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Abstract: In this paper, a research platform for cryogenic/room temperature cycles was built to explore the effects
of cryogenic immersion time and cryogenic/room temperature cycle times on the mechanical properties of carbon
fiber/epoxy (CF/EP) composites. Then, copolymerized nylon fiber veil (PAV) with different areal densities was in-
serted into the interlaminar of the composites, and the interlaminar toughness of the composites was studied after

16 h of cryogenic immersion in liquid nitrogen. The results demonstrate that the interlaminar fracture toughness of
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mode I (Gyc), mode II (Gyc), tensile strength and flexural strength of CF/EP composites decline by 46.2%, 22.9%,
17.7% and 3.2%, after 16 h of cryogenic immersion without toughening. The G;c of CF/EP composites is increased by
49.1% and 114.0% at room temperature and after 16 h of cryogenic immersion, respectively, when PAV with 8 g/m®
areal densities were inserted. The Gy is increased by 140.2% and 178.0% at room temperature and after 16 h of
cryogenic immersion, when PAV with 24 g/m” areal densities were inserted. In addition, the insertion of PAV didn't
significantly affect the flexural properties and interlaminar shear strength of CF/EP composites. Our findings
suggest that the toughening mechanism of PAV is mainly the pull-out of nylon resin, plastic deformation of matrix,
and the deflection of initiating cracks. This study improves the interlayer toughness of CF/EP composites after cryo-
genic treatment, which is of positive significance for promoting the compositing process of cryogenic fuel tanks.

Keywords: composites; interlayer toughening; cryogenic immersion; mechanical property; nylon copolymer
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Fig.1 Schematic diagram of the preparation process of carbon fiber/epoxy resin (CF/EP) composites
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&1 PAV EEIE%] CF/EP £ &+ #an & #NI &
Table1 Nomenclature table of PAV interlayer toughened

CF/EP composites
Sample PAV areal density/(g-m™)
Ref 0
PA8 8
PA16 16
PA24 24

*2 CF/EP E&MHHERBRIELEGHZMN R
Table 2 Nomenclature table of CF/EP composite samples
after cryogenic treatment

Sample Cryogenic treatment

RT Room temperature

M8 8 h of cryogenic immersion

IM16 16 h of cryogenic immersion

CY30 Cryogenic/room temperature cycling 30 times
CY60 Cryogenic/room temperature cycling 60 times

RERE . B RO, BERT Al AR
W4 R 2 SRR AR SRR i . SEaR T R
T SGAE CF/EP &G b RL ] 2 4 AR, LA
5E CF/EP & & M RS2 4 B 2 W U 3 AT+ 2 5 0
JIT 5 B T, TRD ES A K 3 2 DAY R A% T T
], 25 R 2 fros o MRS T R R R 40 4 SR R
CF/EP & & M BB L i) (] 152 B8 3 min, Tk A [i]
WE A 5min. AR S HE AR TH R IR ) 4G 2R
30 K. 60 MU, FESEa TR HEAT R 22t

100
50 Room temp
- = — W T e T T
0 Immersing in Exposing in room
O cryogenic temperature
D
= ! !
<
2
£ -100 + | | |l Ede
H
—-150 i
200 F-o-————- ———
Liquid N, temp
_250 1 1 1
0 10 110 120 130

Time/min
I8l 2 CF/EP Z AW EHR R/ % RGP o AR 2 AR 5] A2 Ak
Fig.2 Temperature variation with time during cryogenic/room

temperature cycling of CF/EP composites
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(9) K H 37 & 5 o 1 B 3UEs JSM-7500F, H AR
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2 #R5Ti
2.1 PAV HJR{ELLR CF/EP £ & W B S KT H
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K CF/EP B[] J2 5 M i ) #8240 I
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JZ (B4 A 8 g/m® 1Y PAV [¥) CF/EP & & #1 k| 1l )k
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Jis o JUT A R i R I B B Bk 2R B0HR B o L BE 1Y
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Fig.3 Morphology of copolymerized nylon fiber veil with different areal densities: (a) Diagram of copolymerized nylon fiber veil; (b) 8 g/m?
(c) 16 g/m? (d) 24 g/m®
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(b)
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—e— Ref-CF/EP
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Temperature/ C

dL/L,—Ratio of the sample's length change at a specific temperature to
its initial length at room temperature
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IR DI 2 SR IR B A A8 fl
Fig.4 (a) DSC curve of nylon copolymer fiber veil; (b) Variation of linear
coefficient of thermal expansion with temperature for YY23 epoxy and

CF/EP composites

K FE A B K R AR 3, FTRL A
JZ 84 A PAV 23 i CF/EP & 4 1k} B 1] A 1 4 177
P RK 2R RO, X B T e e B I Ik
ZOBGE W 1E 3x107°/°C~7x107°/°C Z [a] 2 3T & F
YY23 SR MR . It , PAV B I A A RE & 5k
YY23 PR DL K CF/EP & 45 AR 1 #4125

x3 KERBKRBXILE
Table 3 Comparisons of linear coefficients of
thermal expansion

Sample YY23 CF/EP PA8-CF/EP
CTEm/(10°°C™) 31 17 45

Notes: CTEm is mean coefficient of thermal expansion; YY23 is
YY23 epoxy; PA8-CF/EP is CF/EP composite toughened by
copolymerized nylon fiber veil with 8 g/m® areal density.
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