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The hydrodesulfurization reaction with two kinds of atmospheric residues was carried out over three kinds of
catalysts with different mean pore diameters to obtain catalysts with different deposited amounts of coke and

metal on their surfaces.

Elemental analysis and physical properties were carried out to elucidate the effects of

coke and metal depositions on catalyst deactivation at an early stage of the reaction.
Coke density (pc) and metal density (pm) calculated from the mean pore diameter determined by mercury
porosimetry were independent of the kind of catalyst used, and operation time, were 1.25 and 2.50 g/cm’, respec-

tively.

These results indicate that the effect on the decrease in pore volume of coke deposition was almost double to

that of the metal deposition.

Furthermore, accumulative thicknesses of coke (Ac) and metal (Arm) on the pore of

the catalyst were calculated from decrease in pore diameter, based on the assumption that the pore was simply

composed of uniform cylinder.
and they decreased more, the smaller the surface areas.
to the accumulative thickness of coke and metal.

Accumulative thicknesses were different with different kinds of catalyst used
The initial deactivation constant (;) was directly related

Moreover, it was found that the effect of the coke deposition accumulative thickness on reduction of pore diam-

eter was almost triple to that of metal deposition.

The catalyst deactivation on the SOR (start of run) in the

hydrodesulfurization reaction was mainly responsible for the deposition of coke on the catalyst.
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Table 1 Physical Properties of HDS Catalysts Table 2 Properties of Atmospheric Residues
Surface area  Pore volume  Mean pore diameter® Property AL-AR IH-AR
CHaS T g [em/g] [m]
Specific gravity [—1] 09714 0.9888
Cat. A 124 0.68 219 Sulfur content [mass%] 342 3.34
Cat. B 278 0.55 791 CCR? [mass%] 11.6 13.8
Cat.C 316 0.54 6.83 Metal (Ni+V)  [mass-ppm] 50 236
Asphaltene [mass %] 2.88 4.56

a) Mean pore diameter is calculated from Eq. (1).
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a) Conradson carbon residue.

Table 3 Reaction Conditions for HDS Test

Product sulfur [mass%] 0.3

H; partial pressure ~ [MPa] 10.2

LHSV [h™] 0.25

Ha/oil ratio [Nm*/ki] 876
380

Reaction temperature/ 'C

355
350 . . . L . L .

30 40 50
Days on stream

Fig. 1 Relationship between Reaction Temperature and Time

on Stream
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Fig. 3 Relationship between In®, Calculated from Eq. (2) and
Time on Stream for AL-AR and IH-AR
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