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Abstract: In order to increase the dispersion of carbon nanotubes ( CNTs) in aluminum matrix, CNTs/Al
composites were successfully fabricated by the combination of ball-milling and the vacuum sintering. The effects
of CNTs contents on the microstructure, mechanical properties, and friction-wear performance of CNTs/Al
composites were investigated by means of scanning electron microscopy (SEM) , electronic universal testing and
friction, and wear testing machines. Results show that the dispersion of CNTs increased after ultrasonic
dispersion. When the content of CNTs was 2wt. %, the CNTs and Al matrix composites showed better
compatibility. However, with further increase of CNTs contents, the phenomenon of CNTs reunion was intense.
When the sintering temperature was 600 °C, the tensile and yield strengths of CNTs/Al composites first
increased and then decreased with the increase of CNTs contents. Simultaneously, the friction coefficient and
wear rate of CNTs/ Al composites firstly increased and then decreased with the increase of CNTs contents. When
the content of CNTs was 2.0 wt. % , the tensile and yield strengths of CNTs/ Al composites reached the maximum
of 245 MPa and 116 MPa, which was improved by 1. 9 times and 78% compared with pure Al matrix,
respectively. In addition, the friction and wear properties of the 2wt. % CNTs/Al composites were better. The
friction coefficient and wear rate curves of the 2wt. % CNTs/Al composite had a better wear performance and
showed a steady state. The grinding marks of the 2wt. % CNTs/Al composite became smoother.

Keywords ; carbon nanotubes ( CNTs) ; Al matrix composites; powder metallurgy method ; mechanical proper-
ties ; microstructure
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Fig. 1 Morphologies and XRD spectrum of CNTs: (a)
Morphology of original CNTs; (b) CNTs after
ultrasonic dispersion 30 min; (c¢) XRD spectrum of

CNTs



PP BOH OB % 5 T2 427 %
Pl 1 4yl T R AT SN A CNTs 9 SEM iR

A (B4 AT T alifbab ). [ 1(a) ky CNTs [1
MR TE 3, vl LA W, aifb b B )5 KR T 5
CNTs 258 (1) 2% 1, ¥ i CNTs 34, B REX 2100
W, YRR — e R G5 H 2 A, Bt AR B i 2 |
R HA —Erya . B 1(b) oK Sl
4330 min J5 B8R, TTLLE Y R DR T X
CNT &4 W] 5 i i 41, CNTs 9 B2 A A2 4k,
CNTs /8K ORRe S8 B A BESS 1y | EJEE 45, CNTs
AR I Ci b AR A Al O < KN
Bl 1 (c) Al i 4% 30 min J5 B BRANKAE X I
LATHHEE 7T UL B KA 1Y) F2 B AT S
PUAEAT A (20) Sy 25. 83° Kb, HATT S I 10 (1) fa
T 5405351 29 (002 ) | (100) b T , 3 5 SC#k [ 10 ]
H 25 R A KAE XRD 3% B AH— 2L
1.2 #H#BKEFIE CNTs/Al E&# K

KR RS A= 1 QM - ISP4 - CL
RUBREEHL , A ISR AE T B FRBS ( LA 7))
2 FORASTR X CNTs #EA7THKES , VRSN RIS
A, BRES B 34 400 1/ min , BRESRS[H] 1 h. SRS FF i
BRIEUT () CNTs $i2 B8 38 24 19 i i 40 40 (1. 0% |
2.0% 3.0% F14.0% ) A B2 A 500 1) 35 34 i
o SRR ASAE A DR AP AR B 1k v 3 R i 2
BBy % T 4 fk. CNTs 48 8 18 BR BB 4% 3
300 r/min, BRESETE] 1 h, BRAEHE Ry 50 1.
1.3 EBEZFHMERLEHE CNTs/Al E&# R

PRI & B A AL (40 g) %A ZRY - 30L &
2 ARG A I 0 A AR A L rp B 4 Wi R ] L T
T3 e SE IR AL XA EL v iRy R AT . SRS
FES A B2 AR B2 i b, R B kb
SN R AN =R I W (EE 7 AR W N3 = S
ARG ek il B 600 °C, FHE 10 °C/min,
PRILET ] 20 min. 1) FH BT S K A8 Jirt 300 554 5t 114
X%

K A RANH 2 R A2 72 ) FEL Siron200 45 4
F1L 5% (SEM) 43 Jjll % CNTs/Al & & 44k K fir
Wr 1 S 0k A7 8. R A HY = 5 2 FG A & 4
ANTR BT & 43 %0 CNTs/AL &2 & bR 3% 18 A5
HEATIN AL, 25 F S a3 000 g, ingk it i) 10 s,
BRI & 3 YORBUE AR -BIME. J1 2=k g
X 7E CSS - 88000 H ¥ 7 fig hir ff i 4 AL _L- i
AP i, B A2 #2320, 5 mm/min. $7 K FE
A AR 26 mm , AR AR R 5 RS an &l 2
Jron JREEE S mm. [m] I A ES - A% 42 ik =X
PR L 5 HLXT CNTs/AL 52 & b4 B} 3R 1 i B
LERT =BT RI R

%\
12.5+0.1

+

B2 fufiliesmR~RLYE (B4 mm)
Fig.2 Sample dimension of tensile test and picture of real

product
2 #XRGk

2.1 TFERE(ZEE) /BT CNTs F5RAIS20E
[ 3 SR IS BR T R R R 2 FhA i X CNTs
PEATHEREE 400 r/min +1 h () SEM [ .

3 IDEETREKEE 400 r/min +1 h J§ CNTs 58
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Fig.5 Curves of relative density and hardness of CNTs/Al
composites with different CNTs contents; (a) relative

density; (b) hardness
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Table 1 ~ Comparison of mechanical properties of pure Al and

CNTs/ Al composite with different CNTs contents

Samples o,/MPa o /MPa  E/GPa 8/ %

Pure Al 85+10 65+5 73 £5 13.7+£0.5
1% CNTs/Al 168 £8 88 %6 77 £3 5.2+0.5
2% CNTs/Al 245 £8 116 +3 97 5 4.3+0.3
3% CNTs/Al 186 £10 96 +5 98 £3 5.9+0.5
4% CNTs/Al 15510 73 +5 100 £5 2.7+0.5
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Fig. 6  Tensile fracture morphologies of (a) pure Al and
(b) 1wt. % CNTs/Al composites
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