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Discontinuous Grain Growth Phenomena and Grain Refining
Treatments in High Speed Tool Steel

Synopsis:

Katsumi Tuj1 and Kiyoshi ArRAO

A discontinuous austenite grain coarsing phenomenon of double hardened high speed tool steel and the
procedure to control the grain gtowth on the second hardening have been studied under various heat treatment
conditions. It is found that the discontinuous austenite grain growth is caused by disolusion of metastable
carbides which have precipitated as a fine dispersion during the early stage of second hardening and that
the grain coarsing on the double hardening can be controlled by intermediate heat treatment, i.e., rapid
colling from « zone just under Ag, or y zone just above Ac,.

A heat treatment that the high speed tool steel of 6-5-4-2 type is quenched from y zone just above Ac, fol-
lowed by heating at o zone just under Ag,, is effective for preventing the discontinuous austenite grain growth
and for refining austenite grain on subsequent austenitization.
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Table 1. Chemical composition of specimens.
Dia. ‘zf pecimen C Si | Mn P S cr |- Mo W vV | Co
14 ¢ 0.87 0.30 0.29 0.02 0.02 4.01 4.98 6.16 2.01 0.53
0.6 0.88 0.32 0.29 0.02 0.01 3.98 5.01 6.24 1.98 0.59
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Fig. 1. Effect of second austenitizing temperatures on grain size as a function of
various prequenching temperatures.
(a) Prequenched from indicated temperatures. )
(b) Prequenched from indicated temperatures and tempered at 550°C for
1.5hr two times.
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Fig. 2. Effect of holding time at second anstenitizing temperature (1220°C)

size followed by water quench.

Prequench : (a) 1180°Cx 3 min O.Q (b) 1200°Cx3 min O.Q (c) 1220°Cx3 min 0.Q
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Fig. 3. Effect of the holding time atfsecond¥austenitizing temperatures (a : 1200°C, b: | 180°C)
on the grain size followed by water quench. Prequench : 1220°C X3 min O.Q.
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Before discontinuous growth
(1220°Cx35sec W.Q)

austenitizing at 1220°C,
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Photo. 1. Microstructures before and after discontinuous grain growth during the second

|
T " —

110 15+ 5 p—
130

Fig. 4. Tube for reducing the heating rate 0.6¢
specimens.

Table 2. Effect of the heating rate of the second
austenitizing on the grain growth in
double quenching (1 220°C x 3 min O.Q.).

Dia of tube Heating rate at Intercept
( mm) 900°C (°C/ sec) grain size

4¢ 80.6 11.8

8 33.1 8.6

12 20.8 7.2

16 16.7 5.5

20 13.3 4.3

DREHEARBIREMS VYV bANRREX DL 1% KW
1210°C i T 5 TCOFBZAELTHE, Z0FRE
REfic 3 min OFIFRMEZINZ S OE TN ThORIA
Bef & L7z. Table 23pIEMEES X ONZighiR X b
K7z 900°C st B FREE LR EOBRE R
T, HAEEESKE  FEREANIMEE:D FIRHEE /N
XL e Bz oh T r EREHEXLL, BRAMNORERE
CIXENERORBERENEETHZ LN S5 25,
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Fig. 5. Grain size vs preheating time of the second
austenitizing in 0.6¢ specimens on double
quenching at 1220°C,
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Fig. 6. 7y grain model in double quenching affected

by intermediate heat treatment.
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Photo. 2. A typical austenite grain with substru-
cture which was observed after the
following treatment was conducted.

1 220°C x 3 min 0.Q.—780°C x 3hr A.C
—1220°C x3 min O.Q.

Fig. 713 1180°C, 1200°C 35 X 0% 1220°C D48 fEF
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Fig. 7. Effect of prior heating temperatures on the grain size after the second quenching from 1 220°C.
The holding time at each temperature is Shr.

Prequench : (a) 1220°Cx3 min O.Q (b) 1200°Cx3 min O. Q (c) 1180°C %3 min O.QQ

Table 3. a 227 transformation temperature at
different condition.

) Heating Cooling
Specimen Ac, | Acg | Ary | Ar,

cC) (°C) cG) 1¢C)

Annealed 817 855 764 702
Quenched

1 180°C %3 min 0.Q 810 | 852 547 685
Quenched

1 200°C x 3 min 0.Q 809 | 855 | ;35| 690
Quenched

1 220°C % 3 min 0.Q 800 | 854 | ;9q | 684
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LEMPRED BN D.
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Fig. 8. Effect of heating rate of prior heat treat-
ment on the grain size after the second
quenching at 1220°C. Prequenched from
1 220°C.
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Fig. 9. Effect of cooling rate of prior heat treatment

at 1220°C Prequenched from 1220°C
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WIT IO 1 IREF & alfD 2 KER ZMAE bR
DR Liskrsg (Fig. 10288) 27y, FDEERIHE
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Fig. 11 3 Ahstfi 2 820~900°C i EE¢ 1 hrijp
BhEKE UT LIRER 21T, Sl&kiE 780°C x3hr
RO 2WEREZIEL-DL, 1220°C CHEANE L
7o & ED 1 RERLEBRE L FESNEORGERT.
NI XA 13K 2 3 & SR AER 2 12 0 3R 113 5 255 s
WNEL D, &K1IT Ay RELHBET 1 RER %
LISBa i OB LSRR E V. B 0EL
SERAAEEIT 513 B 1 R I £ R E DIREE 1T

- -- Ac,
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wQ AC

Fig. 10. Heating diagram of double grain refining

treatment.
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Fig. 11. Grain size after final quenching as a func-

tion of the heating temperature of the
primary grain refining treatment followed
by the secondary treatment of 780°Cx 3
hr. A.C. which were inserted between
double quenching from [ 220°C.

BEREN BT ORMS INIE+STH D, T2k
WHEC a8 Ac SE T TO—@ OB AIRT 0
BRI AL T L, oFERNEC RIET 1IRER
INZEFIRIEE 70 B ONTIRENEE O R EIT DWW T o i
R, Table 4 DL K FHREEIFERINEICZILAER
EELIR WA, 1 RIEBROINELES O HIEE 1 E W IE KR
ANZOEGERBHMMELT 5 & LRI 5.

4. & 3

41 BRAMORERERRICDONOT
KuLa i3 0 R LEEARNI BT 5 r SROBFRES

Table 4. Effect of heating and cooling rates of the primary grain refining treatment on
the grain size after the second austenitizing.

i ‘ 3 S d ! 1 I t i
Primary quench | Primary grain refining | ;oo | Secondary quench | MiereePt 8
1 220°Cx 3 min O.Q 780°C x 4hr—880°C x Ihr W.Q. (780°Cx lhr A.C.1220°C x3 min 0.Q. 16.6
rmr0x4m;£&r0x1m-Fc % | Z 11.3
’ f 880°C x Ihr W.Q. % | 7 | 16.5
4 L 880°C x lhr F.C. % Y | 12.1
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(1-K)
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ETAT o WIHABE rLIRECMBE L7 L ST
5 rEROEBCOVTRINETE L OMESTb
NTEY, EEEMTEEHR 7y o4 s L OREGEEY
WL, rEEROHEXEEZLT L RIEW S &k T
DEBT X OTHEUBDTIR L, T LAEELFRR
HWTHIZ B & T H|MES DAL,

L2 LS SEdE TEMO X 5 EA &Ml s

R OY4 X3y PR

S0 E Bt b FiInEoBR e T 5 580 2 iRkl
PRERET LTI VWSEWL, B TPNRE TR
BHAT S r BGRORFRERRIE NG 2 RL
WMOFEBPBEESERED 2R-TZ LB HHELL R
5. BE, BRERENSBOMGBLEHEBE LABRLIE
FREBEFOMEICYE 0.0l ¢ BEOIEF IR 2R
RS SEITH T B ot LEFREEROMBIZIT 2
L TNNBD LT r ERORFEREE 2 R R{th 0z
BEBERBROLE LN SN ED.

KuLa® 3 X 0°F Groee? iR R BB EFF & LCHE
B35 Z0RICIRF %2 MC 3K MpCe & LTW
B EINSBFEBEOIER ITE VR MC H5 ik
MpCo D T & EHER 2 WRILMHITH S 5 L V3E 28

WL, ERWREEOMMICTED Shs iaRb
FETHERL, che ASTM »— F& BE& L7icfs

MY Table 5 &L MG, MyuCs L HELILA
MoC & X AT 5. K Eififes &&% % =7
ring pattern {Z7¢ ) (Photo. 3 £H8) M,C & MC O
MR BIRET 52 LdFE 25N, ZOBTFHETRE
Bhr b 722 bic MoC LEIET 5 Z &1E TELW,
b d skt Groee LOIMET S X 57
MC, M,Cs 75 EEnEE TEMMOBERE LnBui i R
ZEWTHET5EER 2 Rirflb® Tl 7L, MG,
M,,Cs DITHICE S £ TCO—EBDRIEWRIS DR THD
h, UL2d A SICHET 2 -EoEBR{LMTix

Table 5. Measurements of d value of precipitate, A.

A.S.T.M Index
Precipitate
MC M,3Ce MC M,C MoC 12H
d Intensity d /1 d I d /5 d /5L d 11,
2.75 80 2.56 50
2.56 M 2.53 80 2.53 50 2.44 100
2.29 100
2.43 VS 2.37 80 2.40 100 2.31 40
2.22 100 2.12 80
2.28 S 2.17 60
2.25 80 2.04 100
2.11 VS 2.12 100 1.88 60
1.95 80 1.80 60 2.07 100
1.68 60
1.73 VW 1.71 40
VW
1.54 60
1.49 S 1.43 60 1.29 60 1.51 80
1.35 80 1.25 80 1.47 50 1.48 80 80 -
1.30 100 1.23 60 50
1.26 M 1.27 60 1.17 60 1.32 50 1.28
1.08 100 1.25 25 1.24 50 1.26
1.11 80 0.99 60 1.22 50
1.08 80 0.97 60
0.99 60 0.93 100
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Table 6. Analysis of carbide and calculated composition of matrix after different heat

treatments.

Heat ﬁ Amgf?m ‘ Composition of carbide (%) Composition of matrix (%) _
treatment carbide ! ! ) [ r N T [ ] i

(wtzp) = S 1 W Mo G v ¢ W | Mo . GCr v

i | |

780°C X | Fs !
Shr A.C 20.8 4.14 25.09 | 17.67 ‘5 10.59 8.84 ‘“ 0.0l 1.18 1.65 2.28 é 0.21
880°C x | - | | ! |
3hr F.C 21.0 4.20 25.37 M 18.31 11.55 | 8.77 d — 1.05 1.43 2.00 !J 0.21

Photo. 3. Electron diffraction pattern obtained from
precipitates shown in Photo. | : before
discontinuous grain growth.
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