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Effect of Atmospheric Gas on the Size and Distribution of Cu Nano Powders
Synthesized by Pulsed Wire Evaporation Method
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Abstract The possibility to decrease agglomeration of Cu nano powders and their separation during pulsed
wire evaporation (PWE) process was investigated by controlling the working gas system, i.e., the design of the gas
path, the type and pressure of the atmospheric gas. As a result, it was possible to choose the optimal design of the
gas path providing large specific surface area and high degree of separation of the synthesized Cu nano powders. It
was also shown that an Ar+10~50N, mixture can be used in production of Cu nano powders, which do not react

with nitrogen.
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Fig. 1. (a) Schematic diagram of Pulsed wire evaporation
system 1) power supply, 2) capacitor battery, 3) trigger
pulse, 4) control unit, 5 ) triggered switch, 6) wire feed unit,
7) exploding wire, 8) high voltage electrode, 9) explosion
chamber 10) fan, 11) separator, 12) cyclone, 13) electrical
filter, 14) hopper, 15) vacuum system ,16) gas supply system
and (b) Photograph of Pulsed wire evaporation system.
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Table 1. The designs of the working gas system.

Devices Used

Gas system C .
design 300-mm ¢ 80-mm ¢ 40-mm ¢ Connection
cyclone  cyclone cyclone
No. 1 X (¢} O Series
No. 2 (¢] O X Series
No. 3 X (¢} X -
No. 4 O X X -

X; not used, O; used, -; not necessary.
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Fig. 2. Scanning electron micrographs of Cu nanopowders
synthesized by PWE method in 1.2x10° Pa of N, atmo-
sphere. Some agglomerated particles were shown(A, B).
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Fig. 3. The specific surface area(SSA) varies with the
superheat in different designs. Working gas is N, which
pressure was 1.2x10° Pa.
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Table 2. Specific surface areas, total yield, and weight percentage of each parts, i.e., trap, cyclone, and filter, of Cu nano
powders synthesized by PWE method in N, and Ar atmosphere were summerized. Design 1 was used. Cu wire was
0.4 mm in diameter and 88 mm long. The pressure was 1.2x10° Pa. Explosion frequency was 0.77 Hz and the total

number of explosions was 2770.

K

Weight fraction, %/S, m*/g

Gas (WiWs) Yield, % Sur e trap cyclone filter
N 23 90.6 6.77 12.5/5.1 34.6/5.35 52.9/8.1
: 23 91.5 6.82 11.8/5.3 38/5.85 50.2/7.92
Ar 0.9 91 6.15 732 29/3.54 64/7.66
0.9 89 6.3 933 27/3.4 63/8.1
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Fig. 4. The specific surface areas (SSA) varies with the
superheat in different gaseous composition. The working
design was No. 4. The number notations mean like as fol-
lows, (1) Ar (1.2x10°), (2) Ar+10% N, (1.2x10° Pa), (3) N,
(1.2x10° Pa), and (4) Ar (4x10° Pa).
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Fig. 5. Superheat varies with volume concentration of
argon in mixture of Ar and N, when the total pressure was
1.2x10° Pa.
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Table 3. Separation factors for the designs of the working
gas system. A separation factor is defined as the ratio of
specific surface area of powders gathered in filter and that
in each cyclone.

Gas system 300-mm 80-mm 40-mm
design cyclone cyclone cyclone
No. 1 - 1.56 1.72
No. 2 2.82 1.72 -
No. 3 - 1.95 -
No. 4 1.5 - -

33 229 23

F 10 AR o= 7R ARl Hele] Fg
AzEe] drpt & Helgife] o s
Hakrh, o] AL APIEE ol det e B4 )
BA 7 Abo|EE vhoz gt F JE|HelA] 23
g FoEe] vlEEAe] vE FHrigl Aot o] v
$-& #e] 8<l(separation factor)o]elx Huisjeict
2] 89 Fhol AASF 49 Bo] v &
Zelgtz & 4 gloh. & 3 A7) 9171 7t
AlzeefAe] el 8918 ARt Heloh & 39
o3 THE FoiZl YAlellM 1 F7]9) AlelE
Fo] AMEA 35S Auigit o] oA B
ule} o] Tizlel 27} 7B Bl A He Y ¥
< E2]ql s veha gl 714 o] B
2 0] AtelEEF} 3 /9] HElolA vhe Hlolt
Yzl M= R EFe] o] FeiF 2} Hakal
28e} A 3k A} g o)A & =719
Al FEE Ao 2 R FUIa nAg
el AEE 7P SR olF B Wt aabd
L2 Fgo] 7FssiA7] WEelwt. vlzlel 39 4ollA
£ 8 1 Al]EES o83 ona Al FES
HEJgke] B5-& s & Aeoln, 3.1l g3t vt
o} o) 3k JHe) Al EETE ARSI AF E Ale]
S AR o IAEErt BEEsle] FEA
e g3e] WhAslnR FFo SHdME vlg
Z51A] o). 80 mmo} AtolFES AN A E
229l 7kA AAE Ade] Ao] addeFE F
7¥skm, gAkl 3604 7P 2 3k veRglEh

[ el

=

¢

2Z7)e}h BEel] u]Ae 2y 7k2e] 3 215
¥ =

E G0N e Aoe TR A R
A7) F 0 3 e F& 2E9) AT i 7}
2 FF 9 B2F A2 AH 218 AAY &
31sich. & 300 mme} 80 mme] AbolFEL g
A7 dxlel 28 o4 W 7P W w|FEHA
9] ¥o} mAg v 7E BEE AT S 9
2, A AP BF B $43l9SS sl
vt g A7) F4 A ¥ njysia Fh3 v
= F& S Azs] flsle B9Vl slx=
90%(~50%) Ar+10%(~50%) N, &3 7}A8 A&
= Ao & ZATE AR ASE oY
A FY B 2 35 7129 £59 SHoA B

o uieAe Hasin.

£ 7

2 A7 AR AR VSR Ak
H37|ere) 247] ZEElo] Algdal AAH AA)
¥ 71E7E Ale] dgte s SIE gt

References

1. R. M. German: Powder metallurgy science, Metal pow-
der industries federation, New Jersey, USA (1994) 150-
152, 177-183.

2. Y. A. Kotov and O. M. Samatov: NanoStructured Mate-
rials, 12 (1999) 119.

3. E. L. Azarkevich, Y. A. Kotov, and V. S. Sedoi: J. Tech.
Phys., 45 (1975) 175.

4.F. Tepper: Argonide company, http://www.argon-
ide.com/overview.html (2003).

5.R. L. Johnson and B. Siegel: J. Electrochem. Soc., 115
(1968) 24.

6. R. Bome, B. Kempf, and A. Weisenburger: Production
of metal submicron- and nano-powders by explosion of
wires. PARTEC 2001 - Internat. Congress for Particle
Technology (2001).

7.S.Dong, G. Zou, and H. Yang: Scripta mater., 44 (2001)
17.

8.G. H. Lee, J. H. Park, C. K. Rhee, and W. W, Kim: J.
Ind. Eng. Chem., 9 (2003) 71.

9.Y. H. Jung, J. S. Kim, Y. S. Kwon, J. S. Kim, and G. H.
Rim: J. Kor. Pow. Met. Ins., 9(2) (2002) 73.

10. T. Suzuki: Jpn. J. Appl. Phys., 40 (2001) 1073.

Vol. 11, No. 3, 2004



216 o]l 23] - o3 - &3} - Y. A. Kotov

11. W. Jiang, and K.Yatsui: IEEE Trans.Plasma Sci., 26 14. N. H. Lee: M. S thesis, Department of Metals and Mate-

(1998) 1498. rials Science and engineering, Chosun University,
12. Science-technique report No.72045750 in BHTULS, Korea (2002) 32.

Tomsk, HVRI (1973) 110. 15. G. Viera, S. N. Sharma, J. J. Andujar, R. Q. Zhang, I.
13. Yu. A. Kotov, C. K. Rhee, L. V. Beketov: Journal of Meta- Costa, and E. Bertran: Vacuum, 52 (1999) 183.

stable and Nanocrystalline Materials, 15-16 (2003) 343.

Journal of Korean Powder Metallurgy Institute



