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Suitable Cooling Conditions at Bloom Surface after Continuous Casting
Shin-ichi Kitade, Yoshiyuki Kato, Yasumune Kanki and Yoshio Nuri

Synopsis: In order to make clear the effect of cooling conditions at bloom surface after continuous casting on surface

defects, this study was carried out. Cooling rates were continuously measured using K thermocouples welded on

bloom surface. The results obtained were as follows

1) When austenite grain size at starting cooling is large, the critical cooling rate of transformation from austenite

to ferrite-pearlite was small and the martensite starting temperature was high.

2) The lower the cooling start temperature became,

the larger the cooling rate at bloom surface resulted. This

may be owing to an increase of the heat transfer coefficient.

3) The relation between surface defects and cooling rates at bloom surface were recognized. Surface defects of

billets were substantially decreased with an increase of cooling rate. This may be because bloom surface was

more uniformly cooled at higher cooling rate.

Key words: continuously cast bloom; continuous cooling transformation diagram; austenite grain size; microstructure;

hardness; bainite; martensite; critical cooling rate.
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Table 1. Chemical compositions of material used. (mass %)

C Si Mn P S Cu Ni
0.22 0.23 0.80 0.023 0.013 0.16 0.08
Mo Cr sol.Al N
0.15 1.05 0.031 0.0138

*1 RARA TOERARE
*2 BEEERESEEINT (R RREEMERZME)
*3 RFARA TOEIMRE, T8
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Fig.1. Cooling pattern adopted for continuous cooling
transformation diagram.
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Fig.2. Welding procedure of the thermocouple used to measure for
temperature of bloom surface.
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Fig.3. Positions for observation of microstructures of bloom
surface.
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Table 2. Experimental conditions and results obtained.

Experimental | Water pressure | Specific water volume | Cooling start temperature Cooling rate
No. (kgflcm?) (x10-4m3/m2°s) XK) (K/s)
Upper | Side Upper Side Upper | Side | Corner Ave. Max.
1 3 3 491 7.36 :
2 5 9.25 1101 39.9 115
3 1143 124 102
4 4 5.57 1013 19.0 128
5 1103 65.7 144
6
7 5 6.16 1083 86.4 235
8 1093 91.1 225
9 1143 73.8 181
10 1101 973 | 56.5/61.1* [215/245*
11 1013 45.8 255
12 4 4 5.57 8.36
13 988 893 |33.2/61.4* | 90/310*
14 1013 933 | 76.6/84.2* |193/167*

* : Upper number shows the cooling rate at upper part of bloom surface.
Lower number shows the cooling rate at side or corner of bloom surface.
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Fig.4. Effect of austenite grain size on the continuous cooling transformation diagram.

Fig.5. Effect of cooling rate on the microstructures of SCM420 steel.

a) Cooling rate : 100K/s,
b) Cooling rate :  30K/s,
c) Coolingrate:  7K/s,
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d) Cooling rate :
e) Coolingrate : 0.2K/s,
f) Cooling rate : 0.05K/s,
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Fig.6. Effect of starting cooling temperature on the microstructures of the bloom surface.
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Fig.7. Effects of temperature before cooling and specific water
volume at bloom surface on cooling rate.
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Fig.8. Effect of cooling rate on the microstructures of middle of
wide surface and corner surface of bloom.
a) Middle of wide surface, Average cooling rate=39.9 K/s
b) Middle of wide surface, Average cooling rate=91.1 K/s
c¢) Corner surface, Average cooling rate<61.1 K/s
d) Corner surface, Average cooling rate=61.1 K/s
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Ms (°C) = 550 — 350 X C% — 40 X Mn% — 35 X V%
— 20 X Cr% — 17 X Ni% — 10 X Cu%
—10 X Mo%—5X W% + 15X Co% **
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Fig.9. Relation between martensite starting temperature and
austenite grain size number.
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4-2 BEAFREEELY ME

ZZTld, REB|ICEIITHARGORZEICONTR
"D, Fig111FUSTRIBIEH EKEBEREDBEFRICDINVTR
LIctDTHD, KEBENDEIMEEIFEL Y MMIUST
RIEHEELPLT NI EH DD D, SHEREIIFQ7ICRL
e EDITKEEEN491 X104 m¥/m?2 sTHOTHLiERHZ
SVIWT oA RHDNINAFT A MITDDICKRATHD
DT, TI—LOREARMBOEEZXETDDIETIL—LA
DHEBIZITELS, BHEEDOHEEICEDTIL—LDES
BOEBZELICERTDREZNBELTNDEDEEZD
Nnd, SHBEEESHBBRED T IL— LAREREDIES
BOZELERNMCBEERARBICIVAZELZ-B%
Fig. 121" L Tce TIV—LDBAEHRRELEI—F—HE
TIIN GBI DREENHY, I—F—BBEBRASEPRET
ESHRENDBYREDZEN DAY, TnhTIL—L
BABDEBOREI—DREAD—DOTHHEEALND,

Fig8IC R L e K S BIEBPEASBED T IV — LD E%
METRIDIIRBETH DD, T —LOESZRAINT
EFNODFiETOI LI LIz, ZOR/REEHMRRLT
Fig13lCRLTce SNEWBASHIEEDIC, KEBEEAVN
SN E EAAPRNDS I—F—BICH I TOEBOEA
RELY,

ZOTIV—LDA—F—HE LEARRBOES DRER
R SIEHEDECZRIFANT D ETable 3ICRLIZLD
IC752, LEDKEEZEEAHG.16X107m/m? sDIfE, ED
A/LIF0.0022& 7Y, KBEEANSNIEXRELLDT
WBZENDN D, O ENKRAEEND—RAELDESR
KOKRICNHDEEZBAMNICKEL, BhERES
FRILLIEDTIRBENDIEEZOND,

REMDFEENFig 13T R UKD BIBMETHRAIBET
i, TOICHEERSEDICIIKEBREDEMHA LS
LWEEAD, BEAICZEDMEIIKEEENG.16X
10°'m3/m2- sDISEEBEICEDE, KBBETI.08ME, HE
RACHEE UBRERY Y TRILIERELHESIND,

Sanyo Technical Report Vol.4 (1997) No.1



BEHEERD T IL— LDBES

HFM

95/89/87
L 19:49:19

o g % 460000
95/09/87

before forced cooling

l 490mm

after forced cooling

Fig.12. Temperature distribution on bloom surface measured by an infrared radiation thermometer.
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Fig.13. Effect of specific water volume on indices of bloom
structure estimated by hardness.

Table 3. Results of regression analysis of specific water volume on

the microstructure variation estimated by hardness.

Specific water volume Linear regression Correlation
(X 10-4m3/m2.sec) coefficient
491 Y=0.0032X+0.9646 0.9644
5.57 Y=0.0030X+0.9822 0.9070
6.16 Y=0.0022X+1.1303 0.9162

Y : Microstricture indices estimated by hardness, mm '
X ! Distance from center of wide face to corner part of bloom, mm

Bloom : 490 X 380mm
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