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OBJECTIVES AND EXPERIMENTS CONDUCTED TO ACCOMPLISH OBJECTIVES: 
 
This project is to develop efficient processes to isolate rice straw components and convert them 
into high value nanomaterials and novel structures for advanced functional products. Effort for 
2020 focused on technology transfer of five rice straw nanomaterial technologies (UC Cases No. 
2016-909, 2017-364, 2018-809, 2019-302 and 2020-030):  
 

2016-909 Ultra Light Amphiphilic and Resilient Nanocellulose Aerogels and Foams 
(Provisional refiled 03.29.2018)(U.S. Patent Application filed March 22, 2019) 
https://techtransfer.universityofcalifornia.edu/NCD/27150.html 
 
2017-364 Butadiene Sulfone as a Green Multi-Functional Telomerization Agent for Tunable 
Hydrophobic Nanocellulose (Provisional Patent Application filed March 27, 2017) 
https://techtransfer.universityofcalifornia.edu/NCD/27619.html  
 
2018-809-0 Conducting Nanocellulose Aerogel Strain Sensor 
(Provisional Patent filed May 14, 2018) 
https://techtransfer.universityofcalifornia.edu/NCD/29536.html 
 
2019-302 Aqueous Exfoliated Graphene by Amphiphilic Cellulose Naofibrils for Foldable 
and Moisture-Responsive Nanopaer (Provisional 11.01.2018) (International Patent 
Application filed October 28, 2019)  
https://techtransfer.universityofcalifornia.edu/NCD/30089.html 
 
2020-030-1 Coaxial Cellulose-based Aerogel Fibers 
(Provisional 09.05.2019) (Utility Patent Application filed November 19, 2020) 

 
Technology development and outreach on rice straw nanomaterial applications: 
 
Rice straw nanocellulose aerogels represent the most developed advanced materials from rice 
straw, reaching technical readiness level (TRL) 4. These nanocellulose aerogels are amphiphilic, 
i.e., capable of absorbing both polar (hydrophilic, aqueous) and none-polar (hydrophobic, 
hydrocarbon, organic) liquids, and are the only currently known amphiphilic aerogels based on 

https://techtransfer.universityofcalifornia.edu/NCD/27150.html
https://techtransfer.universityofcalifornia.edu/NCD/27619.html
https://techtransfer.universityofcalifornia.edu/NCD/29536.html
https://techtransfer.universityofcalifornia.edu/NCD/30089.html
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cellulose. This unique amphiphilic attribute distinguishes our rice straw nanocellulose aerogels 
from both the hydrophobic carbon (graphene, carbon nanotube, carbonized) and the hydrophilic 
silica aerogels as well as those based on dissolved cellulose and other nano-celluloses. The PI 
has responded to various interested parties. For those involving confidential agreements, UC 
Davis tech transfer has advised NOT disclose the identities nor the detail product intention of 
these companies. Progress on these technology transfer efforts is summarized as follows with 
those related to those involving confidential agreements not identified. 
 
o Super-absorbent for personal care application: 

We have developed and fabricated nanocellulose aerogel samples for one of the largest 
global consumer product company. This effort is part of our further advancing our aerogel 
technologies to replace a synthetic polymer super-absorbent currently in a new product of 
theirs. This is the first successful confidentiality agreement (CDA) between the University of 
California system wide and this company ($67 billion in net sales in 2019) which took over 
one year in 2018-19. This in itself is an accomplishment as other UC campuses have 
attempted in decades before, unsuccessfully. The third sample testing required a second 
round of material transfer agreement (MTA). The samples were received by the company on 
March 4. Due to their lab closure and the company’s responses to increasing demand related 
to their other products, both due to COVID-19, their evaluation is still pending. 

 
o Ingestible absorbent for human digestion: 

This nutritional technology startup expressed interest, communicated via emails, and phone 
calls. Following signing CDA, the CEO and CTO visited Davis in 2019. I reciprocated a visit 
to their incubator lab in San Francisco in December 2019. The pandemic put a halt until June 
2020 where continuing discussions resumed via three virtual meetings. From these and 
discussions with others, the need to produce ingestible nanocelluloses for food applications is 
clear, leading to our proposed target for 2021 (Objective 2a). 

 
o Nanocelluloses as elastomer re-enforcement: 

Continuing discussions with a global automobile polyurethane supplier ($176 million  
revenue in 2019) following the initial personal contact with the senior Global Director of 
Advanced Technology and Innovation at an international conference in June 2019. This 
discussions centered on our hydrophobic nanocelluloses (UC Case 2017-364) and one 
proposed for 2021 (Objective 2b), either can be the first nanocellulose to re-enforce and/or 
compounded with synthetic polymers including polyurethanes via covalent bonds. The 
company has experienced a 60 % drop in revenue in 2020 due to the global pandemic. 

 
o Ongoing responses to inquires of potential applications of nanocellulose aerogels for health, 

industrial superabsorbent, automobile, and thermal insulation applications. 
 
o The PI has responded to two calls for pre-proposal and proposal, both in food applications. 

One is from Center for Advanced Processing and Packaging Studies (CAPPS) in early 
October and the other from PepsiCo in early November. Discussions are on-going with 
Nestle and PepsiCo for their interest in our rice straw nanocellulose technologies for their 
specific food applications. The 2021 proposal include two aspects (Objective 2a &, 2c)to 
bring the TRL of our technologies up and closer to meet their specific performance. 
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o A proposal was submitted to USDA NIFA Nanotechnology program to study the safety of 
nanocellulose for food applications. This project is the first inter-disciplinary (2 co-PIs across 
US) effort on the nanocellulose food safety subject in the US and perhaps in the world. This 
aligns with our first objective in our 2021 proposal and expands the scope into non-animal 
biological evaluations of our functionalized nanocelluloses. This is critical to food and 
pharmaceutical applications. Unfortunately, it was not funded (12% funded out of over 100 
proposals). This proposal will be revised for resubmission in 2021. 

 
o The PI continues to collaborate with the University of Maine Process Development Center 

(https://umaine.edu/pdc/) following the invited presentation on rice straw nanocellulose 
technologies at the Cellulose Nanomaterials Researchers Forum there in August 2019. This is 
critical for potential pilot-scale processing rice straw nanocellulose in the long run as this 
center houses the only nanocellulose processing facility in the US servicing both wood pulp, 
paper and a broad range of industry interested in nanocelluloses. 

 
Major scientific advancement on rice straw nanomaterial and advanced product 
development 
 
o Three PhD students were supported for one Summer month each, producing initial data 

demonstrating the feasibility of three applications initially proposed for 2020, and now for 
2021 as Objectives 2a, 2b, and 2c on:  
1. Developing procedures to synthesize carboxymethyl-nanocelluloses (CM-NCs); 
2. Demonstrating the feasibility of one of our hydrophobic nanocelluloses in one 

polyurethane formulation; 
3. Preparing hydrophobic nanocellulose developed in our lab as hydrophobic coatings to 

paper and aluminum. 
 
o One paper was published in a refereed journal, one submitted for review, and another two in 

preparation.  
 
o The PI and students have made 4 oral presentations, all virtual due to the COVID-19 

pandemic, three additional invited presentations did not realize due to conference 
cancellation.  

 
CONCISE GENERAL SUMMARY OF 2020’s RESULTS: 
 
The PI has made major efforts in technology transfer of our nanocelluloses and aerogel 
technologies. The interactions were mainly via electronic means of emails, phone calls, and 
Zoom/TEAM meetings due to the pandemic that has slowed industrial R&D and revenues that 
support such effort. Three PhD students have generated initial data to validate the feasibility of 
ingestible CM-NCs for food applications, hydrophobic NCs for drop-in for polyurethane 
elastomers, and hydrophobic coating for packaging materials.  
 
Publications: one published, one in review, and two in preparation 
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Patterson. G., Y.-L. Hsieh, Tunable dialdehyde/dicarboxylate nanocelluloses by stoichiometrically 
optimized sequential periodate-chlorite oxidation for tough and wet shape recoverable aerogels, 
Nanoscale Advances, 2020. DOI: 10.1039/d0na00771d 

 
Presentations: 7 (3 cancelled, 4 virtual during COVID 19 pandemic) 
 
Hsieh, Y.-L., Amphiphilic to hydrophobic nanocellulose aerogels via ice-templating, sol-gel and 

organogel, Division of Cellulose and Renewable Materials, ACS National Meeting, Philadelphia, 
March 22-26, 2020. Cancelled. 

Hsieh, Y.-L., Structural engineering of functional nanocellulose aerogels, 2020 International Conference 
on Nanotechnology for Renewable Materials, TAPPI, Helsinki, Finland, June 8-11, 2020. Cancelled 

Hsieh, Y.-L., Nanocellulose Innovations: Tunable Chemistries, 1D-to-3D Hierarchical Structures, and 
Functional Applications, Circular Forest Products Session, Forest Product Society 2020 International 
Conference, July 27-30, 2020. Virtual 

Hsieh, Y.-L., Versatile nanocellulose aerogels: from amphiphilic, tunable hydrophobic to conducting and 
thermal insulating, Invited, Sustainable Green Chemistry" symposium ACS National Meeting, August 
17-20, 2020. Virtual 

Fukuda, J., Y.-L. Hsieh, Simple solution phase 1D 1HNMR for colloidal state of hydrophobic nanofibrils 
in neat d6-DMSO, POLY, ACS National Meeting, August 17-20, 2020. Virtual 

Patterson, G. Y.-L. Hsieh, Tunable C2,C3 dialdehyde/dicarboxylate nanocelluloses by stoichiometrically 
optimized sequential periodate-chlorite oxidation for high dry compressive strength and wet 
recoverable aerogels, CELL, ACS National Meeting, August 17-20, 2020. Virtual 

Hsieh, Y.-L., 5thInternational Symposium on Materials from Renewables (ISMR 2020), Honolulu, 
December 16-17, 2020. Cancelled. 
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CONCISE SUMMARY OF PROJECT RU-9 TO DATE (December 2020): 
 
Hsieh’s group has successfully optimized processes and exploited product strategies to valorize 
rice straw cellulose, hemicellulose, lignin24 and silica24,29 by creating an array of novel nano-
materials and unique high performance products. The most diverse array of nanocelluloses, 
including rod-like cellulose nanocrystals22,26,30 and super thin and long cellulose 
nanofibrils12,13,14,16,22,27,28, with tunable surface chemistries and charges have been facilely 
fabricated from rice straw cellulose, representing the most diverse nanocelluloses from a single 
source among agricultural biomass. These comprehensive choices of nanocelluloses have been 
demonstrated as oil dispersants17,18, antimicrobial agents21, microbial coagulants21, synthesis 
templates for nanoparticles20, and aqueous exfoliating agent for graphene4 as well as nano-
building blocks to fabricate a range of fibers3,8,10,14,18,19,27,28, films2,4,14,15,20, coatings, hydrogels, 
and aerogels1,3,5,6,7,9,11,23,25. Proof of concept has been demonstrated in applications of these 
advanced materials for oil-water separation23,25, water purification, organic solvent/hydrocarbon 
removal or oil clean up, catalyst and amphiphilic films and coating technologies, conducting 
aerogels6 and moisture responsive nanopaper4, photothermal actuator, to name a few.  
 
These findings have been published in 30 papers in high impact scientific journals (see below). 
One U.S. patent was filed on March 22, 2019, one international patent application filed on 
October 28, 2019 and one new Record of Invention for provisional patent (UC Case No. 2020-
030-1 Coaxial Cellulose-based Aerogel Fibers) was filed on August 14, 2019. Together, five 
total provisional patents, two each in 2017 and 2018 as well as one in 2019 and one utility in 
2020, have been filed. On rice straw nanocellulose and related subjects, the PI has also made 
nearly 100 invited keynote or plenary presentations at international and professional conferences 
in countries, including Australia, Brazil, China, Canada, Czek Republic, Japan, Finland, France, 
India, Italy, Mexico, Portugal, Spain, South Africa, Taiwan, and Thailand.  
 
Publications from Project RU-9:  
 
1. Patterson, G., Y.-L. Hsieh, Tunable dialdehyde/dicarboxylate nanocelluloses by 

stoichiometrically optimized sequential periodate-chlorite oxidation for tough and wet shape 
recoverable aerogels, Nanoscale Advances, open access, November 4, 2020. 

2. Xu, X., H. Zhou, G. Zhou, Y.-L. Hsieh, Photonic thin films assembled from amphiphilic 
cellulose nanofibrils displaying iridescent full-colors, ACS Applied Bio Materials, 3, 4522-
4530 (2020). 

3. Zhou, J., Y.-L. Hsieh, Nanocellulose Aerogel-based Porous Coaxial Fibers for Thermal 
Insulation, Nano Energy, 68, 104305 1-9 pages (2020). 

4. Xu, X., Y.-L. Hsieh, Aqueous exfoliated graphene by amphiphilic nanocellulose and its 
application in moisture-responsive foldable actuators, Nanoscale, 11, 11719 – 11729 (2019).  

5. Jiang, F.; S. Hu, Y.-L. Hsieh, Aqueous Synthesis of Compressible and Thermally Stable 
Cellulose Nanofibril-Silica Aerogel for CO2 Adsorption, ACS Applied Nano 
Materials,  1(12), 6701–6710 (2018). 

6. Zhou, J., Y.-L. Hsieh, Conductive polymer protonated nanocellulose aerogels for tunable and 
linearly responsive strain sensors, ACS Applied Materials and Interfaces, 10(33), 27902–
27910. 
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7. Jiang, F., Y.-L. Hsieh, Dual wet and dry resilient cellulose II fibrous aerogel for 
hydrocarbon-water separation and energy storage applications, ACS Omega, 3, 3530−3539, 
2018. 

8. Hsieh, Y.-L., Cellulose Nanofibers: Electrospinning and Nanocellulose Self-assemblies, in 
Advanced Green Composites, Scrivener Publisher (jointly with John Wiley and Sons), 2018. 

9. Jiang, F., D.M. Dinh, Y.-L. Hsieh, Adsorption and desorption of cationic malachite green dye 
on cellulose nanofibril aerogels, Carbohydrate Polymers, 173: 286-294 (2017). 

10. Jiang, F., Y.-L. Hsieh, Rice Straw Nanocelluloses: Process-linked Structures, Properties and 
Self-assembling into Ultra-fine Fibers, in ACS Symposium Series Book: "Nano-celluloses, 
their Preparation, Properties, and Applications", 133-150 (2017).. 

11. Jiang, F., Y.-L. Hsieh, Cellulose nanofibril aerogels: synergistic improvement of 
hydrophobicity, strength, thermal stability via crosslinking with diisocyanate, ACS Applied 
Materials & Interfaces, 9(3), 2825–2834 (2017). 

12. Gu, J. and Y.-L. Hsieh, Alkaline cellulose nanofibrils from streamlined alkali treated rice 
straw, ACS Sustainable Chemistry & Engineering, 5: 1730-1737 (2017). 

13. Jiang, F., T. Kondo, Y.-L. Hsieh, Rice straw cellulose nanofibrils via aqueous counter 
collision and differential centrifugation and their self-assembled structures, ACS Sustainable 
Chemistry & Engineering, 4: 1697-1706 (2016). 

14. Jiang, F., Y.-L. Hsieh, Self-assembling of TEMPO oxidized cellulose nanofibrils as effected 
by protonation of surface carboxyls and drying methods, ACS Sustainable Chemistry & 
Engineering, 4:1041-1049 (2016). 

15. Hu, S., J. Gu, F. Jiang, Y.-L Hsieh, Holistic rice straw hemicelluloses/lignin and 
nanocellulose composite films, ACS Sustainable Chemistry & Engineering, 4: 728-737 
(2016). 

16. Hu, S., F. Jiang, Y.-L Hsieh, 1D Lignin based solid acid catalysts for direct hydrolysis of 
crystalline cellulose, ACS Sustainable Chemistry & Engineering, 3:2566-2574 (2015). 

17. Jiang, F., Y.-L. Hsieh, Novel holocellulose nanocrystals: amphiphilicity, O/W emulsion and 
self-assembly, Biomacromolecules, 16, 1422-1441 (2015). 

18. Gu, J., Y.-L. Hsieh, Surface and structure characteristics, self-assembling and solvent 
compatibility of holo-cellulose nanofibrils, ACS Applied Materials & Interfaces, 7(7), 4192–
4201 (2015). 

19. Jiang, F. and Y.-L. Hsieh, Assembling and redispersibility of rice straw nanocellulose: 
effect of tert-butanol, ACS Applied Materials & Interfaces, 6(22), 20075-20084 (2014). 

20. Jiang, F. and Y.-L. Hsieh, Synthesis of cellulose nanofibril bound silver nanoprism for 
surface enhanced Raman scattering, Biomacromolecules. 15(10), 3608-3616 (2014). 

21. Wang, M.S., F. Jiang, Y.-L. Hsieh, N Nitin, Cellulose nanofibrils improve dispersibility 
and stability of silver nanoparticles and induce production of bacterial extracellular 
polysaccharides, Journal of Materials Chemistry B, 2(37), 6226-6235 (2014). 

22. Jiang, F., B. K. Ahn, Y.-L. Hsieh, 1D and 2D NMR of nanocellulose in aqueous colloidal 
suspensions, Carbohydrate Polymers 110: 360-366 (2014). 

23. Jiang, F., Y.-L. Hsieh, Amphiphilic superabsorbent cellulose nanofibril aerogels, Journal of 
Materials Chemistry A, 2: 6337-6342 (2014). 

24. Hu, S., Y.-L. Hsieh, Preparation of activated carbon and silica particles from rice straw, ACS 
Sustainable Chemistry & Engineering, 2(4): 726-734 (2014). 

25. Jiang, F., Y.-L. Hsieh, Super water absorbing and shape memory nanocellulose aerogels from 
TEMPO-oxidized cellulose nanofibrils via cyclic freezing-thawing, Journal of Materials 
Chemistry A, 2: 350-359 (2013). 
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26. Hsieh, Y.-L. Cellulose nanocrystals and self-Assembled nanostructures from cotton, rice 
straw and grape skin: a source perspective, Journal of Materials Science, 48(22): 7837-7846 
(2013).  

27. Jiang, F., S. Han, Y-L. Hsieh, Controlled defibrillation of rice straw cellulose and self-
assembly of cellulose nanofibrils into highly crystalline fibrous materials, RSC Advances, 
3(30): 12366-12375 (2013).  

28. Jiang, F. and Y-L. Hsieh, Chemically and mechanically isolated nanocellulose and their self-
assembled structures, Carbohydrate Polymers, 95(1): 32-40 (2013).  

29. Lu, P. and Y.-L. Hsieh, Highly pure amorphous silica nano-disks from rice straw, Powder 
Technology, 225:149-155 (2012). 

30. Lu, P. and Y.-L. Hsieh, Preparation and characterization of cellulose nanocrystals from rice 
straw, Carbohydrate Polymers, 87:564-573 (2012). 
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