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A new process for the preparation of ultrafine powders of metals and ceramics was developed
by the authors from a technique of arc melting of metals in an atmosphere of hydrogen, nitrogen,

or oxygen at 0.1 M Pa pressure.

An are, in gases such as hydrogen, nitrogen, oxygen, is a kind of reactive thermal plasma, which
plays an important role for the formation of ultrafine particles from massive molten materials.
That is, an enhanced evaporation phenomenon is induced by the dissolution-evolution reaction of
plasma gas on materials, and ultrafine powders are formed.

This paper describes the formation mechanism, formatien rate, size, crystal structure and some
properties of ultrafine powders obtained by this new process, such as the metals Ag, Al Se, Cr,
3i, Pd, Fe, Cu, Ti, Ni, V, Mo, Ta, W and the ceramics CaO, MgO, ALOs TiO: ZrOx WOs,

MoQs. NbiOs, TiN, ZrIN, Al+AIN, SiC, TiC, WC,
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Tablel Formation rate of ultrafine metal par-
ticles by “hydrogen plasma-metal reaction”
with an arc under 260 A, 22-25V, straight
polarity and 50% H»-509% Ar atmosphere at
0.1M Pa pressure.
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Sample Fe
Mass 20¢p

Are Gurrent  150-170A

Arcveolloge 30-40V

Element
Mn 2.81—6.00x1073
Ag 5.11—8.69x 1074
Al 4,64—7.33x10"4
Cr 1.39—-6,75% 107
Sc 4,284, 86x1071
Si 8.28-09.58%1073
Pd 7.86—7.83x107%
Fe 5. 86—7.86%x10"3
Cu 2.66—8. 19X 107"
Co 4,17—5, 36 x107®
Ni 1,832, 271078
Ti 1.01—-5.26x107%
v 0,.56—1, 041075
Mo 3.78—8.81 <1077
Ta 3.718 %1077
W 2.88—3.24x1077
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Fig. 1 Effect of hydrogen concentration in
atmosphere on the formation rate of ultrafine
iron particles under an arc melting of irom,
150 A, 3BV, staight polarity at 0.1 M Pa,
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Fig. 2 Schematic model of ultrafine metal parti-

cles formation under arc melting in a hydro-
gen atmosphere.

Fig, 3 Iron ultrafine particles produced by
“hydrogen plasma-metal reaction” with an arc
under 150 A, 35V, straight nclarity and 509
Hz-509% Ar atmosphere at 0.1 MPa pressure.

2) BRoOKEN ARHEOE Y, BERETKEOER
EBED TOHTRAKE~DOFIESIINIC & AT & 5
Wik BRSO R R INae & 2 5B,

3) T SHORTRAKEL T - H ITRRSRE &
CRFTFETFARASEOFR - BhFlnic b &3, 7—
7 BRI DEREGOBAN LT — 7 ZA~DEBEES
O, BT OES FFRKERSERRELD S
R RSB B L RS h o &d B,

4) T EREREROET — 7 Shick i 5 H
FIRREREEE, 4ibb, T oETHAKESEN
SOE A SRR, BRSO ORERENES &
W5,

— 428 —

Fig. 4 Cromium ultrafine particles produced by
“hydrogen plasma-metal reaction” with an arc
under 150 A, 35V, straight polarity and 509%
He-509% Ar atmosphere at 0.1 MPa pressure.

Fig. 5 Paradium ultrafine particles produced
by “hydrogen plasma-metal reaction” with an
arc under 160 A, 35V, straight polarity and
509% Hs-50% Ar atmosphere at 0.1 MPa

pressure.

5) IREEOEN - BDaEisk & IR S IR
k&,

R PO R R R R R~ b DT 4,
1) ~5) OBHOBEENIDRICIEGDEEL EN S,
£ OBWR TICY - T, REHARRBRERE~O
HZAWANCEDNGEE Y, HBshiC Lok
NEMO X RMBEF LLEEL LD, oy L, KEE
DEFAON SRR, Ti, S, Ta, V izlik#em
IGL, SREAEMSGHREET LY, oS uRER
MEAN 5,
ABLEEETE b e BT OB B T B EE
Bopix Fig. 3~TFig. § R T, MR TORKITK
HAOeERTE Fe W1 (Fig. 3) 0L 5 IETSH
49, Cr BEEFoEeclt Figd tRoAZ k5T

— 80



— 430 —

Table 2 Crystal structures of ultrafine metal particles by “hydrogen plasma-metal reaction”
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Fig. 7 TiO:z ultrafine particles produced by
“hydrogen plasma-oxide(TiCs) reaction” with
an arc under 150 A, alternating current and
509 He-509% Ar atmosphere at 0.1 MPa pres-
sure,

Fig. 8 WQO; ultrafine particles produced by
“oxygen plasma-metal {W) reaction” with an
arc under 150 A, and 100% oxygen atmosphe-
re at 0.1 MPa pressure.
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Fig. 9 TiN ultrafine particles produced by
“nitrogen plasma-metal (T1) reaction” with an
arc under 150 A, straight polarity and 100%
Nz atmosphere at 0.1 MPa pressure,
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Table 3 Chemical composition and crystal
structures of ulirafine ceramics powders by
chemically reactive gaseous plasmas-materials
reaction.
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Fig. 10 Schematic model of apparatus for prodution of ultrafine metals and
ceramics powders by chemically reactive plasmas gaseous-materials reaction.
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