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Abstract

TRI CAT has introduced the first technology to truly pre-

sul fide hydroprocessing catalyst prior to | oading the catalyst
into the unit. The catalyst is passivated agai nst self-
heating, and can be |loaded in air into the hydroprocessing
unit. Unit start-up is greatly sinplified and shortened with
no exotherms or water-Iliberating reactions.

Initial comercial tests have confirmed that catal ysts pre-
sulfided via this new process, called "XpresS"', experience no
exot herm during start-up. Laboratory activity testing of the
XpresS pre-sul fided catal ysts has shown that the pre-sulfided
catalyst is as active as catalysts sulfided in-situ using

sul fiding chen cal s.

Backar ound

Catal ysts typically containing N ckel and Ml ybdenum (Ni Mo) or
Cobalt and Mol ybdenum (CoMb) di spersed on a carrier conposed
of alum na, anorphous silica-alumna, or crystalline silica-
alum na (zeolites) are used extensively in the refining and
petrochem cal industry. These catalysts are w dely enpl oyed
in hydrotreating and hydrocracking units to upgrade crude
fractions into desired products by renoving sul fur and

ni trogen; addi ng hydrogen; and cracking to lighter products.
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Tungsten is occasionally used in place of Ml ybdenum
particularly in hydrocracki ng catal ysts.

As manufactured, the catal yst are prepared with the nmetals in
the oxide form(ie. NiO, CoO MG and WX%). In this form
however, the netals are not active to catalyze the desired
reactions. For the catalysts to work as designed, they nust
first be converted to an active form by reacting the netal
oxide with sulfur to formthe correspondi ng nmetal sulfide.
Exanpl es of the sulfiding reactions are shown in Table 1.

The active nmetal sulfides are typically unstable in air. |If
exposed, they tend to convert back to metal oxides and netal
oxysul fides, releasing heat and sulfur in the formof SO. It
has proven to be largely inpractical to get sulfided catalyst

packaged in an inert atnosphere into a reactor without
exposure to air.

Hi storically, the sulfiding reactions are perfornmed in-situ
during the hydroprocessing unit start-up. The sulfiding can
be performed in either the gaseous or liquid phase, and
normally the refiner enploys a sul fur-containing "spiking"
conpound (which deconmposes to hydrogen sul fide at sulfiding
tenperatures) to speed the process. There are several

di sadvantages to using the in-situ sulfiding nethod:

o The start-up is exotherm c and thus nust be undertaken
slowmy and with great care.

® The sul fiding reaction yields water which nust be
renoved.

® The spi ki ng conpounds can be toxic, flammble and/or
odor ous.

The exotherm c nature of the sulfiding reactions pose the
greatest concern for the refiner during start-up. In
particul ar, gas-phase sulfiding (which nust be enployed during
hydr ocracker start-ups) can be especially troubl esone.

Because the sulfiding reactions require hydrogen to proceed,
there is a concern that the nmetals can be reduced at high
tenperatures. |If the nmetals are reduced with hydrogen in the
absence of hydrogen sulfide, the sulfiding reactions will not
proceed. Aggloneration of the active netals can occur,
resulting in severe catalyst damage. The literature suggests
that sulfiding reactions are initiated at ~250°F while netals
reduction in the presence of hydrogen initiates at ~650°F.*
While this tenperature spread is quite high, exotherms of nuch
greater than 400°F have been observed during gas-phase

sul fiding. 2
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Because of the potential for metals reduction, the inlet

sul fiding tenperature is held at relatively |ow tenperatures
for several hours to allow a tenperature wave to pass through
the catal yst bed. An excess of H;S is maintained such that

t he bed never sees hydrogen al one at conditions that can
reduce the netal. The |ow tenperature sulfiding step can
continue for as long as 3 days during gas-phase sulfiding in
| arge hydrocracking reactors.

The rel ease of water during sulfiding can al so be an area of
concern. As water is released, the downstream portion of the
catal yst bed is exposed to steam which can deactivate the
catalyst if the tenperatures are high. Also, special care
must be taken to drain the high pressure separator frequently
to avoid water carryover.

Even when proper care is taken during sulfiding via this

nmet hod, the activity of the sulfided catalyst can be poorer

t han expected due to a nunber of factors. One of the nore
conmon problens is poor distribution of the sulfiding conpound
during the sulfiding process, resulting in inconplete
sulfiding. This will also |lead to higher than expected start-
of -run tenperatures and shorter than expected cycle | engths.

Some i nprovenent in sulfiding has been realized in the past
several years with the introduction of "pre-sulfurizing"
technologies. In these technol ogies, the need for a spiking
conpound is elimnated by coating the catalyst (ex-situ) with
mol ecul ar sul fur or sul fur-containing compounds.®* The
catalyst is not sulfided ex-situ, although sone conversion of
the netal oxide sites to a netal oxysulfide can occur. The
catal yst can then be sulfided in-situ without the need for a
spi ki ng conpound.

The pre-sul furized catal ysts, however, still require that the
exotherm ¢ and water-yielding reactions take place in-situ.
Since the sulfur is distributed throughout the bed, once

sul fiding tenperature is reached, the water |iberation can be
al nost i nmmedi ate. The exotherm can al so be quite extremne.?
As a result, the start-up of the unit remains tine-consum ng
and subject to upsets.

XpresS Process Devel opnent

I n 1993, TRICAT introduced the TRI CAT Regenerati on Process
(TRP) to regenerate spent hydroprocessing catalysts in an
ebul l ated (or expanded) bed.® The use of an ebull ated bed
desi gn provided a significant advantage over ol der
regeneration processes because of the ability of the fluid bed
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to carry away the heat rel eased during oxidization of the
carbon and sul fur deposited on the catal yst during normal
oper ati on.

Wth the success of the TRP, TRI CAT set out to extend the
ebul | ated bed concept toward the exothernmic pre-sulfiding
reactions. Initial pilot plant testing with a conventi onal
Ni Mo catal yst showed that sulfur could be distributed

uni formy upon the catalyst sanple in about 90 mnutes with a
smal | exotherm By contrast, a packed bed of the sane
cat al yst showed uneven sul fur distribution, and a nmuch | arger
exot herm across the bed when sul fided under the sane
condi ti ons.

The amount of sul fur deposited on the catalyst during this
initial testing approached stoichionetric |levels according to
the equations in Table 1. This gave the first indication that
no reduction of the metals was occurring at these

t enrper at ur es.

As expected, catalyst sulfided in these tests was unstable in
air. Upon exposure, sanples rapidly began to heat, and evol ve
sul fur. In order to conduct additional testing with the

sul fided catal yst, the catalyst was cooled with nitrogen and

t hen subnerged in a diesel oil bath. Excess oil was renoved

fromthe catal yst by sieving, and the oil was dried fromthe
surface.

The now- passi vated catal yst was eval uated for sul fur types.
Table 2 shows that nearly all of the sulfur found was in the
sulfide form A single pilot plant activity test conducted by
the R&D | ab of a major oil conpany conpared the activity of
this catalyst with a sanple sulfided in-situ in the pilot
plant. Their results indicated that the activity of the two
sanpl es was equival ent within experinmental variation.

More extensive pilot plant testing was al so undertaken by

anot her major oil conpany's R&D lab. This oil conpany desires
to use pre-sulfided catalyst in a specialty chem cal
application where the feed has negligible sulfur levels. As a
result, their test is nore sensitive to a poorly sulfided
sanpl e because of the inability of the catalyst to continue
sul fiding under the typical operating conditions in a

hydr opr ocessi ng reactor.

In their testing, they evaluated the first order rate constant
for their desired conversion reactions. Their activity test
was perforned with a conventional N Mo catal yst pre-sulfided
in TRICAT's pilot plant. In this study, the catal yst was
passivated in the reactant for the process. Figure 1 shows
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that the activity obtained for the pre-sulfided catal yst
during a brief aging study was within the expected activity
range they obtained for the sanme catalyst sulfided in their
pil ot plant using HS.

In scaling up fromthe pilot plant, the use of oil as a

passi vati on agent appeared to be the npbst sensitive area.

| nconpl ete renmoval of the excess oil would | eave the sulfided
catalyst difficult to handle. Overdrying |eaves the catal yst

susceptible to self-heating. Several |iquids were eval uated
which dried nmore readily than a conventional diesel stream
but the catalyst was still difficult to handle.

To avoid these concerns, TRICAT decided to redirect its
efforts towards gas-based passivation agents. Rather than
physically coat the catalyst surface to render it inert,

TRI CAT eval uated nmet hods to passivate the surface through
chem cal treatnment. The objective of these studies was to
retain the activity observed for the oil passivated catal yst
while also maintaining the stability of the sulfided catalyst
at atnospheric conditions.

Consi derable testing in the pilot plant yielded a fornula

whi ch met these goals. Activity testing of catalysts sulfided
and passivated using this proprietary fornul ati on was
undertaken. Because of the tendency of CoMb catal ysts to be
nore reactive in air, nmuch of the testing was conducted with a
fresh CoMo product.

The desul furization and denitrogenati on performance of a CoM

catal yst sul fided and then passivated using this new techni que
was eval uat ed extensively. These tests, conducted at an

i ndependent | aboratory in Europe, conpared the activity of

TRI CAT' s pre-sul fided catalyst with a conventionally sulfided

catalyst. For conventional in-situ sulfiding, the [ aboratory
enpl oyed dioctyl pentasul fide (DOPS), a "spiking" agent used in
t he European market. The | aboratory determ ned that at the

conditions enployed in their pilot plant, DOPS provided a nore
uniformy sulfided (and nore active) catalyst than did nore

wi dely used additives (including DMDS and DMSO). The in-situ
sulfiding with DOPS was perfornmed via standard procedures
using a gradual heat-up from 300 to 660°F, achieving conplete
sul fur breakthrough at several tenperatures.

Both the in-situ sulfided catalyst and the ex-situ pre-

sul fided catal yst prepared by the XpresS nethod were eval uated
with an atnospheric gas oil feed containing 1.2 wt % sul fur and
400 ppm nitrogen. Each catalyst was tested for
desul furi zation and denitrogenati on performnce at 600 psig
and tenperatures ranging from590 to 700°F. The results are
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shown in Figures 2 & 3.

The results show that the activity of the pre-sulfided
catalyst is equivalent to the in-situ sulfided catal yst.
Addi tionally, no change in product yields was observed. A
brief aging study al so showed no adverse aging for the lab
pre-sul fided catal yst.

On the basis of these results, TRI CAT conmi ssioned Lurgi to
design and build a plant in Bitterfeld, Germany to pre-sulfide
the catal yst via the nethods devel oped in these pilot plant

st udi es.

The XpresS Process

TRI CAT' s new XpresS process is shown schematically in Figure
4. The design, which can accommpdate both fresh and
regenerated catal yst, incorporates several features fromthe
TRI CAT regeneration process. Both the sulfiding and

passi vation reactors utilize an expanded bed, with the

sul fiding gases (H, and H,S carried in N;) and passivation
gases providing the neans for bed expansion. The design is
flexible to handle a range of catal yst sizes and shapes. Gas
velocity is targeted to operate just above the m ni mum
fluidization velocity for the catalyst in process. Bed
expansion is typically in the range of 10-20%

Each reactor is also baffled to ensure a tortuous path for the
catalyst. As a result, the catalyst cannot short circuit

t hrough the reactors, ensuring that each particle is fully

sul fided and subsequently passivat ed.

The sul fiding gases are recycl ed back through the reactor
after particulate and water renoval. An excess of H,S is
enpl oyed to ensure that catal yst reducti on does not occur.
Resi dual H,S, including any stripped off in the passivation
reactor, is scrubbed fromthe effluent gas.

The final step before packaging is screening to renove any
fines generated during the process or contained in the feed.

The sul fided product is typically packaged in drums or flow
bins. Although the XpresS pre-sulfided catalyst is stable in
air even at tenperatures up to 100°C, it is classified as a

sel f-heating inorganic solid (UN-3190). This classification

i ndi cates that when heated in flowng air to 140°C (284°F), the
material will heat spontaneously to a tenperature above 200°C
(392°F). XpresS pre-sulfided catalyst will self heat under
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t hese extreme conditions. As a result, XpresS pre-sulfided
cat al yst nust be packaged in conformance with the referenced
standards.® Catalyst pre-sulfurized, via technol ogies
referenced earlier, also do not pass this "self-heating"
standard, and are cl assified and packaged in the sanme fashion
as XpresS catal yst.

The XpresS Start-up

Starting up a hydroprocessing unit after treating the catalyst
via the XpresS process is greatly sinplified. The speed of
the start-up is mainly governed by the metallurgical limts of
the unit. After the catalyst is |oaded, and the unit is
purged with nitrogen; hydrogen circulation is initiated

wi t hout recycl e gas scrubbing.

Pressure is increased in accordance with netall urgical
limtations to about 400 psig. Reactor heat-up is then
initiated at 50-75°F per hour. Once the reactor walls have
reached 250-300°F, the reactor pressure can be raised to ful
operating pressure. Heat-up is resuned, and feed is

i ntroduced at the appropriate tenperature for the feedstock

In contrast to start-ups using in-situ sulfiding or pre-

sul furized catal yst, XpresS start-ups experience no exotherns,
and no water is |iberated.

Commercial Test of XpresS Pre-Sulfided Catalyst

The first commercial test of the XpresS technol ogy was carried
out in late 1997 at the OW refinery in Burghausen, GCernmany.
TRI CAT regenerated and sulfided a small ot of a w dely-used
CoMb catalyst for use in a pyrolysis gasoline

hydr odesul furization unit. Based on the cobalt and nol ybdenum
content of the regenerated catal yst, and the equations in
Table 1, we expected 9.4 wt% sulfur to be deposited on the

sul fided catalyst. The actual sulfur content was 8.3 wt% or
about 90% of the theoretical sulfur |loading. The catalyst was
rel oaded into the unit and topped off with about 20% pre-

sul furized, regenerated catalyst fromthe refinery's

i nventory.

Figure 5 shows the tenperature profile fromthe unit during
start-up. Upon the introduction of hydrogen at ~150°F, a

maxi mum exot herm of | ess than 10°F was observed in the top
portion of the reactor throughout the heat-up. This is
consistent with the literature for the pre-sulfurized product
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enpl oyed in the top 20% of the reactor.? This exotherm

di ssi pated along the length of the bed, indicating that the
XpresS pre-sul fided catal yst was experienci ng no exotherm c
sul fiding reactions.

The refinery typically introduces oil to this reactor at

460°F. However, to conply with the start-up guidelines for the
pre-sul furized catal yst that was |oaded in the top of the bed;
the refiner raised the tenperature to 595°F briefly before
reduci ng back to 460°F. As shown, this additional step (which
woul d not have been necessary with the XpresS pre-sulfided
catal yst), cost the refiner an additional 6-8 hours of start-
up tine.

OW reported that the start-of-run activity was within the
expected range for the unit. Aging also proved to be typical
t hroughout the relatively short cycle typically experienced
for this unit.

Concl usi ons

TRI CAT' s new XpresS pre-sul fiding process successfully
activates hydroprocessing catal yst, and enables refiners to
sinplify and accelerate the hydroprocessing unit start-up
procedure. The plant is able to process a broad range of
hydr oprocessi ng catal yst, including the variety of shapes and
sizes currently enpl oyed.

Pilot-plant testing has confirmed that catal ysts activated via
the XpresS procedure are as active as those sulfided in-situ
using the | atest techniques.

The first commercially pre-sulfided catal ysts produced via the
XpresS process at TRICAT's new Bitterfeld, Gernmany plant have
confirmed that the pre-sulfided catalyst is stable in air.

The first comrercial start-ups with the XpresS pre-sulfided
catal yst have confirmed that the start-up can be achieved with
no exotherm and is greatly accel erated.
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Table 1

Sul fiding Reactions

SNO+ 2HbS + b --> N3 + 3HO

9C00 + 8HS + H --> CogS + 9HO0

MG + 2HS + H --> MS, + 3H0

W + 2HS + H --> W5, + 3HO

AM 98- 59
Page 10



Table 2
N Mo Catal yst Sul fiding

N on catal yst 3 W%
Mo on cat al yst 14 wt %

Theoretical sul fur |evel on
sul fi ded catal yst? 10. 4 wt %

Pilot Plant Pre-sulfiding results
(dry basis)

Total Sul fur Content 9.6 W%

Sul fur as S 8.7 W%
Sul fur as SO- 0.5 Wt %
Sul fur as SO;- 0.4 wt%
Note 1: Theoretical sulfur content cal culated from sulfiding

reaction equations in Table 1. Assunmes all N and
Mo sites are avail able for sulfiding.
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Observed 1st Order Rate Constant, 1hr-1

Figure 1

Pilot-Scale Performance of TRICAT XpresS Sulfided Catalyst
Relative to Standard Laboratory Activity
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Activity of XpresS Pre-Sulfided Catalyst
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Figure 3

Activity of XpresS Pre-Sulfided Catalyst
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Figure 4

TRICAT XpresS Process
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