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@ Method of removing sulfur from a hydrocarbon feedstream.

@ Sulfur is removed from a hydrocarbon feedstream to a catalytic reformer by contacting the feedstream with
a sulfur sorbent comprising a metal component containing ‘a metal selected from Group I-A or Group lI-A of the

Periodic Table supported-on a porous refractory inorganic oxide support.

Xerox Copy Gentre



10

15

20

25

30

35

40

45

50

0 254 781

METHOD OF REMOVING SULFUR FROM A HYDROCARBON FEEDSTREAM

This invention relates to a method of removing suliur compounds from the hydrocarbon feedstreams to
a catalytic reformer.

Catalytic reforming processes play an integral role in upgrading naphtha feedstocks to high octane
gasoline blend stocks. These processes have become more important in recent years because of the
increase in demand for low-lead and unleaded gasolines.

In typical modern reforming processes, the naphtha feed is passed over a promoted noble metal
catalyst at a temperature in the range of 315°C to 595°C, a pressure in the range of from | atmosphere to
70 atmospheres, a liquid hourly space velocity (LHSV) in the range of .| to 10, and a hydrogen to
hydrocarbon mole ratio in the range of | fo 10. Variations in these conditions will depend in large measure
upon the type of feed processed and the desired product octane level.

It is generally recognized that the sulfur content of the feedstock must be minimized fo prevent
poisoning of the reforming catalyst. Preferably, the feed will contain less than 2 to 5 parts per million by
weight (ppm) of sulfur, since the presence of sulfur in the feed decreases both the aciivity and the
selectivity of the catalyst. Certain reforming catalysts are extremely sulfur sensitive, and sulfur levels in the
feed of even less than | ppm can severely deactivate these catalysts.

Sulfur sorbents can remove nearly all of the sulfur present in the feed at the high temperatures used in
reforming. One sulfur sorbent that is used at low temperatures is a metal or metal compound, such as
copper, which is supported on a porous refractory inorganic oxide support or on a carbon support. An
example of such a sorbent is disclosed in U.S. Patent No. 4,204,947. That sorbent is copper supported on
alumina. Other similar sorbents are disciosed in U.S. Patent Nos. 2,593,464 and 4,224,191. Copper on
alumina works well as a sorbent for HxS or mercaptan type sulfur, but copper sorbents tend to be less
effective at higher temperatures, removing less sulfur as the temperature goes above- 300°C. Furthermore,
copper sorbents do not work on some types of sulfur which can be present in the reforming feed, such as
thiophenic sulfur. Also, copper is costly.

Various promoter metals have been used in conjunction with copper. For example, U.S. Patent No.
4,008,174 discioses copper and chromium on a carbon support. The chromium aids in regeneration of the
sorbent. . )

The present invention is a novel method of removing sulfur from hydrocarbon feedstreams by using a
metal component containing a metal selecied from Group I-A or Group lI-A of the Periodic Table supported
on a porous refractory inorganic oxide support. Preferred metal components include sodium, potassium,
calcium and barium. Preferred refractory inorganic oxide supports include alumina, silica, boria, titania,
zirconia, aluminosilicates, aluminophosphates, and mixtures of two or more thereoi.

One preferred method of making these sulfur sorbents is by impregnating a preformed porous
refractory inorganic oxide support with an aqueous solution of a metal salt, where the metal is selected from
Groups I-A or lI-A of the Periodic Table, and drying and calcining the resuliing material.

An alternative method is by peptizing a refractory inorganic oxide support, thereby forming a plastic
mass, mulling the mass with a compound containing a Group I-A or Group Il-A metal, then extruding the
mass, and drying and calcining it.

For a better understanding of the invention, reference will now be made, by way of example, to the
accompanying drawing which is a plot of the average catalyst temperature of an exemplary material
required fo maintain the target refractive index of the Cs+ liquid product of 1.4300, Wthh corresponds 1o
about 47 wi% aromatics in the feed.

A refinery produces naphtha fractions having substantlal amounts of sulfur in the form of organic
sulfides, such as thiophenes and mercaptans. Sometimes the sulfur level is higher than 100 ppm in the
untreated naphtha fraction. These feeds with very high sulfur levels can be contacted with hydroprocessing
catalysts to convert the sulfur compounds to H:S. If the remaining sulfur ievel is too high, then the high
sulfur level can cause the reforming catalyst to rapidly lose both activity and selectivity when used for
reforming. Prudent operation demands that heavily sulfur contaminated feeds be further treated before
contacting sulfur sensitive catalysts. 7

Preferred supports for the sulfur sorbent include alumina, silica, titania, zirconia, boria, and the like, and
mixtures thereof. Clays can also be used as supporis. Particular clays of interest inciude the fibrous
magnesium silicate clays, for example, attapulgite, halloysite, palygorskite and sepiolite. The support can be
premade by any method known in the art.
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The surface area of the finished sulfur sorbent is in large part due to the support chosen. It is believed
that the active sulfur sorbents of this invention can have nitrogen surface areas in the range of between 20
and 300 m2/g.

Since the sulfur sorbents of this invention can be used for removing sulfur from feedstreams for
reforming units, one typical feedstock will be low molecular weight hydrocarbons which are in the vapor
phase at reforming conditions. in particular, the feedstock will normally comprise alkanes and naphthenic
compounds having between about five and twelve carbon atoms. Hydrogen may also be present, such as
the recycle hydrogen stream of a reforming unit. Because vapors diffuse rapidly into the pores of the
support material, the precise size and pore distributions are not thought to be critical in a sulfur sorbent for
use in this application.

The metal components of the sulfur sorbents in this invention can be Group A or Group ll-A metal
containing compounds. The preferred metal components are sodium, potassium, calcium, and barium. The
metal components are not in general present as the reduced metal. Instead, they are usually present in the
form of a salt, oxide, hydroxide, nitrate, or other compound. it is the metal in the compound, in any form,
that is the metal component of the sorbent of this invention. The sulfur sorbents of this invention can be
made by impregnation of a preformed refractory inorganic oxide support with a metal component, or by
comulling the metal component with the inorganic oxide support.

Preferred metal compounds include sodium chioride, sodium nitrate, sodium hydroxide, sodium
carbonate, sodium oxalate, potassium chioride, potassium nitrate, potassium carbonate, potassium oxalate,
potassium hydroxide, barium chloride, barium nitrate, barium carbonate, barium oxalate, barium hydroxide,
calcium chioride, calcium nitrate, calcium carbonate, calcium oxalate, calcium hydroxide, and the like.

A preformed inorganic support can be impregnated with Group I-A or Group li-A metals by standard
techniques. It may be necessary to impregnate the support several times to achieve the desired amount of
metal component on the inorganic support. Various metal compounds can be dissolved to form aqueous
solutions useful for this impregnation. The preferred compounds for impregnation are the more soluble
compounds. To be useful for impregnation, a compound should have a solubility of at least 0.1 mole per liter
of water.

Another method of making the sulfur sorbents of this invention is by muliing the powdered inorganic
support material, which may be prepeptized or mixed in the presence of a peptizing agent, together with a
compound containing a Group I-A or Group II-A metal. Preferred peptizing agents are mineral acids, such
as mitric acid. For example, peptized alumina powder could be mixed with a metal component, such as
potassium carbonate. The resulting mass is then extruded, dried and calcined to form the final sulfur
sorbent.

The choice of the appropriate compound to use during fabrication of the sulfur sorbent is primarily
dictated by the solubility of the salt. For example, in impregnation, very soluble salts are desired such as
nitrates, but in mulling, relatively insoluble salts such as carbonates are preferred.

if sulfur is present that is not in the form of HzS, it is preferred that the sulfur sorbent of this invention
include being commingted with or preferably preceded by small amounts of platinum or palladium, either on
the sorbent or on a suitable support. Between 0.0l weight percent and 0.5 weight percent platinum or
palladium may be added. in the presence of added hydrogen, the added metals catalyze the conversion
thiophenic and other organic type sulfur compounds that may exist in the feedstream into easily sorbed
sulfur compounds. If the platinum or palladium is on the sorbent particies themselves, it may also reduce
coking of the feed on the sorbent particles. When thiophenic and other organic sulfur compounds contact
platinum and palladium, hydrogen sulfide is formed, which is readily removed by the sulfur sorbent.

The sorbent of this invention is used to remove sulfur from feedstocks containing sulfur levels as high
as several percent o levels as low as | ppm (part per million) and lower. Typically, the sorbent and
reforming catalyst are contained in separate vessels. The vessel containing the sulfur sorbent is typically
placed upstream of the vessel containing the reforming catalyst. The feedstock may be heated to as high
as the reforming reaction temperature or to a lower temperature before it contacts the sulfur sorbent; from
ambient temperature to as high as 1000°F (540°C) and higher.

The sorbent can be placed in the same reaction vessel as the reforming catalyst. If the sorbent is given
the proper porosity and shape it can be inter-mixed with the reforming catalyst, in the same bed. As any
residual organic sulfur is converted by the reforming catalyst to HzS, the sorbent removes it, preventing

harm to subsequent beds, and prolonging operational life of the system because the sorbent functions well
at reforming temperatures.
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The sorbent can safely contact the amounts of water normalily found in reforming feedstreams. The
feedstreams do not have 1o be as exiraordinarily dry as they would if they were contacting the reduced,
metallic form of alkali metals or alkaline earth metals and if this reduced, metallic form were required. Group
I-A and Group II-A metals can form hydroxides or oxides in a water-containing stream. However, the water
level in the hydrogen recycle stream should be kept iow, preferably to less than 100 ppm, and more
preferably to less than 50 ppm.

This sorbent can be used in combination with other sorbents. For instance, in one embodiment, the
hydrocarbon feedstock is contacted with a hydrotreating catalyst to convert organic sulfur compounds in the
feedstock, then the feedstock is contacted with a sorbent, such as zinc oxide or copper oxide, supported on
a clay base, then the feedstock is contacted with the sorbent of the present invention.

In the following non-limitative examples, the preformed gamma alumina base used was a commercially
available 1/16th inch (1.6 mm) exirudate, with a H:O pore volume of approximately .7 cc/gm and a Nz
surface area of approximately 200 m2/gm. It was calcined at 1250°F (677°C). It was made by peptizing a
pseudoboehmite alumina of crystal size in the range of approximately 33 to 40 Angstroms as determined
by X-ray diffraction (XRD) with an aqueous solution of a mineral acid, mixing it until it reached an extrudable
state, then extruding, drying and calcining the resulting material.

Example |

This example shows a sulfur sorbent of this invention. The sorbent was prepared by taking 100 gm of
pre-extruded alumina and impregnating it with 25.9 gm KNOs in 76 mi H20, by pore fill impregnation. The
sorbent was dried for 16 hours at 250°F (121°C) and then calcined for 2 hours at-ll00°F (593°C). .12 ml of a
solution of .083 gm Pt/ml, where the form of Pt was HaPtCls, in distilied water was then impregnated onto
the support. It was dried for 48 hours at 250°F (121°C) and calcined for 2 hours at 500°F (260°C). This
composition of matter will be identified as A.

Example Il

This example shows another sulfur sorbent of this invention. 200 grams- of pre-extruded alumina were
impregnated with .22 ml of .093 gm Pt/ml, where the form of Pt was HzPtClg, in 164 ml Hz0, under 30 inches
(76.2 cm) of vacuum. The exirudate was then impregnated with 57.43 grams of potassium nitrate in 164 ml!
of water. The extrudaie was dried at 250°F (121°C) overnight and then caicined for 2 hours at [I00°F
{593°C). This composition of matter will be identified as B.

Example llI

This example shows the manufacture of a monometallic reforming catalyst. 50 grams of pre-extruded
alumina was impregnated under 30 inches (76.2 cm) of vacuum with 1.6 ml of an aqueous solution of
H2PtCls of concentration .093 gm Pt/ml in 30 ml of H20. The impregnated alumina was allowed to stand for
2 hours and then dried at 250°F (121°C) overnight and then calcined for 2 hours at 950°F (510°C) in air.
The catalyst produced can be used for reforming. This composition of matter will be identified as C.

Exampie IV

1000 gm of an L zeolite of crystal size between 1000 and 2000 Angsiroms was mixed with 10 liters of .3
molar Ba(NOs)2 solution. The zeolite and solution were placed into 2 bottles. Lids were placed on the botties
and they were shaken. They were then placed into a preheated oven at 80°C for 3 hours. Then the contents
were filtered and washed with 2 liters distilled water. The solids were. dried for 16 hours at 250°F (121°C)
and calcined for 16 hours at 1100°F (593°C) in air.

752.4 gm of smaller than |4 mesh powder made as above was impregnated with a solutlon of Pi(NH3)s
(NO3)2 to 8 wt % Pt, in 752.4 mi of agueous solution. This was then dried for 16 hours at 250°F (121°C}),
rescreened to < 14 mesh, and calcmed for 2 hours at 500°F (260°C) in air. This composition of matter will
be identified as D.

©
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Example V

This example was a standard reforming run using a sulfur-sensitive reforming catalyst except that (l)
there was no sulfur sorber; and (2) | ppm sulfur was added to the feed after 480 hours. The catalyst in this
example was D. The results before and after sulfur addition are shown in the following table. After 600
hours, control of temperature to maintain the required aromatics content was no longer possible due to
rapid catalyst deactivation. After 670 hours, the addition of sulfur to the feed was discontinued, and clean
feed was used. No recovery of activity was observed during 50 hours of clean feed operation. In addition,
the feed was withdrawn at 720 hours, and the catalyst was stripped with sulfur-free hydrogen gas for 72
hours at 930°F (499°C). Only a small gain in activity was observed.

For 50 wt$% Aromatics

In Liquid, Cg+ Yield
Run time, Hrs. Temperature °F(C) LV%
200 862 (461) 84.5
400 866 (463) 85.4
480 868 (464) 84.8
550 882 (472) 86.1
600 908 (487) 86.2

Example Vi

This example was run as shown in Example V, except that .5 ppm mercaptan-type sulfur was added to
the feed from 270 hours to 360 hours on stream, and again from 455 hours to 505 hours on siream. After
450 hours, control of temperature to maintain the required aromatics content was no longer possible due to
rapid catalyst deactivation. The results are shown below:

For 50 wt$% Aromatics

In Liquid, Cg+ Yield
Run time, Hrs. Temperature °F(°C) LV%
200 862 (461) 84.2
300 864 (462) 85.0
350 876 (469) 85.6
400 887  (475) 85.6
450 896  (480) 85.5
500 904  (484) 85.8

Exampie VIl

Deionized water was added to 0.23 ml of a solution containing 0.093 gm Pt/ml, the Pt as HPtCsw. The
water was added until the total volume of the solution was 170 ml. This mixture was used to vacuum
impregnate 200 gm of a preformed alumina exirudate. The impregnated extrudate was then allowed to
stand for 2 hours at room temperature, and was then dried for 16 hours at 250°F (121°C).

Next, 294.6 gm of Ca(N03)2:4H20 was mixed into 100 ml hot deionized water, and stirred uniil clear. The
solution was then evaporated, cooled, and the voiume adjusted to 170 ml. This solution was then used to
impregnate the extrudate under vacuum. The extrudate then sat for 2 hours at room temperature, and was
then dried at 250°F (121°C) overnight.

Finally, the material was calcined at 1100°F (583°C) in flowing air.

This material will be designated E.
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Example Vil

To 3.2 ml of a solution of 0.093 gm Pml, the Pt as H:PtCs, was added deionized water until the total
solution volume reached 80 ml. This solution was then used to impregnate 100 gms of a preformed alumina
exirudate under vacuum. The exirudate was allowed to sit for 2 hours at room temperature and was then
dried for 16 hours at 250°F (121°C). Finally, it was calcined for 2 hours in flowing air at 950°F (510°C).

This material will be designated F. :

Example X

To 1100 gm of an L zeolite was added 11 litres of an aqueous solution of 0.3 molar Ba as Ba(NOs)..
This mixture was placed in polypropylene bottles, the lids were closed, and the bottles were placed in a
preheated 176°F(80°C).

After 4 hours, the contents of the bottles were poured off into filters and the solids collected. The filter
solids were reslurried in fresh deionized water and refiltered to a total of 10 times.

The solids were then dried at 250°F (121°C) over a weekend, and calcined for 16 hours at 1100°F
{593°C) in flowing air.

863.1 gm of the material was then screened io below 14 mesh. 0.8% Pt was added to the solids in a
pore fill impregnation, using P{(NHz)s(NO3)2 as the Pt source, and 690.5 mi of total solution. The material was
allowed to sit at room temperature for 2 hours and was then dried at 250°F (121°C) for 16 hours.

Finally, the material was treated at 500°F (260°C) hours in flowing air.

This material will be designated G.

" Example X

This example shows the process of this invention. In a fixed bed tubular reactor, 25 ¢c of material F at
24 to 80 mesh was layered over 25 cc of material E at 24 to 80 mesh. This material was layered over 100
cc of material G, also at 24 to 80 mesh.

A naphtha feedstock of AP gravity 67.0, boiling range as determined by D-86 distillation of start, 160°F
(71°C ; 5% Pi. 167 (75); 10% Pt. 169 (78); 20% Pi. 171 (77); 30% Pi. 173 (78); 40% Pt. 175 (79); 50% Pt.
177 (81); 60% Pi. 180 (82); 70% Pt. 183 (84); 80% Pti. 190 (88); 90% Pt. 208 (98); 95% Pt. 208 (98); and
end Pt. 254°F (123°C), and molecular type as determined by GC of 59.6 LV% paraffins, 36.6 LV%
naphthenes, and 3.8 LV% aromatics, was fed over the catalyst-at a 1.5 LHSV relative to the reforming
catalyst, N, at a pressure of 150 psig (I0 bar) and an Ho/HC ratio of 2. Organic sulfur as thiophene was
doped into the feed and fed at a | o 2.5 ppm S level, based on feed.

Figure | is a plot of the catalyst average temperature of the material G required to maintain the target

- refractive index of the Cs+ liguid product of 1.4300, which corresponds to about 47 wi% aromatics in the

liquid.

The Pt containing material F in front of the sorbent material E serves to convert the thiophenic sulfur to
HzS, a form readily sorbed by the material. ’ '

Note that the reforming catalyst G was not deactivated by the sulfur to any measurable extent. Sulfur
analyses on various layers of the catalysts after the compietion of the run showed 440 and 370 ppm of
sulfur on the Pt containing thiophene conversion catalyst F, 1.27% S and 1250 ppm S on the sorbent E, and
40, 24, and 18 ppm S on the reforming catalyst G.

Claims

1. A method of removing sulfur from a hydrocarbon feedstream, which comprises contacting said
hydrocarbon feedstream with a sulfur sorbent comprising a metal component containing a metal selected
from Group I-A or Group ll-A of the Periodic Table supporied on a porous refractory inorganic oxide
support.

2. A method according to Claim 1, wherein said metal component contains sodium, potassium, barium
or calcium.

3. A method according to Claim 1 or 2, wherein said porous refractory inorganic oxide support is
alumina, silica, zirconia, titania, boria, or-a mixiure of two or more thereof.
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4. A method according to-Claim 1 or 2, wherein said porous refractory inorganic oxide support is a clay
selected from attapulgite, halloysite, palygorskite, and sepiolite.

5. A method according to Claim 1, 2, 3 or 4, wherein the hydrocarbon feedstream is contacted with a
platinum or palladium conversion catalyst in addition to the sulfur sorbentthe iocation of the conversion
catalyst being separate from or the same as the sulfur sorbent.

6. A method according to Claim 5, wherein the contacting of the hydrocarbon feedstream by the
conversion catalyst precedes the contacting with the sulfur sorbent.

7. A method according to Claim 5, wherein the conversion catalyst and sulfur sorbent are used in the
same reaction zone.

8. A method according to Ciaim 7, wherein the conversion catalyst and sulfur sorbent are inter-mixed.

8. A method according to any preceding claim, wherein the sulfur sorbent is prepared by:

(a) impregnating a preformed porous refractory inorganic oxide support with a solution comprising a
solvent and a metal component containing a Group I-A or Group II-A metal of the Periodic Table; and
(b} drying and calcining the resulting impregnated material.

10. A method according to Claim 9, wherein said solution is an aqueous solution.

11. A method according to Claim 9 or 10, wherein said metal component has a solubility in water of at
least 0.1 mole per liter of water.

12. A method according to any one of Claims 1 to 8, wherein the sulfur sorbent is prepared by:

(a) contacting the porous refractory inorganic oxide support and metal component to form an
extrudable mass;

{b) mutiiing the extrudable mass;

(c) extruding the extrudable mass to form extrudates; and

(d) drying and calcining the extrudates to form the required sulfur sorbent.
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