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. Coal water slurry

. Pitch water slurry

. Black liquor

. Integrated Gasification Combined Cycle-IGCC
. High Heating Value-HHV

. Cold Gas Efficiency-CGE

. Carbon Conversion Efficiency-CCE
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Table 1- Properties of Tehran refinery Mazut

Physical Properties
Flash Point >65°C
Pour Point <35°C
Specific Gravity 0.9714 @ 15.6 °C

Chemical Properties

Proximate Analysis Ultimate Analysis (Dry)
Carbon Residue 14.1 wt.% Carbon 87.3 wt.%
Volatiles 85.83 wt.% Hydrogen 11.3 wt.%
Ash 0.02 wt.% Sulfur 1.36 wt.%
Water Content < 0.05wt.% Nitrogen 0.02 wt.%
LHV 40.62 MJ/kg Oxygen 0.00 wt.%
HHV 43.02 MJ/kg Vanadium 202 ppm
Nickel 68 ppm
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Figure 1- Density and viscosity of Mazut versus temperature
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Table 2- Chemical reaction of Mazut gasification

Reaction Description

CxHyOan —> C(s)+CO+H,+CO,+H,0+CH, T=500K Pyrolysis (R1)
C+1/20, - CO AH=-111Kk]J/mol | carbon partial oxidation (R2)
CO+1/20, —CO, AH=-283 k] /mol | Carbon monoxide oxidation (R3)
H,+1/20, —>H,0 AH=-242 KkJ /mol hydrogen oxidation (R4)
CH,+20, —CO,+2H,0 AH=-803 kJ/mol methane oxidation (R5)
CH,+1/20, —CO+2H, AH=-36 kJ/mol methane partial oxidation (R6)
C(s)+CO, —2CO AH=+172 k] /mol | Boudouard reaction (R7)
C(s)+H,0—->CO+H, AH=+131k]J/mol | steam gasification (R8)
C(s)+2H, —-CH, AH=-75 KkJ/mol | hydro gasification (R9)
CO+H,0<«>CO,+H, AH=-41 KkJ/mol | water gas shift (WGS) reaction | (R10)
CH,+H,O0 <> CO+3H, AH=+206 k]/mol | methane steam reforming (R11)
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Table 3- Properties of Orimulsion[23]

Proximate Analysis Ultimate Analysis (Dry)

Carbon Residue 12.84 wt.% Carbon 84.28 wt.%
Total Sulfur 2.81 wt.% Hydrogen 10.33 wt.%
Ash 0.18 wt.% Sulfur 3.95 wt.%
Water Content 28.8 wt.% Nitrogen 0.64 wt.%
HHV 29.76 MJ/kg Oxygen 0.55 wt.%

Ash 0.25 wt.%

1. Bitumen
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Table 4- Comparison between model results and the experimental data from Ashizawa [23]
Operating Conditions
Equivalence Ratio 0.4
Gasification Pressure 18.75 atm
Syngas Composition, vol.% Experimental Modeling
Cco 38.7 42.56
H, 39.4 38.38
H,O 11.85 12.52
CO, 8.67 571
CH, 0.08 0.05
Other 0.38 0.78
HHV 9.5-10.5 MJ/Nm? 10.29 MJNm®
RMS error 2.05
Sl gl
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Table 5- Operating conditions of gasification process

Operating Conditions
Fuel (Mazut) Agent (air)
Mass Flow Rate (kg/h) 6.6 20-47
Stoichiometric Mass Flow Rate (kgsh) | - 14.12
Inlet Temperature (K) 383 363
Equivalence Ratio (ER) 0.21-0.50
Gasification Pressure (atm) 1

1. Root Mean Square
2. Equivalence Ratio-ER
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Figure 3- Effect of equivalence ratio on syngas composition (right) and C-solid,
gasification temperature, and HHV (left) for Heat loss=4 kW
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Figure 4- Effect of heat loss on syngas composition, C-solid, and gasification temperature
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Figure 5- Schematic of entrained flow gasification system
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Table 6- Operating condition of gasification
Species Measurement Accuracy
Mass flow rate of fuel (12g,,;) 7.06 kg/h +0.1 kg/h
Temperature of fuel (7g,./) 100 °C +5°C
Mass flow rate of air (772,;,.) 22-45 kg/h +2 kg/h
Equivalence ratio (£R) 0.22-042 | @ -
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Figure 9- Typical profile of mass flow rate of fuel, air, and equivalence ratio (right) and temperature of gasifier (left)
in different operating condition
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Table 7- Steady state time and temperature for different operating points of gasification

Operating points Steady state time T1(°C) T2 (°C) T3(°C)
ER =0.29 22 min 1175 1029 852
ER=0.37 16 min 1298 1134 965
ER=0.41 8 min 1319 1159 986
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Figure 10- Gasification temperature versus equivalence ratio accompanied to comparison experiment and modeling result
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In this paper, air gasification of Tehran’s refinery Mazut is investigated. First, Mazut gasification is modeled
by the equilibrium method and then, the thermal operating of an entrained flow gasifier is studied
experimentally. An entrained flow gasifier is designed and manufactured for 7 kg/h flow rate of heavy fuel
oil. The physical/chemical properties of the heavy fuel oil are determined via standard laboratory
experiments. A parametric study is conducted by the equilibrium model in order to investigate the effects of
equivalence ratio on syngas composition, gasification temperature, and higher heating value for the steady-
state condition. Temperature distribution along the gasifier and the solid carbon consumption are effective
parameters on syngas composition and gasifier performance. In an experiment, the gasification temperature is
measured at different locations along the gasifier. The modeling results show that the values of H,, CO, and
HHV have a maximum which is accompanied with complete consumption of solid carbon at equivalence
ratio 0.39. By increasing equivalence ratio, gasification temperature increases which are supported by
experimental results. The comparison of modeling and experimental result shows that difference between
model and experimental temperatures increases by increasing equivalence ratio. Also, after a short distance
from the injector, the temperature is decreased along the gasifier with a constant rate. Finally, in order to
provide the optimum gasification operation, a relation between the appropriate gasifier length and operating
equivalence ratio is presented based on the water-gas shift reaction.

Keywords: heavy fuel oil, equivalence ratio, temperature distribution, syngas composition, gasifier length
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