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Synthesis of Fe Nano Powder

by Arc Plasma Process

Sung-Duk Kim

Department of Production and Joining Engineering, Graduate School,

Pukyong National University

Abstract

To investigate the effect of the parameters of the arc plasma process on the characteristics
of the iron nano powder, the chamber pressure and the hydrogen partial volume fraction in the
powder synthesis atmosphere were changed. The particle size, phase structure and magnetism
of the synthesized iron powder were studied using the XRD, FE-SEM, FE-TEM, XPS, FT-IR
and VSM.

The iron nano powder could be synthesized by the arc plasma process and this powder has
a stable surface characteristic on the rapid spontaneous combustion. The powder generation
rate and particle size were increased with increasing of the hydrogen partial volume fraction in
the powder synthesis atmosphere. The powder generation rate was decreased with the
increasing of the chamber pressure, but the particle size was increased with increasing of the
chamber pressure. The synthesized iron nano powder particle had a shell-core structure
composed of the crystalline @-Fe in the core, the crystalline Fe;O; in the inner shell and
noncrystaliine FeQ(OH) in the outer shail.

The iron nano powder synthesized under the high chamber pressure condition had a higher
saturation magnetism and lower coercive force than the values of the one synthesized under the
low chamber pressure condition. The saturation magnetism of iron nano powder increased with
the increasing of the hydrogen partial volume fraction. However, the coercive force of iron
nano powder increased with increasing hydrogen partial volume fraction and showed maximum
value at 20vol% hydrogen and than decreased with increasing hydrogen partial velume fraction.

It thinks that these changes of the magnetic properties of the synthesized iron powder comes



from the change of the relative amount of composing phasel a -Fe, Fex()y, FeO(OH)) and particle

size with the process parameters.
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Figure 1.1 Example of nano scale.
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Table 2.1 Synthesis methods of nano powders.

Building-up

process

condensation)

Type Methods Caracteristics
Breaking —down | Solid phase Mechanical )
. - Low degree of purity
process method griding
_Vapof phase| IGC - - High degree of purity
_ niethod (Imert gas _-.Monadiépersed'. powder
(Physical) + Mass production

Vapor phase
method
(Chermnical)

CVCIGC + CVD)
(Chemical vapor

condensation)

- High degree of purity
» Monodispersed powder
- Mass production

- Oxidation problem

- Environment pollution

Liquid phase
method
(Chemical)

Spray pyrolysis

« Environment pollution

- Agglomeration
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Figure 2.1 The variation of the coercive force

with the particles size.
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Figure 2.4 Hystersis loop of Ferromagnetism,

anti—ferromagnetism and super—paramagnetsim
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Figure 2.5 Ferromagnetism, anti-ferromagnetism and
super-paramagnetsim of spin direction and magnetic

moment under magnetic field.
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Figure 2.6 Change of matter state.
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Figure 3.1 Photographic of arc plasma reactor.

Figure 3.2 photgraphic of electrode and copper plate.
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Specimen produced

L (Vacuum arc melting furnace, Fe: 99.999% ) )

’

Powder synthesis
(Arc plasma)

Synthesis conditions

v

Stabilizing treatment
(Oxygen partial pressure)

v

Analysis
XRD (Rigaku, RINT 2500)
HR-TEM (Jeol, JEM 2010)
FE-SEM (Hitachi, S-4200)
XPS (VG Scientifics, ESCALAB 250)
FT-IR (Bruker IFS 66 / FRA 106)
VSM (Riken Denshi, BHV-55LH)

Parameter Condition
Chamber 100 ~ 600 Torr
pressure

Atmosphere Ar+H,
(H, =0~ 50 vol. %)

Arc current 60 A

Arc voltage 16 ~26V

Arc power 0.96 ~ 1.36 Kw/h

Figure 3.4 Expermental procedure.
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Figure 4.6 Powder generation rate.
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Figure 4.7 TEM micrographs of Fe nano particles.
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Figure 4.9 The variation of the arc appearance on specimen

with the hydrogen partial volume fraction.
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Figure 4.10 Schematic model of hydrogen plasma metal

reaction.
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Figure 4.12 HR-TEM micrographs Fe nano particle.
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Figure 4.13 HR-TEM micrographs Fe nano particle.
(a) 10%H:, (b) 50%H;
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