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Doughnut-like Cementite Formed on the {110} Surface of an Fe-3%Si Single Crystal under
High Temperature Carburizing

Yukio INOKUTI

Synopsis : High temperature carburization was done using the {110} surface of an Fe-3%Si single crystal. The carbide morphology of specimen surface

was observed by the scanning and transmission electron microscopes.

Doughnut-like cementite (Fe,C) of 50-200nm in carburizing temperatures of 1173~1273K was formed on the {110} surface of an Fe—

3%Si single crystal, and they formed with the colonies of the fine particles of about 2-5nm. The preferential formation of Fe,C was quite

different from the graphite formation that occured only under the high temperature carburization of past experiments.

The orientation relationship between the Fe;C and iron matrix is considered to be [002]cemene//[01 1] This relationship was consistent

with that observed in the precipitation of Fe,C during the tempering of steel by Nishida and Tanino.

It is considered that the {110} surface of an Fe—3%Si single crystal under the high temperature carburization formed with characteristic mor-

phology of doughnut-like Fe,C, due to the preferential formation of the coherency for the crystallographic plane of (011)g, and (002)cemenite-

Keywords : single crystal of silicon steel; (011)[100]; high temperature carburization; polished surface; doughnut-like Fe;C: coherency.
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Fig. 1. Heat cycle of high temperature carburization used
in the present experiment.
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Fig. 2 (a) SEM micrograph of doughnut-like Fe,C formed
on the surface of (011)[100] single crystals of sili-
con steel and (b) Enlarged SEM micrograph of
doughnut-like Fe,C.
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Fig. 3. Diagram of temperature vs concentration of C,H,

(30~150SCCM) showing the degree of formation
of doughnut-like Fe,C after isochronous carburiz-
ing for 3.6 ks at the temperatures between 973 and
1373K.

Fig. 4. (a) TEM micrograph of doughnut-like Fe,C, (b) en-
larged TEM micrograph, (c) selected area diffrac-
tion pattern, and (d) analysis of diffraction pattern.
(White arrows in (a) and (b) show doughnut-like
Fe,C.)
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Fig. 5. Enlarged TEM micrographs of doughnut-like Fe,C.
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Table 1. JCPDS of Fe,C, and lattice constant and intensity
of Fe,C obtained by electron diffraction and X-ray
diffraction patterns.

JCPDS Electron diffraction X-ray diffraction
d (A) | Int. | hkl d (A) Int. | hki d (A) cps* | hkl
3.3719 4 |020
3.0241 3 /111
2. 5452 4 | 200
2. 3882 43 | 121
2.3815 41 1210
2.2631 22 {002 2.258 Vs ** | 002 2. 261 4342 | 002
2.2186 22 | 201
2.1074 57 | 211
2.0678 67 102
2.0313 56 | 220
2.0132 1100 | 031
1.9770 53 | 112 1.975 S *** 112 — — —
1.8792 5 | 022
1.8723 32 (131
1.8534 43 | 221
1.7630 19 | 122
1.6914 5 | 202
1. 6852 15 | 230
1. 6406 8 212
1. 5890 19 {301
1.5789 2 |23t
1. 5466 5 | 311
1.5216 2 1132
1.5118 8 | 222
1.5082 6 | 141
1.4372 11321
1.4143 3 113
1. 4057 6 | 240 1.401 WO | 240 1.396 838 | 240
1.3514 4 |232
1.3426 2 | 241
1.3293 17 123
1.2978 2 |203
1.2927 3 | 051
1.2593 5 322
1.2527 3 033
1. 2253 14 | 401
1. 2162 16 1133
1. 2054 2 |41
1. 1940 3 242
1.1918 11 | 250
1.1622 20 | 332
1.1563 1 341
1. 1524 15 | 251
1.1315 6 | 004 1.132 W o004 1.131 622 | 004
1.1296 12 | 152
1.1276 12 303
1.1238 9 | 060
1.1121 2 313
1.1076 11 430

*count per second (continuous scanning of repeated 5 times)
** VS: Very strong, *** S: Strong, **** W: Weak
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Fig. 6. Schematic diagram of (002), (112), (240) and (004)
crystallographic planes of Fe,C obtained by select-
ed area diffraction pattern.
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Fig. 7. Schematic diagram of doughnut-like Fe,C formed

on the surface of (011)[100] single crystal of sili-
con steel. (White arrow of left-top side shows inci-
dent electron beam.)
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