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Mathematical Modeling of the Recrystallization Kinetics of High Ti
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Abstract: Static recrystallization behavior of high strength steel with high Ti microalloying was studied by
a Gleeble 3500 thermal simulation testing machine and stress relaxation method.The results show that the
static recrystallization process is accelerated and the deformation rate has little effect on the static recrys—
tallization under high deformation temperature and large deformation.The calculated activation energy of

static recrystallization is Q) =276.45 kJ /mol which confirms that the microalloy element Ti can inhibit

recrystallization. Based on Avarami equation the static recrystallization model of experimental steel has
been established.
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T/C P &ls! to.0s tos 1095 Nb 1 Q...=319.45 kJ/mol
1000 0.92 0.75 0.30 1.69 8.64 y
1020 0.92 0.75 0.29 1.15 4.91 Q.. =218.67 kJ/mol.
1 050 0.92 0.75 0.24 0.78 2.97 Q
1 080 0.92 0.75 0.07 0.34 1.45 rex
1 020 0.92 0.15 0.25 1.39 5.30 Ti
1 020 0.92 0.45 0.22 0.74 4.19 Nb
1 020 0.92 0.75 0.32 1.16 4.87 °
1020 0.92 1.0 0.13 0.37 1.44 6
1020 0.92 1.2 0.34 0.72 2.67
1020 0.30 1.0 1.43 7.86 25.57 6 °
1 020 0.45 1.0 1.15 3.03 14.09
1 020 0.65 1.0 1.10 2.57 12.06
1 020 0.85 1.0 1.086 2.13 5.70
(9) r tos
08 22 06
06t (a) 20L®) ©)
04l Sl ] 041
02r 18 02}
00¢ 18] @ 00
w5 02) . B4l -
£ o4l £ . = w2
08} 12r NG
08} 10f N 04r
-1.0f . 08} . 061
121 L L ' ' 6l L L f L L ' L L L L
0.00074 0.00075 0.00076 0.00077 0.00078 0.00079 12 -10 -08 -06 -04 -02 00 08 20 15 10 05 00 05
In(1/T) Ine Ine
(a) Intys— In( 1/T) ; (b) Intys— Ing;(c) Intys— Ine
5
Fig.5 The fitting relationship
1080
—*—lo9s °
1060 fos o 50%
Loos
& 1040 fos
& lysoce’ (10)
1020 + Ing,, Ing
5(b
1000 [ ( )
. . . p p=-12 e Lo
0 2 4 6 8 10
B (8] /s °
7
6 N '
. . 0.05
Fig.6  Effect of deformation temperature on the ,
0.95 °

2.2

starting and end time of recrystallization



1 Ti 145 -
0.9 1
In[ ——| =In0. 693 +nlnt+nlnt, (13)
0.8} 1-X '
1
0.7F In| —] -Inz
1-X,
0.6F
© n 2 'n=1.144
05 py
I X=1-exp|-0. 693 — (14)
O Los
03r
' ' : 14
0 10 15 25
i 1] /s 1.2 A o5 A
— los
7 N 1.0 —=— lo0s
Fig.7 Effect of strain on start and end time
. . 0.8 k
of recrystallization
“ 0.6 1
2.3 0.4 J
N 0.2 b
0.0 1 1 1 1 1
0 1 2 3 4 5 6
HsJ 1] /s
(11) 8 N
tos Fig.8 Effect of strain rate on start and end time
. . of recrystallization
fys oc &’ (11)
5(¢c) Ine, Ing tos
(7) m‘p\q‘Qrcx
q q=-0.44, (7) A o
8 2 A
A=1.68x107",
_ i 276 450
tys=1.68x10"d ™" * ™" Mexp| ———| (15)
o RT
2.4 ’ n A
Table 2 n value and A value under different
: experimental parameters
n A
. T/C P els™!
( 12) 1 000 0.92 0.75 1.107 1.51E-14
1 020 0.92 0.75 1.235 1.54 E-14
los 1050 0.92 0.75 1.059 1.87E-14
tosocd," (12) 1 080 0.92 0.75 0.957 1.42E-14
. 1 020 0.92 0.15 1.052 9.14E-15
m Ti
1 020 0.92 0.45 1.324 7.89E-15
L 1 020 0.92 0.75 1.077 1.55E-14
1 020 0.92 1.0 1.091 5.61E-15
2.5 1 020 0.92 1.2 1.013 1.18E-14
1 020 0.3 1.0 1.201 3.11E-14
1 020 0.45 1.0 1.208 1.95E-14
Aravami (6) 1020 0.65 1.0 1.301 2.57E-14

1 020 0.85 1.0 1.257 2.94E-14
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