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Siliconizing of Iron and Steel by Molten Magnesium Bath with
Silicon Carbide Powder

Hiroshi Saxawa, Tohru Ono, Tomoya Minecisa1 and Shotaro Morozumi

Synopsis :

A molten magnesium bath was used to siliconize iron and steel specimens embedded in SiC powder for various periods

at 973-1123K. The siliconized layer obtained was composed of Fe;Si phase as the matrix and SiC phase as dispersed

particles.

Therefore, a hard composite layer, as high as 820 of Vickers hardness number, could be obtained.

The thickness of the layer varied depending on the siliconizing temperature and time.

Then the thickness was

measured as to iron specimens siliconized with 5um-SiC powder and then the diffusion coefficient was calculated as,
D=34. 22X 10 *exp[—186.30 (k]/mol) /RT] (m?/s). The thickness of the layer could also vary with SiC powder size
of 2 to 40 um, the smaller in the size, the thicker in the layer. However, SiC powder of 5um was thought to be suitable

practically.
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Table 1. Chemical composition of iron specimen.

(mass %)
C Si Mn P S Cu
0.0016 0.0001 0.0001 0.0002 0.0009

0.0001
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Fig. 1. Vertical sectional view of setting in the
specimen vessel before heating for siliconiz-
ing with SiC in the molten Mg bath.

Fig. 2. (a)Scanning Electron

Microscopy(SEM) micrograph: and Wave - length Dispersive
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Spectrometery(WDS) images of (b) Fe-Ka, (c)Si-Kea, (d)Mg-Ka, and (e)C-Ka for the vertical section of iron
specimen siliconized with SiC powder in the molten Mg bath for 3.6ks at 1123K : A ; Mg+ SiC, B ; Sili-conized
layer(Sublayers: I - Fe,Si+SiC composite, I1-Fe,;Si), C; Iron.
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Fig. 3. SEM micrograph with line analysis curves
scanned with Fe-Ka and SiKa X-rays on
the vertical section of iron specimen silicon-
ized with SiC powder in the molten Mg bath
for 3.6ks at 1123K.
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Fig. 4. X-ray diffraction pattern taken from the
surface of iron specimen siliconized with SiC
%)W(Ii{er in the molten Mg bath for 3.6ks at

23K.
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Fig. 5. Depth profile of hardness at the vertical
section of iron specimen siliconized with SiC
pfggc}lgr in the molten Mg bath for 3.6ks at
1 .
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Fig. 6. Siliconizing temperature and time depen-
dence of the thickness of siliconized layer in
iron specimen siliconized with SiC powder in
the molten Mg bath.
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Fig. 7. W2 versus t plots by solid lines for the
growth of siliconized layer in iron specimen
siliconized with SiC powder in the molten
Mg bath at various temperatures and times,
with broken lines passing parallel with the
solid lines,respectively and through the origi-
nal point.
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Fig. 8. An aspect of growing columnar grain of Fe,
Si phase associated with relatively large SiC
particle.
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Fig. 9. (a)SEM micrograph, (b-1)line profiles and WDS images by (b-2)Mg-Ka, (b-3)Si-Ka, and (b-4)C-Ka X
rays for the interface between SiC single crystal and magnesium contacted at 1123K.
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Fig. 10. Ln D versus 1/T plots for the growth of
siliconized layer in iron specimen silicon-
ize(li'1 with SiC powder in the molten Mg
bath.
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Fig. 11. An aspect of siliconized layer around an
end edge of tungsten-wire(W) as a marker :
A; Mg+SiC, B; Sublayer I (Fe;Si+SiC
composite), C; Sublayer II(Fe;Si), D; Iron.
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