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[ABSTRACT] Thermosetting polyimide is one of the most excellent heat resistant materials in organic material systems.
The fiber reinforced thermosetting polyimide composites have been widely used in the field of aecronautics and astronautics.
However, the further application of high toughness polyimide composites in many fields is limited due to the lack of tough-
ness properties. Therefore, the development of high toughness polyimide composites has gradually become a hot research
topic in recent years. In this article, the research status and development trend of toughening methods of thermoset pol-
yimide composites are reviewed, including a series of methods such as the modification method based on molecular main

chain structure, thermoplastic polymer blending thermosetting polyimide and thermoplastic polymer interlaminar toughen-

ing polyimide composites.
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Table 1 Properties of different polyimides

MARELS | RPN Gy (3 m™) | BRI 7,/C

PMR-15 90 340
LaRC-RP46 180 330
LP-15 190 325
YH-POI 372 311
YH-PBI 500~700 400
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Fig.1 Chemical structure of the imide oligomer and
monomer of PETI-5
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Table 2 Physical properties of PETI-5

Calculated Mn/

(g mott) | M/ (L g')| Ty (Cured)/C | 7,/ (Pas)
1250 0.15 288 500 (335°C )
2500 0.20 277 9000 (335%C )
5000 0.27 270 100000 ( 371°C )

H: Mn BRI Tk WK a 367 25 C MR
M7E, b $5FH DSC 7£ 20°C /min MYFHEHAE R E , ¢ F5I % 76 %
FEREEP 371CEME R L Th B AEER ; i, EFFEFE, 7
BRI
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Table 3 Compress strength after impact (CAI) of IM7/ PETI-5

PETI-5 Mw/(g mol’]) CAI Strength / = CAI Modulus /

MPa GPa
1250 245 56
2500 334 58
5000 331 56
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Fig.2 Chemical structure of TriA-PI

R4 Tri-A PIpIRIERE
Table 4 Physical properties of Tri—-A PI

Properties TriA-PI = TriA-PI | TriA-PI = LaRC™
n=2 n=4 n=10 | PETI-5
Mn/ (g mol™) | ~1600 | ~2500 ~5250 ~5000
Mo/ (P 5) 3.4 124 1750 10000
Cured T7,"/°C 351 341 308 270

£ : 1—Estimated on powdered samples by DSC at a heating rate
of 10°C Cured /min; 2— Cured at 370°C for 1h,

68 Wiz hEEEA - 20194 62 & 55 1010]
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Table S Properties of TriA-PI and PETI-5 composites

T800H/ IM600/

Properties 7/°C Tri-A PI Tri-A PI IM7/ PETI 5
. Unidire- Unidirecti- Unidire-
Fabric form . .
ctional onal ctional
Mn/ (g-mol™)| — ~2500 ~2500 ~5000
V% — 69.6 55 62
Porosity/% — 4.0 1.7 1-2
25 123.6 106.4 106.5
177 83.1 60.0 62.8
SBS/MPa
250 plastic 48.3a —
300 plastic 35.2a —
25 = 282.0 -335
177 = 212.4 255
OHC/MPa
250 = 208.4 =
300 — 176.2 =
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Fig.3 Chemical structure of the imide oligomer
containing fluorenylidene groups (n = 4)
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Fig.4 Chemical structure of the imide oligomer and
monomer of HST
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Table 6 Properties of BAOFL based polyimides

Sequence Item Properties
! i/ (Pa-s) 326
2 T/C 321
3 Tensile strength/MPa 110
4 Tensile modulus/GPa 2.78
5 elongations-at-break/% 10.2

R7 HSTREEIAERIAE1ERE
Table 7 Properties of HST polyimides

Resin Mn/ T, by i/ | Impact strength/
(g-mol") DMA/C | (Pas) (kJI-m™)
HST-1 1500 346 | 369 15.5 2593
HST-2 2500 325 | 353 147 33.74
HST-3 3500 322 | 345 595 40.87
HST-4 5000 320 | 344 | 37090 45.04
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Addition type thermosetting polyimide | Condensation type thermoplastic polyimide

® Easy to process e Difficult to process
® Brittle ® Tough

Semi-IPN

® Easy to process
® Tough
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Fig.5 Schematic diagram of toughening mechanism of
ther-mosetting thermoplastic polyimide semi-interpenetrating
network
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Fig.6 Structure of NR150B and LaRC-TPI
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TR ER —E RN TR, BN ERE i, UHE
il & ekl LP-15/T300 B &M R CAT {H H A3EH)
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Table 8 Material performance comparison before and after

toughening
PEfE LaRC-RP40 = LaRC-RP41 PMR-15
& fb IR /C 316 316 316
T,/°C 351 262 340
G/ (J-m™) 370 480 90
316°C 1000h 2k 7 12 8

9 Matrimid52181EHIPMR-158 4 R AE
Table 9 Properties of PMR-15 composites toughened by

using of Matrimid5218
Properties PMR-15/IM7 PMIZIIE//I];\/I/IT?mid
Flexural strength /MPa 1510 1190
Flexural Modulus /GPa 121 120
Interlaminar shear strength/MPa 105 100
CAI/MPa 149 163

F10 AEPAEKEZERLP-15M%4¢
Table 10 Properties of LP-15 with different PAEK contents

Content of Impact stringth/ Flexural strength/ T/
PAEK/% (kJ-m™) MPa
0 7.17 87 289.0
10 9.03 99 286.8
20 10.50 106 284.5
30 13.55 114 272.8
40 16.59 116 272.7

11 PAEKIEHILP-15/T3008 & ##HE8E
Table 11 Properties of LP-15/ T300 Composites toughened by

PAEK
Discrete
0,
Sample Vil% CAI/MPa cocfficient/%
Untoughened 55 212 2.5
Toughened 55 276 0.14
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Table 12 Properties of toughened LP-15/T300/PEK-C composites

Properties Control Toughened
T/C 284 282
Tensile strength/MPa 987 1042
Flexural strength/MPa 1147 1187
Interlaminar shear strength/MPa 86 85
CAI/MPa 213 328

El7 RTMEEEEILBERIAE RIS F 4544
Fig.7 Molecular structure of RTM polyimides resin
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Fig.8 Molecular structure of thermoplastic polyimides resin
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