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On the Dissolution of g-ferrite into Austenite in Continuously
Cast Slabs of 18-8 Stainless Steel

Yoshio KINOSHITA, Seiichi TAKEDA, and Hiroshi YOSHIMURA

Synopsis:

Dissolution of d—ferrite into austenite in the annealing temperature range of 1 050 to 1 250°C for 18—
8(SUS304) stainless steel continuously cast slabs has been studied experimentally together with numerical

calculation of diffusion model.

(1) Secondary dendrite arm spacing (Spy) increased approximately linearly with the distance from
slab surface. d content as cast did not increase linearly. At 1/4 thickness of slabs, it had minimum point
which may be caused by reheating in the slab making process.

(2) At the early stage of annealing, § content increased. It was explained by diffusion model.

(3) The logarithm of dissolution rate decreased approximately linearly with decreasing & content except
the initial and final stages of annealing. Apparent activation energy was about 60 kcal/mol, which was
nearly the same as the activation energy for diffusion in y—phase.

(4) The relation between ¢ content and log (t/S};), where t is virtual annealing time which is com—
pensated by addition of modified reheating time in the slab making process, is nearly the same at any Sy
on the same temperature. The calculated result agrees with these relations except the final stage of
annealing, where the dissolution rate of the experiment is slower than the calculation.
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Table 1. Chemical composition (wt%,) of steel
investigated.

c¢ | Si |Mn Ni, Cr Mo N

0.059| 0.70 | 0.92 8.84-] 18.49 | 0.08 0.047
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Photo. 1. Scanning electron micrograph of d—ferrite
as remains of cellular dendrite structure
revealed by differential etching of poten-
tiostatic electrolysis (as cast, 70 mm distant
from slab surface).

Photo. 2. Chromium carbide precipitated in the
o-phase,
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Fig. 1. Secondary dendrite arm spacing and ferrite
content changing with distance from slab
surface.
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Fig. 2. EPMA line scanning result of § and 7
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Photo. 3. Morphological change of §-ferrite during homogenization

at 1250°C.
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Fig. 3. Chemical composition changes in § and 7
phase by EPMA analysis. Each column
represents the mean and the standard de-
viation of four analyzed points.
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E&ER L. (1) RoBRECoWw Tk 3-2-2 TRD
7o Cr,Ni o 1250°C i3 5 HAER O HEERE (B
A& 7o r BRERIG D) X0, rrhRiosFERET
DR, K OBREN % LK HIER TaEl Lic
(ag, an PNIEREHEMAROILE o2y, HMHERL 0° X
180° DfrEI % & 5 w) WHIRES> i (Bl X Fig.8
DER) WAL, (2)ERCOWTLEER r Fo
Cr % #7003 Ni QsBo, fr=1 4,1, O rtoo
SEHCZELL L, Flo@y f OEEERST X &l
Liswdb ok Lic. (3) IKEEABuc oW BRgedE
I o) 0T B B, D=Dyexp(-Q/RT) 12>
WCRTR OSCER ~2 b D Dy & Q EDfEI X DT
1250°C st BEZE TS & Di:. (E2oZ#,F
OIS EELT) E LT 6.3x1079~1.4x 10~ 8cm?/
s(DUFHEAXA ), D8 & LT 9.7x10-9~1.2x10-8,
DY, & 1T 8.5x10-11~4.7x10-19, D, & LT 5.2x
10-11~8.3x 10-10 2EBRIDT, ZhbOHEAD
%L 0 JEACETE XTI, (4) S/2 D5EIE
n% 100 & 40 OFWH CHERT O BRI EA
CEBNRD Shiemh oD T, UBOHEIGE LAY
n =40Cf7Do7z.

HEFERO—% Fig. 8,Fig. 9 wr7. Fig. 83
1250°C ERRgE o ER > RE (Fig. 4) Z6H
L, d AEoBEREY 7 —aHES) 0 1/5 L LTy
TR EN L RE LB/ OWT, RRES MO
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26 ————— nitial Distribution
E | \------ 1.8min(Cr ), 0.7min(Ni )
(&7
24~ \——-—— 115min{cr), 120min(Ni)
S =73u
F-T1° 10
z2f- 17 |7 pi-sxi0”
1er pg zi2xio0
1020k \
]
shisk - S
7 R
vo[iNi o D§=1xi078
L6 J ! D= 85x10™"
- L2
ol
!
5~ 5/0 Sr2
center (7 - center)
Fig. 8. Initial distribution of Cr and Ni for nume-

rical calculation and calculated distribution
with annealing time at 1 250°C.
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Fig. 9. Comparison of experimental results at 1250

°C and numerically calculated ones with the
condition same as Fig. 8.
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FITRTT20, BAEYoL ) LETTH. 2K
i BB Ex D OfErKE W ERL, D3/Dr as
KE AKHREOBS DT OECIEIHE Y FEELZT
W =, BFAR (BA) BER, R LERACE
7 LB T 6 HHIc T IC B EE AR 5 i 2 B

&, D3 O8R4 %I DT ofEr T .

Fig. 8 Dflico\uT, § BoORENZ(LE Fig. 9 1o
EBRER L AbERT. BEikkEe T v 08E, B—
BE TR HEE () »IKEEERE (5) © 2Rkt
BlF2HZEnb, FRFERERCOWVULZKT — 4]
P H A BRI 2 L L {RSE LG, log (8/82) TR L7
REENIIRAE 0 BX L, HEOBS 6 MiEowiiER:
§/5 L Lic b Eiio By 4% ((1/5)2=0.04)
b, Thificr o B E L. Fig. 90t EER
V% Syp 2% 24 pm, 73 pm OEEFER L 0 BV 1% Lk
TILHADTWS. 084D DY ofis LTt Fig. 8
CRIND EBDTHED, RIBROEED 5 BT/ E
WE5ThSB.

feks Cr & Ni OBFAOHEMSROMERIIBERE &
B ESMOE N X580 THS. HlziE, o F
Lo BOJERE risd s Cr & Ni & oREY ZhZh
Ce: (1), Cni(r) TFI> T8, Cox(r) =4 —Cilr) ; A=const,
Dk Cr & Ni oFfiBES> ML EY, 6, rH%
hERIZOWT CGr & Ni OIEREER A% L L T,
et T2 0 BoBR L LTRA—OREVRE LIS,

5. & R

5.1 FINIBYEAD IBDEKX

R OBYLE CHEZ Shic d EDHARBIZL, (3)
Fic Lo e 2 E, Okt s o fioMRER o
BEAR LIBEEEOBP rllorh L h bRE W
BDTH5. Fig. 4 obonnk X o ESRETD 6
Jeiod Cr s, Ni BEN & b IcshERORITO D%
BULEIREE T 8 DR Lol b Th TR Y, I
s o HFOBRENEIAZVEBbhD. 207
», FixiE Cr [ RFeonwTELb L, IKEOE I H
T Cr JBF2 S ik SEEEFIROMRER ~B
LT BA, 7holk#E BEVwidrohbo CrJJ
FIEOIEEBED r R midCiEg L ERT, o4l
» Cr OERBEVBEEHRE LD bR ey (FE|
OBEEFO T UEER N T EL 1 5), T BRE)
HEicoTERO RN EREL, 6/ O CrBEE
ST &F Cr FFE2RITs. RRoREBE L b
hOEEARINEL e, FHEPOBERIE & IRERFR
B OFENE UL oDl E To DR bBEFT AL~ E
BAT5bDOTHSSH. Fig. 8 DfITIE, = OREEILO
7 — AfEFEAS 73 pm DL 1250°C ¢ Cr FA 1.8
min, Ni D#4 0.7min FiEThH D, ZIITERHT D
54 pm, 73 pm D2k 7 — AERD 1 250°C x 5min ¢
T 8 BIHA TS FHTHOk LE —H LT
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Fig. 4 1 SFEE N5 0 MR DS RAED I A F I
Cr 1255 Ni IhdRkEVDOT, ToX 5 il
EoMmCiRELY{To o Fig. 8 oERBEARDOK
W Croiz s E0ERASIEE TR LTV
(Fig. 9). (B)R2DLFHEIND L5k, d BOERIX
S FOBEAENKE L LoEN, HERCKTS

8/r DEEZXO/NXEE, § &y OBBGEE O
KEWVZE, REINDZEAFEHEENSL D HE bR
7.

Fig. 4225 Cr,Ni & LB EMBEHO 6 o
EREIKE L, ¥l d/r HERC KT ZBEEI/N
X, BREE IBEOWANEEZETHLLEELDND
73, Fig. 4 e % X 5 cERERCREBRTO I B0
KB FE DL B0t Sl d @RI ImEO
T MR T LEY, EBRTILT TR ENED
LTCLEDREZARLTWHLEDEELRS.

KoHL® 1.0 B8 ER X 0 AT 2] 820\,
12 Ni-17.5Cr-2.2Mo $-CDEREE S ) b, BEIE T
LI o M, XHA 6 HPcBEBL, 6/7
BRO o H~OBE)OR (r HILRbI& LT) TH
BLTW5. L L7ad s, KPR Tl d fHOEXR
AR D X 5w 6/ r HEEERBEQR & IR BO T
OBV I B EAFERREEL DR, o HPLPXHE
TR BT B RIEPOB XL, IH~FEMEL, oM
o Cr BEZHEIIE, dEOHEKREZEEI®L L
EEZbhA.

4L.

3} Added Tme (min)
2Elioso |1150

olleal1s | 4

Content (%)

2 39 224 | 57
S |54 |198 | 4
73] o o
1 1 1 1
Ob—g——— =3 =2
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Fig. 10. Relation between j-ferrite and ¢/§2 after
addition of modified reheating time in the
slab making process.
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