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Design and Implementation of Polymerization Kinetic Experiments for
Undergraduate Students: Green Preparation and Curing Dynamics of

Bio-benzoxazine Based on Vanillin/Furfurylamine

RAO Jing-yi, CHEN Sen-bin, SHU Hong-hui, LI Qiu-lian, GONG Shi-qiong, LIU Cheng-mei”

(Center for Experimental Chemistry, School of Chemistry and Chemical Engineering . Huazhong University of

Science and Technology, Wuhan 430074, China)

Abstract: Though polymerization dynamics is the key point during the teaching of polymer chemistry, the corre-

sponding dynamic experiments for undergraduates hasn’t caught necessary attentions due to the limitation of

teaching hours and experimental hardware conditions. In particular, the curing dynamic experiments of thermo-

setting resin are basically not involved in the undergraduate stage. In this article, using renewable vanillin and

furfurylamine as the feedstocks, a bio-benzoxazine was prepared and its curing kinetics, activation energy, reac-

tion mechanism and static curing technology were studied by differential scanning calorimetry (DSC). The re-

sults obtained by the domestic DSC equipment basically meet the requirements of the undergraduate experimen-

tal teaching. which creates enough chances for the promotion of the designed project described in this article.
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Figure 1 Synthesis and polymerization of bio-based benzoxazines
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Figure 2 Digital images of preparing vanillin/furfurylamine benzoxazine (a: crystallization in reaction sol-

vent; b: product by filtration; ¢: melting point measurement)
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Ozawa method under different curing degrees
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Table 2  Activation energies of polymerization calculated

by Flynn-Wall-Ozawa method under different curing de-

grees based on the data obtained from the two different in-

struments
Jt5iE A HCT-1 [T B 404 F3 Pegasus
* E, (kJ/moD R? E,, (kI/moD R?
0.1 88. 83 0.997 96. 89 0. 980
0.2 87.57 0. 997 98. 31 0. 991
0.3 87.25 0.997 98. 55 0.991
0.4 85.75 0. 997 99. 34 0. 991
0.5 84. 88 0. 997 100. 61 0.992
0.6 83. 22 0.997 101. 32 0.993
0.7 81.09 0. 997 101. 48 0.995
0.8 78.16 0.997 101. 87 0.996
0.9 74.68 0.997 102. 34 0. 996
Average 83. 49 100. 08

Linear fittings of Beijing Hengjiu HCT-1 (a) and Netzsch 404 F3 Pegasus DSC (b) by Flynn-Wall-

®3 JLaUEA HCT-1 5 404 F3 DSC sRAFHIFNEB
I#] £ 52 17 176 Ak RE L #5¢

Table 3 Comparison of polymerization activation energy
measured by Beijing Hengjiu HCT-1 and Netzsch 404 F3
Pegasus DSC

Ny fiA HCT-1  fifht 404 F3 Reported values '™
(kJ/mol) (kJ/mol) (kJ/mol)
Kissinger 89. 38 99.19 113.0
Ozawa 92. 62 101. 79 107.0
F-W-O 83.49 100. 08 -
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