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Dendrite Morphology and Solute Redistribution during Solidification
of 25 Cr - 20 Ni Austenitic Stainless Steel

Takateru UMEDA, Jyunya MATsuvama, Hirokazu MuravaMa, and Masataka Suciyama

Synopsis:

In the previous paper we discussed the solute distribution during dendritic growth as a function of the area
fraction solidified, and suggested that the diffusion layer exists ahead of the solid—liquid interface near growing
dendrite tips. In the present work, we investigated the solute distribution and the three dimensional mor-
phology of a growing columnar dendrite in 25-20 austenitic stainless steel.

The results obtained are as follows:

1) The growth process of columnar dendrites can be classified into four stages. The growth of the secondary
dendrite plates belongs to the first and the second stage of solidification. In the third and final stages dendrite
substructures generally grow in the plane normal to the primary dendrite arm.

2) The area fraction solidified in the transverse section to the primary dendrite arm is nearly equivalent
to the volume fraction solidified. The area fraction solidified is sufficient to explain the solute redistribu-

tion mechanism during dendritic growth.

3) A diffusion layer exsits ahead of the solid-liquid interface in the intermediate liquid region between two
neighboring secondary dendrite plates, as in the case of near the growing primary dendrite tip.
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(a) Transverse section to the heat flow direction.
(b) Longitudinal section to the heat Aow direction.

Photo. 1. The microstructures at-20 mm from chill.
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Growth direction of the
primary dendrite arm

Sections
perpendicular
to the primary
dendrite arm,
No1~7

'Sections parallel
to the primary dendrite
arm, No.l~ 4

Experimental results of ‘average cooling velocity
V, solidification rate R_ and. dendrite arm spac-
ing dy ,d; (h:distance from chill, d,:primary,
dy:secondary)

h{mm) | V(°clsec)|RuUmmisec)| di(u)]| da(p)

40 0.72 015 210 60
80 0.25 0-09 280 90

Fig. 2. Schematic drawing of measuring method of
isoconcentration contours in different planes.
The table shows experimental results.
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Fig. 3. Isoconcentration contours for Cr in the
transverse section to the primary dendrite
arm at 40 mm {rom chill. This section (No. 1)
is intermediate section between two neighbor-
ing secondary dendrite plates. '

Fig. 4. Isoconcentration contours for Cr in the
transverse section to the primary dendrite
arm at 40 mm from chill. This section (No. 4)
is located closely to the center of the secondary
dendrite plate.

Fig. 3 & Fig. 4 BXhFh 2kD 217 — 2 DR
E (No. 1 DEif), 3L 2KR7—2DEH (L4 2%
7= AR WCEMIC TR A REES SR, £

ERXHEANT2ZRT ~ & LEZT 5 HA%ESE, 2K7
—LTBOIFAERE KA LFE.) OROLECEWE
(No. 4 DHfitl, No. 1 & No. 4 i Fig.2 izR¥ X >
0 g BN TWw5%.) CORESHTHS. Zhblx

oD SHEDRESHLEHT, WFhi k<Ml
5.

FIEREIT > K54 FOET, 7T B4
PR 2DEXLERE (Fig. 3, 4 @ 22.29 SiBE
#)s ROREEBETE whd5 7o F34 b& oz
THMELENT WD (22.6%). ZDXS5EREDTL
TBIEIZ S WTT Y KI4 b2 o 2034 RiE CREE
DRESTHBLCELATNEZ 00, Fo K354
PERMERIBIIMO IR T L— b (T#hE 25k 7 — &
R SN 58 % MO EbE R TMRKIEE 2 T
LEXBNS. FEASEGHO/NZ v Cu-Sn HTh,
DX SIS TRT LB SIBEESOIERED ) <
<, HMEMZ IR TWaED. 25957 K54
b DR E B R 13 e b % BT BRIRIZ R B & D Gl i
WZ bbb,

DEWL2LRT — biAOREBREZ 5L, 27—
L DIERICAEY T 5 Fig. 3 ClIZilmmss 22.6% 2
D 23.8% ¥ TEXL LTREIFM~, BRCEEIKITC
WHDITHL, 27— sA@ EHPLI TV Fig. 4T
VISFIREERRAS 22.6% 755 23.09% % TABUIC A DT
Wh. EfhWET TIE Fig. 3, 4 OpRIoEHEE R
T ZOXSK 2T — & D ERPLTE BELS T
< —H X OERBTRREABBR TS T 2, &
DR R TREEMS X0 2 R 7 — & BT AT TOSinE
ML D MORH 0, 2% 7 — L D&ITHET S 5
YRIA M XBHERFT B LA RELTC VS
EDHL. (ThEg Fo R4 MBIk T3 51 B
E95%.)

LA L Fig. 3, 4 ovFhickwTd, 23.89 S5
FUTIE D & 2T L — MO T S F34 k&
DEFOEFHTE L, T OB CAMD KB ILT 5 .
Lkﬁﬁfi%%&@Z&7—Am$ﬁﬁﬁf®%ﬂ%
IR 2T TS DT <, & DR S T2
ERTDLET2HOBE2 RS L— FORIBILGE LT
MERDET L LfEXNS. (Zhe KED 52 R
LT5.)

DX STHRREDH 1 BRIET 2 ROZER™HEE L,
BIBBCTOhBBIET 7 K54 FEDOBRIZET

* ltk, 27— A BIFIRSL— DT BowertD HIZGE

2.

*HRRTALOE, REULK2ZRT— AOBRMIKRIL— F2ES
I35 (BAM) wEFaiy, BETEm BT snar
IZR7—bBIRTU— P EFER. LItHBDTLIRT— 2 L 25KS
v FOBERRINE L, LE TS 2 F L~ M2, Bowse §
DBNSDY S 2RT — LJRBSN B OEH TIZ .

e LORGEREBIRPEREE 2 2T L RT U~ M 6 IROH:
LREOEKRTS 3, RERRBEEFE 2R — 2 B LT
AZLEEEDN D THBEELBLLELTAEDT, LORE
FABIEDT, BIDIRT — a3 FNIZEDTH3 LITRT S
CEHTETHS.

— 56 —

-

N



25Cr-20Ni 257 vV ABOBERBEBIIS I 27TV F 54 FERELLEBHEEHTICOWT 445

ELALE, FMIREERETAS L 2R L— MIE
EAETERENRIEVEZE, R ET2#H0 2%
L— "M BIDIT, Wb 5 plate-like L E
hohictrn o0 2k r— MIbITRRBEMC 1 k7

L— FERBITSHZERETELWERbRS.

HHZEE) - OBETEBRT 55, B 1 5 XU 2 B
DERERITE 20% X UFI40% THD, 2KTLv— b
MEERENS, D2EDF FI4 POXRESIBRESH
5 ZORAEET > F T4 &k b RO
BicEL, IMboRELEVW EEFRIRETHSD.
L7z2h32T 27 — AR C @ENTE T T50T I 7/«
<y ZWT — ADEHFRINDIREREIE T 7 a9k
FEHELAERELZANZ EEWAS»THS.

T, EEOMER GBS RS LT 27
L— MGG IS L, AT 23R 7 v — Malins
SRTHL D (25.4 % HiREEERET) . EERE
Wz TR, ERERITY 80% (ETS. oM, &
IREMOMEIE Fig. 3, Fig. 4 bk, HHRE
VAT OWIIRE A B 2 5.

FLUCHEREMZET 2RO 2R T v— e, Y
HOHF FI4 b X oTHENRBEMICE LAD LR
T DTN E SE T35 OLREDORMERE). Ui
POTC LB O i 7eb 2k L — rDD
V3l LB RIS T B B 0%, B < E TR E R
T,

TR I I T b, Fig. 3 oZistiRibahTuw D s
TR, FOERARE Fig.3 & Fig.4 T JHEILT
Wi, hbhAAURIEOBRENSE L WIS X ORDIRE
HEITEENE LTS, Fig.3 oAR RIS Twd
eV, FrFIA MRS T, EROGRA 7R
T, »2ETD 2R v~ b OBEREH RN GRS
HZERELRTS.

PLERARFzE S, Foo K4 MY, 2R7—LD%H
L, MhoFr K34 hEFRT L E O
B 2 B E, Do e A0 N TR 2 o IR s
LEEILND.

DECIMB L2 KT — T o Cr 2
sk 5, Fo FI4 MREEREIC DV TIRERG T
OFER LR SE AN HEE TS, Fig. 5 2R
L— FOIEAMOh.OHTORESfTH YD, Fig. 61
LT By 40 ¢ B -TH CORES NI CH D, HIE
ERRA RO 4 HE RS Rs e Th 2/ L~ b
DIFEHLEIE TR T, Fig Sk ohidk
T FEEL 7 7 BRI T OIRE Sy i A HREHERCkD I 1 &
D2RT7 — LD TDIRESFHTHS. %/ Fig. 6

>

—

E

g nwil v .

5 2 (72 22.%/ <~z
1]

o 9 250

£Q

- et

o 'cl L

w O

R

-

£V

m 1]

O—>

w30 M |

Fig. 5. Isoconcentration contours for Cr in the lon-
gitudinal section parallel to the primary
dendrite arm at 40 mm from chill.
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Fig. 6. Isoconcentration contours for Cr in the
longitudinal section parallel to the primary
dendrite arm at 40 mm from chill. This
section is about 40 microns away from the
center of the secondary dendrite plate.
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Fig. 10. Cr concentration against the fraction of
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fied. Solid triangle mark indicates the in-
flection point.

— 59 —



% 63 4 (1977) F3 %

448 & & 0
! 1

2! }

80 h=40mm j
_260 i ~
©2%0 =

220§

00 02 04 06 08 10

Fraction of solid

Fig. 11. Scattering of the fraction of solid which is
given by area fraction solidified in several
separate transverse sections to the primary
dendrite arm, where gross full line is Cr
concentration curve against the volume frac-
tion of solid.

Solid triangle mark indicates the inflection
point.
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Fig. 12. Cr concentration against the volume frac:
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plates. Solid triangle mark indicates the
inflection point.
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