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Determination of Thermal Diffusivities of Continuous Casting Powders for Steel
by Precisely Excluding the Contribution of Radiative Component at High Temperature

Hivomichi Owura, Minoru Masupa, Keiji Waranase, Keiji Nakanva, Hiroyuki Suisata and Yoshio Wasepa

Synopsis : Thermal diffusivity measurements of continuous casting powders for steel have systematically been made at'high
temperature by applying the differential three layered laser flash method recently proposed by the present authors. The
powder consists of SiO,, Al,Os, MgO, Ca0, Na,O and CaF,. New data processing has also been developed in order to
separate the contribution due to radiative component from measured values at high temperature by considering the’
variation of the absorption coefficients of these powders when adding TiO,, ZrO, or iron oxide. Then, the thermal
diffusivity values of continuous casting powders for steel were quantitatively estimated with sufficient reliability.
Thermal diffusivity values of continuous casting powders are found to be 4£0.5X10~"m?/s and insignificant with the

variation of temperature and_ concentration presently investigated.

It would be interesting to extend the present

systematic results for discussing the heat transfer phenomena in the continuous casting process for steel.
Key words : thermal diffusivity ; oxide melts ; laser flash method ; continuous casting powder ; absorption coefficient ; radiative heat
transfer ; conductive heat transfer ; continuous casting ; steelmaking.
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Table 1. The chemical composition of synthetic
powders prepared in this study (mass%).

Type of slag |SiO, CaO CaF;Na,OMgO Al,O; ZrO, TiO, Fe
Reference 35.6 19.9 17.1 10.1-9.3 7.7
ZrQ, 0.8%(36.0 21.0 15.8 10.0 9.4 7.5 0.8
ZrO, 2.5%(36.0 21.9 13.8 9.4 9.1 7.4 2.5
ZrO, 4.9%135.0 20.3 15.2 9.6 8.8 7.2 4.9
ZrO, 7.6%133.7 20.5 14.0 9.5 8.7 6.9 7.6
ZrQ, 10.0%132.8 19.1 14.2 9.1 8.7 6.9 10.0
TiO, 0.7%136.3 21.1 16.4 9.8 7.9 7.5 0.7
TiO, 2.6%34.8 21.2 16.0 9.2 9.1 7.2 2.6
TiO, 4.9%133.9 21.6 15.0 8.5 8.8 7.7 4.9
TiO, 7.4%133.0 20.8 14.6 8.7 8.6 7.6 7.4
TiO, 9.6%(32.5 19.6 15.0 8.7 8.5 7.5 9.6
Fe 0.4%(36.1 21.0 15.6 9.3 8.9 8.4 0.4
Fe 1.2%135.7 21.7 15.0 9.1 8.7 8.3 1.2
Fe 2.6%134.9 20.9 15.0 9.3 8.7 8.1 2.6
Ca0/Si0, 0.637[42.1 15.7 15.4 9.4 9.1 8.3
Ca0/Si0, 1.245(30.6 26.3 16.4 9.4 9.5 8.5
i T
Micrometer
Mulite Tube
< - b | Pt Crucible
ﬁ"N - — Sample liquid
| b “~ Pt Crucible
1 Pt a1
? ?\\\" IR Detector

(a) 1st measurenient (b) 2nd measurement

Fig. 1. Schematic diagram of differential three
layered laser flash method for measuring
thermal diffusivity of a molten powder.
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Fig. 2. Thermal diffusivity values of a molten con-
tinuous casting powders containing TiO, or
iron, determined by the differential three
layered laser flash method. These values
more or less include the contribution of
radiative component at high temperature.
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Fig. 3. Temperature response of molten powder (35.
6mass%Si0,- 19.9mass%CaO - 17.1mass%-
10.1mass% Na,0-9.3mass%MgO - 7.7mass?%,
Al,0O, : reference sample) and distilled water.
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Fig. 4. Absorption coefficient of synthetic powders
and hemispherical spectral emissive power
or blackbody e».. at 1375 and 1575K.
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Fig. 5. Transmissivity by eq.(4) and apparent
absorption coefficient of the synthetic pow-
ders calculated by eq.(5).
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Table 2. Mean absorption coefficient x, and appar-
tent absorption coefficient x, at 0.1mm
and 0.3mm depth for the incident black-
body radiation of synthetic powders mea-
sured in this study.

Temperature (K) 1375 1475 1575|1375 1475 1575|1375 1475 1575 .
Type of powder Hom %, (0.1mm) x, (0.3mm)
Reference - - - 472 410 358| 288 250 218
Zr0, 2.5%| - - - 485 420 366| 290 251 219
ZrO, 4.9%| - - - | 489 426 374| 316 275 242
Fe 0.4%| 546 572 596| 765 737 717| 626 617 612
Fe 1.2%]| 774 810 844| 883 869 863| 760 760 766
Fe 2.6%12658 2851 3035(2142 2209 2279(1953 2013 2074
TiO, 2.6%| 21 22 24| 403 353 312{ 260 229 203
TiO, 4.9%| 39 41 43| 453 400 355 298 265 238
TiO, 9.6%| 81 . 87 94| 308 282 262| 225 209 199
Ca0/Si0, 0.637| - - - | 263 230 203| 183 161 142
Ca0/Si0, 1.245| - - - 469 411 363| 319 280 248
- : Infrared absorption data appear too small values for estimat-
ing .
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Fig. 6. Apparent thermal diffusivity including .
radiative heat flow theoretically calculated
on the transparent body approximation for
th;e/sample of thermal diffusivity of 4 X107
m?/s.
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In this calculation, the outerward heat leak
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plates is excluded.
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Table 3. Apparent thermal diffusivity derived from
theoretical temperature response by the
three layered differential laser flash
method. Temperature: 1575K, given ther-
mal diffusivity : 4x10-7 m?/s, thickness:
0.2mm and 0.4mm. The numerical values
in the parenthesis corresponds to the ratio
of deviation from the band approximation

case.
Type of powder ’ Approximation

Transparent Gray Band
Reference 4.90 (0.030) 5.05
ZrO, 2.5% 4.90  (0.028) 5.05
ZrO, 4.9% 4.90 (0.039) 5.10
Fe 0.4% 4.90 . (0.091) | 5.29 (0.019) | 5.39
Fe 1.2% 4.90 - (0.110) | 5.44 (€0.011) | 5.50
TiO, 2.6% 4.90 (0.039) | 4.91 (0.037) | 5.10
TiO, 4.9% 4.90 (0.041) | 4.93 (0.033) | 5.11
TiO, 9.6% 4.90 (0.045) | 4.97 - (0.031) | 5.13

467 I



I 468

WA S, ROBILEEROBIRE 2 RD,

# & $AVol. 80(1994) No. 6

L %YNDOBETHREOBB Y M AEETHS 2 L, KE
RS 27 2 WXSBZ28 R TH Ho O EUEE TS
BETOH B EEBTRETDH A L ZREL TV 5,

4. REFDESZHMUCERMERIHE/ND
5 —DRILEE

DIEOEHERZ S Lo, #280RBI>0TRIKE
R, 2 LA ORENC D v TIEHRMEL 2 v T
BETOFEE# RIEY, v—F—2 5 v BORE 3B
B s REMBELRETLIC, i, BVRETORBIIER
B3 EKEFETLDT, oA OWPEES Lt EO
R P A AL LEARTE L & Y Ry oBdnEeR, Bklo
ORMRE Y
W, BLECEROFS F oML ICIER Y X — O BGEEE
DIEPEH LI, 86 NICEERIIFig. 9 R T8 b, Bist
DEL 3L T2 vFig. 2 DR L L T, #xHiEs’
PN R VEERFEL AN B, FIBBE DR
BRI LEM Y X —OBILEEROEIE, AZFETH
HELIHEF L FEECECT, T_T 4+0.5X10-"m?/s
DHEFIZA - T 5, 4 BEBRFTOF G 2508 L ICRERI,
F—ZOE 6O bW LT3, STHEBEEES L -
TR ABMSOBEDED, 6o 3 L LTHATWE
iwitFErLonb,

5. #&

35.6% Si0,-19.9% Ca0-17.1% CaF,-10.1% Na,O -
9.3% MgO-7.7% Al,O; (mass %) & F A 1=, ZrO,,
TiO,, Fe, ¥ & MEEE#»T{L3 ¥ 12 16O #EfishE - °

107
64
i@ oQe o & ®
2 A TFe 04%
O TFe 12%
0 O TFe 0.0% ® TFe 258%
;E 6
§4 e 2ngr DRE & D
A TiQ, 00% O TiQ: 49%
22 A TI207% ® Ti0s 7.4%
é’ 0 B TIO: 26% O TiO; 96%
by
E ol a%ager oA 4 A
a 00% O ZQ, 49%
2 A %:82 08% ® zr8§ 7:6%
0 ® 20; 25% O Z0; 100%
6
°
N
N N Y ]
21 & Ca0/Si0, 0902 @ CaOfSiO, 0.637
0 O _Ca0/SiO; 1.245
1

350 1400 1450 1500 1850 1600
Temperature (K)

Fig. 9. Thermal diffusivity values of molten contin-
uous casting powders. These values precise-
ly exclude the contribution of radiative com-
ponent at high temperature.
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