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Calculation of Critical Size of Nucleus in the Production
of Iron Powders Using the Gas Phase Reaction
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Abstract—According to the classical model, one or two iron atoms may be enough to form a critical nucleus in
the production of iron powders by reducing ferrous chloride with hydrogen. In the present work, the nucleus size
was calculated using the atomistic model and compared with that by the classical model. For a supersaturation ratio
of 500,000, the number of iron atoms constituting a critical nucleus was calculated to be 1.32 with the classical model
and 48.1 with the atomistic model. The dependency of the nucleus size on the supersaturation ratio was relatively
less with the atomistic model. In the calculation of critical nucleus size of materials like iron, the vapor pressure
of which is very low, it would be desirable to use the atomistic model, rather than the classical model.
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Table 1. Comparison of critical nucleus size between the classical mod-
el and the atomistic model

Supersaturation ratio Number of monomers in a critical nucleus
Classical model Atomistic model

10 2443 75.8

100 30.5 69.9
1000 9.0 64.0
10000 38 58.1
100000 1.95 52.2
500000 132 481
1000000 1.13 46.3

Table 2. Parameters used for the calculation of critical nucleus size

Temperature : 1173°K

Molar volume of liquid Fe :7.98 cm®/gmol
Melting point of Fe: 1802°K

Surface tension of Fe : 145 N/m

Vapor pressure of Fe:2.24X10"* mmHg
Symmetry factor(n) in Eq. (8):1
Lennard-Jones parameter{11] :

=1.92T,, (T, : melting point, °K)

A x|m

_ 6=1222V,,'® (V,, : molar volume, cm*/gmol)
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Fig. 1. The Gibbs energy change vs. number of monomers constituting
a cluster based on the atomistic model(supersaturation ratio=
500,000).
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Fig. 2. Comparison of the Gibbs energy change with nucleation be-
tween the classical model and the atomistic model.
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d* :diameter of a critical nucleus
E.» :vibration energy
G  :Gibbs energy
h : Planck constant
i : number of monomers constituting a nucleus
k : Boltzmann constant
K, :equilibrium constant
M :molecular weight
m, :monomer mass
n; :number of monomers
n, :number of i-mers
P, :partial pressure of component i
p.  :saturation pressure
Q@ : partition function of monomer
q : partition function of i-mer
r : monomer radius
S : supersaturation ratio
T : temperature
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: surface tension

: Lennard-Jones parameter
: symmetry factor

: density
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