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Clarification of Austenite Grain Formation Behavior during Carburizing of Cold-worked High-chromium Carburizing Steel

Takeshi FunMarsu, Kazuya HaSHIMOTO, Kazuhiko HIRAOKA, Shinji FUKUMOTO and Atsushi YAMAMOTO

Synopsis : It is known that austenite grain coarsening during carburizing is likely to occur in cold-forged steel parts. We estimate that carbide morpholo-
gy of spheroidizing annealed microstructure prior to cold forging have an influence on the austenite grain coarsening behavior strongly
through the ferrite recrystallization during heating to carburizing temperature. In this study, the formation of austenite grain during heating
for carburizing of the cold-upset carburizing steel containing higher Cr than conventional JIS SCR420 was investigated. The carburizing steel
with 2.1 mass% Cr showed relatively uniform distribution of spheroidized carbides after spheroidizing prior to cold working. It contained

much less lamellar carbides than JIS SCR420 with almost 1 mass% Cr. This spheroidizing annealed microstructure is likely to deform more

uniformly during cold working than lamellar carbide bearing microstructure. Consequently, both recrystallized ferrite grain and subsequent

austenite grain were formed relatively coarse and uniform during heating for carburizing. Because of its higher austenite grain coarsening

temperature, the carburinzing steel with 2.1 mass%Cr is suitable for the combined processes of cold forging and carburizing. In this steel, the

formation of spherical carbide at ferrite and austenite interface occurs preferentially during spheroidizing and as a result, few lamellar car-

bides are observed.
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Table 1. Chemical compositions of the steels used.

(mass%)
Steel C Si Mn P S Ni Cr Al N
A 022 021 080 0014 0006 010 092 0.022 00179

022 022 084 0015 0012 010 153 0.023 00185
022 021 040 0014 0011 010 139 0022 00183
023 021 035 0014 0012 010 212 0022 00181
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Fig. 2. Definition of specimen directions and observation

area; ND: normal direction, RD: rolling direction,
TD: transverse direction and direction of EBSP ob-

servation.
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Fig. 1. Schematic diagram of thermal and mechanical process. Recrystallizing temperature is 1003K. Austenitizing temperature is
1083K for Steel A, 1123K for Steel B, Steel C and Steel D.
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Fig. 3. Optical microstructures of the spheroidizing an-
nealed steels. (a) Steel A, (b) Steel B, (c) Steel C,
(d) Steel D.

Fig. 4. Scanning electron micrographs of the spheroidizing
annealed steels. (a) Steel A , (b) Steel B, (¢) Steel
C, (d) Steel D.

WRIMI U 72 Cr B D IR — 2 7 4 DRI EEE) O iR

TR PBRE N, —F, CrE% 2.1 mass% (28
EL72DH#TIdFig. 4d)D & ) ICERRRIC A FHIZE -
THED, 727 —WRRINIIER D LD 572, REEES
HT T, Cra2.1mass%IiZBELD#ITOA, 2D K&
5 BRERRRAC & R & 3 2 ER(bEE L £ LMBERE S 1

TBD, KIEWOIKIRIMLIZH L T Cr B EREERZ & 7~
BELED0TR AV, EHAIZNS, FECHOIERE

WREBEDKELSEL S, 08% CHlaRHW=MEICE
WT, CCERZWERIEMORIMENERIZE S L OR
EHRDH B89, ks, RSB E LBEOMSSREFICE
L, A, B LT MnEZERL 72 C, D#IZHESERE
DR, Thud, BRR(bBEL F LRl Bk 5 LOKE
THEIHNT 254 b —23—F 4 MEBESTERI NS 7=
HeHhbhb10,
3-2 B&E7ISM M

BT = 74 PROBSERER% Fig. 5~7128 7. Fig.
SONFEMBEEETIZ, A, DEE 2 ICHEBRICIERIC
2L DRI EEA TS 728, BfE&ET =74 MRAH
BB TE 5V, 22T, Fig 6(a) & (ISR THF
EMBEEELR - BT OEBSPEER % &, DM
2.1mass% CryDFEHFFBRWFZ6.6umTH D, A
(0.9mass% Cr)D 48 um K DAL NIZKEL, »DKREX
LB —THH I LBRME, —FOASIZITHES
WIEE I A B B R 5 iz, RO d Fig. 6(b),
@IZAL7=B, CHIIZERoN7, A TB, CHOTY
BERESERNEL, AMEIZEAEENEDL 72, BHIX A
X LT Cra l5mass% BEIZHEEL TS, £/, CH
EBHIZH L TCMnE# 0.4mass% IZIRIK L T3, Zhb
DERDEETIL, 2.1mass% CrODFD X 5 1B %
BEKREL, 2OBE—II R EE IR/ ENT &5
otz A~CHUZI T A Ml A BfS&IE, Fig 7(2)~() I
AT KD IS R AL A BRI 1238 A 72 R O RBZIC R
WoNiz, ZDXS M, BRI DR S T3 Fig.
d~CIZR o N T X2 7 - R AFEL & T
bolbHBIXNh3, &, Fig 7(a)~c)TT X T —IRK

Fig. 5. Optical microstructures of cold recrystallized fer-
rite of 70% cold-upset cylindrical specimen heat
treated at 1003K.for 600s and cooled in water. (a)
Steel A, (b) Steel D. .
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Fig. 6. Observation results by EBSP analysis of recrystallized ferrite of 70% cold-upset cylindrical specimen heat treated at
1003K for 600 s and cooled in water. Average recrystallized ferrite grain diameter is shown in parenthesis. (a) Steel A, (b)

Steel B, (c) Steel C, (d) Steel D.

Fig. 7. Scanning electron micrographs of recrystallized
ferrite of 70% cold-upset cylindrical specimen heat
treated at 1003K for 600s and cooled in water. (a)
Steel A, (b) Steel B, (c) Steel C, (d) Steel D.
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Fig. 8. Prior austenite grain of 70% cold-upset cylindrical
specimen heat treated at T(K) for 1.8ks and
quenched in water. T=1083K for (a) Steel A.
T=1123K for (b) Steel B, (c) Steel C, (d) Steel D.
Average austenite grain diameter is shown in
parenthesis.
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Table 2. Austenite grain coarsening temperature of 70%
cold-upset specimen.

Grain coarsenin
Steel temperature (K)g
A 1123
B 1123
C 1123
D 1173

Fig. 9. Prior austenite grain of 70% cold-upset cylindrical
specimen heat treated at T(K) for 10.8ks and
quenched in water. T=1123K for (a) Steel A, (b)
Steel B and (c) Steel C. T=1148K for (d) Steel D.
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Fig. 10. Scanning electron micrographs of specimen water
quenched during spheroidizing from (a) 993K, (b)
983K, (c) 973K for Steel A, (d) 1043K, (e)
1033K, (f) 1023K for Steel D. M represents
martensite transformed from austenite by quench-
ing and F represents ferrite.

Fig. 11. Scanning electron micrograph of martensite struc-
ture in Steel D, which transformed from austenite
by quenching from 1043K during spheroidizing.
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Fig. 13. Optical microstructure of Steel D water quenched
from 1013K during spheroidizing. Martensite
transformed from austenite by quenching was ob-
served as indicated by arrows.

Y

Fig. 12. Scanning electron micrographs of specimen water quenched during spheroidizing from (a) 983K for Steel A, (b) 1033K
and (c) 1013K for Steel D. M represents martensite transformed from austenite by quenching and F represents ferrite.
Carbide formation at ferrite/austenite interface was observed as indicated by arrows.
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