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Fiber-reinforced composites have been used for many
applications from sporting goods to automotive parts. Most
commercial fiber-reinforced composites are made from pe-
troleum based synthetic fibers and resins that are non-
degradable. Our goal
is to develop fully de-
gradable and envi- 1800
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Using short and continuous plant-based
fibers and soy protein polymer,
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with sufficient mechanical properties.
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Using plant-based
short and continuous cellulosic fibers in soy protein poly-
mer resin, we have successfully developed fully-
degradable, environment-friendly, 'Green' composites. The
random short fiber composites have moderate mechanical
properties and can be used in non-structural applications.
The unidirectional continuous fiber composites have tensile
properties close to steel. However, at a typical steel-to-
composite density ratio of about 6, these 'Green' composites
are significantly superior to steel on a per weight basis and
may be used for indoor structural applications in housing
and transportation, such as in automobiles.

Soy protein polymer (SSP) is commercially available in
two grades; soy
protein isolate
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Effect of Gutaraldehyde % on the Tensile Properties
of Modified Soy Protein Concentrate (SPC) Composite

which was likely caused by
voids in the composites and
by non-uniform fiber distri-
bution, was smaller for higher fiber loadings and fiber
lengths. In addition, at low fiber content, short fibers seem
to act like defects, reducing the strength values.

Short Fiber Composites: % Crosslinking

We made short random fiber composites from henequen
fibers and soy protein concentrate (SPC) which was modi-
fied by adding 10-50% gutaraldehyde by weight, as a cross-
linking agent. Adding up to 30% (by weight) gutaralde-
hyde increased fracture stress and Young's modulus (See
Graph below), primarily due to additional cross-linking.
Any additional unreacted gutaraldehyde plasticizes the

SPC.
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3t To make random,
short fiber composites,
we cut the henequen
fibers to 25.4 mm
length and dispersed
them in water to obtain
a randomly oriented
fiber mat. We then in-
filtrated the modified
15" SPC resin in four dif-
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modified them
to obtain improved mechanical properties. Because of
highly polar groups on both cellulose and soy protein
polymer, the fiber/resin interface is strong.

Short Random Fiber Composites: Fiber Length
Based on the interfacial shear strength of ramie fi-
ber/SSP composites, we calculated that 2.5mm was the
shortest fiber length that could be used for reinforcement.
Thus, we prepared short fiber composites from fiber lengths
of 5, 10 and 15mm and fiber volume fractions of 10, 20 and
30%. At 5mm fiber length and 10% volume fraction there

0 ferent ways: no resin

dilution, 25% dilution,

50% dilution and two

step infiltration of 50%
diluted resin. All resins had 10% glycerin as plasticizing
agent. All composites contained 55% henequen fiber by
weight. The mechanical properties of the hene-
quen/modified SPC composites suggested that the two-step
process gave the best mechanical properties. This is be-
lieved to be the result of better resin penetration, reduced
voids and improved interface. These composites have suf-
ficient mechanical properties for use in packaging, non-
structural consumer goods and automotive parts such as
door trimmings.
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Continuous Fiber Composites

We prepared unidirectional ramie composites with 65%
(by weight) ramie fibers in SPC resin plasticized by 30%
glycerin. We optimized the curing and postcuring proc-
esses for SPI resin to obtain the highest possible mechani-
cal properties (See Table below).

Compared to three commonly used woods (bass, cherry
and walnut), tensile and flexural properties were signifi-
cantly higher in the longitudinal direction than all wood va-
rieties. In the transverse direction, mechanical properties
were comparable to wood. These results indicate that it is
possible to obtain better properties in both directions by
placing laminates at 0 and 90 degrees. Again, in our initial
experiments, actual tensile stress and Young’s modulus
were not as high as the theoretical values, probably because
of a loss of fiber alignment during composite formation,
voids and resin shrinking during curing.

Mechanical Properties of Ramie/SPC Composites

S Tensile Fracture Young’s Energy
Materials ~ 2rectionin stress  strain  modulus to break
measurement
(MPa) (%) (GPa) @)
Longitudinal 2714 9.2 4.9 3.9
Composite (8.6)* (18.3) (17.3) (23.4)
Transverse 7.4 5.3 0.9 0.1
(275) (225) (30.3) (375
rs)oplc;/mer 6.9 30.2 0.1 0.2
ed (6.7)  (107)  (48)  (25.0)

*Numbers in parentheses = % coefficient of variation for each measure
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