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Proposal of Independent Two Phase Growth during Solidification in Austenitic Stainless Steels

Hiroshige INOUE and Toshihiko KOSEKI

Synopsis : Solidification morphologies of austenitic stainless steel weld metals that solidified with primary ferrite were investigated in terms of crystal-

lography. At the fusion boundaries, austenite grows first with plane-front morphology from the base metal austenite in an epitaxial manner.

Then, ferrite forms on the growing austenite by keeping the Kurdjumov-Sachs orientation relationship with the austenite. The ferrite grows,

as the primary phase, more rapidly with dendritic morphology than the planar austenite. Though the phase diagram indicates that the forma-

tion of the austenite results from the eutectic reaction in the primary ferrite solidification mode, no specific orientation relationship was con-

firmed by crystallographic studies between the primary ferrite and the interdendritic austenite. The austenite is found to grow independently

of the primary ferrite, growing along (100) direction, even when the primary ferrite changes its growth direction. Consequently, it is suggest-

ed that the austenite in the interdendritic regions is not restricted by the primary ferrite during the growth. The growth manner of the primary

ferrite and secondary austenite is named as “independent two-phase growth”, and was confirmed not only in weld metals but in cast metals.

Key words : solidification; independent two phase growth; welding; casting; divorced eutectic; dendrite; nucleation; austenitic stainless steel; primary fer-

rite; crystallographic orientation relationship.
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Fig. 1. Summary of solidification modes in austenitic
stainless steels observed in welding and casting
processes.
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Fig. 2. Pseudo-binary phase diagram for Fe—-Cr—Ni alloy at
70wt%-Fe, calculated using Thermo-Calc, showing
location of present material composition.

“HAMY L TRET 34— 257+ 4 FRATF VL AR BEEEORE

FOERIZE D, ST 5956 L B My DRI
FOMHBOAMBERAED &S X E R T2 EHEL P
FTWEHTH S, X5iT, BEEBRTIE, BRREANORM
() PHBENIE 2 £ v LICREET D5, TOROH)
S, BTy ORES Ry & OBIR THIR(L T &
BREYD D, BEFERTIGHEEEARAL, #ik ki,
7 — 2 BRIS0A, TV BERVTT -7 &2RESHE,
TIG7 — 2 % 1.67mm/sec DEE THEB) S H B oML,
FAR - BEE & ¢, BEMGOREFRE, BEhIc
F—F#F, BEXDH600K THERML Z-snt BRER
Ficht e LTERLHRLRAL, EEY B L OCHAIRO®
BB 2%5WET Wk Sn BRE? 2, dis#El
3, Fig 3 IIRT /P OBHEY — FOREMA» 5170,
%& 54 /71712 EBSP (Electron Back Scattering Pattern)® {2 & D
T EAT o 72

3. yRAT L ARAOEREHES

Fig. 4 %, VAR Sn WX LT 19C-1INi RA T ¥ b
Z % TIGVEBHE P IS AW B L 5 & hu /- BB S dwaR
(Fig. 30Q) DMMETH 5, BEEIKIA 5950 pum O FEIK
TIZSHAMOHE LTV F 54 BB EhS, 72, T
hUREDSDF Y ¥ 74 MERTIE, BRERMEAL, 58K L
TyHREHLTWBEOnBEH 5D (BEEDIEEILEBSP
12k RS HPLRATIC TIT 5 72). 2OZ &R 6, A
it , Fig. 2 OFHRERIR ENBD , P& 6 TEE
L, BEZRDH»S y SN LT HTEE,NTET T 5FA
E—FTHDBI LRI NF, 72, Fig. 5 1%, BEREL
WE (Fig. 30®) IchWTHE _MHE L TR LzyDE
REEHR D AR LD TH Y, ¥Ge UTHRTEBEL
7= SORBRIZH\WT, BEWATRICHEEZ L > TROML
y e LRIZEH L T3,

LZ AT, FeCrNiZJLROEEIZHEWTIX, Cr&f
BT LA, 5 RSB L, ZOERADOHEKIE—
AEEIIZIE, Cr: 14.6~15.0wt%, Ni: 9.5~10.0 wt% %Y &
XhTw3, LEdoT, AEAMRIEYIE 6+ LFAOMK
HHIZA S, BILH6®, MRS ™ I3, IZITREMKD FA
E— FCEETSyRZAT VL X (18.5Cr-11.5Ni) D—F
FIEEIEERIZB VT, 8um/sec A TOIKEESEE T v F
e L3747 —REFEERAL TR, ThEDE

Welding
direction
Weld pool

///"/

Weld metal

Base metal

Fig. 3. Schematic illustration of the locations observed in welds.
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Fig. 4. Microstructural change dur-
' ing solidification and subse-
quent transformation in the
weld metal, obtained by lig-
uid tin quenching method.
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Fig. 5. Growth front of the interdendritic
austenite during the primary ferrite
solidification, obtained by liquid tin
quenching method.
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Fig. 6. EPSP analysis results for the primary ferrite and the interdendritic austen-
ite near the solidification front quenched during the solidification.
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Fig. 7. EBSP analysis results for ferrite and austenite
formed near the fusion boundary.

FRIZRIML LT, L2LERS, ZORDSE yDM
12, BAE 3% 7 7+ T K-S Bk ((0-11)5/(-1-11),,
[111]5,5/[011],: (1-10)5,/(1-11),, [111]5¢/[011],) & L < iZ
BB D A2 FAT 5 BR A ((011)5,,/(-111),, (-101)5,/
(1-11))) BRILL TS, $58b5, ThETOHRL
5, FEMBRO—DDOBEBEEBNICH > TE 5L yBIORS
FREBRIZ—BY TR EVWI EATRBINRS, MAT,
8y B K-S Btk ® L < IEZHITEVBRAR. L T %
HERZ, B2 L FEFBRELZ—D2Dyiixd L THED S
NEFEBEAEMER S THERLZEEZELON, SOEK
IRy EORISRESEEN LBEEA X EE T35 2 LARKX
N5, —F, HS_ME LU ToHBEICSEET 5 yORRIE,
BBy BETH A0 X v LREEAD, &
TEEE T 2015 6 » SRR FNICM O MR AT T En
LRk ENnD,

¥7-, BESBOERERE TIE, BEAFEOBENZF,
W B A ENEXRENT S, I TRXRIC, §OKEHHE
AEAL L 72T (Fig. 30Q) TORSHTHNAERR%E



I 696

$k &8 Tetsuto-Hagané  Vol. 87 (2001) No. 11

No.1~18 (7) No.19~23 (61)

Fig. 8 IZ/R T, & ¥, Fig. 8 (&, @HEICERI THAIZH
EREROBEEEBMB TORERTH 52, yRAT
YU ZHTIE, BRERD &/y M S T A BRI BRI RIS
BOL L 78 5 BIRO F 2 L 55 Z ENER IR TS
7z 320 B CHIE S MmN RC & - CTEEFEEY
B COM TN BIROMBITIITIBETH 5, Fig. 8 126\ T,
HE R No. 1~18 Dy iFRI—K&AMAEHL, —D2DyRT
HBZENMEREND (b, BEOH EABASBTTIE

E—FTB). —F, HIER No. 19~28 D §i%, [H-—
HRANERT LS DD yRATERL TWBIZE20b
5%, ZOREFENZHIGL 72 @80 ORI 4 — v
MHN T3 (81: No. 19~23, §2: No. 24~28), ZHhid, &
BEURORBEIZ R, JTO § (81) DERRET & BT
BMEDTIPKREL GoTHRENIEE D, ZhiZEbL-T
F-k o602 WERLEZZENEZEILGNS, & DT,

BRREFRHBEGEH AN D 6§ (52) D KK, =K
ke A3 811 ﬁbo’(b&.ﬁbtjﬁ‘élﬁf%%/’iﬁhé L2l

Mo, ZITEHELZDIL, sOBBHNLEDL-TEy
DIERFLLIZEDA NI ETHhHD, T4abd, F_MHE
L CHIFRICREA 2 y B ENICER T 5561, %)
i L ORICRE LSS AN BIRBEL L, -k d28%
K- R T A TyDORSEFTN S 2> TELT
5ILATHRENDSD, yORSMARIZERIER O
Wy,

ZOXSIC, M—RSEANEET S yRNICEL 565
HhiEET 5 575 FHETBHZ LT, gEsmAER
BBy RFORABEINE L SNDH, KNIR L FERE
BOBEERETORARERIT, kX< TE30~50umFE
BETHD*, Fig. 8 DEEEATMERA yORRBEIZ & -

18

Fig. 8. EPSP analysis results for the primary ferrite and
the interdendritic austenite. Note that the ferrite
changes its growth direction in the middle of the
area examined.
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Fig. 9. EPSP analysis results for the primary ferrite and
the interdendritic austenite. Note that austenite
grain boundary is seen in the middle of the area ex-
amined while the primary ferrite goes through the
area without any change in growth direction.
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Fig. 10. Schematic illustration on the formation and
growth of ferrite and austenite near the fusion
boundary of the weld metal solidified in FA mode.
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Fig. 11. Macro- and microstructures of a 19Cr—1 I Ni stain-
less steel cast and EBSP analysis results for ferrite
and austenite 10mm inside from the ingot sur-
face.
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BT2ZenTRENS TEMIZHBIMN LN 7o+ 2
(B, S, 2 M) 9w TFRy AT 4 v EE) O
B4 (REEDEME, RS AL 0 Tk, AR THREL -
FEIEIZRE (Independent Two Phase Growth) 2322 - Tiv5 §



DEEZOND,
7. iR

FAE— FTHET 2 y% 27 ¥ L 2D EEETFHE % 45
R BB SRRET L 72, AR THR LN RELT
ICENT 5,

(1) FAE—-FTERETIyR2T VL AHBESEO
BIEREAE T, PIBIEL 7260 F v F 54 R THIR
Dy ERT 5,

(2) FAE—-FTEETZyR2T VL 2HiEHESEET
d, a~e ISR THEFRIREY S 5.

a. BEFELIEERIZ BT, S&ydD (100) HIENZE < D
A, BEEREFEIZNL TETFTH 35, MHEO
RN IRE 5 BT B fRIE

b, BRERT TIE, BREBOyIRHMOy» LY R
FUrARRT 5.

c. VBRUMRRIBTIL, §& yD (100) HENZFiTBHEFRIE D
DAY, K-SBIR? L 32 IR VBIRA KL L
T35,

d DO yRNICEL SRR ANERT S §HEKT
5,

e. [H—f5SANAEBET BN, BRI AET
bykiE s> TRET S,

(3) FAE—FTHEBETSyRAT VL AEDOER T
i, VI SDERIZIZy ETOREREREE L, ZO
BicbnTidy L OMICHE RS A BERARLT 5,
SHVITE U TRITHRE L 25 ICBIB CERT 2 yORE
BHEHIITEAF D v LIKETH > T, ZOEK - KEIZk
WIREITEE L 72 62 o SR FNITR SR A2 2§,
Sy3rThFhMyvy L TRET 3,

(4) BHREBOALST, itk VT (3) THRL
= THEEEE HE I NS,

(5) Coupled Zone % §hi 7= EIE & Ti#d Z 5 M EE 4]
FREIIS, 5 RN & O SESLFR S0 & R & 21
3, CHIEEhEMALICK RS % EEZHE (Independent
Two Phase Growth) B TE £ 9 5. Z DEIHFIREL, &K
EAmE (Bihm) »Ed 38R TOREIZE-T
HTHLENE T8 DTH B,
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