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3- Delamination test
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1- Differential scanning calorimetry
2- Thermo-mechanical analyze
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Table 1. Gelation and denaturation temperature of soy adhesives (Soy flour and soy protein).
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Figure 1. Shear strength of different plywood compare with EN-314-2 standards SF: Soy flour, SP: Soy protein.
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Figure 2. Manufactured plywood specimens by soy adhesive after shear strength test.
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Table 2. Delamination resistance percentage of plywood specimens after cyclic soaking-drying test.

SBIEE [EaIBE Jsl s e
Evaluation result Third cycle  First cycle Adhesive type
S ls gl il 959 ¥ ss05 bl 2 ¢l ANSVHPVA HP-1 1k
- 0
Suitable for indoor condition ANSI/HPVA HP-1 standards for indoor condition
i lE b 859 F s 3 o, ANS/HPVA HP-1 5 lulza
A -
Suitable for outdoor condition ANSI/HPVA HP-1 standards for outdoor condition
[ty L i
= 0 75% 2
Unsuitable Soy flour
Ll L s
= 0 75% oA
Unsuitable Soy protein
; 50 )5 gl L Lybols 56 Ly 3,1
o 3 5902 ls gl e 95% 100% shiold 6 =L g 5
Suitable for indoor and outdoor conditions Soy flour- Chestnut tannin
5 593 Jal sl L Lol pb —b g
S 3 S0l gl 95% 100% ol U =g 85 0
Suitable for indoor and outdoor conditions Soy Protein -Chestnut Tannin
; 50 i3 gl L [3s0me U = g 5,1
I3 P30 Bl Gl 100% 100% Do P8 TR D
Suitable for indoor and outdoor conditions Soy flour-Mimosa tannin
; 5553 bl gl cobio 15 ga0n U pos (5
SIS0 RIS S e 100% 100% DI TR OO
Suitable for indoor and outdoor conditions Soy Protein - Mimosa tannin
Le U a5 ooyl
= 0 70% P e
Unsuitable Urea formaldehyde

Y KsenS 0405 plmil 51 dny Vs (glad el Y IS

Figure 3. Plywood specimens after delamination test.
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Abstract

Background and Objectives: Todays, environmental problems of synthetic adhesives such as
formaldehyde emission danger for human health cause to consider bio adhesives for wood based
composites production by researchers and industries. Human health problems and formaldehyde
emission from wood-based composites are some of the major drawbacks of the traditional synthetic
adhesives such as urea formaldehyde resins. There have been many attempts to decrease
formaldehyde emission and replace urea formaldehyde resins with bio-based adhesives for wood-
based composites. Recently, researchers were developed bio based adhesives for wood based
product manufacturing with acceptable physical and mechanical properties. These adhesives are
totally environment-friendly and they have no gas emission. In this research, feasibility of replacing
soy based adhesives by urea formaldehyde resin for plywood manufacturing was investigated.

Materials and Methods: Soy flour and soy protein combined with two types of different hydrolysable
tannin and condensed tannin namely chestnut tannin and mimosa tannin by 5 wt% (as cross-linker
agents) to produce different soy adhesives. Some properties of soy adhesives were evaluated by
thermo-mechanical analyzer and differential scanning calorimetric. The adhesives were tested
dynamically by thermo mechanical analysis (TMA) on a Mettler 40 apparatus. Thermal transition
properties of modified and unmodified soy flour samples were measured with an INNUO DSC 500-B
instrument. Also, three ply plywood specimens with Populus deltoides plies were manufactured and
their mechanical strength (shear strength) and delamination properties were investigated.

Results: The results obtained from thermo mechanical analysis showed that addition of tannins to
soy based adhesives cause to decrease in their gelation time and temperature. Also, results of
differential scanning calorimetric analysis showed a decrease in the denaturation temperature of soy
protein by tannins addition. The results of plywood mechanical test showed an increase in the shear
strength of specimens which prepared with improved-soy based adhesive by tannins as crosslinking
agents. Their shear strength were evaluated higher than European standards, EN-314-2, and
manufactured plywood by urea formaldehyde resin. Delamination test based on ANSI HPV- HP1
standard, also, showed the lower cyclic water resistance of all types of plywood which manufactured
by soy based adhesives without crosslinking agents and, urea formaldehyde resin even indoor
condition. But, addition of tannins as crosslinking agent to soy based adhesives, successfully,
increased their delamination resistance for indoor and outdoor applications

Conclusion: Based on obtained results, soy adhesives because of acceptable physical and
mechanical properties according to EN-314-2, have good potential to replace urea formaldehyde
resin for plywood manufacturing.
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