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Abstract— Partial gasification during the desulfurization with molten caustic from high sulfur(>6 %) petroleum coke
was investigated. The results show that the hydrogen of purity more than 96 % was evolved with 1.4 liter/g coke at the
treatment condition of 550 °C, and caustic to coke ratio four. This amount was 1.5 times larger than the evolved hydrogen
from low sulfur bituminous coal. Larger amount of hydrogen evolved from high sulfur petroleum cokes was due to the ac-
tivated site produced during the desulfurization process and its participation to the hydrogen production. The amount of

evolved hydrogen was proportional to the caustic to coke ratio and the gas evolution rate to the temperature.
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Fig. 1. Schematic diagram of experimental apparatus for the gasifica-
tion study.
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Table 1. Composition of raw and treated petroleum coke

Proximate(wt%) Raw coke Treated coke
Moisture 0.28 8.42
Volatile matter 13.24 16.75
Fixed carbon 85.23 74.69
Ash 1.25 0.09

Ultimate(wt%) '

C 88.47 78.87
H ‘ 24 3.37
(¢] 0.06 16.7
N 1.47 0.89
S 6.35 0.032

Yield(%) 70

Ash(ppm)

Si 3160 19
Al 1170 -
\" 2730 12
Fe » 2740 328
Na 1670 55
Ca 430 24
K 300 22
Ni 290 143
S 14 253
Ti : = 13
Total 12504 869

Gross calorific value(kcalkg) 8520 6906-7100

True density(g/cc) 1.463 1.745

BET surface area(m’/g) 3.84.5 1200-1350

550 °C, caustic/coke=3-4, leaching time=60 min
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Fig. 2. TGA thermogram for the caustic and caustic/coke mixtures.
(Chromatograms for the gases sampled at typical gasification time
are included)
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Fig. 3. Typical chromatogram for the evolved gas.
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Fig. 4. Comparison of hydrogen evolution rates for the coke treated
with different temperature.

(Caustic to coke ratio=4, non-isothermal condition, temperature
profiles are shown below)
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Fig. 5. Comparison of hydrogen evolution rates for the cokes treat-
ed with different caustic to coke ratio.
(Operation temperature=650 °C)

Table 2. Major compounds in gases evolved from the desulfuriza-
tion of petroleum cokes(in cm’/g of petroleum cokes)

Caustic/Coke
Compounds Temperature( °C)
1 2 4
H, 550 459 736 1,461
650 663 942 1,428
750 521 680 1,418
CH, 550 19 29 35
650 39 43 47
750 36 26 34

H,S, CO: minor. CO,: not detected.
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Fig. 6. Trend of gas evolved with different caustic to coke ratio and
temperature.
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Table 3. Amount of the gases evolved from various kinds of fuel
having different sulfur content(sulfur content: petroleum
cokes 6.35 %, sub-bituminous coal 3.51 %, bituminous coal

0.72 %)
Petroleum Chinese Australlian
cokes  sub-bituminous coal bituminous coal
Hydrogen 1,428 1,301 951
Methane 47 34 24
Carbon monoxide - 181 134

650 °C, caustic/coke=4
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