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MORE PEOPLE, MORE DEMAND 

FOR ENERGY, NUTRITION, AND 

SUSTAINABLE MATERIALS 

Providing for 9 billion by 2050   

 

 

 

Population clock as of 8/26/13 

http://www.worldometers.info/world-population/  2
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Seeking Biomass Feedstocks That Can Compete 

Chem. & Eng. News 

 

3
 

Wood is good 



SNAPSHOT OF VT’S EFFORTS IN 

SUSTAINABLE BIOMATERIALS 

Wood 

Cellulose, cellulose nanoparticles, and derivatives, lignin-based materials, xylan 

Shell 

Coconut, walnut, and other nut shells 

Other Biomass 

Spent barley grains, bamboo, switchgrass, canola seed, corn cob 

Aquatic derived biomaterials 

Chitin and chitosan from crustaceans, alginic acid from seaweed, algae 

Fermentation of sugars or degraded lignin products into 

Polymers like bacterial cellulose and monomers such as urushiol oil or PDC,  

Commercial Bioplastics 

Cellulose acetate, polylactic acid, and starch 

 



FROM UNDERSTANDING MOLECULAR 

PLANT WALL STRUCTURE TO 

IMPROVING RENEWABLE PRODUCTS 

Chemistry 
Materials 

Science 

“Biomaterial” 

knowledge 

-Polymer 

-Physical 

-Analytical 

-Organic 

-Structure 

-Physics 

-Mechanics 

-Composites 

-Processing 

 

-Biomass sources 

-Cell wall structure 

-Variability of biomaterials 

-Environmental factors 

-Deconstruction and 

conversion  

 

 
-Nanotechnology 

-Composite materials 

-Medical and 

pharmaceuticals 

-Bioplastics 

-Cellulosic fuels  



Dissolving bricks; polysaccharides in drug 
delivery: 

o50% of marketed drugs poorly soluble, this 
means they can’t get into bloodstream 

oWastes money, drugs get into wastewater 
(resistant organisms), harms patients 

oWe have carried out extensive synthesis and 
structure-property studies (with Lynne Taylor, 
Purdue) to identify some of the best polymers 
ever seen for enhancing drug solubility (novel 
cellulose esters including CAAdP) by making 
nanodispersions of drug in polymer; further 
improvement if we make nanodispersion 
particles < 250 nm diameter  

 

 

 

 

 

CAAdP 

matrix 

Drug  

domains 

(near molecular  

size) 

CO2H 

CO2H 

CO2H 

CO2H 

CO2H CO2H 

HO2C 

HO2C 

HO2C 

CO2H 

CO2H 

edgarresearch.org 

RENEWABLE BIOMATERIALS AND HUMAN HEALTH 

KEVIN J. EDGAR LABORATORY 

Delivering the undeliverable; cells, proteins: 

oDeveloped first-ever solvents for alginate (from renewable seaweed) 

oSolvents help us make new alginate derivatives that make great nanogels for 
delivery of cells and other delicate things 

oArtificial pancreas for diabetics, protein drugs for cancer; protection from 
immune system and effective delivery 

 

 

 

 

 

 



1. Targeted Intracellular Drug Delivery 

 

 

 

 

 

 

2. Oral Drug Delivery 

Maren 

Roman 

Untargeted 

Targeted 

Cellular Uptake of Cellulose 

Nanocrystals 

Pristine Labeled 

Chitosan 

Cellulose 

nanocrystal 

Drug 

Using caffeine 

as a model drug 

Cellulose Nanocrystal Mediated 

Bioimaging and Drug Delivery 

1 μm 



1. Cellulose Nanocomposites for Bone Scaffolds 

 

 

 

 

 

 

2. Inkjet Printed Micropatterns for Biological Assays 

Cellulose Nanocrystal 

Applications 

in Medical Devices 
Maren 

Roman 

1 μm 

Polycaprolactone Nanoreinforcement 
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FRAZIER: SPECIFIC RESEARCH ACTIVITIES 

1. Impact of filler properties on phenol-formaldehyde adhesion. 

• Corn cob residue, Alder bark & walnut shell fillers. 

• Filler particle size effects. 

• Filler surface chemistry. 

2. Native-wood formaldehyde emissions. 

• New emission regulations limit release near levels of 

natural emission. 

• Natural emission poorly documented, not understood. 

• Measuring emissions as a function of thermal  & chemical 

processing, & lignin chemistry. 

3. Adhesion Fundamentals in Spotted Gum (Corymbia sp.). 

• Compare surface chemistries of spotted gum and Gympie 

messmate (Eucalyptus cloeziana). 

• Compare sensitivities to heat-induced surface 

deactivation. 
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FRAZIER: SPECIFIC RESEARCH ACTIVITIES 
 

4.  Urushiol (poison ivy oil) as a reactive monomer. 

• Collaboration w/ John Jelsesko, Plant pathology & Hong 

Leigh (visiting scholar). 

• Clone poison ivy oil genes; express via fermentation. 

• Study chemistry of urushiol as a reactive monomer in 

thermosetting adhesives. 

5.  Switchgrass rheology 

• Collaboration w/ Bingyu Zhao, Horticulture. 

• Genetically modified plants for enhanced liquid fuels yield. 

• Studying the glass transition in the altered plants. 

6. Bamboo rheology 

• Collaboration w/ Fangli Sun (visiting scholar). 

• Fundamentals of bamboo cell wall organization. 

• Studying the glass transition as a function of pH.  

 

 



QWA:  Connects anatomical structure to improvement of composite materials 

and advances training in light and scanning electron microscopy 

Quantitative Wood Anatomy 

Audrey Zink-Sharp, Professor 

Improved Composite 

Materials 

Advanced training in 

microscopy 

WOOD CELL 

STRUCTURE 

Forest 

Management 

Ecological 

Disturbances 

Wood 

Quality 



EXAMPLE:  RELATING FOREST MANAGEMENT AND ECOLOGICAL 
DISTURBANCES WITH WOOD QUALITY AND VARIABILITY 

Partial ring 

Figure 3 – Partial growth ring from an eastern hemlock infested with 
hemlock woolly adelgid. Figure 2 – Healthy hemlock (left) vs. hemlock heavily 

defoliated by hemlock woolly adelgid (right). 

Radial growth response of eastern 

hemlock to infestation of hemlock 

woolly adelgid 

 
David M. Walker, Carolyn A. Copenheaver, Audrey Zink-Sharp 

submitted to Annals of Forest Science, July 2013 

Figure 1 –Immature hemlock woolly adelgid. 
Arrow indicates insect’s head. 
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… and other mono- or di- 

aromatic compounds 

Chemical industry  

Fermentation (1000 L) 

Purification 

(ca. 100%) 

(ca. 80%) 

(8-50%) 

Polymerization 

Goodell: Production of a novel polymer-based materials from 

crude low molecular weight lignin via bacterial synthesis. 

OO COOH

COOH

PDC 

Modification 

PDC accumulation  

(100 g/L) 

O OH

OH

OMe

Collaboration w/ Otsuka, Nakamura 

– FFPRI-JAPAN. Renneckar, Y-T 

Kim, T. Long at VT. 
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YOUNG TECK KIM, PH.D 

DR KIM’S SUSTAINABLE 

PACKAGING LAB 

www.packaging.sbio.vt.edu ytkim@vt.edu 

• Improvement of BioPlastics and their Applications 

• Utilization of bio-components from biomass for packaging system 

• Development of bio-sensor system using Chemiluminescence assay 

 



Extraction/Modification 

of bio-components 

Bio-Sensor system 

 

Food & Health Care  

Packaging System 

Bioplastic applications 

• Paper coating 

• Composite system 

• High gas barrier 

• High Thermal stability 

• Inclusion Complex 

• Cellulose & derivatives 

• Protein 

• Gluten-free food ingredient 

 

 

 

• Freshness Indicator 

• Chemiluminescence assay 

• Migration/diffusion behavior 

• Analytical Chemistry 

 



CONVERT ALL COMPONENTS OF 

BIOMASS INTO USEFUL MATERIALS  

1
7

 

+Nanocoatings 

+Biocompatible materials 

+Laser bonded wood 

 

+Renewables for 

existing markets  

 

+Processes to recover 

biopolymers and 

sugars in high yield 

and purity 

+Structure & 

Functionality 
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ENERGY: GASIFICATION OF WOOD 

CHIPS INTO ELECTRICITY 

1 kilowatt hour for every 

1.2 kilograms of dry 

biomass, is capable of 

generating 10 kilowatts, 

enough to power 100 

100-watt light bulbs. 



WE CAN MEET MANY OF OUR 

NEEDS USING WOOD IN SOME 

FORM OR ANOTHER 

Kevin P. Casey for The New York Times 

http://www.nytimes.com/2010/08/15/busi

ness/15unboxed.html?_r=0 
APAwood.org Example of epoxidized 

lignin courtesy, W. Glasser 

Valorization of Biomass: 

Deriving More Value from 

Waste. C.Tuck, E. Pérez, 

István T. Horváth, Roger A. 

Sheldon, and Martyn 

Poliakoff.  Science 10 August 

2012: 337 (6095), 695-699.  



EXAMPLES OF INDUSTRY THAT 

PARTNER, COLLABORATE, AND HIRE 

OUR STUDENTS 

 

 

PPG, Dow Chemical, Owens Corning, Weyerhaeuser, Rust-

Oleum, Celanese, Eastman Chemical Company, 

MeadWestVaco, Samsung Fine Chemicals, Ashland, Georgia 

Pacific Chemicals, Momentive, Arclin, Ashland 

 

Industry is attracted to the most long term stable (lowest 

risk) and lowest cost solutions.  Biomaterials from biomass 

can fill this role. 


