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Inﬂuence of Ingot Shape on Sulphur Segregation of lemed Steel Ingots.

Takeshz Karo, Kamematsu MaTsupA and Masaru TOKUSHIGE

Synops1s
-Ingot weight of steel has 1ncreased as a result of recent mass- productlon and modermzatmn
- of the steel plant, with such progress, that the reducing of sulphur segregation in the ingot
of rimmed steel became an important problem for maintenance of the quality of steel product.
We considered that the segregation of sulphur in the ingot was influenced remarkably by
the shape of .the ingot, and studied many rimmed steel ingots with different shapes, with the
following results: ‘ ~
- 1) Degree of maximum segregation of sulphur increases with an increasing of the ingot
weight, therefore it is necessary to consider the shape of the ingot and pouring pit practlces
" for a large ingot.
2) Increasing of ingot thickness widens the heavy segregatlon range of sulphur more than
the proportional ratio of ingot shape.
:3) Maximum segregation of sulphur is shifted to ingot top direction by the decreasing of
ingot thickness or increasing of the ratio of width to thickness. b
4) It is considered that the heavy segregation of sulphur in rimmed steel ingot results
, from the rising and coagulation of sulphide during the solidification of molten steel, and that
1 o the position .and shape of the heavy segregation zone are mainly influenced by the solidifying
‘ speed of ingot from top and side to center. (Received 12 January 1963)
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Table 1. Ladle analysis of test ingots.
Elements | C l Si | Mn| P S
i
0°05| 07005 | 0°25] 0-005 | 0°012
Range % | _5.30/~0015 ~o-45\~o-ozo ~0°035

o m o m e

Fig. 1. Investigated sectid_n of test ingot and

: " sampling practices. )
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Table 2. Dimensions of test ingot molds.

: : : Flatness .
Ingot Dimension (mm) (ratio of width to thickness) Ingot weight (t)
a 580 © 1,390 2,000 2°40 10°000
b 750 1,240 2,300 1°65 13°000
c 610 1,115 3,350 1°83 13°0C0
d 715 1,540 2,150 2°15 14°0C0
€ 640 1,305 2,700 2°04 14°0C0O
£ i 740 1,150 2,700 1*35 14000
g 740 - 1,590 2,300 2°15 16°000
h 700 1,775 2,250 2°54 18°000
i’ 600 .- | 2,190 2,300 3°65 18°000
j 730 1,790 2,300 2°45 18°000
k 805 - 1,730 2,200 2°15 18°000
1 585 2,035 3,200 . 3°48 ZS‘OOO
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ingots.
Ingot i h(1) | b(2) k
Teeming height
(mm) 2,150 2, IQO 2,075 2,050
’?eemlgf )tlme 176 170 155 170
Teeming speed . . . .
(mm/s) 12°2 12°9 13°6 12°1
Capping time
iy 2 | 16 18 17

EmEix Fig. 1 WXL

TS o W T sty e gl
v, A—ORIFEER )\ oD B ]
THEORSEEME o ) | o e
sodskeLTR Y A\

% Fig. 5 LR L 72 g%m}“
moE s vgs gt Y
BR-oEEzRT {3 L\ |
swaofmsmers 3y O\ |}

iR EEIE Sy xR TR
WAL T3, Thas z2r Rl =
MAES Pl TE O

Thickness of segregated zone

Thickness of [/;;o[’; (%)
= g > .
*}]“E—‘Jé BhEBBHT L Thickness of segregated zone%

e L TR D §HBiE Thickness of ingots

. Fig. 5. Thickness of heavy
= Az;iz
& M, EiEfER X segregated zone.

- OFRRB T NIEEA

3 T
) 7 caoh

L1100 ¥ " o
2 )
< wot Ll A A
= * - °
s mo—e93% 482 2
2 o_4® S
% 508 21
S . o L 1 . N )

%o 0 7 7 petton. o 90 80 70 Bottom

A Ingot of U.S. stee!

Height from the bottom of ingots in %
A Ingot of U. S. steel

Fig. 6. Position of the maximum
.segregation zone.

FTREER U SIPAE X 2 AT B & 2 AMRATICH U TR
THBHLEETRLTHSD. ,

BB U7z X 5 WSl o XA Lic fEo THRBREEER Dok
RITEXEMTEDTHSHH, ZOBEORBRCEVRE
B2 R TS & R % B O s K ds JiE
FTHERE D LRSCSRE RS LT, H5VER
TERASPAEE & 75 575\ S~ DI 275 & ORI ST
LD, fEDTZ DX S BREARBHREOHED B \VIE
D OMEBNEE LS. MRORFES X CHRRE
S LRI I T D EARIRITRLE & DBIfRE Fig. 6 R
Lic. BREOHEMSD 5 VILRRE X OB IRITEE
ZRHICBIT IS SEHRS H 5 T LI
5.

4. RHE X LBRERT

MRES NS VERERITOESZEAIL, Ek
FEZRECEH IV T2HOOL S LE2E LI
LR FEOHEIMTIY 2 o775y o VORI HR
B0, FLFEFEAZTI L LE2E 2L LEIORESK
PRED DS, ESELRREESEL-DCREID
BRI E 723 S X oy LB L35 25 Rt
MR LTRSS L VEES L EEERSHE S
HEIT A= F A PHREMUBEOETEIB T
LR DDOT EBORMNS Y A RIS OARELEE 2
b, EXOHRPSBESEIOMMBRULIESL DT
R 5. ‘

SABEE < OB R~/ ERT IR O SRS O B&ic ik
SMSRE B OHEINIC X 0 EFED 2000mm OF X DFE X
D REEREROR EBRERATND L, £ARCMRE
EOBEN/KFHEEL/ NS TH5Z LB TELDOTHE
ERED RO X D ERAEESA LTS, U A
FSBROBE I BT RY I VT oY 2 vREL DI
ZOBEMcEBERH v, TORET 1800mm EELZE
ZONTERPIEERVI VI T IV = VREDT DD

CEELWE NaF, VR4 —Ju i FOEIE fs SRl

FHEA SN T H D S B EEE T S 2000mm 3%

—_17 —



892 | B : W a0 B (1963) H6 B

VWIEETFohE EASEXE THASR SEBRTTE
72. J. F. ErriorT B X O W. H. Mavo ¥ 72”~80”
®%§bﬁlLT%%¢MM@S%ﬁv%ﬂﬁﬁw:

RWELTHD, %72 B. W. Bowen 3 92" (2340
mm) OFIDY A RENICOWTELL D 87% AiET
SEHE 0°18~0°20% Tho/s LIRE L TV 5 235840
IAREETH 5. bﬁ’bﬁohbﬁl”ﬁ%%“é‘< LCHIEREER
ELTHCLIX D, EAROBMOBELRS D KX
s LI WHICEEE S ZEL L TY Aﬁ[ﬁ@fﬁé’l&%ﬁ%ﬁ
L, ﬁﬁﬁl‘m@%é%%ﬂ:f%%@’Cﬁiﬁ\n#&@%x_
@%&Lm%®ﬁmmaﬁkﬁy®ﬁh%ﬁ%t®%&
TESEBEML HREZEEL, B OB EIRT I

BLETHELRAEL |
 EEMMOB S Table 2 WRLZX S CEK3m
' @%@?iﬁiak&ﬁmé.%mﬁ&%@%ﬁ%#%
. Table AITIR UTe.

I 3m @fﬂi'ﬁl/i ’,—%’@iﬂ%@ﬁ?ﬁﬂﬁfb 0~100mm
%ﬁ?&é@hﬂb,wWQWmm:&k%EL%%L,
S ORINC X D IRSA F < 5. ) AR e RS
REMF —~ 2% Table 5 CRL A EREIBOREL
TRERSG OB D O X133 5 O TEIRAR
DIPTSR X oMM L e KLY sl
BEAELERETSHS. BHE3mo Y & FEETI
MR D Y AERITIBMOBEL S T TV R o7 oy
= UBFHLLD, V) ADTHERE L A EL VO TIEEWN
P EEZ BN Photo.l RLASTY > }~7b>"oﬁ)§
%ﬁEI5K#ED%WOUA%ﬁm@Bh5
@%%@ﬁéfﬁmﬁ¢u%b B TRDT S DIRITE
ﬁﬁ%szml@%%@ﬂ%&&ﬁbfﬁm.7mﬁ

Table 4. Data on teemlng practlce of higher

1ngots.
Ingot ‘ ¢ 1
Teeming height (mm) 3,000 | 3,000
Teeming time (s) 244 202
. Teeming speed . 12°3 14°8
Capping time (mn)’ ' 27 - 17

u%’b’%'

(2) (b)

Sulphur print of higher ingots

Photo. 1

ingot weight (t) ingot height (mm)
a) 13 3000

b) 23 3000
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Table 5. Data of the rim zone.

Ingot 1 c b h k
Ingot height . (mm) | 3,000 | 3,000 | 2,500 | 2,150 | 2,050
Thickness of solid skin (mm) 19 29 18 24 16
Thickness of rim zone ' (mm) 118 144 144 135 138
Ratio of rim zone to the cross sectional area (%0) 46 62 55 49 45
Length of rise (mm)|{. 100 300 100 50 70
. Height without blowhole: zone (mm) 920 820 700 850 745
.Height of elongated blowhole zone (mm)| 2,130 | 2,415 1,850 1,325 1,330
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Effect of Added Elements, Especially Titanium, on the
Coarsening Temperature of Austenitic Grain Size.

(Study on the high-temperature carburizing—I)

Akira AvpacHi, Kiyoshi MizukawA and Kaekuo Kanpa

Synopsis:

'

Theoretically, there is nothing part1cular1y unusual about the fact that steel carburizes
more rapidly at higher temperatures. Higher production rate is obviously possible. -With
higher temperatures all reaction rates increase but furnace parts erode more rapidly and
“the grain-size of the steel being treated increases with temperature. The authors experi-
mented on the effect of additional elements especially titanium in carburizing steel on the

coarsening temperature of austenitic grain size.

The results are as follows:

(1) Relation between nitrogen and titanium in iron.

The behavior of titanium nitride in titanium-iron alloys with up to 0°2% titanium was obs-
erved on the quenched spec1mens after equ111brated with the controlled atmosphere at 1560,
1600 and 1650°C. The equ111br1um constant in the reaction was determined.

(2) Effect of titanium on austenitic grain size.

The effect of titanium .compounds on the grain coarsening temperature was studied with
titanium-~iron alloys containing oxygen, nitrogen or carbon respectively. The results are as

follows:

(A) The gram size was reduced and its coarsening temperature increased by the presence .
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