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1. INTRODUCTION

Catalytic processing is akeystone of today’s petro-
leum refining. The catalytic processes applied in the
potreleum industry are generally large scale.

In today’s operating climate of increased attentive-
nesstoward environmental and safety issues, spent cata-
lyst management options have became an important con-
sideration for refiners.

A catalyst deactivation determines how it can be
handled after it is discharged from the processing unit.
The type of the catalyst and its condition (whether it is
considered hazardous) often determines the disposal
route selected. Because of the self-heating and leach-
ing problems associated with spent hydrotreating
catalyst,it isrecommended that refiners ship their spent
catalyststo what is called “true recycles’.

The U.S. Environmental Protection Agency (EPA),
for example, isin the process of reevaluating the desig-
nation of spent hydroprocessing catalyst as
an hazardous waste.

Out of 3,837 MBPSD total crude oil

catalyst poisoning of major hydroconversion processes
in petroleum refinery.

A survey on the management of spent catalyst from
hydroconversion processesin ASEAN refineriesis de-
scribed in this paper.

Il. HYDROCONVERSION PROCESSES

Out of 3,837 MBPSD total crude oil currently pro-
cessed in 26 units of refineries, as much as 61 vol.% of
thistotal crude is passed through catalytic processesin
ASEAN refineries (Table 1)

Hydroconversion processes can be used foe avery
wide range duties,from the improvement of petroleum
products.

The metal sitesof the hydroconversion catalystsare
couple of metals of groups VIA and VIII such as Co-
Mo, Ni-Mo, Ni-W and Ci-W. No matter which support
and pair of active sulfides are used, and no matter what

Table 1
currently processed in ASEAN (Brunai Hydroconversion Processes in ASEAN Refineries
Darussalam, Indonesia, Malaysia, -
Philippenes, Singapore, Thailand, not in- No. | Type of Processes Total | Total Capacity
. . Units MBPSD
cluding Vietnam, Laos and Myanmar)
arround 61 percent volume is passed No. of Refineries 26
through catalytic processes (included 2 |Atmospheric Distillation 45 3,873.9
1 0
hydroconve@ on processes 58 vol.%) to 3 [Catalytic Hydrocracking 13 271.08
prodqce various fuel gomponents such as Prosesses
gasoline and diesel oil. These hydrocon- .
. 4 |Hydrotreating Prosesses 55 1,330.98
version processes use about 3,279 tons of _
catalyst with about 28 tons per day of spent 4.1 [Naptha Hydrotreating 26 574.88
catalyst. 4.2 Kerosene Hydrotreating 4 49.20
The present paper discusses briefly a 4.3 |Distillate Hydrotreating 24 648.90
survey on the management of spent cata- 4.4 |Residue Hydrotreating 1 58.00

lyst of hydroconverion processes in
ASEAN refineries and some aspects of
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thereactionis, the atomatic ration remains between 0.25
and 0.40 at the optimum conversion. These optimal area
evidence of the synergistic effect exercised by sulfides
of the metals of group VIII (Co,S,MoS, and Ni._S, ).

879’
Over 1,543 MBPSD total capacity isavailablein 54
units of hydroconversion processes (i.e.hydrotreating
hydrocracking processes) where about 3,279 tons of
catalyts. Meta content of hydroconversion catalysts
aregivenin Figure 1. Surface area, pore volumevsbulk
density of hydroconversion processes are given in Fig-
ure2 and 3.

Thereaction severity selected depends upon the prop-
erties of the charge stock as well as the improvement
desired. Theleast severe conditionsfor cracked distilates,
heavy oils, and waxes. The principal proces variables
are hydrogen partial pressure, space velocity or contact
time, and temperature.

A. Hydrotreating processes

Hydrotreating is a proces to catalytically stabilize
petroleum product and/or remove objectionable elements
from products or feedstocks by reacting them with hy-
drogen. Hydrotreating is applied to awide range of feed-
stocks ranging from naphtato residue.

The catalystsemployed for hydrotreating are mono-
functional. Catalyst supports are alumines with large
surface area and high pore volume. A large variety of
catalysts can be employed for catalytic hydrotreating
using hydrogen, but the type commonly used is mixed
metal sulfides of Co-Mo supported on AlLO, The oper-
ating conditions depend on the type of feedstocks and
the desired product quality,and areaasfollows:hydrogen
partial pressures. 5-40 bar,temperatures:330-400 °C and
space velocities:1-8. Catalyst life and consumption are
1-5yearsand 0,001-0,007 Ib per barrel feed,respectively.

Over 1,330 MBPSD total capacity isavailablein 56
units of hydrotreating processes in ASEAN refineries
with atotal of about 2,052 tons of catalysts (Co-Mo/
Al O,). These hydrotrating processe treated the follow-
ing feedstock:naphtha43.19 vol .%,middledistilates 52.45
vol.% and residues 4.36 vol .%. Total spent catalyst from
these hydrotreating processed is estimated at about 24.8
tons per day. There metal contents are as follows: Co
from 1.5 to 5.2 wt.% and Mo from 9.9 to 20.0 wt.% on
catalyst.

1. Naptha Hydrotreating

Naptha hydrotreating for preparation of catalytic
reformer and catal ytic isomerization feedstocksisaimed
eliminating sulfur, nitrogen, oxygenated compounds, and

organo-metallic impurities (Pb, As, P) that may poison
the platinum catalysts. The selective hydrogenation of
thermal cracked napthas removes sulfur selectively
wthout cracking or polimerization,and saturates essen-
tially all conjugated dienes with a moderate degree of
monool efins hydrogenations. This selective hydrgenation
produces alow sulfur,low gum content product with re-
tention of moderarte high reseach octane number.

Thereare 26 units of napthahydrotreating processes
with about 574 MBPSD of thetota capacity (i.e.straight-
run and thermal cracked napthas) in ASEAN refineries.
Over 416 tonsof catalyst consumption or about 5.2 tons
per day of spent catalyst.

2. Middle Distillate Hydrotreating

The hydrotreating of middle distillates is currently
the larger application of this type of hydro processing.
The primary objectivein hydrotreating of kerosene, stve
oil, jet fuel, gas oil, and heting ail isis to enhance their
quality by areductionin sulfur and traceinprovement in
burning characteristics, color stability,and resistance to
sludging and to saturate aromatics.

About 628 MBPSD total capacity (i.e.straight-run
and thermal, and catalytic cracked middle disstillates) is
operating in 30 unitsof hydrotreating processeswith over
1,552 tons of catalysts. With average about 0.06 Ib per
bbl feed,the spent catalyst produced is about 19.1 tons

per day.
3. Residue Hydrotreating

The increased refinery runs of heavy high sulfur
stocks have forced many petroleum refinersto to apply
hydrotreating to process streams to orders to maintain
product quality. How over,theincreased yield of residual
fuels from low grade stocks and the reduced percent-
age demand for these heavy residual fuels have spot-
lighted the essential incentive for hyrotreating the con-
version of low grade crudesand residual sinto disstillates.
Theresidual s contain asphaltene componentsthat readily
deposit on the catalyst as coke, or from materials that
deposit as coke which deactivates catalysts.

Thereisoneunit of of hydrodemellization of reduced
crude in ASEAN with about 58 MBPSD capacity to
produce cat. Cracked feedstock. Over 84 tons catalyst
is used with about 6 months of the catalyst life,or about
0.5 ton per day of the spent catalyst.

4. Hydrocracking Processes

Hydrocracking of petroleum fractions to produce
lighter distillatesisgenerally carried out over dual-func-
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Relation between surface area and
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mechanical strength of hydrotreating catalyst
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tion catalyst. The function serve to: (a) crack higher-
mol ecul ar-weight hydrocarbons, and (b) activate molecu-
lar hydrogen and hydrogenate unsaturated compounds
present in the feed or formed during the cracking pro-
cesses. The acidid cracking function isusually provided
by an amorphoussilica-alumina(similar tothe catalystin
cat. Cracking), acristalline aluminosicate (zeolite). The
major hydrogenation compounds are Ni-Mo or Ni-W.

Over 280 MBPSD total capacity is operating in 13
unitsof hydrocracking processto produce middledisstillate
in ASEAN with atotal catalyst ( Ni-Mo and Ni-W sup-
ported on Al,O,-SIO, ) of 1,227 tons. With average cata-
lyst is estimated at about 3.0 tons. Metal content of hy-
drocracking catalystsare as follows : Ni from 3.2 t0 4.2
wt.% and from 13.0 to 15.0 wt.% and Won catalyst.

I11. DEACTIVATION OF
HYDROCONVERSION
CATALYSTS

Deactivation of the hydroconversion catalysts, which
may occur by physical transformation (such as sinter-
ing), coking or poisoning, isthereforeto beminimized as
much asit is feasible. Some aspects of catalyst poison-
ing, defined as the deactivation caused by
strong,irreversible adsorption of feed contaminants and
the reaction severity selected in magjor refining processes
employing heterogenous catal ysts.

A. Presulfiding of catalyst

The unsurated hydrocarbons of the feedstock could
impose additional high risk of cokeformation onthefresh
catalyst because of the olefinic and polynuclear-aromatic
(PNA) components. A special start-up procedureisthere
fore recommended to improve presulfiding presulfiding
without excessive coke formation on the fresh catalyst.
A diesel-range hydrotreated gas oil is used for
presulfiding,thus eliminating the risk of coke formation
caused by olefins and PNA's in the untreated gas oils.
The use hydrotreated gas oil feedstock must be contin-
ued for 24 hr after completion of presulfiding beforein-
troducing coker gas oil feedstocksinto the unit.

When the presulfiding temperature of catalyst acti-
vation is reached, the temperature is stready untill the
conversion of the catalyst metal oxidesto metal sulfides
iscompleted. Thisprocedureisgood for achieving rapid
start-up, but the reactions are highly exothermic. In ex-
treme casses, the exotherms can give heat enough to
reduce the metal oxides to base metal. If this happens,
the catalyst will not achieve its optimum activity level.
The new technology utilizes a model organic matrix to

form a complex with the sulfur and metal oxide on the
catalyst. Catalysts presulfided in this manner contain a
range of metal sulfideswhich are converted to sulfides
over awide temperature range, thus eliminating sharp
exotherms.

B. Impurities of Feedstock
1. Sulfur Components

The sensitivity of the hydrogenation functionsis,of
course, dependent upon the choice of the metal. Asvery
high hydrogenation activity isnot necessary or even de-
sirable, metal sulfides such as mixed sulfides of the Co-
Mo, Ni-Mo or Ni-W types can be employed for
hydroconversion processes. Thistype of hydrogenation
component is,of course, quitetolerant to sulfur and will
even have to be operated with some sulfur to maintain
to sulfided state (Co,S,, MoS, ,Ni,Si,, and WS,). How-
ever, with some high sulfur content of feedstocksit is
frequently desirable to scrub the recycle gasto prevent
the accumulation of hydrogn sulfide asa potential cata-
lyst poison. In some instances it may be necessary to
enrich therecycle gas by absorptionor blending of some
hydrogen lean gas from the high pressur separator and
changing hydrogen rich make-up gas.

The overall effect of hydrogen partial pressure is
made up of the combined effects of total pressure, hy-
drogen concertration of the recycle gas, and the hydro-
gento hydrocarbon ratio. Rotal pressurein commercial
units varies from 100 to 1,000 psig, hydrogen content
of the recycle gas should be above 60% vol. And pref-
erably 80-90% vol. Therecyclegasratioisusualy main-
tained in the range 500-4,000 scf per barrel of charge.

2. Nitrogen Component

The majority of crudes contain only small amounts
of total nitrogen consiting of basic and non-basic nitro-
gen compounds, of the order of 0.1 wt.% or less. Some
Cdifornian and South American crudes, however, are
known to contain appreciable amounts of the order be-
tween 0.1 to 0.9 wt.%.

The fact that asphaltic crudes tend to contain rela-
tively higher proportion of nitrogen,concetrated mainly
in the heavier fractions and residues. High carbon resi-
dueis paraleled by a high total nitrogen content. The
ratio of basic nitrogen to total nitrogen content is al-
most constant (varying between 0.25 and 0.35),and that
athough the amount of basic nitrogen (pyridine, pyr-
role, quinoline, isoquoniline, indole and carbazole) in-
creases with boiling point, the ratio reins constant.

The acid function of hydrocracking catalyst is sen-
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sitive to poisoning by nitrogen bases in the feedstock.
Cracking catalysts based in crystaline aluminosicate can
stand some nitrogen and may actually prepare a certain
nitrogen concentration for stable operation. The effect
the nitrogen content of feedstock on the reaction tem-
perature required to maintain aconstant catalyst activity
is higher for amorph support than that for zeolite sup-
port.

3. Asphalthene Component

Coke isthought to be produced by the precipitation
of large-molecular hydrocarbons, such as asphalthenes,
when their solubility in oil is decreased. Anincreasein
the conversion of vacum residue increases the aroma-
ticity of asphalthenes and decreases the aromaticity of
malthenes. Consequently, the solubility of the
asphalthenes in malthenes decreases.

It was also proposed that a decrease in asphalthenes
solubility ispartly responsiblefor the steady build-up of
cokeinthe catalyst, subsequeny to theinitial rapid coke
deposition caused by the absorption of asphalthenes on
the acidic sites of an aluminasupport. Thismay explain
why an increase in residue conversion increaes the
amount of coke in the reactor exit.

If the unit has to be shut down, not because of cata-
lyst deactivation of coke, but the due to pressure drops
caused by carbon deposits and scales of iron sulfide at
thetop of the bed, the catalyst must be drawn off wholly
or ij part, depending on the design of the reactor and
screened.

4. Metal Organic Component

Particular problemsfor hydroprocessing of the heavy
end of crude oil area posed by the presence of metal (V,
Ni and Fe) and polyaromatics, heteroatom-rich materi-
a scalled asphalthenes. Concentrations of vanadium (the
main metal contaminant) range between 50 and 100
ppmw. Residual feedstock from some crudes are much
richer in metals, vanadium content being sometimes as
high as about 1,000 ppmw. Vanadium and nickel (and
Cu, at smaller extent iron and cobalt) occur asvery stable,
oil-soluble nitrogen complexesintheform of phosphyrins.
Phosphirins ( and associated dihydro and tetrahydro )
arewell defined group of compoundswith awiderange
of molecular weight, according to the varying types and
number of alkyl, carbonyl and carboxy! subtituentsthey
contint. The metal content of acrude appearsinthedis-
tillation residues, asociated with asphaltic fraction.

Oneof the chief problemswith processing of recidues
is the deposition of the metals. Vanadium is the depos-

ited in the form of a film in the outside of the grain
(uniform pore poi soning or homogenous pore poi soning).
Heterogenous pore poisoning gives lower pore effec-
tiveness than does the homogenous pore poisoning @ .

If deactivation is due to metal deposits,the catalyst
cannot be completely restored by combustion, wich does
not remove the deposited metals progresses, from one
cycle to the next; and the catalyst must be changed be-
fore this front reaches the bottom of the catalytic bed,
even if the hydrodesul furization performanceisstill ac-
ceptable.

The retention of mechanical strength after in-situ
regeneration in the presence of steam or flue gasis nec-
essary for long catalyst life (Figura 4). Multiple beds
may be required to reduce the pressure on the bottom
layer of catalyst which generally rests on a layer alu-
minaballs.

Pressure drop throught the catalyst bed, which is
the function of low conditionsand catalyst particle size,
is important because it determines the power require-
ment for make-up and recycle hydrogen compression.
Consideration must be given to the mechanical strength
of the catalyst and method of packing it to avoid crush-

ing.

C. Operating Conditions
1. Temperature

Catalyst coke formation is markedly temperature
dependent, and therefore the temperature should be
maintained aslow aspossibleat all times, consistent with
desired product quality, so that the rate of catalyst foul-
ingisminimized. Thetemperatureisnormally maintained
between 500 and 775° C. When it substantial hydroc-
racking reactions become predominant.

2. Space Velocity

The effect of an increase in liquid hourly space ve-
locity or reciprocal contact time in vapor phase opera-
tions is to decrease formation of coke on the catalyst.
Commercia operationsutilize spacevel ocitiesin therange
of 1 —10 volumes of feed per volume of catalyst per
hour.

D. Regeneration of Catalyst

Catalyst deactivated by coke can be regenerated by
combustion. The operation rel eases avery large amount
of heat due to the combustion of the coke and to the
oxidation of the sulfides. Theliberated heat tendsto pro-
vokerisesin thetemperature that must be carefully con-
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trolled at all pointsthrought the catalyst bed. Even short
periodes with hot spot can damage the catalyst. Above
550° C, molybdenum oxide vaporises, and the specific
areaas well asthe mechanical resistance of some cata-
lyst can begin to decrease (Figure 4). There fore the
rise in temperature is monitored by operating the com-
bustion at low air partial pressurewhichisdiluted witha
heat carier such as steam or nitrogen.

Each of the inert diluent gases, steam or nitrogen,
hasits advantages and disadvantages. Combustioninthe
presence of steam is simple and easy to conduct, but
under some conditions of temperatures, prolonged treat-
ment with steam can cause a change in the crystal-
lized phase of aluminasupport. The results are aloss of
surface, areduction in activity of the catalyst, and ade-
terioration of the catalystmechanical properties, inthe
case of well-run operations, however, catalysts can with-
stand five to ten regenerations of this type.

Combustion with nitrogen also involved operating
under pressure, with nitrogen recirculation. Water from
the combustion is condensed, then neutralized. Thisop-
eration requires more care and is probably more expen-
sive than the regeneration with steam, but its better for
the catalyst and poses fewer pollution problems.

IV. MANAGEMENT OF THE SPENT
CATALYST

In today’s operating climate of increased attentive-
ness toward environmental and safety issues, catalyst
management options have become an important consid-
eration for refiners.

A catalyst’sdeactivation mechanism determines how
it can be handled after it isdischarged from the process-
ing unit.

The three basic deactivation mechanisms for refin-
ing catalyst are:

- cokeor carbon formation (plugging of pores, cover-
age of active sites)

- Aging (metal agglomerations)

- Poisoning (feed contaminations).

In most cases, catalyst, deactivated by coking is
suitable for regeneration and reuse. Often, regenerated
catalysts can be reloaded into the same unit. “In severe
duty units, only fresh catalyst will give the desired per-
formance and the regenerated can be cascaded to less
severe service.

A recent development in the regeneration and reuse

of catalyst is what it calls management of regenerated
catalyst for groups of refiners.

The U.S. Environmental Protection Agency (EPA)
considers spent hydrotreating and hydrorefining catalysts
ahazardouswaste only if they exhibit certain hazardous
characteristics, such aspyroforicity, or fail the Toxicity
Characteristic Leachate Procedure (TCIP). Catalysts
that fail the TLCP test usually do so because of arsenic
and benzene. The EPA, however, is in the process of
deciding whether to classify all

hydrotreating and hydrorefining catalystsas alisted
hazardous waste, regardless of their characteristics.

In recent years, a select number of refiners have
been shipping agreater portion of their spent hydrotreating
catalyststo landfills.

When EPA restricts a hazardous waste from dis-
posal inlandfills, it must set methods or levels of treat-
ment. In the case of hydrotreating catalysts, this means
high-temperature metal s recovery, followed by stabili-
zation.

The management of spent catalyst in
hydroconversion unitsand metallic by- products has be-
comeincreasingly more complex over thelast couple of
years, due to tightening environmental concern. Spent
hydroconversion catalyst are also reused as an alternate
raw material inthe making of stainless steel swhere spent
nickel, for example, isused ; further, in the manufacture
of metal salts and chemicals. This recycling process
keeps thousands of tons of usable materials from being
dumped into landfill. Spent catalysts may sometimes
have a negative value and cost to be reclaimed. This
resultsfrom low metal content (compared to spent cata-
lyst of hydroconversion processes), low metal values,
and high extraction costs or metal losses. However, the
end result isreclamation and recovery which eliminates
or reduces|andfill.

Themicronutrient industry isan example of suchan
end market. The production of micronutrientsinvolvesa
simple process where metal oxides are blended together,
acidulated with sulfuric acid to yield primary metals,
granulated, sizes' and shipped to fertilizer manufac-
turer. The micronutrients are then blended with other
fertilizer ingredientsto correct for regional soil deficients.

In Indonesia and the Philippines, spent
hydroconversion catalystsare disposed to landfill. Leach
test was performed for spent catalyst prior to landfill. In
Thailand, most refineries used the method of recycle by
sending the spent catalyst back to the country of origin
to do the process of recycle.
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To maximize the reclamation of spent
hydroconversion catalyst both economically and envi-
ronmentally, fivefactors should be addressed: (1) proper
planning and physical handling; (2) transportation of spent
catalysts; (3) environmental concerns; (4) end uses of
spent catalyst; and (5) choosing the proper safe recla-
mation “homes” for the full range of spent catalystsand
other metallic by-products. Profer classification of spent
catalyst is required prior to reclamation and recycling.
Test should be performed on these spent catalyst to find
out whether or not their materials are hazardous wastes
such astoxic characteristic leaching procedure (TCLP).
This test determines the leachable hazardous charac-
teristics of a spent catalyst and its metals content. Fur-
ther, afull chemical analysis should be performed to
verify the spent catalyst and its actual content, as well
asto determine whether or not aspent catalyst is classi-
fied as a non hazardous or hazardous material, or as a
RCA hazardous waste.

V. CONCLUSION

Out of 3,837 MBPSD total crude oil currently pro-
cessed in 26 units of refineries, as much as 2,581
MBPSD of itsfractions(or 67 vol.%). of thistotal crude
is passed through catalytic processes in ASEAN refin-
eries.

Hydroconversion processes can be used in a very
wide range of duties, from the improvement petroleum
products to the conversion heavy fraction into lighter
products.

Over 1,611 MBPSD intotal capacity isprocessedin
54 units of hydroconversion processes i.e. hydrotreating
and hydrocracking with about 3,279 tons of cataysts
which consist of 2,052 tons of hydrotreating catalyst (Co-
Mo/A1203) and of 1,227 tonsof hydrocracking catalyst
(Ni-Mo or Ni-W supported on A1,0,-Si0,) to produce
about 28.0 tons of spent catalyst per day.

In Indonesiaand the Philippines, spent catalystsare
disposed to landfill, while Thailand uses the method of
recycle by sending the spent catalyst beck to the coun-
try of origin to do the processes of recycle.

The management of spent catalyst and metallic by-
product has becomeincreasingly more complex over the
last couple of years, dueto lightening environmental con-
cern.
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