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Static recrystallization behavior of the high strength steel 300 M
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ABSTRACT To research the static recrystallization behavior of high strength steel 300M single/double—pass hot compression tests
of 300M steel were carried out using Gleeble—3800 thermal simulation experiment equipment. The effects of deformation temperature
strain rate height reduction and initial grain size on the volume fraction of static recrystallization were analyzed by double-pass hot
compression tests. It is found that the volume fraction of static recrystallization rapidly increases with increasing deformation tempera—
ture strain rate or height reduction while it decreases with increasing initial grain size. Initial grain size has less effect than the
others. A static recrystallization volume fraction model and a completely static recrystallization grain size model of 300 M steel were
established based on the results of double-pass and single-pass hot compression tests respectively and the static recrystallization
volume fraction model was verified to be correct by single-pass hot compression tests.
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Table 1 Chemical composition of high strength steel 300 M %
C Mn Si Cr Ni Mo \ P S Fe
0.4 ~0. 46 0.65~0.9 1.45~1.8 0.7~0.95 1.65~2.0 0.3 ~0.45 =0.05 <0.035 <0.04
1s™' 1.5 30s
7% +13% 13% +13% 18% +13%.
20Ces™
5 min 10°C s ™
3 min
(1 1050.1100 1150 °C
1000 C Is™! 5,20 60s
13%.
1 300 M (2) 1150 C 1000 °C
Fig.1 Original microstructure of high strength steel 300 M 1s7! 5.20 60 s 7% .
12 13% 18%.
300 M $8 mm x 12 mm
Gleeble—3800 5 min
4:1
20C +s”! 65°C.
5 min 2
10°C +s™"
3 min . 1 2.1 -
2 300M 1000.1100
) ) 1150 °C 0.1.1 10s™"
. 13% 1.5 30s
(1) 1150 C 1000 -
1050 1150°C 0.1.1 10s™'
1.5 30s 13% +13%. 2
(2) 1050.1100 1150 C
1000 °C 0.1s™" 1s™
1.5 30s 13% +13%.
(3) 1150 C 1000 C
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(d) 1100°C 0.1s7"; (e) 1100°C

- . (a) 1000°C 0.1s7'; (b) 1000°C 1s7'; (¢) 1000°C 10s7';

Is™'; (f) 1100°C 10s7'; (g 1150°C 0.1s7'; (h) 1150C 1s7'; (i) 1150°C 10s~!

Fig.2 True stress—true strain curves of double-pass hot compression at different deformation temperatures and strain rates: (a) 1000°C  0.1s7!;

(b) 1000°C 1s7'; (¢) 1000°C 10s~'; (d) 1100°C 0.1s7"; (e) 1100°C 1s~'; (f) 1100°C 10s~'; (g) 1150°C 0.1s~'; (h) 1150

C 1s7'; (i) 1150°C 10s7!
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3 - . (a) 1000°C 1s~' 7%; (b) 1000C 1s~' 13%; (c¢) 1000°C 1s~' 18%
Fig.3 True stress—true strain curves of double-pass hot compression under different deformations: () 1000°C 1 s~' 7%; (b) 1000°C 1s~!
13%; (¢) 1000°C 1s~' 18%

4 - . (a) 1050°C 1000°C 0.1s~'; (b) 1100°C 1000°C 0.1s~'; (¢) 1150
°C 1000°C 0.1s7!
Fig.5 True stress—true strain curves of double-pass hot compression at different initial grain sizes: (a) 1050°C 1000°C 0.1s~'; (b) 1100%C
1000°C 0.1s7!; (¢) 1150°C 1000°C 0.1s7!



« 58 38 1
_ 300 M
X =227 100%. (1)
g, -0,
Oy g, 1
0.2% g, 2 0.2%
(1)
2.2.2
5 N
5 . (a) 1000°C: (b) 1100°C; () 1150°C
Fig.5 Effect of strain rate on static recrystallization volume fraction: (a) 1000 °C; (b) 1100°C; (¢) 1150 C
6 N 300 M
300 M 1150.1100 1050 °C
202.25.120. 29 59.37 pm
7 300 M 1000 °C
Is™! 1 7% 13% 18% 2
13% 3
1 3.1
Avrami
X=1-exp[-0.693(i) ] (2)
. ly s
8 300 M 1000 C Q
1 'Igrépexp ( rex ) . ( 3)
0.1s" 13% 0 RT
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. (a) 0.1s7; (b) 1s7'; (¢) 10s7!

Fig.6 Effect of deformation temperature on static recrystallization volume fraction: (a) 0.1s~'; (b) 1s~'; (¢) 10s™!

1000 °C

1s7!

Fig.7 Effect of deformation on static recrystallization volume fraction

at a deformation temperature of 1000 °C and a strain rate of 1s ™"

X
50%

ln[ln(ﬁ) ] =1n0. 693 + nlnt — nlnz, ;.  (4)

e
Qs

1000 °C 0.1s7!

Fig.8 Effect of initial grain sizes on static recrystallization volume

fraction at a deformation temperature of 1000 °C and a strain rate of

0.1s7!

9~ 11 n =0. 3476.
(3) 1
. 0.
nt, s =InA + glnd,, + rlng + plne + RT (5)
(5) 12~ 15

Q =265338.3 J+mol ™' ¢ =0.247 r =
-1.167 p= -0.533 A=4.14x10".

(2) (3) 300 M
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12 1000/T  Ing, s
1
9 Inz In In ( T-x _X) ] Fig.12  Curve of 1000/7 to Int, 5
Fig.9 Curves of Int to In [ In (ﬁ) ] at different deformation
temperatures and strain rates
13 Ine  Ingys
Fig.13 Curve of Ingto Int 5
10 e I | 2=
1-X
Fig.10 Curves of Int to In [ In ( ﬁ) ] under different deforma—
tions
14 Ine Ingy s
Fig.14 Curve of Ing to Ing 5
PRRNENE
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Ly s
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1 { =4 14 x 10712 g0H o 1T Lm0 ( )
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Fig.11  Curves of Int to In [ In ( “j) ] at different initial grain

sizes
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(1) 20 C +s” 1150 °C

5 min 10 °C +s™! 1000 °C
3 min 13% 18%  20%
s,
13% 500 s; 18% 300 s;
20% 160 s. .
(2) 20°C +s” 1050 °C
1100 °C 5 min 10°C +s™!
1000 °C 3 min 13%
15 Ind, Ingys Is™
Fig.15 Curve of Ind, to Int, s 1050°C 200s; 1100 °C
350 s.
16 300M
16 _ () 1050°C 1000°C 1s~' 13% 200s;(b) 1100°C 1000°C 1s~' 13% 350s; () 1150°C 1000°C 15~

13% 500s; (d) 1150°C 1000°C 1s~' 18% 300s; (e) 1150°C 1000°C 1s~' 20% 160
Fig. 16 Microstructures of completely static recrystallization: () 1050 °C 1000°C 1s~' 13% 200s; (b) 1100°C 1000°C 1s~' 13% 350s;
(¢) 1150°C 1000°C 1s~' 13% 500s;(d) 1150°C 1000°C 1s~' 18% 300s; (e) 1150°C 1000°C 1s~' 20% 160s
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dSRX - l. 445(12.5188—0.856. (7)

17 Ine Ind
Fig.17 Curve of Ing to Ind

18 Ind Ind,
Fig.18 Curve of Ind to Ind,

3.3
19 300 M

(1) 300 M

19
Fig. 19 Comparision of static recrystallization volume fraction

between the predicted and the tested values

(2) 300 M
265. 3383 kJ *mol !

(3) 300 M
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