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•Soybeans are Ohio’s #1 cash crop and #1 export crop

•Soybeans generate over $2.5 billion in annual revenue 

in Ohio, and over $5.3 billion in economic impact

•Ohio soybean industry creates about 30,000 Ohio jobs

•Ohio is the 6th largest soybean producing state

•There are about 25,000 soybean farmers in Ohio

Ohio state  (USA) Soybeans
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•Soybeans are produced on about 5 million acres in 

Ohio

•Total annual production is usually about 250 million 

bushels (6.8 million metric tons)

•More than half of Ohio soybeans are exported

•Ohio is known as a reliable supplier of commodity and 

specialty (food grade, organic, non-GMO, etc.) 

soybeans



4

commercial product portfolio
R

es
ea

rc
h
 &

 
D

ev
el

o
p
m

en
t

T
ec

h
n
o
lo

g
y 

S
ca

le
-u

p
 

P
ar

tn
er

s 
Id

en
ti
fi
ed

C
o
m

m
er

ci
al

iz
at

io
n
/ 

M
an

ag
in

g
 C

o
m

m
it
m

en
t

Primer

Polyurethane dispersions (PUD) –
high oleic application

Hull based polymer

Traffic paint and sealer (OH)
Roof sealer and lubricant (OH)

Surfactant for health and beauty 
aid (VA)

SBM microbe inoculant system (OH)
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UV curable floor coatings (OH)

Soy- PK: BPA free

Fish ingredient
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• Cellulose (and CNF) are renewable 
resources and biodegradable materials

• Interest in extracting cellulose (and CNF) 
from waste plant materials, such as 
soybean straw (approximately 35 % 
cellulose)

Y. Xue, Z. Mou, H. Xiao, Nanoscale, 9 (2017) 14758-14781. 

Cellulose nanofibers 
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Lightweight but stiffer than Kevlar® and 
with eight times the tensile strength of 
steel

• electrically conductive 
• highly absorbent
• thermostable 
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Polyurethane hydrogels
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Cellulose nanofibers (CNF) from straw mulch

pH ≥ 11.5
4 h

1 % H2O2

pH ≥ 11.5
4 h

1 % H2O2

NaClO
NaBr

pH = 10

TEMPO

Straw mulch Yield = 92.8 % TEMPO-oxidised
Cellulose

Yield = 70.5 %

Yield = 52.5 %

1. Blending (30 min)

2. Centrifugation

CNF in H2O
Yield = 85.5 %

500 nm
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       TEMPO-mediated oxidation  of cellulose
 

• mixture of TEMPO, NaClO, NaBr, 
maintained at pH = 10

• converts primary hydroxyl groups of 
cellulose to carboxylic acids (as 
carboxylate salt).

 A. Isogai, T. Saito, H.  Fukuzumi, Nanoscale, 2011, 3, 71-85 
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1. HCl, pH = 1
2 h

2. Washing
(with

water)

1. Acetone, 16 h

2. Washing
(with

acetone)

Acidification Dehydration

1. NMP

2. Vacuum
(remove
acetone)

Acetone removal

CNF in H2O

NMP = N-Methyl-2-pyrrolidone
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Triethylamine (1 wt%)

Bath Ultrasonication (3 h)
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+ Diisocyanate

= carbon chain

=

==

Legend

CNF in NMP
(unreacted)

(     )

crosslink

CNF hydrogel
(crosslinked)
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CNF hydrogels

• Hydrogels can be easily 
made from the 0.5 wt% 
CNF in TEA/NMP solution

• Simply add a small 
amount of 
diisocyanate with 
catalyst, cure for 24 h 
at room temperature

(a)

(b)

0.05 g CNF

0.05 g CNF

LDI, DABCO
24 h, 20 

 

HDI, DABCO
24 h, 20 
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Confocal fluorescence micrographs (ethidium bromide staining) 

(b)(a)

HDILDI
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CNF in polyurethanes – water uptake

• Soaked in isopropanol for 48 h
• Soaked in Milli-Q water for 48 h, then weighed. Freeze dried, and reweighed



16



17

Summary

• Isolated CNF from soybean straw

• Dispersed high loadings of CNF (0.5 wt%) in NMP using triethylamine

• Simple fabrication of CNF hydrogels by addition of diisocyanate with 

catalyst to CNF in NMP

• Depending on diisocyanate used;

– CNF hydrogel can be made transparent or opaque

– CNF hydrogel can have variable water uptake (28,200-37,300% or 4,690-7,080%)
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