E 48 & ETH Vol.48 No.7

201247 H %5 882—888 I

b % N

ACTA METALLURGICA SINICA Jul.

= HEEK A TS AR K E R SRR B S #1810
MR LRFO SRR -

THEAE e XRF O EXT BEX
(FERREB QRIS MR BRE R (BA) FRE, YOR 110016)

W E  RAERREEGS T ARERSBRARE (CNT) 5 Al iR a0E, ABAR&TESHET CNT/AL £
BREL BRI HTRY, BTGB — e & Ee ONT 2] Al Sk, ES5HPERFLSE. EELMRBLET, RERS
e CNT gyredistts. ffscsmzm, CNT REMECh 1.5% i, S thRbk s T asfl, JRIRGREE AN T4l Al idgs T
53.6%. Tii CNT @54k 3% mt, JER T KA CNT M, JretEaefal T CNT/AL Z&eY AL HLH o 405
SR AN

KB mAVKE, SREL SR, BARIGS, BRI

fEFESFES TG146.2 MEFRIRE A NEHRS 0412—1961(2012)07—0882—07

MICROSTRUCTURES AND MECHANICAL PROPERTIES
OF CNT/Al COMPOSITES FABRICATED BY HIGH
ENERGY BALL-MILLING METHOD

XU Shijiao, XIAO Boli, LIU Zhenyu, WANG Wenguang, MA Zongyi
Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016

Correspondent: XIAQO Boli, professor, Tel: (024)83978630, E-mail: blriao@imr.ac.cn
Supported by National Key Basic Research Program of China (Nos.2011CB932603 and 2012CB619600)

and National Natural Science Foundation of China (No.50890171)
Manuscript received 2012-03-16, in revised form 2012-05-15

ABSTRACT The mixture powders of carbon nanotubes (CNTs) and aluminum were high—energy
ball-milled, and then the CNT/Al composites with different CNT contents were fabricated using a
power metallurgy method. Microstructure examinations show that a certain volume of CNTs can be
uniformly dispersed in the Al matrix by ball-milling and the CNTs have a close bonding with the
Al matrix. By using an appropriate ball-milling process flow, the CNTs suffer no serious damage.
Tensile tests indicate that the composite reinforced by 1.5% (volume fraction) CNTs exhibits the best
mechanical performance, and the yield strength is improved by 53.6% compared with the Al matrix.
When the CNT volume fraction reaches 3%, lots of clusters are formed in the composite, and therefore
the tensile properties are significantly reduced. Both grain refinement and load transfer are proved to
be the strengthening mechanisms of the CNT/Al composites.
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ik 1800 GPa, s8FEZN 30 GPa, 888y 100 %,
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6000 W/ (m-K)), ik AR5 A bk s AgeaAg 26
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F, Bl CNT RRSRECRE BT RIE, MWHARS
BOR A4 LY. T o AE R B 1 P A A BR v s o
fBTEI e CNT GRAMEE] Al B, 2R Ry s
4B .

Esawi 4 ©100 BFge 8, R SRR 7 X R AE
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B 1 1.5%CNT 7l Al RyERESIR & MARRE TS

Fig.1 SEM image of ball-milled powders of 1.5%CNT and
Al (Inset indicating the thickness of powders)
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2 BRIBJSZE Al BIRANE S APER R AR TEAR
Fig.2 SEM images of ball-milled pure Al powder (a) and mixture powders of Al and 0.75%CNT (b), 1.5%CNT
(c) and 3%CNT (d)
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Fig.3 OM micrographs of the CNT/Al composites with 0.75%CNT (a), 1.5%CNT (b) and 3%CNT (c)
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CNT JEtEE, CNT fEAEA 20 nm, HHEKE  REREE ADGRIESHER S AVRE 98 E R 57,
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Fig.4 Raman spectra of 0.75%CNT and Al mixture pow-
ders before and after ball-milling
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Fig.5 TEM (a) and HRTEM (b) images of Al4Cs in
1.5%CNT /Al composite
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Fig.6 XRD patterns of CNT/Al composites with different
CNT contents
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Table 1 Tensile properties of CNT/Al composites with dif-
ferent CNT contents

Volume fraction Yield strength Tensile strength Elongation

of CNT, % MPa MPa, %
0 107.3 174.1 22.3
0.75 141.8 196.0 17.8
1.5 164.8 229.8 11.2

3 129.8 192.3 6.0

ABF5EH, CNT MR SRR R BRBCR L T LA AR A
3. B, George % P #8200 r/min 433 FERES
5 min Filgf 2%CNT/AL & &kHkLJE ARGRE LA
99 MPa, X AEREHAERESD, CNT HUA 5450
BF) Al Bk, 77 Choi % 2 RHBREIy 15 ¢ 1,
7E 400 r/min EFEETEREE 6 h BB TY, H&
ff) 1L.5%CNT/AL )8 R38R BEAR X b R & T 4
42%. XREE AR ONT fy2s+8l% 7 /™%
B, IWTTREM ONT fR3RCR. T, @Rk 1.2
TP RA K ONT BSR4 EE.

CNT/Al & &FPEHW ESTME 7 k. %4 CNT
8N 0.75% F1 1.5% Bt, CNT 7£ Al FEARpIH50E0
I IR ARG, BRI ¥R CNT (& 7b A1 d
BT RN O RTIE, 5 Al Bish %%, R
W CNT HBIL. Y CNT SRME 3% i, 4
FAMENT O FWETIHZ ONT WX, HE Al Sk

7 CNT/Al ZEFEIATRHET O
Fig.7 Low (a, ¢, e) and high (b, d, f) magnified fractographs of CNT/Al composites with 0.75%CNT (a, b),
1.5%CNT (c, d) and 3%CNT (e, f) (Arrows in Figs.7b and d pointing out the single pulled—out CNT and
the arrow in Fig.7e pointing to the crack presented in CNT /Al composite)



T

VRUILWRSE « mRERREE L A 1 SR A W R B R S AR O AL GO Fr 2k 887

G WIIEARE, & 0.75%CNT #8 & FHEH
O RIS KM RIS, EEERERL, R T
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Liu % (23] ssrpemssmin THl 400 CNT Hamse st
AR RACALRIEAT T 200, SR T BR8240

B 8 1.5%CNT/Al Z&H#1EE TEM 4

Fig.8 TEM images of the 1.5%CNT/Al composite showing
CNT distribution (a) and grain microstructure (b)

(Arrows in Fig.8a pointing to the single distributed
CNT)
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