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ABSTRACT Both traditional Johnson-Mehl-Avrami-Kolmeogorov (JMAK) model and new maodel
are used to study the primary recrystallization process of 70%, 80% and 90% cold rolled interstitial
free (IF) steel. The results show that most experimental data plotted using the JMAK model are
roughly in straight lines. but the JMAK exponent n values, from 1.33 to 2.51, are lower than ideal
ones. The new model comnecting with three microstructure parameters has good agreement with the

experimental data, and could be used to study the recrystallization process of IF steel.
KEY WORDS interstitial free steel, recrystallization process. mathematical model
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Fig.1 Effect of deformation on the recrystallization k-
netics of IF steel annealed at three deformation

rations
{a) B10 T

IMAK % & AEH

LATCR MR In (1o (1-X.)) HEAERTILA Int B8
BIRE IMAK A, EA#k(# Origin V 4.10 Hi7& 5
RN IEE. ATRBE 4T B IMAK #58
PR ZEFER. SRLE 2 E L KNEREREE,
FOE Z M ERES 4 BI#E R=0.97—0.99 f1 SD=0.07—
0.41 2[4, LERHEREET T S REHA IMAK 8%
HHEERE IR EERSEELA S, TEEE
1.33--2.51 Z 7], HHZEFEEMN IMAK 59

(b) 630 C  (c] 650 C


http://www.cqvip.com

28 WS IF FiE kT R s R AR AR R 149
— : , : ® 1 TEFEERREN IMAK F8ED b E# n EHrTEHEE
2 {a) .
/ " Table 1 Values k and n in JMAK eguatian fitted for three
& g,—., deformation ratios
Q- )"’," /. -
= ‘,;l//.‘/( < A Temperature 0% w0, S0
o} 2 P = v C n k n k 7 k
/, _./ - .
= %77 a7 - Deformaton ratos 610  251135-10°5231184x10°5211713~10°°
= - - . 90
4-.7 ~ =" : 3032 630 233356.10"Y1761.78x10"9 1.608 17. 10"
,—"/ s ' 0% 650 2.071.10 #1077 1.48 2,19~ 1072 1,44 5.96 . 102
£- .. . . PR
‘ Z ‘ PR WeH BTEL IF fEssE RS, ik IF
20 30 40 5.0 6.0 \ , .
(2) FI (3) ik ®
2 ity ' Ve
T ,y‘/”-’ D 3
T =
/ max

gt Deformation ratios

A

In {-In (I-X. 0
[ %]

. . a B0%
P s 80%
4 - ~ v 70%
,”"’
L ]
5 . . . . : -
05 15 25 35 4 5
In Kmin})
| 4c) )
2 \ o
y
o %
a4 |
= - " Deformatn ratios {
:I—:' 4t /// / + 50%
h e v 80% 1
5 e . 70% {
e
-8 - | 1
-1 0 1 2 3 4
In Hmin)

2 ZEREEEEN IF §7E 610, 630 #1 650 CiHEAH
IMAK H
Fig.2 JMAK plota of the recrystallization kinetics of IF
steel deformed at three deformation ratios
[a} 61D C (b) 630 C {e}B30 C

B, TTRUAA IF MfELRIR FR2Fs IMAK o7
FRHE T AT 945 2b BT SIS AR 0 3 MO BT
2.3 FHESLER

bR R IMAK SRR IF 6555 R
RogE R, B IMAK #% n 3975 133251 2. {§
FTESB#L IMAK #REK (8B H IMAK #H
n{f % #7E 3—4), LT EE A IMAK SRH#® IF
M FH RSB TRE BT T T8 IF 88
HEREE FUERLERT IF e tB g6

£

D= Dmx-canhb

{ Pim —Po)'f} (3

P, D AFERITERBR, my Dya, ABRE ST
SRR, my piny A TFREEE AR AR E. m®; g &
BERGUHEE, o) M ARRIBE ms1I7L
t hEHE, s
B EN TSI EEN T
Torz—, Bt 8 THE A EER, FihdalT
RIS E B B e it FRESATAT e B el A (4)
it 7 .
Pm‘t=8?"(1#?f3(a) (4]

#h p=0.33; G=8x10"" N/m*, b=2.03.10""/m,
c RIBEEREEREHE B X8 o WTLAES
HERA. M Dy THETHEEES WFHESLHER
R A M LA AR EHE. e
ETHSEREY, HEEFESEREEMERRE 3.
MERZREE., M AHEHREE =6.75.10717
+5.09x107 7 {a), HimEUES FAER Tt IF §
FIESERIE BEEET. BHSREENXET. &
& B e RARTRT E) PSR, X AT T B S e Fel
Rl RERA. Flim. @ 3c PETE 90% AfEn.

—H AN A ES MR B RN R TR
A B TR R TR, ER IR, RT RAE
oo A TR AR S B R A PR EES R Hh h
TR MR A T RER LS. MfEFatE X0
(£ 80%—90%) LAMASTEATE T EHE &Ry . H
M, EERHEHHSETEEMGETEMERL Y.
G RENEN R R IR, (RS SEER
T EFIMHRAHHS NS SR, EE R
2.4 FEWNBERNAR

FIARER, BAGEAET IF §ES 5 e
. fEltn, BOW ST HEMHEE S CRAFEGhE


http://www.cqvip.com

150 = I®& % 37
i IF SR th 6 BaTEn, B4RRK ME
%0 fiay = . SRR, SER B AR R, SR R
. AT EAVT, BT KK B E, N
3 AU s RACH, T IF IR RS S HE W RIER
3 60 i/ ) % 600675 © .
:’Z" ‘,"' A( }_,’ Dsformatlon ratios
T & ‘/- R o T0%%
Zal /, . {1} B IMAK #EAIB9 T 4% T0%, 80% 1 90% %
é - $Hay IF Mer B8, Ta%REEN, 14 n (<n
% 5 10 15 20 % (=X, )) WS ERIN In ¢ 4R BRI R, IMAK
110°s

Deformabon ratios
s 90%
* B0%
 70%

5

Fraction recrystallized, %
@
=]
~—.
'\\.\

0 1 1 1
[ 1000 2000 3000 40400 5000 6000

£}
100 © ’]’7 T T T /
[ . .
&
2 80 - ‘,::::/ ] //"
P :
go0- | o i
E‘ ,:F / . Deformation ratios -
! e
44- 4 & 90% -
§ r IR S . 80%
B
]
&

. 70% :

20 A i

L ] i .

u - L 1 1 1
U 500 4000 1500 2000 2500 3000

IS

B3 REFREEEREE A BaR s
Fig.3 Recrystallization curves fitted by the new model
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