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The Effect of Cooling Rate from Austenitizing Temperature on the
Microstructure and Toughness of the 0.35C-3Cr-3Mo-V Hot Work

Alloy Tool Steel

Synopsis :

Toshio OKUNO

The effect of quenching rate from austenitizing temperature on the microstructure and toughness of
a 0.35C-3Cr-3Mo-V hot work alloy tool steel was investigated.

(1) Plane strain fracture toughness and charpy impact value are reduced abruptly as the quenching
rate decreases from the rate by oil quenching to the rate of the half temperature time of 3~.5 min,
and gradually reduced as the rate further decreases. '

(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 strong tendency to the chain like
carbide distribution and agglomeration of carbide particle precipitating along bainite grain boundaries
compared with carbide precipitating along martensite lath boundaries. (c) Increasing of the effective
grain size. (d) Preffered precipitation of carbide along the grain boundaries of prior austenite. (e)
Increasing of distribution density of extremely fine carbide precipitates. (f) Transition of bainite con-
figuration from lath to granular type and further increased volume of carbide precipitated along the
grain boundaries of prior austenite, and further increased distribution density of extremely fine cardide
precipitates. (Half temperature time 5~20 min)

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

tempering of upper bainite.
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Table 1. Chemical composition of specimen (Wt%) .
C Si Mn Cr Mo \'
0.35 0.30 0.33 2.82 2.75 0.47
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Fig. 1. Continuous cooling transformation diagram.
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Austenitized at
1020°C X'30min

a~e: Continuously cooled

a: Oil quenched

b:HTT. | min

c:HT.T. 3min

d:H.T.T. 10min

e:HT.T. 20min

f, ¢: Quenched from 1020°C
to 500°C, then cooled
at constant rates

(f:4000C/h ¢:500C/h)
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Photo. 1. Optical micrographs of specimens quenched at various cooling rates.
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1020°C X 30min
a~e: Continuously cooled
a: Oil quenched

d:H.T.T. (0min

e:H.T.T. 20min

, g: Quenched from (020C
to 500°C, then cooled
at constant rates

(f:4000C/h 9:500C/h)

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

Photo. 2. Electron replicated micrographs of specimens quenched at various cooling rates.
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Austenitized at 1020°C X 30min

a~d: Continuously cooled - a: Oil quenched b:HT.T. } min
c:HT.T. 3min d:H.T.T. tomin
e, f:Quenched from 1020 to 500°C ., then cooled at constant rates (e:4000C/h f:500C/h)
all témpered to HrC 44 (H.T.T.: Half temp. time)

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

Austenitized at [1020°C X 30 min

a~d: Continuously cooled a: Oil quenched b:HT.T. 3min c:HT.T. jo min d:H.T.T. 2gmin
e:Quenched from 1020°C to 5007, then cooled at constant rate (500C/h)
all tempered to HAC 44 (H.T.T.: Half temp. time)

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

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

Tempering temp.(°C)X 2h

As

quenched 400 500 550 600 650 700
MC(9) MC(9) MC(10) MC(13) MC(14) MC(15) MC(16)

X-ray(Cokgq) MeC(22) MeC(22) MeC(24) MeC(26) MC(37) M¢C(47) MC(74)
Qil quenched L M;C3(36) M,C0(110)
(Crowded)
Electron — — rod p— —_ —_— —
M;3C

MC(10) MC(10) MC(10) MC(12) MC(13) MC(17) MC(18)

MeC(23 M;sC(25 MeC(23 MeC(25 MgC(28 MeC(36 M,C(63
X-ray(CoK4) 6C(23) +G(25) 6C(23) ¢C(25) «C(28) M:Cﬁ(l%) M:C§(7‘)})

H.T.T. 20min M33Ce(6)
(Cloud-like) (Cloud-like) (Cloud-like) (Needle)
MC MC MC M:C

M:C

Electron — — —_

Numbers in parentheses show heights of diffraction figures on chart
MC : d=2.40A M;C:d=2.25A M;C3:d=2.22A M;3Cs: d=2.17A (scale)
(H.T.T. : Half temp. time)

DHTHEELT, 500°C iz 2IRET MC 3EEET MANCEBRLLBREAF—AT7+ 1 O RELK LY,

HZH—IRIIERFEL E B 600~650°C ¢ M;C-M,C; M,C D&z & A LT, MGt TR
in situ ZEEEMONZ X BBk MGy HAERT 2 E LY e, FOFE, 600~650°C ¢ separate nucleation
B S5 7 AR MO oFsitETr. ¥% X sEMh~oBEMmTHE/IEs MC, MC) o
20min OFFRE LA 74 1 ERBIcE 35 C 2B HEOMINERT. ML offlliz~A7 v+ 1 b 72,
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Austenitized at 1020°C X 30min
b:HT.T. 3min
all tempered to HrC 44

a:0il quenched

Photo.

¢:HT.T. 5min
(H.T.T.: Half temp. time)

d:H.T.T. 20min

5. Scanning electron micrographs of fractured surfaces of charpy impact specimens

tempered to HrC44 after quenching at various cooling rates.
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Fig. 2. Effect of cooling rate from austenitizing
temperature on plane strain fracture toughness,
K¢ after tempering to HrC44.
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Austenitized at 1020°C X 30min
quenched to 500°C, held at 500°C X 20min,
and cooled at various rates to 20°C

L

~n
=]
S

Fracture toughness, Kic (kg /mmy/mm)
3

ol 1 1 i L
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Cooling rate from 500C

Fig. 3. Effect of cooling rate from 500°C after
quenching from austenitizing temperature to 500
°C, on plane strain fracture toughness, K¢ after
tempering to HrC44.
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Fig. 4. Effect of cooling rate from austenitizing
temperature on charpy impact value of specimen
after tempering to HrC44.
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Table 3. Results of tension testing of tempered specimens(HgrC 44) after cooling at various
rates from austenitizing temperature, 1020°C.

Proportional 0.29% Proof Ultimate Uniform Reduction
limit stress tensile strength Total elongation elongation of area
(kg/mm?) (kg/mm?) (kg/mm?) % 7
Oil quenched 117.5 138.9 156.5 15.2 4.2 52.5
H.T.T. 5min 121.0 142.2 156.2 11.8 3.8 35.2
H.T.T. 10min 122.4 143.8 156.0 10.7 3.6 31.6
H.T.T. 20min 124.0 145.2 157.0 10.1 3.4 29.2

Diameter of test piece : 6.5mm Strain rate : 2.0mm/min (cross head)
*¥1 GL:25.4mm *2 GL: 30.0mm (H.T.T.: Half temp. time)

25 238

Austenitized at [020°C X 30min
(450‘«; pud Zokq)

5cycles /sec
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Fig. 5. Effect of cooling rate from austenitizing
temperature on fatigue crack propagating rate of
specimen after tempering to HrC44.
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Fig. 6. Effect of testing tempereture on V notch
charpy impact value.
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