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Determination of Liquidus and Solidus Surfaces at Iron-rich Region of

Fe-Cr-Ni System

Akira YAMADA, Takateru UMEDA, Makoto SUZUKI,
Goro ARAGANE, Hiroshi KIHARA and Yasuo KIMURA

Synopsis:

The liquidus and solidus surfaces of iron-rich corner of Fe-Cr-Ni system, which are closely related to
the solidification behavior of commercial stainless steels, were determined.

The tie-lines were measured with the concentration profile of planar liquid-solid interface obtained by
stationary melting method, and the liquidus temperatures were measured by differential thermal analysis.

These results, combined with the morphological analysis of unidirectionally solidified specimens, were
used to clearly determine the o (ferrite) and the ¥ (austenite) regions of iron-rich corner and the liquidus

and solidus surfaces including tie-lines.

The results have shown good agreements with the work reported by ScHORMANN el al., except for the
peritectic-eutectic line, which have found to shift slightly toward the Fe-Cr side between 10 and 15 wt%Cr.
The peritectic-eutectic transition point was found to be at the composition about 15 wt%Cr-10 wt%Ni.
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Fig. 1. Schematic representation of the Tammann
furnace used for liquid-solid equilibrium composi-
tion measurements and for unidirectional solidifica-
tion experiments.
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Fig. 2. Stationary melting method for obtaining a
planar liquid-solid interface.
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- Photo. 1. Liquid-solid interface obtained by sta-
tionary melting method.
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Fig. 3. Sweep step scan method for the measure-
ment of the composition near the interface.
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Fig. 4. An example of the concentration profile of
Cr near the interface. The enrichment of solutes
at the interface is due to rapid quenching.
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Fig. 5. An example of a curve obtained by dif-
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a: Primary phase is austenite b: Primary phase is ferrite
Photo. 2. Dendrites observed in unidirectionally
solidified specimens.
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Fig. 10. Equilibrium distribution coefficient as a
function of wt% Cr/wt% Ni.

1.2
- KCr
1.0 w,’ :
- ° *
0.8 e § [
L oY
085 0 20 30
Creq‘/N\' eq.
1.2, 3
L K .
Ni o Y
1.0 Y
0.8 k\- *—e
O.S —_— 1 1 j 1
0 1.0 20 30
Creq./Nx eq.

Fig. 11. Equilibrium distribution coefficient of
commercial stainless steels as a function of wt%

Cr/wt% Ni.



1682 % & 8 % 73 4 (1987) £ 14 B

Table 1. Compositions of commercial stainless steels used in this experiment.

C Si , Mn P S Ni Cr Mo Ti

304 0.073 0.75 1.52 0.035 0.005 8.54 18.42 0.22 —
308 0.052 0.31 1.95 0.022 0.008 9.84 20.24 0.05 —
309 0.057 0.31 2.07 0.020 0.011 13.37 23.34 0.14 -
3108 0.04 0.65 1.66 0.027 0.008 19.92 24.35 — —
wi2 0.072 0.32 0 1.79 0.022 0.004 8.56 28.61 0.06 —
W16L 0.030 0.36 1.84 0.024 0.010 12.87 18.72 2.38 —
316L, 0.017 0.98 0.97 0.027 0.005 12.12 17.08 2.16 —
317L 0.018 0.73 1.67 0.038 0.013 13.51 18.06 3.54 —
W317L 0.021 0.24 1.75 0.023 0.008 12.62 19.25 2.38 -
321 0.048 0.61 1.29 0.025 0.010 9.80 17.65 0.19 0.28
410 0.010 0.32 0.49 0.020 0.001 0.086 12.67 0.02 —
430 0.067 0.30 0.72 0.034 0.010 0.10 16.02 0.02 —
LC430 0.021 0.17 0.18 0.022 0.005 0.065 16.23 0.02 —
12Cr 0.15 0.38 0.68 0.014 0.006 0.51 10.79 0.97 —

T 0.85 205 0.95 BETH 7.

B E LT wt%Cr/wt%Ni 25 0.5 FE5 2 #5 0 A4
BOF— s SR ONDDS, I3 EIERE OB
WMz Fe=90wt% HEOHBEOETHS. %
7z, wt% Cr/wt%Ni %5 1.3 25 1.5 OFEB 3G &K
AHAHTE £ T Fe-Ni 44 FAB B & (Eli§ »EIC
WG L Twh,

Fig. 11,12, WA 7 ¥ L X o 7 5 EAe B o il
WREARUBACEHELZDD%RT. 13 Table 1
KRB LHIC304,316 kDX —ZAFF A4 bRA
T VA, 410,430 DT 254 VR, VT v
YA IMRATF VLR ETH 5.

Z DK, C, Mo, Si, Ti, Mn E& I N B HFMICEOE
IS

Cree=Crwt% + Mowt% + 15Siwt%
+2.0Tiwt%
Nie, = Niwt% + 30.0C wt% + 0.5Mn wt%

2 & TRl S 12, wt% Cr/wt% Ni Db 1 i Cr
LE/Ni BELFFH#HE LTEHEENLTYWS., Cr, Ni D
S ECAR B O il B AR LB E O EAR B O B RICHE
vy, Cr, Ni OREAMMH L @AMOERRE L % HvCaf
BHanTwah,

BEERE ZDITEAEN 7254 M EWHE L. )
M0, YAHMEOBER I Cr BE/Ni Z84°1.4~1.5
ThY, Thid Fe-Cr-Ni 3 TLRICBVTES NI
REILAHLT S, —F, HHEIRBREOBEZ0D
DLEMTEILCLEOTH T VEEL T T, #i Fe-
Cr-Ni R EFRDEE & 5.

IOz kX, ERASMICB T LEERS—T % b b5
SathAl, XU 2 RIS 0 RMTERELE &—2, &
MEEDEES LRDO L) BB A 2 &L THEE LR
FELIBIEEFRBELTNDS,

Table 2 IZEHBEEM O ZHMITTR A3 % F 5
BRBZE/RT. 310 % R & X CTH& 0 MO FH

Table 2. Equilibrium distribution coefficient of
commercial stainless steels.

Kn; Kee Kvin Ksi KMo

304 0.79 1.04 0.86 0.93 -
308 0.80 0.99 0.83 0.86 —
309 0.87 1.00 0.86 0.95 —
310 0.97 0.93 0.81 0.72 —
wi2 0.79 1.04 0.72 0.81 —
W16L 0.84 1.01 0.66 — 0.74
316L 0.82 1.01 0.80 0.79 0.85
317L 0.83 1.02 0.84 0.78 0.82
W317L 0.84 1.03 0.85 0.85 0.83
321 0.81 1.00 0.81 0.78 —
410 — 0.99 0.87 — —
430 — 0.97 0.85 — -
L.C430 — 0.97 0.94 — —
12Cr 0.79 0.95 0.83 0.76 —

BLRECTH Y, Mn, Si, Mo iZ2oWWTEFRFh 0.7-0.9,
0.7-0.9, 0.75-0.85 D& %272, Si, Mn 22wV T
BEEHFHIZOVWTRKOONIELIZIF—FTH. Mo i
DWT 5 6 AHiZxt L T Frepriksson DR D 724 0.8
EEL—FLAEY.

SuuTaLa b R BEEMICB T A RERES2A | A — X F
FA FEMER, B: 7254 bI&EA—XFF 1 b
MH2RMELTHETADD, C: 7294 FBHERE
DIFREBICHTEL, ZhLFNd wt%Cr/wt%B Ni O fE
1.45, 1.98 THVEDL B L LTnBH I ¥y AmH1E
LN7-WES, ¥ HEBOBER I wt% Cr/wt% Ni 7%
1.5 BETHY, Thid SuutacaQRBEHE Y 41 TA &
BOBRIIBIIAMHEE K- L, MERTEOERH
BERFIC BT BFEMDOBNICESTVDH I LR ED
FTwbh.

4. £

Fe-Cr-Ni R & & O BEZEE 5 3 % B LK
BLUCOMBARAYE, WBARE - FAERE %, Fe>
60 wt% ODFKEIRBEIEI, 40RO O MU %
FULIZR®D, LT OERLE.

1) SUEABEIEEE E U CEA - R o PR
TR - BIEREE T A ORBICh 22 e L, #AE

~—

4



Fe-Cr-Ni FAgkE RSB 51} % HUHE R CEME O #E 1683

b o w B L7,

2) Boh/- R e —HIMEEEERIC XD THHIS
NP S, FEBICB A&, v HBERZ R
FELZ BonzgaEs, rHESL ST 5T ER
X ScuorMaMN 12 X B B DIZEE, X D& Ni fllicES L
A XN R/ 3oV

3) TREBSHTIC LS T OEROEAERE ¥ EH
L, &% &ICBHEE - FAHEZERL L.

¥ 72, 3IMLEEEEED, TOFEREE>»S, Al
G toas - HEEBRE RO BEAE 15wt
Cr, 10 wt%Ni O BIZHET 5.

4) Cr, Ni SRR O Hy&EBTERT
1 0.98-1.02, 0.76-0.83 TH v, v HAHEL T Cr,
Ni &% 0.85-0.95 THo7. $7, HRATF L 28
2B % Cr, Ni, Mn, Si, Mo % & O 5B S E
L, #i¥:7% Fe-Cr-Ni & &0 F oA & LB L
72, THERA & ke RS BT, Cr, Ni R B4R
Bixml—e R LES.
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