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Driving Forces




Soybean Production
(Million metric tons)

Country 1976 1986 1996 2000
World 62.1 94.4 131.6 159.3
U.S. 34.4 52.8 64.8 74.6
China 12.1 16.6 13.2 15.4

Brazil 11.2 13.3 26.8 31.3



Soybeans

Carbohydrates

@ Fats&Oils

Adhesives & resins, Inks, paints & coating,
surfactants & detergents,
tires & rubber goods, transportation fuels,
solvents, pharmaceuticals, cosmetics,
Biodegradable polymers,
New biotechnology products
Composites

Industrial &
Consumer Products







Market Potential

20 billion Ib adhesives and resins
annually in the U.S.

/ billion |b are formaldehyde based
adhesives - construction/furniture
Formaldehyde emission
Poor environment for workers
unpleasant environment for customers



Objective

To research, develop, scale up, and
commercialize low cost durable stable
soy based adhesives
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Soybean Research Team



Soy Protein Molecular Structure

Main Chain -- Amino acid monomers (18
- 20)
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Molecular Structure (Cont.)

Polypeptide Chain




Soy: Amino Acid Composition

Glutamic acid - most abundant amino acid:

Acidic amino acids - Glutamic and Aspartic
acids (1/4 of total);

Basic amino acids - Lysine, Arginine,
Histidine (1/5);

Hydrophobic amino acids - 1/5;

_ow sulfur containing amino acids -
Methionine,Cystine, Threonine




Soy : Major Protein Components

Globulins - storage proteins (50 - 90%);

/S globulins (conglycinin) - MW 175,000 D
o 20 - 30 % of total globulins

11S globulin - MW 350,000 D
« 30 - 50% of total globulins

ratio of 7S and 11S: 0.5-1.7



Globulin Protein Structure

/S compacted folded molecules
11S complex quaternary structure
6-7 %  helix

30-40 % sheet structure
50-60 % random coll




M oisture content: 10%
I 1 mwW 70% 7S and 30% 11S powder

Heat Flow
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Curing modulus of soy proteins as a function
of temperatures
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Curing modulus as a function of curing time






Microstructure of soy proteins pressed with 20 MPa for 3 min

1mm

Curing temperature = 100°C Curing temperature =150°C
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Effect of curing temperature on mechanical properties of
Soy proteins
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Effect of curing pressure on mechanical properties
of soy proteins



Cured Soy Protein Samples

Tensile strength

5 - 55 MPa
(700 - 8000psi)

Elongation
4-250%

SRR
R



Variables from Soy Adhesives

Protein processing conditions,
Protein curing conditions,

Protein concentration

Proteln structure

Protein modifiers and concentration
Protein modification conditions







Soy Adhesives Strength

Initial shear strength (kg/cm?)

Sample F1 F2 F3 A-M Un-M

Walnut 50 51 36 56 30
Cherry 55 58 33 41
Pine 47 49 43 30 31
SD ~7

A-M=Alkali-modified
Un-M=unmodified



Soy Adhesives Strength

Shear strength (kg/cm?) after 3 cycles of 48-soaking

Sample F1 F2 F3 A-M Un-M
Walnut 23 48(5.8%) 23 --- -
Cherry 35 4915%) 30 e -
Pine 32 45.19%) 42 --- 6
SD~6

A-M=Alkali-modified

Un-M=Unmodified



Preliminary Results for Bamboo

1% SDS modified soy protein

Sanded bamboo Un-sanded bamboo

Strength (kg/icm?) 48+6.5 41 +1.9
(before soaking)

Delamination % 0 20
Strength (kg/icm?) 36+2.6 19 £1.9

(after soaking)




Soy Adhesives Strength

Shear strength (kg/cm?)

(Cherry wood sample)

Adhesives Dry strength Soaked Wet strength
UM - SPI 47.6 41.5 16.1
Gl 49.5 50.3 32.4
G2 54.7 52.8 28.1
G3 51.3 51.5 22.1
PF 47.2 48.9 35.1

Wood failure: F1 = 84%, PF = 84%



Density on Mechanical Properties of Soy Flour-
Straw Boards (250F, 10%mc, 12%soy flour, 5 min)

Properties (MPa) TS CS MOR MOE
Density

(g/cm?)

0.8-0.9 6.0-7.0 12-14 18-21 3000-3300
0.6-0.7 3.5-4.5 5.5-6.0 7.0-9.0 1700-1900
UF+straw (0.72 giem? ) 3.9 6.3 1805
UF+wood fiber (industry) 13-17 2200-2400

(0.75 g/cm3)




Equilibrium Moisture Content of Straw Boards at
Varying Humidity
(density = 0.72g/cc, at 27°C, 7 days)

RH % 30 65 90
Resins
Soy flour 6.15 9.01 14.74
Soy protein 5,81 8.53 14.82
UF 5.47 8.15 14.42
MDI 548 8.17 12.75

SD<0.5



Conclusion

Compare to UF/PF resin
Soy protein adhesives have similar or
better adhesive performance,

Soy protein adhesives has great potential
for construction and furniture



Possible Applications

Plywood,

Agricultural fiber particle board
Fiber card board

Oriented strand board



Thank You




