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Abstract— Rheological properties of coal-oil mixture (COM) was studied. The viscosity of COM was measured by
changing the coal concentration, temperature, water content, and stabilizing agent.
Non-Newtonian properties of 40 Wt% and 45 Wt% coal COM was investigated by varing the water concentration at

70°C.

The viscosity variance vs temperature was well fitted with the equation £2=C1tC2, and the viscosity corresponding to
the volume concentration of coal was also well fitted with the Thomas relation.
The COM including water showed non-Newtonian characteristics of pseudoplastic model.
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Table. 1. Coal analysis.

Origin Tatung
Total moisture (%) 4,28
Proximate analysis
Moisture (wt %) 3.16
Ash 15. 33
Volatile 26.55
Fixed carbon 54. 96
Heating value (kcal/kg) 6400 (wet)
6610 (dry)
Sulfur (%) 0.9
Density (g/cm®) 1.45
Hardgrove index. 42
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Fig. 1. Coal particle size distribution.

(Instruments: Sedigraph Micromeritics

Model 5000D sample: Tatung coal)
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Table 2. Heavy oil properties.

Origin KOCO.
Gravity (" API) 1.54
Flash point (C) 135.0
Pour point(C) 11. 4
Viscosity (SFS at 50TC) 164.7
Ash (wt%) 0.01
Heating value (kcal/kg) 10284
Moisture (vol%) 0.05
Residual carbon (%) 10. 16
Sulfur (wt%) 3.80
Vanadium (ppm) 45, 60
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Fig. 2. COM relative viscosity vs ceal concentra-
tion. (without additive)
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Table 3. COM viscosity vs temperature.

Model ;2 =e® 1% (Pa. S)

Sample C, C,.
Bunker-C. 11.482 —3.165
45% COM

12.857 —2.753
(water 5%+ABS 0.1%)
45% COM

13.771 -2.89%5
(water 7% +ABS 0.1%)
40% COM

10.506 —2.293
(water 5%+ABS 0.1%)
45% COM

} . 869 —2.769
(water 5%+ Emalon DO 0.1%
45% COM

2.363 —2.605

(water 5%-+COM 1001, 0. 1%)
45% COM

12.767 —2.689
(water 5% +COM1002, 0. 1%)
45% COM

11.589 —2.383
(water5% + Emalon ALLO0.1%)
45% COM

12.629 —2.648
(water 5% +COM 1004 0.1%)

0,
45% COM 12.903 —2.744
(water5% +Emalon PK0.1%)
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Fig.4. COM viscosity vs water content.
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Fig. 6. Aging effect of COM viscosity.
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Table 4. Non- Newtonian properties of COM.
(additive 0.1% at 707TC)

water Flow Index.n. Flow Consistency K
% |Coal Coal Coal Coal
40% wt| 45% wt| 40% wt| 45% wt
0 |1.0402 0.9421 0.9371 1. 8590
1 10.9717 0. 8201 1. 2143 2. 4634
2 0. 8060 0.8371 2. 0559 3.2042
3 |0.6762 0.7672 3. 0574 4. 0880
4 |0.6085 0.7198 3.6282 5. 2345
5 |0.5895 0. 7076 3. 8503 5.6371
6 |0.5742 0.7077 3.9208 7. 2550
7 10.6074 0.7296 4. 3442 7.2783
8 |0.6441 0. 5283 3.8453 |11.1167
9 |0.6805 - 4. 4056 ~
10 10.6711 | 0.5303 4.2987 |13.8858
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Fig. 8. Shear stress vs shear rate.
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Fig. 9. Shear stress vs shear rate.
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NOMENCLATURE
Al’ A‘Z’ Bl) B29 C19 C2’ C3’KlaK2)K3: COnSt'
ants.
K . Flow consistency in power model.

statAst 22X XI55 198441 10
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53

Length of spindle immersed [m]
Torque [N-m]

Rate of rotation [rpm]

Flow index in power model.

Radius of spindle and cylinder [m]
Shear rate [1/sec]

Temperature in °K and °C.

Viscosity of liquid or slurry [Pa-S]
Apparent viscosity, [Pa.S]

Viscosity of liquid [Pa-S}

Viscosity of slurry [Pa-S]

Shear stress [N/m? ]

Volumetric concentration in fraction.
Maximum volumetric concentration
attainable in fraction.

Angular velocity [rad/sec].
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