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Abstract: Super austenitic stainless steel (SASS) has been developed widely for industries like marine, environmental
protection, chemical industry and other harsh conditions. Due to the higher degree of alloying, the solidification segrega-
tion is more serious during solidication process , and the precipitation phases is many and complex. In this paper, the mi-
crostructure composition and evolution law of precipitated phase of super austenitic stainless steel S31254 during solidifica-
tion were analyzed with thermodynamic calculation software Thermo-Calc, as well as the function of major alloying ele-
ments Mo ,CrNi,N during solidification and their influence on microstructure evolution, the effect of Mo-Cr element inter-
action on the evolution of coagulation phase organization. The results indicate that the liquidus and solidus phase line tem-
peratures of this steel grade is 1 394. 4 “C and 1 358. 6 ‘C respectively. The equilibrium solidification path is L. — v , and
non-equilibrium solidification path is L — L +y—L,+vy+3—y+3+0. Mo segregation is the main cause of the o precipita-
tion, and the content of Mo in the liquid phase of 8 and o phases precipitation is 8. 5 % and 11. 3 % respectively.

Key Words: Super Austenitic Stainless Steel; Thermodynamic Calculation; Solidification Segregation; Precipitated
Phase
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Table 1 Chemical composition of S31254 super austenitic
stainless steel %
Cr Ni Mo N Cu Si Mn C Fe
20.0 18.0 6.1 0.2 0.5 0.5 0.7  0.015  bal
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tenitic stainless steel
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Table 2 Equilibrium precipitation temperature of S31254
Super Austenitic stainless steel /°C
WAHZ R c HCP M,,Cq CHI
13944 1358.6 1084.1 1033.0 882.7 784.2
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Fig. 2 Non-equilibrium solidification phase diagram of

S31254 Super—Austrian steel was calculated by Gulliver—Scheil
model
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Table 3 Contents of Mo and Cr in the liquid phase during

the phase transition reaction %
W AH Mo Cr
L 6.1 20.0
L, 8.5 225
L 11.3 25.6
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Fig. 3 Pseudo binary equilibrium phase diagram of Cr element
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Fig. 4 Pseudo binary equilibrium phase diagram of Mo element
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Table 4 Non-equilibrium solidification phase composition of SASS with different Cr content

o WAHLR/C HECAKI% BRE 1% /% HCP/%
o T, AH H A1) BT H AR B A HL ) Hr b AR E AH 5 Br i [ L A LA Br i [ L
16 1 406.0 97.9 0 0 - 0.97 943 0 0
18 1399.9 95.8 0 2.0 86.0 0.92 94.4 0 0
20 1394.4 91.4 0 6.6 69.3 0.89 94.6 0 0
24 1384.4 71.8 5.7 26.2 0 0.86 945 0.04 98.5
28 1396.0 54.8 27.0 43.1 0 0.87 94.2 0.15 97.5

RS AEMo & EBEIMIET &5 B 1HHM

Table 5 Non-equilibrium solidification phase composition of SASS with different Mo contents

Mo/ TARLR/C BRI % RERI% /% Laves/%
T, LB MR EALEE AHERS] Bri AR AR Ml EAEE AL MR
3.1 1408.9 95.8 0 3.1 90.1 0.01 0.989 0 0
5.1 1398.5 92.9 0 5.4 77.6 0.53 0.964 0 0
6.1 1394.4 91.4 0 6.6 69.3 0.89 0.946 0 0
7.1 13885 88.6 0 8.8 50.9 1.56 0.913 0 0
8.1 1383.6 85.4 0 112 253 2.3 0.869 0.17 98.8
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Fig. 5 Pseudo binary equilibrium phase diagram of Ni element

L+y

HREE/C

ST R RS JT B [ AR Ni T R LS A
BECARF P BT H . NiJGER B AR fb s i B G AR A
SURT 2Rk B Ni o R A, Ak R IR e T
BT . M NS AR T 15.89% , AR B JeHT i 8
AL S0 Ni B BT 17.24% W], S 5 T AR 20 21
H y AHEG A2 y A+ AL AE , HL S AHAT DX a] Bl %
Ni 5 B D T . B8 A Ni T R & Ak
ANEF o MM . 1100 °CHE, 24 Ni &K T
17.87% WM H o A, H o AT H X R] B Ni &
SRR K 2 Ni % &5 T 28.43% B FF R A
i HCP AH , H HCP AH B % BT 5 X 8] Ni 55 &2 19 7 &
Mz WY K. L, FEE AL T 2 1200 CIER, N
PRAEST A 21 20y B AH B8 FQ AR 2, (o 34 ot £ Ak 383k
FEIC & AHER B AFEAE , Tl S31254 388 BLA h Ni & kR
T17.24%.

ANTR] Ni Bt AT B AR ZE R I 2% 6, 244N
HONG B IR T 16% B, R T S ARAE ST L 24
HONG T EE R 18% B, YRRH HH B CCARAR L Se b i o il
& Ni B Th R B0 B ICR L ] 2 BT Rk 3
H 61.9% 35T 97.3% , 114K 1 & A Eb i 2 BRI E
1 36.5% FEAREN 0, 24 Ni & i85 22% i, 494 &
HHTE 4T O, TR A 4K H o A G5 52 T i A R 3, P

0.47% ¥ F) 1.7% . 480 Ni % 5 35 3] 229% I} 5
[ AR EAA Laves AHHT H o [, XFFS31254 8 LA,
SR PRAESF- A B [ 21 200 B L AR ZH 20 NG ' T
BERT 18%, Fyht At 22558 Z1 Mo Jw M7 Y Laves A1 4=
B, Ni & i AT 22% .
3.4 NIUER & a2 oot BN A 151 52

N o AR, an i 6 s . NIGE &
IR MR ETCER . NIGER & A8 (b 5 i B Gk
HAPS 2 ERG e v S N fr s B, sk Z R e v
BT . A N E KT 0.035% B, B [ i A
VI AH R y A IS M., UNTEFES T
0.162% I}, F-fiif AH AL 2 y AH+d FH% 28 Ry y AH , H
Bl N 62 7% 5 T L QA DO R . M
fXF 1217 CHE RN &2 X, P AL 2R y A+
TR AR Jg y A +o A0, IEBE B9 N S0 THE o 4
(RSP AR DB 4 7. 1100 CRUETR 48P N &
T 0.3% B, iy i ST AHZH S y AHESE AR R y A
+HCP A, I Bl & N & & 09 7+ &5, HCP A X &2 i 3
KLU N &M 0.5% I, HCP AH X BT H Ui B 35
1200 ‘CJ5 A, B HCP AH B9 B B BT H 16 3 R
1200 °C. P, 7EEIAHZEF 2 1 200 ‘CIEH, R AIE
ST 23 R BAR BA FC AL 2 (B A Ak B 5 ARG
S M Fa B AFAE , T (1 S31254 8 WL b N & 7 K F
0.162%.

AR N Er i T AR e AR L R L 3R 7 Bl
N &0 T, 8Py A BB T R
83.6% ¥4 fin 5] 96.9% , 1117 5W rh & AH Lt f4i] 52 B AL Y
#,H 14.8% /03] 0, 940 N & i85 0.4% ), 8
FITE AT, I o A EG B 22 T v ik 3, i
0.44% K5 M E) 1.49% . 48 N F 5 0.25% i, A
HCP AHAT Y, JFREE N & 0T 2T m ks, h
0.14% 3875 0.7% . PHIL, BF X6 N, 75 25 e
AT CrN ARR A HCP AH .

F6 AEINi&EBRIWIETELEEHEMR

Table 6 Non—equilibrium solidification phase composition of SAAS with different Ni contents

N TRARZR/C BRI/ % HFERI% /% Laves/%
T, A EL A5 Hr i A A L 51 By i A AR A5 B i A A E A Byt A
14 1410.9 61.9 215 36.5 0 0.47 97.1 0 0
16 1396.6 79.7 4.4 18.6 0 0.63 96.1 0 0
18 1394.4 91.4 0 6.6 69.3 0.89 94.6 0 0
20 1391.3 95.7 0 1.6 86.2 1.6 91.1 0 0
22 1388.6 97.3 0 0 - 1.7 90.6 0.04 98.8
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Fig. 6 Pseudo binary equilibrium phase diagram of N element
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Table 7 Non-equilibrium solidification phase composition of SAAS with different N contents

AR/ C A% BRZE 1K1 % ol% HCP/%
‘0
T, AHLGB] By i A L A L 1) Brib s AL B A AH LA 7t A L
0.10 1397.1 83.6 0 14.8 323 0.44 96.6 - -
0.20 13944 914 0 6.7 64.5 0.94 94.8 - -
0.25 1392.7 94.0 0 3.6 80.2 1.17 93.6 0.14 97.9
0.30 13919 96.1 0 1.1 88.0 1.49 92.3 0.30 96.7
0.40 1389.3 96.9 0 - - 1.32 93.3 0.70 94.4
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Fig. 7 Mo—Cr equilibrium phase diagram of SASS : (a) 1400 °C , (b) 1370 °C, (¢) 1330 °C, (d)1300 °C
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