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Background

Proteins were the main wood bonding adhesives
for centuries, but they were displaced by fossil fuel-based
adhesivesin the 20" century because synthetic adhesives
offered better water resistance, ease of use, and lower cost.
Recently, studies using a polyamidoamine—
epichlorohydrin (PAE) curing agent have led to soybean-
based adhesives that are being used commercially for inte-
rior plywood, engineered wood flooring, and particleboard
(1). Commercial products typically use the less expensive
soy flour, while the majority of the published research has
been on the soy protein isolate and purified glycinin and
conglycinin proteins (2). Although soy flour contains
about equal proportions of carbohydrate and protein (Fig-
ure 1), the common assumption is that the protein provides
most of the adhesive strength. Thus, to make better prod-
ucts, it isimportant to understand protein structure and
how other componentsin natural products are atering the
performance of these adhesives. For proteins, intrachain
interactions are more critical than they are for other poly-
mers (3). The hydrophobic folding of the proteins may also
limit the number of available reactive groups accessible for
cross-linking reactions. To better assess the influence of
various parameters, we have studied the effect of heat de-
naturation on soy flour and compared the performance on
wood-bond strength of soy flour to the more purified con-
centrate and isolate versions.

Soybean products

* Whole Soybeans
= 16-17¢/Ib, 36% protein, 18% oil, 36% carbohydrates, 10% moisture
* Defatted Meal
=15¢/Ib, 48% protein, 0% oil, 44% carbohydrates, <10% moisture
* Soy Flour
=18-25¢/1b, 50% protein, 0% oil, 40% carbohydrates, <10% moisture
High (90%) to low (20%) PDI (dispersible protein)

* Soy Protein Concentrate
= 50-90¢/Ib, 65+% protein, 0% oil, up to 35% carbohydrates

* Soy Protein Isolate
= $1.50-2.00+4/1b, 90+% protein, 0% oil, up to 10% carbohydrates

Figure 1. Many soybean products are available, but soy
flour is used for commercial adhesive products and soy
protein isolate has been used for most of the literature
studies.

Experimental

The soy materials were the following: soy flours
were Prolea™ 100-90 and 100-20 (Cargill Inc., Cedar
Rapids. I1A); soy concentrate was Arcon® AF (Archer Da-
niels Midland Co., Decatur, IL); and soy protein isolate
was Pro-Fam® 974 (Archer Daniels Midland Co., Decatur,
IL). Soy flour, concentrate, or protein isolate were dis-
solved in water with mixing for 30 minutes prior to testing.
When PAE CA 1920 (Ashland Hercules, Wilmington, DE)
was used, it was added at the beginning of the mixing.

Apparent viscosities were measured on a Brook-
field Digital Viscometer Model LVTD (Stoughton, MA)
by vigorously mixing the sample for 30 seconds, allowing
it to stand for 10 seconds, inserting the spindle into the
sample, and then recording the viscosity value 10 seconds
later. Bond strength was determined using maple veneers
20 mmwide by 117 mm long by 0.8 mm thick equilibrated
at 22°C and 50% relative humidity with a5-mm overlap
using an Automated Bond Evaluation System (ABES)
Model 311c tester (Adhesive Evaluations Systems, Inc.,
Corvallis, OR). After applying adhesive to one veneer sur-
face, the samples were bonded at 0.25 MPa of pressure for
120 seconds with the platens heated to 120°C. The samples
were allowed to equilibrate at 22°C and 50% relative hu-
midity for at least one day and then tested at either ambient
conditions (dry) or after one hour of water soak (wet).

Results and Discussions

Soy flour in its native state is quite dispersible in
water, asillustrated by the observation that most of the
protein stays dispersed in water after vigorous agitation
followed by centrifugation. In processing soy, the protein
dispersibility index (PDI) is used to measure the ateration
or denaturation of the protein. PDI is high (soluble or dis-
persible) in the native state and low (precipitates) after heat
treatment. Commercial soy flours are available in high (90
PDI) with the most native protein, medium (70 PDI), and
low (20 PDI) with the greatest heat treatment. These dif-
ferent PDI products are made to provide diverse textures,
flavors, water retention abilities, and digestibility that are
important qualities for human foods or animal feeds. For
bonding, it is natural to consider that the higher PDI flour
should be better at wetting the wood surface and should
also provide better protein reaction with the curing agents
(such as PAE) to afford stronger wood bonds. Thus, we
examined the bonding ability of 90 and 20 PDI soy flour of
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100 mesh size (Prolea 100-90 and 100-20) with and with-
out the PAE curing agent.

Because PAE has the ability to bond wood on its
own, we used only 5% of PAE solids based upon soy sol-
ids to place more emphasis on the soy or soy—PAE bond-
ing mechanism. The resultsin Table 1 show that at 30%
solids, there was not a significant difference between the
20 and 90 PDI floursin most of the conditions tested;
however, the PAE does improve the wet bond strength for
both. For commercial usage, wet strength is more impor-
tant than dry is because most soy adhesivestypically give
high wood failure under dry conditions but not under wet
conditions. The data are contrary to expectations that as
the higher PDI is more water dispersible, it should there-
fore wet the wood surface and cure better with PAE than
with the lower PDI soy flour. In addition, the viscosity
differences would support the 90 PDI being a better adhe-
sive because the 90 PDI flour dispersion isonly 120 Paes,
while the 20 PDI flour dispersion was 483 Pass. Thus, the
flour type did not have alarge influence on the strength
properties in the ABES testing, although ABES testing can
be less sensitive to flow and penetration properties than is
observed in conventional plywood testing.

Table 1. Wood bond strengths (MPa) of 30% aqueous soy
flour adhesives with and without PAE curing agent.

Table 2. Wood bond strengths (MPa) of aqueous soy adhe-
sives with and without PAE curing agent.

Soy flour Without PAE With PAE

Dry Wet Dry Wet
90 PDI 50+12 | 03+0.2 66+13 | 22+0.2
20 PDI 62+24 | 08+0.1 6.2+0.7 | 24+0.1

Normally, studying the components of a mixture
can alow a better understanding of the properties of the
mixture, but this assumes no interaction of components.
This has been the assumption with soy in that most of the
research has been with the soy protein isolate and glycinin
and conglycinin protein products. However, studies have
reported that the protein conformations are influenced by
the presence of carbohydrates (4, 5), and the isolation
processes for the proteins can influence their properties.
Thus, the comparison of soy flour, concentrate, and isolate
with comparable protein content in the dispersionsis
shown in Table 2. Higher solids content was used in the
flour and concentrate to keep the protein content of each
adhesive constant. The added carbohydrates appear to di-
minish the wet strength of the soy-bonded samples, both
with and without added PAE. One assumption has been
that the soluble carbohydrates cause more of aproblem
than the insoluble carbohydrates, but the concentrate, con-
taining only insoluble carbohydrates, is still significantly
worse than the isolate that has had virtualy all carbohy-
drates removed. It is aso surprising that the soy protein
isolate is so vastly improved over both the soy flour and
soy concentrate with no added PAE under wet conditions.
Perhaps the isolation process employed for the production
of proteinisolatesis aso providing some beneficial dena-
turing and/or is highly effective at concentrating the most
advantageous wood-bonding proteins.

Soy flour Without PAE With PAE

Dry Wet Dry Wet
30% 90 50+12 | 03+02 66+13 |22+02
PDI
20% soy 6.2+04 | 04z01 72+10 |34+03
concentrate
15% soy 72+13 |30+04 |76+08 |50+03
protein
isolate

Conclusions

Soy adhesives using soy flour and polyamidoa-
mine-epichlorohydrin (PAE) curing agents have made in-
roads into some of the wood adhesive markets, such as
interior plywood, engineered wood flooring, and particle-
board, but aspects of these adhesives are not completely
understood. In order to better understand the critical para-
meters, we have examined some hypotheses using the
ABES and found the following:

e The protein dispersibility index of soy flour has
little influence on the dry and wet strength prop-
erties with and without added PAE. Thisis not
true in al soy formulations and under other adhe-
sive testing where flow properties may be more
critical, such asin plywood or engineered wood
flooring production.

e Soy concentrate is, in some cases, stronger than
soy flour, but isinferior to soy protein isolate (in
some cases by avast margin); therefore, simply
removing the soluble carbohydrates does not pro-
vide the best soy product.

e Caution needsto be exercised in drawing too
many conclusions about soy flour performance
from the adhesive performance using soy protein
isolate and other purified soy proteins.
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