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Hydrodesulfurization (HDS) of atmospheric residue (AR) carried out over Ni-Mo or Co-Mo catalyst requires a
sudden increase in the reaction temperature for the desired desulfurization at the end of operation (EOR). This
phenomenon is mainly caused by reduced diffusion rate due to metal deposition in the pore mouth. The present
study performed HDS over catalysts with different pore size to separately examine the effects of metal and coke
deposition on catalyst deactivation. HDS catalysts used in a commercial process for 1 year were analyzed by
EPMA to determine the coke and metal distribution along the catalyst radius. A model equation was developed
to quantitatively estimate the coke and metal distribution. The model equation could estimate parameters such
as Thiele modulus and catalyst properties coefficient. Furthermore, the equation was applicable to used catalyst
obtained from commercial equipment and to used catalysts with different pore radii after HDS of Boscan crude
containing large amounts of metals and asphaltenes. The distributions of coke and metals could be simulated
with the model equation, giving 0.01 and 4 for the Thiele moduli for coke and metal, respectively. The model
equation developed in this study is useful to estimate the service life of HDS catalyst.
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Fig. 2 Effect of Dimensionless Radius on Dimensionless
Accumulative Length Calculated from Eq. (5)
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Schematic Diagram of Model for Blocking of Catalyst Pore Mouth
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Fig. 3 Coke Distribution Curve within Pore of Catalyst Used in Commercial Equipment
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Fig. 4 Vanadium Distribution Curve within Pore of Catalyst Used in Commercial Equipment
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Fig. 5 Nickel Distribution Curve within the Pores of Catalyst Used in Commercial Equipment
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Fig. 9 Effect of Mean Pore Radius on Metal Effectiveness
Factor at EOR for HDS of Boscan Crude
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Fig. 10 Comparison of Calculated and Observed @, in HDS
for Boscan Crude
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Nomenclatures
AC : deposited coke on catalyst [g/g]
D : effective diffusivity [em?/h]
k  : intrinsic first order rate constant [h™
L : characteristic size of catalyst pellet [cm]
AM : deposited metal (Ni + V) on catalyst [g/g]
m;L : Thiele modulus for i component [—1
ro : mean pore radius of catalyst [cm]
rp; : accumulation rate for i component [g/(g-h)]
Ve @ specific volume of coke [cm?/g]
Vb @ specific volume of total deposits [em®/g]
Vm @ specific volume of metal [cm?/g]
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Vo : specific pore volume of fresh catalyst [em®/ g]
<Greeks>
ni : effectiveness factor for i component [—]

o : physical parameter of catalyst defined by Eq. (10) [—1
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