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Influence of Ingot Shape and Chemical Composition on the Inverse-V Seg-
regation in Killed Steel Ingots

Yutaka TSUCHIDA, Masayuki NAKADA, Yasunobu KUNISADA and Toshio TESHIMA

Synopsis :

Aluminum-killed-steel slab ingots, whose weight was 5 to 40 t with various chemical compositions, were
cast in order to investigate the influence of ingot shape and chemical composition on the formation of in-
verse-V segregation.

Manganese content in the cross section of segregated streakes were obtamed by line analysis with EPMA.

The results were as follows:

1) The average number of inverse-V segregation in the ingots had a relationship with ingot thickness
D (mm) and density-change coefficient( € ), as shown in the next formula.

Noo~70=—21.57+52.84 € +0.025D

" 2) Inverse-V segregation streakes concentrated below the hot top in big-end-up ingots of larger wide
face taper and taller ingots.

3) Inverse-V segregation was assumed to be formed by the interdendritic fluid flow in the region which
had the fraction of solid between 0.51 and 0.86.

Key words: ingot making; inverse-V segregation; macro-segregation; killed steel ingot ; segregated streak;
interdendritic fluid flow.
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Table 1. Chemical
steel ingots (wt%) .

composition of investigated

c Si  Mn P S Al Cu Ni

0.12 0.16 0.57 0.010 0.004 0.010
~0.62 ~0.39 ~1.42 ~0.022 ~0.019 ~0.037 ~0.31 ~0.33

Table 2. Design factors of ingots.
Weight Height Thickness at 1/2 Taper of wide
(t (H, mm) height (D, mm) face (¢, %) *

5~40 1750~2 900 480~820 —3.1~ +8.1

* Minus sign : Big-end-down Plus sign : Big-end-up

1000 mm —

K30A

Photo. 1. Example of
0.13%C~0.3%S:i steel ingots.
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Fig. 1. Distribution of streaks of inverse-V seg-

regation in longitudinal cross section of ingot.
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Fig. 2. Influence of thickness of ingot on the num-

ber of segregated streaks.
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Fig. 3. Relation between thickness of ingot and
highly concentrated area of segregated streaks in
ingot. .
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Fig. 4. Relation between ingot height and highly
concentrated area of segregated streaks in ingot.
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Fig. 5. Relation between mold taper and highly
concentrated area of segregated streaks in ingot.
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Fig. 6. Effect of Si content on density of in-
verse-V streaks at the half height of ingot.
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Table 3. Values of Ky, 7, used and 7’; calculated.

Element C Si Mn P S Ni Cr Mo

k{1 - 0.39 0.83 0.83 0.37 0.03 0.75 0.89 0.70
710319 .
(emd/ g wi%) 1.60 0.08 0.93 2.25 —0.10 0.18 —0.29
7 ‘
(em¥gwty — 0-41 0.02 1.24 6.06 —0.04 0.03 —0.15

* 7=7,X 10% 1(CL/Co) fs=0.7a— U

PSS 2 8RS OMALE CL/ Ch % (2) R batE
TEL, I, BEOY Id Fe-C 23t LABHOE
BEELCE X A EZTROBE LML, WAERLR
B 7, (em®/gwt%) ZRDTWB., 2T, ThHDE
BEFBETSE, =074 I2BVWTTE i DBRILICL S
WARBERE 7, 3 (3) R TKRI %.
77,,;:77,;)<{(C2/cg)fs=0»74—1}><103 """ (3)
L BE1E Table 3 DT &L THDY, Ni & Mo EFE=
KELLCHERMOZEEIEZ, Siz3LoET LMD
TEIBELNSLTHRELERETS. LD T,
BRI % 5 L - S MBS BT 5 AR L E (4)K
TEHETHE, TOXNIBIROBEEICEETHET
ThbH. t77, KHEOTE CRRELEET LD, o
DZOoDER &M VIRIROTFEEAB L 0BG & 5
£, (5)RTEINS. Thbb, eBXUDOHK
WAED T Nagoqo X3EMIS 5
7, (5)RICCEHELAELTMEMEE KB LT
Fig. 7 \RT2S, MEFRE L {—HL T2,
E:Ziﬁ'ixcﬁ .................................... (41)
Nao—zo= — 21.57 + 52.84¢ + 0.025D -+ (5)
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Fig. 7. Comparison of observed and calculated
values of average streak numbers.

Table 4. Measured segregation ratio in streadks
and estimated values of fraction of solid.

Analyzed Estimated ‘ Sample
Ingot CSM"/COM" A numbers
K5A 1.17~1.40 0.60~0.86 2
K30A 1.31—1.37 0.79~0.84 3
K34 1.19~1.39 0.64~0.85 5
K40C 1.13~1.36 0.51~0.84 3
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Fig. 8. Changes of specific gravity and NH,CI
content during the cooling of NH,CI1-H,0 system.
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Table 5. Values of I in the previous work'?.

C Si Mn P S Mo Cr Ni \
I; (g/cm®. wt%) —0.01 —0.63 —0.10 —~3.64 —~4.24 0.19 —0.01 0.01 0.00
30
Initiat " Blow hole —3 15
2b content  Cy = 1.5ppry----——--- Nezo~70(cal) : //
T | 20 ceemeee- = -1.27-21530+0.0250 o y;
- o ./
........ - ,
Bop 0 30 oo £ o 7
10F 7/
3 s} = e , o
o () 7/
g ® g 7 -
e 4 4
4 5 e
d A
£ S e <
) - H , S5t /o Nezo~70(0bs) =Neo~70(cal)
E cl/cB = 257 (-18)7 o e
K] /7 0
s 27 7/
w (] //
0,7 .250r-1 Mo steel O big-end-down
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Fig. 9. Effect of initial hydrogen content on the
blow-hole formation in streak of inverse-V seg-
regation.
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observed streaks and calculated number using &
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