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B B EESaIimRsnnegkme (SWNTs) 45590k Al ikiBs, EERTRER
B, FE 260~480 CEZEMELE, & HAMEEKRTF 90% . SWNTs 57 T4k Al ZikH
B GORBRE MIBRAR B AR SR 2.5%(RESH) & SWNTs xigk Al ZikaysRER
#% 55%. SWNTs/ gix Al 5 & kReRE A ERERN FRTEM, REREY 380 CHEEESK
Fligf 2.21 GPa, ke RHH Al # 15 1%, WRBREREH MK Al Skm RS 36.4%.
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ABSTRACT Single-walled carbon nanotubes (SWNTs) and nanocrystalline Al (nano—Al) particles
were prepared by hydrogen arc discharge method and active Hy plasma evaporation method, respectively.
Then, 2.5 % of purified SWNTs were stirred ultrasonically into the nano-Al particles homogeneously.
The obtained mixture was compacted into disk under a pressure of 1.5 GPa at room temperature. Then
the disks were consolidated for 30 min under a pressure of 1.0 GPa at temperatures ranging from 260 to
480°C in vacuum. The study showed that SWNTs were prefect reinforcement, and 2.5% pct of which
in SWNTs/nano—Al composites led to a 55% increase of hardness compared with that of nano-Al.
The hardness of the fabricated SWNTs/nano—Al composites increased with the rise of consolidating
temperature, and reached the peak value of 2.21 GPa at 380°C, which was about 15 times as that of
coarse—grained Al and 36.4% more than that of the nano—Al consolidated at the same temperature.
KEY WORDS single-walled carbon nanotubes, nanocrystalline Al, nano—composite, mechanical
properties

Al EF SRR EETE/D. WREmAIN TS 0R U, ERE, MRMRERES
MARTAARRE, SHXEPOER IR, WRIE., W, R EMGTRS FHERE TER
FIER. GORAHER Al HE SR RIEE TR R RERN — bR, RIRR A Z A
e pERE 20, MBEGOKRRE (SWNTs) R—Fi e B A0 TH0H, FRMAEH I REER
Bk 5 TPa, S&RIAHAER, MELHHE 100 (5, THAEH AR 1/614, THER B AT
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SRAEA LI RRAARL. SOKBE (ONTs) MEIHERISS RS YEIRIF, BIFREMTE AR RE
R SiC gyl 5~10 £ Bl CNTs BAHU/MIREEU KRR H ¥R 08, REEHHK R
FHEREEAR, L TRERFERBAMMARER O ANUERRAY 01 &5 02
BRI P SO R R 2 A HMRER.  Kuwumaki % 12 f 8 ONTs(& & 5%~10%(
Bo%, THE) . AEL 60% . KEL 2 um) R Al BEZSH0H, FERERS—EHHER
MR BR, NTs HEAKRAR, FEANERTRLEE 21 RAKMEK CONTs %
% CNTs ZA#K 5], ONTs B AR AT SRR, (ERER &R H R e HE
EEIES. BRRST R ROUES A TR, MH CNTs B4R LA A REIE TR, XK
H AR A REH RS, 4 CNTs finA BN —E Ml (—h 3%) i, ZE&HFLRE
PR, 5 S R, MR BREE (1O AU 4 SWNTs H3RAIK AL EE 40K, B
FOFEIR BEX H I R TH.

1 &= %8 F &

DAGHRE Sy 99.85% B Al VE RN RIAZEB, RAEHESE TR B £40K ALKk 17, %
S S TR S 5 B GOR TR (SWNTs)8. SN B EH 2.0%~5.0% (FREEK,
T) # Fe . Co . Ni {ERERAMEAF, H&IFEEHR SWNTs RAMAI R KZ MR SWNTs.
7E 580 CH}f SWNTs ZEZ S H MMM 20 min IR FE SWNTs FRIANEE BN A2, EZHBTH
HCI f2 SWNTs fri bl Bk 10, RIERDR4k AL F1 2.5% B4 SWNTs B4, BAL
# 30 min JELRI T, EZEBRTHRSMAREHMER 8 mm | £ 1.2 mm FySRIEHESR, ENH
H 1.5 GPa. ¥ EH R AFEFTE 1.0 GPa - FHJE 30 min, EZ3F H 0.01 Pa, UERELFIHN
260 . 320, 440 480 C, RE|HEEGORIRERRYOKEE B E MRS AT E
FFTER A E, B4 RAE B i A 9 MVK-H3 gy (€. kA TEM, SEM M
EBEAORRE T S R R K AIRE, G0k Al RRRF. BES Al BERZ SR,
BEESWEEERER HF AP REZRE SR, B EWEHLE MR

2 R 5% #

2.1 BEBYKEE SWNTs RESH¥K Al RE&YMImiR

SWNTs B KBNS, A 2R K& ML (B 1a). #4158 SWNTs ¥ H
%4 1.85 nm'®, K FERTF 1 um(FE 1b), AiEFLN 96% 19, 78 SWNTs 544k Al iR &4,
SWNTs(E 2 Hf “ A 4b) EXWRAMA, BEHIAAR. 90Kk Al Bohi R~ FHELH 80 nm.
KR Al B HHBUE B T FRARS, FEFRETIERERSH/MIRAK Al BERK X (B
2a).
2.2 HEKHRETHMIEMKESE SHEHNTIR

EZRSEME SRR, HERK/DNSREER KRR TR (F 3a), —R EE 4068
#) SWNTs i@ AR (B « A~ 4b), JRE R SWNTs 540K Al 5 RNE®E, HENEZN
W R YK Al kL2 RIR R EA SR, 7E 380 CHREMES, HEN AKX (B 3b), —
WREBERE 2 Al FER) SWNTs Zid Sk E (B < A~ &), FE TS0k Al Riksg
AR, T2 380 CHRIESE, SWNTs Mgk Al 2 AIgAE S5 ES8 LESF, FHibE
%% HF s, HTIMRS0K Al BRI T, SWNTs REIREE A 4K Al £ 480 C




346 o8 B R ¥ ® 16%

1 SWNTs # TEM B} (a) JREE# SWNTs, (b) 458 SWNTs
Fig.1 TEM images of the SWNTs (a) raw SWNTs, (b) pure SWNTs

2 4% Al 5 SWNTs RE&MKRMMNLEH (a)TEM B v, (b)SEM My
Fig.2 Microstructures of the composite powders: (a) TEM image, (b) SEM image

MER, 20K Al Rk k0™ E, BAMEZERTIHKRE, ELBEES SWNTs(E 3c).
BEHE LMK Al R EAEGHFRKE, FRSAEHK Al SR Z AR SWNTs HEH
B Al R, MRS HF BhUE, EE2K KMk Al Sk [AH R LA
Z| SWNTs.
2.3 EE&HEBHSERE

B 4 %8I, SWNTs/ 4% Al E4RIASK Al SRR TERE7E 380 C LARTERMEE KR
EaEET EF, XARERMEENEREMEA, R, fLRSREZEED, B
MR BHEEENS. MERENWSEAS, WENEETHE TR SWNTs/ 49k Al &tk
Gk Al Bk ByREEEAE 480 CHTZMRIFEZE 1.50 GPa il 1.21 GPa. BLET4N%K Al b E&FF R
TEAHEK, FERMBEFRE, FFEd TR 5 REEE .

R ERNEREY A TESANE, SWNTs/ 49k Al Z-&sHk R B3 bl
* Al getkgk, FFEMTEEEMNBKRME (221 GPa) KARME ALK 15 %, HIEAFEER
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B 3 M HF @58 SWNTs/Al ZE&408 SEM M)t (a) ZBXERM, (b)380 TRUER:&,

(c)480 CHREAEH

Fig.3 SEM images of the consolidated SWNTs/NC-Al composites being eroded by rare acid
of HF: (a) the composite consolidated in the room temperature; (b) the composite hot—
consolidated in 380°C; (c) the composite hot—consolidated in 480°C
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Fig.4 Hardness vs hot—consolidated temper-
ature for SWNTs/NC-Al composites
and NC-Al

ET4k Al S ki 36.4%. HEE SRR
EF, SWNTs 5404 Al Fikpy R S8
FINE®, SWNTs AR RERREE,
FB( SWNTs/ 44k Al ZEAPEATEE B8
. FERBEEMEEARR, WAERHT
Faraik Al GhifE 380 CHIAK K, HEHXK
AL SR F R B TR SWNTs BARH 144k Al
ALK KIER; SWNTs/ 40k Al E& 48
RIAK Al EEBEERE B BRE T T %, H2
SWNTs 545K Al EkH R a5 &8N B
ff SWNTs R RMCRIES. R TR/
B, 2k Al SfkpynE B R BB b R 18,
T SWNTs/ 4k Al 55181 B Y PR
RN, TEHERE TK Al b s
K, FORMLTF40K Al f 89 SWNTs KR
BFHAKKER AL JRiH, #HAFH2 SWNTs
RIHIRIEH.
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3 & it
PABBEGORTRE (SWNTs) MIZIKEEAFE, FTLAKI& HAEXT B EAT 90% . SWNTs i

BT 40K Al Ebk iy BEBEGORBRAE R AR B E SO, JREA Y 2.5% iy SWNTs Xt
a9k Al ERARIRMUIRL ) 55%. SWNTs/ 4k Al S EbPRHE B B HEE 2 iR B A9 Ty T 3
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