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Hot deformation behavior and hot processing map on 304 stainless steel
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Abstract: The hot compression test of 304 stainless steel was carried out by Gleeble-3800 testing machine under the deformation tempera-
ture of 900-1200 °C and the strain rate of 0. 01-1 s~ and it was quickly water-cooled after the hot compression test. The analysis results
of the true stress-true strain curve for 304 stainless steel shows that the types of true stress-true strain curves include dynamic recovery+dy-
namic recrystallization curve and dynamic recrystallization curve, and the flow stress decreases with the increasing of deformation tempera-
ture and the decreasing of strain rate. A strain-compensated Arrhenius constitutive model is constructed based on the true stress-true strain
data, with the correlation coefficient of 0. 9932 and the relative error of 6. 849%. In addition, based on the true siress-true strain data,
power dissipation factor 1 and the instability parameter £( &) of each strain rate at different temperatures are determined, and then the hot
processing map of 304 stainless steel is constructed. According to the hot processing map, the optimal processing range for 304 stainless
steel is the temperature of 940—1200 °C and the strain rate of 0. 01-1 s7".
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Table 1 Chemical compositions of 304 stainless steel

( %, mass fraction)

C Mn P Si Ni Cr N Cu Co Fe

0.035 1.859 0.023 0.45 9.41 18.90 0.068 0.041 0.022 43

2 IR KA

2.1 ENSA-ERT L

W PR, 15 3] 304 AN BN S -
HWARMZ, WE 1 Frs, mIE AT, 304 AN
BITE 900~ 1200 °C/0.01~1 s &M, HMN JJ-H

o7 A 2 B 26 Y A 45 Bh 2 (8] 5+ Bl A P45 il 26 RN
AT

MASTEIRIE N 900 C . WAFHCR K 1 s B, 3
WA AR + s A A a2, BBy th 4t
53 BB 5 1 BBy TTREAR B, B B
M A, B T RERE S, N BN TR
GRS TR B A B T, SRR R R A 2 BB
RGBT B, B B As g B, &84 n T
TRBkERE; 56 3 B A db b B, LR & )R IR T
AT GRS AR S E 2R A 45 O
TEm IR, HETIEER T2fm Tk B4,
SIASTES A AR N )RR, BT Lz B Beth et 31
TR

AR IR A 1200 °C ., B AE H AR 0.01 s
i, RMCAShATFREE ML, i, (785E sh 03K
eI ARy N VA= i 3 = I [ v ) PO EE A € B i
P25 RS S A PALE T, E ) - BN AR 4ok
FNEESE TR, BEEZIEEMAkEs K, nTii{k
MBS RAE R, AR B, FIL, EN
J1-H AR E R shaS g At 2k

FEN AR R —E T, BTRIRE TR, (i 8
RSN I BEZ 3K, ShAH4s Mk s g &4,
FIRLA, MORER ECN - N AR M L i R A i, JF A
WEfELN 71 o, BEE AT BE R T i BEAIR ) 5 FEIR
—EmS, WEEN ) o B AS SR A3 R,
BT wl A, Y AR sk 0.01 s AR TR IR B
1200 CiF, #hZ Ah S A, B 240 A8 ik
F0.01 57" ASTEIREE K 1200 CHF, 304 AN
KA
2.2 AMFAEMEL
2.2.1 JBAEHIERER T

KH Arrhenius J5 2 31582 A8 #0006 ﬁg, ik
%[13—14] .

& =A[sinh(ao) ]"exp(— Q/RT) (1)

R AR, KRB
&=A,0" exp( - Q/RT) (2)

MR BRI, RN
e =Aexp(Bo)exp( - Q/RT) (3)

K. e WK, 7', R WM FEE, BH
8.31 )« (mol - K)™'y T HEXEE, K; Q NEA
WG RE, (kI - mol™); o AIAEN J1, MPa; A,
A Ay ay By on Filn, HMPEFE R, MOBUARE,
H LA, Ha=p/n,,



204 B & A 5549 %
250
300 1 ————————9%0°T
250 1 200
g £
200 A 150 A
3 3 1000 C
B 150 4 2 /
ok | 100 A/ 1100 C
100
1200 C

50 1

0 01 02 03 04 05 06 0.7 08 09

50 1

0 0.1 0.2 03 04 05 06 0.7 08 09

FUiRE BB
(@ (b)
200
900 C
£
gi 1000 'C
g
1100 C
/ﬁw 1200 'C
0 0.'1 0?2 0.'3 0.'4 0?5 0?6 0?7 0'.8 09
FUNRE
(©
B 1 OREZEIE 2R 304 ANGENAY BN F1— B AR i 2%
(a) 1s" (b)0.1s"  (¢)0.015s"

Fig. 1

MASEIRE AR, 25 Ine—Ino F1 Ine-o 1Y
KRE, mE 2 ME 3 pR, 8 ne-lno M Ine-
o HARPEMFE, WA E = 5.6957575,
B=0.0387375 MPa™', M| a=B/n,=0.0068 MPa™',

01 1200 °C
-1 4 1100 C
900 C
2 2+ 1000 C
k-]
-3
4
v A * L ]
-5 T T T T T T T
35 40 45 50 55 60 65 7.0
In(o/MPa)

2 Ine-lnoc XFRA

Fig.2 Relationship diagram between Ing and Ino

XFo(1) AP EOTEL, T,
Ing =1nA + nln[ sinh(ao) ] - Q/RT (4)

X (4) PIRRAR GO, A I A2 W fE

True stress-true strain curves of 304 stainless steel under different deformation conditions

In(¢/s1)

0

1200 C
-1 4 \ 1000 C 900 C

1100 °C
2 A

v A L ] L}
-3 4
-4 A
L]

v A
-5 T T T T
50 100 150 200 250 300 350
o/MPa
K3 Ine-oc XRKE

Fig. 3 Relationship diagram between Ing and o

(ESINE W
B dln[ sinh(ao) ] dlne
Q=R oT™! }g ' {éln[sinh(aa’)]}T
(5)
MANIREAASH, n TR N .
dlne (6)

"= dln[ sinh(ao) ]



LR

FRAELLAE 304 AR IETEAT N KA T 205

221 Ing—In[ sinh (a0 ) | R KE, W 4 Fros, oK
AR S il B2 R Y R RER P ME, 155 n=
4.5512,

05 00 05 10 15 20
In[sinh(ao)]

-1.5 -1.0

¥l 4 Ing-In[ sinh(ao) | EZRHE

Fig. 4 Relationship diagram between Ing and In[ sinh( ao) ]

RNAEHRAVIS TSR REI SR RN -
dln[ sinh(ao) ]
Q =Rn = R (7)
224 In[ sinh (o) ]-1000/T BJZ R K, WA S
Jis, SRIANIE AR 3 F T AR HE,
I BRI TS BN AR N 0. 3 B Y B AR S0 e
0=197.928 kJ + mol ™',

1.5 A 1s1

1.0 4 015!

0.5 A 0.01 1

0.0 A

In[sinh(ao)]

-0.5 A

-1.0 A

-1.5 A

0.80 085 090 095 100 105 110 1.15
1000/(T/K)

B 5 In[sinh(ao)] —1000/T 154 R K
Fig. 5 Relationship diagram between In[ sinh(ao) ] and 1000/7T

2.2.2  ERBTEAK Jy FEA EE ST

I TE AR O R h I S MR &R AT
FRIRNA :

/= — 8
8eXp(RT (8)

F.H. Z A Zener-Hollomon 2‘?&, Bl Z 2%,

S IEZ gL, W15,

z =éexp(R%) — Al sinh(ac) ]" (9)

PRI ARG e . AR TR IR | AR B R R
Hih 80w AL (8) H, Kl nz BME, XX
(9) PismsR X %L, 22 InZ-In[ sinh(ao) ] KR,
wE 6 Frac, MK 6 AT InZ 5 In[sinh(ao) ] R
Rtk R, LPEM K R 98.555%, Hivh Ind =
20.51215, M A=8.0968x 10°, &5 Jy bt Bl # % n
fE, n=3.9, I, Y4 £=0.3 i, 304 RNEFEHAA
R RN

& =18.0968 x 10° x [ sinh(0.00680) ]*° x

-1.97928 x 10°

(10)

28

26 A

24

22 A

18 -

16 -

14

-15 -10 -05 00 05 10 15
In[sinh(ao)]

Kl 6 InZ-In[sinh(ac)]XRE
Fig. 6 Relationship diagram between InZ and In[ sinh(ao) ]

W Z ZH0 R R
. 1.97928 x 10°
Z=%q%———————)=&0%8xlmx
RT
[ sinh(0.00680) ]*° (11)

TE FRAM Iy R B ) St B h, RS
W ERA S E S, T H Arthenius FEEUR 2 RN AR Y
WA THEMIRNAE (£=0.4), MM T HR K
KEEdE, PRI, O 1 S0 R R BRI AR R
T BEAME R AR XL AE R F7 s e BN AR
0.1~0.7 JuLFEIH, LLo. 1 Rk frkilsy, JH7es
AR EEE FRES, B R o, Q. n A
InA BE, DAWAERZ B 0m AR &, sl 7
Fis . RAILHr 200G A A S5 & S Y
PRECC R, W (12) frow, H, € ~Cs. Dy~
Ds. E,~Es. Fy~F 5 &S HR 20 R 5, H
WEINER 2 frzs, 1808 45t 1 AR A o RS 1 £k
K, ORI e, ihZ B,
a=C,+Ce+Ce +Cie +Cs" +C,
n=D,+De+D,e’ +D,e +D,e* + D&
Q=E,+Ee+Ez¢& +Eeg +Esg" +Ezs& (12)

Ind=F, + Fle + F,e’ + F.e’ + F,&" + F,&



206 B & A 5549 %
0.0084 - 5.4
0.0082 1 52
0.0080 - 50
_ 0.0078 1 48 1
E 0.0076 - < 45
S 4
0.0074 e
0.0072 4
42 1
0.0070
4.0 1
0.0068
3.8 1
0.0066 +— . . . . ; . . . . .
0.1 0.2 03 04 0.5 0.6 0.7 0.1 04 0.6 0.7
& &
(@ (b)
32 34
30 A 32 A
o 28] 30 -
3 28 4
€ 26
3 Y 26
S 24 -
% 24 A
S 221 29 4
20 20 4
18 18
01 02 03 04 05 06 07 0.1 04 06 0.7
& &
© @
K7 & 58S LRE
(a) a (b)n  (¢)Q (d) Ind

Fig. 7 Relationship diagrams between & and each material parameter

R2 34 AENAMARKEAZSHH ST RY

Table 2 Polynomial coefficients of each parameter in constitutive equation model of 304 stainless steel

28 HE 28 A e 14 HE E 244 Eidicl

Co 2.92764 D, 9. 96938 E, 0. 00969 F, 31817. 96556
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Cs 413.2375 D; 3118.05417 Es 0.21374 Fy 193486000
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Fig. 8 Comparison of flow stress between predicted and experimental values under different deformation conditions
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