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Tensile Properties of CFRP Composite with Different Resin Composition
under Cryogenic Temperature

Myung-Gon Kim', Sang-Guk Kang’, Chun-Gon Kim™, Cheol-Won Kong™~

ABSTRACT

In this study, carbon fiber reinforced polymeric (CFRP) composites with different resin composition were
manufactured and resin formulation in composite materials were presented through tensile tests for cryogenic use.
Thermo-mechanical cyclic loading (up to 6 cycles) was applied to CFRP unidirectional laminate specimens from
room temperature to -150 °C. Tensile tests were then performed at -150 °C using an environmental test chamber.
In addition, matrix-dominant properties such as the transverse and in-plane shear characteristics of each composite
model were measured at -150 °C to examine the effects of resin formulation on their interfacial properties. The
tensile tests showed that the composite models with large amounts of bisphenol-A epoxy and CTBN modified
rubber in their resin composition had good mechanical performance at cryogenic temperature (CT).
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Table 1 Resin formulation of T700/Epoxy Composite Models

Model Epoxy type Filler (phr)
phenolic | bisphenol-A .
CU125NS novolac | (solid, liquid) thermoplastic (1.5)
phenolic | bisphenol-A .
Type A novolac | (solid, liquid) thermoplastic (4.5)
Tvoe B phenolic | bisphenol-A semi-solid CTBN
P novolac |(solid, liquid)| modified rubber (4.5)
phenolic | bisphenol-A :
Type € novolac (solid)
Tyoe D phenolic | bisphenol-A semi-solid CTBN
P novolac |(solid, liquid)| modified rubber (4.5)
phenolic | bisphenol-A solid CTBN
Type E novolac | (solid, liquid) rubber (3.0)
Tyoe E phenolic | bisphenol-A semi-solid CTBN
s novolac | (solid, liquid) rubber (5.0)
Type A, D: a large amount of phenolic novolac
Remarks Type B, C, E, F: a large amount of bisphenol-A
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Fig. 1 Curing Cycle for T700/Ep Composite Models.
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Fig. 3 Thermo-mechanical Cycle for Unidirectional Laminate Composite.
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Table 2 Fiber Volume Fractions of T700/epoxy Composite Models
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Fig. 7 Results of in-plane Shear Stiffness and Strength of T700/ epoxy

[+45]ss Laminate Composite Models.

Fig. 7(0)°14 Type E, Type F melg Al2I3t 2+ =3Hd
Y Lol AUAE Holst A9 glee molw, g

AN w G Ze A Hok a8y 7k B4R
meo] Hugwg v 2, oo HAu 4 4
2 bisphenol-A o] o FAJe} nF F FYE FAHLSE
g Type B, Type E, Type F Zdo] SA A= 43 A
GHEE S FI 4 itk

5 2 =2

B AT FHL A 94t 74 BHS

gAY RS Sistel, FAxA WE GaMAA

A Azstgon, FAL QAT Bl et 2

2 gt

1) 7 7 FR GAHALE BAR QY AHo] o
sfo] eoRNE -150 'C 7X 6 Fo| A-5F AolF

, 150 “Col A AFAHE STk 1 A, FHL
oMM AR AR SAzAel BAge] Hel
A Bl AuAel Gake weg shlstarh. v,
o] Y APPES SAxge wad 2 o

2)

theFe] bisphenol-A &< of
g A1 o, FALdA

N
>

3)

[e] =
BEFHA mdlo] =2 Miwer U HAiedddd %
T a1 Wy AdAEE B9ow, ol Type B =X
2

)

7FASE7] HZelzhal ArsE

% 7]

B oATE 2F9 WAKSLV-) A Algle] agoz
FYZTLEATUNA AT AL o} BT Btolut
o @ shol S Aolnl, Ao] ol A=Y UL,

FAE3

1) R. Heydenreich, “Cryotanks in Future Vehicles,” Cryogenics,
Vol. 38, 1998, pp. 125-130.

2) J. B. Schutz, “Properties of Composites Materials for
Cryogenic Applications,” Cryogenics, Vol. 38, 1998, pp.
3-12.

3) D. C. Freeman Jr, T. A. Talay and R. E. Austin,
“Reusable Launch Vehicle Technology Program,” Acta
Astronautica, Vol. 41, No. 11, 1997, pp. 777-790.

4) B. W. Grimsley, R. J. Cano, Norman J. Johnson, Alfred
C. Loos and William M. McMahon, “Hybrid Composites

for LH2 Fuel Tank Structure,” International SAMPE
Technical Conference Series, Vol. 33, 2001, pp.
1224-1235.

5) S. Karen, Whitley and Thomas S. Gates, “Thermal/

Mechanical Response and Damage Growth in Polymeric
Composites at Cryogenic Temperatures,” AIAA, 2002.



L R R S

6)

7

8)

9)

10)

11)

12)

13)

14)

T. Aoki, T. Ishkawa, H. Kumazawa and Y. Morino,
“Cryogenic Mechanical Properties of CF/polymer Composites
for Tanks of Reusable Rockets,” AIAA, 2000.

G. Hartwig, R. Hubner, S. Knaak and C. Pannkoke,
“Fatigue Behaviour of Composites,” Cyogenics, Vol. 38,
1998, pp. 75-78.

AT, A AAE, THY, “FAL BN i
A8 BEA A BAO B AL FREGHR
a}8] %), A|173, A6, 2004, pp. 52-57.

F. Sawa, S. Nishijima and T. Okada, “Molecular Design
of an Epoxy for Cryogenic Temperatures,” Cryogenics,
Vol. 35, No. 11, 1995, pp. 767-7609.

J. F. Timmerman, Matthew S. Tillman, Brian S. Hayes
and James C. Seferis, “Matrix and Fiber Influences on the
Cryogenic Microcracking of Carbon Fiber/epoxy Composites,”
Composites part A, Vol. 33, 2002, pp. 323-329.

M. Hussain, A. Nakahira, S. Nichijima and K. Niihara,
“Evaluation of Mechanical Behavior of CFRC Transverse
to the Fiber Direction at Room and Cryogenic Temperature,”
Composites Part A, Vol. 31, 2000, pp. 173-179.

C. C. Chamis, “Simplified Composite Micromechanics
Equations for Mechanical, Thermal and Moisture-related
Properties,” Engineers’ Guide to Composite Materials,
ASM international, Materials Park, OH, 1987

J. A. Kies, “Maximum Strains in the Resin of Fiber Glass
Composites,” U.S. Naval Research Laboratory Report, No.
5752, 1962.

M. S. Madhukar, and L. T. Drzal, “Fiber-matrix Adhesion
and its Effects on Composite Mechanical Properties: II.
Longitudinal(0°) and Transverse(90°) Tensile and Flexural
Behaviour of Graphite/fepoxy Composites,” Journal of
Composite Material, Vol. 25, 1991, pp. 958-991.



