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On Microsegregation and Microstructure in 18Cr-8Ni and
25Cr-20Ni Austenitic Stainless Steels

Masataka Sucryama, Takateru UMEDA, and Jyunya MATSUYAMA

Synopsis:

In this paper an experimental study of the microsegregation and the microstructure in uni-direction-
ally solidified 18Cr-8Ni and 25Cr-20Ni austenitic stainless steels is described. The aim of the present
investigation is to provide the quantitative data of the microsegregation and the microstructure in
alloys of engineering interest in order to explain the homogenization process, and moreover to inter—
pret the mechanism of the solute redistribution in dendritic growth.

For this purpose Cr- and Ni-isoconcentration contours around the primary dendrite arm were de-
termined and a discussion was made on the solute distribution as a function of the fraction of solid
which was given by area fraction solidified in the transverse section.

The results obtained are as follows:

1) Minimum Cr and Ni concentration at the center of primary dendrite stalk is slightly decreased
with increasing distance from chill. Consequently with increasing distance from chill, the effective
distribution coefficient K decreased and on the contrary the segregation ratio I increases.

2) There is a inflection in the solute distribution curve drawn against the fraction of solid. And
the value of the fraction of solid at the inflection point is increased with increasing distance from
chill. Therefore, it is concluded that the diffusion layer exists ahead of the solid-liquid interface near
the growing dendrite tip, that is, homogenizing in liquid is never caused during dendritic growth, at
least in the initial stage, and the diffusion layer has a very remarkable effect upon the solute redis-
tribution,
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Table 1. Chemical composition of ingot used in the experiment.

|« si | Mn | P s Ni Cr
: i . 3

A 0-05 0-02 0-02 0-012 0-014 7271 17°70

B 0-59 0-03 0-05 0-013 0-014 856 17-53

C 0-08 0-07 006 | 0014 | 002 1911 ' 2536

D | 036 0-10 005 | 0014 | 003 1923 | 2530

¥ ¢« phase 8°3 vol ¢
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An example of the macrostructure.
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Fig. 2. An example of cooling curves for unidi-
rectional solidification.

Table 2. Some experimental results from cooling curves of sample C.

A( mm) t1.(sec) ts(sec) f¢( sec) V(°G/ sec) Ry (mm/ sec) G(°C/ mm)
20 | 74 112 38 1-64 0-23 9-6
40 185 282 97 0-72 015 6-6
60 342 524 182 0-38 0-11 4-8
80 552 835 283 025 0-09 3-9

Note 7': Liquidus temp. (1400°C)
Ts: Solidus temp. (1330°C)
h: Distance from chill
ty: Solidification starting time
st Solidification end time

f¢: Local solidification time

V: Average cooling velocity

Ry,: Solidification rate
G: Average temperature gradient
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Photo. 2. Slightly etched microstructure.
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Photo, 4. Microstructure of sample C, where T section meens the transverse section and

L section means the longitudinal section parallel to heat flow direction.
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Fig. 4. Solute distribution of sample B.
Table 3. Some experimental results on microsegregation in y single phase.
Ni Cr
Sample Distance from
chill, £( mm) Cmax Cmin I Cmax C*max Cmin I I*
(%) (%) (%) (%) (%)
Al 20 9-7 87 1-10 21-2 — 17-8 1-19 —_—
Bl 20 9-3 8-8 1-06 20-8 237 16-4 1-27 145
B2 40 9-3 8-7 1-07 20-2 387 15-8 1-28 2-45
B3 60 91 8-5 1-07 200 422 15-5 1-29 2:72
B4 80 8:8 8-2 1-07 20-6 48-0 151 1:31 3-18
Cl1 20 18-8 17-8 1-06 28-3  — 22-2 1:27 _
Cc2 40 19-0 17-6 1-08 28-2 e 221 1-27 —_—
C3 60 18-8 17-4 1-08 27-7 —_— 21-8 1-27 -
C4 80 18-6 16-9 1-10 28-0 — 21-6 1-29 e
D1 20 18-9 17-2 1-10 22-8 49-2 21-4 1-10 2-30
D2 40 19-1 17-2 1411 23-1 48-8 20-9 1-13 2:39
D3 60 18'8 17-3 1-09 23-0 54-1 20-6 1-13 2°65

Cmax: Maximum composition

I: Segregation ratio (=Cmax/Cmin)

C*mag, I*: Containing eutectic second phase
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Fig. 5.  Solute distribution of sample C.
Table 4. Effective distribution coefficient Kg in sample C.
Cr Ni
h( mm) Ry (mm/ sec)

C*(wt %) kg* C*(wt %) kp*
20 023 22-15 0-87 17-77 0-93
40 0-15 22-10 0-86 17-56 0-92
60 0-11 21-81 0-85 17-39 0-91
80 0-09 21-61 0-84 16-90 0-88

¥Kg=C*/Co, Cocr=25"56, Coxi=19"12
C*: Concentratin at the center of dendrite
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5. L»d Ni g B, C, D23 iFEEDE 1
=s1'1 #2%. £/ Cr 1358kB, C,D pfgic I =13
~LI'1 ¢ >Twv35. _

VWoIE S L B A $ 40 CEME L7 Cr o
FOVED b OFEEE A HBEEINT BT LSy, Hapir B3F
LLIhnd 5. 3 Table 3 iwhbBTRTEED,
EHEALBOWERE» 5D LORBAD BT oW T
OENFHIE, Cr 23 I=12 Nip I=1"1 BETH
7.

ELEDX 57 Cr, Ni OREITHEA—Z7F4 FFRA
7 LASTHEE SN FB L, EEORERIILT

k: distance from chill

Ry, solidification rate

2 L3, Fe-Cr, Fe-Ni 20% % LLIEEEWMOL
hEFTRBREERTHSE E VL X 5979,

WX Fig. 4, Fig. 5, Fig. 6 OERPEHZERES=E
LT 5L, TNOORESFT Prany 50 1 RITES
BEEFNVCORESHUITEWELEZL LTV E W
Z5H, Fr 874 bRLEECOFENTIHE HIAET
kv, TRETORE T, ZhhrHEERTY KD
4 FPREC BT HBREEHRTELRBET T NMC LICHED
TW5 L DERBLINTE. $4 THrRESH 51319,
LUAIEOATCIHEEXBE L, EEREBIRVWEET
OB OBRESMCGEVWEEELA. L2 LED
BRESBIOGEY BRECEEL 22550 RESA 25
Cu-Sn ROERER EFR ROMOFRLIPLVE
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M LR7 — LR OESZL E LT,
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TE2B5R5. —HIZDF B34 MTOWTESFL
THEONRRES Mot Fig. 8(b) WRT L5,
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c
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Fig. 8. Schematic models of microsegregation pat-
tern, (a) isoconcentration contours at initial
stage of dendritic growth, where f=S8x/SL=
X2/L? and f is the area fraction of solid.
(b) solute concentration against distance from

the center of dendrite stalk X. (c) solute
concentration against the area fraction of
solid f.
C=Kx?+C* coerenienieiieiiiiiiininieeeen (2)
(K: 8, C*: 7 F54 ML OBFEIRE)
TE2LNLHET, (2)RXOEFEH « 2 (1)K M

WTfTRDTE, fRTIHRESHI,

C=KL# fr/24C¥ eovivvnniiinniiiiiiiiinn(3)
Eies. (2)REHWT, LExErELhTh n=],
2, 3 LtEETHL, (3)Ki3,

n=1:C=KL f1/24C*

n=2:C=KL*f +C* e (4)

n=3:C=KL3 f3/24C*

Lish, Zhix Fig. 8(c) okskmEhd. 2%
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INEHRBICOWTE 2D E, (RO SfI1T =+
/L3 Bz bh, LichoT (3) Ry C=KL» fr/34
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D, WEWERTEOTT Y FI4 VEREOBREFES Y
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SERTCHIDHRTMBEI L CLRERTH D ZEEPEL,T
»H5.

TS5 LIcEBIDIDIZ D DT K4 by o x[H
BoFRERFHOWE, HFEB, C, Dizowtxh

ZFh Fig. 9, Fig. 10~13, Fig. 14, 15 553, 3tE
ClL oW THRBHEEDEE 2 H.5 DI, FAE, D
DIEEC G UC, Cr&eprsma Fig. 10~12 iz, Fig.
12 A UHFFTo Ni FREM% Fig. 13 @R L.
T ODFRERIT 002~04% X X THi rhTw
5. BEAT v PRF v = ORI, HBFEIED
ThaELX2T, EROEBPBEH, Ficf/NRE
REMRT Y K4 Mpls 5T THIP N TH 3408
BH5.

DX 578 2 RITHIIL BB 5 1 OMEVE D Te 2319,
BeELR T & T DR OBHIARIT I W, BH OYERDER
BE TEZOBRES ikdEVEILVETHIE, Th
5 DOR DFIRERIBMATOIAK, Lo T EeldiRE
DT F74 POREFREEZED LTV 5L%E 2 bh
%19,
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ZFLT2RT — 2L 45° OFEBBEVIE2E S~ b
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EOWMFE 2R — 2O ERBIUBETS 7 b5

4 PERIICHEAE L TH D, Photo. 3 35 & ORI HF Dk
REe—%T5.

LAl ofgEimi: Cr EiBERHIIz W T IS 50T
B 5P, Ni OFREMETTITlR~X72 X S icimiroR
ERLIRWIEFIENIEER L v 275,

T O DOEREMRND 5 HSIRERMN LD LMY -
BEL, Fr 34 b4 T4 DLEETEDLE
ZRESELLT, ChEREORGRED LD XD
1§l LG, 3 Co Cr % Fig. 16(a)ic, Ni %Fig.
16(b) @, AP D>V TORER%L Fig. 17 xR,

FIREBRITHE WTE, & 2E Fig. 12, Fig. 13 o
X5 Cr & NiTHPT Er ) BSOS HETRL
TVW5%, ZOXSHWHEBERTREESRLEETS L,
EER—OEWERT Z 55,

Fig. 16(a), (b), Fig. 17 itk BIREDHILES
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— 43 —



1106 &% * '@

2 60 & (1974) B8 S

230

234
230

250 250

234
<266
/—fz\sﬁ'z
26| 26'2 258

S

o~
36 -238 2

&
50

Fig. 1l.

BLTwD. dLFY FT4 et omEEs)
BELERETTNVTIE2T VB ET 54 5L, Prann &
© DIRHT UICiBEESARDS, T K34 kOB TREIC X
LA P L EZHAE LBELREBRSEROLICHE
FHs2 L2 RTMTERESREZHOLLTSD, €
DIRES Y | RITELBEE T VKT HIREST &
WA 2T TTh 5.

HFHE HeLLawelLii 72 F 7 4 MNEEGERIZ BT HE
KZELEEEL, £0L XOBRMATOBEEIIELIRED
R 5 L LT, 3RITAIERES R L EHEIRE ORM
Frrd Lo, BHMLABREKELRETSLE, ZoOX
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2, ZORGRELIE D EHAE D AR WTRMOBET
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Cr isoconcentration contour of sample C2.

HBTEHbrB.

L% Fig. 16, Fig. 17 o X ShkiERRE LN T
EVE, S EBFL FI A4 b OEBEETOBEEED
CIRAIRE LR IS, Tishbbikiue X 25%ERESHE
ET3ZL%RLTWVWSM. WEFL FF4 b 1RT —
LM OdS % L, WIEIREGRE D, Bk ERRE 2
0y LT5&, LVD-0; TinbbihBEE#HIT > KT
4 MEBEZ D AKREVZ LD 5, BREBET LEEDE
kb e, BETST P34 bogET, IE¥
B ERNICRIELREEBLLIBLEELLND. L
7RO TCETHEE LABEBIRESE TT5ETLD
FEHFHELTVB ERFEL OV, & JCHBReT
K54 FRABRESNDE, FOBRERZLT S L ED
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Fig. 12. Cr isoconcentration contour of sample C4.
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Fig. 16. Cr or Ni concentration against the area fraction of solid in sample C, (a) Cr, (b) Ni.
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Fig. 17. Cr and Ni concentration against the area
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Fig. 19. Schematic drawing of the diffusion layer
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Fig. 20. Effect of solidification rate Ry on the thick-
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Burton’s equation assuming that diffusion
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equilibrium distribution coefficient Kg is 05
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Fig. 21. The ratio of the effective distribution co-
efficient Ky to the quilibrium’ distribution
coefficient Ky as a function of the dimen-
sionless parameter Vp/2D for several values
of Kg.
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Table 5. Segregation ratio and effective distribution coefficient of Cu-89% Sn.

k (mm) V(°G/min) | Co(wt %) 1‘ Cmax(wt %) Cmin(Wt %) 1 Kg
15 | 220 | 76 ir 10°1 E 620 16 08l
30 | 106 | 76 § 120 | 5-44 22 | 072
45 ‘ 71 ] 7°6 : 15-8 ! 4-73 33 0-62
60 53 76 “ 15-8 ! 470 34 061
75 l 43 77 | 15-8 | 424 37 055

h: distance frome chill V: average cooling velocity

| T T T
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® ol /‘,}
/
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Fraction of solid, 7

Fig. 22. Sn concentration against the area fraction
solid.

i BurTON ODORZPTRDBZERITELS. ZDH
BT FI4 MEWOEREIE 0, BREERE R icXo
T, EWHEREI(5)RDOL>cZELT 5. £ LTH
HMEENIRDTBE, Ke WWETT 52 E05b05.

FhlE SN Ke, R, 2V, WikRo® Cr,Nio
VB RBE E FF 3 3x10-530, 3-1x 10-5 310 cm?/sec,
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Co: average Sn concentration
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SY 5 e, EYSFEREREIRL TS £ LT s ot
OIRVEER ST 3V Tk Ke OFA, TibbiE/nh
IRBEDIR A 72 FHRIT I XRI I EE DR TIc X > Tkhk &
LB ePBbrd. AT, KM litiElnsic
DN T ELEE X E S BLREL RITHbIC e L < 7x
5. ERHA-AFF4 FRAT U UVAEOX ST, HE
By Ko BREVBELFR T, ZOX S5 EEEKTE
PO EBRTFHEEh, FEBRER IR ZAETL
Tw5.

ZD Ko DX/MNT X B8R EZHMEICT 5 728z Cu-8
Sn(Ko=0'15) TOEBREERDWELHELTHIS.
Fig. 22 RHTHRERE SR LIRE L OBRD 1 HlThD.
27 v VAATO Fig. 16 LIiZiTFEEAERTH Y, bk
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DS BRI A T o VAT K HRFHio/hNEn T
EHEAL, FrFEIA4 FRKEETMELTIE Fig. 16,
Fig. 22 it A 5N 5 X 9, Ko DX/ X HFRl—&%
Abns.

4. ¥ & ®

DEDOEBRTCESNIZZENLEZENTEE, 28D
EBDVTHB.

1) Cr, Ni BEWEF > FI4 b OTREERD,
Z DI/ NREVE FOVIED S OFEHIT Lo k-0 T T 2T
KT L, ESoEHEERDIBLTS. —F, &P TIE Ni
IREREAT 5720, B2V T & DRI
FE—ET, b EHEREN/ NSRBI ONKE
{7g2Tw%. Ni oFirtesehconci 1,
Cr ofFtritias B, C, DoJigic 1°3, 1-2, 1'1 &
EoEx L 5.

2) EHRTRESZYEDL, RELOMEKRED &
DIFER, IhETHESITCRBE L SN2 T
¥ R I4 MM OEEFENC kB JIETHRE ORE
BH LD LN, Thé Cu-88Sn ZTOHERML, 7
N4 bELROBEEETIFEREROA/NT L ST
HoREGE TV THR—MCHER IS,

BRI AMEORTE 720, FRLD TR b0
CHERDTH N % Wizid v iz B 8UWERT B SIMIRFT DR
EEWEK, HRAY TR OMBERCIE K
HoOBERLET.
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