Science and 
Engineering, Imperial College London, London, London, United Kingdom.  
 
Cellulosic fibre has several advantages such as renewable, non-abrasive nature, low 
cost, high specific stiffness and abundant supply. With a nonwoven fabric structure, 
the fibre web entanglement provides high shape stability, mouldability, isotropic with z-
direction fibre orientation and high fatigue resistance. This makes nonwoven cellulosic 
fabric more desirable, especially for sustainable and structural applications. Since 
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rayon fibre is considered one of the most ductile fibres of regenerated cellulose with 
the strain at break of 25%, in this work, nonwoven rayon fabrics were employed to 
improve the mechanical properties of mixed engineering plastic wastes (MEPs) owing 
to its superior mechanical properties and ductility with connected fibres of nonwoven 
structure. MEPs are the residues of the sorting process of the end of life of vehicle 
(ELV) and electrical and electronic equipment (EEE) which is composed of a variety of 
complex characteristics of engineering plastics. Reprocessing these plastics resulted 
in brittle and poor mechanical properties, where tensile strength and strain at break 
reached only 15 MPa and 0.7%, respectively. To accomplish homogenous dispersion 
of hydrophobic plastic particles in hydrophilic rayon suspension, the usage of anionic 
sodium dodecyl sulfate (SDS) was studied. Beyond 10 mM of SDS solution, there is a 
positive effect in plastic dispersion since it helps wetting hydrophobic plastic particles 
and also helps embedding plastics in the fibre network by increasing gaps between 
rayon fibres from the repulsive negative charge of SDS and fibres. With 10mM of SDS, 
reinforcing mixed engineering plastic wastes (MEPs) with a 20% wt of rayon, the ten-
sile properties increased significantly with a higher impact energy absorption. The in-
corporation of nonwoven rayon fibres shows that this method can solve the major draw-
back of MEPs and provides opportunities to compete a place in the market against 
their virgin counterparts or higher value applications. 

 
 
Processability of thermoplastic lignocellulose in lab scale twin screw extruder  
 
Bahiru Tsegaye2, bahiru@chalmers.se, Mikael Hedenqvist1, Anna Ström2. (1) Kungliga 
Tekniska Hogskolan, Stockholm, Sweden; (2) Chalmers tekniska hogskola, Goteborg, Sweden.  
 
Huge efforts are underway to develop sustainable materials from lignocellulosic bio-
mass. However, the processability and the effect of processing on the material is not 
well explored, especially in regard of utilizing existing plastic production lines. Under-
standing the effect of processing helps to design effective and efficient commercial 
scale production. In this work, we investigated processability, effect of extrusion pro-
cessing and plasticization of thermoplastic lignocellulose using thermal, mechanical, 
and rheological approaches. Thermoplastic lignocellulose material was extruded and 
the effect of extrusion conditions on the melt flowability, thermoplasticity, melt pro-
cessability, and viscosity were studied using TGA, FTIR, DSC, DMA, and rheometry. 
We observed that longer processing time negatively affected the melt flowability and 
stability of the material, while plasticization reduced the glass transition temperature 
and improved the flowability. Moreover, the processing temperature range was re-
duced significantly after plasticization. However, we observed no change in material 
properties when it was processed for shorter extrusion time, which implies the possi-
bility of recycling the material. The result showed that the processing time and temper-
ature affected the melt flowability and processability of the material used. This study 
helps us to understand the possibility of utilizing conventional plastic processing equip-
ment for the new families of thermoplastic lignocellulose materials. 
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High-performance lignocellulosic composites via adhesive-free self-bonding  
 
Yuan Chen, chenyuan@criwi.org.cn, Yiyuan Zhang, Gaiyun Li. Chinese Academy of For-
estry, Research Institute of Wood Industry, Beijing, China.  
 
Novel lignocellulosic self-bonding materials with high performance and low hygrosco-
picity are still in demand in the wood industry. We demonstrated a facile and efficient 
approach to prepare adhesive-free all-lignocellulosic composites with excellent perfor-
mances via the dialdehyde modification replacing the conventional hydrogen groups. 
Less than 30% water involved as the plasticizer could successfully optimize the per-
formances of self-bonding composites, more important, realize low temperature hot 
pressing. The internal sectional morphology and chemical analysis showed the intra- 
and intermolecular association of dialdehyde groups and individual wood fiber cells 
collapsed to enhance interfacial bonding. The self-assembly lignocellulosic composites 
were superior to most of the reported adhesive-free bio-fiber materials, demonstrating 
better flexural strength (93.7 MPa), internal bond strength (6.2 MPa), tensile strength 
(20.2 MPa), and hardness (1.0 GPa). Thus, this technology can be extended to differ-
ent  
wood species. The thickness swelling rate of lignocellulosic self-bonding composites 
was only 2.1% after soaking in water for 24 h. In addition, the adhesive-free lignocel-
lulosic composites exhibited plastic body-like behaviour and excellent machinability. 
The applications of all-lignocellulosic self-bonding composites can be extended to high 
strength structural buildings and outdoor household material fields, which aligns with 
the concepts of eco-friendly, degradation, and carbon storage. 
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Characterization of injection-moulded wood-based thermoplastics using scan-
ning WAXS  

Linnea Björn1, linbjo@chalmers.se, Giada Lo Re2,3, Emile R. Engel3, Manuel Guizar 
Sicairos4, Marianne Liebi1,6, Jan Wahlberg5, Katarina Jonasson5, Per A. Larsson3.  
(1) Department of Physics, Chalmers tekniska hogskola, Goteborg, Sweden; (2) Industrial and Materi-
als Science IMS, Chalmers tekniska hogskola, Goteborg, Sweden; (3) Fibre and Polymer Technology, 
Kungliga Tekniska Hogskolan, Stockholm, Sweden; (4) Swiss Light Source, Paul Scherrer Institut PSI, 
Villigen, Aargau, Switzerland; (5) Tetra Pak AB, Lund, Skane, Sweden; (6) Structure and Mechanics of 
Advanced Materials, Paul Scherrer Institut PSI, Villigen, Aargau, Switzerland.  
 
To replace fossil-based plastics, there have been huge efforts in transforming biomass 
into degradable bioplastics. Cellulose is the most abundant biopolymer on earth and is 
thus a promising starting material in this transformation. The success of fossil-based 
polymer products has been associated with melt processability, which allows to create 
products with complex shapes at a low cost. Cellulose has intrinsic limitations that im-
pede melt processing, which must be overcome to expand conventional processing 
techniques to renewable cellulosic materials. A promising solution is to chemically 
modify cellulose to dialcohol cellulose, since this material has been shown to exhibit 
thermoplastic properties in terms of softening, increased ductility, and melt processa-
bility. By doing so, the material can be processed using injection molding, which is one 
of the most widely used processing techniques utilizing melt processability. However, 
the chemical modifications of cellulose impact the morphology formed during pro-
cessing. The resulting morphology defines the mechanical properties of the injection 
molded parts and consequently, understanding the correlation between degree of 
modification, and resulting morphology is an important challenge. In this contribution, 
we present how advanced scanning wide-angle X-ray scattering can be used to unfold 
the nature of the complex structures in a novel composite based on dialcohol cellulose 
and ethylene acrylic acid copolymer resin (EAA). We show how varying processing 
conditions as well as degree of modification and material composition induce structural 
changes throughout the material. Understanding what is influencing the hierarchical 
structures is key to optimize material usage, further increase the quality of products, 
and continuing to develop sustainable materials that can replace fossil-based counter-
parts. 

Figure: Scanning WAXS from cellulose-based composites where a) shows integrated scatter-
ing intensity for EAA, fibre composites and modified cellulose, b) shows degree of orientation 
calculated for the cellulose (110) peak and c) shows degree of orientation calculated for the 
EAA (020)-peak. In addition, some selected 2D scattering patterns are showed for three posi-
tions in c). 
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New insights into X-ray scattering data from wood and cellulose through mod-
eling and statistical analysis  
 
PaavoPenttilä1, paavo.penttila@aalto.fi, AleksiZitting1, EnriquetaNoriega Benitez1, 
PatrikAhvenainen1, AnttiPaajanen2. (1) Department of Bioproducts and Biosystems, Aalto-ylio-
pisto, Espoo, Finland; (2) Teknologian tutkimuskeskus VTT Oy, Espoo, Finland.  
 
X-ray scattering provides powerful tools to study the nanoscale structure of cellulosic 
materials. Small-angle X-ray scattering (SAXS) is sensitive to the density contrast be-
tween crystalline cellulose microfibrils and the less-ordered matrix around them, giving 
information on the cross-sectional size and shape of the microfibrils and their packing 
distance. Wide-angle X-ray scattering, on the other hand, can be used to analyze the 
crystalline portion of the microfibrils, that is, to determine lattice spacings and coher-
ence length of the crystals (crystal size). However, multiple aspects regarding the in-
formation that can be extracted with these methods from experimental data of real 
cellulosic samples have remained poorly defined. In this contribution, we address the  
resolvability of X-ray scattering methods in the characterization of cellulosic materials, 
especially in terms of the accuracy of parameters determined from scattering data by 
fitting and the variation of such parameters in heterogeneous wood samples. We dis-
cuss for instance factors affecting the size of cellulose crystallites as determined from 
diffraction peak broadening in WAXS data (Scherrer equation) or by simplified analyt-
ical models fitted to SAXS data, based on scattering intensities calculated from molec-
ular models of microfibrils. These factors include the shape of the microfibril cross-
section and the presence of hemicelluloses at the crystallite surfaces, as well as the 
effects of moisture. We also present a statistical analysis of WAXS and SAXS results 
obtained from a large set of experimental data from wood samples, which helps us to 
study the natural variation of nanostructural parameters across different wood species 
and tissue types. This investigation will serve as a basis for future implementations of 
machine learning strategies in data-driven analysis of scattering data from cellulosic 
samples. 

 

Tuning the properties of ethylcellulose with degree of substitution and its distribu-
tion: Molecular dynamics study on the chemical modification of cellulose  
DONGHYUNKIM1,2,3, donghyun@chalmers.se, PatricElf4,5,6, FritjofN. nilsson4,5,6, Mika-
elHedenqvist4,5,6, AnetteLarsson1,2,3. (1) Applied Chemistry, Department of Chemistry 
and Chemical Engineering, Chalmers tekniska hogskola, Goteborg, Sweden(2) FibRe - 
Design for Circularity: Lignocellulose-based Thermoplastics, Department of Chemistry 
and Chemical Engineering, Chalmers tekniska hogskola, Goteborg, Sweden(3) Wallen-
berg Wood Science Center, Chalmers tekniska hogskola, Goteborg, Sweden(4) School 
of Engineering Sciences in Chemistry, Biotechnology and Health, Polymeric Materials Di-
vision, Kungliga Tekniska Hogskolan, Stockholm, Sweden(5) FibRe Vinnova compe-
tence center, Kungliga Tekniska Hogskolan, Stockholm, Sweden(6) Wallenberg Wood 
Science Center, Kungliga Tekniska Hogskolan, Stockholm, Sweden  
As one of most abundant natural polymers, recently cellulose has been expected as bio-
material that could replace fossil-based thermoplastic. However, since the native cellu-
lose is not thermoplastic, chemical modification is inevitable to plasticize it. In addition, it 
is desirable to realise it with the least chemical modification. To this end, we need to un-
derstand the effect of chemical modification on the properties of cellulose derivatives. 
Since three positions of glucose unit in cellulose chain, oxygen 2, 3, and 6, are subject to 
modification, there could exist numbers of amorphous systems of cellulose derivatives 



 ACS Spring 2023 
 

with a target degree of substitution and its distribution in the system, adding complexity 
to the study. In this study, using molecular dynamics (MD) simulations, we explored the 
impact of two factors, 1) distribution of substitution and 2) degree of substitution (DS), on 
the properties of Ethylcellulose (EC). Amorphous systems of EC (20 chains, 36 glucose 
units per chain) with different DS ranging from 0 to 3 were modelled using GROMACS 
software with CHARMM36 force field. Figure 1 shows the specific volume of systems 
with DS = 0, 1 and 2 as a function of  
temperature during cooling process. These results show that the glass transition temper-
ature (Tg) of EC decreases with DS for both random and uniform system (Fig. 1a and b). 
Moreover, we find that the DS plays a more important role in tuning Tg than distribution of 
substitution (i.e., Random vs Uniform, Fig. 1c and d). We would like to discuss the proper-
ties in more detail such as density, glass transition temperature, hydrogen bond density, 
and so on, at the conference. 

Figure: Specific volume of system as a function of temperature for (a) uniformly and (b) ran-
domly substituted Ethylcellulose. The comparison between Uniform and Random system for 
(c) DS=1 and (d) DS=2. O2, O3 and O6 for the uniform system of DS=1 correspond to substi-
tution at oxygen 2, 3, and 6 respectively. For the uniform system of DS=2, O23, O26, and O36 
correspond to substitution at oxygen (2,3), (2,6), and (3,6) respectively. DS1r and DS2r denote 
the random system with DS = 1 and 2 respectively. DS0 is pure cellulose.  

 

Enhanced visualization and property mapping of lightweight and high bulk lig-
nocellulosic materials by micro-computed tomography  
 
Elisa S. Ferreira2,3, James Drummond3,1, Anderson Veiga2,3, Tiinamari Seppänen2,4,5, 
Aurélien Sibellas1,3, Samuel Brown3,1, Lewis Mason1,3, Tuomas Turpeinen5, DM. Mar-
tinez1,3, Emily D. Cranston1,2,3, emily.cranston@ubc.ca. (1) Chemical & Biological Engi-
neering, The University of British Columbia, Vancouver, British Columbia, Canada(2) Department of 
Wood Science, The University of British Columbia, Vancouver, British Columbia, Canada(3) UBC Bi-
oproducts Institute, The University of British Columbia, Vancouver, British Columbia, Canada(4) De-
partment of Bioproducts and Biosystems, School of Chemical Engineering, Aalto-yliopisto, Aalto, Fin-
land(5) VTT Technical Research Centre of Finland, Jyväskylä, Finland  
 
The performance of lignocellulosic materials is greatly influenced by individual fibre 
morphology and assembled network structures. Enhanced visualization techniques are 
critical to elucidate structure-property relationships. Micro-computed tomography 
(μCT) is a non-destructive technique to create 3D images of specimens, based on X-
ray attenuation of different elements – unfortunately, the resolution and ability to dis-
tinguish between components in soft materials is often limited. This work employed 
iron oxide nanoparticles (NPs) as contrast enhancers for μCT imaging. The protocol to 
produce NP coatings as “labels” was first tested on various pulp fibre types to under-
stand the effect of chemical composition, surface chemistry, and fibre morphology on 
the labelling process. Similarly, selective deposition of NPs in multicomponent hand-
sheets was explored to assess the ability to differentiate pulp fibres from additives. 



 ACS Spring 2023 
 

Labelling was optimized for μCT image analysis and fibre segmentation to allow for in 
situ mapping of mechanical properties and tracking water uptake in lignocellulosic ma-
terials. The separation of labelled and non-labelled phases in the tomographic recon-
structions was realized using a deep neural network based semantic segmentation 
method. For example, absorbency testing using NP tracers indicated that the visual 
liquid front in paper corresponds to liquid percolation through intra-fibre pores. More 
specifically, lightweight wood materials (templated by aqueous-foams), high bulk fi-
bres, and conventional papers and handsheets were explored using μCT and modern 
image processing methods in our efforts towards the development of low cost and 
sustainable fibre-based products with improved properties. 
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CELL 034A (Sunday 3/26 8:00-11:45 a.m.) – Hybrid 

Grand 5, The Westin Hotel Indianapolis 

Xylanase surface kinetics on xylan decorated cellulose thin films  
 
Jana Schaubeder1, Jonas Ravn2, Cecilia Geijer2, Tiina Nypelö2, Eliott Orzan2, Harald 
Plank1, Stefan Spirk1, stefan.spirk@tugraz.at. (1) Technische Universitat Graz, Graz, Steier-
mark, Austria; (2) Chalmers tekniska hogskola, Goteborg, Sweden.  

The knowledge of enzyme kinetics is a crucial parameter for a better understanding of 
biological processes as well as for the sustainable valorization of biomass. A challenge 
at interfaces is the complex interplay between the substrate and the enzyme which is 
often described by Michaelis-Menten kinetics. However, this approach and its determi-
nation of the reaction constants is sometimes challenging, particularly if nanoconfined 
films are of interest. Here, we explore the efficiency of different xylanases on xylan 
decorated cellulose surfaces using surface plasmon resonance spectroscopy and fast-
scan atomic force microscopy. The results show that the reaction cannot be described 
as Michaleis Menten kinetics and that, dependent on film thickness, different kinetic 
constants are obtained. The work presented here has implications for the screening of 
novel xylanses and may be used in the design of microarrays. 

 
Sargassum inspired, optimized calcium alginate bioplastic composites for food 
packaging  
 
Akeem Mohammed2, Andre Gaduan3, Pooran Chaitram2, Anaadi Pooran2, Koon-Yang 
Lee3, Keeran Ward1, k.r.ward@leeds.ac.uk. (1) School of Chemical and Process Engineering, 
University of Leeds, Leeds, West Yorkshire, United Kingdom; (2) Chemical Engineering, The University 
of the West Indies at St Augustine, St Augustine, Tunapuna-Piarco, Trinidad and Tobago; (3) Aero-
nautics, Imperial College London, London, London, United Kingdom. 
  
Plastic pollution, more specifically from food packaging and containers which account 
for the largest share of 36% of current plastic production, is one of the greatest threats 
to the natural environment and human health. Thus, the development of alternative 
renewable plastics are needed to complement a circular economy and reduce resource 
depletion. Seaweeds have been known to possess good film forming properties ideal 
for bioplastic production, and Sargassum natans-an invasive brown seaweed which 
has been inundating the shores of the Caribbean, has been shown to be an excellent 
candidate. This study presents, for the first time, the development of a novel optimized 
biodegradable alginate composite bioplastic as an alternative to traditional plastic 
packaging. The optimization process was carried out using Response Surface Meth-
odology (RSM) resulting in a formulation of 6 wt% alginate, 0.263 wt% starch, 0.35 
wt% CMC, 0.065 g/g sorbitol and 0.025 g/g PEG 200- with ultra-high oxygen barrier 
(OP - 0.2 cm3 μm m−2 d−1 kPa−1), good water vapor barrier (WVP - 2.18 × 10−12 g 
m/m2 s Pa) and high tensile modulus (E - 3.93 GPa)- with no migration of additives 
into a simulated aqueous food system in 10 days. Furthermore, composite films were 
found to fully degrade in 14 days and possessed better OP, higher WVP and compa-
rable material properties to HDPE, PET and PLA. Ultimately, our results support algi-
nate composite films as a viable alternative for food packaging best fitted for low mois-
ture environments-encouraging the use of renewable materials for packaging innova-
tion and supporting UNSDGs. 
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Full valorization of agricultural residues  
 
Andreas Mautner1, andreas.mautner@univie.ac.at, Kathrin Weiland1, Alexander Bis-
marck1,2. (1) Materials Chemistry, Universitat Wien, Wien, Wien, Austria; (2) Department of Chemi-
cal Engineering, Imperial College London, London, London, United Kingdom.  
 
Manure is known to be one of the main emitters of greenhouse gases and inadequate 
storage of manure can lead to leakage of nitrates and pathogens into water sources. 
Appropriate, sustainable and responsible handling of manure is expensive thus yield-
ing the misconception of manure rather being a burden and waste material with no 
economic value than constituting a valuable resource, e.g. for the pulp and paper in-
dustry but also as fertilizer and biogas substrate. Traditionally, manure is utilized as 
fertilizer particularly in small scale joint crop and animal farming. Alternatively, gener-
ation of biogas has gained importance in the past decade but is still only utilizing a 
minor fraction of manure produced. Utilizing manure in the pulp and paper industry by 
extracting and processing lignocellulosics from manure into paper products has re-
cently been demonstrated to be feasible, reducing the energy and chemical demand 
as well as consumption of high-quality biomass such as wood. It also offers the ad-
vantage of “outsourcing” the collection and disintegration of plant biomass into fibers 
to the animal and their digestive system, which can thus significantly reduce the energy 
requirement for garnering fiber raw materials, in particular en route to nanocellulose. 
Taking all this into account, it would be worthwhile to fully utilize the whole potential of 
such agricultural/industrial waste and side streams in an integrated process. Prior to 
(nano)cellulose extraction, biogas can be obtained through anaerobic digestion (AD), 
which is of particular interest considering the current and future need for sustainable 
origins of energy. The residue of AD provides lignocellulosic fibers as well as fertilizer 
precursors. Furthermore, due to the microbial attack during AD, lignocellulosic fibers 
are already partially broken down, thus allowing for isolation of nanofibrils with lower 
energy demand. Another concept for exploiting manure or biogas residue utilizing a 
bio-pulping process would be as substrate for fungal growth directed at pulp delignifi-
cation. This constitutes a sustainable pathway for the removal of lignin from plant bio-
mass with reduced chemical consumption for the production of paper pulp. 
 
 
Conformational change of single nanocellulose during drying from aqueous 
dispersions  
 
Shuji Fujisawa, afujisawa@g.ecc.u-tokyo.ac.jp. The University of Tokyo, Tokyo, Japan. 
  
The conformational change of single nanocellulose during drying process was investi-
gated by means of molecular dynamics simulation and atomic force microscopic ob-
servation. Single nanocellulose showed continuous twisted morphology in the aqueous 
colloidal dispersion system. The twist became localized during attaching on a solid 
surface, and the morphology remained after the drying of water. The effect of polymer 
grafting onto nanocellulose on the morphology was also discussed at the atomic scale. 
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Cellulose-based ionic conductive gels: Fabrication and applications  
 
Yuhang Ye, Xia Sun, Feng Jiang, feng.jiang@ubc.ca. Wood Science, The University of 
British Columbia, Vancouver, British Columbia, Canada.  
 
Ionic conductive gels (ICGs) represent a class of emerging materials that shows broad 
application potentials as sensors, electrolytes, ionic cables, and artificial skins. Current 
research on the fabrication of ICG primarily focuses on performance improvement, in-
cluding simultaneously improving strength, stretchability, toughness, and ionic conduc-
tivity, which are often mutually exclusive in a single ICG. My research group has been 
focusing on developing high performance ICG using cellulose, in the form of cellulose 
nanofibrils (CNFs) or cellulose microfibers (CMFs). In this presentation, two examples 
will be shared on our design strategies in improving the overall performance of ICG. 
TEMPO oxidized CNFs is found to significantly enhance the mechanical and ionic con-
ductive performance of polyvinyl alcohol (PVA) based organohydrogel, including 3.5 
times of tensile strength, 1.65 time of stretchability, 3 times in toughness, and more 
than doubled ionic conductivity. Although CNFs shows great promise in improving the 
performance of ICGs, the isolation of CNF is usually chemical and energy intensive. 
To address this issue, we developed a one-pot reaction using polymerizable deep eu-
tectic solvent (choline chloride and acrylic acid) to pre-treat Kraft pulp and then poly-
merize into a eutectogel. During pre-treatment, the Kraft pulp can be hydrolyzed in to 
CMFs, which can enhance the mechanical properties (1.5 times of strength, 1.6 times 
of stretchability, and 3.5 times of toughness) of the resultant eutectogel. 
 
 
Electrohydrodynamic convection instabilities in suspensions of cellulose  
nanocrystals  
 
Bruno Frka-Petesic1, bf284@cam.ac.uk, Bruno R. Jean2, Laurent Heux2. (1) Yusuf 
Hamied Department of Chemistry, University of Cambridge, Cambridge, Cambridgeshire, United King-
dom; (2) Centre de Recherches sur les Macromolecules Vegetales, Grenoble, Rhône-Alpes, France.  
 
Cellulose nanocrystals (CNCs) are anisotropic and chiral colloidal nanorods able to 
self-assemble spontaneously in suspension into a cholesteric phase above a critical 
concentration. When surfactant-coated CNCs are suspended in apolar solvents such 
as toluene, their alignment can be controlled using AC electric fields, leading to the 
gradual unwinding of the cholesteric structure into a paranematic state, whereby all the 
rods are locally pointing parallel to the external field. In this talk, we will present the 
observations of these suspensions when much larger AC electric fields are applied. 
The suspension was placed in a sealed rectangular glass cell (L: 50 mm, W: 10 mm, 
T: 1 mm) containing two parallel electrodes used to apply a strong electric field in the 
width direction. Above a certain electric field threshold that is frequency-dependent, 
we observe the formation of regular patterns with increasing complexities, distinct from 
a cholesteric structure, which we ascribe to electrohydrodynamic convection instabili-
ties. To the best of our knowledge, such instabilities were so far only described in mo-
lecular nematic liquid crystals. 
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Figure: Example of pattern observed in apolar CNC suspen-
sions under strong electric field (6.65 kV/cm), attributed to elec-
trohydrodynamic convection instabilities. 

 
 
Capturing micro- and nanoplastics with plant-based nanocellulos networks  
 
Ilona Leppänen1, ilona.leppanen@vtt.fi, Timo Lappalainen1, Tia Lohtander-Piispa1, 
Christopher Jonkergouw2, Suvi Arola1, Tekla Tammelin1. (1) Teknologian tutkimuskeskus 
VTT Oy, Espoo, Uusimaa, Finland; (2) Department of Bioproducts and Biosystems, Aalto-yliopisto, 
Aalto, Uusimaa, Finland.  
 
Plastic pollution has emerged as one of the most severe environmental threats, where 
the biggest concern is related to the existence of micro- and nanoplastics. These small 
plastic particles have been found in every corner of our planet: in deep seas, Antarctic 
ice, accumulated in marine organisms, and even in the human placenta. Especially the 
nanoplastic particles are considered harmful to the environment due to their small size 
enabling them to enter cells and tissues possibly disrupting cellular activity. Unfortu-
nately, the accumulation of these particles is not the only problem. A recognized chal-
lenge with micro- and nanoplastics is also the lack of reliable analytical tools to assess 
their abundance, source, and fate in the environment since existing methods are suited 
only for larger microplastic particles. Thus, the primary needs of microplastic manage-
ment include i) efficient materials for the collection of the most harmful nanoplastic 
fraction and ii) new analytical methodology for detecting and quantifying these parti-
cles. Our study addresses both of these needs. First, we have discovered that plant-
based nanocellulose networks are able to efficiently collect even the smallest plastic 
particles from an aqueous environment. In an aqueous environment, the hygroscopic 
nature and porosity of nanocellulose generates water transport functions that convey 
the particles inside the network. To evidence the ability of nanocellulose to act as a 
capturing material we utilized polystyrene (PS) beads with defined properties and both 
nanocellulose hydrogels and self-standing films as capturing substrates. The accumu-
lation of the PS particles was monitored quantitatively and qualitatively using fluores-
cence techniques. Then we demonstrated the viability of an interfacial approach, 
where we assessed the adsorption process more in-depth to gain quantitative infor-
mation on the nanoplastic binding. Here, we used quartz crystal microbalance with 
dissipation (QCM-D), a highly surface-sensitive technique, coupled with image analy-
sis and the random sequential adsorption (RSA) model. With this combinatorial ap-
proach, we were not only able to quantify the amount of captured particles but also 
understand the role of surface interactions in the binding, extract kinetic information on 
the adsorption process and provide novel analytical methods for nanoparticle detec-
tion. 
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Keratin building blocks from feathers for material applications  
 
Emmi-Maria Nuutinen, emmi.nuutinen@vtt.fi. Sustainable products and materials, Teknolo-
gian tutkimuskeskus VTT Oy, Espoo, Uusimaa, Finland.  
 
One of the most underutilized protein sources is the feather side stream of the poultry 
industry. Feathers are mostly either burned, buried in the landfills or recycled as poorly 
digestible feed leaving about 12.6 million metric tons of keratin to be used in higher 
value products. To enable the value addition for feather keratin, the most feasible and 
suitable processing methods and applications should be identified. This kind of identi-
fication requires a deep understanding of feather keratin and how its structure and 
interactions are linked to its properties. The aim of this study was to understand how 
feathers could be converted into utilizable keratin fractions and evaluate their potential 
as building blocks for future materials. To produce molecular keratin, feathers were 
dissolved in an aqueous deep eutectic solvent (DES). It was found that the DES used 
was able to disturb the interactions within the feather keratin, cleave the disulfide bonds 
in its structure, alter the conformation, and partially break down the polypeptide back-
bone, and that the molecular weight of the keratin played an important role in its solu-
bility. Film structures were prepared from molecular keratin to study the physical prop-
erties and reactivity of keratin. The conformation and molecular weight of keratin, as 
well as the addition of plasticizers and cross-linkers, had determining roles in the me-
chanical properties and water sensitivity of the films. To compare the used DES pro-
cess to a mechanical treatment, a simpler alkaline pre-treatment combined with milling 
was carried out to produce fibrous keratin. A comparison of films made of molecular 
and fibrous keratin showed that fibrous keratin is suitable in applications in which trans-
parency, good barrier properties, or reactivity are not required such as composites 
while molecular keratin is suitable in various applications. To evaluate the possibility to 
combine keratin with other bio-based materials, the adsorption of keratin peptides ob-
tained from the used DES process on cellulose and lignin substrates was studied. The 
interactions between cellulose and keratin peptides were found to be weak, while on 
lignin substrates keratin peptides had high adsorption. The structural properties of ker-
atin including the amino acid content, molecular weight, and random coil conformation 
together with the negative net charge of lignin surfaces were demonstrated to be the 
determining factors for the adsorption behavior. 
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CNC rheology for additive manufacturing: Unlocking new opportunities for 
nanocellulose  
 
Michael Bortner1, mbortner@vt.edu, Bradley Sutliff1, Cailean Pritchard1, Jake Fallon1, 
Tyler Seguine1, Arit Das1, Johan Foster3, Jeffrey P. Youngblood2. (1) Chemical Engineer-
ing, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States; (2) Materials 
Science and Engineering, Purdue University, West Lafayette, Indiana, United States; (3) Chemical and 
Biological Engineering, The University of British Columbia, Vancouver, British Columbia, Canada.  
 
Improving material selection for additive manufacturing (AM), otherwise known as 3D 
printing, has gained significant attention in recent years. Several researchers and com-
panies have been pushed by consumers and industry to stretch the capabilities of AM 
across many different modalities. Cellulose nanocrystals (CNCs) are a biorenewable 
resource derived from the cell walls of many different biological sources and offer sig-
nificant promise for a broad variety of applications, including in developing advanced 
materials and structures through additive manufacturing. Whether used in an aqueous 
suspension or as a reinforcing filler in a polymeric matrix, cellulose nanocrystals pre-
sent unique rheological considerations for translation to AM processes. The unique 
properties of CNCs present interesting rheological challenges associated with each of 
the different modes of AM. However, these same CNC properties also offer the most 
exciting opportunities to develop voxel based, preferentially aligned and composition-
ally/functionally graded structures. Whether in an aqueous suspension or polymer 
composite, the CNC rheology plays a significant role in the resulting process-structure-
property relationships enabled through additive manufacturing. We will probe multiple 
cases where CNC rheology enables different modes of additive manufacturing of func-
tional materials. 
 
 
Templating and changing hard materials with cellulose  
 
Johan Foster, johan.foster@ubc.ca. Chemical and Biological Engineering, The University of 
British Columbia, Vancouver, British Columbia, Canada.  
 
We present our work on making reinforced, structured materials utilizing rod shaped, 
bio-based fillers. In pursuit of creating materials that have favorable mechanical and 
chemical characteristics, cellulose nanocrystals (CNCs) have provided not only the 
structural reinforcement component needed to effectively replace damaged tissue and 
aid in healing, but also a handle to introduce favorable interactions. CNCs are mechan-
ically stiff, high-aspect-ratio, bio-sourced and bio-renewable fibers which can be uti-
lized as both a reinforcing element in nanocomposites, but also a convenient chemical 
handle for adding stimuli responsiveness to a material. We present our research fo-
cused on the creation of reinforced, structured and functional hard materials created 
using CNCs. 
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Mapping nanocellulose- and alginate-based hydrogel matrices as scaffolds for 
photosynthetic cell factories  
 
Ville Rissanen1, ville.rissanen@vtt.fi, Tuukka Leva1, Lauri Nikkanen2, Vilja Siitonen2, 
Maria Heilala3, Josphat Phiri4, Thaddeus C. Maloney4, Sergey Kosourov2, Yagut Allah-
verdiyeva2, Mikko Mäkelä1, Tekla Tammelin1. (1) Teknologian tutkimuskeskus VTT Oy, Espoo, 
Uusimaa, Finland; (2) Department of Life Sciences, Turun yliopiston luonnontieteiden ja tekniikan 
tiedekunta, Turku, Varsinais-Suomi, Finland; (3) Department of Applied Physics, Aalto-yliopisto, Espoo, 
Uusimaa, Finland; (4) Department of Bioproducts and Biosystems, Aalto-yliopisto, Espoo, Uusimaa, 
Finland  
 
Immobilization of living cells into hydrogel matrix is of great interest for many applica-
tions in medical and biotechnological fields. One such emerging application is the pho-
tosynthetic cell factory platform for sustainable chemicals production, where entrap-
ping the cells within a matrix can enhance their viability and light-to-product efficiency. 
Thus, it is pivotal to investigate how the properties of the matrix are linked to the per-
formance of the immobilized cells and vice versa. In this frame, we performed a com-
parative analysis between the conventional cell factory matrix scaffold, polymeric algi-
nate with ionic Ca2+ cross-linking, and a promising alternative based on TEMPO-oxi-
dized cellulose nanofibers (TCNF) cross-linked with Ca2+ and polyvinyl alcohol (PVA). 
Emphasizing on the mechanical performance of wet matrices, the study highlighed the 
stability of the TCNF-based system under submerged production conditions with a 
growth medium. Next, we conducted a more comprehensive  
investigation of the structure-function-performance relationships of alginate-and 
TCNF-based matrices via an interdisciplinary exploitation combining material science 
and physiological approaches. We investigated the structure, mass transfer properties 
and operative stability of the immobilized systems by combining rheology, multivariate 
data analyses, structural investigations, and monitoring of the biological operations of 
the photosynthetic cells. We created a rheological map based on the mechanical per-
formance of the hydrogel matrices that separated the matrices based on their rest and 
yield properties. The porosity for the matrices was investigated in a water-swollen state 
via calorimetric thermoporosimetry and SEM imaging. Finally, by pioneering a gas flux 
analysis via membrane-inlet mass spectrometry (MIMS) for immobilized cells, we ob-
served the in vivo biological performance of the cells in the matrices. Overall, this ex-
perimental toolbox provides detailed insight into the interplay between the material 
properties of the matrices, which can be used for the optimization of tailored cell factory 
scaffolds and immobilized systems in general. 

 
Lignin aromatic refusion strategy: Lignin to multi-dimensional graphene  
 
Zheyuan Ding1,2, dingzheyuan@bjfu.edu.cn, Runcang Sun2,3. (1) Chemical Engineering 
and Technology, Tianjin University, Tianjin, Tianjin, China; (2) Materials Science and Technology, Bei-
jing Forestry University, Beijing, Beijing, China; (3) Center for Lignocellulose Science and Engineering, 
Liaoning Key Laboratory Pulp and Paper Engineering, Dalian Polytechnic University, Dalian, Liaoning, 
China.  
 
Lignin was actually the most abundant renewable aromatic resources, while the paper 
and pulping industry produced large amount of lignin typically incinerated, bringing en-
vironmental pollutions issue and huge resources waste. The scarce of fundamental 
mechanism understanding of lignin thermal conversion severely limited its upgrade for 
high value-added and state-of-the-art applications. The work aimed at revealing the 
aromatic fusion mechanism via in-situ or operando technique including STEM, AFM, 
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XAFS and NMR, etc. for highly controllable synthesis of advanced low-dimensional 
carbon materials. The lignin with phenyl skeletons and condensed aromatic segments 
was successively transferred via our developed Lignin Aromatic Refusion Strategy 
from heterogeneous lignin chemical states into 0D and 2D homogenous graphene ma-
terials including Graphene quantum dots (GQDs), micron-sized graphene sheets (Gr) 
and heterogeneous GQDs/Gr VdW junction for high value added utilization including 
bio imaging, flexible electronics and energy storage, etc. 
 

 
 
 
Deciphering the structure-processing-properties relationships of cellulose  
nanofibrils produced by aqueous counter collision  
 
MirelaA. Artner, MelissaA. Pasquinelli, Nathalie Lavoine, nmlavoin@ncsu.edu. Forest 
Biomaterials, NC State University, Raleigh, North Carolina, United States.  
 
Cellulose nanomaterials (CNMs), building blocks of the plant cell walls, are a catalyst 
for sustainable materials engineering. Their unique combination of characteristics – 
renewable, biodegradable/recyclable, and high performance across a broad range of 
properties, position them well as the next alternatives to non-degradable plastics. 
CNMs are produced globally at industrial scale, yet they remain absent from the US 
market. End-users remain hesitant in using these nanomaterials, probably due to their 
high costs (esp. for large volume, low cost commodities), not (yet) approved environ-
mental, health and safety policies, and/or lack of end-user guidelines. They may also 
be confused by the different grades of CNMs that result from a multitude of production 
routes and diversed (ligno)cellulosic sources. To contribute towards this "end-users" 
challenge, and start drafting the guidelines of good practices of CNM utilization and 
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application, one may focus on understanding the structure-processing-properties rela-
tionships of CNMs, at a deeper level. In this research, we investigated the structure-
processing-properties relationships of cellulose nanofibrils (CNFs) produced by aque-
ous counter collision (ACC). This high-shear mechanical treatment can nanofibrillate 
(ligno)cellulosic fiber suspensions at high pressure and velocity, through two geome-
tries: a 100-micrometer nozzle, followed by collision of the fiber jet with a ceramic ball. 
Aqueous suspensions of CNFs of 15-20 nm in widths can thus be obtained. Using a 
design of experiment (DOE) and surface response methodology, we optimized the 
ACC processing conditions in order to produce CNF films with the highest mechanical 
strength and the lowest water vapor permeability for their end-use as barrier packaging 
substrates. The overall goal is to optimize the processing step so as to produce a start-
ing CNF material that shows the highest feasible performance - i.e., feasible by me-
chanical route solely - for barrier packaging application. In this presentation, we will 
present the methodology and the experimental vs predicted results from the DOE. In-
terestingly, the surface responses for tensile strength and water vapor permeability 
differed significantly. This result will be analyzed and discussed with respect to the 
processing conditions, CNF properties and films' structure. The next steps for produc-
ing and identifying so-called "high-quality" grade CNFs for barrier packaging applica-
tions will finally be proposed. 

 
Improving cellulose nanocrystal performance via a sugar precipitation  
modification route  
 
Elina Niinivaara1,3, Megan G. Roberts1, megan.g.roberts@ubc.ca, Cameron King1, 
Oriana M. Vanderfleet1,2, Eero Kontturi3, Emily D. Cranston1,4. (1) Wood Science, The Uni-
versity of British Columbia, Vancouver, British Columbia, Canada; (2) Chemical Engineering, McMaster 
University, Hamilton, Ontario, Canada; (3) Bioproducts and Biosystems, Aalto-yliopisto Insinooritietei-
den korkeakoulu, Aalto, Finland; (4) Chemical and Biological Engineering, The University of British Co-
lumbia, Vancouver, British Columbia, Canada.  
 
Cellulosic materials, and in particular cellulose nanocrystals (CNCs), show significant 
promise in many applications where synthetic polymer components are traditionally 
used. To improve their compatibility, stability, and dispersibility however, surface-mod-
ification is often required. Methods to tune CNC properties via surface modification 
already exist but generally require the use of harsh chemicals, multistep or complex 
chemistries, as well as tedious purification procedures. We present here a surface 
modification technique that makes it possible to tune CNC properties through the pre-
cipitation of cellulose phosphate oligosaccharides during their isolation or post-produc-
tion. Oligosaccharides are small chain sugars formed as by-products during the pro-
duction of CNCs. Within a specific range of degree of polymerization, oligosaccharides 
are selectively soluble in highly acidic environments but precipitate in more neutral 
conditions. Leveraging this selective solubility, we have modified anionic sulfated 
CNCs extracted using sulfuric acid hydrolysis as well as uncharged CNCs produced 
using both vapour and liquid hydrochloric acid hydrolyses. Following the same straight-
forward protocol, we show that the precipitation of externally prepared oligosaccha-
rides can be used to improve the redispersibility of dry CNCs, decrease their water 
binding ability, control their rheological profile, and enhance their colloidal stability. We 
have also expanded this procedure to precipitate oligosaccharide block copolymers to 
the CNC surfaces and increased the range of obtainable CNC properties in this way. 
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The nature of this modification method allows it to be easily implemented in CNC man-
ufacturing facilities, without alterations to existing production lines and as such, pro-
vides a simple and green alternative for expanded CNC functionality and applications. 

 
Challenges on specific surface area analysis of cellulosic materials  
 
Anett Kondor1, akondor@surfacemeasurementsystems.com, Koon-Yang Lee2, An-
dreas Mautner3, Alexander Bismarck2,3, Dary lR. Williams2,1. (1) Surface Measurement 
Systems UK Ltd, Alperton, Middlesex, United Kingdom; (2) Imperial College London, London, London, 
United Kingdom; (3) Universitat Wien Fakultät für Chemie, Wien, Wien, Austria.  
 
The interaction of a solid with its surroundings is through the available surface area for 
adsorption of gas or vapor molecules. Gas or vapor adsorption allows probing of ma-
terials surface including irregularities and pores. One of the most successful methods 
is based on the BET equation for gas adsorption onto a solid surface. The adsorption 
method of Brunauer, Emmett and Teller (BET) is based on the physical adsorption of 
a vapor or gas onto the surface of a solid. Traditionally, sorption studies were carried 
out at low temperatures to obtain nitrogen isotherms at 77 K, which were then used to 
calculate BET specific surface areas. Considering that material behavior varies with 
temperature, measurements at ambient temperatures may be more relevant and also 
allow the use of various gases and vapors.  
The present study is devoted to a critical investigation of the specific surface area anal-
ysis of cellulosic materials, such as freeze-dried bacterial cellulose, cellulose nanopa-
per, natural fiber and synthetic cellulose fiber by gas and vapor adsorption using dy-
namic vapor sorption (DVS) technique, volumetric technique and inverse Gas Chro-
matographic (iGC) technique. The favorable technique was proposed for cellulosic ma-
terials based on the results and the challenges of the experiments. Inorganic materials 
including the specific surface area standard materials can be successfully measured 
with these techniques, however, the applicability of these techniques on organic ma-
terials has to be investigated, because organic materials have poorer structural stability 
than inorganic materials. Extreme conditions can cause structural changes in organic 
materials, therefore, a technique which measure the specific surface are at ambient 
condition is favorable. 

 
Self-healing composite coating fabricated with cystamine crosslinked CNC sta-
bilised Pickering emulsion  
 
Guofan Xu, wi20241@bristol.ac.uk, Amaka Onyianta, Stephen J. Eichhorn.  
Aerospace engineering, University of Bristol, Bristol, Bristol, United Kingdom.  
 
Linseed oil-in-water Pickering emulsions are stabilized by cellulose nanocrystals 
(CNCs) oxidized by potassium periodate. Oxidized CNC with aldehyde groups were 
demonstrated to be capable of reacting with cystamine in aqueous suspensions. 
Cystamine crosslinked the oxidized CNCs by the reaction between amine groups on 
cystamine and the aldehyde groups on the CNCs, which causes gelation of the CNC 
suspension. Fourier-transform infrared spectroscopy (FTIR) and X-ray photoelectron 
spectroscopy (XPS) were used to characterize the cystamine-crosslinked CNCs. 
Transmission electron microscopy (TEM) images showed the crosslinking among 
CNCs caused by the reaction between amine groups on cystamine and aldehyde 
groups on oxidized CNCs. The oxidized CNC suspension and cystamine were left re-
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acting in a rheometer and the rheological properties were monitored during the reac-
tion. This crosslinking reaction was utilized in the linseed oil-in-water Pickering emul-
sion system, creating a gelled emulsion system. Cryo-SEM imaging of the gelled Pick-
ering emulsion demonstrated the crosslinked CNC network at the oil-water interface 
on the oil droplets' surfaces. The gelled Pickering emulsion was then mixed with other 
coating substrates and fabricated into self-healing coating systems. The self-healing 
coatings were then scratched and viewed under both an optical microscope and a 
Scanning electron microscope (SEM) before and after the self-healing. The linseed oil 
leaked at the scratches and healed the gap. 
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Adding values to biomass by bio-inspired catalytic strategies  
 
Noppadon Sathitsuksanoh, n.sathitsuksanoh@louisville.edu.  
Chemical Engineering, University of Louisville, Louisville, Kentucky, United States.  

Modern society runs on petroleum, from transportation fuels, chemicals, and plastics. 
However, petroleum is non-renewable. Moreover, extracting and processing petroleum 
into fuels and chemicals contribute to climate change. Clearly, we need to find sustain-
able alternative feedstocks. Biomass is a renewable source of sugars. Biomass-de-
rived sugars can be upgraded into biofuels and bioproducts that can potentially replace 
petroleum-derived products. However, the recalcitrant nature of biomass causes diffi-
culty in releasing sugars in a high yield, hurting the economics of the biomass conver-
sion processes and preventing the rapid. Here we will show our strategies for using 
cellulose solvents to process biomass, enhance surface accessibility, and increase 
sugar yields. Moreover, we will demonstrate the design of solid catalysts to convert 
resulting sugars and fractionated lignin into biochemicals, bioplastics, and liquid or-
ganic hydrogen carriers. Then, we will show how to apply these catalytic strategies to 
mitigate plastic pollution problems. Our findings lay the groundwork for developing en-
ergy-efficient biomass processing approaches for profitable biorefineries and a sus-
tainable bioeconomy. 

 
Unilever: Our sustainable packaging ambitions 
  
Joshua Booth, Joshua.Booth@unilever.com.  
Unilever R&D Port Sunlight, Bebington, United Kingdom.  

At Unilever, we are completely rethinking our approach to packaging to help tackle 
waste. We are working hard to close the loop on plastics and make our packaging 
more sustainable, through reducing our use of virgin plastic, increasing the use of re-
cycled plastic, and ensuring our packs are recyclable. We continue on this journey by 
taking further steps, to use our scientific knowledge and insights as a key driver to 
develop the next generation breakthrough packaging solutions that are circular, waste-
free, and carbon-neutral. 
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Morphological analysis of cellulose nanocrystals: Insights into chiral  
self-assembly  
 
Thomas Parton, tgp27@cam.ac.uk, Richard M. Parker, Gea T. van de Kerkhof, Auri-
mas Narkevicius, Johannes S. Haataja, Bruno Frka-Petesic, Silvia Vignolini.  
Yusuf Hamied Department of Chemistry, University of Cambridge, Cambridge, Cambridgeshire, United 
Kingdom.  

Cellulose nanocrystals (CNCs) are bio-derived elongated nanoparticles that have at-
tracted growing research interest over the past few decades. In particular, the sponta-
neous formation of a left-handed cholesteric phase in CNC suspensions is a promising 
way to create structurally colored films from this sustainable material. However, the 
inherent polydispersity of CNCs, and the associated challenges in characterizing CNC 
morphology, have made it difficult to establish clear structure-property relationships 
and have therefore hindered attempts to optimize the performance of cellulose-based 
materials. Here we present a workflow for CNC shape metrology that combines trans-
mission electron microscopy (TEM) and atomic force microscopy (AFM), to provide 
morphological information on individual particles that is consistent with ensemble size 
measurements from dynamic light scattering, and UV-vis spectroscopy. As a demon-
stration of the relevance of this approach, we correlated the morphology of individual 
CNCs with their ensemble behavior in suspension and the color of photonic films. This 
analysis suggests that “bundles” (i.e. clusters of laterally-bound cellulose crystallites) 
are essential for the formation of a cholesteric phase. We propose that this sub-popu-
lation can be interpreted as “chiral dopants”, analogous to those seen for molecular 
liquid crystals, and the color of CNC photonic films can therefore be tuned by control-
ling the proportion of bundles in the initial suspension. 

 
Polymer adsorption as a tool for modifying cellulosic structures  
 
Eero Kontturi, eero.kontturi@aalto.fi.  
Bioproducts and Biosystems, Aalto-yliopisto, Aalto, Finland.  
 
Chemical modification of cellulose-based materials can often be difficult because of 
the relatively low reactivity of cellulose and restrictions related to, e.g., reaction condi-
tions and choices of solvents. In this realm, polymer adsorption – that is, enrichment 
on the surface – offers an attractive alternative to covalent chemistry. With cellulose 
surfaces, polymer adsorption has traditionally been based on electrostatics (with poly-
electrolytes) or “structural similarity” (with polysaccharides). From the point of view of 
modification, chemically modified polyelectrolytes and polysaccharides can therefore 
alter the surface properties of cellulosic materials. However, it is often forgotten that 
virtually any polymer is able to adsorb on a surface from a solution by simple entropic 
strive. This way, hydrophobic nature can be imparted on a cellulose surface merely by 
exposing it to a hydrophobic polymer solution. We will further show that an even tighter 
polymer layer with a higher coverage can be achieved with so-called solid state ad-
sorption with polymer melts where the excess layer is rinsed away with a good solvent 
and a thin adsorbed layer remains on the surface. The aim of the presentation is to 
demonstrate how polymer adsorption is a versatile tool to modify macroscopic cellulo-
sic materials that can be either porous, such as wood and paper, or non-porous, such 
as nanopaper. 
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Optically active nanocellulose aerogels  
 
Gustav Nystroem1,2, gustav.nystroem@empa.ch. (1) Laboratory for Cellulose & Wood Ma-
terials, Empa, Dubendorf, Zürich, Switzerland; (2) Department of Health Sciences and Technology, Eid-
genössische Technische Hochschule Zürich, Zürich, Zürich, Switzerland.  

Nanocellulose is well known to self-assemble into liquid crystal phases that can interact 
with light giving rise to selective reflections and, under the right conditions, structural color 
and circular polarization of the interacting radiation. These effects have been well estab-
lished, notably in cellulose nanocrystal dispersions and solid films but also; careful control 
of the assembly has allowed to maintain the intricate chiral structures after processing of 
the materials into highly porous aerogels. Based on this background, in this talk I will share 
our recent work on nanocellulose aerogels as optically active materials. Specifically, I will 
focus on the interaction of light with ordered aerogel structures and interfaces between 
nanocellulose and conductive nanomaterials (e.g. silver, carbon and mxenes) giving rise 
to interference and birefringence well beyond the visible range. These tunable optical and 
anisotropic properties may contribute to the development of radiation protective materials 
and new high frequency optical devices such as phase shifters, polarizers and filters. 

 
Stopping bullets with nanocellulose: High value nanocellulose composites for 
impact protection  
 
Koon-Yang Lee, koonyang.lee@imperial.ac.uk.  
Imperial College London, London, London, United Kingdom.  
 
Bacterial cellulose (BC) is a type of high-performance bio-based nanofibres synthesised 
by cellulose-producing bacteria. The ability of BC to act as nano-reinforcement in various 
advanced composite settings for load-bearing applications has been demonstrated by var-
ious authors. Despite this, BC has not yet been commercialised as reinforcement for pol-
ymers. A recent cost analysis estimated the break-even price of the large scale production 
of BC to be US$25/kg (wet basis, 99% moisture content) [11]. Such high-cost stems from 
capital expenditure as BC is grown most efficiently in static culture, as well as the low 
production rate of ~0.5 g (wet basis) L-1 h-1. Thus, BC is an expensive nano-reinforce-
ment, especially when high loading fraction of BC in a polymer matrix is required (>30 vol.-
%) to demonstrate significant mechanical improvements over conventional engineering 
polymers. It can be anticipated however that the high cost of BC can be offset by designing 
BC composites containing only low loading fraction of BC but still offering dramatically 
improved mechanical performance that conventional materials cannot achieve. A defining 
characteristic of BC is that it is biosynthesised as a continuous network of cellulose nano-
fibrils into a tough pellicle, especially in the plane of growth. If the toughness of the pellicle 
can be translated into a composite setting, it will introduce additional energy-dissipating 
mechanisms, including BC nanofibril-nanofibril debonding, BC nanofibril re-orientation and 
fracture, improving the fracture resistance and impact strength of the resulting BC-rein-
forced composite materials. This is a sought-after property as advanced BC fibre compo-
sites are often brittle. Here in this presentation, I will discuss the use of low-loading fraction 
BC nanopaper as two-dimensional reinforcement for polymers, with a specific focus of 
utilising the hornification of BC nanofibrils in the nanopaper to enhance impact perfor-
mance of various optically transparent polymeric materials. An in-depth analysis of the 
different composite architecture, as well as their implications for the resulting BC compo-
sites will be given during the presentation. 
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CELL 038A (Wednesday 3/29 8:00-11:45 a.m.) – In-Person 

Grand 2, The Westin Hotel Indianapolis 

NSF BioPACIFIC MIP  
 
Javier Read De Alaniz, javier@chem.ucsb.edu. Chemistry and Biochemistry, University of 
California Santa Barbara, Santa Barbara, California, United States.  

BioPolymers, Automated Cellular Infrastructure, Flow, and Integrated Chemistry Ma-
terials Innovation Platform (BioPACIFIC MIP) is a national user facility dedicated to 
enabling research in the field of biomaterials and related synthetic polymers. In this 
seminar we will describe the automated and high-throughput experimental resources 
of BioPACIFIC MIP located at the UCSB and UCLA campuses and how all US re-
searchers can gain free access to this unique infrastructure through a proposal-based 
user program. Join this talk to learn about how BioPACIFIC MIP's tools of automation 
in synthetic biology, materials synthesis, high-throughput characterization, and addi-
tive manufacturing can accelerate your research. 

 

Degradable polymers derived from bioderived monomers  
 
Heather D. Maynard1, Pedro Salas1, qfb_pedrosalas@outlook.com, Haillie Lower1, 
Colin Johnson1, Yi Tang1,2, Javier Read de Alaniz3. (1) Department of Chemistry and Bio-
chemistry, University of California Los Angeles, Los Angeles, California, United States(2) Department 
of Chemical and Biomolecular Engineering, University of California Los Angeles, Los Angeles, Califor-
nia, United States(3) Department of Chemistry and Biochemistry, University of California Santa Barbara, 
Santa Barbara, California, United States.  

Although generally considered degradable, many well-known commercially utilized de-
gradable polymers, such as polyesters, originate from nonrenewable petrochemical 
feedstocks and require harsh chemical degradation conditions. One potential sustain-
able alternative to petrochemical monomer feedstocks is the utilization of biosynthetic 
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engineering of yeast, fungi, and bacteria to generate bio-derived monomers. Not only 
is there a growing need for novel biodegradable polymers and monomer feedstock 
sources, there is also a need for improved scalability associated with controlled 
polymerization techniques commonly employed to synthesize degradable polymers. 
One common polymerization technique for the synthesis of degradable polymers is 
anionic ring opening polymerization (ROP). To this end, flow polymerization was uti-
lized as an automated synthesis technique to translate a ROP reaction from a batch 
process in a traditional flask to a continuous stream process improving the scalability 
of polymerizations, allowing for easier translation to commercial application, faster 
polymerization times, and improved product consistency. Notably, this work takes 
steps to merge the fields of synthetic biology and polymer chemistry to create a novel 
class of degradable aromatic polyester materials from bio building blocks. High 
throughput biosynthesis of derivatives from yeast utilizing the Living Biofoundry at the 
NSF BioPACIFIC MIP was used to generate monomer precursors that were chemically 
modified for ROP. This project highlights the design-build-test learn cycle with focus 
on improving the scalability and sustainably of polymer materials for future genera-
tions. 

 
Sequence controlled peptoids for appliation as photoresists  
 
Florian H. Kafer1, fhk28@cornell.edu, Zoey Meng2, Christopher K. Ober1, Rachel A. 
Segalman2, Javier Read De Alaniz2. (1) Material Science and Engineering, Cornell University, 
Ithaca, New York, United States; (2) Chemical Engineering, University of California Santa Barbara, 
Santa Barbara, California, United States.  
 
Polypeptoids are characterized by low stochastics that possess identical molecular 
size, composition, and sequence with high molecular uniformity. In this work we have 
synthesized short peptoids with ten repeat-units a solid-supported synthesis approach 
in an automated peptide synthesizer. The synthesized peptoids with different se-
quences and chemical compositions were purified and a post-cleavage functionalized 
to introduce a solubility change upon exposure to deep-UV and electron-beam and the 
chemical structure, and thermal properties of these polypeptoid positive tone CARs 
were verified using MADLI-TOF and DSC, respectively. The synthesized are showing 
promising performance as photoresist materials obtaining well defined line-space pat-
terns of less than 30 nm HP. Moreover, it was found that the sequence, the hydropho-
bicity, and size of the side-groups led to a notable change in solubility and resist per-
formance, due to a change in inter-chain chain interactions. However, future work is 
required to optimize the performance and understand the structural change on a mo-
lecular level of these promising sequence-defined resists. 
 
 
Development and application of high-throughput synthesis and characteriza-
tion procedures in polymer research  
 
Craig J. Hawker, hawker@mrl.ucsb.edu.  
Materials, University of California, Santa Barbara, California, United States.  

The ability to achieve materials-by-design for a broad range of sustainable materials 
is significantly enabled by automated materials synthesis and characterization capa-
bilities. The NSF BioPACIFIC MIP center addresses a major gap in the US research 
infrastructure by providing access to high-throughput synthesis and characterization 
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instrumentation. These unique capabilities will be demonstrated through current re-
search in block copolymers and macromolecular assemblies based on renewable 
monomers and building blocks. 

 
PARADIM  
 
Darrell G. Schlom1, Tyrel McQueen2, mcqueen@jhu.edu. (1) Materials Science and Engi-
neering, Cornell University, Ithaca, New York, United States; (2) Chemistry, Johns Hopkins University, 
Baltimore, Maryland, United States.  
 
PARADIM, the Platform for the Accelerated Realization, Analysis, and Discovery of 
Interface Materials, is a national user facility initiated in 2016 to enable a more effective 
way of pursuing materials research. PARADIM accelerates materials discovery by es-
tablishing an ecosystem—a national community of practitioners—that is equipped with 
the theoretical and experimental methods to create inorganic materials that previously 
only existed in their imaginations. Located at Cornell and Johns Hopkins Universities, 
PARADIM encompasses four vibrant user facilities with unique, world-class capabili-
ties and talented staff to help users identify, create, debug and understand electronic 
materials. Available techniques include thin-film growth by molecular beam epitaxy (62 
elements MBE) with laser sample heating (up to 2000 °C) and vacuum-connected spin-
resolved angle-resolved photoelectron spectroscopy (spin-resolved ARPES); scan-
ning transmission electron microscopy (TFS Spectra) with 2nd-generation EMPAD; 
theory and simulation of electronic properties and including mismatched interface the-
ory; and bulk crystal growth (at Johns Hopkins University) using world’s first floating-
zone furnace (FZF) with 300-atm O2, a tilted laser-diode FZF, and soon a laser-heated 
1000-atm laser-pedestal growth system. Artificial intelligence and machine learning 
approaches are implemented to extract actionable information from multidimensional 
4D-STEM, LEED-IV, or FZF growth video data, to aid PARADIM users in realizing the 
materials of their dreams. Access to PARADIM facilities is based on 2-page proposals 
that are accepted on a rolling basis and can be submitted through the PARADIM 
webpage at www.paradim.org. Since its inception, PARADIM has supported over 250 
unique users in its facilities pursuing their highly rated materials discovery across 170 
user projects from which 210 journal publications have resulted (to date). PARADIM’s 
REU program has enabled 80 undergraduate students to get immersed in research as 
either part of a user project or by improving the capabilities of the Platform. In addition, 
PARADIM has hosted a total of 14 free, week-long, hands-on summer schools on cur-
rent topics of materials realization that have trained more than 350 people, many of 
whom returned as PARADIM users. For an idea on the spectrum of exciting electronic 
materials being realized in PARADIM see https://www.paradim.org/publications. 

 
GlycoMIP: Accelerating advances in glycomaterials research and development  
 
Maren Roman1,2, maren.roman@vt.edu, Robert J. Woods5,6, Linda Caudill3, Richard 
F. Helm4, Parastoo Azadi5,6. (1) Department of Sustainable Biomaterials, Virginia Polytechnic In-
stitute and State University, Blacksburg, Virginia, United States; (2) Macromolecules Innovation Insti-
tute, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States; (3) Fralin 
Life Sciences Institute, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United 
States; (4) Department of Biochemistry, Virginia Polytechnic Institute and State University, Blacksburg, 
Virginia, United States; (5) Department of Biochemistry and Molecular Biology, University of Georgia, 
Athens, Georgia, United States; (6) Complex Carbohydrate Research Center, University of Georgia, 
Athens, Georgia, United States.  

https://www.paradim.org/publications
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GlycoMIP is a new NSF Materials Innovation Platform that focuses on glycomaterials 
science and innovation. Established in 2020, GlycoMIP serves a growing glycomateri-
als research community through state-of-the-art national user facilities with unique ca-
pabilities and services, a new data sharing platform (GlycoData, https://www.glyco-
data.org), transformative in-house research, and year-round education and training ac-
tivities for researchers ranging from undergraduate students to professionals. Located 
at Virginia Tech and the University of Georgia, the GlycoMIP User Facilities offer ca-
pabilities and services in glycomaterials synthesis, molecular structure and interaction 
analysis, soft matter characterization, and modeling. Available instrumentation in-
cludes two automated oligosaccharide synthesizers, a flow chemistry system with in-
line Raman probe, two complementary mass spectrometers, a suite of instruments for 
studying molecular interactions, including surface plasmon resonance, microscale 
thermophoresis, and biolayer interferometry, spectrometers to measure vibrational cir-
cular dichroism and Raman optical activity, and a rheometer configured for glyco-
material solutions and gels. The GlycoMIP Modeling Facility supports molecular struc-
ture modeling, molecular dynamics simulations, and computational molecular interac-
tion studies. The GlycoMIP User Facility is supported by a large research team, com-
prising more than 60 faculty members, scientific and technical personnel, and graduate 
students at Virginia Tech, the University of Georgia, Brandeis University, Rensselaer 
Polytechnic Institute, and the University of North Carolina at Chapel Hill. Researchers 
obtain access to GlycoMIP facilities by submitting a sample/service request, for smaller 
scope, exploratory work, or a two-page proposal, for more extensive research projects. 

 

 
Carbohydrate-polymer conjugate synthesis and lectin binding analysis  
 
Cassandra E. Callmann, ccallmann@utexas.edu.  
Department of Chemistry, The University of Texas at Austin, Austin, Texas, United States.  

GlycoMIP, an NSF-Funded National User Facility, is home to state-of-the-art instru-
ments and services that have been remarkably useful as I establish my research pro-
gram in the Department of Chemistry at the University of Texas at Austin. Herein, I 
describe how GlycoMIP has accelerated the science in my research group, which fo-
cuses on the development of synthetic carbohydrate-polymer conjugates as new tools 
and materials for understanding and manipulating biological processes. Specifically, I 
will discuss how the access to experts in oligosaccharide synthesis and automated 
glycan assembly, glycoscience characterization tools and techniques, and the Gly-
coMIP Summer School have positively impacted both my program and trainees. 
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Interactions of human Galectin-3 with glycosaminoglycans  
 
Tarun K. Dam1, tkdam@mtu.edu, Oliver Grant2, Priyanka Kadav1, Purnima Bandyo-
padhyay1, Robert J. Woods2. (1) Department of Chemistry, Michigan Technological University, 
Houghton, Michigan, United States; (2) Complex Carbohydrate Research Center, University of Geor-
gia, Athens, Georgia, United States.  

Glycan binding proteins (GBPs) belong to two distinct domains, namely, glycosamino-
glycan (GAG)-binding proteins (GAGBPs) and lectins. While GAGBPs recognize pro-
teoglycans and heir constituent GAGs, lectins interact with N- and O-linked glycans of 
glycoproteins. The multi-functional human protein Galectin-3 (Gal-3) is a bona fide lec-
tin that plays significant roles in many cellular and pathological processes including 
cancer and SARS Covid. Gal-3 binds to neutral galactosyl moieties, primarily N-acetyl-
lactosamine (LacNAc) residues, on glycoproteins. We found that despite being a lectin, 
Gal-3 possesses the characteristics of a GAGBP. Gal-3 binds to heparin, chondroitin 
sulfate-A (CSA), -B (CSB), and -C (CSC) as well as chondroitin sulfate proteoglycans 
(CSPGs). Heparin and CSB are monovalent ligands for Gal-3 but CSA, CSC, and a 
bovine CSPG engage in multivalent binding with Gal-3 and form noncovalent cross-
linked complexes with the lectin. Binding of sulfated GAGs by Gal-3 was completely 
abolished when Gal-3 was preincubated with β-lactose. Cross-linking of Gal-3 by CSA, 
CSC, and the bovine CSPG was reversed by β-lactose. Both observations strongly 
suggest that GAGs primarily occupy the lactose/LacNAc binding site of Gal-3. We have 
mapped the GAG binding site of Gal-3 and identified the contact amino acid residues 
by mutational studies. Further investigation of GAG recognition mechanism by Gal-3 
was done by computational modeling with the help of the GlycoMIP Modeling Facility. 
Modeling studies revealed how the structures of the GAGs, particularly the orientation 
of the sulfate groups, regulated their binding interactions. In addition, GlycoMIP Mod-
eling Facility helped understand the intriguing cross-linking properties of CSA, CSC 
and a CSPG. Elucidation of the GAG binding site of Gal-3 and understanding the GAG 
binding mechanism will help unravel the mystery behind the muti-tasking abilities of 
Gal-3. Knowledge acquired from this study might be useful for designing function-spe-
cific inhibitors of Gal-3. 

 
Polysaccharide H2S donors: Amylopectin N-(thiocarboxyanhydride) polymers 
via thiol-ene “click” photochemistry  
 
Abigail F. Chinn, abigailchinn@vt.edu, John Matson. Department of Chemistry, Virginia 
Polytechnic Institute and State University, Blacksburg, Virginia, United States.  
 
H2S has shown great promise as a therapeutic gas for various medical applications 
such as stents and for gastrointestinal issues. Due to release rates for small molecules 
H2S donors being too fast and for some applications, polymeric H2S donors are a 
promising alternative. Utilizing polysaccharides for these polymeric H2S donors is 
promising due to their low toxicity, natural abundance, and water solubility. In this work, 
we use amylopectin as a polysaccharide backbone and connect a small molecule H2S 
donor via thiol-ene “click” photochemistry. We applied acid degradation to vary the 
molecular weights of amylopectin to tune H2S release rates. We utilized GlcoMIP’s 
user facilities to measure the molecular weights of our polymers. 
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2D crystal consortium materials innovation platform: A user facility for  
2D materials synthesis  
 
Joan Redwing, Kevin Dressler, kxd13@psu.edu, Vincent Crespi, Nitin Samarth.  
The Pennsylvania State University, University Park, Pennsylvania, United States.  
 
The spectrum of two-dimensional (2D) materials “beyond graphene” has been contin-
ually expanding driven by the compelling properties of layered chalcogenide materials 
in monolayer and few-layer form. These materials include 2D transition metal dichal-
cogenide films that are only a few atoms thick, topological insulator bismuth chalco-
genide films that conduct on the 2D surface, and chalcogenide heterostructures whose 
properties are dominated by 2D interfaces. Importantly, these 2D materials open up 
new fabrication approaches for heterointegration and new routes to computing archi-
tectures beyond the present day confines of silicon. The full realization of the scientific 
and technological potential of 2D materials requires advances in synthesis and mate-
rials discovery to develop new materials and wafer-scale films and improve their crystal 
perfection. The 2D Crystal Consortium Materials Innovation Platform (2DCC-MIP) 
facilty serves as a national resource to meet these synthesis challenges. The Thin 
Films Facility has developed advanced deposition tools including metalorganic chem-
ical vapor deposition and molecular beam epitaxy systems equipped with in-situ and 
ambient controlled characterization to probe the growth, electronic structure, and ma-
terials properties of atomically thin films. The Bulk Growth Facility includes equipment 
for melt, flux and vapor phase transport growth of chalcogenides crystals. The experi-
mental work is supported by a Theory/Simulation/Data Facility that specializes in the-
oretical techniques including molecular dynamics simulations and reactive force-field 
modeling that addresses the complex kinetic issues underlying materials synthesis. 
Additional facilities are under development for 2D layer transfer and the synthesis of 
2D metals via confinement heteroepitaxy. An active user program provides training 
and access to facility tools and techniques, expert staff, high quality samples and a 
comprehensive suite of materials data. The 2DCC-MIP education and outreach pro-
gram hosts monthly webinars, an annual "Graphene and Beyond" workshop and a 
specialized training program for graduate students and early career researchers. 
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CELL 039A (Thursday 3/30 8:00-11:45 a.m.) – Hybrid 

Capitol III, The Westin Hotel Indianapolis 

BIOMASS-DERIVED HYDROTHERMAL CARBON (HTC): PROMISING REINFORCING 
FILLER MATERIAL FOR SUSTAINABLE ELASTOMER COMPOSITES  

PAUL DORNATH, AKRUEGER@ORIGINMATERIALS.COM, HIMANSHU PATEL. 
ORIGIN MATERIALS, WEST SACRAMENTO, CALIFORNIA, UNITED STATES  

Dr. Paul Dornath is a Staff Scientist at Origin Materials, Inc. His research aims to craft high 
performance HTC derived from sustainable biomass for use as reinforcing filler in elastomer 
composites. This lecture will describe recent advances in lignocellulose derived HTC develop-
ment and applications thereof in rubber and polymers. The absence of detectable PAH (poly-
cyclic aromatic hydrocarbons) and tunable surface chemistry in HTC could help product de-
signers to meet demanding criteria. This new understanding can be used in various business 
sectors such as automotive, construction, specialty chemicals, textile and packaging among 
others. 

HIGHLY CRYSTALLINE AND THERMAL STABLE NANOCELLULOSE (WITH AND WITHOUT LIG-
NIN) SYNTHESIZED BY DICARBOXYLIC ACID HYDROLYSIS  

Junyong Zhu, junyong.zhu@usda.gov. USDA Forest Products Laboratory, 
Madison, Wisconsin, United States  

In this presentation, I will describe the latest development of producing highly crystalline, ther-
mal stable and carboxylated cellulose nanomaterials (CNM) with or without lignin using dicar-
boxylic acid (DCA) especially maleic acid (MA) hydrolysis from various fiber sources including 
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from raw biomass directly. When MA is applied to commercial pulps (either bleached or un-
bleached) at typical temperature of 100 oC for 60 min, it can depolymerize cellulose and sub-
stantially solubilize hemicelluloses to result in a small amount of carboxylated cellulose nano-
crystals (CNCs) along with partially hydrolyzed fibers. The partially hydrolyzed fibers can be 
used to produce carboxylated cellulose nanofibrils (CNFs) using subsequent mechanical fibril-
lation with very low energy input. The amount of CNC or CNF yield along with the morphology 
of resultant CNFs can be tuned by adjust the hydrolysis severity. As shown in Fig. 1, one can 
simply eliminate the CNC separation step to feed all hydrolyzed solids into mechanical fibrilla-
tion to produce a class of morphologically tailorable and diverse carboxylated CNMs (with or 
without lignin depending on the feed pulp fibers). The morphology can be from CNC-like (or 
whiskers) to completely entangled fibril network depending on the extent of hydrolysis. The 
crystallinity can be affected by the extent of mechanical fibrillation. MA is also a hydrotrope 
that can solubilize lignin to fractionate raw biomass such as wood directly to producing carbox-
ylated and lignin containing CNM (LCNM) at atmospheric pressure (typically at 100 oC) for 60 
min. Both lignin and cellulose carboxylation makes CNMs from MA process highly dispersible 
in water. The MA process is scalable. I MA is a solid dicarboxylic acid with low corrosivity, 
which facilitate acid recovery. MA is a US FDA approved indirect food additive, therefore, any 
residue left on CNM will not cause environmental concerns. 

 

SIMPLE FREE-RADICAL COPOLYMERIZATION OF VINYL-MODIFIED CNC FOR REINFORCED 
PHEMA COMPOSITES  

Marcel Kröger, marcel.kroger@aalto.fi, Timo Pääkkönen, Eero Kontturi. 
Aalto University, Aalto-yliopisto, Aalto, FI, academic, Espoo, Finland  

Cellulose nanocrystals (CNC) fillers have been shown to significantly improve the performance 
of polymer composites and hydrogels by introducing strength and toughness. Commonly, the 
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filler-matrix interactions are non-covalent hydrophobic or electrostatic interactions. A third op-
tion is the covalent grafting of the matrix to the filler. Such products are superior to composite 
materials with non-covalent filler-matrix interactions, as the strong bonding enables more effi-
cient load transfer and prevents the disassembly of the compounds. However, the superior 
interactions come at the expense of laborious synthesis approaches. Popular “grafting-from” 
approaches by surface-initiated polymerizations such as atom transfer radical polymerization 
(ATRP) or ring-opening polymerization (ROP), require the introduction of an initiators onto the 
filler surface or suffer from the need for anhydrous conditions and exact stoichiometries to 
succeed. While effective and allowing for excellent control of the polymerization, these stren-
uous procedures limit the attractiveness of these strategies. Conversely, “grafting-to” ap-
proaches suffer from the limited reactivity of macromolecules with nanoparticles. Instead, we 
present a simple water-based modification of CNC by epoxidation to introduce vinyl groups 
onto the filler surface, followed by free radical polymerization in the presence of hydroxyethyl 
methacrylate (HEMA) in a grafting-through approach to obtain covalent CNC-reinforced 
pHEMA composites. Given the excellent biocompatibility of pHEMA, such composites find var-
ious applications ranging from bone tissue engineering and wound healing to dental adhesives 
and contact lenses, illustrating the need for controlling desired mechanical properties. As such, 
the water-based modification approach, omitting the need for intermediate drying and redis-
persion of the nanocellulose, coupled with the straightforward free radical polymerization al-
lows for a simpler, cheaper production of the desired composites. 

TUNABLE AND CONTROLLABLE CELLULOSE NANOCRYSTALS FOR TOUGHENING THERMO-
SET RESINS  

Wadood Y. Hamad, wadood.hamad@fpinnovations.ca. FPInnovations, 
Pointe-Claire, Quebec, Canada  

Cellulose nanocrystals (CNCs) are renewable nanomaterials obtained by strong acid hydroly-
sis of biomass. CNC surface charge and properties can be manipulated and controlled during 
the hydrolysis process, whereby a tunable measure of the surface charge and active moieties 
can be engineered. The application of CNCs as reinforcement in various polymer matrices has 
attracted growing research interest because of its large specific surface area, high aspect ratio, 
high strength and modulus, and sustainability. It is known that CNC spindles (also referred to 
as rods) can contribute to improving nanocomposite mechanical properties by the formation of 
percolated networks in compatible matrices (e.g., PVA, aqueous epoxy, aqueous latex). How-
ever, most polymeric materials used in industry are hydrophobic and non-polar, which are not 
compatible with hydrophilic and polar CNC. This paper will focus on presenting novel ap-
proaches to functionalizing CNCs and embedding them in thermoset cured resins. We have 
experimental evidence to show simultaneous improvement in tensile, stiffness and toughness 
of amine-cured epoxies as well as other resins. The improvement in toughness is almost 2-
fold and far exceeds any typical toughening agent. We will also present comparisons to using 
similar approaches to improving the performance of, for instance, polypropylene. 

STRUCTURE PROPERTIES RELATIONSHIPS OF CNC-NR MATERIALS  

Matthieu Fumagalli, matthieu.fumagalli@univ-lyon1.fr, Fadoua Ellassadi, 
Florent Dalmas, Emmanuel Beyou. Universite de Lyon, Lyon, Auvergne-

Rhône-Alpes, France  

Cellulose nanocrystals (CNCs) are renewable nanomaterials obtained by strong acid hydroly-
sis of biomass. CNC surface charge and properties can be manipulated and controlled during 
the hydrolysis process, whereby a tunable measure of the surface charge and active moieties 
can be engineered. The application of CNCs as reinforcement in various polymer matrices has 
attracted growing research interest because of its large specific surface area, high aspect ratio, 
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high strength and modulus, and sustainability. It is known that CNC spindles (also referred to 
as rods) can contribute to improving nanocomposite mechanical properties by the formation of 
percolated networks in compatible matrices (e.g., PVA, aqueous epoxy, aqueous latex). How-
ever, most polymeric materials used in industry are hydrophobic and non-polar, which are not 
compatible with hydrophilic and polar CNC. This paper will focus on presenting novel ap-
proaches to functionalizing CNCs and embedding them in thermoset cured resins. We have 
experimental evidence to show simultaneous improvement in tensile, stiffness and toughness 
of amine-cured epoxies as well as other resins. The improvement in toughness is almost 2-
fold and far exceeds any typical toughening agent. We will also present comparisons to using 
similar approaches to improving the performance of, for instance, polypropylene. 

NANOCELLULOSE BASED REINFORCING MATERIALS FOR RUBBER: STATE OF THE ART  

Lewis Tunnicliffe1, Lewis.Tunnicliffe@adityabirla.com, Kim Nelson2, 
Charles R. Herd1. (1) Birla Carbon, Marietta, Georgia, United States (2) 

GranBio, Thomaston, Georgia, United States  

This presentation reviews recent progress in the application of cellulose derived filler systems 
for rubber. A basic overview of nanocellulose types, morphologies and preparation techniques 
is presented along with key findings from the literature detailing the application and potential 
of nanocellulose for tire and rubber goods applications. A review of the patent literature per-
taining to the use of nanocellulose reinforcing materials in tire applications is also presented. 

EFFICIENT COMPOUNDING OF CELLULOSE WITH ELASTOMERIC MATERIALS VIA TWIN 
SCREW EXTRUSION  

Scott T. Martin, scott.martin@thermofisher.com. Thermo Fisher Scientific, 
Tewksbury, Massachusetts, United States  

Cellulose has gained significant utilization over recent years as a bio-consumable reinforcing 
additive for a number of polymeric matrices. An efficient method for continuous production of 
these compounded materials has been identified as a fully intermeshing parallel twin screw 
extrusion system. This system offers significant flexibility in regards to the mechanical shear 
forces imposed – the effect of the dispersive (specifically for size reduction) impact on the 
cellulose – as well as distribution (homogeneous spacing within the polymer) of the resultant 
cellulose additive. Difficulty currently exists in regards to the actual introduction of the cellulose 
at an appropriate designation within the extrusion process, typically based upon flow proper-
ties/characteristic as well as objective moisture content. The purpose of this presentation is to 
propose a beneficial and efficient method for material introduction via inclusion of a side-stuff-
ing feeding system for desired (and potentially high level) formulation specific cellulose con-
tent. Discussion regarding the effect of the shear impact from the twin screw process from 

USE OF PREDISPERSED WOOD FIBERS AND OTHER WOOD DERIVED PRODUCTS TO SUS-
TAINABLY IMPROVE RUBBER COMPOUND PROPERTIES  

Jesse Stinson1, jesse.stinson@lanxess.com, Joel Neilsen1, Christian 
Oprisoni2, Antonia Albers2, Torsten Ziser2. (1) BU Rhein Chemie Additives, 

LANXESS Corporation, Chardon, Ohio, United States (2) LANXESS 
Deutschland GmbH, Koln, Nordrhein-Westfalen, Germany  

Predispersed Short Fibers derived from cellulose can improve rubber compound properties 
and also add to sustainability efforts. This is in line with Lanxess’ commitment to achieving 
sustainable, carbon neutral products and operations. It is a given that the performance of rub-
ber products such as tires, automotive components, industrial and technical rubber goods is 
under continuous pressure to be improved. Additionally the focus on sustainability has added 
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new challenges to rubber product producers. The cost of rubber products invariably feels 
downward pressure due to competition and increasing consumer expectations. These often 
conflicting demands require that the performance and cost of rubber compounds be continu-
ously evaluated to be sure that the best performance is being delivered in the most cost effec-
tive manner. Reinforcement is an extremely important aspect of rubber compounding, and is 
always included in this cost vs. performance analysis. To support the sustainability effort, the 
use of short fibers as an additive to rubber compounds has been shown to both improve phys-
ical properties and have a lowering effect on the cost of producing rubber products. This paper 
will focus on predispersed short fibers produced by Rhein Chemie: Rhenogran® wood pulp. 
The manufacturing processes and physical features of these dispersions will be discussed, 
and their influence on rubber compounds will be demonstrated. A final section will cover in 
general terms, Lanxess’ ongoing efforts to achieve carbon neutral products and operations. 
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