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Properties of 300 “C Resistant Polyimide Resin and Its Composites

CHEN Wei WU Jianing ZHANG Dongxia FAN Mengjin PAN Lingyin

(Aerospace Research Institute of Materials & Processing Technology, Beijing 100076)

Abstract In order to solve the basic scientific problems during the hot—press process of 300 °C resistant
polyimide composites and promote application of polyimide composites in the main load bearing structures of weapons
equipment, the chemical reaction properties of 300 “C resistant polyimide resin and the mechanical properties of the
corresponding composites were analyzed by DSC. FTIR, rheology. TGA and mechanical properties test. The
experiment results show that the polyimide resin is fully imidized at 230°C, the minimum viscosity of the polyimide

resin is 86 Pa. s at the heating rate of 1°C/min, the corresponding polyimide composites produced by the optimized

molding process exhibit good internal quality and mechanical properties.

Key words

0 35

SR e 525 A Rk LA LR S 0 T o O 1 g AL
P RE R A FELPE BB A5 R AL 25 MK AT 2 14 T o 1 75
b B BN Y H R e B bR B T
T —H DA SZ W M w58 I S e 4R K 1 £
SELERRE L R N D AR, T A R R A
BORE AN REEW NS A R A 1 AL R A T 4
R AN BE R K I B T Ak o B M LAk AS
B B, FLrp s R 45 2 By BOR: S T 2 B i i i
rhBR B R 5 T e T B B 2 (o PMIR B A B P 2%
AR IR 43 R A7 I e Ak B I R Ak B vz, R AT g
W W0 i Ak ad 72 7 A 1Y) O BEROK S5 /N o 4 R W0 5 7
[F] Al A TR B B SR B0 e 5265 b AR S DR A5 —
()3 Bl P, DA N B R 45 14 T AR5 AR AL IR 1
HAMEE . R G 38A 8500 SR E e &2 A bR R
TSR A v B A MR DG B T ER I I B 4

Wik H 4.2021-08-09

Polyimide , Composites, Chemical reaction properties , Mechanical properties

(] £ JET 30 %) £ 27 I R AR AT 5 8 4 X6 32 6 b e i 7Y
T2 B HE O HE
AR N MG T PMR- 11 78 3R gk 30 i
B (KH-305-50A) B4k 27 S et , I8 Sr 13
TAZE A MBHA R i W e K Ak s iy i BE . (E= H
HIER X 300 CHY A 14 £k 27 Sz 4R 1 % &2 6 44 8L T
271k RE Y 52 e LA I 5 0 O DL R . AR S
DSC.FTIR . Jit 28 [ TGA RSyt fg il ik 7 ik, R4 0
Hrifist 300 °C.5R Bt SR B 1 Al AR I A8 AR A i A
PERE , 480 R i e A 10 W e K 1 Ak T 20 A B it
2%,
1 I§
L1 JE#
i} 300 °C 5 1k S0 e B i , o [ B 27 B Ak 27 i
TG800-12K AR £F- 4k , L1 PU AN A A BT PR W)
1.2 TERREEMEH &

BT 173 TR SRR FE0T H (RHR S SRR S S AR FIEERIITSY) s 821 B SERF AT H (it s IR AR REAZ B AR R HE AR ST
BAER AN R, 199048 1 A T4, 2 A o5 i B2 A AR B U T 209 TAE . Emial: chenweijane@126. com

FHIMBITZ  http://www.yhelgy.com 20214 #H] [



TG800—-12K/ifit 300 °C. 2R I M. Jig B ] 45 il 2 ek >Re
FRBEHEZD T 2045, O RE & e ik 40%~45% , 2F
YT % M (165+5) g/m?, R T AR TR R 1 Al
BTN R B HIAE(10£2) % (w),

TG800-12K/ffit 300 “C I I e &2 A A4 Jk B 1] Al
SR P 8 8 T 20 il e RS A T T fn [ £k [
AR 7 58 B AR R R, AR IR B 300~320 C,
AL 77 1. 0~2. 0 MPa, B AR 205 R 0] 40
1.3 HgENK

DSC I3t : SR FH TA 23w 19 Q100 #44-Hr X, B AR
4 50 em®/min, SR G 50~500 °C, 7482
351K 5. 10 F120 °C/min, FT-TR M52 £ 7% Bruker
Tensor 27 B IFLLAMETEAL, BES A ATES , R HIR
PR R i A T A PRI : FILFH TA 23]
(1) AR2000 37 A8 13, SR AR A Xt A ik, i
IHATEEEVEF A 200~400 °C, FHET#AR A 1.2 F14 °C/min,
DURATR A7 10 rad/s, B AE A 0. 1%, TGA MR SR TA
23w Q50 AT X, A £ 50 em’/min, FHELH
A 20 °Clmin, FHEEE 50~750 C.

2 ZBR55H
2.1 7300 ‘CHELEAEHTAS ElL K M 30 125 47

AN T Tk 238 T 4 i 11 2 16 1 £ R 2 B ek 2 1

A RN 1R .

2.5
. —5K/min
mx : ] — 10 K/min
L5 ] ——20 K/min
* 1.0 7
T 05 7]
o ]
©00 ]
e ]
s 0.5 7]
[=]
= 1.0 ]
g
= 715 1 1 1 1 1 1 1 1 1
100 200 300 400 500
7K

BT AR THE# ST i 300 CHREEE A AR DSC i 2&
Fig. I DSC curves of 300 C resistant polyimide resin at

different heating rates
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and heating rate of 300 °C resistant polyimide resin
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Tab.1 The DSC peak temperature of 300 °C resistant
polyimide resin

B/K * min”! T/K T /K T/K
5 609 638 656
10 622 650 670
20 648 681 697
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Tab.2 Curing Kinetics parameters of 300 °C resistant
polyimide resin

Kinetics . . . E/ A/
Fitting Liner R N . X n
107 s

Equation Jrmol !

Kissinger —y=—12.4x4+8.25 0.9879  103.09 4.75 -

Crane y=-13.8x+23.2  0.9903 - - 0.8985
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Fig. 5 FITR spectrums of 300 C resistant polyimide resin

treated at different temperature
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Fig. 6 Rheology curves of 300 °C resistant polyimide resin
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Fig. 7 Rheology curves of 300 °C resistant polyimide resin at

different heating rate
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Fig. 8 TGA curves of 300 C resistant polyimide resin treated at

different temperature
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Tab.3 Mechanical properties of 300 °C temperature—resistant polyimide resin
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/°C /MPa /GPa /MPa /GPa /MPa /GPa /MPa
= i 2320 172 1590 163 1770 155 93
300 - - - - 1010 150 43
3 &g 300 °CER WLV Jie i g 7] T 230 “CHE 4Bk W e fk, 1 °C/

(1)K F DSCIEWFFE T it 300 CREE 2 &+
Ak Ak J W 8l 112, i 3T Kissinger Fl Crane /7 f2 115
A5 [ Ak J2 0 2R WL % AL BE A 103. 09 J/mol, 8T KT
R 4. 75x10% s, S RECH 0. 8985, MR HJE Arrhenius
D5 B 5 n G AR RN By g 2 ARG SR 04 [ 4k
I 3h 1% 07 BN dasdi=4. 75%10°% (1 - a) **¥xexp (-
12.34/T)

(2) N DSC . FTIR Ji 28 S A M vl LLE T
50 —

min JH il 3R T AL EE K 86 Pa-s, ik s )
FEMEXT T48 T 26 PR R K 184k i B2 0 i A
BESHET L,

(3)TG8O0/Mif 300 CHR ML Me 52 A A AT R 47
B 2 R R iR ) 2R RR L IS A N T RAT A R )
Fa 4 BRI A

[1] SERAFINI T T, DELVIGS P, LIGHTSEG G L.

FWAE T2 hup://www.yhelgy.com 2021 4F  H47] [



Thermally stable polyimides from solutions of monomeric
reactants [J]. Journal of Applied Polymer Science, 1972, 16
(4):905-915.

[2] LU Y C, TANDON G P, PUTTHANARAT S, et al.
Nanoindentation strain rate sensitivity of thermo—oxidized PMR—
15 polyimide [J]. Journal of Materials Science, 2009, 44(8) :
2119-2127.

(3] 58, vtk WA 25, 45 T i T SR I B i %
HE A RORHE BF ST HE R (1], F UM R T2, 2000,30(1)
1-6.

YANG S Y, GAO S Q, HU A ], et al. Progress in high
temperature polyimide matrix resins and carbon fiber reinforced
composites [1]. Aerospace Materials & Technology, 2000, 30
(1): 1-6.

[4] WANG JJ,YI X S. Preparation and the properties of
PMR-type polyimide composites with aluminum nitride [J].
Journal of Applied Polymer Science, 2003, 89: 3913 - 3917.

[5] TANG J,TANG W H,YUAN H L, et al. Super—toughed
polymer blends derived from polypropylene random copolymer
and ethylene/styrene interpolymer [J].
Polymer Science, 2010, 115(1): 190-197.

[6] LI X G, XIONG L, MA H Y, et al Toughness

Journal of Applied

improvement of PMR~-type polyimide and laminated graphite
systems by ex—situ concept [J]. Journal of Materials Science,
2005,40(18) : 5067-5070.

(71 ALK SR R i 181 4k 8l 1 2 285 [ ). 4
[ PERAE . 2005, 20(4) : 11-13.

ZHOU H F. Study on curing kinetic parameter for polyimide
(1] Thermosetting Resin, 2005, 20(4):11-13.

FHIMEIT.Z  hitp://www.yhelgy.com 20214F  #4F] |

(8] Bitfae, T, Yol , 5 . LP-15 JRBEW & 4 bR
FELT]. AR, 1998, 15(1):7-13.

CHEN X B, FU Y, SHEN C, et al. Study on LP-15 non—
mda polyimide composite[J]. Acta Materiae Compositae Sinica,
1998,15(1):7-13.

(9] BREETE, S ok, P RS0, 25 . JE U0 A7 D 21 2/ 58 Tt 0 g
EAEMEI &S5RI &6 M B 2R, 2006,23(5)
79-83.

CHEN J S, FAN L, TAO Z Q, et al. Preparation and
properties of chopped quartz fiber/ PMR polyimide composites
[J]. Acta Materiae Compositae Sinica. 2006,23(5):79-83.

[10] FU X A,ZHANG C,LIANG R, et al. High temperature
vacuum assisted resin transfer molding of phenylethynyl
terminated imide composites[J]. Polymer Composites, 2011, 32
(1): 52-58.

(0] B BRAR S, B . T 371°C PM 11 5 3Rk 37 Jig
R fl 2 SRR PE BT (). T MR T2, 2001,31(5) -
44-48.

ZHAO W D, GENG D B, AO M. Study on chemical
characteristics of high temperature (371 °C ) resistant PMR-II
polyimide resin [J]. Aerospace Materials & Technology, 2001,
31(5):44-48.

(12] 2457 S 42, i, 2 . MT300/802 XU A i %
HEMRHEA T2 Rl A PEReLT . TR R T2, 2019,
49(4) :34-40.

LI J F,GUO H J, GAO Y, et al. Curing process and high
temperature mechanical properties of MT300/802 bismaleimide
matrix composites[]]. Aerospace Materials & Technology, 2019,
49(4):34-40.



