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i nvention relates generally to a process for the sulfiding of a

hydr odesul furization catalyst in a distillation columm reactor. Mre
particul arl WO 6247 hvention rel ates to, a process wherei nPaTASTdsEiNg agent
such as H2S and a solvent are concurrently fed through a distillation
colum containing a hydrodesul furization catalyst that contain
hydrogenation netals in their oxide state. Related Infornmation
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Peri odi c Tagtl Fe or m xtures thereof. The oup VIl neta provi des
i ncreased overal | average activity. Catalysts containing a Goup VIB netal
such as nol Rbiksablinfeaamadtion G oup VI such as cobalt or nickel are

preferred. Catal sdts suj.table for the hydrodesul furization reaction include
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exposed to " " process necessarily incorporates hydrogenation

and thus requires hydrogenation catalysts. Water is also a product of the

sulfiding reaction and must be removed.

Catalysts which are useful for the hydrodesulfurization reaction include
Group VIil metals such as cobalt, nickel, palladium, alone or in combination
with other metals such as mo!ybdenum or tungsten on a suitable support which

- may be alumina, silica-alumina, titania-zirconia or the like. Normally the metals
are provided as the oxides of the metals supported on extrudates or spheres
and as such are not generally usefu! as distillation structures.

The catalyst may also contain components from Group V, and VIB
metals of the Periodic Table or mixtures thereof. The Group VIil metal
provides increased overall average activity. Catalysts containing a Group VIB
metal such as molybdenum and a Group VIII such as cobalt or nickel are
preferred. Catalysts suitable for the hydrodesulfurization reaction include
cobalt-molybdenum, hickei-molybdenum and nickel-tungsten. The metals are
generally present as oxides supported on a base such as alumina, silica-
alumina or the like. If the active form of the metal, the sulfide, is exposed to air,
it begins to oxidize which can create a hazard.

The catalyst beds as used in the present invention may be described as
fixed, meaning positioned in a fixed area of the column and include expanded
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THE | NVENTI ON The netals contained in the hydrogenation catal ysts nust be

converted bedsrandebuatiiy kedsofdatdet. ﬂh@cétb?sfsﬁlﬁitlﬁﬂ%a%%é v Sfod ppm to be
useful for Because of .t he uni que conbi nati on react or

distillati oﬁg%gr ?%%?e%%uﬁr?lnoﬁélé?‘g PhERINoTut tag fncten PﬁEY@QQ%tIOO ashe sul fide

i s needed. d&orﬂaiaﬂy(]al’edyst@p@phréﬂhs cﬁstﬂlaﬁér%tﬂﬁurfe?%re%‘érﬁélﬂéﬂ]ﬂh
g the cat aly
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sul fidi ng sol ven hﬁ@e@&f&r& Rthﬁ(qumatmgcatalgstdnmstbé edriverteg ol um
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sul fiding a %55‘"%%'9@1‘ \Hesguss @%ﬂheanngmoanblmdtrensrehétodm@miaqgent in the

or of or ab a”&'”mﬁcém“wmb%dt&”“%%@*‘é‘*ﬁe K8, h %P BrtR b Bbreedng ()

preferably in the range of upon sai
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the unit mayhibr cemblisded to normal feed for

(a) drying the catalyst with nitrogen;

(b) supplying the distillation column reactor with a sulfi dmg solvent,
preferably containing organic sulfur:

{c) establishing hydrocarbon feed and hydrogen flow rates;

(d) optionally, recycling of sulfiding solvent to suppiy tank;

(e) heating the distillation column reactor to a temperature above the
decomposition temperature of the sulfiding agent, preferably in the range of

~ 300-500°F;

(f) introducing a sulfiding agent;

(g) observing breakthrough of the sulfiding agent in the overhead and
increasing the temperature to a target temperature, preferably in the range of
500-700°F, upon said breakthrough; and

(h) holding the target temperature for a period of time.

After the treatment the unit may be switched to normal feed for
hydrodesulfurization. The concurrent flow of the sulfiding agent and solvent is
preferably upflow but could also be downflow, Hydrogen may also be fed either
concurrently or countercurrently. Water by-product is removed overhead when
operated in a distillation mode.

The process is preferably operated in a reactive distillation mode,
although it can be operated without boiling or distillation. The term "reactive
distillation” is used to describe the concurrent reaction and fractionation in a
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di stillati ofolybdenumanda Group Vlil such as cobalt or nickel are preferred. Catalysts
suitable for the hydrodesulfurization reaction include cobalt-molybdenum,
nickel-molybdenum and nickel-tungsten. The metals are generally present in
the catalyst precursor as oxides supported on a neutral base such as alumina,
silica-alumina or the like.

Referring now to FIG. 1 there is shown a flow diagram in schematic form
of one embodiment of the invention. A distillation column reactor 10 is
provided having a bed 12 of hydrodesulfurization catalyst in a distillation
reaction zone. in this embodiment the catalyst is prepared as a distiliation
structure.

Feed to the distillation column reactor 10 is via flow line 101 through
feed heater 50. A sulfiding solvent is fed via flow line 103 and sulfiding agent
via flow line 104. The suffiding solvent and sulfiding agent are combined in flow
line 108 and fed along with bottoms in flow line 105 to reboiler via flow line 106.
Hydrogen is fed to the reboiler via flow fine 102. Ali of the material is heated
in reboiler 40 and fed to distiliation column reactor 10 via flow line 107.
Overheads are taken via flow line 109 and passed through partial condenser
20 with the condensible material collected and separated from the gaseous
material in separator/receiver 30. The vapors are vented via flow line 110. The
condensed material is removed and may be removed via flow line 111 or
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sul fiding siseiquiditsvihd awﬂh&’faafdwstfdhﬁr‘@tﬁévﬁﬂroﬁnﬁﬁstgﬁt e qulifihign L 0 heat up

t he catalysﬁ tothe desired sul E erature an
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in the col usMbodiment the column is not liquid filled but operated with a continuous vapor
phase like a typical distiliation column, Gas and liquid are flowing counter
currently in the column.

The sulfiding agent and hydrogen are injected into the reboiler where the
reaction takes place to generate H,S. The flow rate of hydrogen and suifiding
agent are set such that a molar ratio H,S:H, is between 1:25 and 1:5 is
obtained following the reaction. Typically a ratio of 1:9 is preferred.

The hydrogen and H,S, along with vaporized hydrocarbons passes
upward through the catalyst bed where sulfiding takes place. The vent gas is
monitored to measure the H,S concentration. Once the H,S is measured at its
full concentration based upon that being produced in the reboiler, the
temperature is the column is raised to 600°F or higher as required. This is
achieved by increasing the reboiler duty and/or raising the operating pressure.
Once 600°F is reached throughout the entire column the vent gas is once
again monitored for H,S. Once the final breakthrough is confirmed at 600°F
the column may be cooled down to await startup, or the feed can be brought
i and the unit can be started up directly,

Referring now to FIG. 2 a second embodiment is shown for use when
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reactor, preefati@bllfur compounds in the solvent is beheved to provide an additional
source of sulfiding agent.

The target temperatures and times depend on the type of catalyst,
especially the metals composition and support to obtain-the optimum degree
of suifiding for use of the catalyst in hydrodesulfurization processes. Generally
the catalyst manufacturer provides the optimum sulfiding conditions.

EXAMPLE

A load of Co/Mo desulfurization catalyst was sulfided using a synthetic
jet fuel with the a 5 vol% boiling point of 317°F, a 50 vol% boiling point of
421°F and a 95 vol% boifing point of 581°F. The olefin content of the jet fuel
was very low (bromine number <0.2) and the nitrogen content was 1.07
mg/liter and the suifur content was 235 mgfliter. The low temperature sulfiding
was completed at 450°F and 65 psig. The pressure was then raised to 220
psig for the 600 °F sulfiding. The final catalyst was then tested for the
desulfurization of gascline where its usefulness was confirmed.




a highly hydrotreated jet fuel, naphtha, kerosene or diesel. The {§&eER§S005
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| ow (brom e nunbe]g <0. 2@ 8md the nitrogen content was 1.07 ng/liter and
the sul f %8%%,9\5\/5@3? Hdipg /qf i3 Bydrodesaifyriatier eptalyat ir @ distillation; seimmas
conpl et edeHO £8BIEISRE tBBStERI & The pressure was then raised to 220 psig

for the 600 OF sulfiding. The final catalyst was then tested for the
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cat al yst (Phiilingitherdigtiflatianoneluso teantor nithet sulfidirgnqaiviest cantditiag stieps of © ()
drying the catalyst with an inert gas; (b) filling the distillation colum
react or \Wtastablishing hytirogprismi feediind bydragen gy satkd;ur;  (c) establ i shing
hydr ocarbon feed and hydrogen flow rates; (d) begin recycling of sulfiding
sol vent ; (@dediremtyaigg ohsulidisg sdlerkj on col unm reactor to a tenperature above
the deconposition tenperature of the sulfiding agent; (f) introducing a
sul i di nge)abesting the)distiagsry caigmhhRatet @6 Dl itgad and
col | ecti gmperetuvd@dfethe sulfilihg@gems vi ng sai d sul fﬁ?%agﬁgﬁj&gﬁg@pﬁé%h in
t he over head;

(f) introducing a sulfiding agent;

(g) observing the water by-product azeotrope overhead and collecting the water; |
(h) observing said sulfiding agent breakthrough in the overhead;

() increasing temperature to a second temperature; and

() holding said second temperature for a period of time.

2. The process according to claim 1 wherein said sulfiding agent comprises tertiary nonyl
paly sulfide.

3: 'I;?E process according to claim 1 wherein said sulfiding agent comprises dimethyl
isulfide.,

4. Tlhe process according to claim 1 wherein the solvent is moving upflow through said
catalyst.

5. T?e process according to claim 1 wherein the solvent is moving downflow through said
catalyst.

6. The process according to claim 1 wherein the sulfiding agent and solvent are co-
currently fed.

_7..The process according to claim 1 wherein the sulfiding is carried out at a pressure that
it is above the vapor pressure of the solvent at the first temperature.

8. The process according to claim 1 wherein the first temperature is in the range between
300 and 500° F.

9. The process according to claim 1 wherein the second temperature is in the range
between 500 and 700° F. '




(1) increasing tenperature to a second tenperature; and (j) holgh¥§6@%§%wps
second tenperature for a period of time. 2. The process accordin I"ai

1 wherein said sulfiding agent conprises tertiary nonyl poly sulfide. 3.
The process according to claim1 wherein said sulfiding agent conprises
dinmethyl disulfide. 4. The process accordi®ng to claim1 wherein the

sol vent is noving upflow through said xatalyst. 5. The process according

to claim1 wherein the solvent is noving downflow through said catalyst.

6. The process according to claim1 wherein the sulfiding agent and sol vent

are co- c - The according to.claiml erein the
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according.tq.claim1 wherein heating of step (e) is obtained by heating a
bott om pglrzt i%i'ﬁ Rrecesh @ceanflingio cleim ITwberginosaid catadyst coinprises @ncoxaderofl saidher ei n
sai d cat eYweneBsseieded fghpimainus corustingtafdrbup v, M agd MIf metakicftthag of
Group V, Rerigdigdabley 11 metals of the Periodic Table. 12. The process
according to claim1l wherein said catalyst conprises an oxide of said

~ components selected fromthe group consisting of Goup V, VIB and VI
metals of the Periodic Table.



