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Abstract — Vacuum Residue (VR) combustion tests were carried out with a 20 kg/hr (fuel feed rate) small
scale reactor. The nozzle used was a steam atomized, internal mixing type. Compared to heavy oil, vacuum
residue used in this work is extremely high viscous and contains high percentages of sulfur, carbon residue
and heavy metals. To ignite atomized VR particles, it was necessary to preheat the reactor, and it has been
done with LP gas. The axial and radial gas temperature, major species concentrations and solid sample were
analyzed when varying the fuel feed rate. The main reaction zone of atomized VR-air flame in a reactor was
anticipated within about 1 m from the burner tip by considering the profiles of gas temperature, species con-
centration and particle size measured along with the reactor. At downstream, the thermally, fully developed
temperature distribution was obtained. SEM photographs revealed that VR carbon particles collected from
the reactor are porous and have many blow-holes on the particle surface.
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Table 1. Properties of VR and #6 heavy oil.

Properties Vacuum residue #6 Heavy oil
C (wt.%) 85.304
H (wt.%) 10.339 896'55:192062
N (wt.%) 0.4520 ’ 02 ’
S (wt.%) 3.7740 0 7;3 5
O (diff., wt.%) 0.1310 T
Carbon residue (wt.%) 20.765 (7~22)" 5~2011
Density (kg/m’) 1.037 1.002~0.92
Heating value (kcal/kg) 10,100 29,648~10,523
Ni (ppm) 120 8ow!
V (ppm) 210 101
Na (ppm) 110 308
Asphaltene (wt.%) 13.1 (6-38)1 1~181"
viscosity in Cs at 38°C

at 40°C

at 93°C 2,100 22%75,7.30

at 100°C 600 401

at 120°C 225 17

at 127°C

at 140°C

Cs=centistokes.
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Fig. 1. Schematic diagram of experimental setup.
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Fig. 2. A small scale reactor and inlet geometry.
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Table 2. Experimental conditions.

Test No. Fuel feeding rate (kg/hr)  Air feeding rate (Nm®/hr)

Equivalence ratio, ¢  Steam feeding rate (kg/hr)

1 10.9 97.5
2 12.01 97.5
3 14.21 97.5

1.169 4.685
1.288 4.685
1.525 4.685
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Fig. 3. Fuel feed and steam supply system.
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(b) Photograph of particles collected at x=2310mm (port No. 5}

Fig. 7. (a) Photograph of particles collected at x=210
mm (port No. 1), (b) Photograph of particles col-
lected at x=2310 mm (port No. 5).
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