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On the Secondary Cooling of Continuous Casting.

.

(Study on continuous casting of steel—II)

Yoshio Aketa and Kiyoto Ushijima

Synopsis:

A series of experiments on the secondary cooling of continuous casting of steel was carried
out. As the authors defined in the first report, it was stated that the solidification in the
spray zone was ‘‘ the secondary solidification >’ and the cooling of this stage was ‘‘ the secon-
dary cooling

Based on the principle of normal ingot castmg, authors thought that main factors affecting
the secondary solidification of continuous. casting should be as follows

Evenness of cooling in the spray zone

Intensity of the spray cooling

Casting femperature

Casting speed

Experiments on the relationship between these factors and their effects on continuous cast
billet mainly of square type revealed the following facts:

(1) To prevent deformation and cracks of billets, it was necessary to set up roller aprons
and to keep evenness of the spray coohng (Photo. 1) .

(2) Intensity of the spray cooling affected on inner cracks of billets. There was the limit
intensity of spray cooling for each grade of steel to get rid of inner cracks of billets (Table
2, 3 and Photo. 2). .

(3) Too high casting temperature induced inner cracks of billets (Table 5 and Photo. 3).

These relationships in continuous casting were just the same as those "in normal ingot

casting. Although not confirmed experimentally, the limit intensity of the spray cooling
should be varied with casting speed.

1. & P ORI R FETHRRORE T OV TR S.
TYRENE, S AROBROET b bR
ARSIV T, SIOENRIECRT SEMORER  BEERET 51500 Th<, FTTCREEORT L%k
BE, HFRACSTLHERARMOREL, Chitkid ARSI abb—KEENO®RIE L XTI 5. &R
KDOR TV —HERITDHERNMOBRRE L THT, §iE <Ll b RS aBERIREC S 5 MO BERICAD
B—RGE, BEEZ DRGEECHFY, ThThoBBEz 2L —2iid, © OBRESHEMEORILERL, %8
XET 2HHBEE SORO—RKGHL OCL RGN Bikic ki) 588 R L HA<ER BT 0ThH
LIPS L. £ LT, —RGHOHEETF B K : '
Bt bbb NREHOwEKICk JETRET Wk * B 34 F 1l BEAKEHEAKKTRE
Nz, AREB VTR ERO T E KERL 2 ZWHEINR ok EE%EI%%E%&EE%@@%%

i

— 15 —



5 a6UE B T B

754 g% & &
B, TOHEHEIETHIARENEERFRIMSESLKS
NEFEZD. TOEATFEIRSHOE—, HIEOEE

HARE, HREERETH2T, INLOBAFEHE

s ZETIERETDHZ LT EDT, IBDOTRERAREN
BELNERETHS.
Ly AIEESET BT 2 S HEHERFOMEIRE D

ROV T, GRS S DIEDTO BB B, Th

ST h BT A I DEERILIRE TR E S, #iEtE
$te BEETRT X0 ER L. 22 23 L M.
D. Haruipay!® X8 P. Taomas® S5EAE—7k
TUBEN 8 K OERLHEEL & L THD,
K. G. Sperte & A. BunceroTH® ¥k X U° B.N.
KatoMmiN & V. S. Rutes® 5135y
DAEDKDRAF U — w2t L H R NERCEINRAET S Z
EEWELTVWBICIEE S,

A&V, EEFEITET D T ORWES, HARO
NEEH R X OCREOHERKICE XIETHEECEL T2
T ERBERCOVWTHEREZ LD THS.

AREERIT BT, = v —RNIEEEERFE (RFR8 t)
TEMU k. o RER, AEEEEBHE R EET
et HAL, S LT

= B @ 2

II.
Lo RO kOB
EFREEOSE CEL T, 4WMEDEDDEHDIE
SIS —ERGE L OWIRITE XIETREIC OV TES %

Tla>7z.

Tk b Si-Mn 48l (0455/0°65%C, 1°50/1°80
%Si, 0°70/1°00%Mn) 2 iAfi¢%, L0Smm § $HHIC
BAT. T OB, BRSER XUCHAZHEZIZEALR
~£kax,mwzfv—mlézm“ﬂﬁﬁﬁmﬁ
—EDHHEDEDTE KEXTHRAL.

(1) . —T—')"D > (Roller Apron) #{#F
Y, KOZASLLv—-—DHh

(2) rFatKDRATLLV —-DHH

ZrTo~5~— - -xF0L ik Fig. | KRTTLE
BET, KOAS Vv~ LKA L DEZERE DY
—iT b, SRS HEOMAMIIE—EE T T 5 LR
FERIANTRRE L 728 5B SR, BISFEC X L%
BhibT 5 ERE2 O ERODIDOTHS.

B HNEFEAZEIT Table | KFRTEHEVTHS. Tk
B IO, —RGHNEHFETE 1 8§D & }o\/“fﬂﬂ LT L
FRBNC U3 0T, IS EHEERAL.

ZOEE, Photo. | KFRTLdico——-xFa
DEREAETROR L -DLEIEL BT, B

a—-3 —

29— —

Fjo.

1l/kg of steel

Table; 1.

Lz IS
)]
M
-
s31
A|ReE [
=a
fT%FtTIJ
Fig. 1. Roller apron.

Main casting conditions in the experi-

ment on evenness of the secondary cooling.

Casting Casting \A;?tserr:low
Spray zoneltemperature| speed cool?ng y
o
Without ' :
roller apron 1525~1480 | 16004100 170+ 10
Zzgﬁgar°“er 1510~1480 | 16004 100 170£10
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~Si, 0°62%Mn) % 9lmm § $HERITHIAL,

BEHE Y A AL DN T : 755

Without roller apron
(uneven .cooling)

N (even cooling)

Photo. 1
{Si—Mn spring steel, 105mm § billet}
etch: 1:1 HCIl, 70°C, 30mn
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(1) Si-Mn Fh#lofe:  Si-Mn [ ZagH (0057
%C, 1°52%Si, 0°78%Mn) %, Slmm § FERITHHA
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HDRAF VU —DKEDHZZELEL DIz, BHREFAL

i3 Table 2 IWRTERKVTHS.

Table 2. Main casting conditions in the experi-
_ ment on water flow of secondary cooling
(Si-Mn steel)

¢ Casting | . | Water flow of the
Bli\%let tertnpe- ! g;:é(ling | secondary cooling
o. rature | (I/kg of
(°C) i(mm/mn)! (! /mn) steel)
i 1515 2050 260 1495
ii 1515 2050 230 172
iii 1515 2050 180 1°35
iv 1515 i 2050 150 i°13
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steel~1"1l/kg of steel DFEICEL & LDTH, &%
Fricizd < NEEIRSEE LR\ T & o7

(2) HRFPHOBFE: PREH (0°55%C, 0°31%
Z DIEH

(2) With roller apron

Effect of evenness of the secondary cooling.
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Table 3. Main casting conditions in the experi-
ment of water flow of the secondary
cooling (medium C steel).

Water flow of the

Casting .

~ Billet | tempe- Casting secondary cooling
No. rature (ff:rer?;imn) I ) (I/kg of
(°C) ({ /mn steel)

i 1490 2050 280 | 2-10

ii 1485 2050 220 ] 165

iii 1480 2050 - 170 128

iv . 1475 2050 140 1-05
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i 756 & & @ B FE B 7T HF

g Billet No.

Sulphur print
of longitudinal
section of billet

Water flow of 0//mn 2200/mn - 1701/mn 1401/mn
the secondary 2. 1011/kg of steel) (1.65//kg of steel) (1. 281/kg of steel) (1.05//kg of steel)

cooling Photo. 2. Effect of intensity of the secondary cooling.
(medium C steel, 9lmm ¢ billet)
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Table 4. Main casting conditions in the
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experiment on casting temperature. IBEEVE, 9 1490°C TH B & & D7,

Casting l Casting Spéed Water flow of WOETHR L ZDOERICEWVWTHE 1Y T/RLA
tempgsture i (mm/mny | U secondary x5 7c@iRMOMENIE CREL ok
1510~1460 | 2050 4 1Q0 140410 II1. & =
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Table 5. Relationship between casting MW, BHIOBS, HRARER IOV THED

temperature and inner cracks of billets.
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Investigation of Non-Metallic Inclusions Constituting
Sand Marks by Electron-Diffraction Reflection Method.

Kiichi INarita gnd Kenji Mori

Synopsis: .

Electron-diffraction reflection methd is applied for the identification of nonmetallic inclu-
sions in steels. .

The local analysis of nonmetallic inclusions is very difficult with the exception of use of an
electron probe m:croanalyser developed recently. Notwithstanding the use of the electron.
probe microanalyser, only the composition of elements constituting the nonmetallic inclusions.
can be known. On the other hand by means of a crystalographical determination, the:
modification of the compound constituting the sand marks, could be identified. Hence an
electron diffraction method may be considered preferable for the purpose which presume
the origin of the sand marks from the knowledge of nonmetallic inclusions constituting it.

The results obtained are as follows: ]

1) Corundum (a Al;O;) and Hercynite (FeO-AlQO;) are identified in the nonmetallic
inclusions constituting the complicated or mixed type sand-marks in Cr-Mo steel deoxidized
with aluminum

2) Titanium nitride (TiN) is identified from the sand marks in 18-8 stainless steel con-
taining titanium and molybdenum.
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