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New Evaluation and Blending Technique of Coking Coal Based on
Surface Tension and Permeation Distance Measurement
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Abstract:

JFE Steel has developed a new coal evaluation and blending technique named “Advanced MOF diagram system”.
The new system is composed of conventional MOF diagram, which is a coal evaluation and blending technique based
on coal rank (Ro) and maximum fluidity (MF), and novel evaluation indices, “surface tension” and “permeation
distance”. While the MF is well known as the most important caking property, the evaluation is sometimes ineffective
especially in the high and low fluidity range. To improve the evaluation of the thermoplasticity, two measurement
approaches were devised: “surface tension” which influences adhesion strength among coal grains and “permeation
distance” which affects the pore-wall formation. The new approaches enable us to evaluate the thermoplasticity and
coking property of the low and high MF coals with high sensitivity. Thanks to this development, JFE Steel has

successfully achieved efficient coal utilization and improvements in control of coke quality using the new technique.
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Fig.1 An example of measured surface tension distribution
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Table 1 Properties of coal used in two-layered tablet sample
Coal | Ro (%) agﬁﬁﬁin 7 (mN/m) umlﬁ?ﬁgN/m)
R1 0.73 2.37 40.9 (Reference)
Al 1.28 1.23 40.8 0.1 (Small)
A2 1.23 0.6 38.4 2.5 (Large)
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Table 2 Properties of coal that used in binary coal blends

Coal Ro (%) log MF (log ddpm) ¥ (mN/m)
R2 1.62 1.28 37.8
A3 1.07 2.09 38.9
A4 1.00 2.43 39.6
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Table 3 Blending condition of binary coal blends

Sample | Combination Ro %) log MF Ay
No. of coals | (log ddpm) | (mN/m)

1 R2 A3 1.35 1.68 1.1

2 R2 A4 1.31 1.86 1.8
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Table 4 Properties of used coal and blending condition of multi-coal blends

Coal Ro | log MF y Note Coal Blending ratio (wt%o)
(%) | (log ddpm) | (mN/m) BLEND 1 |BLEND 2| BLEND 3

HI |0.65| 4.11 414 | Highery HI 3 18 22

Bl [085| 3.13 40.9 Bl 20 17

B2 [0.75| 1.82 40.6 B2 12 2

B3 [129| 1.04 40.6 | Middle y B3 25 15 15

B4 (098 2.88 40.1 B4 5

B5 [1.07| 3.18 40.1 B5 40

Ll | 11 2.88 39.5 L1 10

L2 | 1.1 2.03 394 | Lowery L2 40 40

L3 [1.06| 3.21 389 L3 16
Ro (%) 1.01 1.01 1.01
(l(l)oggdl(\i/lpljn) 235 235 235
(ml(\?;m) 0.35 0.82 0.91
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Fig. 2 Interfacial structure of two-layered tablet samples
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Fig.3 Compressive strength of coke from binary coal
mixtures
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Fig. 4 Effect of standard deviation of surface tension (oy) on
coke strength
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Fig.5 Schematic diagram of measurement apparatus for
permeation distance
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Fig. 6 Comparison between permeation distance and MF
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Table 5 Blending condition of coal blends

B High MF coal conditions
Ro log MF Blending | Permeation
(“0) | (logddpm) | Brand | ratio distance
(Wt%) (mm)
Blend 1| 0.99 2.22 Coal A 20 12.2
Blend 2 | 0.99 2.17 Coal B 20 20.8
Blend 3| 0.99 2.14 Coal C 20 22.6
Blend4| 0.99 | 220 | <A 9 16.5
&6 FHEEBRDZM
Table 6 Carbonization test condition
Coal size (Wt%) -3 mm: 100
Moisture content (wt%) 8
Bulk density (kg-dry/m’) 750
Dimensions (mm) W 250 xH 600 %L 413
Wall temperature (°C) 1050
Coking time (min) 500
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Fig. 7 Effect of permeation distance of high MF coal on coke
strength (Blend 1-4)
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Fig. 10 Schematic illustration of pore-wall formation behavior of coal with short or long permeation distance
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Fig. 11 Conceptual diagram for advanced MOF system, including effects of surface tension and permeation distance
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