Journal of Korean Powder Metallurgy Institute
Vol. 14, No. 6, 2007

WAIIAEAUS 0|88 B4 LhzPelo| ZaY Xty
Ay Y EH 54 B

oIt - et - Ol&T
PHAAHDTY, Wbt 3-89

Determination of Fractal Dimension and Surface Characterization
of Metal Nano-powder Using Nitrogen Gas Adsorption Method
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Abstract The surface roughness of Al, Ag and Ni nano-powders which were prepared by pulsed wire evap-
oration method was quantified based upon the fractal theory. The surface fractal dimensions of metal nano-pow-
ders were determined from the linear relationship between In V/V,_ and Inln (p%p) using multi-layer gas

mono

adsorption theory. Moreover, the fractal surface image was realized by computer simulation. The relationship
between preparation condition and surface characteristics of metal nano-powders was discussed in detail.
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Fig. 1. PWE (Pulsed Wire Evaporation) apparatus for the
synthesis of nanopowders : (a) Schematic drawing and (b)
Photograph.
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Fig. 2. The N, gas adsorption isotherm measured on Al
nano-powder.
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Fig. 3. Plots of In ¥ against Inln (P"/P) reconstructed from
the N, adsorption isotherms of Al nano-powders prepared

at (a) V=20 kV and (b) V=23 KV as a function of Ar gas
pressure.
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Table 1. The values of BET specific surface area, A, and
surface fractal dimension, D; of Al nano-powders synthesized
as functions of applied voltage and Ar gas pressure

Applied Voltage, Argon gas pressure,  Apg,

V (V) P (bar) mig O
20 40 89 246
23 40 1o 231
2 40 123 245
28 40 128 244
20 12 101 223
23 12 136 208
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Fig. 4. Plots of In V against Inin (p"/p) reconstructed from
the N, adsorption isotherms of Al nano-powders prepared
at (a) P=1.2 bar and (b) P=4.0 bar as a function of applied
voltage.

7hae) o md S7PTle 22l B9
WA FAld AR ®2EARNE ZHe T ViR
I Azl Hxzzlelet WAEH.

a3 5(a, by= QI7HESE 20 kV, o} 7kAastE
1.0 barcllA efAl S(AgtedS 77t A, 2
B(filterpll Al 52938te] Asrtagdgoze de
FA5FAE min(P/Pel Adted (v, )& v+



™
&
b
i
Y
o)
wio
o
=
%
£
H.a
e
i
1]
)
()
N
@
i
2,
we

20 Y T T T T T T T T
o
154 -
o
o
210} °5 i
g e}
> o
z C
> 05¢ B
£
00} slope = -0.66 + 0.02 E
D,=2.34+0.02
05}k 4
_1 0 " I L i i Y ] " ] 2 ]
-5 -4 -3 2 -1 0 1 2
Inin(p°/p)
(@)
2.0 T v T T T T Y T A
| ]
15} o E
a
AN
- AN
. 1.0 AA E
g N
> Fa\
— 05} |
>
z |
00k ] slope =-0.61 + 0.02 |
D,=239+002
0.5} E
1.0 1 I 1 1 1
-4 -3 -2 -1 0 1 2
Inin(pip)
(b)

Fig. 5. Plots of In ¥ against Inln (P”/P) reconstructed from
the N, adsorption isotherms of Ag nano-powders collected
at (a) chamber and (b) filter, respectively.
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Fig. 6. Plots of In V against Inin (P”/P) reconstructed from
the N, adsorption isotherms of Ni nano-powders prepared
in an atmosphere of (a) N, and (b) N, + Hexane, respec-
tively.
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Fig. 7. Fractal line profiles generated by midpoint displacement (a) D,= 1.0, (b) D,= 1.2, (¢) D;= L.5 and (d) D= 2.0.
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