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steels manufactured by vacuum-melting.

composition (%) ' . Cast : Vacuum

] - _ temp. before addition Note.
Ti |-Nb Mg 3N | Sol.N jImsol. Nf ©O | °C mmHg :
P Ni: Miss-charged
3 .
0-001 | 0-0043 | 00034 | 0-0009 | 00057 | 1°7° 2X107%. | Mn: Incompletely
) " added
| _s  |'Mn: Incompletely
' . 3 :
0-001 | 070085 | 0°0037 | 0-0018 | 070073 1550 1> 107 added
I . - T - T N - -
, - Boiled before Si
3 »
| 0-001 | 0-0088 | 0-0043 | 0-0015 | 0*0029 | 1330 . 2X10 Mn addition
| - .
' Not £ X 10"
0+00t | 0°0040 | 0°0028 tr 0°0094 |measured .
06 . : 1550 1% 10-3
0°58 0+*001 | 0°0028° tr 00028 | 0*0125
0°6 ’ : | 1540 2% 10~
0°53 0*001 | 00037 tr I 0°0033 O'OQ74»
0°95 | : ‘ o ‘ _
0-05 | 0-00t | 0-00a7 | 0+0027 | 0-0020 | 0-0057.| 154 [x 1078
‘0°95 : - ’ ' ’ ' ) -2
-0 | 0-001 | 0+0039 | 0+0011 | 00028 | 0*00s9 | 1540 |~ 210
I B 4) W. A. Fischer u. A.. Hoffmann: Archiv
1) K. H. Kéthemann, H. Treppsch u. W. A. Eisenhiittenw. 29 (1958) 6, 339~349
Fischer: Archiv Eisenhﬁt'_cenw. 27 (1956) 5) L. von Bogdandy, R. Schmolke u. G. Win-
9, 563~566 - o zer: Archiv Eisenhiittenw. 29 (1958) 4, 231
2) J. H. Moore: Metal Progress 64 (1953) Oct ~234
103~105 : - 6) W. A. Fischer: Archiv Eisenhiittenw. 27
3) K. Bungardt u. H. Sychrovsky: Stahl u. (1956) 9, 567~572
Eisen 76 (1956) 16,1040~1049 '
~ ~A - Ny ~, . . *)
EEEEEEIT BT 5 —~RBHANTONT
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BIFHES B - 45 & REARER™™ - L EBHEAYT
On the Primary Cooling in Continuous Casting.
(Study on continuous casting of steel—I)
Yoshio Aketa, Kantaro Sasaki and Kiyoto Ushijima
Synopsis:
A series of experiments on the primary cooling of continuous casting of steel was carried
out.
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In this report it is defined that the solidification in mold is ‘‘the primary solidification
and the cooling of this stage is ‘“‘ the primary cooling’ and that the solidification in spray
zone is ‘“‘the secondary solidification’’ and the cooling of this stage is ‘‘the secondary cooling”’.

- Based on the principle of normal ingot casting, it was presumed that main factors affecting
the primary solidification of continuous casting should be as follows:

Shape of mold

Evenness of cooling in mold
Casting temperature
Casting speed

Experiments on the effects of these factors on continuous cast billets mainly of square type

reveal the following facts.

(1) Corner radius of mold affects longitudinal surface cracks of square billets. There is °

a suitable corner radius for each size of billets to get rid of surface cracks.

(Fig. 1)

(2) Unevenness of the primary cooling induces longitudinal cracks on the surface of

billets. (Table 2)

(3) Too high casting temperature induces longitudinal cracks on the surface of billets.

(Fig. 2)

These relationships in continuous casting are just same as those in normal ingot casting.
(4) Commonly, casting speed does not affect continuously cast billets. But exceptionally
in round billet, too high casting speed induces longitudinal cracks on the surface of

billets. (Table 5)
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LEFETD.
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SAERER ECHDOC, TNODERTF & EY &4 Fiz
WETHT LT XDT, WHEDThLL A MRS b
LEREFDL VAP EONERETHD. '

U2 BTl 88 BT 5 —RSHI L 85 O %mE &
DEARIZ DOV, TEREL OMED~ID 85755, #
BT SR B OB G A X T, %
FEEH R BARRYTR S X S kI v, 7mE 23 P,
Thomas™ 3 IE B EIE O F 12 B\ T, EilioHz] 2
LIBAMOMAR L ORI TEL G 5L L THh
%7z K. G. Speith 3 3¢ A. Bungeroth»s)3 iy
WIHDOSHE /Y, EHMEEROHRA IZ8HT, B
BREAELLTWERZFEOTWAZ L28EL TSI
AEE 5.

AFEED, MEEEIIEIT D Zo—JEES, HEO

[l

R D FEALMENT I IET BT L Tt o7 kR
BRI OWTIRNEHDTHS.
AFET R TR, =~ LR (A8 t)
TR 7. Fov ¥4 i 205 16 A S B85 50 50 4t
PG PR R & L.

I £ B & 2

L. SABIONARDREE (EHICETE T 351 D FRG D
FAk oz ,

EFMRHE O CHE LT, HRMEHORRK L
REF D REAEEMIC I XIETHEIT DV TEREFik o
7c. FixdH Si-Mn Fhfl (0°55~0°65%C, 1°50~
1°80% Si, 0°70~1°00% Mn) % 75mm § ~170mm
§ O 6HFDTEOHIICH AL, ShE MO
(4 ZHDOEE) &5 1 BRI (LEL DR 0O
S, TSR, SRR EL B —EIHX, B0k
DOGR DN TEIBROTA T 27z, AL D
FEHET Table | KRTEBY TH5.

COREE, HROIEAEEL, EIH mmicET
BEVWERMEHSRET 5055, BAROSFAE
K (AHHFREORES) 2RBLETETEDT, Z0H
MEL FE LIS T EBP ST,

TixdB Photo. | WRT X5z, F—~tE0skE©
VI, TEAE 4 SEOERBRE VAL, BATIO4
DAL RIS FAEL, RS 4 FHOREE
ANICHETE, B TIL0 4 HEOBEI FEmsE
DT LEMB DD, BA4LSHOEENRBEL A
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Table 1. Main casting conditions in the e —EASE R RKE l
experiment on shape of molds. HDFEAE @RS IE 17 : f}l;(i;z:éfef
Billet size ;| Corner Casting ‘Casting B OWTHERY /6 ° ilfﬂpfloﬂef
( ) i radius speed temperature ) 15 :
mm) (mm) | (mm/mn) (°C) fr7s o1 “ 1
i 6 , Jibb Si-Mn ik Je
756 5| 3000%100] R (0°55~0'65%C § -4
’ B ~ v O
' : 16 ‘ j 1°50~1+80% Si,0°70 g /1 W 4
- ' . 3 G | o
" ~1°00% Mn) 2i%fit §/0 —
91§ . 9 2050100 1°00% Mn) 2¥&f & ,
| : ‘ : %, 130mm§ gHalic &7 7o
d
1006 | 13,5 1700450 | 1450~1510 SAD, FDED 25 éj
| - : KD ELI: XD &
105 10°5 1550450 | N e ©
o9 | o %, BRAL, BRE
130 § - 1ot | 1000250 } HERELAEE—&E 4
- ' | = iR, SENICRG 40 G0 &0_100 120 /47 J60 /50
170§ | 147 | 600£50 i B AT D B E D AR K Bitlet size (mm)
1tk D 7 BT 2T B Fig. 1. Effect of corner
—{ 2 T

Corner radius lmm ' 8mm .
Grade of steel

Billet size

I m
Si-Mn spring steel
75mm §

Etching 1:1 HC1 70°C. 30mn
Photo. I. Longitudinal surface cracks of
' square billets.
X DAV, &L EEEEIORAET SEmBL .

75mm § ~170mm § DSHEDFHRIT >V T Z OBk
ERD L, AN STIEREOEEMEY Fig. 1| KR

liK,%ﬂ%h@%ﬂ@#%ﬁﬁtf@ﬁﬁ%@ﬁb

5 b7,
—F R RE ORI < Tk L s oot
2. BHOB—EORE

radius on longitudinal
surface crack of square
billets.

RAT. |

FDFER T Table 2
AR &5 T, AE OIS E T o7
A1, RO oA ORI, EIHnmnilETSHE
WAREIASFE A L Fo 5, %Tﬂ@ﬁﬂﬂ@f%fﬂ%féj—‘kﬁf&o
7oA, $hE EmICE RIS REL RO,

WM DI W 2850k, HIORETAK
bLEENIC R T 5L O—IKENE, AEE—ITfIR
5 UERH L T Lol

753 T OWAIC S EFA EEORENS, FHATE O

TR HOFRC b T2 REL DT

3. %ﬂ(mx@?&@

ﬁLm&#ﬁﬁEEH@ﬂiﬁﬁkkxﬁv%%mo
WTEB BT O

Fxbb Si-Mn ($h# (0°556~0765%C, 1°50~
1°80% Si,0°70~1°00% Mn) 10 A#E %, 130mm_tﬁ %

EHFHHEOHE CELT, 4HSORODOBHOM  BIcHiiAk, 256 DGR & LT Z O, EIE,
Table 2. Effect of evenness of primary cooling on longitudinal surface-cracks
of square billets.
Billet size: 130mm § —10°5mmR, Casting speed: 1000+50mm/mn
Casting [ Temperature of mold cooling water Longi-
B tudinal
temperature Inlet Outlet (°C) ~surface
' cracks
°C) (°C) East South West | North ! (%)
! side side side side |
Uneven Start | 1485 17 28 21 22 23
cooling finish 1460 22 33 26 27 28 56
( N - .
Even Start 1480 <17 21 21 22 22 7 0
cooling finish 1470 22 26 . 26 27 27
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Table 3. Main casting conditions in the experiment on casting temperature.
Billet . . . .
Temperature differences of mold Casting Casting
R ] ; cooling water at the outlet [ temperature speed
_ Size Corner radius | petween each side (°C ) ? (°C) {  (mm/mn)
(mm) (mm) i |
130§ ’ 10°5 : <1 1450~1530 | 100050

PHARM 2 F LAY M—E&MT iz, $HhRREO»%
1450~1530°C wZx7-. Bdb7 AL Table 3
DBHCH5E.

ZOFRER, PP THARE © v a1, B
mmiTET 5 REOME R T HEHERH D 2 &
BRIz, SRAIREE & 5 BT OMSIRAE & O
Fig. 2 08B0 ThH 5.

3

©

g s

N
A
~

%
.

L
‘9

3

7

Longitudiml surface cracn (%)
8

- ’_—‘
150 K60 K70 1280 190 100 1510 1520 1530
Casting temperature CC)

Fig. 2. Effect of casting temperature on
longitudinal surface cracks of square billets.

FTIbLPHARED ERT LA 2T, $hhEmoMt
BIOFEAEFE AL, POARGIEIZ DV T ORFE|DFE
ABRFIRE I 1490°C THH T LHBHLPTH 5.

ZOLET LR DR REMOMEL, HFARECS
KIS bbTe L FEL ok,

4. SHAEEOE

Bl EBEA 8 i RIS O FEAGURNT 35 XIST 8o
WK ZThRO-.

(1) EFBIFEOHK OB

Si-Mn ¥Rl (0°55~0°65%C, 1'50~1-80% Si,
0°70~1°00% Mn) 3i#EfF%, 130mm § £53T $55A L
BOED 22 KD+ Lic. FO, BHEEME, 8
SR B EAYR &R, #AEED L %1000~

1400mm/mniZZ{b8 U7z, 353 E5iA % T Table
ADRVTHD.

X DFER, 3ERNTHOFR T L REITHEL s X Ut
BB S Lot $obbEFEMO T
CRNTI], TR~k BORHROMEK, —kd
HOB—M:, FOREHRRER SOEHFDOT TR, hia
WEEEZ 1000mm/mn 78 1400mm/mnic FiFC 3, 45
RFORMEZELFELR VT Ebiotk.

(2) M O # v O35 4

t?@%%mtofm%mﬁrﬁw;Ew%%@mﬁ
F ORI, —KEHO—HATF & L TohiREED
FREENTHT 558370, Lo Liess B4k 54
& U THEE OEAIT B VO, Yok Coi s
P& 5T LR OB DI AN K TH B, #
TTHEBIREIT R 5, $hAEEOSR REOHENREA
ERICE TR SR X SR T b ewic, MIET
DRI I L CERET 0%

SRRV, —EShR RENCHEMIASRA L, PRI 3TE
LT DREFOWEMAIZH L TH, THBFEIITENL

<, Lok, EMRORELE DN S . K0
BBEAI.

s HIERFER (0°11%C,0%24% Si,0°46% Mn)
L% 115mm ¢ SIBITIRAATL. FORS, HHAE
EDZEZCE LD, ZOMDHARZIETE BT —
EFE L.

T DFERVE Table 5 TRTE D C, #HAEREDOA X
WIGEE, @SOS REICE S mmiciET LN
FAELH, SHA%ES 1700mm/mn 8 1200mm/
mn TEDELSH S Z LI X 2T, HEIDOREFREH K
MEd 35 & L b,

Table 4. Main casting conditions in the experiment on casting speed (square billets)
Temperature differences of moid cooling water at the outlet between each side; <i1°C

7
Casting speed Casting temperature | Cooling rate in mold Water flow of spray
(mm/mn) cC) : ! (kcal/kg of steel) (I/ kg of steel)
{
1000 +£50 1505~1470 36°1 1-31
1200450 1490~1470 327 160
1400450 1500~ 1485 308 1+98
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Table 5. Effect of casting speed on longitudinal surface cracks of. round billets.
. . . Water flow of . -
. Casting tem- |[Cooling rate in Longitudinal
Ca(srt;ﬁ;g/ns’%e)ed perature molds - ;hi aiecondary surface cracks
°C) (kcal/kg of steel) (l/ kg of steel) (%)
- - 7 ; I
High speed casting 1700 1555~1550 27°9 - : 144 t 100
Low speed casting 1200 1565~1555 32°1 134 . 9
SR ETOMENE, SHAEEO I/ rb LT 44 R TR EZOT R RRBCRHOEZ RS S L &
Ferk LTt ‘ b, EEEEEEC . Bk TR
FRO2ERPLOED T EBBA LD/, Tk BT AWRETH Y 3. (FBHISAE 8 AEHH)
bLEGIEICE VTR, —RGHO—EFLL TOH ’ X #R
SAEEN, S EEOMEOSEAITII—RITEE LS X 1) K. G. Speith u. A. Bungeroth: Stahl und
EX . L L bEscEs L, MENED Eisen, 72 (1952) 15, p. 869
SE T, SRAREEN K X A I IS ﬁ[ﬂl@ e 2) K. G. Spelth~ u. A. Bungeroth: Stahl und
. Eisen, 76 (1956) 8, p. 437
RASABESERT 5. 3) M. S. Bojtjenko, V. S. Rutes & H. A.
— S REOBENT, EHREEOSHF TRV Nikolajeff: Stal, 16 (1956) 6, p. 505
L55A, FIEEOSE I3 WT bEREEDR/NT 4) W. W. Jacobs: Iron and Steel Engineer,
: . 33 (1956) 12, p. 92
N -4 AR »
PbLFECRELK 5) J. Hofmaier: Stahl und Eisen, 77 (1957) 2,
III. & E p. 69
o ‘ % ='_ - 6) N. Chvorinov:- Hutniké Listy, 12 (1957)
S ODERE TR T 1) 5 —INEEE 2 STEC§ 5 — IR EIo p- 196 |
Porter Journal of Metals, 9 (1957) 8,
ﬁp@ﬁf&kko\f TH%EUJ%&?‘% f,;ot % DFER p. 1050
Be s AR, TihbbREEOL V#2857 8) F.G. Jaicks, L.E. Kraay& M. Tenenbaum:
DOWE LA, AREEFHEEIC R L CERENICHE S Journal of Metals, 9 (1957) 8, p. 1057
L. 9) G. Wilz et M. Petitdidier: Revue de Métal-
lurgie, 55 (1958) 5, p. 486
47 J’ N e :
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7B E A BRI £ B O, SR E TSRO HRS IO 11) G. C. Olson: Journal of The Iron and Stet,h
M ED, POBEOEIRGAETIIEILETHS. Institute, 190 (1958). 9, p. 40 ’
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