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Abstract: Epoxy resin was used to toughen bismaleimide resin and to prepare epoxy/bismaleimide adhesive films.
Single-walled carbon nanotubes (SWCNTSs) were incorporated into the resin system to investigate their effects on the
structure and properties of the epoxy/bismaleimide adhesive films. The results showed that when the mass fraction of
SWCNTs was 0.007 5%, the tensile shear strength of the adhesive film reached a maximum value of 30.9 MPa, and the
peel strength was 48.9 N-mm/mm. It was found that after modification with SWCNTs, the glass transition temperature of

the adhesive film increased, and its thermal resistance improved. The fracture morphology of the adhesive film changed

from brittle fracture before modification to ductile fracture.
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Fig.1 Viscosity curves of adhesive films



B B SR 50

kR Plastics Science and Technology NO.01 2026

2.2 KFERFEMEDHT

2 MR s B D]t ) B i i . DA 2 BT L,
F i Bl SWCNTs & S (10380, BERs iy A B Yl i 5
F B R R HE FAHE TG, Y4 SWCONTs i &4
%04 0.007 5% B, JEBEE B4 B2 fp BT D) 5 B 5 3 0 KM
30.9 MPa, 3 B 58 J& 5 48.9 N-mm/mm, X &l T if &
SWCNTs 7E# fi5 43 #3920, B B KKz, fill
SWCNTs 7E3ZZ 7 1/ F IR, 2 2153808, FIBH AR
B VR, Em 3 S N B B e e . B SWCNTs &
SEIARSIE N, BRSO BT Do B R R RERG S R
&= SWCNTs S 2t %2, SR BUr A5 EI R &R
H IR G, DTG = A 7 B I RS B

50 - 35
— - U
s A8 [~ Rl
£
- <
z 46 130 &
£ =
7 i
= R S =
N =
R 25 35
ki /'
= 40 ¥ =

38 20

9 Qg\\‘ZE’ “_\\05\\ AL o 09\“0 om‘lc"
SWCNTs M5t 5 4L /1%

B2 ABER A B Iy iR A ) B R
Fig.2 Tensile shear strength and peel strength of adhesive films
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Fig.3 SEM images of fracture morphology of adhesive films

25001 1—SWCNTSs/ FR / 3L e
2— IR/ AL S
2000F
<
S
= 1500F
1
§
3-% 1000+
=
500+
0 50 100 150 200 250 300 350
g/ C
(a) fHERL R
051 5
1—SWCNTs/ IR / B JEghs
2— IR/ IS

0.4

031

tan §

0.2F

0.1F

0 50 100 150 200 250 300
i/ C
(b) tan 0
B4 Jfad DMA 2
Fig.4 DMA curves of adhesive films



25 KEMTGHH

5 ARSI TG B 2, 6 2 WIS TG #idiE . M
SR 2 0] LI Y, 7E 5% FAS ARTLEE (¢, I IR S/ A H JiE
JIEE T SWCNTs/FAR S0/A 2 J5e s 1) B 43 it i 52 43 il
384.9 °CH1386.4 °C, 15t HH AR X B AT AR S iy i Ak o
SWCN Ts/FRE/ AL L5 HEHE IS R (50, Froms Lo Esonn) 1)
T T ERE AU, X 20 SWCNTs i I g
EVESTE, T T SWCONTs 7EASER LR £ ikl o>
FERR BB REAS RRN. St i 1 B L

100F | TR/ T e
2—SWCNTs/ BV / AU Th i
o 8O
@' J’;':\i"qu
B8
:ﬂ% 60 —ﬂ;r;_;m
H‘E\/ QZ'/;UU 450 500 54’;;;;)!'[] ()31" 77777777
401 BET N
20 s . s L s —
0 100 200 300 400 500 600 700 800
/T
A5 BTG WA
Fig.5 TG curves of adhesive films
%2 R TG HE
Tab.2 TG data of adhesive films $45.°C
Fhiih Isy, Lo Loy Lsoo,
IR/ 3849 3966 4075 4316
SWCNTs/ PR/ AL 386.4  397.8 4085 4334

3 #it

R 78 R H SWCNTSs %o} B4 480/ 80 4 B ik R 364704
P, AT R FIAERE S T PRI . 24 SWCNTSs )it
AR 0.007 5% B, SWCNTs/ER A8/ A J5 s k) o7 {8
I 5% B 15 3] 30.9 MPa, 3 5 5% & 15 3] 48.9 N-mm/mm,
[ s, SWCN'Ts A9 I N fof 24 80/ A0 4 Jz i ) 4 e i B 12
B AL AR IR BE B 208.1 °C_EFFE 209.7 °C, SEM 4%
B &t SR W B IS B 4 04 = B IR IR 38 50 43 B0
SWOCNTs e H it B4V E H L 3 SWCNTs S i [1)
TR L I ) SR SR

Sk

[1] ik, R, REE, F. LRI SMALMIBERZOHLL B
JA[I]. M A2, 2018, 46(12): 38-47.

[2] BORGES C S P, AKHAVAN-SAFAR A, TSOKANAS P, et al. From
fundamental concepts to recent developments in the adhesive bonding
technology: A general view[J]. Discover Mechanical Engineering,
2023, 2(1): 8.

[3] TIAN Y L, HUANG X, CHENG Y, et al. Applications of adhesives in
textiles: A review[J]. European Polymer Journal, 2022, 167: 111089.

[4] RZE . & &R A UL M I E IR (], /5 5 254, 2016, 38(4):
286-289.

[5] LIGM, WU Y P, CHEN ZT, et al. Biomimetic epoxy adhesive capable
of large-scale preparation: From structural underwater bonding to
hydrothermal durability[J]. Chemical Engineering Journal, 2022, 431:
134011.

[6] BERNARDI C, TOURY B, SALVIA M, et al. Effects of flaming on

polypropylene long glass fiber composites for automotive bonding
applications with polyurethane[J]. International Journal of Adhesion
and Adhesives, 2022, 113: 103033.

[7] Edesk, 35 0. shit B AR A B M Rg R A 0 KR (D). A B
#FAE, 2001, 16(1): 36-38.

[8] A& . bt £ A BALEMR[I]. LAAHF IR, 2007(1): 1-12.

[9] &4k, fLdem, A4, 5. W HEALHAIER AT FRMHA L,
2011, 41(2): 61-63.

[I0] KARBHARI V M, XIAN G J. Hygrothermal effects on high VF
pultruded unidirectional carbon/epoxy composites: Moisture uptake[J].
Composites Part B: Engineering, 2009, 40(1): 41-49.

[11]JIANG X, CHU F K, ZHOU X, et al. Construction of bismaleimide
resin with enhanced flame retardancy and mechanical properties based
on a novel DOPO-derived bismaleimide monomer[J]. Journal of
Colloid and Interface Science, 2022, 614: 629-641.

[12] ik &, BAa &, WAFE, 45 . AUE ALK RN I R B T e A 46 ) 69 7F
FHE[T]. AL T AT R ATA, 2021, 49(10): 10-14.

[13] S &, F A, F AL, 5 D kBT BA A 3 3 0K 7 69 AR D). #&
B A g, 2014, 29(6): 51-55.

[14] XA, BAF, SR WE . et B 5 50 A IS I AL ) 69 BF LR [J]. F B ks
71,2014, 23(10): 55-58.

[15] ik . B 28 K Fo SR BN AS BOPE 3R Ty Sk Bk T8 B2 A4S 44 #F 20 [D]. &KX
P HHKRF, 2015.

[16]ZHAO L W, XU X, XIAO W B, et al. Epoxy-modified bismaleimide
structural adhesive film toughened synergistically with PEK-C and
core-shell polymers for bonding CFRP[J]. Polymers, 2023, 15(6): 1436.

[177WANG X Y, YANG Z D, WANG B Y, et al. Effect of epoxy resin
addition on properties and corrosion behavior of sintered joints in
power modules serviced offshore[J]. Journal of Materials Research and
Technology, 2023, 25: 6593-6612.

[18] MAHESWARAN R, SHANMUGAVEL B P. A critical review of the
role of carbon nanotubes in the progress of next-generation electronic
applications[J]. Journal of Electronic Materials, 2022, 51(6): 2786-
2800.

[19] HAMID N H, JAWAID M, WAN BADERUL HISAN WAN SULWANI
1ZZAT]I, et al. Effect of tetracthoxysilane on the dimensional stability
and static bending properties of nanocellulose, tannin, and activated
carbon mixed with epoxy resin[J]. Journal of Materials Research and
Technology, 2021, 15: 416-426.

[20]LIU S, CHEVALI V S, XU Z G, et al. A review of extending
performance of epoxy resins using carbon nanomaterials[J].
Composites Part B: Engineering, 2018, 136: 197-214.

[211WANG X E, ZHU T X, DENG Z Y, et al. Ultimate tensile behavior of
short single-wall carbon nanotube/epoxy composites and the reinforced
mechanism[J]. Polymer Composites, 2023, 44(4): 2545-2556.

[22]WENG Y T, WU L Q, OU Y F, et al. Short carbon nanotubes: From
matrix toughening to interlaminar toughening of CFRP composites[J].
Composites Communications, 2023, 41: 101652.

[23] YANG C, LI W, LI Q W, et al. Use of non-covalently modified
SWCNTs for enhancing the properties of BMI composites with a low
loading[J]. Diamond and Related Materials, 2023, 137: 110089.

[24]NAJMI L, HU Z. Effects of carbon nanotubes on thermal behavior of
epoxy resin composites[J]. Journal of Composites Science, 2023, 7
(8): 313.

[25]WICHMANN M H G, SCHULTE K, WAGNER H D. On
nanocomposite toughness[J]. Composites Science and Technology,
2008, 68(1): 329-331.



