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Preparation and property of cottonseed meal adhesive reinforced by
low-temperature defatted soybean meal

Lei Yongrui Lin Xixiang Niu Wenxi Li Zhugqi Chen Hui Li Jianzhang
(School of Materials Science and Technology, Key Laboratory of Wooden Material Science and Application of Ministry of
Education, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] The influence mechanism of different soybean meal additions on the water-resistant
bond strength and viscosity of modified cottonseed meal-based adhesive was clarified, which provided basis
for industrial production and application of protein-based adhesive. [Method] High-temperature
dephenolized cottonseed meal, low-temperature defatted soybean meal and triglycidylamine were raw
materials. The cottonseed meal adhesive modified by soybean meal was synthesized by controlling the
addition amount of soybean meal and the ratio of raw materials. Then, poplar plywoods were prepared. The
viscosity of the adhesive was measured by rotary rheometer. The structure and morphology of the adhesive
were characterized by Fourier transform infrared spectrometer, X-ray crystal diffractometer and scanning
electron microscope. Thermogravimetric analyzer and universal mechanical tensile tester were used to
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analyze the thermal stability and bond mechanical properties of the adhesive. Finally, the mechanism of
bond enhancement of the modified adhesive was comprehensively analyzed. [Result] With the increase of
soybean meal content, the amount of lysine in the system increased, providing more active sites for cross-
linking reaction, forming a mechanical interlocking effect of multiple crosslinking network structure, and
improving the water-resistant bond performance and viscosity of the adhesive. When the addition of soybean
meal was 10%, the dry strength and water-resistant bond strength of adhesive TCM/SM10 were 1.24 and
0.79 MPa, respectively. Compared with TCM, when the addition of soybean meal increased to 30%, the dry
bond strength and water-resistant bond strength of the adhesive increased by 60.4% and 27.8%, reaching
1.54 and 0.92 MPa, respectively, and the viscosity of the adhesive increased to 20.689 Pa‘s. The thermal
stability and toughness were improved. [Conclusion] The use of low-temperature soybean meal as a partial
substitute for cottonseed meal crosslinking modification to prepare cottonseed meal adhesive effectively
improves the coating performance and water resistance of the adhesive, providing new ideas for the
production of low-cost and high-performance protein based adhesives. It provides a new idea for producing
modified cottonseed meal adhesive with low cost and high performance, and is helpful to promote the large-
scale industrial application of protein-based adhesive.
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Tab. 1 Contents of each component of
modified cottonseed meal adhesives g
Ffdh Sample CM SM TGA 7K Water
CM 30 0 0 70
TCM 30 0 2 68
TCM-SM10 27 3(10%) 2 68
TCM-SM20 24 6(20%) 2 68
TCM-SM30 21 9(30%) 2 68
TCM-SM40 18 12(40%) 2 68

: CM. SM. TGAZ BIKEFFHI. GHIA =4k H k. R, #5
W 10%. 20%- 30%A140% 73 AR EAATE S AR SR IR 1 5 2 70 4
Notes: CM, SM and TGA represent cottonseed meal, soybean meal and
triglycidylamine, respectively. The same below. The 10%, 20%, 30% and
40% in brackets respectively represent the mass fraction of soybean meal
in the total of meal raw materials.
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Fig. 1 Effects of addition of low temperature soybean meal on viscosity
of modified cottonseed meal adhesives
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Fig. 2 XRD spectra of the cottonseed meal adhesives modified by low

temperature defatted soybean meal
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Fig.3 FTIR spectra of the cottonseed meal adhesives modified by low
temperature defatted soybean meal
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Fig. 4 TG (a) and DTG (b) curves of the cottonseed meal adhesives modified by low temperature defatted soybean meal

R2 IRFFARRTNRS BETE
Tab.2 Thermal degradation data of cottonseed
meal adhesives

FE&h Sample  Mg1/%  Mgy/%  Mgq/% — Tma/C M/%
CM 2.53 6.15 67.42 32372 22.83
TCM 2.56 6.17 67.34 32413 23.94
TCM/SM20 1.82 6.24 67.36 32583  24.58
TCM/SM30 2.10 5.86 68.59 32613 24.82
TCM/SM40 4.83 4.17 70.25 327.51  22.02

T Mg |~ Mg~ Myqips Tan FUM 73 R SR — B B 58 BB 58
ZBr B R BUR A R R AR R P AN 600 °C B i o BB B
., Notes: Mg |, Mg, Mgy, Tmax and M, refer to the mass loss ratios in
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