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ABSTRACT The synthesis of W-15wt%Cu nanocomposite powder by hydrogen reduction of ball milled
W-Cu oxide mixture was investigated in terms of powder characteristics such as particle size, mixing homo-
geneity and micropore structure. It is found that the micropores in the ball milled oxide (2~50 nm in size) act
as an effective removal path of water vapor, followed by the formation of dry atmosphcre at reaction zone.
Such thermodynamic condition enhances the nucleation of W phase but suppresses the growth process, being
in favor of the formation of W manoparticles (about 21 nm in size). In addition, the superior mixing homo-

"geneity of sfarting oxide mixture turped out to- play a significant rolc for forming extraordinary chemical homo-

geneity of W-15wt%Cu nanocomposite powder.
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Fig. 1. SEM micrographs of the W-15wt%Cu oxide
mixture, (a) dry mixed and (b) ball milled.
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Fig. 2. Particle size distributions of the W-15wt%Cu
oxide mixtures, (a) dry mixed and (b) ball milled, me-
asured by laser particle size analyser.
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Fig. 3. X-ray diffraction peak of W blue powders in
dry mixed and ball milled oxide mixtnres.
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Fig. 4. Pore size distributions obtained by the nitrogen
desorption isotherm method of BET for dry mixed
and ball milled oxide mixtures.
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Fig. 5. SEM micrographs of the W-15wt% Cu powders
produced by two stage hydrogen reduction (200°C/1
hr, 800 °C/1 hr) of ball milled oxide mixtures.
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Fig. 6. Particle size distribution of the W.15wt%Cu na-
nocomposite powder produced by two stage hydrogen
reduction (200°C/1 hr, 800°C/1 hr) of ball milled oxide
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Fig. 8. X-ray diffraction peak of W(110) in W-15wt%
Cu nanocomposite powder.

o] 317] wEelct. olef g} ulAlF2e) AL 28
25 25 FAFA O A AL w2 e

o 8l

r

8007 W 4+3lE kAo W 3-8 we) of
bz w2 Ak S5 W dAHE 7 ]
ARk W QlAhE3} dksted, Aok 2 W-Ca )
AE Y37 dFolct. F, o]2)g+ W-Cu 2% 4|9
P AL W-Cu Ao g Lee B2 o7
ZAsheh & AU}, o)4e) U BETE o443
PlA71Ee] BRI A A A7 gk 17
8olM it wle} o] W-Cu $¥ o] 7| TR EL
AHE el (2d 99} vl o, AAH o2 ol &
& 3k ez ek e 7133517} 00063

50

40+

30+

20

Frequency (%)

10+

0 5 0 15 20 25 30
Cu wt%
Fig. 9. Pore size distributions obtained by the nitrogen

desorption isotherm method of BET for W-Cu nano-
composite powders.



A28 8lel 2]8 W-15wi%Cu Ve B3tieate] $A4 BX 309

em’/gg Hehdiel, 03 AkEkEAbe ol w8 3/100
Ang @A st o):g A Cu Abel| 9
g W-Cu B¢ 713 a7 3, vl A7)2o]
74 LL 9vleit} £3], W-Cu Bg#29 £3)
A2 wf - it ool tiEt A FAE, 1
2 9= W-15 wi%Cu B3HE o] ¢1e) 207 F-Hell
A EDX w843k Cu 24 2] B25 vebdlis glet.
a3ellA B v} 3] B[ Cu 2AJo| 14.3 wt%
2 EERA(15 wit%)ol] 71, o8 15 wt%ol A
log normal #¥2 3w glvke HelA of-¢ 53
FAEGEALS AP LS & o Uk

4.8 £

Chemical vapor transport(CV'T) ¥H-3-334 o] o] =]
el W ARSHE] Adkenbs o W Ake] Al
AL ko] £A7I(EE7IEhEA 24 9
230}, w5728kl W AE2F 997 AHE R
A &= 75, W A o] Al 22 loju} 1 g
712] W oizAtE 9& 5 Aok & Aol 248
g W-Cu 34§ 480 o 79
W IAkZ A W-Cu v B3l inte] 3ad7]7-
o3t S EREAL AR A 7]z
galstgdel. FARUTA A LA 579
HEEEe 2k gsie vA7)FEe] 2T AEE
S Al B o g EXF U2-E, BM AsHE
o] uhgededo] 227 EH7E fAlste] viAG W
gz AL R 3l dcke 4 BRIt
29A FRAF, FAE W-Cu ST 180~
360 nm =7|9] UlA|7]Fe] AL 2HE AR,
21 mme) W J bS] Cu sl o) Qe AL
0173 3l FE5 vehigich obgel oleigt A
£ W-Cu EgEde] W, Cu 5 ARZEe] 34k o
oJ& PA=EE= AL-& Yrlsl= Tl 7leAl
Edol|A], B el od-2 W-15 wi%Cu e B3t
Al ol gl A mho] AR AR} AA-E- v A
Azs A% YLz THHAE A% 7
25 AFiehe AelA 297t gl

o el Al | dTulol ofa] el erich

1. C. Zweben and K. A. Schmidt, Packaging Vol. 1 of
Electronic Marerials Handbook (Materials Park, OH:
ASM, 1989).

2. R. M. German, K. F. Hens and J. L. Johnson, Intern.
1. Powder Metallurgy, 30(2) (1994) 205.

3. A. H. Kumar and R. R. Tummala, J. Met., 44 (1992) 10.

4. T. Knickerbocker, Ceramic Bull., 71 (1992) 1393.

5. Composite Materials Handbook, 2nd Ed. (Ed. by M.
Schwartz), New York, McGraw-Hill, (1992).

6. Composite, Vol. 1 of Engineered Material Handbook
(Materials Park, OH : ASM International, 1987).

7. ). 8. Lee, H. H. Hwang and H. Shin, Intern. J. Refractory
Metals and Hard Materials, 9 (1990) 46.

8. W. I. Huppman and W. Bauer, Powder Metall, 18
(1975) 249.

9. H. §. Cannon and F. V. Lenel, Plansee Proceedings
(Ed. F. Benesovsky), Metallwerk Plansee, Reutte, Aus-
tria, (1953) 106.

10. I. H. Moon and J. S. Lee, Powder Metall,, 22 (1979)
5.

11. M. Osaka, Y. Amano, N. Ogasa, and A. Ohtsuka, U.
S. Patent, 5,086,333, July 13. (1989).

12. 1. S. Lee and T. H. Kim, Nanostructured Materials, 6
(1995) 691.

13. I. 8. Lee and T. H. Kim, Proc. of The Fourth Nisshin
Engineering Particle Technology International Sem-
inar, Dec. 6-8, Osaka (1996) 59.

14. 268, W2, o144, RrESrEA), 302) (1992)
203.

15. Zhel5t, e, oA, sjo|BR]= vlojm2ddE
R 2, 1(5) (1994) 135.

16. T. H. Kim, J. H. Yu and J. §. Lee, Nanostructured
Materials, 9 (1997) 213.

17. 1. S. Lee, T. H. Kim and T. G. Kang, Proc. World
Congress on PM'93, Kyoto, JSPM (1993) 365.

18. W. D. Schubert, J. Ref. Hard Metals, 9 (1990) 178.

19. R. Haubner, W. D. Schubert, H. Hellmer, E. Lassner,
and B. Lux, ibid. 2 (1983) 156.

20. B. D. Cullity, Elements of X-ray diffraction, Addison-
Wesley Publishing Co. Inc. (1978) 284.

21. E. P. Barrett, L. G. Joyncr and P. P. Halenda, J. Amer.
Chem. Soc., 73 (1951) 73.

22. 8. C. Chapra, R. P. Canale, Numerical Methods for
Engineers, McGraw-Hill Book Company, 2nd Ed.
(1990) 478.

23. ZeN 3, whabehe) g, ek on (1995).

24. I. S. Lee, Disscrtation, Stttgart University, Germany
(1983).

Vol. 4, No. 4, 1997



