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The Effect of Cooling Rate from Austenitizing Temperature on the
Microstructure and Toughness of the 0.4C-5Cr-Mo-V Hot Work

Alloy Tool Steel

Synopsis :

Toshio OKUNO

The effect of quenching rate from austenitizing temperature on the microstructure and toughness of
the 0.4C-5Cr-Mo-V hot work alloy tool steel was investigated.
(1) As the quenching rate decreases, plane strain fracture toughness and charpy impact value after

tempering to HrC 44 are reduced gradually.

(2) The microstructural changes corresponding to the above behavior of toughness can be sum-

marized as follows.

(a) Formation of upper bainite and increasing of its volume ratio to martensite.

(b) Increasing of width of bainite grain, compared with that of martensite lath, and increasing of
particle size and tendency of connected distribution of carbide precipitating along bainite grain
boundaries compared with carbide precipitating along martensite lath boundaries.

Increasing of density of extremely fine carbide precipitates.

(c)
(d) Increasing of the effective grain size.
(e)

Transition of bainite configuration from lath to granular type, and increased tendency of
carbide precipitation along the grain boundaries of bainite and prior austenite.
The decrease of quenching rate reduces upper bainite toughness through microstructural changes as

(b)—(e) in sequence.

(3) Fatigue crack propagation rate are somewhat increased by the formation of upper bainite. This
corresponds to the increased distribution density of extremely fine carbide precipitates in tempering of

upper bainite.
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Table 1. Chemical composition of specimen.

(wt%)
C Si Mn Cr Mo v
0.38 0.9% 0.47 5.10 1.31 0. 56
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Fig. 1. Continuous cooling transformation

diagram.
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Photo. 1.

2u

Austenitized at 1020°C X30min

ot |

Austenitized at

i 1020°C X 30min

-a ~e * Continuously
- cooled

a:0il quenched

b:HT.T.18min

¢ : H.T.T.30min

d:HT.T.60min

e

f

T H.T.T.80min
,g : Quenched from 1020°C
to B00°C, then cooled
at constant rates
f:300°C/h g:100°C/h
(H.T.T.: Half temp. time)

Optical micrographs of specimens quenched at various cooling rates.

a ~d : Continuously cooled
a : Oil quenched b : H.T.T.15min
c: HT.T.30min d : H.T.T.60min
e,f : Quenched from 1020°C to 500°C,
then cooled at constant rates
e 1 300°C/h f :100°C/h

'A;I(H.T.T. : Half temp. time)

Photo. 2. Electron replicated micrographs of specimens quenched at various cooling rates.

50°C/h TEH#~1 +1 +BIX 70% U Erich, &
RO EA, BEF — AT 4 FBOBEMN, <17
1 PRDOMIRIERZ B, FEH~<1 >4 bz 1000~
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M v 7Y 2B X BRI O, BEMEEDOR
ZFfl% Photo. 3, 4 wirkd. (1) MBI B~<LT v

A FDF AR L, ¥4 15min, 500°C % Cc&5
# 300°C/h f "Lz h X D BVWEHAITE S EH~A
F4 b ORIEITR XL, 4+ 1 PRIER~OFHEAL
Y ORI AR & &, hoBSEROHERI A X
<A (2) ¥4 30min, 500°C ¥ Cc&4H% 300~
500°C/h fpLzh X 0@ BHIOSRE, HEMAORK
AR (RS 500A 10k OARBELHE Lo
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Austenitized at 1020°C:x30min
a ~c : Continuously cocled

a:0il quenched

Austenitized at 1020°C X 30min
' b:H.T.T.15min
all tempered to HRC44 (H.T.T.:Half temp. time)

a : Oil quenched

¢:H.T.T.30min

b : H.T.T..30min

¢ : H.T.T.60min
d : Quenched from 1020°C to 500°C, then cooled at constant rate, 100°C h

Photo. 3. Electron micrographs of extraction replicated carbides of tempered specimens after
quenching at various cooling rates. (HrC44)

d:H.T.T.60min

Photo. 4. Electron micrographs of extraction replicated carbides of tempered specimens after
quenching at various cooling rates. (HrRC44)

Table 2. Results of carbide identification with X-ray and electron diffraction methods.

Tempering temp. ((C)x2h

As
quenched 400 500 550 600 650 700
Xora MC (33) MC  (36) MC  (36) MC (37) MC  (39) MC  (40) MC  (41)
(CQKZ) MC ( 5) MsC ( 8) MeC (32) MeC (57)
il M;C; (40) M,C; (48)
quenched Crowded
Electron rod
M,;C
MC  (34) MC  (35) MC  (35) MC  (37) MC  (39) MC  (39) MC  (42)
X-ray MsC ( 4) MC (17) MeC (38)
H.T.T (CoKa) M,C; (25) M,C, (33)
30 min M23Co( 8) M3Ce(29) M3Ce(30)
Electron (ClouMdélike) (Nl\ze‘zcge)

Numbers in parentheses show heights of diffractign figures on chart (scalc)

MC : d=240A MeC: d=225A M;C3:d=2.22A MynCe: d=2.17

(H.T.T.: Half temp. time)

M XD BABHTE, ISRIMEELESS 71 PR
Rt — AT 74 T RNORACY DERATH, B
fHEAKR X /csh. Table 2 @iy, 4 30min FEA
#% 700°C ¥ COKBER 2h BB LR O X,

W35, s OBE TR bh b BRREBHPLCh
DRERE e UTc Rl & © BESR (BRSO XS
M;C—M,C; H¥4210) 3hbhiclch. (3) &
45~60 min, 500°C ¥ T4 300~100°C/h e\~ 1L &
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Austenitized at 1020°C X 30min

a:0il quenched b:H.T.T.15min

c:H.T.T.30min

d:H.T.T.60min

all tempered to HrRC44 (H.T.T.:Half temp. time)

Photo. 5. Scanning electron micrographs of fractured surfaces of charpy impact specimens
tempered to HRC44 after quenching at various cooling rates.

BFRENTC X 5 R OBEREO/KRLRT. s
CrB=AFoA4 FDEE, 500°C LITFCHR % ik
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HE R OE S 30min Tk 206 kg/mm?- 1/ mm & 75
3. X bR 30min—>45min TEIHOO L, FH
60min = 140 kg/mm?-1/mm (£#%4 30 min OEFED
W 70%) Lixs. (2) 500°C ¥ CARKAEEHOB
4, 300°C/ht2 -¢ 217 kg/mm?.1/mm, 100°C/h T 155
kg/mm?-1/mm &7%. 500°C ¥ COZSIL Kic &%
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o
1

0\0\0

100

Fracture toughness, Kic (kg/mmemm)
8
(o]
1

1 L 1

i 1
Oil 15 30 45 60
quenched Half temp. time (min)

o

Fig. 2. Effect of cooling rate from autsenitizing
temperature on plane strain fracture toughness,
K;c after tempering to HrRC44.

T2 A T4 AR (100~150°C) (350 5 BHEE TR 30
min %

\?400}‘ Austenitized at 1020 x30min
quenched to 5007, held at 5007 X20min,

and .cooled at various rates to 20T

g
— 300}
© \

/o’ i

9
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™~
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T

(Tempered to HRC44)

100

Fracture toughness, Ki

L 1 L 1
500C/h 300TC/h 100C/h 50T/ h

Gooling rate from 500°C

O 1
il 1000°C/h
quenched

Fig. 3. Effect of cooling rate from 500°C after
quenching from austenitizing temperature to 500°
C, on plane strain fracture toughness, Kic.
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O ol 1 1 1 1
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Fig. 4. Effect of cooling rate from austenitizing
temperature on charpy impact value of specimen
after tempering to HRrRC44.
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Number of cycles
Fig. 5. Effect of cooling rate from austenitizing
temperature on fatigue crack propagating rate of
specimen after tempering to HrC44.

l [T T TTTTm

100 AL\'%\ Austcniuzicd iat 1020°C X30min

90 ‘lb"\.o\ Oil qulencr}ed
= —3ooorpm\ki‘ N HT.T-30mn
£ 80 AN o, 1 |
£ sl
: N e
o 70 TS~ 1 1 T
& H.T.T.60min a1 Ll

601—d=10.0mn

1 i
5C'IO‘ 0 0° 107

Number of cycles
(H.T.T.: Half temp. time)
Fig. 6. Effect of cooling rate from austenitizing
temperature on rotating beam fatigue life of spe-
cimen after tempering to HRC44.

)

= gl Austenitized at 1020C X30min o

;‘T 0il quenched /O/

o 7/ 0

Tf: Tempered to

> 6\ HRC44 !

2 H.T.T.30min .
| o—

g. 5 )’ X

g o

>

5 3 * H.T.T.60mi
- .T.T.60min

_‘cU o} /

° o _—t

5 | ==

e 1r (H.T.T.: Half temp time)

>0 1 | ! 1 1 ]
(¢] 50 100 150 200 250 300

Testing temperature ( C)

Fig. 7. Effect of testing temperature on V
notch charpy impact value.

CELIRWBBRET ERT5. 50% EuiimERE
BEvRs ¢+ 100~150°C, ¥4 30min : 200°C, ¥4 60
min : 200~250°C T 5. JEREBEEIE B ENT,

WS DHETFES 30, 60min DPARFHLTF 4+ v
TADREI N LOPREINRRKR EL, oMM
B—ThHv, —FEE 30, 60min DBEL, WM 4

VINROBRIE AR LD LR, FEX D HUW o8
U,
4. %= =
41 BASHEEE I/ 0idd, K vl E—FE
&

7 effifkE Kic, vy —HBEOEEENBL
THhbE, (1) ¥4 15min ¢t Kic B2OETIL, —~
NT VYA FACKHLUTE, BISHEMPCLZ WS
AREFSA 71+ DEFE, 1 54 FRIERADOHFH
RALG ORI R HA L, EERAMOWEETRT
EIHIELTWS. (2) ¥ 30min, 500°C % T&®E
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#% 300°C/h OEHITOD Kic BDETX, (1)emz T
B F A PREBROER (BHkEREEOHEX) &
SHR D BRKIT RO HHRBEOHEKR, (3) &
45~60 min, 500°C ¥ TZ&&# 300~100°C/h D&H)
TD Kic BOETE, ERERCMZ T, EF~A
A4+ BRBO—BDOEST & BRI ES LMK X <
ATk, MRERA+4 vk, ZhiBgEL T4
T4 FRER, LA —AF A PRRENOREEN
HEROBEA, TERZRHIEL TV,

(DHYoBsg, <1474 rkicxb, M,C—M;C,
ERITINEI S, MaCe HXfkE 35 RILWH~1 F
A+ o AERCHESERE, o kEETHELLS
DT, FHINTWBH L5, FAREBOHERVE IR
W5 LR D OFENHEETOER LR
n5. (2) BRI DS HRPEDET 2 T4 <
LT TrigEgIh L 58, FofHEOHMIT E
WAL A p XD, BEb L LR MsC Offitia 48
3, M,C—>M,C; ZEaEAIH E v, separate nucleation
T X 5 BEME Y MC) O HEOHKREZ TR
LY B, e MCoM,Cy oM+ — 2 5
>4 R, XA FA FRHERAD MG AL L
A X520, (3) D8R B3~ +1 ML
EA A PREROSHEE LR S8, RATHE
—BRELEEL DD

T, 1+ 414 rbicd B Kic, vy —
BRMEET © 3 7 » HBWERE, (2) <471 b
fEORIK, KIERCI 57 R ORE ORI & H
BAFEROMK (=T v a4 b)), (b) B
LRI Rk, () RBGHHT R D HmEEOH
%, (d) BURES A4 54 v &1 74+ BEER,
ToA — AT FA bRLRAD RO BN BB A DX
CHEHEIND.

e ASHIEEE L B IR & OB RFAEMR R L Table b
R, BAGHEED ET Xy LR, mhoH
*, BH—HOOETORD, WO O Loleid %
TS, S MBI AL O R E OB A
REHEINDW.

7r35, F¥5 90 min B X DB OBHEITIE, SR
— 2 FF 4 FPRREANDORHFTHOBEM, S HIK =7
A VEBEER L IDT, ThIyHHEETORRLRS
EhELLNRD.
4.2 BAKRIEEELEYI S v VERBM
—BRARHE O M B TCIXEY 75 » 7 OEREE
da/dN % 4K w3t LC3ER—0EF 2 RT LHESH
T B0, KERTCLIEY 7 T » 7 OEBREEILFEA
AIHEENETC X D ETHEMT 50, LOELOBE
HEE N WER v B AER OB, 1 17
WYl D 2Ty 7 HREERELZ 5 7 2.5mm #R
i (2=18.0mm) T, W& DB A 0.15 p/cycle, i
60min tH o X D ETFAEVCEET, Zhik~=rT v
A b T RERRA T4 MEIE XD bE L, WEBE
275, INHABREND 7 Ty 7 EBEEOE(LTKIG
T2 HBATF Y RHTCEELR,ADT.
MTE(EOX X WBE, 75 v 7B ORERTOM
(TR < A U\ & DIERHT, WHDEWHH 7 7
» 7EAnB & (crack closure) & X ZHEBIGTILK
EROEREI K X\ LD IhTwS. Th
baEE AN TR, BALNEEOETCERTS
BEY & LR FRMORIHT Hi B (L4 D 2 A BE O3 b3 7
D LR, I kORI EhE, ChAX D77
» ZHEMOMALIERS 7 7 » 7HANBERR X BHERIETT
S FERDERD R A TN NEL L, 191 74K
e h DTNy ERE PR REI LI LR ELDR
5.
43 HEEBRY
BABHEEDE TS 50% MtkHKEmERHEED
R, #iE Kic SrBLTHEHLL I 7 n ABRE
HCHHET % b0 LHEEIh 599, JEX IR S
R B ERMENGHEEOE T X Y B T5 R/
Wi, BHEECETRINF 4+ v I rOREIDE
KHEAE— LD, LT 4+ v ITAOREET 4 ¥
FADEIPELTHE e FELTw5. LI shelf
=R AF—HITES FOEREZDEEK: GHCHDID
5EDT, £A FONMEBEIVRE L, H2OHWITIK

Table 3. Results of tension testing of tempered specimens (HRrRC44) after cooling at various

rates from austenitizing temperature, 1 020°C.

Proportional 0.2% proof Ultimate Total*! Uniform*? Reduction
limit stress tensile strength elongation clongation of area
(kg/mm?*) (kg/mm?) (kg/mm?) (%) (%) (%)
Qil quenched 116.6 134.9 152.9 18.0 4.50 60. 4
H.T.T. 30 min 119.3 137.2 153. 2 16.2 4.25 50.9
H.T.T. 60 min 120.7 138.3 153.0 13.7 4.17 45.9

Diameter of test piece : 6. 35 mm Strain rate : 2.0 mm/min (cross head)

*1 G, L.:25.4mm *? G.L.:30.0mm
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BRI LCTHED & LR D RALHTHY, 2 BhIC SHE L
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FA FABAERE EREOREM, b) <1 51 EIED
HER, WEFCH S FHEYO REED 80 & EHER
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