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Inherent and Interfacial Evaluation of Fibers/Epoxy Composites by
Micromechanical Tests at Cryogenic Temperature

Dong-Jun Kwon*, Zuo-Jia Wang*, Ga-Young Gu*, Moon-Gwang Um**, Joung-Man Park ™

ABSTRACT

Retention of interfacial shear strength (IFSS) of polymer composites at cryogenic temperature application is
very important. In this work, single carbon fiber reinforced epoxy composite was used to evaluate IFSS and
apparent modulus under room and cryogenic temperatures. The property change of carbon and selected epoxy
for particularly cryogenic temperature application were tested in tension and compression. Tensile strength and
elongation of carbon fiber decreased at cryogenic temperature, whereas tensile modulus was almost same. On
the other hand, epoxy matrix showed the increased tensile strength but decreased elongation. It can be due to
maximum thermal contraction existing free volume in cryogenic temperature. IFSS increased up to -10 °C and
then decreased steadily. However, IFSS at cryogenic temperature was still similar to that at room temperature.
This result is very useful to cryogenic application since selected epoxy toughness and interfacial adhesion can
keep at such low temperature.
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Fig. 1 Photo of cryogenic chamber with Mini-UTM.
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Fig. 2 Experimental specimen of apparent modulus using cyclic test
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Fig. 3 Tersile test of carbon fiber at room and cryogenic temperature.
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Fig. 4 Strength distribution of carbon fibers at gauge length of 20 mm
by two-parameter Weibull distribution.

Fig. 4= 24 JIALE Weibull BEx2 Uehfgl
o olFEEE TAREEr APH dolHd ddzxo=
o Z g7] o] olFEEE Ustflch Aol Hls =

] 2% wste] ubeh Ewo) 24o)

Aske Fejeldel W] s 3 & b Rl
E3, FALoNH MBtEE HaHR BA



14 17} - St7bed - ojma . upEnh AR R

)
ot
r{x
012
Y

Table 1 Mechanical properties of carbon fiber with different temperature condition at two temperatures

Carbon fiber . : 2) 3) 4)

Temperature Diameter(um) : Strength(MPa) Modulus(GPa) Elongation(%): COV a B o B o B2
25°C 7.53 (0.21)" 2296 (428) 425 (53) 0.54 (0.09) 0.19 2962 453 12603 7.03 3643 1.343
-150°C 7.50 (0.20) 1241 (707) 426 (121) 0.3 (0.18) 0.57 2384 1.52 {1373 2.57 2993 0.96

1) Standard deviation (SD)

2) Coefficient of variation (COV) of fiber tensile strength
3) Scale parameter for fiber strength

4) Shape parameter for fiber strength
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Fig. 5 Tensile test of epoxy (YDF-175) at room and cryogenic temper-
atures.
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Fig. 9 Microdroplet test of carbon fiber/YDF-175 at room and cryogenic
temperature.
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Fig. 10 Cyclic loading test of carbon fiber/epoxy at room and cryogenic
temperatures.
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