
An improved technique
for ex situ catalyst pre-
sulfurizing has been

successfully applied in sev-
eral hydrocracker start-ups,
including one at Citgo Pe-
troleum Corp.’s refinery in
Lake Charles, La.

Because hydrocrackers
are critical process units, re-
finers have a strong incen-
tive for minimizing the
units’ downtimes. Catalyst
that is ex situ presulfurized
using CRI International
Inc.’s actiCAT process offers
the potential for significant
time savings over conven-
tional in situ sulfiding with-
out the temperature spikes
associated with earlier-gen-
eration presulfurized prod-
ucts.

In situ sulfiding chemistry
Metal oxides must be

converted to metal sul-
fides—the active/stable
form of the catalyst—prior
to use. Typically, NiMo and
NiW catalysts used in hy-
drocracking are supplied
with the active metals in an
unstable oxide form (e.g.,
MoO3, NiO, WO3). If the cat-
alyst operates in this form, it
would deactivate to end-of-
run condition in a few
weeks.

Fig. 1a shows the chemi-
cal reactions involved in sul-
fiding. In sulfiding reac-
tions, metal oxides react
with hydrogen and H2S to
form metal sulfides in the
temperature range of 400-
650° F. The reactions are
exothermic and generate
water. As long as H2S is pre-
sent, the sulfiding reactions
are chemically favored over
the reduction reactions.

If the catalyst is heated
above 450° F. without H2S
present, the metal oxides
can be reduced to a base
metal. The base metal would
then agglomerate, resulting
in permanent activity loss.

Catalyst can be sulfided

in situ with a sulfur-
containing spiking
agent, sour gas, or
feedstock.

In general, liquid-
phase sulfidings (oil
and hydrogen flow) are
preferred because the
oil acts as a heat sink for
the sulfiding exotherm
and helps distribute the
sulfur evenly across the
catalyst bed.

However, hydro-
crackers with zeolite-
containing cracking
catalyst are usually
gas-phase sulfided
(hydrogen flow only)
because of the poten-
tial for runaway
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Presulfided vs. Presulfurized

Although catalysts are often de-
scribed as being ex situ “presulfid-
ed,” the ex situ processes de-
scribed in this article do not com-
pletely convert the catalytic metal
oxides to metal sulfides. Rather,
these processes convert metal ox-
ides to complex metal oxysulfides.

The technically correct term for
the ex situ catalyst process is “pre-
sulfurized” rather than “presulfid-
ed.” When heated with hydrogen
during the activation, the oxysul-
fides break down to form metal sul-
fides directly or to form H2S, which
converts the metal oxides to metal
sulfides. 

OGJ

Fig. 1

Fig. 1a Fig. 1b

CATALYST SULFIDING VS. PRESULFURIZED-CATALYST ACTIVATION

Unstable
 form

Permanent activity loss

Stable/active
form

W

WO3

H2 H2

H2

WS2

WO3

WS2
H2
H2S

400-650° F.

>450° F.
No H2S

Reduction

Sulfiding

Not possible
due to metals
agglomeration

S

WOxSy

Typical sulfiding reactions:
MoO3 + H2 + 2H2S               MoS2 + 3H2O
3NiO3 + H2 + 2H2S               Ni3S2 + 3H2O
WO3 + H2 + 2H2S               WS2 + 3H2O

Catalyst sulfiding Presulfurized-catalyst 
activation



hydrocracking. These high-
activity zeolitic catalysts
start cracking the start-up
oil before the catalyst can
reach a temperature high
enough to complete the sul-
fiding.

In situ sulfiding
process

Gas-phase sulfiding of
hydrocracking catalyst is a
slow, tedious process. Fig. 2
shows a timeline for an in
situ sulfiding with a spiking
agent. First, the reactor is
heated to 300° F. and held
for several hours to dry out
the catalyst. Then, the reac-
tor temperature is increased

to 400-450° F. and held there
to heat up the reactor walls.

Because of brittle fracture
concerns, unit pressure is
typically limited to about
25% of design until the reac-
tor walls are heated above
the minimum pressuring
temperature (MPT), which
is typically in the range of
200-300° F.

Depending on the size
and the age of the reactor, it
can take more than 24 hr to
heat up the reactor walls.
Once the walls are above the
MPT, the unit is pressured
up to full operating pres-
sure.

Having the unit at full

pressure before starting the
sulfiding chemical injection
is usually preferable be-
cause it provides a better
heat sink for the sulfiding
exotherm. Also, the higher
mass flux at high pressure
may help distribute the sul-
fiding chemical more evenly
across the catalyst bed.

After the unit is pres-
sured up, sulfiding chemical
is injected at a reactor tem-
perature of 400-450° F. until
H2S is detected in the reac-
tor effluent. The rate of
chemical injection during
the initial sulfiding must be
limited to avoid an exces-
sive temperature rise across

the reactor. If the catalyst in
the bottom of the reactor is
heated above 450° F. before
H2S breakthrough is
achieved, the catalytic met-
als may be reduced.

Once H2S breakthrough
is achieved, the catalyst is
heated to 700° F. to complete
the sulfiding. The reactor
temperature must be in-
creased slowly to maintain
H2S breakthrough and to
avoid an excessive tempera-
ture rise in the reactor.

In the example shown in
Fig. 2, injection of the re-
quired amount of sulfiding
chemical took 44 hr. This ex-
ample is a commercial gas-

Jan. 5, 1998 • Oil & Gas Journal 37

TECHNOLOGY

Fig. 2
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ACTIVATION OF PRESULFURIZED CATALYSTS
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Fig. 4

EXOTHERM DURING 1994 START-UP

Bottom bed of Citgo’s pretreat reactor 
containing Criterion DN-120 catalyst
 presulfurized using polysulfide
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GAS-PHASE ACTIVATION OF ACTICAT

Pretreat reactor of European hydrocracker
containing Criterion 411 catalyst

Bed 1 top
Bed 1 bottom
Bed 2 top
Bed 2 bottom

700

600

500

400

300

200

100
0 2 4 6

Time, hr

Te
m

pe
ra

tu
re

, °
F.

8 10 12



phase sulfiding of a hydro-
cracker that is similar to
Citgo’s unit at Lake Charles.
The hydrocracker in the ex-
ample is a series flow unit
with 700,000 lb of pretreat
and cracking catalyst.

Ex situ presulfurizing
By comparison, the acti-

vation of actiCAT presulfur-
ized catalyst is fast and easy.
The catalyst is simply heat-
ed in the presence of hydro-
gen. As the presulfurized
catalyst is heated above 300°
F., it starts to activate, con-
verting the metal oxysul-
fides to metal sulfides while
generating H2S, water, and
heat. Fig. 1b shows a dia-
gram of the activation of
presulfurized catalyst.

There is no need for a
dry-out step because the
presulfurized catalyst is
dried prior to processing.
Furthermore, because the
catalyst pores are filled with
sulfiding chemicals, it has
much less affinity for water.

Also, there is no hold at
400-450° F. to heat up the re-
actor walls because the acti-
vation typically takes place
at low pressure. The presul-
furized catalyst starts acti-
vating before the reactor
walls can reach the mini-
mum pressuring tempera-
ture.

Because of the lower heat
sink at low pressure,
exotherms are a concern (see
next section). Also, although
the flow distribution may be
less uniform at low pres-
sure, this is not a problem
because each pellet of the
presulfurized catalyst al-
ready contains sulfur.

In the example in Fig. 2,
actiCAT presulfurized cata-
lyst saves 40 hr compared
with in situ sulfiding. For
turnarounds where the hy-
drocracker is critical path,
this saved time has tremen-
dous value to the refiner.
For example, the time sav-
ings for a 38,000 b/d hydro-
cracker with a typical up-
grading value of $5/bbl is
worth $315,000.

In addition to time sav-
ings, there are many other
factors to consider when de-
ciding between presulfur-

ized catalyst and in situ sul-
fiding. These include safety
and environmental issues,
ability to provide high cata-
lyst activity, reliability of
the sulfiding chemical injec-
tion pump, the configura-
tion and operating con-

straints of the unit, and the
relative costs of each
method.

Exotherms
Although using presulfu-

rized catalyst in hydrocrack-
ers offers significant time

savings, there are technical
concerns about the potential
for a large temperature rise,
commonly know as an
“exotherm,” during catalyst
activation.

As mentioned earlier,
presulfurized hydrocrack-
ing catalyst is typically acti-
vated by hydrogen flow at
low pressure so there is a
much smaller heat sink to
remove the heat that is gen-
erated. Also, hydrocrackers
generally contain large vol-
umes of catalyst—in the
range of 400,000 lb to 1 mil-
lion lb—so a large amount
of heat must be removed
during activation.

To address these con-
cerns CRI specifically devel-
oped its actiCAT presulfur-
izing process to minimize
exotherms during start-up
(OGJ, Oct. 10, 1994, p. 56).
The process binds sulfur to
the catalyst in an organic
matrix.

This process generates a
range of metal oxysulfides
that are converted to metal
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sulfides over a wide temper-
ature range. This results in a
gradual activation with min-
imal exotherms.

Fig. 3 compares the rate
of heat release during the
activation of actiCAT cata-
lyst vs. catalyst that was
presulfurized by a competi-
tor’s process that uses or-
ganic polysulfide (OGJ, Feb.
24, 1992, p. 49). These data
were generated by a differ-
ential scanning calorimeter
(DSC), which measures the
rate of heat release (i.e., tem-
perature rise) as the presul-
furized catalyst samples are
heated in a hydrogen atmos-
phere. The DSC simulates
the actual conditions inside
the reactor during the cata-
lyst activation.

The DSC trace for the ac-
tiCAT catalyst shows a
small amount of activation
around 300° F., with the
bulk of activation occur-
ring between 400° F. and
600° F. This trace illustrates
the slow rate of activation
over a wide temperature
range. In contrast, the cata-
lyst that was presulfurized
with organic polysulfide
reacts very quickly over a
narrow 50° F. temperature
range.

Commercial 
presulfurizing examples

The reduced exotherms
predicted by the DSC were
observed commercially dur-
ing several hydrocracker
start-ups. In early 1994,
Citgo, in Lake Charles, used
catalyst that was presulfur-
ized with organic polysul-
fide in its hydrocracker. The
pretreat reactor (D-1) was
loaded with Criterion DN-
120, a high-activity NiMo
catalyst for nitrogen re-
moval.

Fig. 4 shows the tempera-
tures in the bottom bed of
the pretreat reactor during
the catalyst activation. The
catalyst started reacting
rapidly at a bed inlet tem-
perature of about 350° F.
Over the next 10 min, the
bed outlet temperature in-
creased by 350° F., peaking
at 700° F. It is likely that this
rapid temperature rise re-
duced some of the metals on

the catalyst, resulting in
lower start-of-run activity.

A short time after the
Citgo start-up, CRI commer-
cialized its actiCAT-HC

process for presulfurizing
hydrocracking catalyst. In
the spring of 1996, the first
start-up using the presulfur-
ized Criterion/Zeolyst cata-

lyst took place in a Euro-
pean hydrocracker.

Fig. 5 shows the tempera-
tures in the pretreat reactor
during the activation of the
presulfurized Criterion 411
catalyst. The activation was
gradual and controlled with
a maximum temperature
difference of only 40° F.
across the bottom catalyst
bed.

The activation of Zeolyst
713 catalyst in the cracking
reactor was even more con-
trolled—with temperature
differences of less than 20°
F. Typically, the largest
exotherms are observed in
the pretreat reactor because
the pretreat catalyst has a
higher stoichiometric sulfur
requirement than the crack-
ing catalyst, and NiMo cata-
lyst sulfides more rapidly
than NiW catalyst.

Citgo hydrocracker
start-up

The hydrocracker at
Citgo’s refinery in Lake
Charles is a series flow unit
with oil recycle. Fig. 6 shows
a schematic of the unit. The
unit has one pretreat reactor
and two cracking reactors,
which hold more than
800,000 lb of catalyst. The
hydrocracker processes
38,000 b/d of gas oil and
cycle oil feeds and upgrades
them to naphtha and jet fuel.

In early 1997, Citgo per-
formed a turnaround on the
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unit. The refinery once again
selected Criterion DN-120
for the pretreat reactor and
Zeolyst Z-753 and Z-763 for
the cracking reactors.

Citgo was interested in
using presulfurized catalyst
but was concerned because
of its previous problems
with exotherms. Because the
refinery had used actiCAT
presulfurized catalyst in
other process units, it had
seen first-hand the reduced
start-up exotherm.

By this time, several
changes of actiCAT catalyst
had been successfully start-
ed up in hydrocrackers. Ex-
cept for one bottom layer of
catalyst in the pretreat reac-
tor, Citgo decided to use ac-
tiCAT presulfurized catalyst
in its hydrocracker.

In the bottom of the pre-
treat reactor, Citgo decided
to use 40,000 lb of DN-120
left over from 1994. This ma-
terial had been presulfur-
ized with organic polysul-
fide and had generated large
exotherms in 1994 (Fig. 4).
On top of this catalyst, Citgo
placed the actiCAT presul-
furized catalyst.

Figs. 7a and 7b contrast
the temperature profile of
the organic-polysulfide pre-
sulfurized catalyst and the
actiCAT presulfurized cata-
lyst in the pretreat reactor
during start-up.

Shortly after hydrogen
was introduced to the unit,
the actiCAT catalyst started
to activate, causing a tem-
perature wave to pass
through the reactor. The ac-
tiCAT activation was grad-
ual with the bottom of the
actiCAT catalyst reaching
peak temperatures of only
370° F. Fig. 7c shows the
temperatures of the actiCAT
presulfurized DN-120 in the
pretreat reactor during start-
up.

When the heat reached
the bottom of the reactor,
the organic-polysulfide pre-
sulfurized catalyst reacted
rapidly. The temperature in-
creased from 330° F. to 520°
F. in less than 10 min. Al-
though maximum quench
was added above the cata-
lyst bed, the temperature of
one of three thermocouples

continued to increase. Over
the next 4 min, the tempera-
ture increased more than
200° F., peaking at 745° F.
Because the large exotherm
was limited to only one of
thirty thermocouples, its ef-
fect on catalyst activity was
minimal.

Fig. 8 shows the tempera-
tures in the first cracking re-
actor (D-2) during activa-
tion. As the cracking cata-
lyst was heated above 475°
F., it began to activate. Small
temperature differences of
less than 40° F. were seen

across the cracking catalyst
beds, and water was detect-
ed in the high-pressure sep-
arator.

Although the heat from
the pretreat reactor carried
through to the cracking re-
actors, it did not initiate any
significant exotherms in
those reactors. After the
temperature wave passed
through the reactors, the
catalyst heated up to 650-
700° F. to complete the acti-
vation.

Almost 800,000 lb of acti-
CAT presulfurized catalyst
was successfully activated

in Citgo’s hydrocracker.
The activation only took 24
hr to complete and proba-
bly could have been done
faster if operating problems
on the unit had not caused
delays. The performances
to date of both pretreat and
cracking catalyst have been
excellent.

After the initial break-in
period, the pretreat reactor
has stabilized at a weighted
average bed temperature
(WABT) that is in-line with
that predicted by Criteri-
on/Zeolyst. ■
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Refinery construction (1946 Basis)
(Explained on p. 145 of the Issue of Dec. 30, 1985)

Sept. Aug. Sept.
1962 1976 1994 1995 1996 1996 1997 1997

Pumps, compressors, etc. 222.5 538.6 1,278.2 1,316.7 1,354.5 1,357.9 1,389.1 1,390.1

Electrical machinery 189.5 287.2 560.5 563.2 561.7 559.0 555.0 553.6

Internal-comb. engines 183.4 348.3 838.2 854.9 875.5 879.4 882.5 882.5

Instruments 214.8 466.4 887.6 904.4 932.3 940.5 951.3 958.9

Heat exchangers 183.6 478.5 690.7 758.6 793.3 789.6 757.7 757.3

Misc. equip. average 198.8 423.8 851.1 879.5 903.5 905.3 907.1 908.5

Materials component 205.9 445.2 877.2 918.0 917.1 921.2 924.7 924.7

Labor component 258.8 729.4 1,664.7 1,708.1 1,753.5 1,766.2 1,811.1 1,813.1

Refinery
(Inflation) Index 237.6 615.7 1,349.7 1,392.1 1,418.9 1,428.2 1,456.5 1,457.7

Refinery operating (1956 Basis)
(Explained on p. 145 of the Issue of Dec. 30, 1985)

Sept. Aug. Sept.
1962 1976 1994 1995 1996 1996 1997 1997

Fuel cost 100.9 384.5 447.7 461.6 546.7 563.3 513.6 516.6

Labor cost 93.9 145.5 286.0 263.2 241.1 237.4 227.0 230.6

Wages 123.9 314.3 903.2 900.5 884.3 899.6 903.2 926.6

Productivity 131.8 216.1 316.7 342.9 366.9 379.0 397.9 401.9

Invest., maint., etc. 121.7 252.6 539.9 561.3 567.6 571.3 578.0 578.5

Chemical costs 96.7 195.2 213.9 245.4 252.7 253.6 254.5 254.9

Operating indexes
Refinery 103.7 209.3 405.8 410.6 413.3 415.1 409.7 411.6

Process units* 103.6 267.1 431.4 437.0 462.3 468.3 450.1 452.5

NELSON-FARRAR
COST INDEXES

*Add separate index(es) for chemicals, if any are used. See current Quarterly Costimating, first issue, months of
January, April, July, and October.

These indexes are published in the first issue of each month. They are compiled by Gary Farrar, Journal Con-
tributing Editor.

Indexes of selected individual items of equipment and materials are also published on the Costimating page in the
first issue of the months of January, April, July, and October.


