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Water-tolerant phosphotungstic acid catalyst for controllable synthesis of jet fuel 
with lignocellulose-derived ketones 

Ya-Nan Liu1, 97591536@qq.com, Genkuo Nie2, Shitao Yu2, Lun Pan1, Li Wang1, 
Xiangwen Zhang1, Chengxiang Shi1, Ji-Jun Zou1. (1) Tianjin University, Tianjin, Tianjin, 
China (2) Qingdao University of Science and Technology, Qingdao, Shandong, China  

Converting renewable lignocellulose to jet fuel is a promising way to increase the value 
of biomass and benefits the needs for sustainable development. Here, we converted 
lignocellulose-derived cyclic ketone to high-performance polycycloalkane mixture 
through solid acid catalyzed aldol condensation and hydrodeoxygenation reaction. The 
main problem in aldol condensation is that water generated in the reaction will decrease 
the activity and stability of solid acid catalysts. In order to increase the water tolerance 
of solid acid catalysts, we developed a highly stable, efficient, and water-tolerant SBA-
16 confined phosphotungstic acid (HPW) catalyst. The surface of SBA-16 was modified 
by alkylimidazole that creates relative hydrophobic environment and anchor points for 
HPW, leading to the resistance of HPW leaching and keeping stable performance of the 
catalyst after five runs. The fuel blending obtained through cross condensation and hy-
drodeoxygenation reaction of cyclopentanone and cyclohexanone has both high density 
(0.905 g/mL) and low freezing point (lower than -50 °C). It takes the advantages of good 
low-temperature properties of primary-condensation fuel and the high density of sec-
ondary-condensation fuel. In conclusion, this work provides a way to produce high-
performance bio-jet fuel blending from lignocellulose, and suggests an efficient and sta-
ble acid catalyst for aldol condensation. 
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(a) Reaction pathway for the aldol condensation of cyclopentanone and cyclohexanone. (b) Conversions 
of cyclopentanone and cyclohexanone and the yields of condensation products over different catalysts. 
(c) Conversions of cyclopentanone and cyclohexanone and the yields of condensation products over 
HPW/SBA-16-hp as a function of recycle time. Reaction conditions: 8.14 g cyclopentanone, 9.50 g cyclo-
hexanone and 1.0 g catalyst, 160 °C, 32h. 

 

Strategies for the 3D printing of hemicellulose together with lignin extracted from 
lignocellulosic biomass 

Erinc Bahcegul1, erincbahcegul@gmail.com, Eylul G. Bahcegul2, Necati Ozkan2. (1) 
Department of Bioengineering, Konya Gida ve Tarim Universitesi, Konya, Turkey (2) 
Department of Polymer Science/ and Technology, Orta Dogu Teknik Universitesi, Anka-
ra, Ankara, Turkey  

Rendering lignocellulosic biomass based polymers suitable for 3D printing applications 
has a huge potential due to the abundance, renewability and biodegradability of these 
polymers. Among the three major polymers found in lignocellulosic biomass, so far cel-
lulose has been the most popular polymer for 3D printing applications. On the other 
hand, hemicellulose and lignin receive less attention compared to cellulose despite 
these two polymers can make-up around half of a given lignocellulosic biomass. Differ-
ent strategies can be employed in order to 3D print hemicellulose and lignin together 
and the final steps in the alkaline extraction of these polymers from lignocellulosic agri-
cultural wastes such as corn cobs play a major role in creating these different strate-
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gies. Hemicellulosic polymers containing residual lignin can be precipitated at the end of 
alkaline extraction in order to obtain 3D printable pastes or the alkaline extract can be 
directly printed omitting the precipitation step following the formation of a thermoreversi-
ble cold-setting gel upon the partial evaporation of the extract’s water content. This gel 
enables all the hemicellulose and lignin solubilized in the alkaline extraction medium to 
be 3D printed. Partial shrinkage of the printed models takes place following their drying 
due to the initial water content of both the paste and the gel. Both the paste and the ex-
tract based gel can also be mixed with thermoplastic polymers so that filaments contain-
ing hemicellulose and lignin can be obtained. These filaments can be conventionally 3D 
printed to obtain complex shapes. Printability, rheology, printing parameters such as 
temperature, extrusion multiplier, printing speed as well as thermal and mechanical 
properties of the printed models are greatly influenced by the selected printing strategy. 

Roles and potentials of diol induced lignin-solvent interactions in directional 
monolignols production from a lignin-rich Camellia oleifera tea oil shell biomass 

Shao-Yuan Leu1, syleu@polyu.edu.hk, Jianyu Guan1, Huaimin Wang1, Ho Yin Tse1, 
Chengyu Dong2. (1) Civil and Environmental Engineering, The Hong Kong Polytechnic 
University, Hong Kong, Hong Kong (2) Nanjing Agricultural University, Nanjing, Jiangsu, 
China  

Diol induced quenching of benzyl carbocation intermediate has been reported to be a 
possible mechanism for reducing lignin condensation during lignocellulosic biomass 
pretreatment. The formation of aliphatic hydroxyl groups at the α position of the lignin 
could also increase the solubility of lignin, while preserving the β-O-4 linkages for mono-
lignol production. In this study, 1,4-butandiol was used to fractionate a high lig-
nin/hemicellulose content biomass (Camellia oleifera shell) for its significant waste gen-
eration in subtropical China, unclarified lignin structure, and extreme lignin/cellulose ra-
tio. After pretreatment, the dissolved lignin was subjected to catalytic transfer hydrogen-
olysis for the production of high value monolignols. The monomer yield was compared 
with other biorefinery techniques based on various delignification principles, with identi-
fication of changing lignocellulosic structure using 2D HSQC NMR, XRD and chemical 
composition analysis. A mathematical function was derived to correctly simulate the re-
lationship among the pretreatment severity factors, lignin removal, β-O-4 linkages, and 
monomer yields, based on the results of 21 biorefinery experiments. The proposed diol 
pretreatment process resulted in higher total monomer yield than ethanol and alkaline 
pretreatment processes, and the optimized process demonstrated high selectivity to an 
extremely valuable monolignols, i.e., 2,6-Dimethoxy-4-propylphenol, among all the six 
detected monomers. Techno-economic assessment covering the fractionation, depoly-
merization, and separation processes were conducted upon the experiment results and 
literatures. Hydrochloric acid catalyzed 1,4-butandiol pretreatment could achieve 89 t/yr 
monomer production in the studied region, with a 1.96-6.10 years’ payback period. 
However, sensitivity analysis also demonstrated that the monomer and catalyst prices 
(±50%) could result in a significant flocculation of ±$1.9 billion USD net present values 
in the market. Diol based biorefinery has shown its potential in organic waste valoriza-
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tion, while the role of monolignol production in a circular economy still relies on further 
exploration of the functionalities and demands of the related products. 

 

 
 
Diol pretreatment and monolignols 

 

Molecular dynamics examination of blending lignin with heavy fuel oil 

Micholas D. Smith1,2, micholasdsmith@gmail.com. (1) Biochemistry and Cellular and 
Molecular Biology, The University of Tennessee Knoxville, Knoxville, Tennessee, United 
States (2) UT/ORNL Center for Molecular Biophysics, The University of Tennessee 
Knoxville, Oak Ridge, Tennessee, United States  

Owing to increasing marine environmental regulations, there has been an increased 
interest in developing low-sulfur-containing marine (heavy fuel oil, or HFO) fuels. Prior 
techno-economic analysis has suggested that a potential valorization strategy for lignin 
is in generating low-sulfur HFO via the blending of fast lignin pyrolysis products. How-
ever, due to the increase in novel biomass pretreatment technologies, it is interesting to 
consider if low-molecular weight lignins could be used instead. Here, using all-atom mo-
lecular dynamics simulations, we examine the impact of various low-molecular-weight 
lignin loadings on the properties of HFO. This work stands as a first step to identifying 
potential benefits and challenges to using lignin in heavy fuel oil. 

Hydrophobic sorbents from sugarcane bagasse for oil spill cleanup 

Polianna d. Ferreira, polianna_silva@hotmail.com, Camila A. Rezende. Institute of 
Chemistry, Universidade Estadual de Campinas, Campinas, SP, Brazil  

Lignocellulosic biomass, mostly composed of cellulose, hemicellulose, and lignin, is a 
renewable, biodegradable, non-toxic, and low-cost carbon source. Due to its mechani-
cal and chemical properties, it can be used to produce sorbent materials for remediation 
of oil spills. Previously, in our research group, lightweight materials from sugarcane ba-
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gasse have been introduced as efficient sorbents. The natural hydrophobicity of lignin 
and the morphological features of these materials, such as porosity and roughness, 
were taken into account to obtain sorbents with tailored wettability. In this work, we per-
formed a more in-depth investigation of the wettability of lignocellulosic lightweight ma-
terials. Milled bagasse was separately submitted to alkaline and acid pretreatments, to 
investigate their influence on the chemical composition and later on the wettability. Sub-
sequently, a covalent reinforcement was provided by crosslinking the pretreated fibers 
with citric acid. The fibers were placed in a cylindrical mold of stainless steel and oven 
dried. The hydrophobic behavior of the sorbents was assessed by water contact angle 
(WCA) measurements. The area of the sorbent that dried out in contact with the mesh 
mold presented WCA up to 90°, which indicated a hydrophobic surface, while the area 
that dried out in contact with the air was verified to be very hydrophilic, as the surface 
wets instantly. Inside of the material, WCA was 121°. Field-emission scanning electron 
micrographs showed that the fibers in the hydrophobic part of the material were orga-
nized in open networks, whereas the hydrophilic part had a more compact structure. 
These results showed that surface wettability was strongly dependent on how drying 
occurs and on the amount of air entrapped in the structure. Furthermore, such behavior 
was independent of the pretreatment used, which demonstrated the influence of porosi-
ty and surface roughness rather than lignin content on the material wettability. However, 
lignin content was critical for the mechanical resistance of the lightweight material, since 
the partial decrease in lignin quantity after alkaline pretreatment led to an increase in 
resistance. Moreover, all sorbent materials showed a high sorption capacity for crude 
oil. By this method, hydrophobic lightweight materials can be produced mainly by ad-
justing their porosity and surface geometry through the drying process, as well as by 
considering the shape and size of the particles. 

Nature sourced cellulosic adenium fiber-PDMS sponge with controlled porosity 
as efficient oil absorbing clean-up agents 

Niharika Pandey, pre17002@rgipt.ac.in, Umaprasana Ojha. Sciences & Humanities, 
Rajiv Gandhi Institute of Petroleum Technology, Amethi, Uttar Pradesh, India  

Herewith, the synthesis of a bio-based PDMS sponge with programmable hydrophobi-
city to successfully separate oil and organic contents from water is investigated. The 
method uses Adenium fibers from renewable plant sources (Adenium obesum) as fill-
ers. The sponge samples are made using a green fabrication method and does not re-
quire the use of environmentally harmful organic solvents. The contact angle value in-
creased from 107, to 139° with 20 wt% fiber loading, and the hydrophobic character in-
creased with increasing the amount of Adenium fibers in the samples. The inclusion of 
fibers also contributed to the samples' pore volume increasing from 4.6 to 13.5 cc/g and 
compressive strength increasing from 0.8 to 10 MPa, which are the two most important 
parameters for the practical and field applications. With chloroform as the absorbate, 
the samples demonstrated a sorption capacity value up to 60 g/g. Importantly, the or-
ganic solvent desorption from these sponge samples was quick and facile, and the light 
squeezing released the majority of the absorbed solvent. Up to 20 cycles, the samples 
showed no reduction in separating activity. Overall, a bio-based hydrophobic sponge 
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has been developed for successful oil spill cleanup and separation of organic compo-
nents from aqueous emulsions and mixtures. 

Simulations of lignin-polysaccharide complexes in the simple models of second-
ary cell wall of plants for biofuel production 

Vaidyanathan Sethuraman, 30894928@acs.org, Loukas Petridis. Center for Molecular 
Biophysics, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States  

We use all-atom molecular dynamics simulations to understand the conformational and 
dynamical properties of the mixtures of the polymeric components of the secondary cell 
walls of plants. To this end, we specifically model the lignin, hemicelluloses (xylan com-
pounds) and other carbohydrate molecules for Alamo switchgrass plants (Panicium vir-
gatum). First, the influence of hemicellulose in the absence of cellulose on the confor-
mational properties of lignin melt is probed. Subsequently, using hydrated lignin-xylan 
complex, we analyze the spatial dynamics of water near the lignin-hemicellulose com-
plexes and the structural reorientation of the monolignol and p-hydroxycinnamate subu-
nits of lignin molecules. Finally, an all-atom model, comprising the lignin-carbohydrate 
complexes with inputs from solid-state NMR experiments, is simulated to understand 
the local organization of the secondary cell wall structure in switchgrass plants. These 
models will be used in conjunction with solvents such as tetrahydrofuran (THF) to un-
derstand the efficacy of these organic solvents for reducing the recalcitrance of lignin-
polysaccharide matrix, thereby leading to effective plant degradation. 

Synthesis, functionalization, and characterization of cellulose nanocrystals 
(CNCs) obtained from South African waste corncobs 

Olawumi O. Sadare1, wumisadare@gmail.com, Nomathemba A. Nkosi1, Michael O. 
Daramola2, michael.daramola@up.ac.za, Kapil Moothi1. (1) Chemical Engineering, Uni-
versity of Johannesburg - Doornfontein Campus, Doornfontein, Gauteng, South Africa 
(2) Chemical Engineering, University of Pretoria Faculty of Engineering Built Environ-
ment and IT, Pretoria, Gauteng, South Africa  

Valorization of agro-waste like corncob into a value-added commodity such as cellulose 
nanocrystals (CNCs) could be instrumental in addressing issues related to waste man-
agement, thereby paving the way toward a circular economy. In this study, cellulose 
nanocrystals were prepared from corncobs via acid hydrolysis using a mixture of sulfuric 
acid and Oxalic acid dihydrate in a mass ratio of 1:5. The synthesized CNCs were func-
tionalized using hexadecyl trimethyl ammonium bromide (HDTMA-Br) to enhance their 
usability in a variety of applications. The functionalized and unfunctionalized CNCs were 
characterized using characterization techniques such as Scanning Electron Microscopy 
(SEM), Fourier Transform Infra-red (FTIR) spectroscopy, X-ray Diffraction (XRD), and 
Thermogravimetric analysis (TGA), to check the surface morphology, surface chemistry, 
crystallinity, and thermal stability, respectively. SEM images revealed that the synthe-
sized CNCs have fibrous structure and individual particles can be easily seen, indicating 
that there was sufficient hydrolysis. Also, the SEM images showed that the functional-
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ized CNCs possessed a highly porous surface compared to that of the non-
functionalized CNCs. According to the XRD pattern, a strong peak that appeared at 
22.4o was considered for the determination of the crystallinity of raw cellulose and that 
of the CNCs. About 55.25% yield of cellulose nanocrystal (CNC) was obtained, and the 
crystallinity of the raw cellulose and the extracted CNCs was 64.5% and 78.9%, respec-
tively. In addition, the XRD analysis also showed increased peak intensity after the func-
tionalization of the CNCs, indicating enhanced crystallinity of the CNCs. Furthermore, 
the appearance of a peak around 30.3° indicates the attachment of HDTMA-Br to the 
surface of the CNCs. FTIR spectra revealed the attachment of additional functional 
groups, methyl, and methylene groups, onto the surface of the CNCs after the function-
alization. TGA analysis indicated that functionalized CNCs were more thermally stable 
compared to non-functionalized CNCs.The on-set degradation temperatures of the 
fCNCs and CNCs were 375°C and 343oC, respectively. As observed from the charac-
terization results, the cellulose nanocrystals were successfully extracted from waste 
corncobs and functionalized with HDTMA-Br. The surface properties of the modified 
CNCs were considerably enhanced, thereby increasing their potential use in a wide 
range of applications. 

Time-resolved in-situ reaction SANS study details structural changes to noncellu-
losic biopolymer in switchgrass plant cell wall 

Zhi Yang2, Marcus Foston3, Hugh M. O'Neill1, Volker Urban1, Arthur J. Ragauskas4,1, 
Barbara R. Evans1, Brian H. Davison1, Sai Venkatesh Pingali1, pingalis@ornl.gov. (1) 
Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States (2) Massey Uni-
versity, Palmerston North, Manawatu-Wanganui, New Zealand (3) Washington Universi-
ty in St Louis, St Louis, Missouri, United States (4) The University of Tennessee Knox-
ville Tickle College of Engineering, Knoxville, Tennessee, United States  

Plant cell wall structure consisting of several carbohydrate polymers encased in hydro-
phobic lignin polymer to protect against degradation, is an intricate and complex struc-
ture. This complex structure of the plants was designed to naturally restrict access to 
the carbohydrate polymers. Consequently, production of second-generation bioethanol 
from such a system in a commercially viable manner is not simple and thermochemical 
approaches are required to open this complex plant cell wall structure to improve en-
zyme access. However, the recalcitrant nature of lignin negatively affects efficient en-
zymatic access. Several different thermochemical pretreatments have been extensively 
developed and employed, but the exact nature of plant cell wall recalcitrance and the 
most efficient and economical approach to alter plant cell wall structure via pretreatment 
remains elusive. To understand the role of noncellulosic switchgrass polymers on the 
overall efficiency of pretreatment, the structural evolution of the noncellulosic polymers 
of the plant cell wall were investigated during dilute acid pretreatment (DAP) by employ-
ing in-situ small-angle neutron scattering (in-situ SANS). In this study, we observed real-
time structural changes not possible to observe by any other technique. To deconvolute 
the structural evolution of lignin and hemicellulose polymers during DAP, native 
switchgrass (NATV), and isolated holocellulose (HOLO) and cellulose (CELL) fractions 
from NATV were studied. Our results show that aggregate particles first appear around 
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80 °C for NATV and HOLO samples. Due to the low temperature and pretreatment se-
verity condition, these particles are likely derived from hemicellulose. The formations of 
much larger aggregate particles, only observed in the NATV sample, were attributed to 
lignin. For the HOLO sample, as the temperature and pretreatment severity condition 
increased, hemicellulose-derived aggregate particle sizes increased, suggesting this 
process was the nucleation and early stage formation of pseudolignin particles. Con-
sistent with our interpretation of structural evolutions in NATV and HOLO samples, no 
formation of aggregate particles was observed in CELL samples for the entire duration 
of the pretreatment. These results suggest that not only lignin but also hemicellulose 
can form aggregate particles within plant cell walls during pretreatment. 

Towards a solution of the lignin problem: Discovery and engineering of high re-
dox potential bacterial laccases 

Robert Collins, recollins@quinnipiac.edu. Chemistry and Physical Sciences, Quin-
nipiac University, Hamden, Connecticut, United States  

Laccases are one of a few enzymes that have promise for lignin valorization. Laccases 
catalyze one-electron oxidizations of a wide range of substrates and indirectly oxidize 
other compounds through redox mediators. This diverse free radical chemistry makes 
them attractive targets for industrial use, such as in biofuel production, the pulp and pa-
per industry, and wastewater treatment. Laccases from white-rot fungi have been 
demonstrated to be effective in many pilot applications but are difficult and expensive to 
produce. Focus has shifted to the more cost-effective recombinant expression of bacte-
rial laccases. As bacterial laccases have less than 25% sequence identity with fungal 
laccases, they are difficult to identify. Searches are frustrated by the lack of clear under-
standing of what governs redox potential and substrate specificity, that is, what makes a 
certain enzyme potentially useful or not. In this project, crystal structures of several lac-
cases have been determined. These structures have informed the search for better en-
zymes, and allowed for the investigation of determinants of redox potential and sub-
strate specificity through mutagenesis. Progress towards the discovery and engineering 
of high redox potential bacterial laccases will be described. 

 

CELL 002B (Monday 8/22 8:00 a. m.-12:00 p. m.) - Hybrid 

Great Lakes G, Marriott Marquis Chicago 

Lignin as a bio-polymer for sustainable plastics development 

Kavya Ganesan1,2, kavyag@g.clemson.edu, James Sternberg1,2, Srikanth Pilla1,2,3. (1) 
Automotive Engineering, Clemson University College of Engineering Computing and 
Applied Sciences, Clemson, South Carolina, United States (2) Clemson Composites 
Center, Clemson University College of Engineering Computing and Applied Sciences, 
Greenville, South Carolina, United States (3) Material Science and Engineering, Clem-
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son University College of Engineering Computing and Applied Sciences, Clemson, 
South Carolina, United States  

Bisphenol-based epoxies are a class of high-performance polymer materials which 
when cured yield thermosets with high mechanical, thermal and chemical resistance 
properties. North America roughly produces around 123 billion pounds of these epoxies 
which are used in a wide range of industrial applications like coatings, composites struc-
tural parts, automotive, electronics, construction etc. These epoxies are mainly manu-
factured from bisphenol-A and epichlorohydrin. Both these chemicals are acutely toxic 
and carcinogenic. During the life cycle of these different products in various applica-
tions, roughly around 1 million pound of BPA is released into the environment. Some of 
the biobased epoxies from natural resources employ allyl bromide instead of epichloro-
hydrin to make epoxies which is still acutely toxic and carcinogenic. Some vegetable oil-
based epoxies do employ green methods to their synthesis. However, these epoxies 
are from non-aromatic source and hence have poor mechanical and thermal properties. 
In this work lignin from biomass is chosen as a suitable sustainable replacement for 
these toxic chemicals in manufacturing of bio-based epoxies through a non-toxic route. 
The use of lignin has the advantage of targeting high performance epoxy applications. 
Industrially available lignin is less reactive and undergoes extensive condensation due 
to harsh pulping conditions. In this work a unique method is devised to extract and func-
tionalize lignin in one step to synthesize the lignin epoxy precursors directly from bio-
mass without using toxic chemicals. Organic and non-toxic reagents are used to extract 
and functionalize lignin with unsaturated bonds. These unsaturated bonds serve as re-
action sites for the introduction of epoxy groups on the lignin structure through reaction 
with peroxy acids in a non-toxic way. For the first time, lignin is simultaneously extracted 
and prepared to create epoxy precursors in one step. 

Upcycling lignin into high-performance polymers with tailored morphology and 
properties 

Nihal Kanbargi, nkanbarg@mail.pse.umass.edu, Amit K. Naskar. Chemical Sciences 
Division, Oak Ridge National Laboratory Physical Sciences Directorate, Oak Ridge, 
Tennessee, United States  

Lignin, a bio-derived and highly aromatic macromolecule has been identified as a poten-
tially valuable source for next-generation of bio-derived structural materials. The com-
plex agglomerated molecular architecture and compositional variability limit its use as a 
component for high-performance materials. Here we report simple chemistries that uti-
lize the inherently rich lignin functionalities to induce nanoscale dispersion of lignin ag-
glomerates and synthesize high-strength renewable lignin compositions. Monomeric di 
and tri-carboxylic acid derivatives with varying molecular architectures act as esterifying 
crosslinkers in an equal mass mixture of lignin and acrylonitrile−butadiene copolymers 
in a highly scalable, solvent-free process. These “inverse thermoplastic vulcanizates” 
(iTPVs) unique in their approach of crosslinking the rigid lignin phase rather than the 
soft phase exhibit ordered self-assembly and tunable nanoscale morphology. Using ad-
vanced bimodal dual AC atomic force microscopy and coarse-grained molecular dy-
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namics simulations, we observe that the morphology and properties of iTPVs are 
strongly correlated to the architecture of the utilized monomers. We discuss how these 
approaches can be extended to synthesize reinforced composite materials with superior 
strength. We explore tailoring lignin functionality for the synthesis of polymeric materials 
with enhanced strain hardening behavior, as well as vitrimeric materials with enhanced 
creep resistance and reprocessability. Thus, a greater understanding of lignin self-
assembly can help us exploit processing and chemistries to synthesize tailored lignin-
derived polymers with superior properties that ultimately contribute to its greater utiliza-
tion. 

 

Precise property control method of lignin based polymer via crosslinking 

Sundol Kim, sk17j@my.fsu.edu, Hoyong Chung. Chemical and Biomedical Engineer-
ing, Florida State University, Tallahassee, Florida, United States  

Lignin is abundant and sustainable biomass polymer. However, their application is lim-
ited because of the multifunctionality, numerous reaction sites, and their complex chem-
ical structures. Especially, excessive and poorly-defined reaction sites led to thermoset 
polymers due to uncontrolled crosslinking of lignin-based polymer. Recently, precise 
control method of lignin crosslinking gains high interest to synthesize value-added lignin 
based polymers which have improved processability and recyclability. Herein, we pre-
sent a synthesis of succinic acid-modified lignin-graft-poly(ethylene glycol) (PEG) with 
different amounts of a capping agent, acetic acid. The lignin-based polymer synthesis 
has two main steps: 1) natural lignin modification with succinic acid and capping agent 
(acetic acid) and 2) graft copolymerization of PEG-OH onto the modified lignin. In the 
lignin modification step, the acetic acid deactivates excess numbers of reaction sites 
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(hydroxyl groups) on natural lignin. We have prepared three different modified lignins 
that have carboxylic acid terminals of 17 %, 50 %, and 83 % out of entire reaction sites. 
Next, the carboxylic acid terminals of modified lignin were reacted with OH terminal of 
linear PEG via esterification. We have integrated three different molecular weights of 
PEG-OH having 1 kDa, 2 kDa, and 3kDa onto modified lignin to study their impact on 
thermal properties. Because thermal properties of polymer can be significantly governed 
by degree of crosslinking. We have determined melting temperatures (Tm) and glass 
transition temperatures (Tg) of new synthesized lignin-based polymers by DSC. The test 
results showed that melting temperatures and Tg are controlled by the molecular 
weights of PEG, the available percentage of reaction site, and weight ratios of modified 
lignin and PEG in graft copolymerization. The lignin-based polymer possesses 3K PEG 
with 1:1 weight ratio of modified lignin: PEG, 17 % of reaction sites on modified lignin 
showed 54 oC of Tm and -5.8 oC of the Tg. A Tm of 58.2 oC and a Tg of -3.5 oC were 
shown from the lignin-based polymer possess 3K PEG with 1:1 weight ratio of modified 
lignin: PEG, 83 % of reaction sites on modified lignin. In conclusion, precise control of 
available reaction sites on lignin by using a capping agent resulted in a convenient way 
to adjust the degree of crosslinking which led to tailor-made thermal properties of lignin-
based polymers. 

Diffusion in plant cell wall models at different relative humidity using molecular 
dynamics simulations 

Daipayan Sarkar1, sarkarda@msu.edu, Lintao Bu2, Joseph E. Jakes3, Jacob Zieba4, 
Vivek S. Bharadwaj2, Meagan Crowley2, Michael F. Crowley2, Peter Ciesielski2, Josh V. 
Vermaas1,4. (1) MSU-DOE Plant Research Laboratory, Michigan State University, East 
Lansing, Michigan, United States (2) Renewable Resources and Enabling Sciences 
Center, National Renewable Energy Laboratory, Golden, Colorado, United States (3) 
Forest Biopolymers Science and Engineering, US Department of Agriculture Forest 
Service, Madison, Wisconsin, United States (4) Biochemistry and Molecular Biology, 
Michigan State University, East Lansing, Michigan, United States  

Secondary plant cell walls are composed from carbohydrate and lignin polymers, and 
collectively represent a significant renewable resource. Leveraging these resources de-
pends in part on a mechanistic understanding for diffusive processes within plant cell 
walls. For instance, the effectiveness of both common wood protection treatments and 
biomass pretreatments for biorefineries typically depend on ionic diffusion within the cell 
wall. X-ray fluorescence microscopy experiments have determined that ionic diffusion 
rates are dependent on cell wall hydration as well as the ionic species through non-
linear relationships. In this work, we use classical molecular dynamics simulations to 
map the diffusion behavior of different plant cell wall components (cellulose, hemicellu-
lose, lignin), ions (Na+, K+, Cu2+, Cl-) and water within a model for an intact plant cell 
wall, depending on the hydration index (3 – 30%). From these simulations, we analyze 
the contacts between different plant cell wall components with each other and their in-
teraction with the ions. The positively charged cations are found to diffuse freely in the 
secondary cell wall, and preferentially interact with hemicellulose components. Carbox-
ylate groups on our hemicellulose model are negatively charged, forming strong and 
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stable electrostatic interactions with the cation, hindering cation diffusion. Diffusion 
measurements within our simulations show that diffusivity grows nonlinearly with in-
creasing moisture content within the cell wall. These observations shed light onto the 
molecular mechanisms for diffusive processes within secondary plant cell walls at atom-
ic resolution. Armed with this mechanism, it is possible to design and engineer path-
ways to alter the mechano-chemical properties of lignocellulosic biomass, catering to 
applications in sustainable and biomedical engineering. 

Sugarcane mill mud to biofertilizer: Factory-generated microbiome to harness 
soil health 

Sophie M. Uchimiya, sophie.uchimiya@usda.gov. USDA-ARS, New Orleans, Louisi-
ana, United States  

Lignocellulosic byproducts from sugar processing (to produce raw and refined table 
sugar) have potential end-uses as fuels and renewable materials. For example, ba-
gasse, fibrous residue after juice extraction from sugarcane stalk, is traditionally used to 
fuel raw sugar production factories. In contrast, direct and indirect (e.g., as a compost-
ing substrate) soil amendment had limited practical application, because of low nutrient 
density and other shortcomings of bulky lignocellulosic byproducts. This presentation 
will focus on development of bio-fertilizer and bio-stimulant from sugarcane mill 
mud/filter cake. Particular emphasis will be given to illustrate how natural microorgan-
isms generated within the operating factory (to produce raw sugar) could be used to 
promote soil health. Bioinformatics enabled statistical evaluation of complex microbial 
community in mill mud, and to understand their environmental fate. Advanced data ana-
lytics and omics fingerprinting techniques allow classification of mill mud based on nu-
trient composition, organic carbon quality, and microbial community. Finally, kinetic ex-
periments were designed to evaluate the environmental transformation and long-term 
values or organic fertilizer. 

Adhesion mechanism of white-rot fungi assisted wood bonding 

Wenjing Sun, wenjing.sun@maine.edu, Mehdi Tajvidi. University of Maine, Orono, 
Maine, United States  

The functionality of surface mycelium for wood bonding was thoroughly investigated by 
growing Trametes versicolor on yellow birch veneers. The presence of surface myceli-
um improved the interface between two wood layers and consequently enhanced bond-
ing. The surface mycelium layer was also confirmed to be able to be utilized as a stand-
alone adhesive to bond untreated wood. The exopolysaccharides and proteins located 
at the interface between aerial mycelium and the substrate were confirmed to play an 
essential role in adhesion. The bonding mechanism and functionality of mycelium were 
also investigated in both as-grown and hot-pressed bio-composite structures. For low-
density as-grown foam structures, fungal mycelium only worked as a binder, the ligno-
cellulosic substrate material played an essential role in sound absorption and thermal 
insulation properties, and the denser mycelium structure had a negative effect on these 
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properties. In a higher-density hot-pressed panel system, fungal mycelium contributed 
to bonding and reinforced the bio-composite by filling the gaps. 

Liquefaction of fast pyrolysis bio-oil distillate residues using various solvents 

Yaseen Elkasabi, yaseen.elkasabi@usda.gov, Charles A. Mullen. USDA-ARS Eastern 
Regional Research Center, Wyndmoor, Pennsylvania, United States  

Fast pyrolysis of biomass produces organic bio-oils, which can be refined into finished 
hydrocarbon fuels. If the process is optimized to produce oils of relatively low oxygen (< 
15 wt%), the oils can distill into relatively purer fractions, leaving behind a solid carbo-
naceous residue. While we have shown that these residues can be converted into valu-
able solid materials like calcined coke, some residues prove more difficult for use in 
those applications. Residues from protein-containing biomasses like spirulina contain 
high levels of nitrogen (> 10 wt%), which interfere with product purity and quality. Some 
residues emanate from lighter oils with low fixed carbon content which limits the poten-
tial yield of solid co-products. While hydrothermal liquefaction (HTL) and solvent lique-
faction have been examined for upgrading biomasses, lignin, and other problematic 
wastes, very little work – if any – has looked at its use on distillate residues. 
 
Herein we will discuss liquefaction screening studies performed on distillate residues 
from various bio-oil types produced by tail-gas reactive pyrolysis: 1) Spirulina bio-oil 2) 
switchgrass bio-oil and 3) switchgrass bio-oil phenolic fraction. A variety of solvents and 
additive combinations were explored for each residue, including water, ethanol, HCl, 
NaOH, and ethanol/HCl mixtures. Microreactors were assembled using Swagelok union 
fittings and pressure-resistant plugs, and we conducted reactions in parallel at 320 oC 
for 1 hr. GC-MS results indicated preferential liquefaction occurred in some solvents 
over others, depending on the residue examined. Spirulina-based residue was more 
effectively depolymerized in ethanol, whereas aqueous media was more effective for 
other residues. Using the most optimal results from microreaction experiments, we will 
also discuss scaled-up experiments in a 100 mL pressurized Parr reactor. 

Upgrading agriculturally based lignins with hot aqueous ethanol solutions: Pre-
cursor design for carbon fibers, polyurethane foams, and activated carbons 

Mark C. Thies1, mcths@clemson.edu, Amod A. Ogale1, Mojgan Nejad2,4, Mark E. Rob-
erts1, David Hodge3, Graham Tindall1, Bronson Lynn1, Oreoluwa Agede1, Carter Fitz-
gerald1, Sagar V. Kanhere1, Christian Henry2, Chengjun Wu1, Villo Bécsy-Jakab3. (1) 
Chemical and Biomolecular Engineering, Clemson University, Clemson, South Carolina, 
United States (2) Forestry, Michigan State University, East Lansing, Michigan, United 
States (3) Chemical and Biological Engineering, Montana State University, Bozeman, 
Montana, United States (4) Chemical Engineering and Material Science, Michigan State 
University, East Lansing, Michigan, United States  

By utilizing the novel liquid–liquid phase behavior that exists between lignin and hot 
aqueous ethanol, agriculturally based bulk lignins derived from hybrid poplar (HP) and 
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corn stover (CS) have been simultaneously fractionated, cleaned, and solvated for con-
version to higher-value bioproducts. This unusual liquid–liquid phase behavior forms the 
basis for a process that we refer to as Aqueous Lignin Purification with Hot Agents, or 
ALPHA. Finally, ALPHA has the added advantage of using only aqueous bioethanol, the 
primary product of a lignocellulosic biorefinery, for the solvent system. 

The focus of this effort has been on the conversion of fractionated and purified "ALPHA" 
lignins into three high-volume, higher-value co-products, namely carbon fibers, polyure-
thane (PU) foams, and activated carbon. Lignin is like any other polymer in that both the 
molecular weight (MW) and purity can have a dramatic impact on its suitability for a giv-
en application. Thus, high MW, HP lignins isolated via ALPHA could be stabilized 5X 
faster than either the bulk lignin or lower MW fractions, significantly enhancing commer-
cial viability. Furthermore, the drawdown ratio for these ultraclean, high-MW lignins was 
also excellent (i.e., approaching 8), resulting in 7 μm dia. fibers. Thus, tensile strength 
and modulus values for the final carbon fibers substantially exceeded the previous best 
values for a hardwood lignin. Initial results for higher-MW ALPHA lignins derived from 
corn stover were also encouraging, with good drawdown ratios and rapid stabilization 
rates producing carbon fiber 7 μm in dia., having tensile properties significantly exceed-
ing previously reported work. 

Our work with PU foams indicates that the low MW cuts derived from ALPHA, whether 
obtained from HP or CS lignin, can replace the polyols at levels significantly exceeding 
50%. Foam derived from both HP and CS lignin beat the "no-lignin" control in most 
property categories, and readily exceeded all ASTM property requirements. In particu-
lar, density and thermal resistance requirements were met, and compressive strengths 
matched those of the control. This application for lignin thus nicely complements the 
lignin needs for carbon fibers, and makes possible the conversion of a substantial frac-
tion of lignin carbon into higher-value products. 

Alkanolamines as Dual Functional Solvents for Biomass Deconstruction and Bio-
energy Production 
Ezinne C. Achinivu,1-3 achinivu@uic.edu, Skye Frank,2,4 Nawa Raj Baral,2,4 Lalitendu 
Das,2,3 Mood Mohan,2,3 Peter Otoupal,2,3 Emara Shabir,2,3 Sean Utan,2,3 Corinne D. 
Scown,2,4 Blake A. Simmons,2,4 and John Gladden2,3. (1) Department of Chemical Engi-
neering, University of Illinois at Chicago, Chicago, Illinois, United States, (2) Joint Bio-
Energy Institute, Lawrence Berkeley National Laboratory, Emeryville, California, United 
States, (3)  Sandia National Laboratories, Livermore, California, United States, (4) Bio-
logical Systems and Engineering Division, Lawrence Berkeley National Laboratory, 
Berkeley, California, United States. 

This work demonstrates the feasibility of applying dual functional solvents called alka-
nolamines towards the conversion of biomass into biofuels. Alkanolamines have the 
potential to serve as effective pretreatment solvents that promote a low energy intensity, 
process intensification, and downstream conversion via a cost-effective route. Several 
key factors were considered to effectively integrate the pretreatment technology into a 
biorefinery, including solvent screening (both experimentally and computationally), 
feedstock screening (capturing the effectiveness on softwood, hardwood, and grasses), 
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fractionation of lignocellulose components (lignin removal), bioconversion efficacy, and 
a sustainability impact assessment. After a thorough and systematic optimization, the 
following conditions emerged for optimal process economics (i.e., shortest time, lowest 
temperature, and highest solid loading): pretreatment of sorghum biomass via ethano-
lamine (25% solvent in water) with temperature 100 °C, time 1 h and solid loading 40%. 
These conditions generated yields of 90% glucose, 76% xylose, 59% lignin removal, 
and 73% solid recovery. The pretreated biomass and recovered lignin were studied us-
ing PXRD/TGA/FTIR/NMR analyses, revealing that the morphology and crystallinity of 
biomass does not change after pretreatment, and recovered lignin is dominated by 
guaiacyl groups, which are suitable for lignin valorization. Subsequently the process 
was consolidated and scaled up (40X) to generate >99% sugar yields followed by a test 
of bioconversion using the omnivorous host R. toruloides, which converted >97% C5, 
C6 and phenolic into the biofuel precursor bisabolene at a titer of 1155 mg L−1. Lastly, 
the TEA revealed that the cost of biomass deconstruction was severely reduced (up to 
50%) compared to similar pretreatment methods, including ethanolamine acetate and 
cholinium lysinate, evaluated under the same modeling assumptions. This study has 
demonstrated the effectiveness and robustness of alkanolamines towards biomass pro-
cessing and presents a new solvent group to be considered for biomass pretreatment 
within a commercial biorefinery for the deconstruction of lignocellulosic biomass. 

 

Combining hydrogenolysis and microbial funneling to produce 2-pyrone-4,6-
dicarboxylic acid from lignocellulosic biomass 

Canan Sener1, csener@wisc.edu, Jose M. Perez1, Shamik Misra1, German E. Umana1, 
Jason Coplien1, Dennis Haak1, Yaoping Zang1, Christos Maravelias2, Steven D. Karlen1, 
John Ralph1, Timothy J. Donohue1, Daniel R. Noguera1. (1) University of Wisconsin-
Madison, Madison, Wisconsin, United States (2) Princeton University, Princeton, New 
Jersey, United States  

We developed a lignin-to-bioproduct processing chain to produce 2-pyrone-4,6-
dicarboxylic acid (PDC) through microbial funneling of the phenolic monomers obtained 
by catalytic depolymerization (hydrogenolysis) of isolated lignin. Chemical and biological 
upgrading were used in tandem to extract greater value from the lignin fraction by con-
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verting lignin-derived aromatics to PDC. We isolated lignin under mild reaction condi-
tions using gamma-valerolactone (GVL) and water as the solvent system and dilute sul-
furic acid as a catalyst. The technoeconomic analysis of the processing chain showed 
the cost of lignin isolation to have a large impact on the minimum-selling-price (MSP) of 
PDC.  
More recently, we modified the “lignin-to-bioproduct” processing chain by eliminating the 
costly biomass fractionation step. In the new scheme, a “biomass-to-bioproduct” pro-
cessing chain, we combine biomass fractionation and catalytic lignin depolymerization 
into a single step, while simultaneously preserving the structure of the polysaccharide 
fraction. Using this strategy, we were able to increase the monomer/oligomer product 
yield on a per kg of biomass basis vs. the two-step process. We further show that, using 
an engineered strain of Novosphingobium aromaticivorans DSM12444, this complex 
mixture of aromatic compounds can be upgraded to PDC which can be extracted from 
the culture broth in a simple separation and purification step (e.g., precipitation using 
NaCl and acid). Furthermore, the sugar stream was subjected to enzymatic and micro-
bial digestion to produce liquid fuels. Combining these improvements over the previous 
process we demonstrate that an expensive part of our lignin-to-bioproduct (PDC) pro-
cessing chain can be improved by using a lignin-first biomass-to-bioproduct processing 
chain. 

Hydrophobic lignocellulosic paper for packaging prepared by metal-ion-
modification 

Xuefeng Zhang, xz210@msstate.edu, R.M. Oshani Nayanathara. Department of Sus-
tainable Bioproducts, Mississippi State University, Mississippi State, Mississippi, United 
States  

Lignocellulosic paper is a crucial solution for preventing the increase in plastic packag-
ing wastes; however, the inherent hydrophilicity and poor water resistance impede its 
practical applications. Here, we report a facile metal-ion-modification approach for con-
verting conventional hydrophilic, low-wet-strength lignocellulosic paper to hydrophobic 
and water-resistant paper with high wet strength. In this process, conventional paper is 
swelled with a dilute multivalent metal ion solution, followed by drying to induce the co-
ordination interactions between metal ions and lignocellulosic fibers. The resulting hy-
drophobic paper exhibit a water contact angle up to 140°, high tensile strength, and low 
water absorptiveness, which are comparable to synthetic polymer films. The hydropho-
bic paper is stable for long-term storage and solvent wash. This metal-ion-modification 
approach also can be applied in the wood pulping process for the scalable production of 
hydrophobic fibers and papers. 
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CNF coatings for all-biobased molded pulp lidded containers 

Jeffrey P. Youngblood, jpyoungb@purdue.edu, Jingxuan Zhang. School of Materials 
Engineering, Purdue University, West Lafayette, Indiana, United States  

Cellulose Nanofibrils (CNF) are a biorenewa-
ble, biodegradable nanomaterial of good 
properties. However, it is usually processed 
like paper leading to higher costs. Here we 
show that CNF can be processed more like 
polymer melts and due to its nano nature can 
have similar properties, to boot. CNF sheets 
can be extruded at greater than 1 mm thick 
with tensile strengths of >150 MPa and modu-
lus of >10 GPa. The rheology necessary also 
is amenable to molding operations. Here, we 
will describe efforts at applying moldable CNF 
to direct molding to produce objects. Further, 
progress at in-mold coating and sheet-
molding lamination onto molded pulp contain-
ers will be described. Molding/coating quality, 
WVTR, strength and other properties will be 
discussed. Lidding of the containers is also 

reported and provides and avenue for a fully biobased sealed package. 

 

Role of position and pattern of acetylation in xylan-cellulose interactions 

Madhulika Gupta1, gmadhulika1909@gmail.com, Paul Dupree2, Jeremy Smith3, 
Loukas Petridis3. (1) Chemistry and Chemical Biology, Indian Institute of Technology, 
Dhanbad, Jharkhand, India (2) University of Cambridge, Cambridge, Cambridgeshire, 
United Kingdom (3) Oak Ridge National Laboratory, Oak Ridge, Tennessee, United 
States  

The interactions of xylan hemicellulose with cellulose microfibrils mediate the mechani-
cal and structural properties of plant cell walls. These components have varied applica-
tions in several areas but the strong interactions between them pose a major challenge 
in their isolation and conversion into value added products. Thus, a deeper understand-
ing of the cell wall architecture is essential for improving upon the current strategies that 
limit the use of lignocellulosic biomass for sustainable production of biofuels and bio-
based advanced materials. Here, we perform unrestrained simulations to understand 
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the role of position of acetyl (Ac) substitutions on xylan interactions with (100) hydro-
phobic surface using four different xylan model systems (DP=11). O-2 acetylated xylan 
(2AcX) with alternate Ac substitutions show rigid 2-fold helical screw conformations to 
interact with cellulose, while O-3 acetylated xylan (3AcX) maintains mostly 3-fold helical 
screw conformations probably to interact with lignin. In contrast to the (110) hydrophilic 
surface, the percentage of conformations in 2-fold helical screw are much higher for 
2AcX than (100) hydrophobic surface. Our studies show that the hydrogen bonds 
formed by O6 of cellulose with O-2 and O-3 of unsubstituted residues of 2AcX play a 
key role in stabilizing the 2-fold helical screw xylan conformations on the (100) hydro-
phobic cellulose surface. The simulations of fully acetylated xylan (2AcXA) and single 
acetylated xylan (2AcXS) at O-2 position reveal that the presence of optimum number of 
unsubstituted residues (~50%) are a prerequisite to form atleast two hydrogen bonds 
with the cellulose surface to facilitate 2-fold helical screw xylan conformations. Thus, the 
position as well as the evenly spaced pattern of substitution play a paramount role in 
stabilizing the xylan conformations in 2-fold helical screw on (100) hydrophobic cellulose 
surface. Our results have significant implications in obtaining insights about the supra-
molecular assembly in plant cell walls which can facilitate to overcome the biomass re-
calcitrance and extractability issues associated with lignocellulosic biomass. 

Cellulose fiber reinforced polyolefin composites for large-scale additive manufac-
turing 

Lu Wang1, lu.wang@maine.edu, Mackenzie Ladd1, Douglas J. Gardner1,2. (1) Ad-
vanced Structures and Composites Center, University of Maine System, Orono, Maine, 
United States (2) School of Forest Resources, University of Maine System, Orono, 
Maine, United States  

Additive manufacturing, also known as 3D printing, is reshaping the world by reforming 
the way materials are manufactured. Extrusion-based additive manufacturing (EAM), is 
one of the 3d printing techniques that could be used for printing thermoplastics. Be-
cause of its simplicity and low-cost, EAM receives more attention compared to other 
techniques for printing thermoplastics. Polypropylene (PP) and polyethylene (PE), two 
huge members of the polyolefin family, are the most widely used commodity thermo-
plastics with applications in various industries. However, regular-grade PP and PE are 
difficult to print with EAM because they shrink and warp during printing. Certain grades 
of polyolefin were more suitable for EAM, however, possess inferior mechanical perfor-
mances which limit their structural applications. Cellulose fibers are strong reinforce-
ments for commodity thermoplastics. Additionally, incorporating cellulose fibers in poly-
olefin will potentially reduce the overall crystallinity and thermal expansion of polyolefin, 
making it more printable. In this study, cellulose fibers will be compounded with polyole-
fin of suitable grades to generate feedstock for EAM. The influence of filler content and 
polymer grade on the dimensional stability, thermal properties, and mechanical perfor-
mances of printed polyolefin composites will be investigated. 
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One-pot synthesis of magnetic cellulose nanocomposite for water treatment 

Ahmed Soliman, Ameena Bacchus, Pedram Fatehi, pfatehi@lakeheadu.ca. Lakehead 
University, Lakehead University, Thunder Bay, ON, CA, academic, Thunder bay, Ontar-
io, Canada  

Removal of water contaminants such as dyes, pharmaceuticals, and heavy metals has 
acquired great interest. Cellulose-based materials are suitable candidates for producing 
adsorbents due to their large surface area, high hydrophilicity, high strength, and low 
thermal properties.1,2 Cellulose nanocrystals (CNC) can be produced via acid hydroly-
sis, oxidation, ionic liquid treatment, and enzymatic hydrolysis.3 Also, acid hydrolysis in 
the presence of inorganic metal halides, such as FeCl3 and FeCl2, was investigated for 
CNC synthesis.3 The composite of cellulose and magnetic nanoparticles affords ease-
separation and high adsorption towards water contaminants.4,5 In the literature, meth-
ods for the formation of nanocellulose/magnetic nanoparticle composites have utilized 
multi-steps of CNC, magnetic particle, and composite productions.5 In this work, for the 
first time, a one-pot reaction was utilized to synthesize the nanocomposites of cellulose 
and magnetic nanoparticles. Experimentally, microcrystalline cellulose (MCC), HCl, 
urea, FeCl3, FeCl2, and water were used in the reactions, and the reactions were per-
formed under different conditions to obtain magnetic nanoparticles with excellent prop-
erties. The size, chemistry, and other characteristics of the developed nanocomposites 
were assessed using different advanced instruments, such as NMR, DLS, XPS, and 
FTIR. Results confirmed the nanoscale size and magnetic features of produced cellu-
lose-derived particles. The XRD results showed that two phases of magnetic CNC-
based nanoparticles (magnetite and hematite) were developed at a low temperature of 
the reaction, while magnetite was the major one in the CNC-based nanoparticles pro-
duced at a high-temperature reaction. The interaction of the generated magnetic nano-
particles with heavy metal ions was systematically analyzed using a QCM-D instrument. 
This presentation will include discussions on the synthetic, properties and applications 
of magnetic nanocomposites. 

Cellulose nanofiber or nanocrystal? Choosing the type of nanocellulose by 
changing the method of lignin removal from plant biomass 

Eupidio Scopel, eupidio@gmail.com, Camila A. Rezende. Institute of Chemistry, Uni-
versidade Estadual de Campinas, Campinas, SP, Brazil  

Nanocelluloses are colloidal structures including cellulose nanofibers (CNFs) and nano-
crystals (CNCs) that can be isolated from cellulose pulps, i.e., lignocellulosic biomasses 
after lignin removal. CNFs are longer and prone to entangle and are isolated from delig-
nified lignocellulosic pulps by mechanical disintegration, a process that can be facilitat-
ed by a previous step of TEMPO-mediated oxidation. CNCs in turn are short and rigid 
rod-like particles, commonly obtained by acid hydrolysis of the cellulose pulps. In this 
work, we evaluated two different strategies for lignin removal to obtain both CNFs or 
CNCs from sugarcane bagasse (SCB) cellulose pulps depending on the chosen route. 
In the first strategy, organosolv treatments were carried out in raw SCB to obtain a del-
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ignified pulp that presented ca. 14% of remaining lignin. The second strategy consisted 
of a sequential bleaching step applied in the previous organosolv-treated substrates, 
which resulted in a cellulose pulp with lignin quantities lower than 5%. Then, both orga-
nosolv and organosolv-bleached substrates were TEMPO-oxidized under the same 
conditions using 25 mmol of oxidizing agent and sonicated for 30 min. After sonication, 
the dried aqueous suspension obtained from the organosolv-treated substrate was ana-
lyzed by Atomic Force Microscopy (AFM), indicating the presence of CNFs with an av-
erage length and diameter of 650 nm and 2 nm, respectively. On the other hand, the 
sonication of organosolv-bleached substrates resulted in shorter particles (230 nm long) 
with an average diameter of 4 nm, as typically reported for CNCs. Both nanoparticles 
presented high colloidal stability (zeta potential of ca. -50 mV in pH 7) due to the pres-
ence of deprotonated carboxyl groups onto their surface. Therefore, this methodology is 
a versatile alternative to obtain CNFs and CNFs functionalized with carboxyl groups, 
which enables the application of these renewable nanoparticles in hydrogels, aerogels, 
foams, and nanocomposites. 

Synthesized starch-based biodegradable bioplastic for plastic products and food 
packaging applications 

Abdus Salam, abdus.salam@wmich.edu. Chemical and Paper Engineering, Western 
Michigan University, Western Michigan University, Kalamazoo, Michigan, United States  

The aim of the research is to develop biodegradable plastic from bio-based raw materi-
als for the replacement of petroleum based non-biodegradable synthetic plastic. Amino 
functional group was incorporated into starch through chemical modification. Further 
synthesized starch was reacted with crosslinking agents and hydrophobic agents to ob-
tain a water-insoluble, strongly hydrophobic, and transparent bioplastic film. Our lab re-
sults indicate that the as-synthesized starch-based bioplastic film displays high tough-
ness similar to non-crystalline polypropylene (PE) or polyethylene terephthalate (PET) 
with a flexibility and moldability that are suitable for further processing into different 
shapes and structures. In addition, it shows high gloss and strong hydrophobicity like 
polyethylene (PE). Therefore, this material can be potentially used as an alternative to 
petroleum-based plastic for many commercial plastic products that are not biodegrada-
ble. The dynamic contact angle and water holding capacity of bioplastic coated paper 
was showed significantly higher than commercial plastic-coated paper. This result indi-

cated that the syn-
thesized bioplastic 
can also be used 
for barrier coating 
on paper for food 
packaging, which is 
currently using non-
biodegradable pe-
troleum-based ma-
terials for coating.  
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An integrated biorefinery concept for conversion of sugar beet pulp into value-
added products: Re-evaluating the product portfolio 

Gary Lye, g.lye@ucl.ac.uk. Biochemical Engineering, University College London, Lon-
don, United Kingdom  

This paper provides an overview of previous work on an integrated biorefinery concept 
for the conversion of Sugar Beet Pulp (SBP) into a range of value-added fuels and 
chemicals and current work re-evaluating the product portfolio. Over 8 million tonnes of 
sugar beet are grown annually in the UK and it is a major crop across northern Europe. 
SBP is the main by-product of sugar beet processing which is currently dried and sold 
as a low value animal feed. SBP is a rich source of carbohydrates mainly in the form of 
cellulose and pectin; the major components of the pectin being D-glucose (25%, Glu), L-
arabinose (21%, Ara), D-galacturonic acid (20%, GalAc) and D-galactose (6%, Gal). 
The challenge for integrated biorefinery design is to ensure complete utilization of the 
SBP substrate whilst maximizing the value of the product portfolio. In this work we 
demonstrate processes for SBP fractionation and recovery/purification of the released 
polysaccharides and/or monosaccharides for various applications. 

SBP fractionation was carried out by steam explosion yielding soluble pectin and insol-
uble cellulose fractions. In our initial studies, the cellulosic fraction was enzymatically 
hydrolysed to Glu and used for yeast-based bioethanol production at close to theoretical 
yield. The pectin fraction can then be either fully hydrolysed (using physico-chemical 
methods) or selectively hydrolysed (using novel arabinases and galacturonases), yield-
ing Ara-rich and GalAc-rich streams. These processes can be achieved in a continuous 
manner using either Centrifugal Partition Chromatography (CPC) or a two-step enzyme-
membrane reactor cascade. 

In our previous work, biosynthetic routes for the production of aminopolyols, for phar-
maceutical applications, from Ara and GalAc were established based on the use of 
transketolase (TK) and omega-transaminase (TAm) enzymes. Current work seeks to 
use the released Ara as a low-calorie sweetener and to convert the released GalAc into 
biodegradable polymers. The use of intact cellulose nanofibres (CNFs) as cell scaffolds, 
or for the preparation of superhydrophobic films and coatings, is also being explored 
rather than their complete hydrolysis for biofuel production. The experimental results 
obtained are the basis for ongoing technoeconomic and life cycle analyses. 

Using the γ-valerolactone (GVL) biorefinery platform to produce an array of mi-
crobe friendly product streams 

Steven D. Karlen, skarlen@wisc.edu, Canan Sener, Jason Coplien, Dennis Haak, Jose 
M. Perez, German E. Umana, Yaoping Zang, Timothy J. Donohue, John Ralph, Daniel 
R. Noguera. University of Wisconsin-Madison, Madison, Wisconsin, United States  

Replacing the petrochemical refinery with a lignocellulosic biorefinery requires conver-
sion of the biomass to (ideally drop-in) commodity chemicals and fuels. One of the pro-
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posed biorefinery designs is structured around the dissolution and fractionation of bio-
mass using an acidic solution of γ-valerolactone (GVL), water, and mineral acid (e.g., 
sulfuric acid). In this design the biomass is fractionated into multiple process streams to 
be converted to fuels, coproducts, and energy. The techniques used to recover the GVL 
solvent, neutralize the acid, and isolate the lignin have direct impact on the total cost of 
the process and the viability of downstream microbial conversion of the sugar and lignin 
streams. We will discuss the technical issues and potential solutions we found in con-
verting lignocellulosic biomass in a bench scale GVL-biorefinery to sugar and phenolic 
streams for microbial conversion to liquid fuels and commodity chemicals. 
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Wrestling with complexity; selectivity as enabler for useful polysaccharide ar-
chitectures 

Kevin J. Edgar1, kjedgar@vt.edu, Diana Novo3, Jeffrey E. Thompson2, Yang Zhou1. 
(1) Sustainable Biomaterials, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia, United States (2) Macromolecules Innovation Institute, Virginia 
Polytechnic Institute and State University, Blacksburg, Virginia, United States (3) 
Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, 
United States  

Polysaccharides are by far the most complicated natural polymers, many orders of 
magnitude more complex than proteins or poly (nucleic acids). Another way to think 
about is that their potential to carry information is far greater per carbon atom than that 
of any other natural polymer family. Therefore, selectivity in synthesis of polysaccha-
rides and their derivatives is a remarkable challenge. Developing chemo-selective 
and/or regioselective transformations of polysaccharides and derivatives is therefore a 
rich pathway to permit synthesis of novel, highly functional, useful new materials based 
on renewable, benign, abundant polysaccharides. We will discuss several short stories 
about such selective transformations, and useful new materials, based on polysaccha-
rides. These stories will be based on selective halogenations, oxidations, displacement 
chemistry, metatheses, and other transformations innovated or further exploited by our 
laboratory. 

Cellulose-based programmable, robust, and self-healable actuators for smart 
packaging 

Qing Chen1, qing.chen@desy.de, Benedikt Sochor1, Andrei Chumakov1, Daniel 
Söderberg2, Volker Koerstgens3, Matthias Schwartzkopf1, Peter Mueller-Buschbaum3, 
Stephan V. Roth1,2. (1) Deutsches Elektronen-Synchrotron, Hamburg, Hamburg, Ger-
many (2) Kungliga Tekniska Hogskolan, Stockholm, Sweden (3) Technische Universi-
tat Munchen, Munchen, Bayern, Germany  

In nature, anisotropic movements and deformations of plants can be triggered by en-
vironmental humidity variations to achieve various biological functions. Due to the ori-
entation of cellulose fibrils, anisotropic deformations occur when the tissue swells and 
expands. Inspired by biological systems, many stimuli-responsive polymeric materials 
have been designed for programmable actuators. However, it remains a challenge to 
achieve a fast-actuating speed and fracture-healable ability for programmable actua-
tors, which limits their applications as sensors, wearables, and packaging devices. 
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Nanocellulose have been recognized as an ideal templating and reinforcing element 
in actuators. Herein, we fabricated a thin film cellulose-based actuator with polyvinyl 
alcohol and polystyrene sulfonate as reinforcement. Driven by moisture, the actuators 
bend in programmable directions when prepared by different routines. Furthermore, 
the actuator shows an elongation-at-break of 77%. Ultra-Small-Angle X-ray Scattering 
(USAXS) and scanning electron microscopy reveals the formation of voids and the 
increase in local crystallinity at the necking region of the stretched film. When examin-
ing the same region with USAXS for a hydration - dehydration cycle, the changes in 
the void size and the film crystallinity are fully reversible, which shows the programma-
ble and self-healing ability of the actuator and highlights its potential as smart packag-
ing. 

 

 

 
USAXS scan at the necking region of the CAS films. (a) Geometry of the scaning device. (b) USAXS im-
ages of the CAS films, with CA3S4 and CA3S0 as the representative samples. (c,d) USAXS integration 
of the CA3S4 and CA3S0 samples. (e) FTIR of the CA3S4 sample along the stretching direction of he 
sample. (f) Three structural models for fitting of the USAXS data. (g) Structural parameters in models 
of bicelles, cylinders and cavities. 
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All-cellulose composite: A contribution to the understanding of the interaction 
between manufacturing parameters and material properties 

Patrick Jahn1, patrick.jahn@tu-darmstadt.de, Samuel Schabel1, Jukka-Pekka Val-
kama2, Ulla Walz2. (1) PMV, Technische Universitat Darmstadt Fachbereich Maschi-
nenbau, Darmstadt, Hessen, Germany (2) Duale Hochschule Baden Wurttemberg 
Karlsruhe, Karlsruhe, Baden-Württemberg, Germany  

Packaging and packing materials have an important role in the transport and storage 
of goods. However, due to the widespread use of fossil, non-biodegradable raw mate-
rials, packaging is a topic of environmental discussions. Several packages consist of 
materials, which cannot be recycled in closed recycling loops. Instead, they are ther-
mally recycled or enter the environment. 

Paper as bio-based, biodegradable and fully recyclable material plays an important 
role in the packaging sector due to the sustainability of the material, its flexibility and 
its high specific strength. However, in addition to the advantages, paper also has weak-
nesses in terms of certain functionalities. It does not have high stiffness, is not water-
proof, and does not provide a barrier to the migration of gaseous substances. These 
weaknesses have so far been overcome by coating paper or making laminates of pa-
per and other materials. 

An alternative to such multi-material solutions could be All-Cellulose Composite (ACC). 
These are made of cellulosic fibers through a conversion process. The result is a com-
posite material in which the matrix and the fiber reinforcement are made of cellulosic 
materials. The first materials corresponding to an ACC according to today's definition 
has been produced since the mid-19th century by impregnating raw papers made of 
cotton fibers with zinc chloride solution or sulfuric acid on an industrial scale. In more 
recent publications, various alternative solvent systems have been investigated on a 
laboratory scale and their influence on the mechanical properties described. However, 
with regard to wet strength and especially barrier properties, there are only a few pub-
lications. 

In this study, a solvent system consisting of NaOH and Urea was investigated. This 
solvent system enables rapid dissolution of the cellulose, is environmentally compati-
ble and comparatively inexpensive. Various cellulosic materials were used as starting 
material for ACC production. The cellulosic papers were immersed in the solvent sys-
tem for short period of time (1-2 s) and the reaction was stopped by adding water. The 
cellulosic raw materials and process parameters were varied to study the interactions 
with the ACC material properties. It was found that the tensile strength, wet strength 
and barrier effect could be significantly improved by conversion of cellulosic paper to 
ACC. In addition, by modifying a paper machine, it was shown that a continuous pro-
duction of ACC is possible. 
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Novel and simple approach for the production of single-component cellulose-
based hydrogel and its potential applications 

Seonghyun Park1, spark36@ncsu.edu, Tavila Sharmin2, Rohan A. Shirwaiker2,3, Ste-
phen S. Kelley1, Sunkyu Park1. (1) Forest Biomaterials, NC State University, Raleigh, 
North Carolina, United States (2) Edward P. Fitts Department of Industrial and Systems 
Engineering, NC State University, Raleigh, North Carolina, United States (3) 
UNC/NCSU Joint Department of Biomedical Engineering, Raleigh, North Carolina, 
United States  

Natural polymer-based hydrogels have significant versatility in many different applica-
tions due to their high biocompatibility and biodegradability. However, there are several 
interrelated challenges in hydrogel formulation and mechanical and rheological prop-
erties, relevant to the commercial production of natural polymer-based hydrogels. To 
address these issues, inspired by the self-arranging nature of amphiphilic random co-
polymers, this work focuses on developing a novel cellulose-based single-component 
hydrogel (i.e., cellulose acetate sulfate, CAS) that has never been reported elsewhere, 
and its rheological properties, mechanical properties, and biocompatibility are investi-
gated. CAS has both hydrophilic and hydrophobic functional groups that enable phase 
transformation to a single component hydrogel by simply adding deionized water to the 
system. The beauty of this work lies in the ease of producing the single-component 
cellulose-based hydrogel. This approach overcomes many existing challenges in pro-
ducing natural polymer-based hydrogels. Unlike other natural polymer-based hydro-
gels, which require cross-linkers and complicated techniques for production, CAS can 
be transformed into hydrogel by simply adding water. Typically, once a hydrogel is 
formulated, it is hard to tune the mechanical and rheological properties of a multi-com-
ponent hydrogel due to its structural complexity originating from its multi-component 
nature. However, the mechanical and rheological properties of our newly developed 
single-component hydrogel can be easily engineered by varying four factors: 1) CAS 
molecular weight, 2) the amount of acetyl and sulfate groups, 3) solids content, and 4) 
temperature. This new approach is expected to enhance cellulose hydrogel production 
and boost the utilization of natural polymer-based hydrogels. 

Investigation and chemical modification of disordered cellulose in fibrils: Top-
down and bottom-up approaches 

Mica L. Pitcher1,2, mica.leah678@gmail.com, Breanna Huntington2,4, Luke Andreyo2, 
Julianna Dominick3, Amir Sheikhi2,3. (1) Chemistry, The Pennsylvania State University, 
University Park, Pennsylvania, United States (2) Chemical Engineering, The Pennsyl-
vania State University, University Park, Pennsylvania, United States (3) Biomedical 
Engineering, The Pennsylvania State University, University Park, Pennsylvania, United 
States (4) Agricultural and Biological Engineering, The Pennsylvania State University, 
University Park, Pennsylvania, United States  

The highly contemplated disordered regions on native cellulose microfibrils are fre-
quently said to be “alternating” with crystalline regions, distributed along the fibril; how-
ever, the exact location and nature of these dislocations has not been completely dis-
cerned. Current research on nanocelluloses is limited to highly crystalline cellulose 
nanocrystals (CNC) and cellulose nanofibers (CNF), without studies on the contribution 
of disordered cellulose. Recent research on a novel type of nanocelluloses, namely 
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hairy cellulose nanocrystals (HCNC), has demonstrated that a unique two-step oxida-
tion procedure is able to partially preserve disordered cellulose in the form of highly 
functional “hairs” protruding from each end of a crystalline body. This work aims to 
understand the location and periodicity of disordered cellulose, as well as the modifi-
cation and tunable self-assembly via top-down and bottom-up approaches to leverage 
versatile and superior nanomaterials. In the top-down approach, preferential oxidation 
of disordered cellulose in various lignocellulosic materials is conducted to form highly 
functional lignocellulosic micro- and nano-structured materials with charge contents as 
high as 6 mmol g-1. Using the chemistry utilized to form HCNC, selective labeling of 
disordered cellulose in native microfibrils with gold nanoparticles is then investigated 
to elucidate the location and periodicity of disordered regions. This enables the bottom-
up approach, for the end-to-end self-assembly of disordered cellulose chains in HCNC, 
leveraging extended and stimuli-responsive networks made up of entirely nanocellu-
lose for the next generation of sustainable materials. 

Preparation of a cellulose nano crystal based composite for bone regeneration 

Leila Roshangar, pedram fatehi, pfatehi@lakeheadu.ca. Lakehead University, Thun-
der bay, Ontario, Canada  

Increasing life expectancy and the risk of joint and bone diseases are major challenges 
of the global community. To address these challenges, the need for bone replacements 
has been considered as an alternative. Bone scaffolds should mimic the natural struc-
ture of the bone matrix, with similar mechanical and structural (porous) characteristics. 
Also, the scaffolds should have the affinity to bind to living tissues, and they should be 
degradable in a certain period. In this study, an attempt was made to use natural ma-
terial to create a scaffold with similar strength properties to those of bones. In this work, 
nanocrystalline cellulose (CNC) was prepared from microcrystalline cellulose powder 
(MCC) via acid hydrolysis. Iron oxide nanoparticles were also prepared by the co-pre-
cipitation method. Then, the nanoparticles were synthesized by electrospinning and 
sensitized with a coating polymer that could crosslink with collagen protein polymers. 
The last step of the material production was to make hydroxyapatite nano-powder by 
sol-gel method. Afterward, the mechanical, chemical and structural properties of the 
produced nanocomposites were comprehensively evaluated. Furthermore, the culture 
of mesenchymal cells was used along with the prepared material for evaluating the 
adhesion and interaction of mesenchymal cells to the generated material. The results 
indicated that the constructed composite 1) was a porous material, and 2) had suitable 
compression and resistant properties for bone replacement. The above technique can 
be considered for inducing scaffolds for damaged sites, such as joints. 

Colored radiative cooler by self-assembled cellulose nanocrystal 

Wenkai Zhu1, zhu1001@purdue.edu, Benjamin Droguet2, Qingchen Shen2,3, Yun 
Zhang1, Silvia Vignolini2, Tian Li1. (1) Mechanical Engineering, Purdue University, 
West Lafayette, Indiana, United States (2) Yusuf Hamied Department of Chemistry, 
University of Cambridge, Cambridge, Cambridgeshire, United Kingdom (3) School of 
Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai, China  

Radiative cooling materials allow spontaneous temperature drop by a net positive ra-
diative heat transfer to deep space and offer a sustainable and energy-saving venue 
of cooling even under sunlight. To achieve daytime radiative cooling, it is important to 
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minimize absorption in the solar spectrum and maximize the emission in the atmos-
pheric transparent window (8 to 13 µm). Such materials typically have either a white or 
silvery appearance with maximized solar energy reflection. However, color is often de-
sirable to improve visual appearance in realistic applications. Coloration is typically 
provided by dyes and pigments that partially absorb within visible range, leading to an 
inevitable heating-up of the material. In this work, we simultaneously demonstrate strik-
ing color and sub-ambient radiative cooling with self-assembled Cellulose Nanocrystal 
(CNCs)-based films. By modulating light interference at selective wavelengths with chi-
ral nematic structures in CNC, we circumvent this dilemma between high reflection and 
coloration. The obtained CNCs films feature a low solar absorption of 2.8-3.8% but a 
high emittance within the atmospheric transparent window of ~91-92% that minimizes 
the solar heating while allowing significant heat radiation into the deep space. To fur-
ther minimize solar transmission towards high-performance cooling, composite thin 
films composed of colored CNC films and highly scattering porous ethylcellulose base 
layer with archetypical whiteness were demonstrated. At the interface of CNC and 
ethylcellulose, the incident light is diffusively backscattered while the color rendered by 
the structure of CNC is retained. Daytime sub-ambient cooling of 2-4 °C was demon-
strated in the field test for both suspended CNC films and composite films. Finally, we 
demonstrate the potential scalability of the process by manufacturing meter-size com-
posite films via roll-to-roll deposition that empowers a scalable, low-cost, and sustain-
able solution for the colored radiative cooling system. 

General and reversible functionalization of cellulose nanofibers (CNFs) to high-
performance materials via C2-C3 oxidative cleavage followed by oxime ligation 
in aqueous medium 

elena subbotina1,2, inetolko2b@gmail.com, Peter Olsen1, Farsa Ram1, Sergey V. 
Dvinskikh3, Lars Berglund1. (1) Fibre and polymer technology, Kungliga Tekniska 
Hogskolan, Stockholm, Sweden (2) School of Environment, Yale University, New Ha-
ven, Connecticut, United States (3) Kungliga Tekniska Hogskolan, Stockholm, Depart-
ment of CHemistry, Sweden  

High-performance, bio-based origin, and closed-loop characteristics are prerequisites 
for a future material economy. Nanocelluloses (CNFs) have outstanding mechanical 
and optical properties and make a great candidate for high-performance green mate-
rials. However, in order to generate CNF-based functional materials methodologies 
allowing for efficient and wide-scope tailoring of chemical functionality of cellulose nan-
ofibrils are required. To the best of our knowledge up to date there is no general and 
easily implemented methodology for the functionalization of CNF. This is mainly due 
to challenges associated with poor accessibility of functional groups and high hydro-
philicity of CNF, making water a preferable reaction medium often incompatible with 
organic transformations. This work develops a robust, general and "on-demand" re-
versible methodology to install various functional groups to CNF in water under ambi-
ent temperature. Functionalization of CNF was achieved by a two-step procedure: ox-
idation of CNF to dialdehyde CNF (DA-CNF) with NaIO4, followed by oxime ligation 
with various salts of O-substituted hydroxylamines. We successfully installed substi-
tuted benzylic, azobenzylic, allylic, propargylic, phenolic, and aliphatic groups in high 
amounts (2-4.6 mmol/g). The increased hydrolytic stability of oximes, alleviates the 
necessity of in situ reduction fr hydrolytic stabilizaty, however, still enables defunction-
alization of CNF under acidic conditions in water in the presence of a trapping agent, 
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thus, opening for CNF-based materials with sustainable post-life handling. The proce-
dure is experimentally simple, does not require tedious separations and allows for an 
easy recovery and regeneration of process chemicals. The functionalized CNF was 
explored for green electronics and triboelectric nanogenerators. 
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Production of various carboxylated CNCs from agricultural waste streams 

Timo Paakkonen, timo.paakkonen@aalto.fi, Eero Kontturi, Laleh Solhi. Department 
of Bioproducts and Biosystems, Aalto-yliopisto, Aalto, Finland  

This work is a continuation of studies on the hydrolysis of cellulose in a gas/solid sys-
tem utilizing pressurized HCl gas in a custom-built reactor [1] and preparing carbox-
ylated cellulose nanocrystals (CNCs) from bacterial cellulose (BC) [2]. Work is based 
on the earlier work with dry fibers hydrolyzed to their leveling-off degree of polymeri-
zation (LODP), subsequently dispersed into CNCs [3,4]. Here, we introduce a process 
which uses agricultural waste streams as a raw material for CNCs. Potato fibers and 
beer residuals are side streams with a global production of millions of tons annually. 
However, these side streams of brewing industry and starch industry are lacking valu-
able end uses. Industrial processes, which are applied to dissolve carbohydrates for 
beer production and remove starch from potato, increase significantly the cellulose 
contents of the fibrous side streams. Hot alkali extraction of fiber residuals removes 
over 80 % of non-cellulose components. NaClO2/HCl hydrolysis continues cellulose 
purification and lowers the DP of cellulose to the level which is suitable for CNC dis-
persion. Thereafter, carboxylic groups are introduced on the surface of cellulose with 
TEMPO-oxidation. The hydrogel, which is purified by centrifugation, is finally dispersed 
with a microfluidizer. The properties of the CNCs from made from various agricultural 
side streams are subsequently compared with each other. All materials are suitable 
raw materials for carboxylated CNCs which still have the appearance of a hydrogel 
after dispersion. 

Structural changes in cellulose nanofibril–latex hybrid films during humidity cy-
cling 

Calvin Brett2, Alexandros Alexakis2, Lucas P. Kreuzer3, Martin Månsson2, Sarah Rog-
ers4, Peter Mueller-Buschbaum3, Eva E. Malmstrom2, Stephan V. Roth1,2, 
stephan.roth@desy.de. (1) Deutsches Elektronen-Synchrotron, Hamburg, Hamburg, 
Germany (2) Kungliga Tekniska Hogskolan, Stockholm, Sweden (3) Technische Uni-
versitat Munchen, Munchen, Bayern, Germany (4) Rutherford Appleton Laboratory, 
Didcot, Oxfordshire, United Kingdom  

Biocompatible cellulose nanofibrils (CNFs) are widely used due to their attractive prop-
erties such as low density, lightweight, thermal stability, and good mechanical proper-
ties. These prerequisites make CNFs a promising template material for the design of 
synthetic colloid-biocomposites and bio-inspired coatings. Latex colloids are excel-
lently suited to be incorporated in functional films, e.g. amorphous photonic crystals, 
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due to their tailored core-shell morphology. Hence, when combining latex colloids and 
CNF, one needs to understand the nanoscale architecture of cellulose nanofibrils in 
networks and in the presence of other nanoparticles. Especially their reaction to exter-
nal fields, e.g. humidity changes, is crucial in terms of stability and reversible/irreversi-
ble structural rearrangements. Here we used depth sensitive grazing incidence small-
angle neutron scattering (so-called ToF-GISANS) to evaluate the humidity-induced la-
tex colloid (of different sizes) and CNF rearrangements in situ during cyclic humidifica-
tion. The measured kinetics help to resolve the time- and depth-dependence that col-
loids of different sizes need to penetrate into the porous CNF network. We were able 
to resolve if the latex nanoparticles remain on the surface or penetrate the CNF matrix. 
After the first humidity cycle, a change in morphology on the scale of several 10 nm 
was observed, which is attributed to latex particles which diffused in the network and 
enlarged the pores of the CNF network acting as template. 

Bacterial cellulose skin enclosing magnetic nanoparticles for soft continuum 
magnetostrictive actuator 

Jaehwan Kim, whitedeath20@snu.ac.kr, Jinho Hyun. Department of Biomaterials Sci-
ence and Engineering, Seoul National University, Gwanak-gu, Seoul, Korea (the Re-
public of)  

A soft actuator string was fabricated by biosynthesis of bacterial cellulose (BC) skin 
enclosing magnetic nanoparticles (MNPs) without chemical crosslinking process. Su-
perparamagnetic iron oxide, Fe2O3 was incorporated with carboxymethylated cellulose 
nanofiber (CM-CNF) hydrogel medium. A medium ink containing bacteria and MNPs 
was printed in the polytetrafluoroethylene (PTFE) particle matrix using solid matrix as-
sisted printing (SMAP). SMAP is a useful tool for fabricating a free-form 3D structure 
of fluidic ink due to the high hydrophobicity of solid PTFE particles. The gaps between 
PTFE particles allowed transport of oxygen, which was critical in the metabolic activity 
of bacteria that biosynthesized cellulose. The aerobic bacterium Gluconacetobactor 
xylinus moved to the surface of the printed medium features and biosynthesized the 
cellulose pellicle. PTFE particles at the string surface were removable by a simple 
washing process with water due to the high hydrophobicity of the particles. The BC 
pellicle layer had a networked structure of nanofibers and formed a soft skin of the 
string enclosing MNP/CM-CNF hydrogel. The prepared MNP/CM-CNF string with BC 
skin responded to the external magnetic field and transformable to fit the shape of 
tubular structures in cross-section due to its softness. The diameters of actual vessels 
or tubes in the living body are diverse according to function. Adaptable deformation of 
size and shape to the dimensions of tubular organs provides high operational efficiency 
with little adverse effect on tissue cells. The rapid actuation and bending at an acute 
angle enables the application of the string as an endoscopic guidewire to reach a target 
deep inside a model kidney structure. 
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Sustainable and superhydrophobic hybrid aerogels of cellulose nanocrystals 
and polyvinyl alcohol as a sorbent for efficient oil/water separation 

Golnoosh Akhlamadi1,2, akhlamadigolnoosh@gmail.com, Elaheh Goharshadi3, Hen-
rikki Liimatainen2. (1) Chemistry, Ferdowsi University of Mashhad Faculty of Sciences, 
Mashhad, Razavi Khorasan, Iran (the Islamic Republic of) (2) Fiber and Particle Engi-
neering Research Unit, Oulun yliopisto, Oulu, Pohjois-Pohjanmaa, Finland  

With frequent oil and chemical spill accidents and increased discharge of industrial 
effluents in aqueous environments, sustainable, and highly efficient sorbents based on 
green materials have been attracted considerable attention. In this work, ultralight, sus-
tainable, flexible, and superhydrophobic nanocellulose aerogels were successfully de-
veloped by freeze-drying the aqueous mixture of cellulose nanocrystals (CNCs), ex-
tracted from waste tissue paper, and polyvinyl alcohol (PVA) and hydrolyzed tetraethyl 
orthosilicate (TEOS) sol. The removal efficiency of the aerogels was revealed with dif-
ferent oils and organic solvents. Additionally, the aerogels were characterized in terms 
of their morphology, porosity, density, contact angle and mechanical properties. The 
highly porous (98.42%), ultralow density (0.017 g/cm3), and superhydrophobic (water 
contact angle of 157.9) CNCs/PVA/TEOS aerogels removed quickly and selectively 
contaminants from water, possessing the sorption capacity in the range of 69-168 g/g 
for various oils and organic solvents, depending on the composition. The highest sorp-
tion capacities of 99.46 g/g with olive oil and 168.63 g/g with chloroform were achieved 
with the aerogel having a CNCs to PVA mass ratio of 1:3 containing 70 mmol of TEOS. 
The aerogels maintained more than 92% of their sorption capacity even after 20 cycles 
of sorption and squeezing. The cyclic compressive stress-strain tests confirmed the 
good mechanical properties of the aerogel with 89% of shape recovery after 50 cycles. 
These excellent properties, combined with the simple and cost-effective fabrication 
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process, make CNCs/PVA/TEOS aerogels as promising recyclable green sorbent for 
oil/water separation. 

 

Fallen leaves as separators for supercapacitors 

Shaoqin Chen, shaoqinc@mtu.edu, Yun H. Hu. Materials Science and Engineering, 
Michigan Technological University, Houghton, Michigan, United States  

Electrochemical double-layer capacitors are an essential type of energy-storage de-
vices due to their high power density, fast charge/discharge rate and high durability. A 
separator plays an important role in supercapacitors to prevent short circuit while allow 
ions to transfer through its porous structure. In the presentation, fallen leaves will be 
demonstrated as efficient separators for supercapacitors. Among four types of leaves, 
Quercus rubra (QR) leaf exhibited the best electrochemical performance as a separa-
tor for supercapacitors, achieving a high areal capacitance of 1.94 F/cm2 with a mass 
loading of 10.0 mg/cm2, which is even comparable to the commercial glass fiber sep-
arator. 

Protein structure and rheology in relation to adhesive applications 

Charles R. Frihart1, crfrihart@wisc.edu, Matthew Gargulak2. (1) USDA Forest Prod-
ucts Laboratory, Madison, Wisconsin, United States (2) AgriChem Technologies, Mad-
ison, Wisconsin, United States  

Rheological studies can help provide a realistic view of soy performance properties, 
especially when used as wood adhesives. In understanding the rheological data, it is 
important to understand that proteins definitely do not behave as elongated organic 
polymers with inter-chain interactions along their length, nor as standard colloidal ad-
hesives. Except for structural proteins like muscle, hair, and silk, individual proteins 
typically form globules that associate with other protein globules by surface attraction. 
These proteins when dispersed in water depend upon the natural protein surfactant 
properties to form colloids without added surfactant layers, but the proteins cannot bury 
all the hydrophobic groups giving a mixed surface of both hydrophilic and hydrophobic 
groups that often lead higher order structure and associations. To understand globular 
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protein properties for making better adhesive formulations, dynamic mechanical rheo-
logical studies are determined for soybean proteins and compared to standard syn-
thetic adhesive dispersions. This allows a better understanding of the associative pro-
tein properties that lead to high viscosities and shear thinning behavior. 

 

Pilot-scale production of tough and wet stable protein fibers from chicken feath-
ers 

Yiqi Yang1,2, yyang2@unl.edu, Bingnan Mu1, Faqrul Hassan1, Lan Xu3. (1) Textiles, 
Merchandising and Fashion Design, University of Nebraska-Lincoln, Lincoln, Ne-
braska, United States (2) Biological Systems Engineering, University of Nebraska-Lin-
coln, Lincoln, Nebraska, United States (3) Agronomy & Horticulture, University of Ne-
braska-Lincoln, Lincoln, Nebraska, United States  

Tough and wet stable protein fibers from poultry feathers have been made on a pilot 
scale via wet-spinning in an aqueous system. Despite decades of efforts on utilization 
of keratinous wastes, very few high-quality products were reported due to failures in 
retaining primary protein structures and recovery of disulfide cross-linkages in regen-
erated materials. Textile fibers have the highest quality requirements among the re-
generated keratin products, including high toughness and resistance to repeated laun-
dering. We achieved scalable production of keratin fibers suitable for textile applica-
tions via retention of protein backbones and thiol groups during protein extraction and 
dissolution, and controlled assembly of secondary structures as well as incorporation 
of disaccharide-tetra-aldehydes in the regeneration. Resultant protein fibers from 
chicken feathers were wet stable, with a 92% tenacity retention after immersion in wa-
ter for one week, and tough, with 120%, 90%, 88%, and 86% of dry tenacity, wet te-
nacity, dry toughness, and wet toughness, respectively, compared to wool fibers. The 
overall spinning and aldehyde crosslinking process did not introduce toxicity. Further-
more, fine control of structures of disaccharide-tetra-aldehydes minimized the amount 
of cross-linkages, and thus, consumption of amines, to retain enough free amine 
groups as dye sites in the fibers. The feather keratin fibers, therefore, have excellent 
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dyeability with acid dyes. This work promotes resource recovery from poultry wastes, 
decreases the reliance on petroleum-based products, and reduces the environmental 
impact of fiber industries. 

Templating hierarchical chitin cryogel from bicontinuous emulsions 

Yi Lu1, yi.lu@ubc.ca, Milad Kamkar1, Orlando J. Rojas1,2. (1) The University of British 
Columbia, Vancouver, British Columbia, Canada (2) Aalto-yliopisto, Aalto, Finland  

Emulsion templating provides a facile and versatile routine to fabricate porous materi-
als. However, this approach is usually restricted by the drop-shape morphology of reg-
ular emulsions. Meanwhile, bicontinuous emulsions are a novel class of soft materials 
that offer unique morphologies far from spherical shape, thereby providing the oppor-
tunity to break through the bottleneck in emulsion templating. Herein, we presented 
the first approach of chitin-jammed bicontinuous emulsion and its direct emulsion tem-
plating to fabricate hierarchical chitin cryogels. Chitin nanocrystals (ChNC) were ap-
plied to kinetically arrest the bicontinuous morphology during the thermal-induced spi-

nodal decomposition of the water/2,6-
lutidine system via intra-phase particle 
jamming. ChNC-jammed bicontinuous 
emulsions not only exhibited distinct 
morphological and rheological proper-
ties compared to the regular emulsion, 
but also could be finely tuned by ma-
nipulating their formulations (e.g., 
lutidine ratio, ChNC concentration). 
Most importantly, the bicontinuous 
emulsions could be directly converted 
into ultra-light weighted chitin cryogels 
after freeze-drying. These cryogels 
contained a microscale bicontinuous 
chitin scaffold preserved from their 
templates, as well as nanoscale meso-
pores generated during lyophilization. 
Collectively, these bicontinuous chitin 
cryogels are promising in many appli-
cations that require high surface area 
and continuous transportation. 

Figure: Bicontinuous emulsions stabilized by intra-phase jamming of chitin nanocrystals can be di-
rectly converted into hierarchical chitin cryogels after freeze-drying. 
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Wood warping by 3D printing 

Doron Kam1,2, doronkam@gmail.com, Ido Levin3, Yinnon Kutner1,4, Omri Lanciano1, 
Eran Sharon3, Oded Shoseyov2, Shlomo Magdassi1. (1) Chemistry, Hebrew University 
of Jerusalem Faculty of Science, Jerusalem, Jerusalem, Israel (2) Plant Sciences and 
Genetics in Agriculture, Hebrew University of Jerusalem Robert H Smith Faculty of 
Agriculture Food and Environment, Rehovot, Central District, Israel (3) Racah Institute 
of Physics, Hebrew University of Jerusalem Faculty of Science, Jerusalem, Jerusalem, 
Israel (4) Alpha program, future scientist center, Hebrew University of Jerusalem, Je-
rusalem, Jerusalem, Israel  

3D objects composed of 100% wood components were 3D printed using an extrusion-
based technique. By predesigning the fiber layout in the printed wood we enable the 
control of shrinkage distortion beyond natural wood. Thus, resulting in objects that 
through time dry into programmed warped geometry. In nature, this deformation occurs 
when changes in moisture content cause unevenly volumetric change due to fiber ori-
entation, in what is known as the wood warping phenomenon. Similar to nature, water 
evaporation causes volume decrease of the printed object, but in contrast, the printing 
pathway pattern and flow rate dictate the direction of the alignment and its intensity all 
of which can be predesigned and affect the resulting structure after drying. It was found 
that printing parameters such as flow rate and printing pathway, affect the micro and 
macro morphology of the fully dried objects, and therefore it is possible to design the 
printing of wet objects that will form different final 3D structures. 

General and reversible functionalization of cellulose nanofibers (CNFs) to high-
performance materials via C2-C3 oxidative cleavage followed by oxime ligation 
in aqueous medium 

elena subbotina1,2, inetolko2b@gmail.com, Peter Olsen1, Farsa Ram1, Sergey V. 
Dvinskikh3, Lars Berglund1. (1) Fibre and polymer technology, Kungliga Tekniska 
Hogskolan, Stockholm, Sweden (2) School of Environment, Yale University, New Ha-
ven, Connecticut, United States (3) Kungliga Tekniska Hogskolan, Stockholm, De-
partment of CHemistry, Sweden  

High-performance, bio-based origin, and closed-loop characteristics are prerequisites 
for a future material economy. Nanocelluloses (CNFs) have outstanding mechanical 
and optical properties and make a great candidate for high-performance green mate-
rials. However, in order to generate CNF-based functional materials methodologies 
allowing for efficient and wide-scope tailoring of chemical functionality of cellulose nan-
ofibrils are required. To the best of our knowledge up to date there is no general and 
easily implemented methodology for the functionalization of CNF. This is mainly due 
to challenges associated with poor accessibility of functional groups and high hydro-
philicity of CNF, making water a preferable reaction medium often incompatible with 
organic transformations. This work develops a robust, general and "on-demand" re-
versible methodology to install various functional groups to CNF in water under ambi-
ent temperature. Functionalization of CNF was achieved by a two-step procedure: ox-
idation of CNF to dialdehyde CNF (DA-CNF) with NaIO4, followed by oxime ligation 
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with various salts of O-substituted hydroxylamines. We successfully installed substi-
tuted benzylic, azobenzylic, allylic, propargylic, phenolic, and aliphatic groups in high 
amounts (2-4.6 mmol/g). The increased hydrolytic stability of oximes, alleviates the 
necessity of in situ reduction fr hydrolytic stabilizaty, however, still enables defunction-
alization of CNF under acidic conditions in water in the presence of a trapping agent, 
thus, opening for CNF-based materials with sustainable post-life handling. The proce-
dure is experimentally simple, does not require tedious separations and allows for an 
easy recovery and regeneration of process chemicals. The functionalized CNF was 
explored for green electronics and triboelectric nanogenerators. 

Laser-induced graphene from lignin for wearable, stretchable, and ultrasensi-
tive strain sensors 

Shuhong Yang, Hanwen Zhang, Caixia Wan, wanca@missouri.edu. University of Mis-
souri, Columbia, Missouri, United States  

This study aimed to explore lignin as a naturally occurring aromatic precursor for the 
synthesis of LIG and further fabrication of ultrasensitive strain sensors for the detection 
of small deformations. One-step direct laser writing (DLW) induced high quality porous 
graphene, so called laser induced graphene (LIG) from kraft lignin. The novel LIG 
transfer was facilitated by spinning coating followed by water lifting, leading to full re-
tention of porous graphene onto the elastomeric substrate (i.e., Dragon SkinTM). An 
electrode based on the LIG-embedded Dragon SkinTM was facilely fabricated. The 
strain sensor was shown to be highly sensitive to small human body motions as well 
as tiny deformations caused by vibrations. Overall, the lignin-derived LIG can serve as 
excellent piezoresistive materials for wearable, stretchable, ultrasensitive strain sen-
sors with applications in human body motion monitoring and sound-related applica-
tions. 

Graphene synthesis from lignin-adsorbed vermiculite 

John Hinkle, jah0095@tigermail.auburn.edu, John Thornhill, Emmanuel Winful, Maria 
L. Auad. Auburn University, Auburn, Alabama, United States  

Lignin is one of the most common naturally occurring polymers. Together with cellulose 
and hemicellulose, they for lignocellulosic material. While the former two are commonly 
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 recover cycle. The issue with 
that is that lignin has the capability of being converted in a number of useful chemicals, 
such as vanillin, resins, and graphitic materials. One such material is graphene, which 
lignin is capable of converting to graphene 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. Due to the planar struc-
ture of vermiculite, the causes the lignin to carbonize into graphene sheets. These 
sheets are extracted using hydrofluoric acid and hydrochloric acid to dissolve the ver-
miculite. Multiple methods of characterization was used to understand the graphene 
that was produced: SEM, XRD, and Raman spectroscopy. 
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Advanced biocarbons from renewable resources and their lightweight sustain-
able composite materials: A path forward to circular bioeconomy 

Manjusri Misra1,2, mmisra@uoguelph.ca. (1) School of Engineering, University of 
Guelph, Guelph, Ontario, Canada (2) Bioproducts Discovery and Development Centre, 
Department of Plant Agriculture, University of Guelph, Guelph, Ontario, Canada  

Lightweight green composites from renewable resources are attracting increased at-
tention from advanced manufacturing sectors. A strong momentum for weight reduc-
tion in auto parts without compromising strength and durability is motivated by a need 
for a better fuel economy, particularly in electric vehicles. To increase renewable con-
tent in materials, we use thermo-chemical conversion (pyrolysis) of biomass/agri-
food/forestry residues to overcome the key challenges associated with the use of tra-
ditional natural fibres in melt processed biocomposites. Biocarbons have high thermal 
stability, which broadens their use as a reinforcing filler in a range of plastics - from 
traditional thermoplastics like polypropylene, polylactic acid (PLA), to engineering ther-
moplastics such as polyamide, polyphthalamide (PPA) and polyphenylene sulfide 
(PPS). In addition, biocarbons have been also used effectively in composites with 
waste plastics. Overall, biocarbon composites can be very effective as one of the en-
abling strategies towards sustainable materials in advance manufacturing and a circu-
lar bioeconomy. 

In-situ conversion biomass to biochar-supported graphene-shelled zero-valent 
iron nanoparticles for heavy metals removal from water 

Xuefeng Zhang, xz210@msstate.edu, Tharindu Karunaratne, Jilei Zhang. Depart-
ment of Sustainable Bioproducts, Mississippi State University, Mississippi State, Mis-
sissippi, United States  

Owe to the high reactivity and uptake capacity, zero-valent iron nanoparticles (nZVI) 
are a type of widely used engineering nanomaterial for heavy metal removal. However, 
nZVI suffers severe agglomeration and rapid passivation issues that impede its practi-
cal application for water remediation. Biochar, produced from biomass thermal conver-
sion, has been recognized as a good carrier for nZVI to alleviate its aggregation issues. 
Herein, we report the in-situ synthesis of biochar supported graphene-shelled nZVI 
(BC-G@Fe0) through the carbonization of iron salt impregnated biomass. Biochar was 
served as the support material to prevent nZVI from aggregation, and graphene shell 
was served as the protecting agent to protect nZVI from rapid passivation. The struc-
ture and morphology of BC-G@Fe0 are characterized by X-ray spectroscopies and 
electron microscopes. The performance of BC-G@Fe0 for heavy metal removal was 
evaluated through batch adsorption experiments. The effects of carbonization condi-
tion and iron loading ratio on the formation of BC-G@Fe0, as well as heavy metal up-
take capacities, were investigated. This study demonstrated a new type of nZVI 
sorbent, BC-G@Fe0, with enhanced dispersibility and stability for water remediation. 
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Functional biomass based composites for the efficient and selective adsorption 
of metal ions from waters 

Daxin Liang2,1, daxin.liang@nefu.edu.cn. (1) State Key Laboratory of Bio-Fibers and 
Eco-Textiles, Qingdao University, Qingdao, Shandong, China (2) Key Laboratory of 
Bio-based Material Science & Technology, Ministry of Education, Northeast Forestry 
University, Harbin, Heilongjiang, China  

The extraction of metal ions (either valuable ions such as Li+ or heavy metal ions) from 
waters has attracted much interest as a means to meet increasing demand for lithium 
with the rapid expansion of the electric vehicle and electronics markets. Herein, a se-
ries of renewable and recyclable biomass (cellulose, chitosan and sodium alginate) 
based composites was developed and investigated toward the extraction of lithium 
from industrial sewage and seawaters. The porous structrue of the biomass films and 
aerogels was characterized, and its extraction efficacy and selectivity toward lithium 
and heavy meal ions from an aqueous solution (ppm level) and seawater (ppb level) 

were investigated. The HMO/cellulose film 
exhibited a higher Li+ adsorption capacity 
(21.6 mg g−1 HMO) than those reported in 
literature for lithium extraction, and the chi-
tosan and sodium alginate aerogels per-
form excellent selective adsorption abilities 
for heavy metal ions (81.15, 38.87 and 
38.15 mg g-1 for Cu2+, Pb2+ and Cd2+, re-
spectively). Furthermore, the adsorption 
capacity and mechanical strength of the 
composites remained stable even after 5-
10 times of adsorption−desorption cycles. 
The present findings demonstrate the po-
tential of the as-prepared biomass based 
composites for the recovery of a series of 
metal ions from seawater or wastewater. 

 

100 % nature biomass based biodegradable material made from wood, stone 
and natural deep eutectic solvent 

Ryohei Mori1,2, moriryohei@fuji-pigment.co.jp. (1) Research, Green Science Alliance 
Co., Ltd., Kawanishi, Hyogo prefecture, Japan (2) Research, Fuji Pigment Co., Ltd., 
Kawanishi, Hyogo prefecture, Japan  

To reduce plastic pollution in the world, various types of bioplastic, biodegradable plas-
tic, biomass plastic have been developed so far. Most ideal bioplastic should be the 
one derived from biomass and should have biodegradability. PLA, PHA and starch, 
cellulose based plastic should be categorized as this type of bioplastics. PLA and 
starch based bioplastics have a concern that they are made from edible biomass such 
as corns, sugarcanes, grains, potato etc…which also can be human nutritious food. 
PHA have an issue about price because manufacturing process can be complicated 
because they use bacteria. Good cellulose based bioplastic have not been developed 
much at the moment. 
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In this regard, we have prepared new concept of bioplastic (biomass based biode-
gradable material) from wood, stone (talc) and natural deep eutectic solvent with rela-
tively easy manufacturing process including twin screw extruder process. On top of 
that, prepared bioplastic is composed of 100 % nature biomass resource including ad-
ditive. No petroleum based chemical is used. This is such an environmentally friendly 
bioplastic and can be cheap because the price of wood and stone is free. We also 
found that the tensile strength varied depending on the wood amount in prepared bio-
plastics. We will present the manufacturing process as well as its resin properties such 
as mechanical strength, thermal analysis, suggested molecular structure and biodeg-
radability. 
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Atmospheric water harvesting by radiative cooling cellulose-based fabric 

Yun Zhang, zhan4175@purdue.edu, Tian Li. Mechanical Engineering, Purdue Univer-
sity, West Lafayette, Indiana, United States  

Emerging atmospheric water harvesting (AWH) technologies promise water supply to 
underdeveloped regions that have no access to liquid water resources. Despite the 
extensive research efforts, challenges remain in terms of the cost, material abundance, 
sustainability, and inability to scale up. Here, we demonstrated high performance at-
mospheric water harvesting with multiscale porous cellulose scaffold that can effi-
ciently (1) facilitates exothermic water harvesting enabled by passive radiative cooling 
aided hybrid sorption-dewing mechanisms, (2) adsorb water to the hydrophilic func-
tional groups of cellulose, (3) trap the water molecules within the multiscale pores, (4) 
filtrate adsorbed water with the electrostatic charged cellulose fiber network and (5) 
provide desirable mechanical flexibility and robustness with the physically entangled 
high-aspect-ratio fibers. With a minimal solar absorption at 400-800 nm wavelength 
and a 0.86-0.89 IR emissivity enabled by strong molecular vibrations, the material can 
cool itself to below the ambient temperature without energy consumption via radiative 
heat transfer. During lab test, the cellulose sample exhibited water uptake of 0.08 kg/kg 
at 30% RH (25 °C ambient temperature) with sorption-dominated water harvesting and 
1.89 kg/kg at 80% RH (8.7 °C ambient temperature) with dewing-based water harvest-
ing. In the field test, the cellulose sample exhibited 7.5 °C below the ambient temper-
ature on average and a water uptake of 1.29 kg/kg at 80% RH (8.7 °C ambient tem-
perature). Moreover, both water harvesting and mechanical properties are robust over 
tens of adsorption-extraction cycles. Due to the abundance and cost-effectiveness of 
this material, the radiative cooling fabric features a more desirable cost-performance 
ratio and can potentially enable fast deployment into realistic applications towards ex-
tracting safe drinking water from the air. 
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Sensing trace levels of Cd in soils with CdSe quantum dots immobilized on cel-
lulose nanofibers 

Daniel A. Amaya1, d.amaya970330@hotmail.com, Jhonny M. Ceron1, Daniel A. Ve-
lazco Capacho2, Carlos L. Corzo Ruíz2, Carlos Nova Pinzón2, Rafael A. Núñez R.2, 
Cristian Blanco-Tirado1, Marianny Y. Combariza1. (1) Chemistry School, Universidad 
Industrial de Santander, Bucaramanga, Santander, Colombia (2) Unidades Tecnolog-
icas de Santander, Bucaramanga, Colombia  

Quantum dots (QDs) are nanomaterials with high area/volume and unique optical and 
electronic properties, including tunable fluorescence emission, high photolumines-
cence, and photochemical stability. QDs find applications in photocatalysis, solar cells, 
drug carriers, and sensors, among others. 
As chemical sensors for heavy metals detection, QDs offer selectivity and low detec-
tion limits. Soils in northeast of Colombia, a region characterized by mountainous 
ranges and cacao crops, display high concentrations of bioavailable Cd. The presence 
of Cd in cacao crops negatively impacts the commercialization of Colombian cacao 
beans in international markets due to recent restrictions imposed by the EU Codex 
Alimentarius stipulating a range of 0.1 - 0.8 ppm for Cd in food. The constrains related 
to Cd concentrations in food are due to the toxic nature of this metal and its potential 
bioaccumulation in the human body through the food chain. 
In this study, we tested the photochemical properties of thioglycerol (TG)-functional-
ized CdSe QDs for the selective detection of Cd in standard solutions and aqueous 
soil extracts using UV-Vis and fluorescence spectroscopy. The QDs Cd sensing per-
formance in terms of detection limit, selectivity, reusability, stability, and effect of pH 
were also investigated. The CdSe QDs were dispersed onto TEMPO-cellulose nano-
fibers to avoid aggregation, promote stabilization, and obtain a versatile material for 
use in a portable spectrophotometric system. The composite structure, morphology, 
and physicochemical properties were determined using XRD, SEM, XPS, EDS, and 
IR-ATR. 
Finally, the performance of a low-cost and portable spectrophotometric system based 
on a UV-Vis LED radiation source coupled to an optical system with electronic control 
circuit, solid-state detector and a flow cell is analyzed. A solid-state photodetector ma-
trix array with light diffusing layer is used, which can measure absorption in the wave-
length range from 450 nm to 700 nm with a resolution of 1 nm. Device validation was 
carried out by evaluating the wavelength accuracy, dynamic range, and signal-to-noise 
ratio of the system, followed by tests under different concentrations of Cd dissolved in 
thioglycerol (TG)-functionalized CdSe QDs, in which the limit of quantification, limit of 
detection and relative standard deviations were determined. 

Properties and applications of APTES modified cellulose nanocrystals 

Sadat Kamal Amit1, Diego G&oacute;mez Maldonado2, Maria S. Peresin2, Virginia A. 
Davis1, davisva@auburn.edu. (1) Department of Chemical Engineering, Auburn Uni-
versity System, Auburn, Alabama, United States (2) College of Forestry and Wildlife 
Sciences, Auburn University System, Auburn, Alabama, United States  

Cellulose nanocrystals (CNCs) extracted from biomass via sulfuric acid hydrolysis 
have many outstanding properties, including high specific surface area, tensile 
strength, and Young’s modulus, as well as facile dispersibility in water. However, the 
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thermodynamic compatibility of sulfated CNC with water also causes materials pro-
duced from these CNC to have low hydrolytic stability. Therefore, the use of sulfated 
CNC films in applications involving water immersion has been limited. Examples of 
such applications include the adsorption or sensing of water contaminants and food 
allergens. We report a simple route for modifying dispersed sulfated CNC with 3-Ami-
nopropyl triethoxysilane (APTES). The extent of APTES functionalization was deter-
mined by ATR-IR, TGA-FTIR, and elemental analysis. Comparison of the properties of 
shear cast CNC and APTES-CNC films showed differences in optical and mechanical 
anisotropy. APTES functionalization increased film contact angle without rendering the 
films hydrophobic. Most significantly, the APTES-CNC films had significantly more hy-
drolytic stability than the unmodified CNC films which disintegrated in water. Surface 
plasmon resonance (SPR) and quartz crystal microbalance with dissipation (QCMD) 
studies showed that the APTES modified films showed excellent potential for adsorb-
ing organic compounds, including carbofuran, a pesticide, and beta-lactoglobulin, a 
food allergen. These results highlight how modification of CNC surface chemistry can 
be used to further expand CNC’s numerous potential applications. 

Novel cellulose polymer derivatives for amorphous solid dispersion drug deliv-
ery systems 

Stella Petrova1, stellap@vt.edu, Chengzhe Gao2, Huiming Wu2, Kerani Davidson3, 
Lynne Taylor4, Kevin J. Edgar5. (1) Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia, United States (4) Purdue University, West Lafayette, Indiana, 
United States  

Approximately 90% of active pharmaceutical ingredients (APIs) in the drug develop-
ment pipeline suffer from poor aqueous solubility and low bioavailability because they 
are fast crystallizers in aqueous solutions. Many of these APIs are designed to treat 
life-threatening diseases such as cancer and HIV. To improve API solubility and bioa-
vailability, to enhance the chances of these medicines as viable treatments for ill pa-
tients, research into amorphous solid dispersions (ASDs) as oral-delivery drug carriers 
has gained much attention from academia and pharmaceutical industries. Typically, 
ASDs are polymers that disperse an API in an inert, solid, polymer matrix creating a 
miscible polymer/drug formulation. Research shows that ASDs can contain pH triggers 
for targeted drug release and form favorable physicochemical interactions with drugs 
significantly reducing their ability to recrystallize out of solution, thus improving the sol-
ubility and enhancing the bioavailability of the drug in the gastrointestinal tract. Cellu-
lose ester derivatives are of interest for ASD applications due to their benign nature, 
sustainability, previously reported success as ASD polymers, and chemical tunability 
of their free hydroxy groups. We report a proof-of concept for designing scalable, syn-
thetic routes to creating ASD polymers using commercial cellulose-based substrates 
with ring-opening of cyclic succinic and glutaric anhydrides. We have synthesized thir-
teen different polymers, and the efficacy of nine polymers was analyzed in in vitro ex-
periments using model drugs celecoxib, posaconazole, and enzalutamide to determine 
induction-time to drug recrystallization. Across all three drugs, results indicated that 
cellulose acetate (320S) glutarate performed the best in terms of drug release, and in 
some cases, inhibited drug recrystallization for over eight hours in aqueous buffer (Fig-
ure 1). Further, slight differences in polymer side-chain length (4 vs 5 carbons) pro-
duced significantly different outcomes in the induction time studies, emphasizing the 
importance of understanding how polymer structure can affect the desired function. 
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Figure: Induction time to drug crystallization in vitro experiments with synthesized novel cellulose 
ester polymers and posaconazole 
 

Plant-based C9 acids for sustainable consumer and industrial products 

Karl Albrecht, karl.albrecht@adm.com. Archer Daniels Midland Co, Decatur, Illinois, 
United States  

ADM and P2 Science announced a Joint Development Agreement in July 2020 to bring 
to market renewable plant-based products for cosmetics, polymers, plasticizers, and 
surfactants. One joint process being developed combines ADM plant-based oil feed-
stocks with P2’s patented PiOz® intensified ozonolysis technology. In the process, 
double bonds along the acyl chains are cleaved utilizing ozone via the formation of 
ozonides. Subsequent passivation of the ozonides creates an aldehyde and acid from 
the cleaved acyl chain. For example, oleic acid may be cleaved to the C9 compounds 
nonanal and nonanedioic acid, which is commonly known as azelaic acid. Following 
the PiOz® process, the resulting passivated ozonoate comprises a mixture of alde-
hydes and acids, which undergoes a further oxidation step to convert the aldehydes to 
acids. The oxidation process utilizes a low-cost catalyst at mild temperature and pres-
sure. Finally, the resultant mixture of acids undergoes a separation process to collect 
the target compounds of primary interest: azelaic acid and nonanoic acid. Uses for 
azelaic acid include as a component in Nylons 6,9, 9,9, and 5,9 and in polyesters and 
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nonanoic acid as a precursor in lubricant and agrochemical formulations. An overview 
of the process with yields for azelaic acid and nonanoic acid will be provided during 
this presentation. 

Sugar-based composite materials as sustainable alternatives to short-term-use, 
rigid plastics 

Terra Miller-Cassman, terramillercassm@boisestate.edu, Scott Phillips. Materials 
Science and Engineering, Boise State University College of Engineering, Boise, Idaho, 
United States  

This presentation describes a new type of composite material that uses sugar as a 
renewable, non-toxic, and cost-effective binder and matrix. The low hygroscopicity of 
the sugar supports a prolonged shelf-life, while plant-based additives combined with 
the amorphous matrix enables facile tuning of mechanical properties. The composites 
can be molded into a variety of shapes at low temperatures using standard industrial 
injection molding, resulting in objects that have compression and flexural strength val-
ues that are comparable to rigid thermosets and ceramics. At the end-of-use, these 
materials can be dissolved in water at a controlled rate, or composted in soil. For cer-
tain applications, versions of these materials are designed to be water-insoluble until 
an exterior surface coating is compromised. Thus, these composite materials are 
promising as environmentally friendly replacements for disposable plastics in a variety 
of commercial products, satisfying many of the metrics for sustainable materials. 

 

 

 

Synthesis of a novel carboxymethyl chitosan-silver nanoparticles- ginger nano-
composite, characterization, and antimicrobial efficacy 

Manal A. El-Sheikh, dr.manal.elsheikh@gmail.com. Chemistry, College of Science 
and Arts, Alqurayyate, Al-Jouf, Saudi Arabia  

Chitosan, Ginger, and silver nanoparticles are characterized by their antimicrobial effi-
cacy towards many bacterial and microbial infections. The current work aims at syn-
thesizing a novel nanocomposite based carboxymethyl chitosan (CMS) and ginger es-
sential oil, as both reducing and stabilizing agents, silver nitrate as a precursor, and 
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water as a solvent. Because of the hydrophobicity of ginger essential oil, Egyptol, 
Tween 80 or glycerol were applied to the synthesis bath for acquiring homogeneous 
distribution of the reactants in the reaction bath. The nanocomposite was evaluated by 
measuring the absorbance of the silver nanoparticles (AgNPs) colloidal solution using 
UV-Visible spectrophotometer. Factors affecting the increase in the absorbance of 
AgNPs namely, surfactant type, surfactant, AgNO3, ginger, and CMC concentrations, 
reaction time and temperature. Results showed that optimum reaction conditions that 
brought the highest AgNPs absorbance were: 0.5% (w/v) Egyptol, 0.01M AgNO3, 0.5% 
(w/v) ginger oil, 3% (w/v) CMC at 95oC for 3 h. Sample showed highest absorbance 
was further evaluated by FTIR, TEM, SEM, TGA, XRD, HPLC, and antimicrobial effi-
cacy. 

 

Role of solubility on the formation of inhomogeneous colloids during the pro-
duction of cellulose acetate 

Farzin Rahmani1, frahman4@ncsu.edu, Sunkyu Park1, Trevor H. Treasure2, Steve 
Kelley1, Melissa A. Pasquinelli1. (1) Forest Biomaterials, NC State University, Raleigh, 
North Carolina, United States (2) Eastman Chemical Co, Kingsport, Tennessee, United 
States  

Cellulose acetates (CAs) are very common cellulose derivatives, where 2 to 3 of the 
hydroxyls are substituted with acetyl groups. CAs can be easily dissolved and used for 
production of fibers, membranes, optical films and coatings. Due to the differences 
between hydroxyl and acetyl groups, the degree of substitution has a significant impact 
on CA-solvent interactions. This effect is especially notable with CA solubility and limits 
the potential applications of CA samples with different degrees of substitution. A critical 
quality control challenge in this CA production process is the formation of inhomoge-
neous colloids which results in negative impacts on the quality of the final product. The 
aim of this work is to better understand the mechanism for the formation of inhomoge-
neous colloids through a combination of molecular dynamics simulations and small 
angle neutron scattering measurements. The source of the formation of these inhomo-
geneous colloids could be molecular aggregates consisting of cellulose diacetate and 
cellulose triacetate, or poor solubility of residual, unreacted cellulosic materials in the 
solvent can lead to the formation of inhomogeneous colloids. We will discuss how the 
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solubility of cellulose acetate and xylan acetate in a series of solvents is affected by a 
variety of factors, including the degree of substitution of CA and other molecular-level 
details such as the degree of hydrogen bonding. 
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Sustainable textile fibers developed with biopolymers from kelp 

Minji Kim, minji@algiknit.com, Matthew E. Gande. algiKnit, New York, New York, 
United States  

AlgiKnit is working on material solutions to address the textile and fashion industry’s 
pollution problems such as the use of toxic substances, greenhouse gas emissions, 
and perhaps most importantly, the build-up of microplastics in the environment. Unlike 
fibers derived from petrochemical sources such as polyester and acrylics, which when 
ending up in landfills can accumulate for millennia, this new material can be broken 
down, composted, and returned as nutrients, feeding the next generation of raw mate-
rials. Reported here is work focused on utilizing alginic acid derived from kelp, one of 
the most abundant and efficient organisms on the planet. As such, it provides a dra-
matically lower environmental impact and fits into a circular economy. Both the fashion 
and textile industry and their customers are well aware of the sustainability challenges 
they face and have been in search of material solutions. New materials that are non-
toxic, biodegradable, cost-competitive, and have mechanical performance similar to 
synthetic materials, possess the greatest potential to make a positive impact on the 
environmental footprint. The use of alginic acid feedstock addresses textile industrial 
pollution problems at four stages: 1) kelp cultivation improves the off-shore water qual-
ity where it is farmed or harvested, as well as absorbing and sequestering carbon di-
oxide; 2) The fiber will be produced without the use of hazardous chemicals; 3) At the 
end of the fiber’s useful life, it can be readily broken down in composting facilities; and 
4) If introduced into the environment, the fiber will not contribute to toxic micro-plastic 
or microfiber pollution. AlgiKnit has adjusted the fiber chemistry through the use of a 
range of additives designed to modify the traditional ionic crosslinking chemistry that 
has been used to create alginate fibers in the past. The performance window of algi-
nate fibers has been expanded by potentially increasing the number of crosslinks be-
tween alginate polymer chains and the freedom of movement of the crosslink itself. To 
demonstrate feasibility, a preliminary study has shown promising improvements in fiber 
properties. 

Effect of impurities on the valorization of paper sludge to furan chemicals 

Hyeonji Park1, hpark22@ncsu.edu, David Cruz Rios1, Phoenix Tiller1, David K. John-
son2, Ashutosh Mittal2, Richard A. Venditti1, Hasan Jameel1, Sunkyu Park1. (1) NC 
State University, Raleigh, North Carolina, United States (2) National Renewable En-
ergy Laboratory, Golden, Colorado, United States  

Sludge residues from pulp and paper mill waste streams are fiber-rich waste materials 
that can be converted into value-added products such as biochemical and bioethanol. 
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Since paper sludge has different properties depending on where and when sludge 
samples are obtained, it is important to understand the effect of ash on the enzymatic 
and chemical conversion of sludge. In this study, paper sludge was introduced to gen-
erate furan chemicals such as furfural and 5-hydroxymethylfurfural, which are known 
as essential intermediate chemicals for biochemical production. Enzymatic hydrolysis 
of sludge was optimized by preventing the inhibitory effect of ash on enzymes and 
enhancing carbohydrate conversion. The conversion and total sugar recovery were 
found to be correlated to the ash content in the sludge. Dehydration was performed in 
a microwave reactor with the mixture of dioxane and DI water as a solvent and alumi-
num chloride as a catalyst. Dehydration of sludge-derived hydrolysate resulted in 76% 
HMF yield and 90% furfural yield at 66 g/L of glucose concentration in the hydrolysate. 
Since sludge-derived hydrolysate contains various compounds compared to pure cel-
lulose, such as calcium chloride and organic acid, the detailed experiments focused 
on elucidating the effect of each component on catalytic conversion. This work empha-
sizes the significance of ash that affects the downstream processes and its under-
standing is necessary to develop a viable option for sludge valorization from the pulp 
and paper industry. 

Facile preparation of starch-based renewable materials with ionic conductivity 
and strain-responsiveness 

Fengwei Xie1, fwhsieh@gmail.com, Cong Ma2, Peng Liu2. (1) School of Engineering, 
Newcastle University, Newcastle upon Tyne, Newcastle upon Tyne, United Kingdom 
(2) School of Chemistry and Chemical Engineering, Guangzhou University, Guang-
zhou, Guangdong, China  

As a renewable biopolymer, high-amylose starch due to its higher content of linearly 
structured chains is more interesting to realise enhanced material properties and new 
functionality. However, the full dissolution of the compact granule structure of high-
amylose starch is challenging under moderate conditions, which limits its applications. 
In this work, we have revealed that high-amylose maize starch (HAMS) granules can 
be easily destructed by certain concentrations of ZnCl2, MgCl2 and CaCl2 solutions (43 
wt%, 34 wt% and 31 wt%, respectively) at a moderate temperature (under 50 °C) (Fig-
ure 1a) without chemical derivatization. In particular, the ZnCl2 and CaCl2 solutions 
resulted in complete dissolution of HAS granules and the regenerated starch from the 
CaCl2 solution was completely amorphous. 
We found by simple mixing of the HAMS with a CaCl2 solution followed by heating the 
mixture at 80 °C for 5 min, a flexible and ionically conductive starch-based hydrogel 
can be obtained (Figure 1b). By varying the starch/CaCl2 dry mass ratio, the materials 
exhibited tuneable mechanical strength (500–1300 kPa), elongation at break (15–
32%), Young’s modulus (4–9 MPa) and toughness (0.05–0.26 MJ/m3), suitable elec-
trical resistivity (3.7–9.2 Ω m), and strain-responsiveness (Figure 1c). With plasticisa-
tion, a more flexible starch-based hydrogel was obtained, which can be easily repro-
cessed and has self-healing ability. The hydrogel was then developed into a galvanic 
cell-type battery, with an output voltage of 0.81 V, and a self-powered (SP) wearable 
sensor, which had high sensitivity (1.5371 kPa−1) even under weak compression 
stress. This SP sensor can be used to detect human activities involving small strain 
such as wrist pulse and throat vibration. Considering the easy processability, cost-ef-
fectiveness, high strain-sensitivity, robustness, and greenness of the starch-based hy-
drogel and electronics, their brilliant application prospect is foreseen. 
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Photocatalytic rejuvenation enabled self-sanitizing, reusable, and biodegradable 
masks against COVID-19 

Hongli Zhu, h.zhu@neu.edu. Northeastern University College of Engineering, Boston, 
Massachusetts, United States  

Personal protective equipment (PPE) has been highly recommended by the U.S. Cen-
ters for Disease Control and Prevention (CDC) for self-protection under the disastrous 
SARS-CoV-2 (COVID-19) pandemic. Nevertheless, massive utilization of PPE en-
counters significant challenges in recycling and sterilizing the used masks. To tackle 
the associated plastic pollution of used masks, in this work, we designed a reusable, 
biodegradable, and antibacterial mask. The mask was fabricated by electrospinning of 
polyvinyl alcohol (PVA), poly(ethylene oxide) (PEO), and cellulose nanofiber (CNF), 
and followed by esterification and the deposition of nitrogen-doped TiO2 (N-TiO2) and 
TiO2 mixture. The fabricated mask containing photocatalytic N-TiO2/ TiO2 reached 100 
% bacteria disinfection under either 0.1 sun simulation (200-2500 nm, 106 Wm-2) or 
natural sunlight for only 10 min. Thus, the used mask can be rejuvenated through light 
irradiation and reused, which represents one of the handiest technologies for handling 
used masks. Furthermore, intermolecular interactions between PVA, PEO and CNF 
enhanced electrospinnability and mechanical performance of the resultant mask, 
which possess 10-fold elastic modulus and 2-fold tensile strength higher than a com-
mercial single-use mask. The porous structures of electrospun nanofibers along with 
strong electrostatic attraction enabled breathability (83.4 Lmin-1 of air flow rate) and 
superior particle filterability (98.7 %). The prepared mask also had excellent cycling 
performance, wearability, and stable filtration efficiency even after 120 minutes wear-
ing. Therefore, this mask could be a great alternative to current masks to address ur-
gent need for sustainable, reusable, environmentally friendly, and efficient PPE under 
the ongoing COVID-19 contagion. 
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Symposium Separates CELL 005 A 

Tuesday 8/23 2:00 – 5:45 p.m. (Hybrid) 
Great Lakes G, Marriott Marquis Chicago 

Fundamental on development of sustainable lignin-
derived products: Lignin Products A 

Organizers, Presider: Pedram Fatehi, Presider: Mojgan Nejad 

 

Time of presentation: 02:05 – 02:30pm 

Title: Sonochemical synthesis of lignin nanoparticles and their applications in poly(vinyl) 
alcohol composites 

Authors: dylan edmundson, Anthony Dichiara 

Affiliation: dylane3@uw.edu, Bioresource Science and Engineering, University of 
Washington, Seattle, Washington, United States 

Abstract: Lignin is a common and abundant byproduct of the pulp and paper industry, 
which is often considered as waste and burned for energy recovery. Opportunities exist 
to leverage the properties of this highly conjugated biomacromolecule for applications in 
UV absorption and polymer reinforcement by producing value-added lignin nanoparticles 
(LNPs) using a scalable sonochemical process. In the present research, monodisperse 
LNPs have been synthesized by subjecting aqueous dispersions of alkali lignin to 
acoustic irradiation. The size distribution and colloidal stability of LNPs can be adjusted 
by varying the solution pH and ultrasonication energy, as determined by dynamic light 
scattering, transmission electron microscopy and zeta potential analysis. As-synthesized 
LNPs with a mean diameter of 204 nm were incorporated into poly(vinyl) alcohol (PVA) 
to prepare thin and flexible nanocomposite films based on a simple solvent casting 
method. The addition of 2.5 wt% LNP increased the material’s Sun Protection Factor up 
to 26 compared to 0 for neat PVA, while maintaining light transmission above 75% in the 
visible spectra. In addition, the tensile strength and elastic modulus of the PVA 
nanocomposites improved by 47% and 36%, respectively, and the presence of LNP also 
enhanced the thermal stability of the materials. Significantly, the proposed sonochemical 
process may be generally applicable to the synthesis of a range of naturally-derived LNPs 
for a variety of value-added applications. 
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Synthetic route for the production and advancement of lignin nanoparticle/poly(vinyl) 
alcohol nanocomposites. 

 

Time of presentation: 02:30 – 02:55pm 

Title: Fully biobased biocomposite using lignin-based epoxy resin and bamboo fiber 

Authors: Saeid Nikafshar2, Sajad Bagheri3, Mojgan Nejad1 

Affiliation: nejad@msu.edu. (1) Forestry and Chemical Engineering, Michigan State 
University College of Agriculture and Natural Resources, East Lansing, Michigan, United 
States (2) Forestry, Michigan State University, East Lansing, Michigan, United States (3) 
Material Science, Michigan State University, East Lansing, Michigan, United States 

Abstract: In this study, fully biobased epoxy resins were prepared by entirely replacing 
bisphenol A with unmodified technical lignins and using biobased epichlorohydrin (from 
glycerol) and biobased curing agent (from cashew nutshell). The epoxy content of the 
developed biobased resins were measured using 1H NMR and titration. The prepared 
water dispersion resins were mixed with 25% bamboo fiber, and the thermomechanical 
properties of the developed lignin-based biocomposite were measured and compared 
with biocomposite made with petroleum-based epoxy resin (Epon 828, BPA-based resin) 
as cured with the same curing agent. Although the cured pure lignin-based epoxy had a 
lower storage modulus than the BPA-based epoxy, the lignin-based biocomposite made  
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with 25% bamboo fiber had over 80% higher storage modulus than the Epon-based 
biocomposite (containing 25% bamboo fiber). This is due to the inherent compatibility of 
lignin (a natural glue in plants) with bamboo fiber, making this fully biobased epoxy 
potentially a great candidate to replace biocomposite parts in automotive and construction 
applications. 

 

 

Time of presentation: 02:55 – 03:20pm 

Title: Membrane separations to capture organic acids and valuable co-product from 
alkaline-pretreated-liquor of lignin 

Authors: Yupo J. Lin1, yplin@anl.gov, Ning Sun2, Eric Tan3 

Affiliation: (1) Argonne National Laboratory, Lemont, Illinois, United States (2) Advanced 
Biofuels and Bioproducts Process Development Unit, E O Lawrence Berkeley National 
Laboratory, Berkeley, California, United States (3) National Renewable Energy 
Laboratory, Golden, Colorado, United States 

Abstract: Cost-effective lignin valorization is critical to US DOE BioEnergy Technology 
Office’s (BETO) Biochemical Conversion Platform. Separations-related work in this 
research area is critical for the development of scalable lignin upgrading approaches. In 
the alkaline pretreatment liquor (APL) of waste lignin, most of the low molecular weight 
hydrocarbon compounds are organic acids. A cascade membrane separations 
technologies were applied to extract organic acids and reduce the processing volume for 
downstream upgrading to fuel or chemicals. 
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In the integrated separation process, a tangential flow filtration (TFF) was applied to the 
fractionation of high molecule weight (HMW) compounds from APL. This is followed by 
electrochemical membrane separation to simultaneously capture organic acids and 
inorganic bases in separate streams from the low molecule weight (LMW) lignin in the 
TFF permeate. Different pore sizes of filtration membranes were evaluated to reduce the 
processing volume of permeate while still catching most of the LMW organic compounds. 
The electrochemical separations technique, resin-wafer electrodeionization (RW-EDI), 
was used to extract the organic acid and inorganic base from the TFF permeate. Balanced 
between performance and membrane fouling issues, an optimal operation condition was 
selected to maximize the capture performance with manageable membrane fouling 
issues. The first step of TFF was to remove 54% HMW and allow 90% LWM in the 
permeate stream for acid and base extraction. The second step operation of RW-EDI was 
able to remove >97% of acids from the permeate of TFF. 95% of the removed organic 
acids was captured in a stream with a 20-35X concentrated titer compared to untreated 
permeate of TFF. Over 96% of the total process volume from TFF permeate was reduced, 
significantly reducing the upgrade reactor size in downstream. Techno-economic analysis 
and life-cycle analysis were performed to assess processing cost and environmental 
impacts. 

 

Time of presentation: 03:20 – 03:45pm 

Title: Effects of lignin on regenerated ligno-cellulosic films fabricated from bamboo 
organosolv pulp 

Authors: Ji-Ae Ryu, Jung Myoung Lee 

Affiliation: , jmylee@knu.ac.kr. Wood & Paper Science, Kyungpook National University, 
Daegu, Daegu, Korea (the Republic of) 

Abstract: Cellulose and lignin, the most abundant biopolymers are cross-linked each 
other in linear or complex branched arrangements in woody or non-woody biomass. 
Regenerated cellulose film produced with a combination process of dissolution and 
coagulation has a great interest to valorize the sustainable biopolymers for various 
industrial applications. In this study, the regenerated lingo-cellulosic film was fabricated 
by a NaOH freezing-thawing process with glycol ether-based bamboo organosolv pulps. 
The resultant dissolution liquors of different levels of residual lignin were cast and then 
coagulated in a distilled water bath to elucidate the effects of residual lignin in bamboo 
organosolv pulps in terms of chemical, optical, mechanical and physical properties. 
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Time of presentation: 04:05 – 04:30pm 

Title: Lignin/photoacid nanohybrid system with excited state proton transfer harnessing 
for multifunctional fluorescent biosensor fabrication 

Authors: Ho Yin Tse1,2,3, tsehoyin@link.cuhk.edu.hk, Chi Shun YEUNG1, Chun Yin Lau1, 
Man Yee Cheung6, Jianyu Guan1, Md Khairul Islam1, Paul T. Anastas2,3,4, Shao-Yuan 
(Ben) Leu1,5 

Affiliation: , (1) Department of Civil and Environmental Engineering, The Hong Kong 
Polytechnic University, Hong Kong, Hong Kong (2) Yale School of the Environment, Yale 
University, New Haven, Connecticut, United States (3) Center for Green Chemistry & 
Green Engineering at Yale, Yale University, New Haven, Connecticut, United States (4) 
Department of Chemistry, Yale University, New Haven, Connecticut, United States (5) 
Research Institute for Smart Energy (RISE), The Hong Kong Polytechnic University, Hong 
Kong, Hong Kong (6) School of Biomedical Sciences, The Chinese University of Hong 
Kong, Hong Kong, Hong Kong 

Abstract: Lignin based stimuli-responsive materials have received tremendous attention 
in recent years. Lignin polymer demonstrated its superior functionalities when 
incorporating with different chemical moieties to achieve the corresponding goals for 
various applications. This work is the first investigation of how lignin polymer to harness 
the Excited State Proton Transfer (ESPT) dynamic of grafted photoacid moieties and 
extend the features into multifunctional lignin-based biosensor (AL-Por-PP) 
development. AL-Por-PP nanohybrid was synthesized by a green & simple one pot azo 
coupling in mild conditions. The precursors were targeted to lignin fractionation products, 
including alkali lignin (AL) and 2-phenylphenol (PP) which is a 5-5’ linkage interunit of 
lignin and a typical photoacid. These precursors were linked by a modified porphyrin 
(Por), a multifunctional photosensitizer which shares the common core of chlorophyll. The 
structure and photo-physiochemical properties of this novel reformed nanohybrid has 
been characterized by various techniques. AL-Por-PP has shown surprising responses 
of ESPT dynamic under broad pH ranges (pH 2-9) and various anion environments. To 
manipulate the EPST dynamic, AL-Por-PP could physically form the stable nanosphere 
to encapsulate the excited PP moieties; it could also offer a nano-buffering effect to these 
moieties via the intimate hydrogen bond networking interaction in the lignin matrix. 
Moreover, bisulfite ions, an essential index of asthma and lung cancer, were found to 
terminate the buffering effects selectively. Therefore, AL-Por-PP can obtain a sensitive 
ratiometric fluorescent response to the bisulfite ions in the concentration range of 1-20 
μM (R2 = 0.99). Bisulfite concentration dependent cell imaging was performed by AL-Por-
PP with excellent biocompatibility, which demonstrates real case application potential. 
This study offers a sustainable and promising approach to extend the prospects of lignin 
valorization, opening a possibility of fundamental photo-physicochemical research for the 
new class of green materials. 
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AL-Por-PP nanohybrid with ESPT harnessing for multifunctional biosensor fabrication 

 

Time of presentation: 04:30 – 04:55pm 

Title: Lignin-based N-doped carbon nanomaterials for the ORR 

Authors: Katlin Kaare1, katlin.kaare@kbfi.ee, Ivar Kruusenberg1, Aleksandrs Volperts2, 
Ance Plavniece2, Aivars Zhurinsh2, Galina Dobele2. 

Affiliation: (1) Keemilise ja Bioloogilise Fuusika Instituut, Tallinn, Harjumaa, Estonia (2) 
Latvijas Valsts koksnes kimijas instituts Lignina kimijas laboratorija, Riga, Riga, Latvia 

Abstract: Lignin is one of the components of lignocellulosic biomass and it is mainly 
produced in the pulp production or in biorefineries. It is estimated that by 2030, the global 
production of lignin will rise to 225 million tons per year. Today, only around 2% of it gets 
used as a precursor to produce added-value materials, meaning that most of the lignin 
gets burned in factories or landfilled. As the main element in lignin’s framework is carbon, 
it is a good precursor for synthesizing carbon nanomaterials. In this work, lignin that 
originates from local biorefinery was used to produce activated carbons (ACs) with high 
specific surface area (SSA), the ACs were later doped with nitrogen and studied as non-
metal electrocatalysts for the oxygen reduction reaction (ORR). Industrial lignin-based 
carbon catalysts showed good electrocatalytic activity towards the ORR, indicating that  
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they could further be employed as catalysts for the low-temperature fuel cells. For 
preparing the samples, different activation temperatures (700 or 800 °C) were used, 
which resulted in slight differences in specific surface areas. The industrial lignin-based 
carbon catalysts showed superior electrochemical activity towards the ORR compared to 
commercial nitrogen-doped graphene. 

Time of presentation: 04:55 – 05:20pm 

Title: Effect of ice-templating processing parameters on the electrochemical performance 
of lignin based green carbon aerogels 

Authors: bony thomas1, bony.thomas@ltu.se, Shiyu Geng1, Jiayuan Wei1, Henrik 
Lycksam1, Mohini Sain2,1, Kristiina A. Oksman1,2. 

Affiliation: (1) Engineering sciences and mathematics, Lulea tekniska universitet, Lulea, 
Norrbottens, Sweden (2) mechanical and industrial engineering, University of Toronto, 
Toronto, Ontario, Canada  

Abstract: Developing suitable energy storage systems which are clean, sustainable and 
efficient has become the primary focus for researchers around the world to sustainable 
energy materials to mitigate environmental concerns. In this perspective, lignin-derived 
carbon materials have already attained great attention as potential supercapacitor 
electrode materials, because lignin extracted from renewable resources, is low in cost, 
and high in aromatic content which results in high carbon yield. In the current study, effect 
of ice-templating cooling rate and solid content of lignin and cellulose nanofibers (CNFs) 
in the suspension on the microstructure and electrochemical performance of the carbon 
aerogels (CAs) were investigated. Interestingly, CAs showed remarkable differences in 
the microstructure and electrochemical performances with respect to the ice templating 
cooling rate. CAs prepared with cooling rate of 7.5 K/min demonstrated very high specific 
surface area (SSA) of 1260 m2 g−1 and the electrode prepared using this CA showed high 
specific capacitance of 410 F g−1 at 2 m V s−1. A cyclic stability of 94 % has been achieved 
for these electrodes after 4500 charge discharge cycles. Supercapacitor (SC) was 
prepared and obtained a specific capacitance of 240 F g−1 at 0.1 A g−1. The relaxation 
time constant of 1.3 s indicated the fast response of these SCs. In addition, an energy 
density of 4.3 Wh kg−1 was also obtained at a power density of 500 W kg−1. Thus, 
controlling of ice-templating cooling rate found to have great impact on the final properties 
of CAs which can positively influence the performance enhancement of biomass-based 
carbon electrodes for supercapacitors. 

Time of presentation: 05:20 – 05:45pm 

Title: Ultraclean corn stover lignins of controlled molecular weight from hot lignin–
ethanol–water solutions 
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Authors: Bronson Lynn1, bronsol@clemson.edu, Graham Tindall1, Villo Bécsy-Jakab2, 
David Hodge2, Mark C. Thies1 

Affiliation: (1) Chemical and Biomolecular Engineering, Clemson University, Clemson, 
South Carolina, United States (2) Chemical and Biological Engineering, Montana State 
University, Bozeman, Montana, United States  

Abstract: Lignocellulosic biorefineries frequently employ a corn-stover feedstock to 
produce their bioethanol product. However, valorization of the accompanying, 
underutilized lignin byproduct will be required if these biorefineries are to achieve 
economic viability. Unfortunately, the heterogenous nature and impure state of the 
recovered bulk lignin render it difficult to directly use, particularly for higher-value 
applications. We are therefore investigating the Aqueous Lignin Purification with Hot 
Agents (ALPHA) process, which requires only hot aqueous ethanol solutions as the 
solvent system, for fractionating and purifying bulk lignins for desired, final-product 
applications. 
 
In contrast to previous work with softwood kraft lignin, modifications had to be made to 
ALPHA due to the nature and quantities of the impurities present in corn stover lignin. 
These modifications have resulted in the conversion of bulk, alkaline-pretreated corn 
stover lignin with a high impurities content (>13% ash and sugar combined) into lignin 
fractions containing less than 0.05% ash and sugars, respectively. Similar results have 
been achieved with lignins derived from hybrid poplar. To our knowledge, these are the 
highest purity levels achieved to date with such lignins. Furthermore, the molecular 
weights of the resultant fractions can be varied by an order of magnitude during the 
ALPHA purification process. Such control of the properties of lignin is essential for 
applications such as polyurethane foams and carbon fibers, because of the impact on the 
finished product. 
 
By using the ALPHA process, lignin (polymer)-rich, liquid phases of controlled molecular 
weight (MW) can be precipitated from lignin–ethanol–water–solutions via water addition, 
resulting in both cleaned and fractionated lignins as described above. However, the 
fractionation behavior is unexpected, with the highest MW lignin precipitating not with the 
first water addition, but instead later in the process when water addition has significantly 
displaced the solvent from its peak strength. 31P-NMR is being used to investigate the 
extent to which lignin chemical functionality contributes to this unexpected behavior. 
 
With the lignin molecular weights and purities from this work, significant increases in the 
strengths of corn-stover-based carbon fibers can be achieved. Furthermore, ASTM-
standard polyurethane foams with high polyol-for-lignin substitution levels can be made. 
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Symposium Separates CELL 005 B 

Wednesday 8/24 2:00 – 5:45 p.m. (Hybrid) 
Great Lakes G, Marriott Marquis Chicago 

Fundamental on development of sustainable lignin-derived products: Lig-
nin Products B 

Organizers, Presider: Pedram Fatehi, Presider: Mojgan Nejad 

 

Time of presentation: 02:05 – 02:30pm 

Title: Fractionation and laccase-mediated oxidative upgrade as pre-treatments to mod-
ulate lignin nanoparticles properties 

Authors: Nicolo Pajer, nicolo.pajer@unive.it, Matteo Gigli, Claudia Crestini. 

Affiliation: Molecular Sciences and Nanosystem, Universita Ca' Foscari, Venezia, Ve-
neto, Italy  

Abstract: Among the applications nowadays investigated for technical lignins, their us-
age as starting point for the synthesis of nanoparticles represents an interesting approach 
to obtain high-value products that can be used for cleaning purposes and drug delivery 
systems. In this study, we report our recent results on the modulation of Softwood Kraft 
Lignin nanoparticles (LNPs) properties by the use of two types of pre-treatments of the 
starting material: fractionation and laccase-mediated oxidative upgrade.  

From one side, fractionation allows to obtain two type of fractions: a high molecular weight 
one and a low molecular weight one. These fractions are characterized by different mo-
lecular weights, narrow polydispersity and more homogeneous distribution in functional 
groups. From the other side, laccase-mediated oxidative upgrade reduces the lipophobi-
city of lignin samples, resulting in more lipophilic starting materials for the synthesis of 
nanoparticles. After the characterization of the pre-treated lignin samples, the LNPs syn-
thesis has been performed on both the pristine lignin and the pre-treated lignin samples 
by the use of hydrotropic method. The resulting LNPs have been characterized by dy-
namic light scattering and SEM microscopy to determine their particle size distribution 
and morphology. LNPs ability to entrap drugs and their release kinetics have been eval-
uated using methylene blue as entrapped molecule. 

Differences in particles distribution, entrapment and release have been observed on the 
samples highlighting the value of lignin pre-treatments as modulators for LNPs properties. 
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Time of presentation: 02:30 – 02:55pm 

Title: Cationic lignin nanoparticles with antibacterial properties 

Authors: Fatemeh Hassan Pour, Ameena Bacchus, pedram fatehi, pfatehi@lakeheadu.ca. 

Affiliation: Lakehead University, Thunder Bay, Ontario, Canada  

Abstract: Lignin is an underutilized polymer available in high quantity, mainly produced 
as a waste product in pulp and paper industry. Owning to various functional groups avail-
able on its surface, lignin can be readily modified to attain enhanced properties. The focus 
of this study is on activating the antibacterial feature of lignin. The amination process has 
shown to be capable of functionalizing lignin with antibacterial characteristics. The cati-
onic nature of quaternary ammonium salt grafted lignin allows it to be absorbed on the 
negatively charged cell wall of bacteria. Quaternary ammonium compounds have multi-
modal mechanism of action for achieving the antibacterial effect. In this work, multiple 
studies were conducted to assess the modification of lignin with cationic quaternary com-
pounds. Nonetheless, lignin suffers from high level of heterogeneity resulting from its bo-
tanical origin and extraction process. Lignin nanoparticles have the potential to eliminate 
this problem and provide a lignin with more controlled and tunable properties. Hence an 
additional step was performed on the aminated lignin to make them nanoparticles with a 
high surface area and improved reactivity and effectiveness. The final products will be 
characterized for their antimicrobial effectiveness as per minimum inhibitory concentra-
tion (MIC) and zone of inhibition test. The outcome of our work will be supported with 
results from FTIR, NMR, XRD, Elemental Analysis, TGA, water contact angle, XPS and 
zeta potential analysis. This work offers a method to better harvest full potential of lignin 
and to valorise lignin into useful products for biomedical and hygiene product applications. 
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Time of presentation: 02:55 – 03:20pm 

Title: Tailoring color, morphology, stability, antioxidant and UV-shielding properties of 
sustainable lignin nanoparticles 

Authors: Camilla H. Camargos, camilla.camargos@iqm.unicamp.br, Camila A. Rezende. 

Affiliation: Institute of Chemistry, Universidade Estadual de Campinas, Campinas, SP, 
Brazil  

Abstract: Lignin nanoparticles (LNP) are plant-derived multifunctional nanostructures 
useful in a myriad of applications as UV-blockers, antioxidants, and antimicrobials. Not-
withstanding the growing interest in using nanolignin in advanced materials and under-
standing its structure-property relationships, there is still only an incipient literature on the 
modulation of LNP properties. Herein, we evaluated the effects of prior oxidation and 
different production methods on LNP color, morphology, colloidal stability, antioxidant ca-
pacity, and UV-absorption. 
Pure lignin (> 98%) was extracted from elephant grass (Pennisetum purpureum) using a 
sequential protocol with dilute sulfuric acid/sodium hydroxide. After, a mild oxidative treat-
ment was performed on the recovered lignin using dilute sodium hydroxide/hydrogen per-
oxide. Neat (non-oxidized) and oxidized bulk lignins were then converted into LNP by (i) 
a bottom-up (antisolvent) or (ii) a top-down (ultrasonication) approach. In (i), a solution of 
lignin in acetone was diluted with the addition of water as an antisolvent, yielding spheri-
cal, self-assembled LNP. In (ii), never-dried lignin in water was probe-sonicated for 60 
min to yield irregularly fragmented, globular LNP. 
Neat lignin presented typical brown color due to the presence of UV/VIS chromophores. 
In turn, mild oxidation imparted a lighter coloration to lignin because of macromolecule 
fragmentation. In fact, the weight average molecular weight decreased from ~8000 g/mol 
to ~5000 g/mol after the oxidation step. Additionally, oxidized lignin nanospheres (~20 
nm) obtained by the bottom-up approach were smaller than neat lignin nanospheres (~50 
nm), while oxidation did not affect the average size of the larger ultrasonicated LNP (~200 
nm). Although all neat LNP had a higher amount of ionizable groups on the surface (up 
to 1.9 mmol/g) as compared to neat bulk lignin (~0.2 mmol/g), prior oxidation had para-
mount importance to produce LNP with contents of anionically charged groups as high as 
5 mmol/g and outstanding colloidal stability (zeta potentials more negative than – 30 mV 
over pH 3–4 to 12). Nevertheless, oxidation reduced LNP antioxidant activity from ~80% 
to ~20% and slightly decreased its UV-shielding properties.  
Therefore, oxidizing the starting lignin and performing different production methodologies 
are straightforward strategies to tailor the properties of LNP designed for diverse value-
added target applications, including nanocomposites and coatings. 
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Time of presentation: 03:20 – 03:45pm 

Title: Using boron Lewis acids to enable mild lignocellulose separation 

Author: Florence J. Williams 

Affiliation: florence-williams@uiowa.edu. Chemistry, The University of Iowa, Iowa City, 
Iowa, United States 

Abstract: The Williams lab has been investigating the utility of highly Lewis acidic boron 
centers for the activation and cleavage of alkyl ethers and in halogen exchange reactions 
of trifluoromethylarenes. These practical methods have important applications in medici-
nal and agricultural chemistry, but also in sustainable chemistry development, such as 
the mild separation of cellulose and hemicellulose from lignocellulose, leaving lignin-rich 
solids. Because of the mildness of the reaction (low temperature, minimal oxidizing po-
tential), the lignin-rich solids are expected to have minimal condensation/cross-polymeri-
zation, and preliminary data supports this supposition. This talk will examine the develop-
ment and utility of such boron-mediated methodologies, and will discuss the characteri-
zation of the products of this separation protocol. 

 

 

 
Williams lab methodology to separate cellulose and hemicellulose from an extract-free sawdust sample. 

 

Time of presentation: 04:05 – 04:30pm 

Title: Oxidative delignification: The roles of lignin reactivity and fiber accessibility 

Authors: Junyong Zhu1, junyong.zhu@usda.gov, Qingzhi Ma2, Kolby Hirth1, Umesh Agarwal1. 

Affiliation: (1) USDA Forest Products Laboratory, Madison, Wisconsin, United States (2) 
Zhejiang University of Science and Technology, Hongzhou, China 

 



                                                                                    ACS Fall 2022 
 
Wednesday Oral-Hybrid Aug 24,2022 

5 
 

 

Abstract: This study compared oxidative delignification of birch kraft pulp fibers to pulp 
fibers from acid hydrotropic fractionation (AHF) using p-toluenesulfonic acid (p-TsOH). 
Under oxygen delignification at 20% consistency, AHF pulps with lower hemicellulose 
content showed higher delignification than kraft pulps with similar lignin content despite 
its residual lignin (cellulosic enzymatic lignin, CEL) being less reactive. The residual AHF 
pulp lignin was less reactive with fewer b-O-4 ether aryl linkages based on 2D 13C-1H 
nuclear magnetic resonance (NMR) spectroscopy. The water retention value (WRV) of 
AHF pulp fibers, a measure of fiber accessibility to water or oxidative chemicals, was 
substantially greater than that of kraft pulp fibers. Similar comparison of various AHF 
pulps further suggested that fibers with lower hemicellulose content were easier to delig-
nify (bleach) despite having more lignin with lower reactivity (fewer b-O-4 linkages). Ad-
ditionally, the present study also indicated that oxygen delignification was more effective 
at high fiber consistency, which can be attributed to thinner water films on the fiber sur-
faces at higher fiber loadings. These results indicated that mass transfer was the rate 
controlling process in oxidative delignification of wood fibers. 

 

Time of presentation: 04:30 – 04:55pm 

Title: Lignocellulose upgrading enabled by deep eutectic solvents for synthesis of po-
rous graphene 

Authors: Hanwen Zhang, Caixia Wan 

Affiliation: wanca@missouri.edu. University of Missouri, Columbia, Missouri, United 
States 

Abstract: Converting lignocellulosic biomass into graphene-based materials in a cost-
effective approach remains a grant change. This study addresses this challenge by im-
plementing direct laser writing (DLW) on lignocellulosic biomass for the synthesis of po-
rous graphene (i.e., laser-induced graphene (LIG)). Deep eutectic solvent (DES) pretreat-
ment facilitated the fabrication of bioplastics films from the lignocellulosic biomass (e.g., 
corns stover). The DES ChCl:OA was effective for yielding cellulose pulp as a suitable 
substrate for laser scribing with no surface treatment. Pseudolignin present in the pulp 
would contribute to the formation of LIG. Lignin in situ regenerated from the pretreatment 
slurry and further reposited on the CPFs appeared to further promote LIG formation. The 
obtained LIG showed 3D porous structure with well-defined graphene domains. The LIG-
embedded CPFs were fabricated into on-chip supercapacitors and dopamine sensors, 
demonstrating good electrochemical properties in terms of energy storage and sensing. 
Overall, the present work demonstrated a feasible and scalable photothermal route based 
on direct laser writing toward mass production of lignocellulose-derived porous graphene 
materials. 
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Time of presentation: 04:55 – 05:20pm 

Title: Lignin derived fully biobased vitrimer with tunable mechanical properties 

Authors: Sargun Singh Rohewal1,2, srohewa1@vols.utk.edu, Nihal Kanbargi1, Amit K. 
Naskar1,2. 

Affiliation: (1) Carbon and Composite Group, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee, United States (2) Bredesen Center for Interdisciplinary Research 
and Graduate Education, University of Tennessee, Knoxville, Tennessee, United States  

Abstract: Biobased recyclable materials offer exciting opportunities as a reliable alterna-
tive to fossil fuel-based engineering plastics, but wider acceptance of these materials is 
often limited because of tedious synthesis routes and limited tunability of these materials. 
Here-in, a series of Lignin-Epoxidized natural rubber vitrimers with dynamic ester bonds 
were synthesized through a solvent-free high-temperature dynamic heat treatment pro-
cedure followed by a post-curing step. The multifunctional polyphenolic structure of lignin 
assisted in higher reactivity and imparting stiffness to the overall material matrix. The 
lignin content in the matrix was varied from 25% to 50% to demonstrate that the mechan-
ical properties of the vitrimer can be tailored in a facile way. The results demonstrated 
that the glass-transition temperature (Tg), modulus, tensile properties and crosslinking 
degree increased substantially with increase in lignin content. Moreover, lignin-rubber 
based crosslinked material exhibited fast stress relaxation above 150 Celsius enabling 
shape-memory, self-healing and malleability of the bio-based material. In addition, recy-
clability and stability of lignin derived vitrimer in different aqueous environment, ranging 
from basic to acidic, further indicates a promising potential of this material for use as a 
sustainable recyclable material. 

 

Time of presentation: 05:20 – 05:45pm 

Title: Catalytic transfer hydrogenation of CELF-derived lignin using FeNi oxide catalyst 
in supercritical ethanol 

Authors: James A. Godwin1, jag6995@psu.edu, Stephen C. Chmely1, Jonah P. Ba-
busci2. 

Affiliation: (1) Agricultural and Biological Engineering, The Pennsylvania State Univer-
sity, University Park, Pennsylvania, United States (2) Chemical Engineering, The Penn-
sylvania State University - University Park Campus, University Park, Pennsylvania, 
United States 
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Abstract: Lignin is one of the most abundant renewable biopolymers and will play a sig-
nificant role in the emerging bioeconomy. As the utilization of lignin continues to gain 
momentum, it has become imperative to develop sustainable reaction pathways with low 
material cost and high catalyst conversion rate to improve the economics of lignin biore-
finery. Transition metals have demonstrated their catalyst credentials in various industrial 
processes and continue to do so and have been identified as a cost-saving tool for most 
industrial processes. In this work, the NiFe mixed-metal spinel catalyst was synthesized 
and screened for utilization for direct biomass upgrade. The catalysts were synthesized 
and characterized using x-ray diffractometry. We tested the reactivity and selectivity of 
these catalysts using acetophenone as our lignin model compound and ethanol as the 
reaction solvent at supercritical conditions for 2 hours reaction time and 10 wt.% catalyst 
loading. We also screened our catalysts for transformations of CELF derived lignin, which 
was characterized using a combination of two-dimensional NMR spectroscopy and gel 
permeation chromatography techniques to demonstrate the structural changes in the lig-
nin before and after reaction with synthesized catalysts. The average molecular weight 
was also obtained before and after the transfer-hydrogenation reaction to record changes 
in molecular weight. The catalyst demonstrated high reactivity and the post-hydrogenated 
lignin showed low molecular weight when compared to the pre-hydrogenated one. This 
information is useful in the development of various lignin-based bioproducts. The reaction 
mechanism proposed in this work demonstrated an advancement in the utilization of 
earth-abundant transition metals to produce highly reactive spinel-group catalysts such 
as FeNi oxide. These results demonstrated that mixed-metal spinel groups can signifi-
cantly improve the sustainability and economics of lignin biorefinery based on their rela-
tive abundance and high reactivity. 

 




