5513 B4 6 1) TEEREEFIR 2003 4F 12 JJ
Vol. 13 No. 6 The Chinese Journal of Nonferrous Metals Dec. 2003

XEHS: 1004~ 0609(2003) 06 ~ 1392 ~ 05

BRANKE & SRR SRR IR T

W, RAVE, RARNI, X475
(WHL K% MRS 5 TRR, B 310027)

BB T BADRITRAOR WO (BB E R, A 19 (TR 5280 BRAVKAT S A Ak WC B
UHEAT T %7 B 4 (DSC) A1 X 3 4 7 90 56 0 M 505, 80 7S [0 K LI 5245 046 00 8RR,
Kissinger 77 F3F 1 T 5200 16 10 o KOCWORE . 454 03: 19 BRAK BRI AT 905K W C OB B BB i 7 2
TRFEHN, SR KRR RN T 20% , IR E T (058 K K 0 T 91 (BLRY: 72 800~ 1000 CHLA
BRI R T WaC #4800 WC 05 HORE, W T B WoC A, A1) T8O A1k WC 0% 45 )P e
SRR AREHE K WO RS G AR SLARHR

FESES: TB383

XaEktRIRAS: A

1991 4E f Tijimal "' &% BURK 49K % (CNTs),
T A 2 | 2 Rk 24 5T DL R By e v —
Yegh, B AR R KB m AR ol R Y2
VEAE B R AN AE o BE S AATTIZ 37 5 B 4 K 1) 45 44
R T M BE AT 5 A, SR YK OB 5T Bk
AN BE . B AR A o s A RN BY D) AR iR L 4
WAL ORI, BRSOREIL 1.0 TPa, 24N 100 fF,
M2 BN 1/7, FF HEGBEGT Ei &
KEEAFZTL 20%), KA @A 100~ 10000279,
R R ) 2E M R AT B 4K AR O — Pl
(Y 0K G it 2038 st A L B R A L A7) ] £
V. FH AT 5

WAL (W C) 2800 i A 4 DA s bl o b T 5
JEE R B R A LA DD TR VBRI T A
St BE RS TS R 2 N L H AL G R
G i R RVE R — S AH BRI B P i, X BB
R £ 4 I N 32 21 T AR R BR ) . a3 A 2
R (oA ) P RE A A A LT A A
BRI R g USRI B AR gk s 4 BE
“CRUETTERE, (HAE, BT R R E RS R R R
255 1 T R A K BRI A OB 1 . R ik
YRR AWK A 4, $R0E T —Fh e gl oKl
T A 4o R B g AR O TR A AR
CNTs 40 KAl T B 4 e 85 L FE AN ) 24 PERE I 32
W, fEFBEF T BAKE A9k WC B AR i
Ve, Sk W BRI RER e PEREAT T X Loy
T .

O BEEWMAE: HXAHARAEETTHIH (59971045)
fE&E®EI . WS (19787), Y, Wit

1 SEIg

1.1 CNTs EE K WC KRB HIl &

T AN OK A8 1 ) 2% SR F AR A T RE, k)
N BB IR RV FE AL R, &3 5 W 1k 2 B A,
B TR S AR 25 B, SRAR T AH 2l 1 Bk g0 oK
B, XA R TR S AR E M . RE S R
(TEM) WEL A LA 2 B 91 K4 1 B2 KA N
20~ 50 nm, KEJLH K2 LK.

gk WC B8 % M AL 2% e B 7 iR
Bk W05 eI R E T I s 1, 78 660 CHI H,
EJRYK WOs 5245k oW R4k, BE T 2ok AE
800 CHxLANK oW M iAfS B4 KM H) WC K . Xt
FITSRAF AN K WC K BEAT X STk AT 5 o0, il
Voigt BE0E VA2 HAFIY SR 414, 3 nm .

B K 540k WC KA 1299 [ i = LR
A, HIEMACKE S RN 1% (IR E) Mgk E
HHHE, X2t 60 min A LB BE 5 B9 4R ) 4 3
HBT(SEM) MR, AR TS .. EH 0k
) SEM JEZLUNE 1 s .

1.2 WERAE
KH [ NETZSCH 72 & 42 7= i) DSC404 %
A BT K AR AR HEAT 4T LS5 R AL O

Yts BER: 2002-11-07; &iTHER: 2003-01-13

BIMEREREA: RAHR, #U9%; WG 0571~ 87951810; E ~ mail: msexjwu@ zju. edu. cn



55 13 5 6 1]

W, A5 BRANRAE A R AL AR A FR) PR E

* 1393 -

1 WC1%CNTs 2481 SEM M

Fig.1 SEM image of composite of
nano-WC powder and 1% CNTs
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Fig. 2 DSC curves for composite of
nano- W C powder and 1% CNT's

FER WAL B S I K W C R AR T2

1 £ R4 U5 3T LU I AE AN R TR E R T,
FEAR )T DSC b 2780 W FA (R PR AR P AL B8 R
ISARE R VA SN STN: M E 8 SNSRI N Y E
Kissinger J7 F2 P 75

4

Q0
KgT,

Rep A" RSEELROEL, b WTHEESRE, T,
9 DSC #hZEWR G, K hBkH22 855, M Q'
) iR KT B AE o R B 0 R A T,
224 Kissinger B, Rl In( b/ Th) 5 1/ T, RARE, 4
RGP HL KRR . BUG H LM LKA
R WG RE Q7 Wl 3 FTR .

HT Kissinger & 2 71 55153 21 40 K &2 58 44 1 &

-11.0

/

A T%: exp

12}
~Q'K=4.9173
114} Q'Ks

116}

-11.8¢

In(b/T2)

-12.0
-12.2 ¢
-12.4

9.15 920 925 930 935 9.40
T51/10-4K-

3 CNTs &40k WC KK
In(b/T}) 5 1/ T, K&
Fig.3 Plot of In(b/T}) vs 1/ T, for
composite of nano-WC powder and 1% CNTs



+ 1394 o EAT 4R A )

2003 fF 12 H

Bk RKBOE RS O 4 4. 24 eV (409 kJ/mol), 41K
WC Ry 4 B iRz A K0S BE A 3. 49 eV (373 kJ/
mol) . AJLAHH, 1 % CNTs 40K &2 &8 44 1 ki
KRG R 8 T4 21%, WILEGK WC B A
TON 1% IR GIKAE, R b KSR T — & 1
BHAS, ALK WC LE SR R it 2 Hp 4 200 v AR 5
AR SRS B

LIRS R, GIOK B AR AR R A 0,
Ehatl WC kAR g 0, 1845 100 C, X2l
TR AN KA R A o3 A ) o 45 4 58 2 1) A 4l oK
BRI FEAERRRE, EKT 2 000 CRTHOT, &
PEVE R AN £ e A g B At e, AR,
Al K I RAFVIRAEAEVE Z BOR N A, A SIS
A8 FH IR P K 8 Rl I SR AL DT AR VR 3RS . k%
VRN Ranal '™ #1xHSAF A AR TR 3% 1) 46 B gl oK
PR e ME AT TR . 45 SR, AR
WL R 40K AE 600 C I IR A iR, AE 600 ~
1200 CilJEZ B #ERK R 40% , T A5
RS IR R A K B RS, G528 T —
SEMEIR, AR 40 O B ™ 5 . Bk 40 KA o iR 2
— NI AR, T H I R R S T 2 1) DSC
VISR LT . BT L, 9K 5248 i 4 oK 4 1 34
IHRIER T 0, (K .

XL A2k WC K ) DSC #h4k, n LUE g5k
FER I DSC WAk 73 PN BH R IR B, 7R 1
BB, WA AR A LR R 2, 5 2 B B AR )P
B o R SEEGET S PR AT X SR AT AR AT,
B4 s, g REW, fEWIHEmAAT, g1k w
B IR 19 CNTs 982Kk 540 B 77 48 W 8 i WLC
A3 IR K JE R FE R A AT R B 4K WC KR
W o C A7 59 06 ot I 4 A K 3 P58 P v 384 o, (L3
TSRS, Bk WC 7R ki 2 —
EMBELS, BIEE2 WO BRI BRI A8 T WLC;
MK E A KR IO FENINGF A s, Bl A IR K 1)
Frimr, WoC AHAT 398 B2 B 2 FEAIK, 1 200 CLLUE Y
WA WoC T2k . Ik UG H, fEgK
HEMHERAET S0k WC kS M &2, B
WoC ARy WC Y AR . WLC 34828 WC I
PHUAH AR & — AN R R FE, N Kk AR AE 800 ~
1100 C., Hk, 44K G K i 0 Hhbée 55 o PR A~ B
W IR BE, 7E 750~ 850 C, WyHigARfh Ja|ZY, %L
K WC IRk G I, 4R, X il A ik
PR I R DTk - B T, BT R Al
KERIAE, EHKREEMPrmEBmK, RET
WoC 7220 WC ¥ B4R, T, ¥ EURME

) O E 5 G 2 S A 1 B A SN 9 L1
X TR AR R 2 B B . RA R TR
A WLC A8 WC B B AR, T BR T U HE Y
WoC A, AT EBEESK WC ZEE D)2 R .

4 CNTs EE&90K WC BHELAE AR K
15BN Y XRD AT 5 E

Fig. 4 XRD patterns for composite of
nano- W C powder and 1% CNTs

annealed at different temperatures

2.2 BAIREER X ST REIE D

SRR KGR E AR YK W
(SR X SR AT S VR T 0T, B S 4
Wi Voigt BEGETHE BIANRIR K E S Z A ¥
YK W C R AR ks RST

M5 FTLLE , 40K E SRk 410Kk WC Ky
PRI R K B JFERIELE 0, 24 800 C . B A il
F s, AR KR 2328 3 AN B 800~ 900 C,
rn kAN 15 nm 2818 K K E 17 nm; 900~ 1 300 C,
mRL K R R AR K, AR BRFE— R LR, M
BRSEH 17 nm KK % 32 nm; 1 300~ 1400 C,
AR R B N, SR R ST 32 nm G K E
40 nm . 492K WC fbr K K 32 2 0m 3 [ AH 1 4 #e
B, B W RE B, RO, OB K B
ARG, HILT 3 ANASRI Sk KB B

Haighok WC B A 1 dfokn )ROSRl IR Kl B2 )
AR R LR AT LA, BRI E X 1K WC K
PRI SRR KRB T — B BERSME R, ZEAR R 1)IR
KURFETS, SRR K B BEU N K2 5 nm .

IR G B R R T A R e 4 il
R RE RS E X . — Bk, ke i iE =4
7E 1 300 CLLN AT LA EE AR 25 5 3R AT fl ke ]RST /T



55 13 5 6 Y]

GG A PR B E

* 1395 -

-
357
307
E 25
Q
20¢
15-1 " L L 1
800 %00 1000 1100 1200 1300 1400

Temperature/'C

5 CNTs &40k WC B k1
AN TR) IR KL T b
Fig. 5 Variation of grain size with annealing

temperature for nano-WC
powder in nano-composite
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Thermal stability of composite of nanocrystalline WC powder
and carbon nanotubes

TAN Hong-bo, WU Xrjun, LI Jrgang, LIU Jimrfang
( Department of M aterials Science and Engineering, Zhejiang U niversity, Hangzhou 310027, China)

Abstract: Thermal stability for the composite of 99% nanocrystalline WC and 1% carbon nanotubes( in mass fraction) was experi-

mentally studied using differential scanning calorimeter ( DSC) and X-ray diffraction (XRD). The composite samples were annealed at

different temperatures. The grain sizes of the composite samples before and after annealing were measured by XRD and the activation

energy for grain growth was calculated using Kissinger equation. In the composite samples, thermal stability of the nanocrystalline

WC powder is obviously influenced by the addition of 1% carbon nanotubes. The activation energy for grain growth increases by

about 21% and the grain growth under different annealing temperatures is slowed down. In addition, a diffusive phase transition from

W,C to WC is observed during the annealing process of the composite samples at 800~ 1 100 C, which is beneficial to the improve-

ment of mechanical properties of nano-sized WC.

Key words: thermal stability; nanocrystalline WC hard alloys; carbon nanotubes; composite
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