Journal of Korean Powder Metallurgy Institute
Vol. 14, No. 1, 2007

Sci=0t of3 UMY 2lft ZrA L2 M=

olgz* -

BT - HEe

TR AT, AL T AL A AT

Synthesis of Zirconium-Based Nanopowder by the
Plasma Arc Discharge Process

Gil-Geun Lee*, Kyong-Ju Kim and Je-Shin Park®
Division of Materials Science and Engineering, Pukyong National University,
San 100, Yongdang-dong, Nam-gu, Busan 608-739, Korea
“Division of Minerals and Materials Processing, Korea Institute of Geoscience and

Minerals Resources, Gajeong-dong, Yuseong-gu, Daejeon 305-350, Korea
(Received January 31, 2007; Accepted February 21, 2007)

Abstract The present study was focused on the synthesis of a zirconium-based alloyed nanopowder by the

plasma arc discharge process. The chemical composition, phase structure, particle size and hydrogen sorption
property of the synthesized powders under various synthesis conditions were analyzed using XRF, XRD, SEM,
XPS and the ASTM-F798 method. The chemical composition of the synthesized Zr-V-Fe-based powders
approached that of the raw material with an increasing hydrogen fraction in the powder synthesis atmosphere. The
synthesized Zr,V,Fe,, powder consist of a mixed phase structure of the Zr, ZrH,, FeV and Zr(VFe ), phases.
This powder has an average particle size of about 20 nm. The synthesized Zr,;V ,,Fe,, nanopowder showed getter
characteristics, even though it had a lower hydrogen sorption speed than the Zr.,V,Fe, getter powder. However,
the synthesized Zr nanopowder with an average particle size of 20 nm showed higher hydrogen sorption speed

than the Zr,,V,Fe, getter powder.
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Fig. 1. Schematic diagram of apparatus for producing
nanopowders by the plasma arc discharge process.
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Fig. 2. Effects of chamber pressure and hydrogen fraction
in the powder synthesis atmosphere on the chemical com-
position of the synthesized Zr-V-Fe-based powder.
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Fig. 3. X-ray diffraction patterns of the synthesized pure
Zr and Zr.V,Fe powders.
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Fig. 4. FE-SEM micrographs of the synthesized (a) pure
Zr and (b) ZryV,,Fe  powders.
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Table 1. Summary of the identified phases in the XPS peaks
of the synthesized pure Zr and Zr,V,Fe  powders

Identified phases
Level

Pure Zr powder  Zr,V,.Fe,; powder
Zr, 210,  Zr, (FegyVy )21, O,/Fey Ziy,
O,/Zr 0,/V,Zr, O,/Zr
V,0;, V,0,
Fe, Fe,0,, Fe(OH)O

73d5/2, 7r3d3/2

V2p3/2
Fe2p3/2

Zr 39 739l XPSY| I 2E Mt AE et
el < Zr 229 A$ oF 181.3 eVellA Zre]
¥)=, oF 182.1 eVellA Zr0294 =, oF 1846 eV
A 0yZr8] wz7} HE=EH}. ZrV,Fe , Fde
7350l Zr(Fe, V, )W Zr, O,Fe, Zr,, O,/V.,Zr, O/
Zt, V,0, V,0, Fe, Fe,0, ¥ Fe(OH)0¢ ¥)=7}
FA= T} o] FolM OFe, Zr,, 0/V,Zr D O/
Zre v)ERtekERA e ABES ¢n[sid). XPS I
oA HFH AR AES £ Zr 29 Zi0,
A2 ALElae 1 39 XA A" FC e &
] oot dubd o g Fefznl ofm wiay e
2 AxH 2531 £F 75 S e
2 (core)s} FAF-E ¥R )= AEE Aoz
T3 &9 F(shelh® TFAR shell-core T+25 7}
A AL dux] Yuis? ajie] AL
nm W EA Fit PR ojEs. B ATl
A AzE ZA eBEER oled 22 shell-core
TEZ 7H ZoR A5, XPS $AelA HAd
AR AlEe] HURE ol R S o= A7

Zr 3d5/2

- Zx0, Zr 3d3/2
-
2
=
=
-
oot
&
z
=
I
2
=
—

g
B} i 1 | S— | I I - I

190 188 186 184 182 180 178 176
Binding energy (eV)

Fig. 5. Analysis results on the XPS peaks of the synthe-
sized pure Zr nanoparticles.
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Fig. 6. Change in the hydrogen sorption speed of the syn-
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