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Improvement for Austenite Grain Stability During Carburizing Process Through Controlling
Microstructure After Hot Forging in Case Hardening Steel

[ELUI A AR
MIYAZAKI Takeshi and FUJIMATSU Takeshi

Synopsis: Case hardening steels are widely used for gears and shafts for automotive and industrial components, and the

process of hot forging is mainly employed to fabricate these parts. In general, forged parts are reheated and
held at about 900T to form the austenite, followed by air cooling (normalizing) after hot forging to obtain uniform
ferrite and pearlite microstructure. However, omission of normalizing is desired for cost saving. Thus, from the
viewpoint of suppression of coarsening of austenite grain during carburizing process , it is necessary to avoid the
formation of bainite during hot forging and subsequent cooling for omission of normalizing. Therefore, this study
aims to clarify promising alloy compositions and hot forging conditions for omission of normalizing.
In the present study, JIS SCM420 (0.2C-0.3Si-0.8Mn-1.0Cr-0.2Mo, in mass%) as the base alloy was prepared
to promote the formation of bainite by the addition of Mo after hot forging and followed by cooling. Also, JIS
SCr420 (0.2C-0.3Si-0.8Mn-1.0Cr) and ECOMAX5 (developed high strength Ni, Mo free and Nb addition steel)
were prepared to suppress the formation of bainite by the absence of Mo. Specimens for microstructures
were investigated under various forging and cooling conditions by using a thermomechanical simulator
(Thermecmastor-Z), and pseudo carburizing heat treatments, i.e. without a carburizing gas, were performed to
evaluate austenite grain stability. SCr420 and ECOMAX5 (Mo free alloys) have the tendency to suppress the
formation of bainite compared to SCM420 during hot forging and subsequent cooling, and the microstructures
consist of ferrite and pearlite for extensive forging temperature and cooling conditions. As a result, when omitting
normalizing after hot forging, SCr420 exhibits finer ausetenite grains rather than SCM420 in the following
carburizing in the wide range of hot forging conditions, while coarse austenite grain is observed in the formation
condition of bainite at relatively high forging temperature followed by fast cooling. On the other hand, ECOMAX5
shows fine and uniform austenite grain even containing bainite after hot forging, because ECOMAXS5 has fine
Niobium carbonitrides by Nb addition. Accordingly, it clearly indicates that ECOMAXS5 could be a promising alloy
for omission of normalizing after hot forging.

Keywords: case hardening steel; hot forging; continuous cooling; microstructure; grain growth; recrystallization; strain
induced boundary migration; carburizing, grain stability; electron back scattering diffraction.
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Fig. 1. Typical manufacturing process of hot forging for gears and shafts.
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Table 1. Chemical composition of the alloys in this studied (mass%).

C Si Mn Ni Cr Mo Nb Al N
SCM420 0.20 0.26 0.82 0.10 1.03 0.15 Tr 0.028  0.0161
SCr420 0.20 0.25 0.82 0.10 1.03 0.02 Tr 0.032  0.0167
ECOMAXS5 Developed high-strength steel (Ni, Mo free and Nb addition)

(a) Hot forged and continuous cooled pattern
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(b) Hot forged and quenched pattern
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Fig. 2. Heat patterns of (a) hot forging and subsequent continuous cooling, (b) hot forging, cooling and interrupted quenching.
Series A: hot forging and continuous cooling to room temperature, Series B: quenching immediately after hot forging, Series
C: interrupted quenching after hot forging and continuous cooling down to 750C
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Fig. 4. Optical microstructures of the specimens cooled at various cooling rates after 65% compression at 1150TC (Series A, base

condition). SCM (a), (c), (e). SCr (b), (d), (f).
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(a, b) 0.05TC/s, (c, d) 0.15C/s, (e, f) 0.50C/s
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Fig. 5. Optical microstructures of the specimens cooled at various cooling rates after compression at 1100°C in SCM or 1150°C in
ECOMAX5 (Series A). Base condition: SCM (a) 0.05°C/s, (c) 0.50°C/s and ECOMAX5 (e) 0.05°C/s. With small compression: SCM
(b) 0.05°C/s, (d) 0.50°C/s and ECOMAXS5 (f) 0.05°C/s. Red dashed lines in (b) and (f) indicate abnormally coarse microstructure.
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Fig. 6. Effects of deformation temperature and cooling rate on the microstructure after hot forging (SeriesA, with small compression). (a)

SCM, (b) SCr, (c) ECOMAX5.

Sanyo Technical Report Vol.27 (2020) No.1



AL DFREBERD I U DRI IC LSRR OERNEREONE

WERCEETAFSL, hhD0.05C/sTHSLI=FMG
TTHOAHEERABEBATERINTNDZ ENDN D,
=72, SCr®ECOMAX5MDIBEIISCMEIFERUEERE
HAMEBAICNA A FANEEL TOVENE N DD
HdD, Flz, ANDEBELINODNMITEETCERET %=
F5LEERHETHOTEH, BAEEN0.05C/sktHE
WRETTIIEERKEBISERSINTVEN, =5I1C
Mo 7 ') —MDSCreECOMAXEMIFEIZT1100TH DL\
1150CTmMIL, 0.50C/sTHHAMLIIBEDRESTN
FEREHETTORANAFA MNERLTHY, SCMIZEEXR
TZDEMFHEEDELANA T4 NOHBNCEFEZ
ENBRREE B DT,

BETNESOBREICEOTHRSED IV OERBICKER
BOWAELDIEND, ZOREREZESHNICTDIZHICIT
BEMIBERDA —Z 74 MR, BEMIAEDSH
BRRICHITDA—ITHA bONRZEIZER L&D
MBTHD, 2T, SCMOBEREHIDIZLARR THEEE%E
o7

32 BEMIBKEHMOA—RATF 1 MIBRER
F—=2T7 A MIBPOITHBHICRIFIBETGES
FEDERZBMELT, SCMZALVI100CT65%

MIBRICKSUIEM (N=XFH), HXU65%M

TRICESRFZRTNOOREETEREICKS LIZEHM

DA—=RTFTA4 MDOBEZIT DIz, Fig.7ICKB LT

A—RTFTA MIDAFBEMRSE, HIUEBSDEEIC

EOTEONIVILT YA MOBRAMIERZEICER

RUIA—RTTA DBV Y TERT, N—FH

(Fig.7a, 7c) [ IF#MDA—ZXTF 1 bINSEHRENT

W\BZENHDN B, Ohtakara 5°? [FSCMA20&F V=1
ISZDELEEEENS, 1150CMEGEIZ1000CT33%LU
FOETEMAIBE, #—2F7F41 MIZEHBRESR

TWBZEBEHELTID, £2T, Fig.7(a), 7(c)DE
EHRBICBITD1100CR—IREOMIBEZDA — 2T
T4 MNIBWERERREICHDEEZZOND, F/265%
MIRICD%NEETZME5 LS (Fig.7b, 7d) D7 —
2T FA MIIRN—IZHEBHEOSEIRTHY, Fi9k
BEN—FEH43 um, BETHERE4T umThY, K&
BERIIELTNEL, 2720, BETEEDA—ITF
1 MRS, BNBRSBICEEDBEOTHINEAINS
REICHDEHAEIND, TOLSBEMIEHEDEND
F—=TFA4 MO T AHREICRIZTHEEICDNT, 7
RODGOSEEIEEIC L TREFTIREI AT DT,

33 #EMIRSIMEFREMDA —RTF 1 MIBRRE

xR

3. 18 CSCMZ1100~1150CTERETRICHB LT
RHTIF400 umZBADEBEXBEITREND D
E=Nfz, ZZT, MIFEHDENDSEBIZEDA —X
TTA bONARBRICRIZTHEICER LCREZTTD
fco SCMZRIV1100CDE5%MIE (N—XFKH)
EFNITHNTEETEICO.05C/sTHRBT DER, H
NI EAREDLEERIE(NV0.50C/sTHAT DERD
750C (VX514 bEREL) oA LERKEDT —
AT A PHOAZFBRMRHRESEZFIQ.81RY . Fig.7
TRULETT00CHIERICEENTHRZEIIBSMICKEL
BOTWNDZENDS, ANDOFERHEL750CETOHAIR
BTHRRMNEZ DTS I ENDND, Fo, BAERE

001 101

Fig. 7. Optical microstructures and austenite orientation maps reconstructed from martensite orientation maps in the specimens water
guenched just after compression at 1100C in SCM (Series B). Base condition (a), (c) and with small compression (b), (d).
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Fig. 8. Optical microstructures of the specimens cooled at 0.05C/s and 0.50C/s after compression at 1100C, then guenched from
750C in SCM (Series C). Base condition (a) 0.05C/s, (c) 0.50C/s. With small compression (b) 0.05C/s, (d) 0.50C/s.
Red dashed lines in (b) indicate abnormally coarse austenite grain.

Table 2. The amount of AIN analyzed by extraction residue method (ppm).

Water quenched
just after compression at 1100 °C

0.05°C/s slow cooling —
quenched from 750°C

Base condition

*4 (*N content =1)

*11 (*N content =4)

With small compression

*6 (*N content =2)

15 (N content =5)

*Reference value
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Fig. 9. GOS maps reconstructed austenite in the specimens water quenched just after compression at 1100C (a, b), and cooled at 0.05TC
/s after compression, then quenched from 900C (c, d) in SCM. Base condition (a), (c) and with small compression (b), (d).

Base

Fig. 10. GOS maps reconstructed austenite in the specimens water quenched just after compression at 1150C in ECOMAX5 (Series B).

(a) Base condition, (b) with small compression.
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Fig. 11. Effects of deformation temperature and cooling rate on the austenite grain stability after pseudo-carburizing for 6h at 950°C (Series
D, with small compression). (a) SCM, (b) SCr, (c) ECOMAX5.

P A 8%

ECOMAX5 O

Fig. 12. Optical microstructures of the specimens after pseudo-carburizing for 6h at 950TC (Series D, with small compression).(a) SCM:
compression at 1150C followed by 0.15C/s. (b) SCr and (c) ECOMAX5: compression at 11507 followed by 0.50C/s.
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Fig. 13. Optical microstructures of the specimens after heating at 950°C and immediately quenched in water (Series E, with small
compression). (@) SCM: compression at 1150C followed by 0.15C/s. (b) SCr and (c) ECOMAX5: compression at 1150C

followed by 0.50C/s.
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