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Influences of Hydrogen and Ingot Shape on Loose Structure

in Large Ingot of Killed Steel

Yutake TSUCHIDA, Yoshio MIYASHITA, Ryoichiro IMal,

Junzo TAMAIY, Takeshi HIROSE, and Kiyomi TAcuUcHI

Synopsis :

In order to produce large ingots of sound inner quality, important factors which influenced the loose
structure formation were investigated by employing the ultrasonic testing method.
The loose structure was found to differ both in its formation mechanism and solidifying condition de—

pending on the location under investigation.

The loose structure which appeared in the axial reglon varied dependmg on the ingot shape.
of looseness could be evaluated by the shrinkage pipe index, o

The degree
; the looseness decreased as the index « in—

creased. The index is defined as a function of three parameters on ingot shape :

a=¢—35.3 [(L|D)/P]+7.7

where, ¢: taper of wide face (%),

L[D : height to thickness ratio (—),

P : hot top ratio (%).

On the other hand, the loose structure which appeared in areas other than the axial region varied de—

pendmg on the hydrogen content in molten steel.
tent in order to decrease the degree of looseness.

It was found to be essential to reduce the hydrogen con—
Its reduction was remarkably effective for the structure

especially in the region where inverse V-segregation appeared.
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Table 1. Chemical composition of ingots tested.

C Si | Mn p S |sofa| H¥

o.12 O.S24 0.560 0.008|0.002/0010| 08
$ $ 3 $
016 | 0.45] 1.45]|0.019|0.019|0.042| 40

3% (H) in mould (ppm)

Table 2. Dimension of mould.

Vould Inner dimension ot & Height | Toper
narrow focgwide face Type
(OM(mm ) [(Waahmm| (H) (M| & (%)
K30 A 8|8 2100 2700 -3l big end down
K34 885 2095 2800 + 7.1 big end up
K40B 880 2150 3200 +63 big end up
--&-- K30Aa(H:3.1ppm)
30F —A— K30A RH treoted (H: 1.2ppm)
--8-- K34 (H : 21 ppm)
—0— K34 RH treoted (H:1.2ppm) axis
--O-- K408 (H : :4.0ppm)
— 0~ K408 RH treated (H:1.4ppm) //
,
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Fig. 1. Distribution of loose structure index in

thickness direction at half height of ingot.
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Photo. 1. Effect of hydrogen content on distribu-
tion of porosities in ingots,
(by color check method)

TEBOTIENE 7 A AEF b LTl A B T2 UK
PLTB. biedi, By A0 oK ESO%E, JE
B DK 0% THote. tD L5, By AW
LBARREWOIRE LT, BEICEOTERI DK
FKEDOHE e vF 4 BKIBCRD L, ¥ 7 2B LT 5.
—7F, @O Y 2 B, Thodidrd k-
AL, OMFDLh & bl LT B cDT V5.
T DOREHEE, EIRSEEE & TR & CErH T 52,
F—TAR DEFBEE CrR BB E O BB 2 hdb HFizE
FLv. Fig. 2 @, 4880 @Bkt s 534G
DY Z7IFYHME ([HEER) 253, S, By
AL DY 7 BIEMBR T UCTBEC 2T w5 &
SIRET OSSN, FELTHELERT S LEMLE
£%. FTihebb, ZHKOTFEEME IO 2 08 L1
LIREES o —3 (K 40B) CHEZFRBI T3 X 51,
D 30~70% FHEIIZKEZERE D BIEI Db B3
KERFI7BBOC— 2 03BDdLRE. D% 0, =D
B iS55 2 BB RCHRE L, b b %k
17D, BEIVCEBRFECKEREe VT 4, NNETS -
EERELTS.

o
>

A K304

o K34

© K408

©pen . RH tregted
80lid . RH not treated

N — “\A
5
3 / \A' "A\A
£
Ed
3
g -
% 1 .'\ T
3 —I - ~,
g S | Y
A o
NN
| &9__"?,_
o 20 40 €0 80 100
(Top) ( Bottom)

Position from ingot top (%)

Fig. 2. Distribution of loose structure index
along ingot axis.
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Fig. 3. Distribution of secondary dendrite arm
spacing in thickness direction at half height of
ingot (K30A, RH not treated).
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Photo. 2. Secondary pipe which appeared in
big-end-down ingot.
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Fig. 4. Definition of ingot shape factors.
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Fig. 5. Secondary pipe which appeared in big-
end~down ingots.
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Fig. 6. Relation between shrinkage pipe index,
a, and shape factors of ingot.
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Fig. 7. Distribution of loose structure index along

ingot axis. (case for big-end-up ingots)
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Fig. 8. Relation between shrinkage pipe index
and loose structure index at center axis of ingot.
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Fig. 9. Relation between shrinkage pipe index and
minimum density at center axis of ingot.
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Photo. 3. Inverse V-segregation and internal po-
rosities in the longitudinal section of ingot.
(Etched by Oberhoffer’s reagent. Ingot : K30A,
big-end-down, RH not treated.)
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Hieh. R TEERMEY L 38 Lichd, oAk
TR 7ORE, JEREEEYR > TEP, 75
BB L THRDTERBCcEL. XL, HELopS
O —RFIE LTV, Fhdx, B, S
DRESEIL Uic s A5 & LB a1y, ko
BEDISK, MAFOZIMBINILDLEESL bh
5.
LIAT, BRTHY 27 E5 2 5RBHET, 80
HOM L BORBEEECHET 5 R/T (BRE) L5
TER%XMIT2EF (F—<—:WEK) ©4 13 5 5
A, BEESO omrER LT, Fig. 7 cBEohs X
57c FIREBRO & 7 ORI R E 2 T2 5.

3-1 T~ X S, SASHELD TIEB A INE X LB
B&xE L, IMEBFRORBENEL BT
SELTEES. LB ROBREEE IOV T —
7T APREBGFTETHEHEIR TR HO 090 ms om
BRI X h RREXE T, REFOBASOEAT
BRUh—H LT3, R 2hia o fiEiEEn o
SEHBEOTHREEEYRD S &, BHFATRESAD
2~3 L oTERY, WHRAOEENRLET LD S
WED 1~1.5 YT 253 NBETS. 2F D,
SHASED L SEARI EBMREOH I 3 DR T
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center axis

cenfer axis

center axis

Position in ingot

(0)20%(b)35%
(€)50%(d)70%
(8)850/0

Sem

(a) branched columnar (b) branched columnar~equiaxed crystal (c¢) equiaxed crystal
(d) equiaxed crystal4-globular crystal (e) globular crystal
Photo. 4. Distribution of casting structures at center of ingot.

(Ingot : K40C, big-end-up, RH treated)

X, SBBRERIRAB 60~70% R¥E LT, Thib b
il @FFHxEL) CTHRARMORBIZAZERN LS. £ L
T, EhOZHNRET AR, o ERERILER
Bephsnb, BEXRREMARLT v V74 bEE
M, 2T v PS4 bARRGEXEL TT b h
5.
Photo. 4 &, LFIASBROELCRIT DEIFH O B
BGOSR R R Lic, MBIOBEI S 20~357%
I AR B, 35~65% WIZBF Y F T4 bk
sEEESEE L, WM T VP54 N REES S ARE
VR T A I (70% f3) %ET, 80% MR X
D ESH B TCRREBSET 2T 5.
¢, BEBBEARCORMEORETE T % E1E 5000
BB AR XY, WHENRE LS5 EERCIEE
RENDH D, BEOENTERG 5@E ClIbhTHe v
F 4 ARET A, ¥, TOEr VT 4 OBREIHHE
ELRERGOTR, BEKETS. FCREEEBC
BRI, BLRR YT 4 2R LT ORI
RETHD, DWTF vV F 71 MIREES, BURE R
DIETHS. FliErod oot BRaaw
BE, B IOMENE ERIFC, RBURIBICRS.
Ll EoEgE & LiuE, 60~70% X b % EMAEIT
Wk EieER T 4 R LE. —%, 35~65% T
3, EEAk N 7Y v Sk AT TV BREEETH

ket
— e

b, Lo dEENIERCHETT 5 70D, E5iF 5000
AR ZE L E5. ok, SEMEERER
PO 7 — S~ EFINB G, EKHMAE L CEETE
ROBENIEL 5. L Lich s, REHBOZES
FFC 20~35% Mz E¥RFAZE LT VD, FThH~
DEERRET LTS, LichoT, 30~50% fHifE
TRV I721EMAL, ER~LrOoTHR4CHEZI NS
LWHF 2 RTHEHHTH SO LHPTES,

5. 4 =

MEOE S e KB R 2 Bt 5 7w, fs DR
HLBFEERBL, MOy 2, He oy s @onTLL
TFTozZ &L L.

(1) ¥r2HRTEIEe YT 113, FORHELEE
WrotT, 3 2vFnvriib=rz2eRas i1kl
TEB.

(2) s7mRev7 1, ECHMBEOEOI LR
JEERER CRE L, KRBE LREBEGOH IR
BHFTS, BVETAORe T 1 2 hicBL, B
b DKEXEFTHZ LRI DOTRBETE S.

(3) =zem#ry7 12, @ARIO 30~70%
YT AELROMERER CRE L, THMBERT
WETSH. TR TRET AR THZREET
5. ZOMEBOY 2 ORER, #loT —~— ¢, RE
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5 68 4 (1982) 165

W L/D, PP » i 5PUEFLIER « THHliT,
DK FILEBE Y 2 EMT 5.
a=¢p—35.3[(L/D)/P1+7.7
f 8 (¥opgoknh)

9, fsloBL L EHERESE LT REF4ER
25 mm [EfF OB FEELE TS, o, )LD L
FC X v, &R T AOBE RS (NE R 2 MHz)
EEL, HEOMERRHETS. £ LT, ZoOfficik
S, FHEHRTLEOF 7 W Zi[dBl=aj—a, ZRDB.
o7 L, ai[dB] VAR | K OEEHE, a[dB] 128850
EHEBLEMOELEETH .

—%5, BEZ S, & OMLLES S HEO Y 2 Hk
A RVER T BB, ERJTRT 25 mm fEfE, &
FET 5% FifRe, 3mERR9 SoFHEE LTH
DY 788 Z % Ed i, 7ok x ¥, Fig. 1 & Fig.
7 iR LA 274580, FoAEEALETHRAS3 & (£
25mm DH) OFEBHETHB. i, Fig. 2 O 715
B, ETFToxTikl, EAxd 8D 948 (50mm
D E) OFHETE LSO THS. itk, FHMik
PEGS S, B B NEY 2 I8E & v 2 DR E im0
X, XHk8) kb ThHA.
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