SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

7=
58 D@ s M ET A

K%, S—HF

Department of Materials Science and Engineering, Faculty of Engineering, Kyushu University

=458, E1E
Graduated Student, Department of Materials Process Engineering, Graduate School of
Engineering, Kyushu University, Hnow JFE Steel Corporation

Bk, HF
EH, RIE
fth

https://hdl.handle.net/2324/7331192

HhRIE#R : Tetsu-to-Hagane. 108 (10), pp.703-712, 2022, Iron and Steel Institute of Japan
N—=I3
YEFIBE{% : Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International

W, KYUSHU UNIVERSITY

Y IDNUCL BHILBREHD AT TRFIE




Tetsu-to-Hagané

Tetsu-to-Hagané Vol. 108 (2022), No. 10, pp. 703-712
Journal of the Iron and Steel Institute of Japan g ( ) PP

https://doi.org/10.2355/tetsutohagane. TETSU-2022-025

Regular Article
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Abstract: Negative effect from low coke rate operation at cohesive zone is obvious because it makes thinning of
coke slit thickness. Correct knowledge about gas permeability of cohesive layer is becoming more and
more important. In order to precisely understand cohesive behaviour, a softening and melting simulator
under rapid heating and quenching conditions was applied for clarify a determinant factor of gas permea-
bility behaviour. To focus on softening and melting behaviour, granulated slag particle bed layer without
iron oxide was prepared as packed bed sample layer can show softening and melting. The packed bed slag
samples in graphite crucible were rapidly heated up to 1200°C, and then gradually heated up to 1500°C
with 10°C/min under inert gas atmosphere and 0.1 MPa load. Gas pressure drop and shrinkage degree of
the sample layer were measured during the softening and melting test, and quenched sample was made
at certain temperature when the maximum gas pressure drop was measured. The CT observation of the
quenched sample provided 3D shape information of gas
path shape in sample packed bed. Gas pressure drop
was estimated with fanning's equation with the gas path
information. The estimation values were shown positive
correlation with measured maximum pressure drop.
The CT observation also gave triple line length among
molten slag, graphite, and gas. Combination the triple
line length and molten slag surface tension could use for
evaluation of static force balance when maximum pres-
sure drop obtained.

Keywords: cohesive zone; softening and melting; gas pressure drop;
gas path shape; CT scanning; rapid heating and quench-
ing; slag surface tension; fanning’s equation; triple line;
capillary force.
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Gas Permeability Evaluation of Granulated Slag Particles Packed Bed during Softening and Melting Stage

with Fanning’s Equation

Ko-ichiro Onno, Yoshiki KITAMURA, Sohei SUKENAGA, Shungo Natsul, Takayuki MaEDA and Kazuya Kunitomo
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Fig. 1. Relationship between maximum pressure drop and fusing slag layer formation behavior®.
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Table 1. Experimental slag compositions.

CaO Si0» ALOs MgO  CaO/SiOs
mass%  mass%  mass%  mass% —

Slag I 33.7 56.5 7.8 2 0.60
Slag IT 28.3 479 21.8 2 0.60
Slag I11 44.1 44.1 9.8 2 1

Slag IV 32.8 38.7 26.5 2 0.85
Slag V 46 37 15 2 1.25
Slag VI 49 39.2 9.8 2 1.25
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displacement sensor

Gas outlet 4:":&

Infrared gold
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N
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collector—-

Vf’/:l@ Gas inlet

T

Fig. 2. Schematic illustration of softening and melting simulator.
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Fig. 3. Schematic illustration of experimental sample setup in
sample holder.
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Fig. 4. Schematic illustration of quenched sample preparation
procedure.
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Fig. 5. Variations of shrinkage degree and pressure drop of Slag
II with time.
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Table 2. Pressure drops and shrinkage degrees at Tpax-

Tone Pressure Shrinkage
drop at Tiax degree at Tmax
°C kPa %
Slag I 1334 8.1 47.8
Slag I~ 1394 6.6 81.1
Slag Il 1312 5.9 74.0
SlagIV 1319 7.1 55.7
SlagV 1395 5.9 64.2
Slag VI 1448 5.0 64.8

Graphite

0

Graphite
crucible wall

Fig. 6. Inner structure observation of slag fusing layer using
micro CT scanning technique. (Online version in color.)

Fig. 7. Schematic images of sequential cross-sectioning observation every 0.5 mm thickness from the bottom to the top. (Online

version in color.)
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Fig. 8. Schematic illustration of piping shape estimation of
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Fig. 9. Schematic illustration of gas path shapes in in fusing
slag sample layer.
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Fig. 10. Schematic illustration of effect from upper and
bellower carbon particles layers on measured pressure
drop values.
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Fig. 11. Schematic illustration of methodology for exclude of graphite particles layer's effect.
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Fig. 14. Relationships between slag surface tensions and
calibrated measured maximum pressure drop values.

Table 3. Estimated values of surface tension from calculated liquid phase compositions at T With Nakamoto’s

estimation formula.

T Liquidphase Si0; ALO: MgO Ca0/Si0s  Surface Tension
ratio at Timax
°C mass% mass% mass% mass% mass% — mN/m
Slag I 1334 82.7 30.7 57.5 9.4 2.4 0.53 401
Slag 11 1394 90.5 29.2 48.4 20.2 22 0.60 445
Slag I11 1312 82.9 432 42.6 11.8 2.4 1 439
Slag IV 1319 79 34.7 39.0 23.8 2.5 0.89 451
Slag V 1395 100 46 37 15 2 1.25 486
Slag VI 1448 100 49 39.2 9.8 2 1.25 458

Top level of molten slag layer

19

Contact length between slag and graphite

: : 10mm
Horizontal cross section

Fig. 15. Schematic illustration of methodology for estimation of contact length between slag and graphite. (Online version in color.)
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