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Process Validation and Cure Kinetics of Foam Adhesive for Composite Bonding
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Abstract  The curing process and cure kinetics of a moderate—temperature—curing adhesive foam had been
investigated by dynamic differential scanning calorimetry (DSC) experiments. To confirm a linear relationship
between the peak temperatures (T,) of DSC curves and the natural logarithm of heating rates (8) , in addition to the
combination of heating rates 8 of 5, 10, 15 and 20 K/minin DSC tests, heating rates 8 of 1,2. 718, 7. 389 and 20
K/min were designedly set, so that In8 would be equal and approximate to 0, 1,2 and 3 for easy calculation, thus
curing parameters and the apparent activation energy (E,) could be easily and quickly determined. Empirical linear
relationships between T, with In8 had been sustained by a series of literature data about heating cure, thermal
decomposition and crystallization of some polymers. Using the characteristic temperature parameters T, and AT
obtained from the above linear relationship, the magnitude of the activation energy (E,) could be explained and the
kinetic data could be quickly solved. The results have established and proved a simple and reliable kinetic solution
other than methods by Kissinger and Ozawa. The simple method for solving the kinetic parameters of thermal-
induced reaction or crystallization change is reasonable and effective.

Key words  Adhesive foam, Curing process, Apparent activation energy, T,—Inf extrapolation method, Method
of mathematical limit
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Fig. 1 DSC curve of SY-P11A at different heating rates
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Tab.1 DSC data of SY-P11A foaming adhesive

BI(K-min™") Ing TjC  T,K (i](())?oﬁ‘) In(BIT ?)
1 0 127.48  400.63 2.496 -11.986
2718 1 140.43  413.58 2418 -11.050
5 1.609  149.12 422.27 2.368 -10.482
7.389 2 154.41 427.56 2.339 -10.116
10 2303 159.38 432.53 2312 -9.837
15 2708 16745 440.6 2.270 -9.468
20 2996  173.22 446.37 2.240 -9.207
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Tab.2 Peak temperature and curing process temperature
of different foam adhesive

KU WEARIRIE T, /°C [k T2
SY-P11A 127.48 (125+5) “C/(3 h)

SY-P6 136.03 (125+5) "C/(3 h)

BKB-3 125.08 (125£5) °C/(3 h)
FM 490A 118.71 121 °C/(1 h)
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Fig.2 Tube shear strength of SY=P11A at different test

conditions
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Tab.3 E, calculations by different methods
p=1,2.718,5.0,7.389,10.0,15. 0,20 Kemin™'
T vsl Eu(:le/AT) Eu(Kissinger "((t);a‘l\])a
o' B /(J-mol™)  method)/(J-mol™) me 0(4
/(J+mol™")
T,=399.03+15.09 InB 87727 90 977 93195

F4 FRFRBERASRARS EITERE LRI
Tab. 4 E, calculations by different methods with different
selected heating rates

. E (=T12/AT)/ E (Kissinger E (Ozawa
B/(K-mln ) a - a . a .
(Jemol™)  method)/(J+mol™") method)/(J-mol™")
1,2.718,5,7.389 98 805 98 525 100 201
7.389,10,15,20 66 181 75 786 78 975
5,10,15,20 74399 82614 85 444
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AT =(T 5y— T 1,,)/2=16.40 K (7)

AT =(T, 5 —T,,) =18.81 K (8)

AT =( T, —T,)/3=15.25 K (9)
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Tab.5 E, calculations by different methods at different characteristic temperature

Adhesive foam T,/K AT/IK E (=TAT)/(Jemol™)  E (Kissinger)/(kJemol™)  E (Ozawa)/(kJemol™)
SY-P11A 400.63 13.49 98 920 98.525 100.201
SY-P6 409.18 19.83 70197 67.308 70.660
BKB-3 398.23 25.78 51144 55.076 59.359
FM 490A 391.86 15.06 84 771 89.147 91.385
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i} 2% 3 KYUNG Hwa Yoon 55 PF58 T 32 {05
DM (PP) B oo MR R W2 b sh fi R T 1.5,
10 120 K/min P 20 4 755 1) B4 ek 3 R S T, L T

SR MR 393. 15 K, BRI 28 18120 K/min
PN IR B 2 22 1B DL 3 IR B i e AT M 7.2 K,
i 2 A 2 (2) 1A T Ak RE £l o 257. 014 kJ/mol,
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Tab. 6 E, calculations of by different methods

BI(Kemin™") InB T,/C T /K AT/K  E(RTXAT)(kJ*mol™) K (Kissinger)/ (kJ*mol ™)
1 0 120 393.15
5 1.609 114 387.15
5 257 .014 258.62
10 2.303 110 383.15
20 2.996 105 378.15
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Tab.7 E, calculations by different methods with data in ASTM E 698

BI(Kemin™) T /K T/K AT/K E,(RTYAT) (K -mol™)  E,(ASTM)/(k]-mol™)
! 404.2 404.2 (478.3-404.2)/3 54,003 57.303(% 1% 4 )
20 478.3 =24.7 ’ 57.649(Kissinger %)
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