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This paper presents experimental results for the processing and mechanical properties of carbon fiber
reinforced composites of a newly developed amorphous, asymmetric, and addition type polyimide (Triple-A
PI). The imide oligomers were synthesized from the reaction of 2,3,3',4'-biphenyltetracarboxylic dianhydride
(a-BPDA), 4,4"-oxydiaminine (ODA), and phenylethynyl phthalic anhydride (PEPA). Because of amorphous
structure, the melting point and melt viscosities of the polymer are relatively lower as compared with similar
polyimides such as LaRC ™ PETI-5. In spite of the lower molecular weight of the imide oligomer (<2500
g/mole), the cured polymer exhibits excellent mechanical properties because of the irregular and asymmetric
structure as well as flexible end-capper. Carbon fiber reinforced composites were fabricated by routing prepreg
consolidation. The composites exhibit excellent mechanical properties with high glass transition temperature
(>320°C).
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Table 1 Physical Properties of Imide Oligomers

Tri-A Pl n=2 Tri-A Pl, n=4 LaRC, PETI-5*
Molecular weight (calc.), Mn ~1600 ~2500 ~5000
g/mole 'mole _g/mole
Imide oligomer Tg ** 189°C 230°C 210°C
Imide oligomer minimum melt 34 124 1000
viscosity (Pa sec) at 336°C at 347°C at 371°C
Cured polymer Tg ** **+* 351°C 341°C 270°C

* J. G. Smith Jr et al., J. Comp. Mater., 34 [7], 614-628 (2000).
** Estimated on powdered samples by DSC at 10°C/min., *** Cured at 370°C for 1 hr.

2—-2 HBEMHORME
(—FHfEE#)

RV 7 I v 78/ NMPIERPIZRB#EME D — 7 (KL T-800

12K/bundle) 2 BB T3 LickoC—FAFY L7y — b 2RELE, 7YV IV

FIZHFEET DREONMP L . #a 2 MMEICHESBIERY (0K) 2BRETHIED, O

NUHBEA—T P TEAS I NMeE Tol-k, A— 7 L—T B2 iTo 72, RIESE
FIXEF10.3MPa, BE3T0C X 1M TH D, 7V 7L 7 RUBEBEHOLKRER 21IT7T,

(R Y BEEH)

RY T Iy 7 B/ NMPEEPIZ, [RFWHMETRE 7 v 2 (R T-800

12K/bundle) 288 L, YV 7V 7 %2RIELE, —FEMERRICHLPUDEAIF
L=V TV L Thy NV RIZ K AREERIT - - BRIESM1X. £ /15.5MPa,
FRAIREE360, 370,380 CX 1R L L, HAEMMMEICRIETHRBIREDOEZEIZOVTYH
bR TRz, 7V PV I7BLUOEEMOHEEER 3 (@B LUR 3OITRT,

Table 2 UD-Prepreg and UD-Composite Properties

n=2 n=4
Molecular weight (calc.), Mn ~1600 Mn ~2500
Prepreg solids (wt %) 36.4 304
Prepreg volatiles (wt %) 15.6 15.3
Carbon fiber T800H 12K (445TEX)
Carbon fiber areal weight 240(g/m")
Prepreg areal weight 365(g/m") 350(g/m”)
Composite fiber fraction(vol. %) 64.2 69.6
Composite porosity(vol. %) 0.8 4.0

* Cured at 370°C for 1 hr under 0.3 MPa in a autoclave
Table 3(a) Plain Fabric Prepreg Properties

Carbon fiber T800H 12K (445TEX)
Carbon cloth areal weight 318(g/m°)
Number of fiber bundles 9 (for warp and fill) (/inch)
Imide oligomer n=4, Mn=~2500g/mole
Prepreg solids 36 (wt %)
Prepreg volatiles 14 (wt %)
Prepreg areal weight 432 (g/m°)
Composite architecture 0° /90° Plain woven fabric

Table 3(b) Plain Fabric Composite Properties

Cure temperature *
360°C 370°C 380°C
Composite fiber fraction (vol. %) 66.7 68.7 65.2
Composite resin contents (wt. %) 25.4 22.7 27.0
Composite porosity (vol. %) 1.7 33 1.7

* Cured for 1 hr under 5.5 MPa in a hot press
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Table 4 Mechanical Properties of UD-Composites

Mechanical Properties Temp. T800H/ T800H/ IM7/
(°C) Tri-A PI (1600) Tri-4 PI (2500) PETI-5*

Molecular weight Mn (g/mole) ~1600 ~2500 ~5000

| Tg estimated by DMA (°C) 340 320 260

SBS strength (MPa) 25 124.1 123.6 106.5
177 - 877 83.1 62.8
250 60.9 plastic —
300 plastic plastic —

0° Tensile strength 25 - 2672 2929

(MPa) 177 - 2735
250 2364 -
300 2504 -

Young’s modulus 25 190

(GPa) 177 190 -
250 - 190 -

0° Flexural strength 25 2151 2194 1788

(MPa) 177 1865 1440 1442
250 1657 1434 -
300 1280 863 -

* T.H. Hou, B. J. Jensen and P. M. Hergenrother, J. Comp. Mater., 30 [1], 109-122 (1996).
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Table 5 Mechanical Properties of Plain Fabric Composite

Mechanical Properties Temp. Cure temperature (°C)
°C) 360 370 380
Tensile strength (MPa) 25 939 838 866
177 988 843 849
250 838 846 803
300 784 788 771
Compressive strength 25 545*% 465 412
(MPa) 177 435* "~ 386 395
250 386* 308 325
300 301* 233 253
OHC strength (MPa) 25 289 287 288

* Brooming fracture at the loading edge of the specimen
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