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Abstract— Primary causes of deactivation of hydrodemetallation catalysts are partial poisoning of the interior surface and
pore plugging by deposition of metals. Local changes in effective diffusivity and reaction rate constant should be taken into
account, to describe the drop in activity by intraparticle diffusion and reaction{Eq. (23) and (24)]. Local reaction rate con-
stant varies with hoth changes in surface area and surface activity, along the position within the catalyst particle. Attempts
are made to describe mathematically the deactivation of catalyst, resulting dimensionless equations for those changes. De-
rived trom the probability of void and deposition, reduction of local effective diffusivity[Eq. (7)] and shrinkage of local sur-
face area[Eq. (8)] are formulated as functions of deposits. Included parameter is turned out to be the ratio of size of organo-
metallic compounds to the pore diameter[A in Eq. (11)]. The change in surface activity[Eq. (19)] is also given as a function
of deposits, from the kinetics of surface fouling and deposition. The treatment is for a single, isothermal catalyst particle.
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Fig. 1. Surface area versus metals deposits.
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Fig. 2. Effective diffusivity versus deposits.
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Fig. 3. Surface activity versus deposits.
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: activity averaged over fresh and poisoned surfaces

s activity of fresh surface

s activity of poisoned surface

: ratio of demetallation rate constant of the fresh catalyst to
that of the fouled one with the initial surface area

: probabilistic deposition parameter. defined by Eq. (6)

: concentration of organo-metallic compounds in the liquid in
the pores [mol/m’]

: concentration at particle surface [mol/m’]

: effective diffusivity of the organo-metallic compounds at
zero time [m’/s]

: molecular diffusivity [m’/s]

: pore size of the fresh catalyst [m]
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: size of the metal containing species [m]
: probability density function of pore volume, given in Eq. (1)
: fraction of deposit which does not make surface

: rate constant for demetallation of the fouled catalyst, but with

its surface area corrected to the initial value at zero time [m’/
kg s]

: rate constant for deposition on the fresh surface [1/s]

: rate constant for deposition on the already deposited surface

[17s]

: rate constant for regeneration of coke deposits [1/s]
: molecular weight of metal deposit

. number of particle centers per unit volume, representing de-

posits and porous structure respectively

: number of particle centers used in derivation of f

: probability of making pore smaller than u by deposition
- metals loading averaged over catalyst pellet

. local metals loading inside the pellet

: rate of coke regeneration [1/s]

- radial position in catalyst pellet [m]

: radius of catalyst pellet [m]

: total surface area [m’/kg]

- area of fresh surface [m’/kg]

: time constant for deposit to fill entire pore volume
:volume used in derivation of f and p

. deposit volume inside u

s total volume of porous medium used in derivation of £
: amount of deposit [kg/kg)

: dimensionless radial position, t/r,
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o

o m

0 < o

s atio of activity of partially poisoned surface to that of depos-

ited surface

: number of deposited metal molecules per organo-metallic maole-

cule

s ratio of effective diffusivity reduced by deposit to that of fresh

pore

: porosity of fresh catalyst pellet

- weight of deposit monolayer [kg/m’]

: Thiele modulus for demetallation, defined by Eq. (25)

: fraction of deposited surface, S,/S,

- effectiveness factor for demetallation, defined by Eq. (27)

s tatio of rate constant for deposition, k, /k, and k,/k, respec-
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tively
: ratio of size of metal containing species to the pore, d,/d,
: surface poisoning parameter, €,p,/pCS,
- dimensionless time, t/t,
: apparent density of catalyst pellet [kg/m']
: density of deposits [kg/m']
: dimensionless time, k, t
: tortuosity of catalyst pellet
: dimensionless concentration of organo-metallic compounds, C/C,

- ratio of surface area reduced by deposit to that of fresh pore
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