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Study on Solidification of Heavy Steel Ingots
Kiichi NARITA and Takasuke MORI
Synopsis

Solidification processes of heavy steel ingots are analogized by using computer, and internal structure is dis-
cussed in connection with distribution of chemical elements, equi-solidus line, freezing rate (velocity of aver-
aged advancing solidus line) and staying time (staying time between liquidus and solidus temperature). The
results are as follows:

1) An intimate relation is seen among the internal structures, freezing rate and its distribution.

2) Inverse V segregation appeared mainly in the zone with positive acceleration of freezing rate. This
means that the segregation take place in granular crystal zone as well as in equi-axial crystal zone.

3) The pouring temperaturc appears to have a great influence on internal structures. In discussing the
internal structures, therefore, a good care must be paid on the difference between the pouring temperature
of liquid steel and the solidus temperature which is subject to the chemical composition.

4) The internal structures along an equi-time solidus line differ in top side and bottom side. There are
branched columnar crystals in the top part, equi-axial crystals in the middle part and granular crystals on the
bottom parts of 20 t ingot along the 2 hr-solidus line after pouring.

5) The last solidifying zone (V segregation zone) shows the gourd-like-shape, which is obviously affected
by the electric arc hot-topping, and then fine equi-axial crystals or granular crystals are formed at the bottom.

(Received Mar. 2, 1970)
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Fig. 2. Schematic diagram of cutting test plate.
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Fig. 1. Shapes of air and vacuum cast ingot, ¢ ¥~y NEROMEHLEIEFE (cm?)
Table 1. Chemical composition of test ingot.
Ingot Design C ‘Mn Si P S O N
BEAC S45C 0-47 062 0-27 0-048 . 0-021 0-0067 0°0076
BEVC S45C | 0-42 0-58 0-29 0-021 ° 0-012 0-0030 0-0060
AOAC S45C 0-43 0-62 | 0-26 0-022 0-019 0-0089 0-0054

BEAC : Basic electric arc furnace, air cast
BEVA : Basic electric arc furnace, vacuum cast
AOAC : Acidic open hearth Furnace, air cast
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Table 2. Casting condition.
Ingot Design Teeming condition | Ingot weight | Tap. temp. | Teeming temp. | Teeming time

BEAC S$45C Air 20 t 1605C P e 15'15""

BEVC $45C Vacuum 20 ¢ 1 642C 1ol e 7'07"

AOAC $45C Air 20 ¢ 1 580C 10 e 15'12'

Table 3. Physical properties of materials.
Properties ] Ingot Mould Fire-brick Others

Thermal conductivity (cal/cm-sec-°C) ‘ O.Obiiiq ) 0-105 0-0032

Specific heat (cal/g-°C) ) 0°179 0-160° | 0180

Density (g/cm) | 74 7:10 2:0

Standard thermal conductivity 0117 0-143 0-00225 !

: (cal/cm-sec-°C) \ (at 0°C) (at 0°C) (at 0°C)

Radition ratio e 0-90 0-85 0-95

Latent heat L (cal/g) 65

STEFAN’s const. ¢ (cal/cm-sec-°K) 1-38X10-12

Surrounding atm. temperature °C : 50
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Fig. 3. Radiation decrease of irradiated isotopes.
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Freezing rate, internal macro-structure of radius direction by auto-radiography and
equi-solidus line (4, B, C. D) after 120, 300, 420 and 540 min pouring at level
Ys (2360 mm high) of heavy steel ingot of BEVC (20¢t).
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Fig. 12. Freezing rate internal macro-structure of radious direction by auto-radiography
and equi-solidus line (4, B, C, D) afer 120, 300, 420 and 540 min pouring
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Fig. 13. Freezing rate internal macro-structure of radius direction by auto-radiography =
and equi-solidus line (4, B, C, D) after 120, 300, 420 and 540 min pouring
at level Y, (1300 mm high) of heavy steel ingot of BEVC (20t).
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°C TH 54, BIBFHAZDBEE TR 70°C it bET
5. B 5 CERERE S S UNOEREMEIC S XIETHR
BEOEBIERILRKEVDLITHEHL, ThEFEELL
TEEIC T bulk OBYRERBFEF T/ IIVEVD
ZEICREALTVWHEVEZ LS.

4.8 SR EEMEEOREER

sSmoBRE#EEEY A5 &, TOMNERITVT L E
WFAESAH D, FRIC DS W THER IR RS S
55, BEIRAR XD NERICTFE T D48 E T O HiRr
B IOWHEBEThL EF 20N5.

Fig. 11~14 (KR L 72 X 51T, $HAKTH 120 min @
B HEEMHE (A) Lo, S5 top o Ye 7K
AR T sk IR SR O Kimo iz mL Tv5
»3, top {ll~middle D Y; X Y, {HITiEI%EH
R THY, LrdFMEOREIREHROTHICES
L7t THI {752 T3 D, bottom ERTIEATL DY
e Bk S A UL T\v5. Fig. 13 12kir 5 120
min OEERE (A) OFRLERT D O Mo, H
VR BE O 75 > 1T BRI HEBR A WS i 5 ER D
515 . EPMA i X A5 ERICINE, T b DFl»
WEE LSV DOEIB OIS X b DIFETTEO E&H ES
o, LTI TAERSIN/A-IDEN
S E0RLLASLDENNOBATERRE L F&HTD
HEZLILS. bbb I OMEESEEL X5 & T 5k
AT, BERONEICEETEORFEEDONL Y Lty
GEEALECICFIEL TV Z i 5. X515 L8k
bottom ZRDEHTER b B Vid Yo /KEEFHTICERD H VB IE
BREOET IOV OEERCRAR ST T OWS
OEEMORNEICHEL TE2d0THY, INLOHE
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1340 % r &

% 56 4 (1970) ®105

saldEFBED top ik X' middle FIZHFETHHOT
HDLEZLND.

o%’&:%i&é& 300 min T 3517 S EE AR (B) Lo

2T 5L, R top T Ye KEEFHETIE,
w%mwﬁf&b,;®@m1m¢é%m®@@&§ﬁ
FTCRE/MEZBBEL TRELIEDOTR Y, BEMERE
HIEDFERITE 2TV 5. £ 95 L THHiA#k 120 min 0¥
Bl (A) & 300min OEE i (B) & ool
IR BAROEVREMPHESIND. TR oM T
VRBEENEE S IEDiEE & D, FRO X 5 i EE T
WML EN /B EILHED bulk RZIEEBTL B,
LB SN B R THBEEZLND. LD
iz top {AlD Ys ZKHEATE T3 SREIEBEVI #FiA24% 120 min
DA (A) LX5ZELLT, BREMEERIZLAES
TahY, GEMEMRETEIXREREERDLNT, i
WV ETDIEEACSBEING Y. $ middle #o
Y, KEEMHEIC R VTS Vs SITIERRTH 508, Hk
BT V3 &5 S T D 75 > 1T LRI 1 D> \ S5 i R0 FIK o

HBIEELTWB EWVS XD %, L S0 Wi eRt
KEBED LTSS EIEL TV B L5 T LA
TE, ZogA top AliCEIE S HHERkE ka2 RICL
T35, Zhi3gitio middle #A>5 bottom ERIZ A1)
TE SR BRI HIA RS G RE - EETL T E IR
THHEEALND. Il bottom D Y JKUEFHT I
JARIES R SR TR L TR Y, ZOEMTRERS
FICHB T HRENMEERZIEDEEZ E D, FHO/NIWE
ViR BERE SN 5.

#r% 420 min [Tk B EE R (C) Lo
Botop D Y BX O Y KEMMETREMRBTH Y,
Z O OBRENNEEIZIETd 0 & VIRT OFFE»EED
bhva. Fi2 Y, KERHE T tbigpyic i vWEfihdh
BV Rk SHEA 2L, #A% 300 min 5 X 420
min ZEF5EE RS (BHsX0C) iz shi4E
BIZRENEREREDHESY & v, 2T VB VIEITAED
Lhb.

34 540 min [T k1T HURE R (D) Lol
BE top ED Ye KEFHATIE, BEHER (B) XY
(C) FHE OB e THiD WSS R L Tk D,
¥V IRIFABED O, BREMEERED EEZRL T
5. gio top [l Y, fHA ISV CERREIEE R
EDOEERTH, KELFEVRINRIZLALRDLAT,
BEdhE (C) & (D) LtohETR» L IBHD XS T
Zahsn SRR G ZEDL O TV, ZRREL L L Hp
MOBIMMBOFEBILL 5L DOTHY, BE, BEAME
Eb SR RRCEOER2 & 52, TOMEBIEE

INE R DT 3. middle B Y, KEERHE THERE
HEERICEHNCKE L, BEMEERETSH S, MR
BT Tl VRREEZRL, ¥ VENFREEAL R

L. botton @ Y, KEEFHEIE§ CITiREMN 5T
TLTWS.

DEDHER,LE XD &, SREHGE bR oMk
R EIE X D RERTIE, #580 top FTHMERE EL
T3 middle 8, bottom FBT v HLdZAI #lA\ S5l Sh
HEWIIRIRGIETH D Z Ebd b, F i sRIFyE
VRT3 S LT 525, AEWVEVRERDW
3% ORFHF & HIs SN HRTAH > WHIIGRD 5 Wik
PR FRIBIC AR T 5. B O/MRBITXERERRI S Tk
JHRILIBHOARBIL L DDD0THS. TbbIDR
BRICE T 5% EED 5 Witk R thosEs cAER L,
@ bottom T L TE LD ETHIE, X O
E DR LEE SN BB AT E DL W T L DGR
KRErbD, TOBRBEHWCERECRERL &Y
XD, LI IhLOERD LRI 2T HKE
£, ZOEMRBEEREICGET 50T, BVIRETORE
A ENEVIRITOFOLBEL D EEZLND.

T 7o SHREM O K B E LT B0 B {0 EFin g
KR T 58 VIR OSMixEhii L v dis L 2%
HENC B 5 EREERES MITTIEETTH D, RED
HERIEDERZ & HARICHEN L TVE. ThhORE
BERpoE 25 L, HVIEROARTEEEES XU
EMEE IR CEB TR OVWIRERTHDL LSO T
EMTEDS.

Fig. 13 12k} #4214 300 min DREEE dhiR (B) &
420 min OEEdEE (C) & ORICERD S 2SR,
BECREA~ OB OZE L, HB Vit Fig. 12 it/ Lc Xk
5 Is#hirts 420 min OFEHE (C) & 540 min DEE
Bl & ORIICED b b BEMEBONTER, REEE
B IXUCBREINEECS A, O 2T, hofEHRItR T
s U s WS D 5 ViR RO AL L 50
THBHEVZIS.
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BT RS FRREEFHEBCI > THE
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T DFER

1. ﬁ@égkla%mﬁﬁkﬁﬂﬂ%a@ﬁrﬁ#
FEUEELBREDD L.
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HY, Lo TZOEHEmRTNE, FfROH
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3. BEMBCRIETHAREORE I, LD KE
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4. SRR EghER Eo EEMET S op #JlE
bottom {fl & iIC RV TIEHICREL D, 7oL 21X 20t g
CEITZHAZ 2hr oM, top I TII4EIRE
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