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Distortion in Service of a 1.2C-1Si—-17Cr-2.5Mo-0.8V Tool Steel

Yoshio WATANABE, Koh-ichi SUGIMOTO, Ippei Miwa and Masao NISHIZAWA

Synopsis : The effects of tempering temperature on distortion in service of a 1.2C—18i—17Cr—2.5Mo-0.8V, mass%, tool steel which was developed for
precision molding die of semi-conductors such as LSI were investigated. When tempered at 490°C after quenched from 1125°C followed by
subzero treating, the steel possessed a very small distortion in service less than 1X 1075 under cooling-heating cyclic test, in accompany with
a significant hardness above 62HRC. The small distortion in service was associated with an increase in retained austenite stability against the
martensite transformation which was evaluated by lattice parameter of the retained austenite and its increment on tempering. It was expected
that the stabilization of the retained austenite was resulted from dissolution of M,C carbides and suppression of M,,C; alloy carbide precipi-

tation.

Key words:: tool steel; retained austenite; distortion; secondary hardening; heat treatment; lattice parameter; retained austenite stability; carbide precipita-
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Table 1. Chemical composition of steels A, B and C used. (mass%)

Steel C Si Mn P S Cr Mo v
A 1.20 0.99 0.59 0.010 | 0.001 16. 81 2.51 0.77
B 1.43 0.21 0.43 0.019 0.002 11.69 0.84 0.24
4 1.31 0.25 0.33 0.018 0. 008 18. 20 4.02 1.05
1125°C (A steel) o
1025°C (B stoel) 200°C, 3600s 200°C, 3600s
1130°C (C steel), 1st Nth
00s
800°C
o | 1+
500°C, 200~600°C, 3600s 20°C 0 A ¢
3000s 3G5°C/s (in salt bath) 7
C

AQ
\ sz ]

-140°C, 7200s

[\

e o
{ GC: gas cooling

|AC: air cooling

Fig. 1. Heat treatment diagram of steels.
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Fig. 2. Accelerated cooling-heating cycle test for mea-
surement of distortion in service.
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Fig. 3. Scanning electron micrographs of as-quenched
steels (a) A and (b) B.
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Fig. 5. Variations in (a) distortion during heat treatment
(&) of steels A and B and (b) distortion in service
(&) as a function of cycle number for AQ speci-
mens of steel A tempered at 470°C, 500°C or
550°C. (an: annealing, qu: quenching, sz: subzero
treating, temp: tempering at 490°C for steel A or at
470°C for steel B, c: cooling, h: heating)
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Fig. 6. Variations in (a) hardness (HRC), (b) distortion in

service (&), (¢) volume fraction of retained austen-
ite (f,), (d) lattice constant of retained austenite
(a,) and (e) lattice constant of martensite or ferrite
matrix (a,) for AQ specimens of steels A and B.
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Fig. 8. Transmission electron micrographs showing M,C
carbides in martensitic matrix of as-quenched steel
A. (a): bright field image and (b): selected area dif-
fraction pattern of encircled area in (a).
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Fig. 9. Transmission electron micrographs showing micro-
scopic strain fields in retained austenite of AQ
specimen of steel A tempered at 480°C. (a): bright
field image and (b): selected area diffraction pat-
tern of encircled area in (a).

4. ZE

4.1 2REB{LE
Fig. 6alZm a3 &S50, ASTIE & b ¥4 2 KL
BN, ASIDAQMIZH VT, 2REEL A4 T B 5K

765 I



I 756 $k 4R Tetsu-to-Hagané Vol. 86 (2000) No. 11

//MM]a

Fig. 10. Transmission electron micrographs showing
M,;C; carbides in AQ specimen of steel A tem-
pered at 600°C. (a): bright field image and (b): se-
lected area diffraction pattern of encircled area in

(a).

il //[111] &

Fig. 11. Transmission electron micrographs showing M,C,
carbides in martensitic matrix of AQ specimen of
steel B tempered at 470°C. (a): bright field image
and (b): selected area diffraction pattern of encir-
cled area in (a).

Ui 3 R y AR E TR T 5 BER UGS 5% (400~
490°C) L TR y D —ER & 72 I3 BEAERE X 7= 13 RS B 5
R U (500°C L E) 125313 5 1 B (Fig. 6c)e HHD

BERR UIRIEI TI3, Fig 101278 § & 5 & I M,,C, 45 o 1
FHZHTH L Tz, L= T, 500°C TR L A5 L 7-
ARBRFT DPEE 2B X O BEMI(Fig. 6a)d, GHIMIZETZR
Hyn»o a ~NOERL o BHHAITO RN O i1
FHERLTWBEEZELTEINTHASS,

—77, ASID AQ#HM % 400~490°C DR FEIK THERE L 7= &
&, o B E K ORE y I 2RO H D GEL %
"MEZLIETELE,-72H, Fig 9liCRoNB k512, &
By MBI OT RGP EERE N7z, &7, Fig. 7b, c TR 5
N5 EHIT, 450~490°CHER LHIZIZ311)y ¥ — 7 Dtz
FOM,C E =2 BB eIz, L7zh->T, ZOBRL
EIR T, R y IR IS ASTT B 2 K 7 M,,C, 28
frfh L, Sh 2 RIBICHRSI > T3 EEA56h05, B
HDOAQM LI L 72 & & AHIZ X D k& & 2 kL %
EC 7z EROMEID & S512, BHETIZILERE O BER
Ui T M,C, 2341 U (Fig.11), 2 OH AT 2D1Z% L,
AFTIIM,,C AT E AT A EIRBER L & Tl X h T
Wz, IRPARIDOKE 2 2RE{LICEBAL TWB &%
Lbh3s,

2REEEIZH U T, o #HIZ & M,,C, DR BHIHT Hy o) ]
BEVER & 5 A, o BEFHOKS T3 $13 400~490°C B = L #4
TIHIXIE ~ETh - 7=(Fig. 6e)e L7222 -T, & L o B
EMCoDRBBMINT I AT 5 T B 5513, Bly»5
o NDRFIMD RN S B2 4 Lhikn,

R y N T D M,,C i L B D #7 i 1& White & Honey-
combeNZ K> TEEBEDOLNTWE, 27FL, ZhsD
M Co iRAL I3 R B L 2§ % 300~400°C THER L 7= & %
IZRE yWISHTHI U, A YRS MK 720 2 AL 12 Bk
Lant#imEIntnd, 5%, EDOXSLAERDHBLH
12 My;C R AL 3 2 RFEAL IZEBR S 2 22OV COFAEA
BEEBEBZTHAS,

4.2 NEVRFOTH
4-2-1 RBREFOTADREHERE

—M%iZ, TEHHOBRFOFARITERMOGH D F 7212 T
Bz D@k & vz & 2 IDRE y DL b IkeE
WO (RREIL), @ BETBZLIZk->TET B,
IhzHEETHL, BRLEHEL - LE# % 180°C T
L 2L ZIZETIREVTRIIKD 2O 5EF B0
TAOMEEZBZENTES,

(1) BEAyD—EP o ERETEZ LI THET I
K (BI5R) OF 4

(2) LEDOT7Vv vy aahod etz k >
AL (EHE) O Aa

Fig. Sb X ), BBy N GET BB E (BEFE LEE R
530°CLLTFDIBA), 194 7 LHOGHTCREREOE X2
WML, ZOH%BEOFRZDUMINT 22, Z20%I13F
FRMLT-BEA5, ZOLSIZRMT E, BEOFA
ELTRBBROTADAELETEDT, (1)D o BHEANE



3.62
B : : Ma Wb
3.6 TRRRRE IR
2 e
>~ : .
® B60fy e N
N
5 L l L il i L b L L i L 1. L ' L L} ‘ L
as-qu 200 300 400 500 600
T (°C)

Fig. 12. Typical variation in lattice constant of retained

austenite showing four regions I through IV. (steel
A)
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Fig. 13. Equilibrium diagram of Fe—(17Cr-2.5Mo-0.8V)~
C system computed by THERMO-CALC.
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Fig. 14. Variations in (a) distortion in service (&) and (b)
lattice parameter of retained austenite (a,) as a
function of tempering temperature in steel C.
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