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Table 1 Performance of the fiber

Fiber model Monofilament Tensile
ermode diameter/um strength/MPa
M40-6K 6.5 4400
Elastic . Density/
El tion/% i
modulus/GPa ongation/% (grem™)
392 0.7 1.81
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SRR 720 °C, fEREAE/NT 210 Pa, £F4EIHE
J%4 560 'C, 2iBEJIHM 7 MPa, {RFEI(A] 5 min [¥)
TEKAT AT AN R4 T RS d8 mm X 100
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il 8 G IR 20 7 LR 2), 43 B S CR
PR, AR AEFE(—196 C)6 hy 12h. 24 h. 48h LA
Fe T UK AR BE(=T79 °C)48 h A2 73R k(200 ‘C)6 h
VE R X A, [RIINHRI 4% T 7 40 ZL301 A4 prfiit ik
AT T AN AR . Oh T B 1A RN REAE R A 72
Hh RN ) 4 R A I i W 2, T G I o 2k
C/ZL301 EAM RN TRchi il il 1 s, R4
FEbr GB/T228—2002 K¢ KEAAMS A <erial b i T pebr e
.

100

y

BS
27277777772

£

S i
S Y 77777777

20 Cylindrical composite  Reinforcing ring
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Fig. 1 Tensile specimens schematic of continuous C¢ZL301

composite (Unit: mm)
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Table 2 Treatment process of continuous Cy/ZL301
composites
Sample Treatment  Cooling
Treatment method
No. time/h method
1 As cast - -

Liquid nitrogen (=196 C) 6
Liquid nitrogen (=196 C) 12

2 Air cooling
3

4 Liquid nitrogen (=196 C) 24

5

6

Air cooling
Air cooling

Liquid nitrogen (=196 C) 48 Air cooling

Dry ice (=79 C) 48 Air cooling
7 Stress relieving (200 C) 6 With fu.rnace
cooling

1.3 Mk 5&RAE

SR Gl R B2 B R RE (b7 A i S A7
B 7 7 g Bz R % L Instron5569 B #E4T, KM
BrukerD8 %! X S EATHI M AT AN S S AR T AT 5
43T, K Stress3000 %Y X 528 W Sy o M0 = A4
R4 34T 08T, R SU1510 HAZREN A 74
PR T BB ELE CyZL301 A MR R
HLWATIEL o
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Bl 2 R 3 From a3 o AN R AL T2 JR SRR &
B MIEEL CYZL301 EEMRHI AR aR i, 54
WEAMEFE(-196 ‘C)6 hy 12 hy 24 h, 48 h, TUKA4b
FA(=79 C)48 h ALK E N iR k(200 C)6 h &S 1K
FARE G WK N 151 MPa. 157 MPa. 150 MPa.
159 MPa. 150 MPa. 153 MPa. 151 MPa, XJM[{i%
4 CY/ZL301 BEMRT R R LRI 446 MPa.
442 MPa. 506 MPa. 497 MPa. 464 MPa. 459 MPa.
363 MPa. 53K, IXLLLH T 2% ZL301 4R
B4 IR B B A A P AR R s T G A ] A 2
ML CY/ZL301 B E AR R A B4 7 W] W i)
F5, BWEFA AP 12 h, 24 h fi1 48 h (M E &4k
SR AR G, PR WA b
(=196 C)12 h [{JELE C/ZL301 52 A A RE-2 fr A i i
IEF|T 506 MPa, AHLEAKEL IR AWM B RERE R T
13.5%, 42N 118 KA B FES: C/ZL301 E A4
B R A58 U 363 MPa, ML A9 1 4
KT 18.6%.
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Fig. 2 Tensile strength of matrix with different treatment

processes
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Fig. 3 Tensile strength of continuous C¢Al composite with

different treatment processes
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Table 3 Thermal expansion coefficient of matrix alloy and

M40 carbon fiber

Thermal expansion coefficient/10¢ K

Material type —— —— —
Longitudinal direction Transverse direction

71301 24.5 —0.83
M40 24.5 8
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Fig. 4 Residual stress of matrix side of continuous CyAl

composite with different treatment process
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Fig. 5 Microstructure of of continuous Cy/Al composite with different treatment process: (a) As cast; (b) Liquid nitrogen, 6 h; (c)

Liquid nitrogen, 24 h; (d) As annealed
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Fig. 6 XRD patterns of continuous C¢Al composite with
different treatment process: (a) As cast; (b) Liquid nitrogen, 6 h;

(c) Liquid nitrogen, 24 h; (d) As annealed
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Effect of cryogenic treatment on tensile strength and
residual stress of continuous C¢/Z1.301 composite

NIE Ming-ming, XU Zhi-feng, YU Huan, CAI Chang-chun, WANG Zhen-jun

(National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)

Abstract: The vacuum gas pressure infiltration was performed for the continuous C¢/ZL301 composite with the volume
fraction of 40%, of which the reinforced material was M40 graphite fiber and the matrix alloy was ZL301 alloy, both the
effects of cryogenic treatment and annealing treatment on the tensile strength and residual stress of continuous C¢/Z1.301
composites were studied. The results show that the tensile strength of C/ZL301 composites can be improved after
cryogenic treatment for 12 h, 24 h or 48 h in liquid nitrogen. The tensile strength of C¢/ZL301 composites has the largest
improved after cryogenic treatment for 12 h in liquid nitrogen, compared with the as cast composite increased of 13.5%.
Dry ice treatment has little effect on the tensile strength of C/ZL301. The tensile strength of C/ZL301 composites
decreases of 18.6% by annealing treatment. The reason for effecting on the tensile strength of C/ZL301 composites
should be that the pore closure is different caused by volume shrinkage and the residual stress of composite has changed
in different extent because of the different treatment process.

Key words: continuous C¢/ZL301 composite; vacuum pressure impregnation; cryogenic treatment; residual stress; tensile
strength
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