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Soybean Protein Adhesive Modified by Epoxy Resin

ZHAO Yan, ZHANG Ze-yu, ZHAO Chen-cheng, PANG Jiu-yin
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ABSTRACT: The work aims to modify the soybean protein with epoxy resin to prepare environment-friendly soybean
protein-epoxy composite adhesive, so as to improve the water resistance and low adhesive strength of soybean adhesives,
and effectively utilize the excellent adhesive strength, corrosion resistance and mechanical strength of epoxy resin adhe-
sives. The solid content, viscosity and bonding strength of composite adhesives were analyzed and studied by orthogonal
test. The effects of soybean protein quality, epoxy resin quality and maleic anhydride quality on the adhesive properties
were investigated. When the optimum technological parameters of 20 g soybean protein, 20 g epoxy resin and 4 g maleic
anhydride were obtained, the adhesive strength reached 1.60 MPa, meeting national Il kind of plywood (GB/T
9846—2004) requirements. The adhesive strength of soybean protein adhesives is improved significantly under the opti-
mum conditions, and the modified effect of epoxy resin on soybean protein is better.
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T A B 0 1 ) A A I 8 R ) [

2) KEEERI, M4 GB/T 2794—2013 (i Zh 7
R BE A0 R PR R R ) S T A I e R
RGBS

3) AR, % GB/T 9846—2004 1T
AR EEM, B TR AL . RIS
AEFREAT s BRI R AR (63£3)°CHUKH 3 h, HUH
JETEZE T T A 10 min, FEFEATREA TR &
9 ZH IR i A 400 mmx400 mm 1) = JZ AR -
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Tab.1 Orthogonal factor test level

SN
KK GER IR R T 4 — R
Fitm/g /g Jii/g
1 40 20 2
2 30 30 3
3 20 40 4
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Tab.2 Orthogonal test program

oy KEHEA (A) FEFERR T % R
Si=

Fiit/g B (B) /g JFifm (C) /g
1 40 20 2
2 40 30 3
3 40 40 4
4 30 20 3
5 30 30 4
6 30 40 2
7 20 20 4
8 20 30 2
9 20 40 3
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Tab.3 Solid content and viscosity of adhesives with
different formulas

P [ 5 7 /% KB/ (Pa-s)
1 2421 32
2 24.29 3.1
3 25.19 3
4 26.37 2.9
5 27.33 2.8
6 27.89 2.7
7 28.13 2.7
8 28.58 2.6
9 28.32 25

PETHIFIRIG I T R G4 5 AR 4 Ak T AR, 656
T rRVEI, IR e 22 AT, 3 T HLK
ZiaJ1, RE K.

22 KERE

3 4 1IR3 I 25 R A 22 el i, g
WY, KOEPEE ., HREMERE. T %
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Fig.1 Epoxy resin infrared spectroscopic analysis
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Tab.4 Experimental design and test results of adhesive strength
5 KREGEH R E/g AR i /g T s — PR IS5 i /g =z 45l i & 58 ) /MPa
1 40 20 2 1 0.60
2 40 30 3 2 0.93
3 40 40 4 3 0.43
4 30 20 3 3 0.46
5 30 30 4 1 0.68
6 30 40 2 2 1.49
7 20 20 4 2 1.60
8 20 30 2 3 0.56
9 20 40 3 1 1.36
T 1.96 2.66 2.65 2.64
T, 2.63 2.17 2.75 4.02
T; 3.52 3.28 2.71 1.45
t, 0.65 0.89 0.88 0.88
t, 0.88 0.72 0.92 1.34
t3 1.17 1.09 0.90 0.48
R 1.56 1.11 0.06 2.57
*5 KEREXRNERBEXEDN
Tab.5 Correlation analysis of test results of adhesive strength
R 2 5 Hr i © JE G i S8 KREHEA WA T M —FR T
Pearson Hf & —0.486 1 0.000 0.000
KREHEN M OB 0.185 1.000 1.000
HAE 9 9 9 9
Pearson FHCHE: 0.193 0.000 1 0.000
WA WM ) 0.619 1.000 1.000
HE 9 9 9 9
Pearson fHIXCH: 0.019 0.000 0.000 1
T s — R I i OB 0.962 1.000 1.000
4L 9 9 9 9
L T T !
‘ ‘ 3 Z5iE
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13 B FR hy, BDR G A iR 20 g AR
BEAG I R 20 g T J —FRIEF I 68 R 4 g B A1)
WS 30 SR 1.60 MPa, 8 14 5 e A 454y, B As ik
gERE M, HikF| GB/T 9846—2004 sk, 5o K &
FWAREEA . ARG 0T 46 e, SCh ik
T AEM AR R G EARB AN RETZ, A3
P T IRA AT K HERE, IR EM IR R S A
BB — SR T 2%



B4k H£5H

LS iUE R AR =T g e NRG 4 = Bl [ED R 99 -

SE 3k

(1]

(5]

JREME, Ek. 20102018 4EFRE A= & R
At (1], E AR, 2019, 26(7): 29—30.

ZHANG Yu-ping, LYU Bin. Overview of the
Wood-based Panel Industry in China from 2010 to
2018[J]. China Wood-based Panel, 2019, 26(7):
29—30.

MR, IR, WBEl, 55 ORI M HAE N
1A Tl i R (3] o O AR, 2019, 26(9):
6—12.

XIAO Jun-hua, LAI De-ming, HAI Ling-chao, et al.
Inorganic Adhesive and its Application in Wood-based
Panel Industry[J]. China Wood-based Panel, 2019,
26(9): 6—12.

kU . IR R S I Rt Tl IS T B A A T A R
B MR WF5E (D). V6 %2 BRVE B K2, 2019:
20—25.

ZHANG Si-xiao. Preparation and Properties of Wood
Adhesives Using Polyurethane Crosslinking Modified
Industrial Gelatin[D]. Xi'an: Shaanxi University of
Science and Technology, 2019: 20—25.

ZELENIUC O, BRENCI L M, COSEREANU C, et al.
Influence of Adhesive Type and Content on the Prop-
erties of Particleboard Made from Sunflower Husks[J].
BioResources, 2019, 14(3): 7316—7331.
PRADYAWONG S, QI G, SUN X S, et al
Laccase/TEMPO-modified Lignin
protein-based Adhesives: Adhesion Performance and

Improved Soy-

Properties[J]. International Journal of Adhesion and
Adhesives, 2019, 91: 116—122.

WANG F P, WANG J F, PANG ] Y, et al. Fabrication of
Soybean Protein-acrylate Composite Mini-emulsion
toward Wood Adhesive[J]. European Journal of Wood
and Wood Products, 2018, 76(1): 305—313.

ZHANG M M, ZHANG S X, LIU X X, et al. One-pot
Synthesis of Multi-functional and Environmental
Friendly Tannic Acid Polymer with Fe** and Formal-
dehyde as Double Crosslinking Agents for Selective
of Cation Pollutants[J].

Removal Environmental

[12]

Science and Pollution Research International, 2019,
26(31): 1117—1124.

WU L J, HUANG S Q, ZHENG J, et al. Synthesis and
Characterization of Biomass Lignin-based PVA Su-
per-absorbent Hydrogel[J]. International Journal of
Biological Macromolecules, 2019, 140(8): 538—545.
HAO X, FAN D B. Preparation and Characterization of
Epoxy-crosslinked Soy Protein Adhesive[J]. Journal of
Adhesion Science and Technology, 2018, 32(24):
2682—2692.

YUE L, MENG Z, YI Z, et al. Effects of Different
Denaturants on Properties and Performance of Soy
Protein-Based Adhesive[J]. Polymers, 2019, 11(8):
1262.

AR, TlE, Kugh, 5. SCHRIE ] & R BT ik
RS YR B (D). AL 5 EOR, 2018, 38(6):
69—75.

DONG Xiang-ling, YU Hai-jun, ZHANG lJing-yu, et
al. Preparation of Polyimide Hollow Fiber Nanofiltra-
tion Membrane by Crosslinking Method[J]. Membrane
Science and Technology, 2008, 38(6): 69—75.

XU C, XU Y, CHEN M, et al. Soy Protein Adhesive
with Bio-based Epoxidized Daidzein for High Strength
and Mildew Resistance[J]. Chemical Engineering
Journal, 2020, 390(1): 124622—124626.

bV, LT, MR, S E IR R B KR
ORI OF ST BE ]tk 5 A A, 2018, 4003):
207—210.

LIANG Hong-tao, REN Hui-ning, YAN Peng-fei, et al.
Research Progress of Epoxy Resin Waterproof Adhe-
sive in China[J]. Journal of Chemistry and Bonding,
2008, 40(3): 207—210.

ZHANG Y, ZHANG M, CHEN M S, et al. Preparation
and Characterization of a Soy Protein-based
High-performance Adhesive with a Hyperbranched
Cross-linked ~ Structure[J]. Chemical
Journal, 2018, 354(1): 1032—1041.
WU Z, XI X, LEI H, et al. Study on Soy-based Adhe-
sives Enhanced by Phenol Formaldehyde
Cross-linker[J]. Polymers, 2019, 11(2): 1—12.

Engineering



