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Curing Time Measurement and Influencing Factors of Water-based Adhesives
Based on Paper Adhesive System and Drying Mode
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ABSTRACT: The work aims to understand the law of water loss during the curing process of water-based adhesives. The
curing time measurement method based on the paper adhesive system and drying mode was established, and the "effective
curing" concept of water-based adhesives was put forward. The drying curve of water-based adhesives was fitted with the
Peel model, and the drying curves of five water-based adhesives at different drying temperature were studied. The results
showed that the Peel model could better fit the drying curve of water-based adhesives. There was an inflection point in the
curing rate between 80% and 90%, and the specific position was related to the drying temperature. When the curing rate

reached 70%, the paper adhesive system basically completed the bonding, and the corresponding effective curing time
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could be shortened by 74.60%~83.70% compared with the complete curing time. At constant drying temperature, the cur-

ing time of different water-based adhesives was different, and the difference was mainly reflected in the low-temperature

drying area. In summary, at constant drying temperature, the curing time of water-based adhesives with low glass transi-

tion temperature, small particle size, high solid content, and high viscosity is shorter.

KEY WORDS: glass transition temperature; viscosity; polymer adhesives; curing time; drying curve
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Tab.1 Physical indexes of water-based adhesive samples

ALK TR KRR VAc fife  BA ile  AA i ,
SIS " " " " N T/°C  [E&8/% Z5EE/(mPa- Fifz/
SLI Y % L% L% % % « [& & 5/%  FhE/(mPa-s) Riff/nm
1 5.50 5.00 24.00 12.00 0.40 ~1.46 40.89 1451.67 163.17
2 5.29 41.42 1 456.00 527.98
3 4.00 2.75 28.00 8.00 1.80 14.70 40.69 2 852.67 296.77
4 5.50 5.00 24.00 4.00 3.20 26.00 41.03 2923.33 378.13
5 2.50 0.50 32.00 4.00 0.40 36.02 39.52 1 804.33 108.37
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Fig.1 Scatter trend chart of actual
measurement and model fitting
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Tab.2 Estimated values of model fitting
parameters after optimization

95% 17 X ]

S8 MRIHE teifERZE
THR EBR
k  100.000 1.992 95.729 104.271
a 0.033 0.005 0.023 0.043
b 7.703 2.054 3.299 12.108
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Tab.3 Model parameters and predicted fulling curing time of different water-based adhesives

FE il 2 5 ZH 90 °C 110 °C 130 °C 150 °C 170 °C 190 °C
R 0.984 0.972 0.988 0.971 0.963 0.920

) k 100.000 100.000 100.000 100.000 100.000 100.000
i1 a 0.025 0.028 0.045 0.054 0.079 0.072
b 8.032 7.178 8.340 6.645 5.920 3.641
R 0.979 0.974 0.981 0.966 0.971 0.951

o k 100.000 100.000 100.000 100.000 100.000 100.000
a 0.013 0.020 0.032 0.041 0.065 0.068
b 6.004 6.873 6.741 6.545 18.766 6.243

R 0.980 0.978 0.982 0.971 0.965 0.940

. k 100.000 100.000 100.000 100.000 100.000 100.000
a 0.018 0.024 0.029 0.038 0.047 0.068
b 7.423 6.418 7.637 6.470 6.382 4758
R 0.976 0.974 0.974 0.960 0.970 0.968

e k 100.000 100.000 100.000 100.000 100.000 100.000
a 0.016 0.022 0.033 0.041 0.064 0.063
b 6.423 7.303 7.703 6.262 9.034 6.980
R 0.956 0.967 0.970 0.968 0.982 0.939

. k 100.000 100.000 100.000 100.000 100.000 100.000
a 0.015 0.027 0.033 0.040 0.072 0.078
b 4.859 6.123 5.923 5.858 14.491 4.796
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Fig.2 Drying curves of different water-based adhesives at different temperature
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Tab.4 Time of water-based adhesives achieving different curing degree at different drying temperature S

FE i 5 [i] 16 72 g 90 °C 110 °C 130 °C 150 °C 170 °C 190 °C
o 564 i 1k 558.31 497.24 311.11 256.24 172.54 182.72
EERyqnikia 117.23 100.65 65.96 50.76 33.24 29.72

B o 564 i 1k 1 056.62 689.56 438.78 335.06 228.61 197.28
EERyqrikia 203.05 138.48 86.11 66.49 58.14 39.39

B 3 56 4[4k 755.78 572.55 482.65 359.92 292.09 195.79
A RE L 158.44 112.77 99.32 71.43 57.46 35.40

Bed 4 564 [k 876.08 629.64 429.03 333.88 222.03 222.78
i arika 169.20 128.89 87.54 65.41 47.63 44.29

BEd S e 2 [k 918.83 510.40 404.20 340.47 203.71 172.04
EERyqrikia 161.88 98.49 79.58 65.38 48.90 30.96
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Tab.5 Bonding effect of different curing degree
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Tab.7 Regression coefficient test

SE4 T AR5 4T
BRE% Fedi R T IXBRE ALY
5 /% % R X%
20 36.67 63.33 20~ 30
30 46.67 53.33 10~ 20
40 50.00 50.00 10~ 20
50 63.33 36.67 5~10
60 73.33 26.67 3~5
70 83.33 16.67 <3
80 86.67 13.33 <3
90 96.67 3.33 0
100 100.00 0.00 0

FR A Bz IR AU T80 14 AN T) 7K 366 e 7 S ) 0
T FE Z5 T A RR B AR R AN 6 4 s, AR F 58 4
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Fiz BEAT A5 19 Al i ) s ) 00 e R 2R A T i AR T LK
KYp T HEmtR] . Pearson AHZE/MHTEERFTIT, AL
[ AR st 8] 5 5 4 [ AR e 0] 22 [) 22 0 3 IE AR G 56 R
(r=0.993, P=0.000 ), 5 fifi %5 7K B e Fh 248 S 1+ il
FE AR W B — B0 AR i
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Tab.6 Model summary and F test results

AR F 1 46
W vor AER (OTEG
M RN EREN  famex 0 PHE
0.984 0.967 0.955 50.860 65 78.103 0.000

HIZ 7 AL, KEERE BRI E (%),
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B fafkiRz W
b 2 114.928 222.207 9.518 0.000
X, 15124 3500 0870 4322 0.000
x;  —0.188  0.069

=

ey ta P {i

-0.525 —-2.719 0.013
Xs 1.615 0.286 1.030 5.650 0.000
X1 X1 0.062 0.009 2.522 6.738 0.000
XiX  —0.106 0.024

X1 X3 0.001 0.000 0.710 2.912 0.008

-0913 —4.365 0.000

XiXg  —0.553 0.069
XiXs  —0.008 0.002

-3.268 —8.039 0.000

-0.781 —-3.818 0.001
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Tab.8 Analysis of interaction between
index and temperature
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