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Abstract: The new medium temperature curing adhesive film (SY-59) is prepared using core-shell particle
as the toughening agent. The influence of core-shell particle toughening agent on the microstructure, glass
transition temperature ( T,), bonding properties, and high-temperature resistance properties of the medium
temperature curing adhesive films are studied. The results show that the tensile shear strength and the
floating roller peel strength of the adhesive film improve significantly by adding the core-shell particle
toughening agent. The SY-59 adhesive film exhibits characteristics of high strength and high toughness.
The optimal content of the core-shell particle toughening agent is 15 phr, and the 23 °C tensile shear
strength and the 23 °C floating roller peel strength of the corresponding adhesive film can reach 40.5 MPa
and 10.6 kN-m ' respectively. Meanwhile, compared with the carboxyl-terminated butadiene-
acrylonitrile rubber (CTBN) toughening agents, the T, of the medium temperature resin system modified
core-shell particle toughening agents have no significant changes after being added to the medium
temperature curing resin system. It indicates that core-shell particle toughening agents can effectively solve
the problem of poor high-temperature resistance properties of rubber toughened medium temperature curing
adhesive films, making the adhesive film with good high-temperatures resistance properties. The 120 C
and 150 °C tensile shear strength of the SY-59 adhesive film can reach 29. 8 MPa and 10. 2 MPa. Finally,
the comprehensive properties of SY-59 adhesive film are evaluated, and the results show that the SY-59
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adhesive film has excellent medium resistance properties, environmental resistance properties, batch

stability properties and storage stability properties.

Key words: adhesive film; bonding property; high-temperature resistance property ; core-shell; toughening

agent
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Table 1 Effect of core-shell particle toughening agent content
on bonding properties of SY-59 adhesive film

Core-shell particle 23 °C floating roller peel 23 °C tensile shear

toughening agent/phr  strength/(kN-m ') strength/MPa
0 1.6 32.6
5 6.4 36.7

10 8.7 38.9

15 10.6 40.5

20 11.2 38.8

25 9.5 36.2

JEE I R ) B0 2 VTR DG o TR 1 R A e R T 3G 40 50
150 5 A 0 phr A1 15 phr B XF R B SY-59 i i Y 77 58
) B 58 M AR Y 43 1 L B R B 2 R [ A ST R 1S )
T B 10 SY -59 Jie X Ry 1 T R ) B B A R A, B
PR MR FE 1) 2 77 5 0 B D B R 5 1 0. 5 mm 4R
G4 WA T IR B AR Y /N R B R 1 B IR
ST A AR G- b s RS RS M B A IR . M R SR
TFIEW) 7R O phr B, e BE )M 45 25, NI 1(a) B 46
HL 5 AT DL 76 RE 88 0 K 5, i 3R 5 1 A Ok o
TR, S I R Y M B SR R AE 5 AR R B AR
A MR SR b S b ST B O A AR A R A
Gy 8 RV, 5 BORE IR B T T FR N TR R S e
M b 35t BA 1 [ A /0, B IR I 1 VR R R g e Tk Al T
et e E 2 H SY-59(07) i B i 7 4R 5 s B ik
Mo I 2 A2 5 R 1 0300 04 I B R
B )M A B R L H i, M AT R R R R
15 phr i, B 1(b) 0 451 48 F8 55 181 /] DL Hh X RE 1
BIWEIR IS 0 IR T LU BOR RS L S B R ) )
IRHAE s 76 #0851 W VE LR & A= 00 M SR B, A% 5 b
AR BUN7 ¥ S G R G S 2 A B W R (e S
oA S T B 3 B S SO W R A S AR i IHAE T R £
(4 10 IR RE , W IR S5 1 B K, A TR R R B B M b b sk
B A BH R 2 i R R K W T IR E IR
o il 2 v SY-59(157) IS B V7 AR R B be il . 4
R 5E R 1 1 ) 0 B a4 B B B 4 (i B
G, T NS RE S VR 25 [T A5 IR REE 1Y O R R a B
R

1 SY-59(07) ef (a) F1 SY-59(157) BB (b) iy 27 4R ) B3 58 ek A 11 471 4 s 5
Fig.1 SEM images of floating roller peel flexible plates of SY-59 (07) adhesive film (a) and SY-59 (157) adhesive film (b)
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Fig. 2 Pictures of floating roller peel flexible plates of SY-59 adhesive films containing different core-shell particle toughening agents
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Table 2 Bonding properties comparison of SY-59 (157) adhesive film and CTBN-adhesive film

23 °C floating roller peel 23 °C honeycomb climbing drum

Tensile shear strength/MPa

Sample strength/(kN-m ™ ") peel strength/(N+mm+mm ') —55°C  23°C 80 °C 120 °C 150 °C

SY-59 (157) adhesive film 10.6 Above:110,below:135 41.3 43.3 34.4 29.8 10.2

CTBN-adhesive film 10.9 Above:100,below:124 38.3 42.7 30.9 17.4 2.78
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Fig.3 DMA curves of CTBN-adhesive film, SY-59 (0%)
adhesive film,and SY-59 (157) adhesive film
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Table 3 Medium resistance and environmental resistance

properties of SY-59 adhesive film

o Tensile shear
Treatment conditions

strength/MPa
Untreated 40.0
(70+2) °C,RH95% humidity,30d 38.2
(49+3) °C,RH95% humidity,30d 38.5
35°C,5%NaCl,salt spray , 30 d 38.1
(70£2) °C,30d 38.2
MIL-H 8322B hydraulic oil, (70+2) °C,30d 38.0
BMS 3-11 hydraulic oil, (234+2) “C,7d 40.2
JP-4 fuel, (23+2) °C,7d 38.6
ASTM D471 hydro-carbon liquid, (23+2) °C,7d 37.8
Deionized water, (23+2) °C,7d 39.6
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Table 4 Batch stability properties of SY-59 adhesive film

23 °C floating roller peel

Tensile shear strength/MPa

Sample -
strength/(kN-m™") —55°C 23°C 80 °C 120 °C 150 °C
SY-59 adhesive film 20220126 10.6 41.3 43.3 34.4 29.8 10.2
20221015 10.6 41.5 40.5 30.2 27.0 9.6
20230222 10.2 39.8 41.2 33.1 27.8 10.0
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Table 5 Storage stability properties of SY-59 adhesive film

Floating roller peel ~ Tensile shear

Storage condition

strength/(kN+-m ') strength/MPa
Use after preparation 10. 2 41.2
(23+2) Clor30d 11.0 39.3
(23+2) Cfor60d 11.6 40.5
— 18 °C for 1 year 10.8 42.8
—18°C for 1 year,23 °C for 30d 11.2 43.1
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