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Preparation and properties of polyimide-modified TGDDM/E-51 epoxy adhesive
ZHANG Zhiyong, WAN Liying, ZHOU Na, YOU Dan, HE Shujuan, ZOU Hao
(School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract : To enhance the thermal resistance and toughness of epoxy resin for long-term service under extreme conditions, the
crosslinking density of the TGDDM/E-51 (TE) system was first regulated by adjusting the mass ratio of the difunctional epoxy resin
(E-51) to tetrafunctional epoxy resins (TGDDM). It was found that the adhesive with 3:7 of the mass ratio of TGDDM to E-51 (TE3-
7 system) achieved an optimal balance among thermal stability with initial decomposition temperature(7y,,) of 368 °C, glass transi-
tion temperature (7,) of 242 °C, tensile toughness of 1.37 MIJ/n?’, lap-shear strength of 10.1 MPa, and crosslinking density (v,) of
2.96x107% mol/cm?. Subsequently, a soluble polyimide (PI) with terminal amine groups was introduced to prepare an EP-PI adhe-
sive. The effects of varying PI content on the curing behavior of the TE system were studied using Fourier transform infrared spec-
troscopy and non-isothermal differential scanning calorimetry. The results revealed that the introduction of PI significantly altered
the curing reaction process. Specifically, the terminal amine groups on the PI chains participated in an interfacial coupling reaction
with the prepolymers of E-51 and TGDDM, concurrently promoting the construction of a EP-PI network. Furthermore, the influenc-
es of different PI contents on the thermal, mechanical, and adhesive properties of the TE3-7 system were explored. The results indi-
cate that the modified adhesive with 2.5 wt% PI (relative to the mass of TE3-7) exhibits the best overall performance:the tensile
strength increases to 69.3 MPa, the tensile toughness reaches 1.53 MJ/m’, T, rises to 384 °C, v, increased significantly to3 .28x107
mol/cm’, and the lap-shear strength is 7.12 MPa. These findings confirm that the incorporation of PI can simultaneously improve
both the heat resistance and toughness of the TE system epoxy adhesive.
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Tab.1 Formulations of epoxy adhesive systems with different cross-

linking densities
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Tab.2 Characteristic temperature of TE systems

Heating rate/(°C *min ") T T T,
5 121.5 202.45 247.9
10 136.14 221.77 267.7
15 146.64 233.5 301.35
20 153.06 243.57 306.86

Notes: T is initial temperature; 7, is peak temperature; T} is final

temperature.
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Tab.3 DMA date and crosslink densities of TE and EP-PI systems

System T/°C E'/MPa  T/K v/(10” mol-cm™)
TEO-10 220 31 543 2.29
TE3-7 242 39 565 2.96
TES-5 249 36 572 2.86
TE7-3 264 34 587 3.22
TE10-0 277 35 600 2.33
EP-PI-0.5 243 35.0 516 2.72
EP-PI-1.5 240 31.6 513 2.47
EP-PI-2.5 241 42.1 514 3.28
EP-PI-4.5 245 47.6 518 3.68
EP-PI-10 249 68.3 522 5.25

Notes: 7, is glass transition temperature; £, is storage modulus at

T,+50 °C; T'is Kelvin temperature; v, is crosslinking density.
A

45 DSCHMTEEH , PLE S 5 0, (H LRI PEZE 3R
5 AZNTCIEIE—25 080 A e AR, R ) P12
BERFEISAUGK W SRRV FH 5 S B %% B ) B
S P 2 B AR P A O B B A,

IR R T T, 50 °CH, EP-PIIA R T N B 545, i fik
PR Bl P25 488 T i el 38 B v, i LG sl 1 7
JET PLS R BB i 45 vmy HLAZ A1 i VR PR AR
eI, T K IE A TH T EP-PT K 6 7 7 v s X A
fitifetsife .
2.4 TGH#Hr

SR AIE 5T S I 8 T AR A X6 A S AR i s 2 79 i 4
PERERZIA L T i FLRh RS 8 %A, %) TE \EP-PI{A R
AT T HFE YRR . B 6 M TGk, H TG 4
URACTIE

T TEARZ M 5 , 300 °CRi4S 4 F it LT 1% A4
PR BEE E-51 & i in, KR BBk 5%.10%
X7 FR TR Ty, T PR b FF#a%, TE10-0 . TE7-3
TES-5. TE3-7. TEO-10 X} )i # T,, 4 %] A 358.8.
347.3.351.9.368 °CLL ) 390.9 °C, 1fij fe K i1 2k



KR, 45 IR et TGDDMY/E-51 HVRU 77 il v S G

53

100 ——iﬂ TE0-10
B TE3-7
s 8r TES-5
g TE7-3
T 60r TE10-0
=
4]
=40 -
3
p=
20 -
0 L L L L L L L |
100 200 300 400 500 600 700 80
Temperature/°C
(a)TG curves of TE systems
100
EP-PI-0
« sl EP-PI-0.5
S EP-PI-2.5
g EP-PI-4.5
g o0r EP-PI-10
S
g
=40+
]
=
20 -
L L L L L L L I}

100 200 300 400 500 600 700 800

Temperature/°C
(b)TG curves of EP-PI systems

K6 TE.EP-PI1AZR TGtk
Fig. 6 TG curves of TE and EP-PI systems

TR B (T, ) 2 B-51 2 B3 N R, 3%
J=H S TGDDM S 1A M4 & Ja , TE ) e =4 e
R TR R4y T NCER Rk A R O, L
Wy BOvE T 2% R R R 5 A Y oy — T
TGDDM 4 F N NI R 5 2 VHRBIE R, 28
PR KT E-51, B e g, T, KT
E-51.

A PLE ,EP-PUA R T, F1 T, LA K2 T, KR HY
SREEY ST RIMAPIHEER, T, ¥ KT
400 °C, 1A % 700 °CHE % T 24% , R I R AP
PAEME . M PLE IR 4.5% B 25 AR TR
et Ty M1 T, A T, AT PLE HN OB T T
8.9%.6.2% .5.4%, 1M P17 5t Ay 2.5% it X Jo7 Ay Hh 45
SRR H 5 PL &N 4.5% I AZ B 25 A 25 A8

K, H T, R T, VA K T, 53 5 h 384,403 °C LA K&
433 °C. MG IAZLAR HIL", W 1R 7 il — e 2 A
i e 55 1) B S RS T I 22 I BT 4R, PI
M5 A— 7 T TR R i A5 & 00 7 L, 5
— 7 AR YE DSC 43 45 3R , PL &= 5 EP W JE i
HNAZER A, RIS 5 007 A s ik 2 o7 3201 7 5 4 PR
Rl RN e A TUA e A48T+ EP-PHR R IERE M
2.5 hEFuiksR@mHHom

[l 7 4 TE \EP-PLIA R By hr il e 45 58 . bifi E-
513 MBS, TE 1A Z S Ao B 52 90N 1% 02 Se 1
TG BEAR RS Al . XLy g -1y A8 il £k E
TRy A5 3 i 2 T iy ) T AR, R SA A i,
AL R W 2 2L, X 2 B T TGDDM AH
HF B-51 76 B 0 22 B0 48 3L AT A (] e 1 2 s
()47 BH B A, 22 106 i H AT B R Y A8 6 % B, B0 A

100 [ Tensile strength 120 .
[ Tensile toughness TE
s 80 -
= g
B 60F g
5 g
=] EY
o 40 §
Z 2
£ 20t £
H
0 0
TEO0-10 TE3-7 TES-5 TE7-3 TE10-0
Samples
(a) Tensile strength and tensile toughness of TE
Tensile strength 18
80 | ¥ Tensile toughness ’
416  ~
B 114 E
RN
5 10 %
= =
s 40 08 5
@ E3
2 06 <
= 5
S 204 04 &
= 5
02 F
0 5 5 5 5 5
SIS VAP A LI S
?Xg QSR @Z‘Y ‘?SR ‘QBR
Samples

(b) Tensile strength and tensile toughness of EP-PI

[§l7 TEMEP-PLIKF Jy2APEfiE
Fig. 7 Mechanical properties of TE and EP-PI systems
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Tab.4 TG analysis datas of TE and EP-PI systems

Items

TEO-10

TE3-7 TES-5 TE7-3 TE10-0 EP-PI-0 EP-PI-0.5 EP-PI-2.5 EP-PI-4.5 EP-PI-10
T,,/°C 390.9 368.0 351.9 347.3 358.8 368.0 391 384 402 380
T,00/°C 400.2 389.4 380.2 371.0 384.8 389.4 408 403 411 402
T../°C 404.3 410.1 412.5 419.9 4322 410.1 431 433 432 434
. S— 23.5 26.0 249 26.5 18.6 26.0 24.8 232 27.5 24.0

Notes: T,,, Ty, and T, are temperature with 5% mass loss, 10% mass loss and maximum mass loss rate respecitvely; R, .. is mass residual rate at

700 °C.
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