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OBJECTIVES AND EXPERIMENTS CONDUCTED TO ACCOMPLISH OBJECTIVES: 
 
The overall objective of this project is to develop efficient processes to isolate rice straw 
components and convert them into high value novel nanomaterials and advanced functional 
products. The goals for 2018 were to continue the development of scalable processes and to 
expand functional applications of nanocellulose and porous carbon products.  
 
The specific objectives in 2018 were to: 
1. Diversify nanocelluloses via sodium periodate-chlorite oxidation 
2. Develop new green process to generate hydrophobic cellulose nanofibrils 
3. Develop novel nanocellulose products: conductive, super-ionic and silica aerogels 
 
The experiments conducted and results obtained to achieve these objectives are summarized as 
follows:  
 
Objective 1. Diversify nanocelluloses via sodium periodate-chlorite oxidation 
 
We have successfully synthesized reactive and anionically charged nanocelluloses from rice 
straw cellulose by sodium periodate (NaIO4) and sodium chlorite (NaClO2) oxididtion followed 
by mechanically blending. NaIO4 opens saccharidic ring at vicinal diol C2-C3 to generate di-
aldehydes that can be further oxidyzed with NaClO2 into C2 and C3 carboxyls, creating novel 
cellulose nanofibrils (CNFs) and nanocrystals (CNCs) distinctively different than common CNCs 
and CNFs produced by respective sulfuric acid hydrolysis and 2,2,6,6-tetramethylpyperidine-1-
oxyl (TEMPO)-mediated oxidation. 

 
Scheme I. Sequential NaIO4 and NaClO2 oxididtion of cellulose 

 
Primary oxidation of rice straw cellulose with NaIO4 (55 °C, 4 h) at 0.25:1, 0.5:1 and 0.75:1 
NaIO4:anhydroglucose unit (AGU) followed by reaction with sodium chlorite at 1:1 
NaClO2:AGU (0.5 M acetic acid, room temperature, 48 h) produced nanofibrls (CNFs) at < 0.5 
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NaIO4:AGU and nanocrystals (CNCs) at 0.75 NaIO4:AGU with yields dependent on both extent 
of oxidation and blending. Both the qualities and yields of nanocelluloses have been optimized. 
For CNCs generated at 0.75 NalO4:AGU ratio, the yields were improved from 54.7% to 70.8 % 
by shortening the secondary oxidation reaction from 48 h to 24 h while surface charges could be 
raised to 1.4 mmol/g at longer 48 h reaction time and 1:1 NaClO2:AGU or to an even higher 1.96 
mml/g at higher 2:1 NaClO2:AGU, both at the expenses of yields. Further optimization has 
increased yield to 95.9%. CNFs produced at 0.5:1 NaIO4:AGU followed by reaction with sodium 
chlorite at 1:1 NaClO2:AGU (0.5 M acetic acid, room temperature, 48 h) were thinner than those 
produced by TEMPO mediated oxidation and the lateral dimensions decreased with increasing 
time (Figure 1). 
 

 
Figure 1. CNFs produced by sodium periodate (0.5:1 NaIO4:AGU) at varying lengths of time followed 
by sodium chlorite (1:1 NaClO2:AGU) oxidation. The average CNF thickness values (with standard 
deviations) are indicated. 
 
This two-step NalO4 and NaClO2 oxidation approach has been established and proven to be 
highly effective in generating either CNCs or CNFs by simply tuning the primary NalO4 reaction 
conditions and in optimizing yields and surface charges by controlling the secondary NaClO2 
oxidation conditions. The CNCs produced are not only in higher yields, but also carry carboxyl 
surface groups that are distinctively different to the sulfonate groups from the typical sulfuric 
acid hydrolysis. A range of CNCs and CNFs with wider range of surface carboxyls than the 
TEMPO method can be produced.  
 
Objective 2. Develop new green process to generate hydrophobic cellulose nanofibrils 
 
A novel and green approach has been successfully developed and validated to produce a diverse 
range of tunable hydrophobic to amphiphilic nanocelluloses. This process uses a multi-functional, 
recyclable butadiene sulfone (BDS) as solvent, reagent, and acid precursor. At 65 °C, BDS melts 
into liquid form which decomposes at above 95 °C and under pressure into 1,3-butadiene to 
telomerize cellulose to produce 2,7-octadienyl ether functional groups on the hydroxyls of 
amorphous and crystalline surfaces of cellulose. Upon cooling, water is added to react with 
gaseous SO2 byproduct to generate H2SO4 that facilitates the defibrillation of cellulose by 



Project No. RU-9 

 

disruption of hydrogen bonding, acid hydrolysis of 1,4-glycosidic bonds, and potential addition 
of charged sulfate esters on the remaining unreacted OH groups. Upon cooling, any excess 
gaseous 1,3-butadiene and SO2 re-form to liquid then solid BDS that can be recycled and reused 
to initiate further reactions upon heating.  

 
Scheme 2: The reaction route for telomerization and acid hydrolysis to generate hydrophobic cellulose 

nanofibrils (BDS-CNF). 
 
Telomerization is already 100% atomic efficient, and an elegant way to synthesize stable ethers 
with minimal environmental impact. This multi-functional solvent and reagent further reduces 
the use of chemicals by serving as the reactant to telomerize with cellulose as well as the solvent 
phase to produce ether functional groups on C2, C3 or C6 hydroxyls of anhydroglucose unit. 
 
The cellulose nanofibrils (CNFs) generated were narrower than those produced by TEMPO-
mediated oxidation. The degree of substitution of CNF surface hydroxyls by telomerization were 
discerned by liquid phase NMR. The presence of alkene groups in 4ODE and 6ODE were shown 
in FTIR as small shoulder around 1660 cm-1 belonging to alkene stretches (C=C) overlapped with 
the residual water peak around 1640 cm-1 and weak unsaturated hydrogen stretches (C=C-H) at 
3040 cm-1 (Figure 2a). The crystallinity index (CrI) calculated from XRD patterns showed 
ODE-CNF from 6BDS telomerization are higher 64.8 % while that from 4BDS telomerization 
and the original cellulose (Figure 2b). Most significantly is the similar thermal stability of ODE-
CNF as the original cellulose and much more thermally stable then CNF derived from TEMPO 
mediated oxidation (Figure 2c,d). These more hydrophobic ODE-CNFs are expected to be more 
compatible with polymers/plastics and will be further investigated as reinforcement composites 
for wide ranging applications such as food packaging and building materials.  
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Figure 2. Characterization of BDS-CNF: (a) ATR-FTIR, (b) XRD, (c)TGA and its derivative curve (d).  

 
Objective 3. Develop novel nanocellulose products: conductive, super-ionic and silica 

aerogels 
 
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) liquids, and are the only currently known amphiphilic aerogels from any source 
including nanocellulose. This amphiphilic attribute is so unique that it distinguishes our rice 
straw nanocellulose aerogels from both the hydrophobic carbon (graphene or carbon nanotube) 
and the hydrophilic silica aerogels or those based on dissolved cellulose. To exploit potential 
products and applications from our provisional patent, timely effort is critical to target more 
specific applications of these strong, wet resilient, in both aqueous and organic media, and 
tunable amphiphilic to hydrophobic aerogels. Further development of rice straw nanocellulose 
aerogels in 2018 includes the following potential directions:  
 
3a. Conductive aerogels 
 
The unique wet resiliency and amphiphilic absorbent characteristics of rice straw nanocellulose 
aerogels are truly unique. Electric conductive aerogels were another new frontier exploited in 
2018. The most detrimental quality of conventional conductive materials and mechanical sensing 
gauges are their unforgiving weakness when deformed, i.e., either compressed or stretched, 
seriously hampering their applications. Various ways to make nanocellulose aerogel electric 
conductive may be explored. Incorporating nanocellulose with conducting material is an obvious 
and direct approach.  
 
Conducting poly(3,4-ethylenedioxythiophene) (PEDOT):polystyrene sulfonate (PSS) is 
a mixture of two ionomers, i.e., a conjugated cationic PEDOT and an anionic PSS. By 
incorporating nanocelluloses with PEDOT:PSS, strong and conductive aerogels were assembled 
by protonating CNFs with PEDOT/PSS at varying compositions and sizes (Figure 3).  
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Figure 3. Conductive PEDOT/PSS/CNF aerogels: (a) protonation of CNF surface carboxylats and their 
hydrogen bonding with PSS in PEDOT/PSS; (b) schematic of protonation, freezing/lyophilization and EG 
vapor annealing processes; (c) photographs of CNF and PEDOT/PSS/CNF aerogels on top of California 
poppy and cylindrical PEDOT/PSS/CNF aerogels in different diameters. 
 
The PEDOT/PSS/CNF aerogels that were up to ten times stronger while as conductive as neat 
PEDOT/PSS aerogel, attributed to the transformation of PEDOT benzoid structure to the more 
electron transfer-preferred quinoid structure. Ethylene glycol (EG) vapor annealing further 
increased the conductivity of PEDOT/PSS/CNF aerogels by two orders of magnitude. 
PEDOT/PSS/CNF aerogel (70 wt% CNF) could be infused with polydimethylsiloxane (PDMS) 
to transform into a stretchable, sensitive and linearly responsive strain sensor (gauge factor of 
14.8 at 95% strain) (Figure 4). These conductive composite aerogels may be used as strain 
sensors for monitoring different forms of deformations. These new PEDOT/PSS-CNF aerogel 
strain sensors may lead to wearable mechanical sensors for potential applications in human 
activities, artificial e-skins, and health monitoring/diagnosis, to name a few. 
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Figure 4. Strain sensing of PDMS-infused PEDOT/PSS/CNF conducting aerogels as determined by 
relative electrical resistance change ∆R/R0: (a) cyclic loading and unloading under incremental increasing 
strains; (b) strain effects of PDMS-infused PEDOT/PSS/CNF70 and PEDOT/PSS aerogels; (c) dynamic 
response to five repetitive loading and unloading cycles at 50% strain; (d) effects of CNF loadings; (e) 
dynamic response of the PDMS-infused PEDOT/PSS/CNF70 aerogel to 0-50% stretching and relaxing 
cycles at 4 mm min-1, showing long-term repeatability up to 4005 cycles; (f, g, h) repeatability of the 
sensor at 500-505, 2000-2005, and 4000-4005 cycles, respectively. 
 
3b-1. Super-ionic aeorgels 
 
All variety of aerogels developed from this project have been from nanocellulose fibrils (CNFs) 
from TEMPO-mediated oxidation, including amphiphilic aerogels, crosslinked aerogels, and 
CNF-silica aerogels. Expression of interest in our rice straw cellulose aerogels by Proctor and 
Gamble has led to material transfer agreement and evaluation for potential applications. We have 
further explored the effects of ionic nature of these CNFs on aerogel structures and properties. 
The original idea of developing electrolyte and ion exchange applications of the super-ionic 
aerogels were altered to investigate the compressive behavior for imminent technology transfer 
of the first provisional patent from this project. While effort will continue in this direction, the 
detail of findings will be included in report for 2019. 
 
3b-2. Cellulose nanofibrils as exfoliating agent 
 
This new objective was deemed highly promising and added mid-year in 2018. Graphene is an 
important two dimensional nanomaterial with excellent electric conductivity and thermal 
properties for diverse potential for applications, such as composites, optoelectronics, 
photovoltaic cells, and energy storage devices, but cannot be mass produced effectively and 
sustainably. We have conceived and proven that the anisotropic surface activity of rice straw 
CNFs are robust in aqueous exfoliation of graphite into high quality graphene in high yields and 
high concentration (up to 1 mg mL-1) (Figure 5). Outstanding yields up to 84.2% were achieved 
at 0.2 g g-1 optimized graphite:CNF feed ratio. Over 50% of graphene flakes produced were 3 
layers or less, of which ca. 5% were monolayer, whereas 47% was multilayers, leaving only 3% 
as un-exfoliated graphitic platelets. The dispersed graphitic flakes are stabilized against 
reaggregation by Coulomb repulsion from the surface bound charged CNFs. 
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Figure 5. Aq.CNF derived from rice straw cellulose as an exfoliating agent and disperstant to exfoliate 
graphite into graphene. (a) AFM image of CNF; (b) TEM image of CNF; (c) surface tension (γ) of aq. 
CNF; (d,e) a simplified model showing (200) hydrophobic and (110) or (1 0) hydrophilic planes or CNF 
surfaces (f) AFM images of graphene/CNF exfoliated from 32.8 g g-1 graphite:CNF; (g) Scheme of 
exfoliation of graphite represented by multilayers of 2D graphene sheets into single layer graphene by 
CNFs. 
 

 Aqueous graphene suspensions stabilized by CNFs were easily vacuum filtered into 
foldable nanopaper that is foldable and exhibit moisture responsive deformation behavior 
(Figure 6). Such high hygroscopicity and porous nanostructure from CNFs allow the graphene-
CNF nanopaper to behave like the biological flexor and extensor “motor cells”. This facile 
aqueous exfoliation approach using amphiphilic and multi-functional CNFs in graphene/CNF 
opens up novel diverse areas of potential applications including biologically inspired sensors and 
actuators. 
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Figure 6. Graphene/CNF nanopaper function as soft robots; (a) graphene/CNF nanopapers with 0, 15.2, 
20.6 and 23.1% graphene contents; (b) carboxylate (-COO-) charge on CNF; (c) photo of a shame plant’s 
leaves that fold stimulated by touch; (d) Cartoon illustrates the mechanism of leaf movement in a shame 
plant from a stimulus; (e) cyclic bending and recovery of a 90-mm diameter and 23-µm thick 
graphene/CNF nanopaper (15.2% graphene) upon exposure to two human breaths; (f) proposed folding 
mechanism of graphene/CNF nanopaper.  
 
3c. Nanocellulose-silica aerogels 
We have combined rice straw CNF with silica by a sol-gel synthesis process to produce CNF-
silica aerogels. This approach not only takes advantage of their complementary properties, i.e., 
the more resilient but less thermally stable nanocellulose and the thermally stable but brittle 
silica, but also more fully utilizes the major rice straw components, 36-38 % cellulose and ca. 
15% silica.  
 
CNF/silica hydrogels were first fabricated via a sol-gel process by aging aqueous CNF and 
sodium silicate precursors where CNFs provide the primary skeletal gel structure and the 
condensed colloidal silica serves to bridge and interconnect CNFs within the gel networks. These 
CNF/silica hydrogels were strengthened with HCl, solvent exchanged to tert-butanol and then 
freeze-dried into CNF/silica aerogels in hierarchically tens of micrometer cellular and meso-
porous wall structure (Figure 7).  
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Figure 7. Cross-sectional SEM images of aerogels: (a-c) 9:1, (d-f) 8:2, (g-i) 6:4, and (j-l) 4:6 CNF-silica 
compositions. 

CNFs and silica nanoparticles were homogeneously mixed at the nanoscale where the 
compressive strength and modulus were governed by CNF and mesopores primarily located at 
the CNF-silica inter-spacings depending on silica contents. The optimal 8:2 CNF/silica aerogel 
had hierarchically meso-porous structure with ultra-low density of 7.7 mg/cm3, high specific 
surface of 342 m2/g and pore volume of 0.86 cm3/g (Figure 8). 
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Figure 8. N2 adsorption-desorption of CNF-
silica aerogels: (a) isotherm; (b) pore size 
distribution; (c) specific surface area and pore 
volume. 

Figure 9. Surface silanization of 4:6 CNF-
silica aerogel with 3-aminopropyl 
triethoxysilane (APTES): (a) N2 adsorption-
desorption isotherm; (b) pore size 
distribution; (c) FITR spectra; (d) CO2 
adsorption curves 

 
This robust sol-gel approach employs the most naturally abundant cellulose and silica in aqueous 
system to generate improved CNF-silica aerogels with much higher mechanical strength and 
modulus and structural flexibility than silica aerogel and much enhanced thermal stability and 
specific surface over CNF aerogel. Further functionalization of 6:4 CNF-silica aerogels via 
organosilane reaction introduced primary amine groups capable of capturing CO2 with an 
adsorption capacity of 1.49 mmol/g (Figure 9). 
 
Major scientific advancement on rice straw nanomaterial and advanced product 
development 

• A new oxidation approach using sodium periodate and sodium chlorite coupled with 
mechanical blending has been established to generate a range of nanocelluloses, i.e., rod-
like cellulose nanocrystals (CNCs) and hydrophobicity in ultra-thin cellulose nanofibrils 
(CNFs) with surface C2 and C3 carboxyls, expanding from CNFs by the most common 
TEMPO mediated oxidation that contains surface C6 carboxls but expensive to scale up. 

• A green processing approach has been established to produce nanocelluloses with tunable 
surface amphiphilicities both rod-like CNCs and hydrophobicity in ultra-thin CNFs. This 
break-through innovation is the only one-pot process known to date for producing more 
hydrophobic nanocelluloses. This novel approach to nanocellulose fabrication has been 
filed for a provisional patent in 2017. Effort will continue to develop this technology for 
various applications. 

• Rice straw nanocellulose-silica aerogels have been prepared in sol-gel process, valorizing 
two major constituents, i.e., cellulose and silica, in rice straw and further advancing rice 
straw nanotechnologies. The nanocellulose-silica aerogels possessed the complementary 
resiliency of cellulose and thermal stability of silica and have modified to demonstrate for 
capturing CO2. 

• Conducting materials based on rice straw nanocellulose, specifically CNF, have been 
invented via protonation of conducting polymer poly(3,4-ethylenedioxythiophene) 
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(PEDOT). Strain sensors have been designed by infusing conductive PEDOT/PSS/CNF 
with elastomers. 

• CNF derived from TEMPO mediated oxidation has proven to be an excellent exfoliating 
agent to generate graphene from graphite by simple mechanical blending in aqueous 
media. This scalable aqueous exfoliation is a new and important discovery for which a 
provisional patent was filed in October 2018. 

 
Technology development and outreach on rice straw nanomaterial applications 

• The PI was invited to make oral presentations on rice straw nanocelluloses internationally, 
including China, Brazil, India, Mexico, Spain, and South Africa.  

• Rice straw nanocellulose technologies were presented at the TechConnect World 
Innovation Conference in May and Advanced Defense Materials Workshop at XXVII 
International Materials Research Congress in August. 

• Rice straw nanocellulose aerogel has been tested for potential applications by Proctor and 
Gamble. 

• Two new provisional patent on nanocellulose based conducting aerogels and graphene 
materials were filed in Auguest and October 2018 with another on nanocellulose aerogels 
renewed and one on tunable hydrophobic nanocelluloses filed in 2017.  

• Four provisional patents related to this RU-9 project are: 
UC Case No. 2016-909 Amphiphilic Aerogels 
https://techtransfer.universityofcalifornia.edu/NCD/27150.html?int_campaign=Inven
tors-Other-Tech-section 
UC Case No. 2017-364 Tunable Hydrophobic Nanocelluloses 
https://techtransfer.universityofcalifornia.edu/NCD/27619.html  
UC Case No. 2018-809 Conducting Aerogels & 
Fibers https://techtransfer.universityofcalifornia.edu/NCD/29536.html 
UC Case 2019-302 Aqueous exfolidated graphene by amphiphilic cellulose 
nanofibrils for foldable and moisture-responsive nanopaper (link TBA) 

 
CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 
 
Scientists in Hsieh’s group have successfully optimized processes and exploited product 
strategies to valorize rice straw by creating an array of novel nano-materials and unique 
performance products. The most diverse array of nanocelluloses, including rod-like cellulose 
nanocrystals and super thin and long cellulose nanofibrils, with tunable surface chemistries and 
charges have been facilely fabricated from rice straw cellulose. These comprehensive choices of 
nanocelluloses have been demonstrated as oil dispersants, antimicrobial agents, microbial 
coagulants, synthesis templates for nanoparticles, and aqueous exfoliating agent in aqueous 
media as well as nano-building blocks to fabricate nanofibers, films, coatings, hydrogels and 
aerogels. Proof of concept has been demonstrated for these advanced materials as oil-water 
separation, water purification, organic solvent/hydrocarbon removal or oil clean up, catalyst and 
amphiphilic films and coating technologies, conducting aerogels and moisture responsive 
nanopaper, to name a few. In 2018, two provision patents were filed (plus two filings in 2017), 4 
refereed journal papers and one book chapter published and one additional in press. The PI also 

https://techtransfer.universityofcalifornia.edu/NCD/27150.html?int_campaign=Inventors-Other-Tech-section
https://techtransfer.universityofcalifornia.edu/NCD/27150.html?int_campaign=Inventors-Other-Tech-section
https://techtransfer.universityofcalifornia.edu/NCD/27619.html
https://techtransfer.universityofcalifornia.edu/NCD/29536.html
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made a total of 16 oral presentations, of which 11 were invited, in addition to several others 
made by students and postdocs. 
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PUBLICATIONS: 4 published (including 1 in press in 2017), one in press, and two submitted. 
 
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, in 
press (accepted December 6, 2018). 

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 (2018). 

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). 

Hsieh, Y.-L., Cellulose nanofibers: electrospinning and nanocellulose self-assemblies, in 
Advanced Green Composites, Scrivener Publisher (jointly with John Wiley and Sons), 
2018. 

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). 

 
PRESENTATIONS: 16 (11 invited) 
Hsieh, Y.-L., Cellulose nanofibers and aerogels with tunable amphiphilicity and chemical 

functionalities, Electrospin 2018, Invited, Cape Town, South Africa, January 16-18, 2018. 
Hsieh, Y.-L., Fiber Innovations: Top down, bottom up and beyond, invited, Universitat 

Politècnica de Catalunya- Barcelona, Polytechnic University of Catalonia, Barcelona, 
Spain, February 28, 2018. 

Hsieh, Y.-L., Nanocelluloses & innovations: diverse and sustainable strategies, TechConnect 
World Innovation Conference, May 13-16, 2018, Anaheim, CA. 

Hsieh, Y.-L. Cellulose nanofibers, aerogels and sheath-core structures, 34th International 
Conference of Polymer Processing Society, Taipei, Taiwan, May 20-14, 2018. 

Hsieh, Y.-L., Novel tunable amphiphilic to hydrophobic nanocelluloses via a multi-functional 
reagent, International Conference on Nanotechnology for Renewable Materials, TAPPI, 
Madison, Wisconsin, June 11-14, 2018. 

Hsieh, Y.-L., Renewable fiber innovations, Invited, 2018 International Conference on Eco-
Textiles (ICET2018), Jiangnan University, Wuxi, China, June 22-24, 2018. 

Hsieh, Y.-L., Fiber Innovations via Sustainable Strategies, Invited, Donghua University, 
Shanghai, China, June 25, 2018. 

Hsieh, Y.-L., Nanocelluloses: 1D crystalline building blocks for multi-functional materials, 
Invited, XXVII International Materials Research Congress, Cancun, August 2018. 

Hsieh, Y.-L., Nanocelluloses: Nanocelluloses with tunable amphiphilicity and chemical 
functionalities, XXVII International Materials Research Congress, Cancun, August 20-25, 
2018. 

Hsieh, Y.-L., Functional bio-nanomaterial innovations, Invited, Universidade Estadual de 
Maringá, Brazil, September 12, 2018. 

Hsieh, Y.-L., Biopolymer nanofibers, Invited, Universidade Federal de São Carlos, Brazil, 
September 13, 2018. 

Faez, , R., Y.-L. Hsieh, Three-layer films of KNO3-containing cellulose/nanocellulose/chitosan, 
XVII Brazilian Materials Research Society (SBPMat), September 16-20, 2018. 

Hsieh, Y.-L., 1 D to 3 D hierarchical nanofibrous functional materials from biopolymers, Invited, 
XVII Brazilian Materials Research Society (SBPMat), September 16-20, 2018. 
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Hsieh, Y.-L., Novel structural and functional materials from biomass via sustainable strategies, 
Invited Plenary Lecture, XVII Brazilian Materials Research Society (SBPMat), 
September 16-20, 2018. 

Hsieh, Y.-L., Nanocelluloses: tuanable amphiphilicity and functionalitie, Invited, VTT, 
Helsinki, Finland, November 7, 2018. 

Hsieh, Y.-L., Biopolymers & nanofibers: Top down, bottom up and beyond multi-functional 
materials, Invited, Aalto University, November 8, 2018. 
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