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Abstract— Molten Caustic Leaching, one of the methods of treatment with alkali metal compound, was applied to the
desulfurization of petroleum cokes which are produced in Korea. In removing the sulfur, the effects of reaction variables
such as reaction temperature(400-550 °C), reaction time(10-60 min), ratio of caustic to cokes(0-5 wt/wt), acid washing con-
centration{0-5 N), acid washing time(10-40) min) and particle size(under 14 mesh) were investigated. The best desulfurization
efficiency was obtained after 30 minutes with reaction temperature of 550 °C at which the efficiency was above 99 % and
ash removal was slightly less than 90 %. Changes in surface and organic structure were also investigated by using the SEM
and FT-IR spectrometer.
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Table 1. Chemical processes for the desulfurization of petroleum

cokes
Authors Chemical treatment
Ityokumbul[2] Molten caustic alkali
George[3) Caustic alkali, Carbonates

Parmar and Tollefson{4]
Jack et al.{9]

Hall et al.[11]
Mason[13]

Steam, Air, Sodium compounds, Hydrogen
Alkaline solution, Acid compounds
Alkali, Sodium formate, Hydrogen
Sodium sulfide, Hydrogen
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Table 2. Composition of raw petroleum coke with particle size variation
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Fig. 1. Schematic diagram of experimental apparatus for desulfuri-

zation.

1. Thermocouple 6. Gas outlet

2. Motor 7. N, gas

3. IR furnace 8. Reactor(10x 15 c¢m)
4. Absorber 9. Impeller

5. Gas inlet

Ultimate analysis

Proximate analysis

Particle size

Moisture Volatile matter Ash Fixed carbon C H N S o]
14-28 mesh 0.53 10.70 1.30 88.47 87.73 2.33 1.57 6.42 0.95
28-6() mesh 0.47 11.60 1.20 87.73 87.62 2.47 1.51 6.38 0.82
under 60 mesh 0.28 13.24 1.25 85.23 88.47 2.40 1.47 6.35 0.06
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Fig. 2. Effect of leaching temperature on the desulfurization and
demineralization.
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Fig. 3. Effect of caustic to coke ratio on the desulfurization.

Table 3. Composition of raw and treated petroleum cokes

Raw petroleum 550 °C treated

cokes cokes

Proximate Moisture 0.28 842
analysis(wt%)  Volatile matter 13.24 16.75
Ash 1.25 0.14

Fixed carbon 85.23 74.69

Ultimate C 88.47 78.87
analysis(wt%) H 2.40 3.37
N 1.47 0.89

S 6.35 0.03

(0] 0.06 16.70

Calorific value(kcal/kg) 8860 7100

Particle size: under 60 mesh, NaOH/cokes ratio: 3
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Fig. 4. Effect of reaction time on the desulfurization and deminerali-
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Table 4. Effect of acid concentration on the desulfurization
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Ultimate analysis

Proximate analysis

Acid concentration(N)

Moisture Volatile matter Ash Fixed carbon C H N S (o]
0 7.30 21.04 2.97 68.69 68.28 3.67 0.18 0.036 24.86
0.05 11.51 19.55 2.99 65.95 68.41 3.57 0.18 0.032 25.02
0.1 9.72 20.00 3.00 65.10 68.07 3.63 0.19 0.032 25.08
0.5 6.63 17.62 0.21 75.20 71.95 3.47 0.15 0.054 23.87
1.0 7.30 18.10 0.14 74.30 71.59 3.52 0.14 0.070 24.36
5.0 4.79 19.08 0.10 75.84 70.70 3.54 0.13 0.100 25.24

Temperature: 550 °C, Time: 30 min, NaOH/cokes ratio: 3. Particle size: under 60 mesh
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(B) 550°C treated petroleum coke

Fig. 8. SEM micrograph of surface of (A) raw, (B) 550 °C treated petroleum cokes.
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