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Thermal Diffusivities of Continuous Casting Mold Fluxes for
Steel in the Glassy and Crystalline States

Hiroyuki Swieata, Toshihiko Emi, Yoshio Wasepa, Koichi Konvo, Hiromichi Ounra and Keiji Nakajyma

Synopsis :

Laser-flash method has been applied to determine thermal diffusivities of mold fluxes containing iron-, zirconium- and

titanium-oxides for continuous casting of steel in temperature range between room temperature and 800K for glassy

samples and between room temperature and 1000K for crystalline samples. Thermal diffusivity of glassy samples was
found to be 4.6+0.5X10""m?/s, slightly higher than 4.0+0.5X10""m?/s of liquid samples, and insensitive to the
variation of temperature and concentration within the range presently investigated. When crystallized, the thermal
diffusivity was increased by about 409 over that of glassy samples. The diffusivity was decreased with increasing
temperature, exhibiting only 2094 increment of that of the glassy ones at temperatures beyond 800K. The apparent
absorption coefficients of crystalline samples estimated from the measured spectral transmissibity were over 2400m™*
, indicating their opacity. Mold flux film was collected from the bottom part of mold for casting of steel and about
50mass% of which was confirmed by X-ray diffraction to be in crystalline state. The present results suggest that the
change in radiative component due to absorption by the crystalline part of mold flux is one of the responsible factors
in controlling the heat transfer through a continuous casting flux film between the mold and solidified shell.
Key words : thermal diffusivity ; mold flux ; crystalline state ; glassy state ; apparent absorption coefficient.

1. #

MoAEGESE e v 2 DEREE P LS 20, HE
DEBAEDED O N TV b, $58 /851 OFE &, 87 »
LRI ~DEMZERFH AN TV 22—V 7T v 2>
ZAOMARC L Y, SREHE, Fon s ORmWESEC
KERENTHILPAMONTC A, BYSZHENCER L
ELOLNBE—NFNT7 5 v 2 2OBIEERERIL, SiRBIEC
5 EBR EOREES » 6 IFFEREVEHINTH LT, 2
DIz, S5 /HEI R DRERERE D 10+ s T v
BOWBURTH B, ¥, =75 v 2 2388 /88
T, ERUIRTE « 550K - 45 KR8 L e o &ie L 72
ZANVEEERLTCEEEL NS, —HBIEZIO, %%
Mis2EitdoT, #ibeAEBCLIcE—NVEFT7 T Y
Z 2% Hle TIRFEED0.08~0.16% D i 4 5l O & H 45
EVRAOLN, BHFLEREFEDOLNTL S, ZDHEA,
B/ GRBOBYEENRD L, 25 7THHERINKE - 5
CLEE-TASTOREMED M LL TS EFZ LR

T 312,

COWMRBECALT, BEHEOCRIAREIB L —F—7F
v ¥ a B3O L U EIRBIE C 3 v T AN A B L BRSO B2
B EECHNT 27— RTEYEREL, 20 LDFiE
PHCTETE—E 277 v 2 ZOERMIRIEIZ 3517 2 8
AR 2 R RIE L, BIERCEOMAHEDT 4 X10-7m?/s
FRED Y, MBRGFE - BEERAE L VEETRCI L ®
B G iz L7,

BlSSE— V75 v 2 2DF T 2 L kEAIRIED
BALBCRNE Z R L 12O T, AFETIR ZDREIZO -
THET 5, L3, T—n N7 5 v 27 205550 1284,
ZORFHIMEEPRECELT 22 L TRINE, 212,
TNV T7 5 v 2 2ADKFEMIEE L FIRT O KEHEED H
HRFO—2tFLoNBDT, FafblLizE—VE 75
v 27 ZADEHARKDWE biT- 70, 3 6, EEHERSHEE
FHHETTHEN I NI ET—NVIE T 5 v 27 27 4 v 2 DiE R
BOERLZRA, ARUES L BILECR DM 2 H o8
FRGHEESERI A 3 A {EBMRE C > - TEE P RATL,

Tk 7HEI11A148 %244 P 843 H 4 HEHE (Received on Nov. 14, 1995 ; Accepted on Mar. 4, 1996)
% P KFEFEM TEMZAT (Institute for Advanced Materials Processing, Tohoku University, 2-1-1 Katahira Aoba-ku Sendai 980-77)

* 2 B kAR ¥PR4E (Graduate Student, Tohoku University)
* 3 FIRKFETFE (Faculty of Engineering, Ibaraki University)

* 4 HERSE T B B AT ZAT (Corporate Research and Development Laboratories, Sumitomo Metal Industries, Ltd.)



2. RBEE

2.1 BIEEEARE

EERUCHCIZE—V 7T v 272 202K # Table 1 (2
RT o ZDE—NFTZ7 T w27 R%, HE 5 DI HI1600K T
ERL, 600K LIc AT v Al B LAR LT
o ARIEBDOEE 2B, AW LA K s
IV EEL v, 2 2 TTT0KTHIZ0EESTE, P LIRS
hEBRE LI 2ok 6 ERI0mmE S 1 mmo 42
KR 2 1ER U, BB BE ML, —F, mIT L
AL #1073K T 1 REMBLE 2170, T2tk s e o
B MERCL T2,

FGRECRAE X Fig. 1 SR P RTv—F—27 5 v
HIZL WV ERLL, COBWRCERAIZEEETKER, RO T
T — 1 —F—rv 210 & ) BB B L, Ik
B LE Y 6 ket S B HRMER I 5 — %2 v TInSb#ksh
MR AR XL, B EE QIR 2 AR DO FEX I E
ZiLE LTHRIEST 3, —F, REOEERELP OB K
ELTHREE LIREREHERD 6, BdrBR3B (Mo h

Table 1. Chemical composition of synthetic mold
fluxes prepared in this work (mass%).

Type of flux {SiO, CaO F Na,O MgO ALO; ZrO, TiO, Fe
Fe 26% |357 323 64 92 87 84 <01 <01 26

ZrO, 4.99% |33.7 313 80 90 87 73 49 <0.1 <0.1
TiO, 9.5% |326 305 6.0 87 85 71 <01 95 <0.1
Concave mirror
m . InSb IR detector
CaF: Pre Amp.
window
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Data acquisition
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Fig. 1. Schematic diagram of the laser flash method
used in this work for measuring thermal
diffusivity of a disk sample.
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Fig. 2. Calibration curve obtained from the peak
intensity of Cuspidine 29.15°.
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Fig. 3. X-ray diffraction patterns of mold fluxes
with Cu-K a radiation : (a) crystallized mold
flux and (b) rapidly quenched mold flux.
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Fig. 4. Measured thermal diffusivity of crystalline
and glassy mold fluxes.
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Table 2. Apparent absorption coefficient », at 0.1
mm and 0.3mm depth for the incident
black-body radiation of crystalline and
glassy mold fluxes.

Temperature(K) 1375 1475 1575 | 1375 1475 1575
Type of flux »%e (0.1mm) ¥, (0.3mm)

Fe 26% C |>3734 >3573 >3425|>2637 >2539 >2447

G 2142 2209 2279 1953 2013 2074

ZrO0, 49% C 2453 2506  2559| 2378 2421 2464

G 489 426 374 316 275 242

TiO, 95% C |>3981 >3932 >3881|>3892 >3821 >3746

9.6%) G 308 282 262 225 209 199

C: Crystal, G : Glassy case taken from reference (3).
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Table 3. Chemical composition of mold flux film
collected from the bottom part of mold for
continuous casting of steels.
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Fig. 5. X-ray diffraction pattern of mold flux col-
lected from the bottom part of mold for
continuous casting of steels.
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