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Influence of the Annealing Condition on the Austenitic Grain Boundary
Memory Effect of SKD61

Masamichi KAWANO

Synopsis

Microstructure change of SKD61 through heat treatment was investigated with regard to prior austenitic grain size. Tempered
martensite with coarse grain was annealed then quenched from 1030 °C. The annealing temperature was set at 860 °C or 900
°C. A temperature of 860 °C is intermediate between Acl temperature and Ac3 temperature, while 900 °C is just over Ac3
temperature. The initial coarse grains remain after quenching even after three repetitions of 860 °C annealing. Grain boundary
at quenching is the same as in the initial tempered martensite. The austenitic grain boundary memory effect was observed. In
contrast, grain refinement was accelerated in the case of 900 °C annealing. Repetition of annealing leads to finer grain structure.
It could be concluded that annealing beyond Ac3 temperature for coarse microstructure gives a fine grained structure by
avoiding the memory effect.

1. ¥ B TS 52 L 3HTH L. RO Hy HES

150 um YL E DA, 2 O ARILBE A U2 12 i

SKD61 (AISIHI3) 344 A P&RIZIE S VSR BALHELZDD, CHEBSND Z L. —,

% 5Ct RBUH T A A THAH. AFLRLT HHIEOR [H y &SRO K 4% vy L L THRRALITITOMK

W SKD61 1, BEANMERT e — = v 7 HICHELND EE, LVIABIRY T (UTF, y XE) =R EVD)

BH0D, %L OB Y PR ENLBETHI RSN TWD, BEANMBAFOREE L ¢ AT —5)

e L CEEREHERIZL VA, RCITHM R OB EPELR L. SR OB & 54

SR FMICEOELERD 1 225, NG5 DK RFmOBEMEEIZIE, MR OREEIE L < B L
RN EFRETHECERE (DT, KdEhiw)) TH WY MR LR EZ LA 2 ESUETH 5.

B, R, SO L L EEEOKT I # AFTIE, Acl HE#z 5880 (LLF, SA L wv9)
DEAZHL. L72FoT, ¥4 A MIBWTITEH DL & FEABEANEED y HAEIZ B KITT 8T [IH
DRENI NN VI TDH 5. yAE R OM K~ VT oA B8R L — SA >BEA

R ZLEROEIHNIC X 2 KELRLEC LT, BEANLEY m DOTAETHRET 5.
DA —=ATF 4+ (LIF, y &) k% 50 um L

20214E 3 9H =4
% K F FR SRR B F8WF SE AT (Corporate Research & Development Center, Daido Steel Co., Ltd.)



40 BRI F kg 1S 2021 4

2. WA OHEXIERHE

BE A UINZER D 1030 TIZ BT, 5Cr REH 54 A8
Oy HFICIZERZ 005 ~ 03 um D/NF VT LS —N A
F(UTF, VC &) 2358 LTwa, VCITRAD
Ervikokife LTERL, #afomEL 2.
MABEBSH#EE Y 7 b7 = 7 Thermo-Cale (Version
2018b, TCFE6) TR 7z VC &% Table 1 12773, 1030 C
o ve =1, 4 VR (0.50 mass%V @ SKD61) #%
0.34 mol%, SKD61 I%0.90 mol% T 5.

774N (LU, abkwv)) FERED 50 um DUT
D SAM (LT, MR SAM L) % 1030 T I mzk
L, 5h OFRFRICEANEREZ Fig. 1 1RY. 54
ZEHDFEIE R BEAAARFEERNZ 1 h AT Y ThH 225, &
s DAL KAV 2 N Ay 12 BRI 3 % 72 O BREE %2 5 hoiZ
R L7z § VR Tid, 150 um DL E DMK % 1H v 45 5
f (B, ED) ARLEE 50 um LT O i & IRTE L
TW5, Table 1 IZ/RL72EBY VCOBL W20, #
Ea AL DM RALHSHEAT L 72,

—7J5, SKD61 (X IH y RIS 50 wm LA o AL HH Ak
TH5H. 5hOREBEFICBWTD, MR O E
&7z, 1050 T T S h RFF L 72356 b BEAAGAR T
HHIEDPHOEBRTHHL TWwa. SKD6I i VC =
BTz, BEAILD 1030 TN iE SR AR L
5 T HEME I3 O T,

Pl XY, SKD61 OBEANAARLIZ 150 um L EOR K
% IH y fHRRBIE S NG G, F ORIIBEA U E,
FOREETIZR W EATRBENS.

Table 1. Amount of VC at 1030 °C estimated by
Thermo-Calc.

Steel VvC mass%V Note
VR |0.34 mol%| 0.50 Steel VR is
SKD61 |0.90 mol%| 0.85 V-reduced-SKD61

Fig. 1. Difference of grain size by V content related
to Table 1. Two steels are quenched after 5 h
holding at 1030 °C. Arrows on steel VR indicate
coarse grains greater than 150 um. SKD61
shows fully refined structure with grain size

below 50 pm.
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Fig. 2. Transformation temperature of SKD61. Average
temperatures are 836 °C and 894 °C for Ac1

temperature and Ac3 temperature, respectively.
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Fig. 3. Heat pattern of small specimens in vacuum
furnace. Heating is set at 1250 °C to attain a
coarse grain. The number “n” is 1 or 3 for SA.
The microstructure is observed at condition (P),
(S) and (H).
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Fig. 4. Microstructure change during the process shown in Fig. 3. SA temperature of 860 °C is between Ac1 temperature
and Ac3 temperature. In “H” almost the same coarse grain to “P” is observed even through three times of SA.
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Fig. 5. Microstructure change during process shown in Fig. 3. SA temperature of 900 °C is just beyond the Ac3
temperature. A needle-like structure is not given after SA, and grain refinement is accelerated by repetition of

SA.
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(a), (b), (c) and (d) correspond |2l llsl 115y
to Fig.4 and Fig.5. T
(e) is given by quenching

of fully uniform fine grained
SA material with ferrite
grain size below 50 um.

Fig. 6. Macro view of condition H. It can be seen that

coarse grain remains, despite three times of SA.
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Fig. 7. [001] IPF map of condition P, S and H related to Fig. 3 and Fig. 4. 860 °C SA is repeated three times then
hardened after 1030 °C heating. The same area is tracked and observed during process.

H (Hardenmg)

Fig. 8. [001] IPF map of condition P, S and H related to Fig. 3 and Fig. 5. 900 °C SA is once done then hardened after
1030 °C heating. The same area is tracked and observed during process.
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Fig. 9. [001] IPF map of condition P, S and H related to Fig. 3 and Fig. 5. SA at 900 °C is repeated three times then the
steel is hardened after 1030 °C heating. The same area is tracked and observed during the process.

Fig. 913900 TO SA 233 MDOHETH 5. HKRES D
HyfAOMEL, KKE L TREPLFELTHS. 72
2L, MRRIESAICE o TRELSEIL, BELMON
a5 S E o EML2MRES N Zo/RE
Fig. 5 &XIB9 5. BEAINM L, SAHT1HITH S Fig. 8
DIRFEH £V b S IR L L7z, SARIOIH y KIS %
FETLHI LI, bERELY. ZoERIE, SANE
< 30 Fig. 7 DIRFEH LRI TH 5. Ac3 HE L
D900 CTSA ZHEVET Z L2 o T, MkALAEE
SNz, FO—JT150 um L EOM KR B HFAEL TH
0 (Fig.6(d) Z), FEMFALIIRETH Z.

6. BT RDKRE

Fig. 1 & Fig. 6 ~ Fig. 9 £ V), SKD61 O A UHLfEIZ
150 um DL L IH y f SRS B S iz, 2 oMK
ROIE SA MR AR Ch o 722D E Lz, & D
HWAZ L THAS .

SA D900 T 7o 7285412 h, BEANM ITHIKA
1EL7: (Fig.8, Fig.9). COBEKIZ2 226N 5. 1
DHIE, AEY —RROEEESAA G — 11%5
900 Tl Ac3 HE L2 o 72METH 575, ERIC
Aﬁﬁ%ﬁﬁotﬁ@ﬂ)ﬂ%ﬁﬁ%é.%i%h%



44 BRI F kg 1S 2021 4

FRD 228, HNEBY Ac3 H.< 900 T72o 7275,
SA M DR/ S Vv (KSR L CHRZ) 2
ETHD, AT —FRIIBHRL V25, BEAINEIEE
K%ﬁﬁfiﬁT%&ﬁ®%%&yﬁﬁuﬁkﬁ@W
HrBEELENG P —ATH 5.

PEXD, Ac3 HziBz % SA THHIML S 7z o Ml
ThuL, BEANFREM LT ,2EEZON1E. 20
IR EMEET 5 728, Ac3 KA 845 ~ 875 T d 5Cr R #hk
&4 A% 900 C T SA LEEANT A OMMELE
PR L7z, KERE Fig. 10 2R, # ok VML 72 5 5
LIFICxES % SA O EZE 2 CTafiffa L, 1030 C
2B 1hOMBGRIZBEANT. €y I—ADERT
B e ~—F 7L, AN H TH—HE %
BERL TV, #EERLOM K% SA M OBEANZIZIE,
150 um DL LMK ZIH y ST 5. —H, &
FR Rl DM 70 SA A1, BEA LIRS BRI 72 5
CEDHERRTE T

Ac3 ME 2 A SA DGR LS o MR OB LI A
BBHEE, y AT —REPEEINL Z TN,
ZHEY A N Th DR FOMBEDR 4 1ML Tw <
FALLTWL) 720k EZ6NA5.

| SA condition

A as
A

sl
NP LY

Fig. 10. Microstructure comparison of SA condition and
after hardening. Difference of repetitions of SA
beyond Ac3 temperature gave different grain
size. These two SA materials of the same 5%Cr
die steel are hardened after 1030 °C heating.
The same area is tracked and observed during

the process.
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