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Abstract— Precipitated alumina(or silica-alumina) was mixed with zeolite Y(or mordenite), and then cobalt and molybde-
num oxide were impregnated on these substrates. These prepared catalysts and commercial desulfurization catalysts were
characterized by measuring specific surface area, pore volume and average pore diameter, and examined for the hydrocracking
of vacuum gas oil in a batch reactor. The catalysts mixed with silica-alumina have larger mesopore size and smaller surface
area than those mixed with alumina. The former showed higher activity and smaller coke amount than that of the latter.
The conversion of VGO was increased with the Y content in substrate up to 33 wt%, and then decreased due to probable
decrease of cracking rate on substrate. It was suggested that benzene, toluene and xylene(BTX) were formed from n-paraffin
produced via VGO cracking on the substrate because they were increased with Y content. The boiling point distribution of
the product on zeolite/alumina was smaller than that on zeolite/silica-alumina.
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Table 1. Properties of vacuum gas oil as a feed oil(SK Co.)

Description VGO
API 22.9
Condrason carbon residue Wit% 0.18
Viscosity cSt(50 °C) 28
H/C 1.873
Carbon Wt% 84.39
Elemental analysis Hydrogen Wt% 13.17
Sulfur Wt% 2.38
Nitrogen ppm 618
Nickel ppm 0
Metals Vanadium ppm 0
Iron ppm 0.2

35-50vol%e st YaiA o 2 wa 88.7wt% 4 13.01 wi%e]
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Table 2. Chemical composition and physical characteristics of various catalysts

BET surface Micro-surface Total pore Micro-pore  Mean pore
Catalyst Co Mo Ni w P area area volume volume diameter
(wi%) (m*/g) (cc/g) (nm)
HDS344 2.52 9.85 202.3 0.52 10.4
HDS444 2.52 9.85 234, 0.57 9.7
Shell324 13 2.7 170.6 0.44 103
Shell317 11.6 2.7 226. 0.62 11.6
Cat.-X 5.1 306.6 0.41 54
CoMo/SA 5 1 5.0 3375 0.41 4.9
HY 458.1 379.4 0.32 0.17 2.2
CoNo/SA-Y 5
Matrix : HY=3:1 5 1 153.2 76.0 0.50 0.03 13.0
2:1 5 1 193.4 100.2 0.52 0.04 10.0
1:1 5 1 200. 134.5 0.38 0.06 6.3
CoMo/A-Y
Matrix :HY=3:1 5 1 313. 131.8 0.43 0.06 4.1
2:1 258.1 103.4 0.36 0.06 4.0
1:1 286.4 143.5 0.4 0.07 3.7
HM 498.2 0.26 1.7
CoMo/SA-M
Matrix : HM=2:1 5 1 149.2 89.1 0.41 0.04 8.9
1:1 5 1 176.5 117.2 0.42 0.05 7.8
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Table 3. Product distribution and conversion obtained from hydro-
cracking of vacuum gas oil on various catalysts

Distilled
Catalyst Coke Gas fraction nC,, Conversion
(<350 °C)
Thermal 23 5.1 40. 30.7 474
CoMo/A(HDS344) 0.31 3.8 313 6.2 354
CoMo/A(HDS444) 0.25 43 40.6 30. 451

NiMo/A(Shell324) 4.1 1.8 36.0 345 42.0
NiMo/A(Shell317) 3.7 59 49.0 40.0 59.0

NiW/SA(Cat.-X) 22 39 30.0 24.6 36.0
CoMo/SA 1.2 6.6 56.0 50.8 64.0
CoMo/SA-M* 5.0 29 33.0 343 41.0
CoMo/A-Y* 21 10.5 72.0 72.6 84.5
CoMo/SA-Y* 0.5 16.0 76.5 70.3 93.0

Superscript* : The content of zeolite Y or mordenite in alumina or silica-
alumina is 33.3 wt%(3:1)
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Fig. 1. Gas and coke yields obtained from cracking of vacuum gas
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a:zeolite Y+alumina(or silica-alumina), b:HDS catalysts and mor-
denite-+silica-alumina.
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