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Table 1 Atomic concentration of powder components in BK-36 adhesive film

At i 33 & ICR BT 43 W (V0 s 5 it
st P 3

Cls Nls Ols Si2p S2p Al2p
JF ik XPS 453 64. 63 17. 50 11.57 4.33 1.97 —
2 Ar" ZIh 1 min J5 (9 XPS 45 5% 52. 40 26. 45 10. 21 3.55 — 7.39
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Figure 2 XPS wide scan spectrum of powder composition
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Figure 3 XPS wide scan spectrum of Ar’ plasma

etched powder composition
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Table 2 Dynamic DSC measurements and calculated data for BK-36 and SY-14A film adhesive

Heating rate 3/ 1OOO/TP/ 8
Film adhesives Ing T,/K In
(Kemin ") 10’-KH T,
1. 25 0.223 452.99 2.208 —12.009
2.5 0.916 460. 17 2.173 —11. 347
BK-36 5.0 1. 609 468. 18 2. 136 —10. 688
10. 0 2. 303 473.18 2.113 —10.016
20.0 2.996 477. 35 2.095 —9. 341
2.5 0.916 460. 29 2.173 —11. 347
SY-14A 5.0 1. 609 467.97 2.137 —10. 687
10. 0 2. 303 475. 48 2.103 —10. 026
480 475
o T, versus Inf - T, versus Inf
475 T, =452.04448+8.90364 Inp 470 [ T, =451.13949+9.89151 Inf
= =0.9959
470 r=0.99141
465
M M
o= 465 =
460
460
455 455
450 1 1 1 1 1 1 450 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5
Ing InB
Bl 4 BK-36 KM T, 5 Ing KR KE Bl 5 BK-36 KM T, 5 Inp X RE
Figure 4 Plot of T, versus Inf for BK-36 film adhesive Figure 5 Plot of T, versus InB for BK-36 film adhesive

(f=1.25,2.5,5,10,20 Kemin )

10. 14028/j. enki. 1003-3726. 2022. 12. 017

(8=1.25.2.5.,5,10 Kemin ')



< 150 - [ o ¥ i} Eiid 2022 4F 12 H

R3 REAREFEEZFEHEAH Kissinger F1 Ozawa 775 iTE ) BK-36 ByiE L&t E,
Table 3 E, of BK-36 calculated by Kissinger and Ozawa methods with different combinations of heating rates

8=1.25,2.5,5,10,20 Kemin ' 8=1.25,2.5,5,10 Kemin '
E,/(Jemol ") E,/(J+mol ") E,/(J+mol™ ) E,/(Jemol™ ")
(Kissinger method) (Ozawa method) (Kissinger method) (Ozawa method)
189705 (r=—0. 98943) 183602 (r=—0. 98925) 166843 (r=—0.9959) 168600 (r=—0.99529)

S 5 R BE S A BN T A @A B, ®HB=1.25.2.5.5 Kemin ' DSC %t
W AR SCH BRI A 5B R A FEEE SR ULIE] 6 RN 4, FEML .8 B SCER 2 SY-14A ) DSC %L
i b B, A T SCRY R LA SR AR AL B R LI 7 RNk 4, B 7 PR RIH RIS Y SY-14A BB
T, {H (450. 28846 K m 177. 13846 ‘C) 5K 6 LA 315 1) BK-36 KA T, {H (450. 40768 K 1§
177. 25768 “COM LT 5 L R B A 4 A6 W0l Jig B 1) 1 £ 1220 3 B 3 BB 9 (BK-36 BE RSl 175 £5 °C,
SY-14A MR 17843 “C) . MR T, (AR LEE , & 1Y AT (EHAB R H R, Btk E,~RT,”/
AT Frit 5 0 36 £k BE o i FL 4230, 4393l 4 153896 A1 153926 Jemol ', 53 4 Hil &% Kissinger
Ozawa J7 V5 T 3R A% 00 1% Ak BE B A8 AR 4200 o Ok At T U S8 R 50t il AT 858 A0 3, 43 0 WL IET 8 (B=2. 5,
5.10 Kemin DA 9 (3=5.10,20 Kemin '), 5} Kissinger fl Ozawa J5 ¥ FIf R 45 10 1% 1k AE K , 45
REUFHEE R E S E B E R iELRE T B,

470 -
7T A T, versus Inp 476 |- T, versus Inf}
a66 | T, = 450.40768+10.9596 In§ 474 T, =450.28846+10.95166 Inf
464 1=0.9995 4721 1=0.99998
470 |
X 462 2
& 460 468 F
458 466 |
456 464 +
454 462 -
452 1 L 1 1 1 L 1 1 460 L 1 1 1 1 1 1 1 1
02 04 06 08 10 12 14 16 18 08 1.0 12 14 16 18 20 22 24
Ing Ing
6 BK-36 JRMEM T, 55 Ing 1% R Bl 7 SY-14A BBERY T, 5 Ing X R
Figure 6 Plot of T, versus Ing for BK-36 film Figure 7 Plot of T, versus Inf for SY-14A
adhesive (3=1.25,2.5,5 Kemin™ ') (3=2.5,5,10 Kemin ')

% 4 R A Kissinger 1 Ozawa 77 % i+ E # BK-36 #1 SY-14A MyiELEE E,
Table 4 E, of BK-36 and SY-14A calculated by Kissinger and Ozawa methods

BK-36 (f =1.25,2.5,5 Kemin ) SY-14A(B =2.5,5,10 Kemin D
E,/(Jemol ") E,/(Jemol ") E,/(Jemol ") E,/(Jemol ")
(Kissinger method) (Ozawa method) (Kissinger method) (Ozawa method)
152496 (r=—20. 99985) 152123(r=—0.99987) 156853 (r=—0.99986) 156579(r=—0.99986)

£S5 RAAEFHEBEZFEAAH Kissinger #1 Ozawa 7735 iTE ) BK-36 i BE E,
Table 5 E, of BK-36 calculated by Kissinger and Ozawa methods with different combinations of heating rates

$=2.5,5,10 K+min ' p=5,10,20 Kemin '
E,/(Jemol™") E,/(Jemol ") E,/(Jemol ") E,/(Jemol™ ")
(Kissinger method) (Ozawa method) (Kissinger method) (Ozawa method)
181007 (r=—0. 99028) 179460 (r=—0. 99099) 271773(r=—0. 99744) 266094 (r=—0. 99756)
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4k T, = 452.08203+9.37943 Ing T,=457.67917+6.61153 Ing
470 | =0.99114 476 - 7=0.99866
o 468 L ATAE
& =
466 S
464
470
462
460 468 |
0.8 1.0 1.2 14 1.6 .8 20 22 24 14 16 18 20 22 24 26 28 30 32
Inp Ing
K8 BK-36 XIEW T, 5 Inp B R & B9 BK-36 B T, 5 Inp B R A
Figure 8 Plot of T, versus InB for BK-36 film adhesive Figure 9 Plot of T, versus InB for BK-36 film adhesive
(=2.5,5,10 Kemin™ ") (=5,10,20 Kemin ")
E,~RT,”/AT= 181162 J*mol ' E,~RT,*/AT= 263409 J+mol '

2.4 FHEEKRBAENNEREHERTBNIERES
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Analysis of Compositions and Cure Kinetics of High Temperature Adhesives

QIAO Hai-tao"
(AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Compositions of BK-36 film adhesive were analyzed by using Fourier-transform infrared spectroscopy
(FTIR) and X-ray photon electron spectroscopy (XPS). Main compositions of BK-36 film adhesive are similar to those of
SY-14A film adhesive except that BK-36 film adhesive has a great amount of aluminum powder and fumed silica. Dynamic
differential scanning calorimetry (DSC) experiments at multiple heating rates () were performed to obtaine the
characteristic reaction temperatures (maximum cure peak temperatures T,) of BK-36 film adhesive. Based on changes of
T, with different heating rates (8) from DSC curves, a linear equation, T, =T, +ATIngB, had been set up to determine the
curing temperature more reasonably. The above equation can be used to explain some laws of higher or lower of apparent
activation energies (E,), by which the apparent activation energy (E,) is nearly equal to RT,*/AT. The apparent
activation energy (E,) values determined by the simple equation (E,~ RT,?/AT) are similar to those determined by
methods of Kissinger and Ozawa. Activation energy (E,) results calculated with different data assembles show that E,
values have increasing trend with increasing peak temperatures data due to increasing heating rate. The simple equation
(E,~RT,”/AT) is derived by using limit-calculating method.

Key words: Film adhesive; Thermal analysis; Curing process; Cure kinetics; Limit-calculating method
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