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Behaviors of Microstructure and High-temperature Strength of 0.2C-3Cr-
W-Mo-V-Co Precipitation Hardening Hot Work Alloy Tool Steel

Toshioc OKUNO

Synopsis :

In this study, effects of bainite structure on high-temperature strength, precipitation and aggregation
behaviors of carbides during tempering are investigated for 0.2C-3Cr-W-Mo-V-Co steel comparing
with martensite structure obtained by particularly rapid quenching.

The results obtained are as follows:

(1) During cooling from austenitized temperature at the rate lower than the rate of half temper-
ature time being 10 min, granular upper bainite structure, without carbide precipitation in boundary is
obtained with about 159, stable retained austenite.

(2) During tempering of this structure,

(i) precipitation of M3C and transformation of MyC—M,C, in situ are suppressed, while those
phenomena take place in martensite tempering,

(ii) boundary precipitation and aggregation of MyC are suppressed until higher tempering temper-
ature because of the rarer distribution density of bainite grain boundary than martensite lath boundary,

and through above (i), (ii),

(iii) increasing of volume of MG, M,C precipitated, their homogeneous distribution and suppressing
of aggregation of them, which are all effective to the strengthening of the steel, are promoted.
(3) As the results, this upper bainite structure shows excellent high-temperature strength, compared

with martensite structure.
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Table 1. Chemical composition of specimen.
(Wt2%)

C Si Mn Ni Cr W Mo v Co

0.22 0.47 0.73 0.85 2.75 0.65 1.88 0.40 1.05
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Fig. 2. Isothermal bainite transformation diagram.
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Photo. 2. Transmission electron micrographs of specimen transformed during continuous cooling

and isothermal holding.
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Photo 3 Electron micrographs of extraction replicated carb1des of tempered specimen after

continuous cooling at the rate of half temp.

time being 60 min.
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Photo. 4. Electron micrographs of extraction replicated carbides of tempered specimen after

oil quenching.
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Table 2. Results of carbide identifications with X-ray and electron diffraction methods.

Tempering temp.(°C)X 2h

As
quenched 400 500 550 600 650 700
X-ray MC(30) MgC(32) M C(39) M;C(39) M C(46) MC(50) M;C(120)
Oil (Coka) MC(4) MC(4 MC(5) MC(5) MC(6) MQC(7) MC(8)
quenched M,C3(5.5) M,C3(46) M,;C3(49)
Electron (Crowded)
_ — rod —_— _— —_— —_—
M3C
X-ray MC(29) MsC(32) M4C(32) MC(35) M:C(35) MsC(36) Mg C(56)
H.T.T. (CoKa) MC(3.5) MC(4) MC(4.5) MC(3) MC(7) MC(8) MC(9)
60min M,Cs(3)  M,;Cs(17)  M;Ca(40)
Electron

(Cloud-like) (Cloud-like) (Cloud-like) (Needle)
MC MC MC M,C

Numbers in parentheses show heights of diffraction figures on chart (scale)

(MG : d=2.25A, MC:d=2.40A, M,Cs: d=2.224)
(H.T.T. : Half temp. time)

Table 3. Results of micro-analizing of carbides.
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S| xan Cloud-like 2l 106 202 s 33 LD 3@, &7 600~650°C TORE XK T 2R
£l Xoh  Neele 196 103 808 33 10 o s w47 v RES & LTI 500°C TR
= g L, 575°C % Cid & A ELMLERE Y, 600°C L
‘“gé‘ﬁi;a“',?aféi?;??.’... bo e sy 3 gy ECOMEFAMMEIKEL. S50 CHEEBAE LS L
rticl B¥2 cevene . . . . . - . .
e Weadle ‘ BsA A MO T DR R A SIS LIS, RS
S|l 7 (Vorich carbides) X, BALIEHIZ LA R 60 min OBFTAENC L B <1
~| 700°C Retained particle ------ 8.8 0.4 9.1 73.6 8.1 ~
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Photo. 5. Transmission electron micrographs of tempered specimen after oil quenching and
continuous cooling at the rate of half temp. time being 60 min.
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Fig. 7. Results of creep testing at 700°C,
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ETH5D.

EEEBLR BER A o FOBE, BEL E LEEO MC
HHRER, MR 2TETHT 0 Lt Uled oA
TOWTI, XA 74 PERBIC AR5 A —ATFA b
i~ C BB X B ERE~1 I + D C BEFIED
Y BECAL LIBE A — AT 74 FORELD,
DL BBERGMEEDOTWADY REVBDHT oD,
BucHi® LRI ORES, HEROEL0FEHRE & 8
MFTHOZEE e E3 LR LT, BLEoik
SRR L D ITHEBEEE <1 71 t ORI L LT
G BRSO L BEOEE) S X b HRECIEETS 2
EMTET.

T ERB OB, ~AF v A FERELT, E
A 4 roFR, (DFHESEINEL, 600°C
R ETCogtEifir k&2 &, (2)600~650°C L) Eo
Fb & LRERS IUCRBRRE COBENGC &, 2,

s 68 4 (1982) ® 2=

BFEAOBZRE LTO (211) o boEFTXBEOFl
ERid 5 (L) OB X LEUOER L L, BEEOME
CEWTR ED BRI B F1 b OB Z AT
T 5.

4.2 BWEAOMR

G IREE B L, $Eb & LIREE 500°C LI FTA~
174 PE=AT w94 PIExt e UTHAR, W™hME
{, —HH—RUHPEMHCEWC LI X 0T HERMT
bhs X5 MITEEERRE L, FERBITR LT
MEOENEE LT WD, ZHIXAERSF4 P E LT
5CHPELI-ZIi0OBYA — AT F4 + OB LA
bDEFL bMWD, BN E~DRIEYDBH E HhioiTH
EREA—AT A FOSEDBBT AL E LRED
BETHYT5 475~500°C CHHIR, fEELYR
LTw3. ZoFRRECOWTR, BE, BRYEHEC, ¥
fe= 7 vy 4 P OBENFIEE M,C AT LTwW5
HXD, FHEE AL IERHLTC5 X5 EBHL
EROWIR—RRE EEL bhb. HIC Simcoe B} ig
LT3 X 5w, BEE MGk o JEBA T H 40,
¥ RABC KT BEEA — AT I bD AT VY
1 b MEEEO HAAe S X b, ITEAMR Rk
D, 5| E DAL BIE Licdh D BRI hpmem,
A E~ oM ic B kR bd), MC Ol (BEATHD
BB L, DOBHAF—ATFA O EIELLD
525~550°C THARRIIEFRL, =7 v¥a1 b, <A
FA4rRFEEILY, BEAEEDO LvABHFEL TSN
T L DEZSHRI L D BER SRR E TS,
X DR~ 74 DFHED, FO—Fik Ch Yk
LB A — AT 74 b OFEVINTEEH: &5 RER I
XB=7 vy A MECHBD D LHEEINS. S BT
BYA—AT F14 P DSELREHEL, S E~DFHA
A 72 575~600°C CHAIREFEA LD, ThRED
ey 0.2% WhHd Kk AT, TOEE<AF1 L,
= NF A+ R%ETHS. 600°C Ll LT LLEIR,
0.2% Wt)1, BIEMBIDIWMPMNA 41 + DFHERE
AT SO BTEE T R DR EET O£ & XIS LT
Wb, —J, 550°CLITFoRMBEEEEEL, <=7
VHA b, XA FA FOPLE LD 300°C FiETOSE
BXOWANEZ DRA. SOBE, RO
LR DOoTWBEIY, ~BRRR LD TWDEHE
W2, BLEEL L1 L h RS EHEIRS.
Bt R eo&, FOEY B EEHELY 5
mm F—HEO BAF—A2FF4 F BEAE L HR
Table 4 wn$ L8680 T, RBREE 350°C 0BA K
PNEEFRTERYE TS, 350°C i1 ERTEERICE
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Table 4. Volume fraction (%) of retained auste-
nite at ruptured position of each tension tested
specimen.

* 5mm away from ruptured end along longitudinal section

Testing temp. (°C)

20 250 350 400 Before tension

testing

?(S E(L)lcrla"rg:gh 0.7 06 0 0.4 4.4

Continuously cooled
at H.T.T. 60min 6.0 5.7 1.4 5.5 15.5
(@M 400°Cx2h)

Austenitized at 980°C X 30min
(H.T.T. : Half temp. time @ : Tempering)

53474+ —ACHLTHRETHDREEREL
T, FEBSIGEETHCIY, BEA—ATF1 +—
NA F A PEREAIEI N SR T S b0 &R
Iha.

5. & E]

0.2C-3Cr-W-Mo-V-Co i Bi# LB T A o
WT, RA o MEREEE) L, Zh2BEREEECS
2 BEEY, =AT v FEBEMEUTHRE L, B
ToREEx. ‘

(1) ¥R 10min Bl EOKABEAB IR \T,
15% HieD BHEA—AT F14 b EDNf =F 4 »
77 =74 PEIOBR B 710 b (B-1 #) Licn.

(2) BEd & LBy, KRG, (I)=~AFvHa b &
Z &b, 500°C Lk Etoo MC oMM kT35
M,C DIz LA EERT, ZoFERE LT, 600~
650°C v M;C—M,;C; in situ ZERENIFIZ 2, 381k
CHETHEM E~D MC X0 M,C DiFHEDR
KEH—nfivihl &, (ii)MC O, BEOR
LB 74 P NERODHFEEN, =AF V41 b

‘7%%%@%}1; D%&P:/_]\ghc L, BIph=rAFv .

A T OFE LD LBIEERANKREL, 7, MILIER
NrovERECERIhLZ L.

(3) Bd & ULEEDLIRBEED 600~650°C
LA E o SRR 086 OMBMAVEE L, A1 +A1 r D)
M=T VA b XD HEVD, R (2)Yo R o
ZEEc I v BEMT LB L.
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BhhT, KANOREYHTI N HLEE ),
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2)
3)

4)
3)

6)

)

8)
9)

10)
11)

12)
13)
14)
15)
16)
17)

18)

19)

20)

21)

22)

23)
24)

25)

'8 ik

J. A. Succop: Steel Processing (1955) 10, p.
621

R. B. CoreeTT, J. A. Succop, and A.
Fepuska: Trans. ASM 46 (1954), p. 1599
MEFFIK: 8 73 EEXENTY Y EI7 ATFH
(1980-11), p. 13 [AAREMHENT24L]
gakEEEE: ¥t L nT, 20 (1979) 227, p. 1138
G. J. P. BucHi, J. H. R. Pace, and M. P.
Swey: JISI, 203 (1965) 3, p. 291

L. J. HABRAKEN, M. EcoNnomorouLos: Trans—
formation and Hardenability In steels, p. 69
(Michigan, February 27, 28, 1967)

D. Raynor: JISI, 204 (1966) 9, p. 897
ZiFa R, FMEMER: 3, 13 (1964) 126,

p. 144 ;
TRk, WmEME: 8&H, 59 (1973) 8,

p- 1113 i
HRIE: EXKEE, 12 (1960) 4, p. 400
FHE LS, FIRBEAER, KFWEH, KEHFR: @
oia g (Kyoto, October 25, 26, 1971)

M. A. GrossMANN, M. Asimov, and §. F.
Urean: Hardenability of Alloy Steels (1938),
p. 124 [ASM]

K. Kvo: JISI, 184 (1956) 11, p. 258

E. Smrta and J. Nurtinc: JISI, 187 (1957)
12, p. 314

D. RayNor, J. A. WHITEMAN, and R. W. K.
Honevcomse: JISI, 204 (1966) 4, p. 349

E. TexiNn and P. M. KewLy: JISI, 203

(1965) 7, p. 715

D. Raynor, J. A. WHITEMAN, and R. W. K.
Honevcomse: JISI, 204 (1966) 11, p. 1114

R. W. K. HoNEYCOMBE: Structure and Strength
of Alloy Steels, p. 18

R. Le HoulLLIER, G. BEGIN, and 4. DuBg:
Met. Trans., 2 (1971) 9, p. 2645

MRSk, WL AR: gk k8@, 63 (1977) 9,

p. 1539

R. SimcoE, 4. E. NEHRENBERG: Trans. ASM,
58 (1965), p. 378

C. R. Simcor, A. E., NEHRENBERG, V. Biss,
and 4. P. CoLperN: Trans. ASM, 61 (1968),
p. 834

EHRE: BTRBEEEOHBMLEER (5§40
B k) (1967) p. 252 [h#]

M4 5: gkl RisaEs (1969) p. 128 [A T
T¥EFHE*L]

PME®=: FfleE#RE &Ml (1961) B44&

LN

— 131 —



