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Summary

A fixed-bed residue hydroprocessing model was dge accounting for the physical and chemical

phenomena occurring at various levels. The reactodel is a heterogeneous three-phase plug flow
model, which includes molecular and hindered diffusnside the catalyst. The catalyst porous stmgct

is represented by Random Spheres, Needles and @epending on the catalyst. The use of such
catalyst structure models allows to advantageotegyesent catalyst aging. The reaction network is
based on 12 chemical lumps that were further sudbetivto track their atomic composition. The model

accurately predicts the reactor performances, dsagi¢he influence of catalyst deactivation.
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I ntroduction

Crude oils contain large fractions of heavy diffusion or surface diffusion. Hence, the perfonoas of
products for which only few commercial outlets ¢xis residue hydrotreating catalysts also strongly ddpen
Refining processes converting heavy oils into moreheir porous texture.
valuable products, such as gasolines, kerosenesaulle
distillates, are therefore vital to a refinery. Theaviest .
cuts, termed residues, also contain the largestiatamf M Ode“ng approaCh

impurities, which are usually hetero-atom compounds In this work, the performance of fixed bed residue

containing sulfur, nitrogen, and/or metals. Fixeddb v qrotreating units is predicted based on a model
residue hydrotreating mainly aims at removing thesgangiating the various physical and chemical pheeT.
impurities and at increasing the hydrogen contdnthe The porous structure of the catalysts was
hydrocarbon inlet stream. Residue hydroprocessig irepresented by Random Spheres, Random Needles and

carried out at high temperature and under a highduen  pangom Coins modefsThe three-phase heterogeneous
partial pressure, and with a catalyst promotinga@ex  one_dimensional plug flow model accounts for tramspf

network of reactions, amongst which are hydro-ghecies by convection. Intraparticle  diffusion s

demetallization, hydrodesulfurization, hydro- renresented by Fick's law, but the effective ditins
denitrogenation, hydrocracking, and hydrogenolysigefficient has several contributions. Indeed hesspecies
reactions. To enable these chemical transformatithes .o, have a radius of gyration that is of the sanderoof
residue feed passes over several fixed adiabatis beyagnityde as the pore size, configurational diéfosis
containing different catalysts. explicitly accounted fd
The reactivity of a residue feed depends both on To describe the reactions, the hydrocarbon

the concentration and the nature of the variousispeAs mixtures were first separated according to theiiifmp
even cutting-edge analytical. _techniques are noe.abl point into a low boiling (<375°C), intermediate b
re_solve the co_mp.lex composition of petroleqm ree’.'mha (375°C-520°C), and a high boiling (>520°C) fraction
widespread Liquid Chromatography technique is ofterach fraction was then separated in terms of sesira
used to characterize the feed in terms of satyrate§,omatics. resins and asphaltenes. In total, 12nidaé
aromatics, resins and asphaltenes. The latter @lteicc lumps aré thus represented (gas; light intérn1eoh'atd
structures whose radius of gyration typically lEtween heavy saturates; light, intermediate and heavy atios)

4
10 A and 500 A:* Asphaltenes can therefore onlY jntermediate and heavy resins; asphaltenes, aggréga
penetrate into the outer layers of porous catalyBteir asphaltenes, and deposits). To follow the puritcat

penetration is not only governed by molecular a”dreactions, the atomic composition (C, H, S, N, ®ahd
Knudsen diffusion, but also by so-called configimaal
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V) of each of these 12 lumps was also analyzed and
tracked in the model. This finally leads to a react .
network that contains 149 reactions between the 5£:onclu3|ons

subspecies. _ _ _ In this work, a model for fixed-bed residue
In residue hydrotreating, catalyst aging ispyqrotreating was developed in order to simultasgou
extremely rapid and run lengths are typically atbdg to predict the yield structure, the atomic compositin

12 months. The build-up of deposited coke and metghyns of C H. S. N. O. Ni V) of the various lumansd the
sulfides over time strongly affects the catalystessibility hydrotreating performances (in terms of HDM, HDS,
and pore structure, and hence its activity. The ofe pN ).

Random Spheres, Random Needles and Random Coins
models for the catalyst structure allows to advgetasly
represent catalyst aging. Indeed, the nucleationgaowth
of solid deposits (metal sulfides, coke) inside ploeosity

can easily be mimicked by superimposing three rando explicity taken into account during the model

media (fresh catalyst, metal sulfides, coke), aaldutate  yeyelopment. Hence, a three-phase heterogeneous one

the residual porosity, surface area and averag® pPOyimensional plug flow reactor model was selectest th
diameter from the volumes of coke deposits and @fam | ded intraparticle transport of the various paunds.

sulfides deposits. These parameters then diretfllyence  The kinetic model uses a two-level description bé t

the catalyst activity (through the surface are) gffective  yqrocarbon feedstocks and effluents. The firsellds

diffusion coefficients of the various species (Ugb the  girectly based on the analytical fractionation roetrand

remaining catalyst porosity and average pore s@®),the  gistinguishes 12 lumps, which are further dividetisub-

cataly_st accessibility (through the percolationeginold species based on their elemental analysis. Catalyst

porosity of the catalyst). deactivation was represented by superimposing three
random media (fresh catalyst, metal sulfides, cokey

Results and Discussion calcula_te the residual porosity, surface area an_}iage
pore diameter from the volumes of coke deposits afnd

The kinetic parameters were determined by meanmetal sulfides deposits.

of a constrained optimization from experimental adat The model accurately predicts the evolution along

obtained on a representative pilot unit. From tia¢itical  the reactor of the concentration profiles of theious

analysis and the various simulations, it can beclkeoled lumps, the impurities in the total liquid effluerand the

that the model is able to correctly predict thetuni atomic composition of each lump at various opegatin

operation. Indeed, a good agreement with the exigeriial  conditions and for different feeds, while the dasee in

data has been obtained, with regard not only to thectivity over time is correctly represented.

concentration profiles of the various lumped faeslibut

also to the elemental composition of each family.

The simulations also clearly show that significantRefer ences

intraparticle concentration gradients exist for redfenes (1) Kressmann S., Kasztelan S., and Harlé V.; Recen

and heavy resins, even at the reactor outlettifiting the developments in fixed-bed catalytic residue upgradi

need to account for intraparticle diffusion whendaking Catalysis Today 1998, 43, 203-215

residue hydroprocessing. The predicted intraparticl (2) Haulle F.X., Guibard I., Kressmann S. and Migmiac
profiles for the metal deposits (V and Ni) alsorespond | .* characterization of refractory sulfur compounifs
well to their measured intraparticle profiles. residua: Help for deep residue hydrodesulfurizatid®S

Catalyst deactivation was also correctly National Meeting, New Orleans, Fuel Division Chemistry
represented. This is illustrated by comparing theukation Preprints 2002, 48, 92-93

results to a 5000-hour pilot plant run. The strangft this (3) Sheu, E. Y. and Mullins O.C.; Asphaltend996
model resides in the fact that catalyst deactivatonot  gpinger Berlin. ' ’

simply adjusted by means of empirical deactivation(4) Speight, J.G.; The Chemistry and Technology of
functions, but directly evolves by combining threepatroleum1999. Marcel Dekker Inc.. New York.

structure representations (for the fresh catalgstmetal (5) Toulhoat, H., Hudebine D., Raybaud, P., GuitieuD.
sulfides, and for coke) based on random media rsodel 5.4 Kressmz;mn,S.' A new mc;del for co;‘nbi’ned sinoati

_ _Finally, the full-scale problem was also tackled ot gperations and optimization of catalysts in dess
Wlt_h th|_s model by_ sw_nulatmg an industrial mu_lnrdb hydroprocessing unitsCatalysis Today 2005, 109, 135-
adiabatic reactor with inter-reactor quenches anthgs 153

reactor operation. These simulation outputs weren th (6) Spry J. and Sawyer W., Paper presented at/&gtbal
compared to real plant data, i.e. the longitudimeighted  5jchE Meeting, Los Angelés November 1975.
average bed temperature profiles and the post morte ’ ’

analysis of the spent catalysts.

Experimentally measured profiles of metals
deposited inside catalysts obtained after catdifigstests
indicated that, for this type of feeds, significant
intraparticle diffusion of heavy molecules needs b®



