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The Elimination Mechanism of “A” Segregates of Steel Ingot

Koreaki SUzUKI and Kozo TANIGUCHI

Synopsis:

The mobility of the interdendritic liquid mietal under the solid-liquid state was measured by means of
sucking out the liquid to a vacuum chamber when Si or Mo contents of materials were varied in order to
discuss the elimination mechanism of “A” segregates such as by lowering Si content or adding Mo. The
results obtained are summarized as follows:

1) Amounts of metal sucked decreased as solid fraction increased. An abrupt increase of the fluidity
resistance of low Si material occurred in lower solid fraction side than that of high Si material, and this
effect is particularly characteristic of low alloy steels with Ni, Gr, Mo and V.

2) These phenomena could not be explained only by the viscosity or density difference of the movable
liquid in dendrite array. Consequently it should be explained by the difference of dendrite array when
the solidification front was being formed in the solid-liquid zone.

3) These effects of Si and Mo can be explained by the following mechanism; i.e. the solidification
front is formed in lower solid fraction side when Si is lowered or Mo is added, and then a driving force for
floatation of the solute—enriched liquid metal will not be great enough to form the segregates as the con—
centration of interdendritic liquid at the solidification front does not become great.

Thus, the elimination mechanism of “A” segregates can be concluded to be caused by a shift of the

solidification front to lower solid fraction side because of change in dendrite array.
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Table 1. Chemistry of experimental molten steel.

Material

Chemical composition (%)

C Si Mn

P S Ni Cr Mo A%

Mn-Ni-Mo 0.13 0.01 1.05

Low carbon steel ~0.19 [~0.36 |~1.31

0.006 | 0.005 | 0.75 0.45
~0.009 |~0.010 (~0.78 ~0.50

series

Ni-Cr-Mo-V | 0.16 0.06 0.26 0.009 | 0.007 | 3.63 1.66 0.42 0.12
steel ~0.21 (~0.42 [~0.32 |~0.013 |~0.016 |[~3.85 |~1.87 |~0.49 |~0.14
C (194Mo) 0.56 0.03 0.52 0.014 | 0.007 0.97
steel ~0.60 |~0.25 |~0.55 [|~0.019 |~0.009 ~1.03
High .
carbon Mn-Ni-Mo 0.60 0.01 1.14 0.005§ 0.008 | 0.78 0.50
steel ~0.66 [~0.26 |~1.20 |~0.010 |~0.010 {~0.81 ~0.54

series

Ni-Cr-Mo-V | 0.59 0.02 0.28
steel ~0.65 |~0.31 [~0.33

0.006
~0.009 |~0.010 |~3.57

0.008 | 3.35 1.53 0.49 0.13
~1.66 |~0.53 |~0.14

74



MW o BV ET ORI ERE 1583

o~ . C steel (10 %Mo)
:\\ '\\_\ Hohsi C: @ Cg B
1500 \ '\.\\ Lowsi €: O &g
[ \ ) .-
L \ ° oo\\\ Rt
1450 . \\\ . B\ . . O. ) ..
N ~
- ~
] L . 1 1 L 1 L I )
_— Mn-Ni-Mo steel
VT
—~ [\ ;\_\ High Si G: @ .Cg M
S 1500, o tow S GO G50
] A \\ o O™ - ) '
5| N
™ - o™,
& 1450|- N PN
% i \\ .\ L4 0\-0\
& £ ! L\ N1 1 Lo ! -
Ni~Cr-Mo-V steel
; —- HighSi G: @ ,Co M
1500} s lows GO G500
LY, o ~
r ‘\ [e]e] '.O\
- N Na‘é\'\.
1450}~ \ oA
N \{ o~
\\ .
L [} 1 1+ 1 L 1
0 05 10
Carbon content (%)
e - Liquidus ——— §olidus ( Calculated )

Fig. 2. Relation between quasi Fe-C system
and C¢ and C§.

) i

o_ 1500

[

3 L

£ 1usof ' ~

g 1450¢ é\ 3 P

E L.

& i

1400}

C o !
0

Carbon céntent (°lo)

CE*CS ¢ Equilibrium carbon content of liquid and solid at
suction temperature

Cg ¢ Average carbon content before solidification
—— t Fe-C
---- ! Quasi Fe-C

Fig. 3. Calculation method of solid fraction from
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Fig. 4. Effect of Si on the relation between solid
fraction and the amount of liquid-like
phase suctioned (Low-carbon system).
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Fig. 11. Schematic explanation for the reduction
of solid fraction at solidification front
by low Si.
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E\E ST MR, HRESRBERE R LB T, WMV
EATERC T e BRI E Z 5 & @R, BEE
PR INDZ E2bh5. Tihbbifishi sy
Th, ef ZHMEBTAL S BVCGHEELYE Lk
& XOMWMBCLME T, BVIETORBEIHIEIhS
Eieh. ZOMOEENBERITTNTHBL D
TSI TRV, ZhE TOERERNLE 2 T
Mo % &4, Lsad Ni % Cr,V ZEBETs
BAEE S B T 52 bwcd b, VIR EZ R
WtrahRrifEcEs b vis.

Lo T, & Si Miedsz&, BBV, Mo %
BEEIRDLERIDOTC, BVERPBERINS DT
VIESA AR ORENE L, EEHERAME CBE
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DI I DT, VIR OEBRIC T4 o i L R o3
FELWALTHS., i, EBEDY OHEO0LS
12,81 BR TS L X b BTN & R L 0%
BZEIVNEL Te 0 I BT A LTS, BE I
IFE T AME IR N e, VIR OB
CEFELicz LdEZBRS.

5. &

HVIRROABE, BRERERIC ST 5 B RiE OB
B BEBELYRLCW5DT, EREERBANT
BEE AL CORMBOWRENEDHES &, 7V — - TV
N7 A4 b OMBBSYEEEREMICHERT S LR
Ktz ZOlcd, BEREFRECOLZRET, RRHEY
WA RS 5 ERE2 T ok, WRMEEL LT Mo%
EUEASMAE AT, EVIEFTOBKCER): Si D
BEPERH LEERYEN T E, ROLBDTHS.

1) EMEROHENE &b, B IETREHES M
T 5D T LD, REIEHOEIE Si iz
DiE SiM Xy BEBEMERMCTEL, oKX Ni,
Cr,Mo,V # &L KASMCHETHS.

2) BB OEEEEITE Si M SEEHRD
RS CHlE L, BRI MEEERA R S h 584
EEMT TS,

3) Mo &&Trz h S\, WE[Rick XiF
T Si OFEITVIIIA b - 7 v ROREBIROFE
R, MitEoZEN LR CRBEHTER. Lcad>ClE
BEEBACS W COREIEY R T 2EO7 v 54
b T UL DEE LTEZLLENRDD.

4) K Si MiekF BT v o4 VELST AR T2
Led<, FYFIA MRIREREEN R L 0T
I
Dbk siBgs, ohE coif VIR o4
BT 5 —EORRER L2, KBS O VIFHT OB
PRI IR D X 5 ICiE— i 5 & L TE 5.

1) BEED B OELO I By D THE e D3 CHEE BT
HCORHEEIR/NEL D, EHREELS LS. Z0
R, T4 rHROBHOBEERENEL kY,
BEAN IR EDBEENKREL 00T, BILBEE

il

B3¢ 2 BECRERIHEOFEMENEG e s 0TV
WV ER RS X 5l 5.

2) Si T3z &k, BERTHES S #44 <
FUHE L0 LEGCEEEOME CHEREIND X 5k
HUX, BEEEIVNE L 720 C L EE I O BAHENE
WHICHERR 5 Z AR B,

3) & SiMTHEVENVPRETS X5 BHEET
Th, € Si M CIRBEREFTE OEHEE/MEC 5 2 &
L, FYVIA PEERHEOBILSA N L, Fhic
LR SFRMAE OBEEI NI E WS THVIE
MrosgE Uiz,

4) A RE IR oTh, SMBLPIER T O BEE A E
HEOBEMRA~ORBEXBEROBMMHERL T Si %
THF2eELTE 2% ERNTEE, BVIERTOK
WRTISRI A B35 & LR RETH 5.

DS, KHROBEL T S hic (¥) HA54R0
PrEREET RN FEFRLCEHT2 L b,
WA WA LB EHTEE Y B o7 () B ABISRITEE R
AREFRFEAT AT REL L 7 S O E B RBR L %
17 SRR R SR R R e I B B 2 57 5.
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