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Mechanism of Austenite Grain Coarsening during Carburizing of Cold-forged Steel Parts

Takeshi FUnMATSU, Morihiko NAKASAKI, Shinji FUKUMOTO and Atsushi YAMAMOTO

Synopsis : It is known that austenite grain coarsening during carburizing is likely to occur in cold-forged steel parts. For efficient use of this production
process, it is important to clarify the mechanism of grain coarsening. In this study, mechanism of austenite grain coarsening of the simulated
cold-forged and carburized low-alloy steel was investigated by microstructural observation, measurement of crystal orientation by using
EBSP (Electron backscatter diffraction pattern) and CAE analysis. Austenite grain coarsening occurred at highly shear-strained region of the
cold-upset specimen. In the highly shear-strained region, recrystallized ferrite grains with relatively-randomized crystal orientation are

formed during heating up to carburizing temperature. Because these recrystallized ferrite grains transform to fine austenite grains, the accel-

erated austenite grain coarsening occurs at the highly shear-strained region. It could be suggested that reduction of shear strain during cold

forging prevent austenite grain coarsening.
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Fig. 1. Schematic diagram of thermal and mechanical process.

Table 1. Chemical composition of the steel used (mass%).

G Si Mn P S Ni Cr Al N
022 022 084 0015 0012 0.10 1.53  0.023 0.0185
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Fig. 2. Optical microstructure of the spheroidized an-
nealed specimen etched with 5% nitric acid.
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Fig. 3. Macroscopic coarsened austenite grains, appeared by darkly etched region, of 70% cold-upset specimens heat treated at
1123K for 10.8 ks followed by quenching. (a) Cylindrical specimen, (b) tapered cylindrical specimen.
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Fig. 4. Optical microstructures of coarsened prior austenite grains of 70% cold-upset specimens heat treated at 1123K for 10.8 ks
followed by quenching. (a) Cylindrical specimen, (b) tapered cylindrical specimen.

Fig. 5. Transmission electron micrographs of AIN precipitates of 70% cold-upset specimens. (a) Middle section and (b) center of
the cylindrical specimen. (¢) Middle section and (d) center of the tapered cylindrical specimen.
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Equivalent plastic strain
25

Fig. 6. Distribution of equivalent plastic strain after 70%
cold upsetting. (a) Cylindrical specimen, (b) ta-
pered cylindrical specimen.

340 T T T T T T
_ () Center of the specimen
= 320 1
< PP
L iy Rel %8s
P A
T L o of o 20/|/%e® &
g 1A
E .\." L]
5 260/ I}
£ J (X
£ N\
2 220t —
200 . - -
0 2 4 6 8 10 12 14
Distance from the surface (mm)
340 T
< L (b)
E 320 .
@
00f A 1
§ 8 oo /.-.‘.’.\./\.’.\o/\o»'/ .
2 L/ Y 4
5 2800 & W° ./ \
5 14 LN
o I L]
220 A
é 240" 1
Kl
> 2201 7
200 L ! 1 ) .
0 1 2 3 4 5 6

Distance from the surface (mm)

Fig. 7. Vickers microhardness distribution of 70% cold-
upset tapered cylindrical specimen. (a) Radial of
the specimen, (b) through-thickness direction at

* middle section of the specimen.
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Fig. 8. Distribution of shear strain y,, after 70% cold up-

setting. (a) Cylindrical specimen, (b) tapered cylin-
drical specimen.
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Fig. 9. Prior austenite grain of 70% cold-upset tapered cylindrical specimen heat treated at 1123K for 1.8ks and quenched in
water. Average austenite grain diameter is shown in parenthesis. (a) Middle section of the specimen, (b) center of the spec-

imen.
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Fig. 10. Definition of specimen directions; ND: normal di-
rection, RD: rolling direction, TD: transverse di-
rection and direction of EBSP observation.
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Optical microstructures of cold recrystallized fer-
rite of 70% cold-upset tapered cylindrical speci-
men heat treated at 1003K for 600 s and cooled in
water. (a) middle section of the specimen, (b) cen-
ter of the specimen.
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Fig. 12. Observation results by EBSP analysis of recrystal- Fig. 13. Observation results by EBSP analysis of 70%
lized ferrite of 70% cold-upset tapered cylindrical cold-upset tapered cylindrical specimen heat treat-
specimen heat treated at 1003K for 600s and ed at 873K for 300 s and cooled in water. (a) Mid-
cooled in water. (a) Middle section of the speci- dle section of the specimen, (b) center of the spec-

men, (b) center of the specimen. imen.
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Fig. 14. {001} and {111} pole plots of 70% cold-upset tapered cylindrical specimen heat treated at 873K for 300s and cooled in
water. (a) Middle section of the specimen, (b) center of the specimen.
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Fig. 15. {001} and {111} pole plots of 70% cold-upset tapered cylindrical specimen heat treated at 1003K for 600 s and cooled in
water. (a) Middle section of the specimen, (b) center of the specimen.
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Fig. 16. TD-IPF maps of center of the 70% cold-upset tapered cylindrical specimen heat treated at 873K for 300's and cooled in
water. (a) {001} IPF map, (b) {111} IPF map.

Fig. 17. TD-IPF maps of center of the 70% cold-upset tapered cylindrical specimen heat treated at 1003K for 600s and cooled in
water. (a) {001} IPF map, (b) {111} IPF map.
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