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Abstract: Numerical analysis on RF (Radio-Frequency) thermal plasma treatment of micro-sized Ni metal

was carried out to understand the synthesis mechanism of nano-sized Ni powder by RF thermal plasma.
For this purpose, the behaviors of Ni metal particles injected into RF plasma torch were investigated
according to their diameters (I ~ 100 pm), RF input power (6 ~ 12 kW) and the flow rates of carrier
gases (2 and 5 slpm). From the numerical results, it is predicted firstly that the velocities of carrier

gases need to be minimized because the strong injection of carrier gas can cool down the central column
of RF thermal plasma significantly, which is used as a main path for RF thermal plasma treatment of
micro—sized Ni metal. In addition, the residence time of the injected particles in the high temperature
region of RF thermal plasma is found to be also reduced in proportion to the flow rate of the carrier gas
In spite of these effects of carrier gas velocities, however, calculation results show that a Ni metal

particle even with the diameter of 100 gm can be completely evaporated at relatively low power level of
10 KW during its flight of RF thermal plasma torch (< 10 ms) due to the relatively low melting point
and high thermal conductivity. Based on these observations, nano-sized Ni metal powders are expected to
be produced efficiently by a simple treatment of micro—sized Ni metal using RF thermal plasmas.
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Fig. 1. Computational model for numerical analysis of
RF thermal plasma flow.
Table 1. for the

numerical analysis.

Design and operation parameters

Design parameters Values

Radii of RF torch :

R1, R2, R3, R4, Rt [mm] 0.75, 3.175, 20, 22, 25

Lengths of RF torch :

Zc, 7Zp, Ze, dc [mm] 27.5, 40.0, 170.0, 15.0

Operation parameters Values
Flow rates [slpm]
Carrier gas (Ar) 2,5
Central gas (Ar) 10
Sheath gas (Ar) 50
RF input power [kW] 6 ~12
RF Frequency [MHz] 4
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d @A A

T4 5 403

Ar olsh pe Eepxeld o@ 7d 0
WE A 4w s A4 e

9 Agel e, nFR FEAF AFeEe EX
Wel A vlAsks Ni giael AFe
EAHE GRS $ERFA) a4 7]

du, 3 P, )
pt 9
=——Cplu, —u,) U, + (1)
a1 Okt u) U s |0
dv 3 p
A _ 9
dt 1 Cilvy = v,) Up Pt (2)
UR:\/(upt U‘g)2+(vm vg)Q (3)
S Aol w9 o, A7 dAtel % wau vy
W SR AR o9 ok QA 9 Bz )
Aol = WEkd v B S AES vEy
E, % pE A4S A 9 Fehzoh 1A
o MEE HAT Ao, d,= dAe AEFS, g=
9 &EE JEdt. @9, @44 (dag
coefficient), C,i= otel 2 (49} o] FTAH= YA

9 == fred delsE= o+
number), Reell whet 7]
o Fefel whE Ni 7]

R
Re=p,Upd,/p, 4)
91 A WA pE AR F=9 Zeh=et 7]A 9] A



404 J. KIEEME, Vol. 26, No. 5, pp. 401-409, May 2013: J. S. Nam et al.

Table 2. Expression of drag coefficient, Cj, according to

Reynolds number.

24
= _ <
Cp="5 Re <02
24 3
— < <
C,= R€(1+ 161?) 02 < Re =20
24 0.81
Cp="p 2 (14+0.11R") 20 < Re <210
24 0.62
C,= (1+0 189 Re"2) 210 < Re =200
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Table 3. Physical properties of Ni metal used in the
numerical analysis.

Properties Nickel [14,20]

Density, p,, 8,908 kg/m’
Melting point, 7}, , 1,728 K
Boiling point, 7}, 3,186 K

Latent heat of fusion 2.98x10° J/kg

Latent heat of 6.43x10° J/kg

vaporization
Specific heat capacity,
b pacity 444 J/kg - K
Cppt
Emissivity,em 0.2

90.7 W/m - K at 300 K
72.2 W/m - K at 500 K
ot 71.8 W/m - K at 1,000 K

80.4 W/m - K at 1,400 K

Thermal conductivity,

A
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Calculation of
plasma flow field

¥

Calculation of
particle motion

Correction of Ni
particle size (grid)
v

Calculation of
Heat transfer (Ni)

[
Results of

calculation
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Fig. 2. Algorithm for the calculation on the behaviors of

Ni particle injected into RF thermal plasma flow.
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Fig. 3. (a) The behaviors of Ni particles injected into
RF thermal plasma with the power level of 10 kW,
where the black and red circles represent a 100 pm Ni
particle in solid and liquid state, respectively, and their
arrangement is set at the interval of 0.5 ms along the
trajectory of Ni particle, (b) the distributions of sizes and
surface temperatures of Ni particles with sizes of 1 ~
100 pm according to their flight time. Each curve is
traced after injection into RF thermal plasma. (The flow
rates of plasma forming gas and carrier gas are fixed at
60 and 2 slpm, respectively.)
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Fig. 4. (a) The behaviors of Ni particles injected into
RF thermal plasma with the power level of 10 kW,
where the black and red circles represent a 100 pm Ni
particle in solid and liquid state, respectively. And, their
arrangement are set at the interval of 0.5 ms along the
trajectory of Ni particle, (b) the distributions of sizes and
surface temperatures of Ni particles with sizes of 1 ~
100 pm according to their flight time. Each curve is
traced after injection into RF thermal plasma. (The flow
rates of plasma forming gas and carrier gas are fixed at
60 and 5 slpm, respectively.)
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