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Recent Progress in Thermosetting Polyimides Resins
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Abstract: Thermosetting polyimides have been widely used in aerospace due to their excellent high temperature
resistance, mechanical properties, dielectric properties and processability. Herein, the research progress and ap-
plication in thermosetting polyimides including norbornene-endcapped polyimides, phenylethynyl-endcapped

polyimides and other varieties of thermosetting polyimides were reviewed systematically and the research trends

in this field were proposed.
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Figure 1 The molecular structures of PMR-15 and improved resins
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Table 1 The toxicity of diamines and the properties of the imide oligomers and thermosets

[11]

. Oligoimides complex
Daphnia LC50/

Cross-linked polyimides

Diamines (mg-L~") viscosity () at Moisture T,
250 “C/(Pass) uptake/wt% E'/C tand/C
MDA 1. 41 1.0X10° 4.3 351 374
4,4'-Methylenebis(2-methylaniline) 3.45 5.0X10° 4.0 335 373
4,4'-Methylenebis(2-methoxyaniline) 1. 83 8. 0X10° — - —
6,6'-Methylenebis(3-methylaniline) 3. 45 4.1 327 345
5,5'-(Propane-2,2-diyD) bis(2-methoxyaniline) 1. 82 — 289 306
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Table 2 The structures and thermal properties of PMR polyimide resins

Compositions of resins

Monomer molar Glass transition temperatures (TP

Resin )
Dianhydride Diamine Endcap ratio E'/C tand/C
PMR-11-50"1%! 6FDA p-PDA NA 8.9:9.9:2 346 421
AFR-700BM3-11] 6FDA p-PDA NA 8:9:1 400 —
DMBZ-15"% BTDA DMBZ NA 2:3:2 414 430

SUE 371 C F gk |

[14]
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Table 3 The weight loss of cured resins at 371 “C in air

Weight loss (371 C)/wt%

Resin
25 h 50 h 75 h 100 h
PMR-15 5.7 8.3 12.5 17. 1
PMR-II-50 — — — 5.0
AFR-700B 1.6 3.1 4.6 6.4
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Table 4 The structures and properties of phenylethynyl-terminated polyimide resins at home and abroad

Compositions of resins Cale. M,/ Vonin/ T, of cured
Type Resin
Dianhydride Diamine Endcap (g/mol) (Pa-s) resins/ ‘C
i ) 1, 3, 3-APB(15%)
PETI-5M" 4, 4'-BPDA ) PEPA 5000 6000 270 (tand)
Amic acid 3, 4"-ODA(85%)
TriA-P1"] 3. 4-BPDA 4, 4"-ODA PEPA 2500 200 343 (tand)
HFPE-500% 6FDA p-PDA PEPA 5000 — 381 (tand)
PMR ,
YHM-500L%" 3. 4-BPDA MDA PEPA 1500 180 100 (tand)
AFR-PE-4/% 6FDA p-PDA PEPA 2500 — 445 (tand)
N ) 1, 3, 4-APB(50%) , 0.06~0.9 .
PETI-3305%% 3, 4'-BPDA PEPA 750 330 (E"
1, 3-PDA(50%) (280 °C for 2 h)
, 1. 3. 4-APB(50%%) . 0.10~0. 40 ,
PETI-375"%% 3. 4-BPDA PEPA 750 375 (E"
Imide TFMB(50 %) (280 °C for 2 h)
5 ) 3, 4'-ODA(50%) , 0. 05~0. 90
P1-97315% 3, 4-BPDA PEPA 750 410 (tand)

4, 4"-ODA(50%)

1, 3, 3-APB(50%) ,

RTM250-P1H" 3, 4'-ODPA
TFMB(50%)

(280 °C for 2 h)

0.10~0. 25
PEPA 900 350 (tano)
(250 C for 2 h)

49: 509

O, O, O,
Ar=285 mol%\©/ \©\ +15 mol%\©/ \©/ \©/

Bl 2 PETI5 5B R4 5 4 iy 7

Figure 2 The molecular structure of PETI-5

[27]
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Figure 3 The molecular structure of AFR-PE-4 polyimide resin
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Figure 4

The molecular structure of TriA-PI polyimide resin"
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The molecular structures of polyimide resins for RTM polyimide resin

[35.36.39.41]
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Table 5 The properties of RTM polyimide resins

[5]

Donin/ Time/h T, T g5y (air)/
Resin )
(Pae<s) (y<<1 Pars) E'/C tand/C C
HT-350RTM 0. 39 4 (280 °C) 361 392 537
AC729RTM 0.21 8 (270 C) 378 414 540

FEARTRNR FE T /9 8 5 32, 45 R LA G MR 3 il
£ 330,350,370 C FHIE#Z Mk 100 h JF K ER
AR 0.73% . 1.61% 4. 26 % . EL A B4 1 VR
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TAR G 445k, T2 20 % LA i s B ARD
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Wi, IENEE 6 BT R il i AL BUR ) A oy 1 i
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HHE LT 5 o3 1 R R L o T
(1173 P9 AR T A8 R ol HG 9 A A Tk W L T
ZEOR PN A 5 R A A R 3 e AT A TR
R R ol PMIR 95 TR0 4R 58 1. {HL2: Tt
M ol PMR BRI 76 52 5 b Rk i i i 72 o S i 1k
W BEox A1 /N o3 145 S W 7 A B AR B e R B
AR I 3 86 /N o3 5 A8 525 B R R OE AL LA
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Table 6 The properties of polyimide resins with different molecular weights™"

M,/ Domin/ T 45 Cair) / Tg(lan(?)/ Impact strength/
Resin o,
(g/mol) (Pass) C T (kJem °)
GRPI-1 2000 10 562 378 32
GRPI-2 2500 40 563 376 35
GRPI-3 3000 125 568 361 43
GRPI-4 3500 239 569 358 46
GRPI-5 5000 1449 572 346 62
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Figure 6 The molecular structures of soluble polyimide resins (TriA-X-I) based on BAFL
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The molecular structures of soluble polyimide resins (TriA-X-1D based on p-ODAM

Figure 7
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Table 7 The properties of soluble polyimide resins™*’!

Solubility/ i/ Tasy Caind/ T, (tand)/
Resins
wtls (Pass) C C
NPI-1 >30 (DMAco) 20 550 378
NPI-2  >30 (Dioxane) 15 562 410
NPI-3 >30 (DMAc®) 2 555 480

2.4 iR R RE I BE B AE

XF T bR AR 2D 5 Y e R L T AR AE G
AR S R T2 2 A Y P TR AR — R T I
AR MRS . W5 B K 3% P R R 5 A
SR Tt IV JHe ) s 9 ,_Juﬁxiﬁ“ﬁ%&limﬂa 4 4%
PRBEE . ol 3 L0 1 Jn T 1k i It LRSS
J T — ZR 51 BT A R J(l’é"l 9, J%ﬁ\'ﬁ PETI %
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Figure 8 The large thick-walled quartz and carbon fibre

reinforced polyimide composites
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Figure 9 The representative reactive diluents™’
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Figure 10

The representative monomers containing inorganic components

[55~58,62]
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Table 8 The properties for T700/polyimide composite after isothermally aging at 500 °C in air

[57]

Aging time/ Mass retention/ Flexural strength/ Flexural modulus/ Interlaminar shear strength/
min % MPa GPa MPa
30 97.92+0. 04 1037440 116+4 5343
60 96. 65+0. 72 9914129 119+3 5041
90 95.15+0. 33 9504127 12143 4242
120 93.53+0.07 8164163 116+4 33+2
150 91.98+0. 32 604413 109+38 3542
180 89.7540. 21 546492 10246 2842
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Tsy (Ny)/ T, (tand)/ Dielectric
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C C constant
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