Office de la Proprieté Canadian CA 2361134 C 2008/09/16

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 361 1 34
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) G
(86) Date de depot PCT/PCT Filing Date: 2000/03/03 (51) Cl.Int./Int.Cl. B0O71J 27/02(2006.01),
S e . B0O1J 23/882(2006.01), BO1J 37/08 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2000/09/03 C10G 45/08 (2006.01)
(45) Date de délivrance/lssue Date: 2008/09/16
(72) Inventeurs/Inventors:
(85) Entree phase nationale/National Entry: 2001/08/29 BRIGNAC, GARLAND BARRY, US:
(86) N° demande PCT/PCT Application No.: US 2000/005605 KOCISCIN, JOSEPH JOHN, US
o o IVICKNIGHT CRAIG A., US
(87) N° publication PCT/PCT Publication No.: 2000/051729
L (73) Proprietaire/Owner:
COMPANY, US
(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : PROCEDE AMELIORE D'ACTIVATION DE CATALYSEUR POUR L'HYDRODESULFURATION SELECTIVE
CATALYTIQUE DU NAPHTE

54) Title: IMPROVED CATALYST ACTIVATION METHOD FOR SELECTIVE CAT NAPHTHA
HYDRODESULFURIZATION

K_HDS RATE CONSTANT

4 6 8 10 12
DAYS ON OIL

ASTANDARD ACTIVATION m IMPROVED ACTIVATION

(57) Abréegée/Abstract:

An Improved catalyst activation process for olefinic naphtha hydrodesulfurization. This process maintains the sulfur removal activity
of the catalyst while reducing the olefin saturation activity.

< o
SR -%‘@ VNN
T e
3 e [ [/ 4
Q"

C an a d a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC ' CIPO
OPIC - CIPO 191 SRR




CA 02361134 2001-08-29

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 :

(11) International Publication Number:

WO 00/51729

BO1J 27/02, 27/047, 27/051, 27/049, Al | o
27/043, 23/00’ C10G 45/04, 45/60 (43) International Publication Date: 8 September 2000 (08.09.00)
(21) International Application Number: PCT/US00/05605 | (81) Designated States: AL, AU, BA, BB, BG, BR, CA, CN, CU,

(22) International Filing Date: 3 March 2000 (03.03.00)

(30) Priority Data:

09/261,453 3 March 1999 (03.03.99) US

(71) Applicant: EXXON RESEARCH AND ENGINEERING
COMPANY [US/US}; 180 Park Avenue, P.O. Box 390,
Florham Park, NJ 07932-0390 (US).

(72) Inventors: BRIGNAC, Garland, Barry; 13598 Highway 10,
Clinton, LA 70722 (US). KOCISCIN, Joseph, John; 7
Gramercy Drive, Piscataway, NJ 08854 (US). McKNIGHT,
Craig, A.; 7705 North Jefferson Place Circle, Apt.#A, Baton
Rouge, LA 70809-8630 (US).

(74) Agents: HUGHES, Gerard, J. et al.; Exxon Research and

Engineering Company, P.O. Box 390, Florham Park, NJ
07932-0390 (US).

CZ, EE, GE, HR, HU, ID, IL, IN, IS, JP, KP, KR, LC, LK,
LR, LT, LV, MG, MK, MN, MX, NO, NZ, PL, RO, RU,
SG, SI, SK, SL, TR, TT, UA, UZ, VN, YU, ZA, ARIPO
patent (GH, GM, KE, LS, MW, SD, SL, §Z, TZ, UG, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF,
Bl, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN,
TD, TG).

Published

With international search report.

(54) Title: IMPROVED CATALYST ACTIVATION METHOD FOR SELECTIVE CAT NAPHTHA HYDRODESULFURIZATION

K_HDS RATE CONSTANT
\J

6 8
DAYS ON OIL

10 12

ASTANDARD ACTIVATION & IMPROVED ACTIVATION

(57) Abstract

An improved catalyst activation process for olefinic naphtha hydrodesulfurization. This process maintains the sulfur removal activity

of the catalyst while reducing the olefin saturation activity.




CA 02361134 2001-08-29

WO 00/51729 PCT/US00/05605

IMPROVED CATALYST ACTIVATION METHOD FOR SELECTIVE
NAPHTHA HYDROLD LFURIZATIC

FIELD OF THE INVENTION

The present invention relates to an improved catalyst activation process for
olefinic naphtha hydrodesulfurization. This process maintains the sulfur removal

activity of the catalyst while reducing the olefin saturation activity.
BACKGROUND OF THE INVENTION

Hydrotreating of petroleum feedstocks to remove heteroatoms, particularly
sulfur, is critical to modern refiners in order to meet ever more demanding
environmental regulations. A major source of air pollution worldwide is the exhaust
from hundreds of millions of motor vehicles due to fuel combustion. Fuels
containing sulfur produce sulfur dioxide and other pollutants leading to a host of
environmental concerns, such as smog and related health issues, acid rain leading to
detorestation, water pollution, as well as other environmental problems. To help
reduce or eliminate these environmental problems, the sulfur content of fuels has

been, and will continue to be, restricted to increasingly smaller concentrations.

Hydrodesulfurization is one of the fundamental hydrotreating processes of
the refining and petrochemical industries. The removal of teed sulfur by conversion
to hydrogen sulfide is typically achieved by reaction with hydrogen over non-noble
metal sulfides, especially those of Co/Mo and Ni/Mo, at fairly severe temperatures
and pressures to meet product quality specifications, or to supply a desulfurized

stream to a subsequent sulfur sensitive process.
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Some naphtha fractions contain olefins. such as, for example, cracked
naphthas or coker naphthas, which typically contain over about 20 wt.% olefins. At
least a portion of the olefins are hydrogenated to saturated hydrocarbons during the
hydrodesulfurization operation. Since the olefins are high octane components, for
some motor fuel use, it is desirable to retain the olefins rather than to convert them
to saturated compounds. Conventional fresh hydrodesulfurization catalyst have
both hydrogenation and desulfurization activity. Hydrodesulturization of cracked
naphthas using conventional naphtha desulfurization catalysts under conventional
startup procedures and under conditions required for sulfur removal, produces a
significant loss of olefins through hydrogenation. This results in a lower grade fuel
product which needs more refining, such as isomerization, blending, or other

refining, to produce higher octane fuel, adding significantly to production expenses.

Selective hydrodesulfurization to remove sulfur while minimizing
hydrogenation of olefins and octane reduction by various techniques, such as
selective catalysts, have been described. For example, U.S. Patent Nos. 4,132,632
and 4,140,626 disclose selective desulfurizaton of cracked naphthas by using
specific catalysts having particular amounts of Group VI and VIII metals on
magnesia support. U.S. Patent No. 4,149,965 discloses a pfocess for starting-up
naphtha hydrodesulfurizaton using partially deactivated hydrotreating catalyst under
relatively low pressure of less than 200 psig. The catalyst is partially deactivated
using a substantially non-metals containing hydrocarbonaceous oil for a time
ranging from about 10 hrs to about 20 days. U.S. Patent No. 2,983,669 discloses a
processes for treating petroleum having a high suifur content using fractionation and
hydrodesulfurization. It is suggested in this ‘669 patent that the
hydrodesulfurization catalyst be one that does not readily promote hydrogenation,

such as a partially spent catalyst.
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Hydrodesulfurization catalysts age, losing activity during use by collecting
deposits of carbonaceous material and/or impurities, such as metals, from the treated
feedstock. Eventually, with increased deposition, the catalyst is no longer able to
provide effective hydrodesulfurization. The deactivated catalyst may be regenerated
and reused, but is generally less effective than fresh catalyst by requiring higher
temperature to give the desired activity and becoming deactivated more quickly than
fresh catalyst. Although hydrodesulfurization catalysts can usually be repetitively
regenerated, they eventually become irreversibly deactivated, or spent, essentially

losing their intended hydrodesulfurization utility.

It is known to hydrodesulfurize an olefinic naphtha by adding a nitrogen
compound to the feed in order to deactivate the catalyst for the hydrodesulfurization

reaction. See U.S. Patent No. 2,913.405.

It 1s also known to hydrotreat a straight run fuel o1l at a pressure not greater
than 150 psig and at a temperature from 400° to 500°F in the presence of a catalyst
that had been employed in a prior hydrotreating process operated at a higher
pressure than the pressure of the fuel oil hydrotreating step until the catalyst had
been substantially permanently deactivated for the purpose ot said high pressure

process, as shown in U.S. Patent No. 3,870,626.

Spent hydrodesulfurization catalysts have been used in hydrodesulfurization.
For example, U.S. Patent No. 3,876,532 discloses a process for hydrodesulfurizing
middle distillate, virgin oils using spent hydrotreating catalysts under extremely
mild conditions to reduce acid and mercaptan content, to rehmve sulfur below 0.2
wt.%. or 2.000 ppm. U.S. Patent No. 4.414.102 discloses the use of spent
hydrodesulfurization catalyst to transform nitrogen- or oxygen-containing

compounds to sulfur-containing compounds followed by mild hydrodesulturization
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treatment. Also, U.S. Patent No. 5,286,373 discloses a process for selectively
hydrodesulfurizing naphtha by contacting the naphtha, which contains olefins and
thiohydrocarbons, with hydrogen under vigorous hydrodesulfurization conditions in
the presence of essentially deactivated hydrodesulfurization catalyst which
selectively produces hydrogen sulfide and desulfurized hydrocarbons and resulting

1n a relatively high olefin content.

Although some of the above processes have met with commercial success,
there still remains a need in the art for improved activation process for cat naphtha
desulfurization catalysts that do not require the use of an additional deactivation

step.

SUMMARY OF THE INVENTION

In accordance with the present invention there is provided a process for the
activation of a CoMo supported catalyst for the selective hydrodesulfurization of cat
naphtha without saturating a significant amount of the olefins, which process

COMprises:

a) heating the catalyst to a temperature of about 350°F to about 450°F 1n an
effective amount of time, in the presence of hydrogen and hydrogen sulfide, and 1n

the presence of virgin naphtha at an effective pressure such that the environment 1s

not a reducing environment;

b) holding the catalyst at 350°F to about 450°F for an effective amount of

time so that at least 20% of the metals that will sulfide will sulfide; and

¢) further heating said catalyst to a temperature from about 550°F to 700°F 1n

the presence of hvdrogen and hydrogen sulfide and in the presence of virgin naphtha
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and at an effective pressure such that the environment is non-reducing, so that

substantially all of the metals are sulfided.

In a preferred embodiment of the present invention the temperature of step a)

is obtained by ramping at a rate of about 10°F to about 80°F per hour.

In another preferred embodiment of the present invention the total pressure 1s

from about 200 to 400 psig.

BRIEF DESCRIPTION OF THE FIGURLI

Figure 1 is a plot of pilot plant data for the desulfurization of a cat naphtha
versus days on oil using both a conventional catalyst activation procedure and the

catalyst activation procedure of the instant invention.

Figure 2 is a plot of data showing olefin saturation for a cat naphtha using a
conventional catalyst activation in a pilot plant and the catalyst activation procedure

of the present invention in a commercial unit.

Figure 3 is plot of data showing desulfurization of a cat naphtha in a stacked
catalyst bed arrangement using a conventional catalyst activation procedure in a

pilot plant, versus the catalyst activation procedure of the present invention in a

commercial unit.

Figure 4 is a plot of data showing olefin saturation of a cat naphtha in a
stacked catalyst bed arrangement using a conventional catalyst activation procedure

in a pilot plant, versus the catalyst activation procedure of the present invention in a

commercial unit.
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DETAILED DESCRIPTION OF THE INVENTION

This invention enables the selective hydrodesulfurization of a naphtha that
contains significant amounts of both sulfur and olefins, while minimizing loss in
octane. Naphtha feedstocks suitable for use in the present invention can comprise
any one or more refinery streams boiling in the range from about 50°F to about
450°F, at atmospheric pressure. The naphtha feedstock generally contains cracked
naphtha which usually comprises fluid catalytic cracking unit naphtha (cat naphtha),
coker naphtha, hydrocracker naphtha, resid hydrotreater naphtha, debutanized
natural gasoline (DNG), and gasoline blending components from other sources
wherein a naphtha boiling range stream can be produced. Cat naphtha and coker
naphtha are generally more olefinic naphthas since they are products of catalytic
and/or thermal cracking reactions, and are the more preferred streams for use in the

present invention.

The naphtha feedstock, preferably a cracked naphthé feedstock, generally
contains not only paraffins. naphthenes, and aromatics, but also unsaturates. such as
open-chain and cyclic olefins. dienes, and cyclic hydrocarbons with olefinic side
chains. The cracked naphtha feedstock generally comprises an overall olefins
concentration ranging as high as about 60 wt.%, more typically about 5 wt.% to 50
wt.%. and most typically from about 5 wt.% to about 40 wt.%. The cracked naphtha
feedstock can comprise a diene concentration of as much as 15 wt.%. preferably
from about 0.02 wt.% to about 15 wt.%, and more preferably from about 0.02 to 3
wt.%. based on the weight of the feedstock. High diene concentrations can result in
a gasoline product with poor stability and color. The cracked naphtha feedstock

sulfur content will generally range from about 0.05 wt.% to about 0.7 wt.% and
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more typically from about 0.07 wt.% to about 0.5 wt.% based on the total weight of
the teedstock. Nitrogen content will generally range from about 5 wppm to about

500 wppm. and more typically from about 20 wppm to about 200 wppm.

Any suitable naphtha hydrodesulfurization catalyst can be used in the
practice of the present invention. Generally, such catalysts will be comprised of at
least one Group VIII metal, selected from Ni and Co and at least one Group VI
metal selected from Mo and W, and an inorganic support matenal. It 1s preferred
for naphtha desulfurization that the Group VIII metal be Co and the Group VI metal
be Mo. The conc;ntration of metal will typically be from about 2 to 60 wt.%.
preferably from about 5 to 50 wt.%, and more preferably from about 8 to 40 wt.%.
The ratio of Group VIII metal to Group VI metal will typically be from about 0.5:1
to about 100:1. preferably from about 1:1 to about 20:1; and more preterably from
about 0.6:1 to about 10:1. The surface area, pore volume. grain size, skeletal or
grain density, for. and other characteristics of the catalyst may be any effective.
including known type or amount. Illustrative catalysts are presented in the Oi1l and

Gas Journal, dated Oct. 14. 1991 on pages 43 to 78.

A particularly preferred catalvst is one having properties which include: (a) a
MoO; concentration of about 1 to 10 wt.%, preferably about 2 to 8 wt.%. and more
preferably about 4 to 6 wt.%. based on the total weight of the catalyst; (b) a CoO
concentration of about 0.1 to 5 wt.%. preferably about 0.5 to 4 wt.%, and more
preferably about 1 to 3 wt.%. also based on the total weight of the catalyst: (c) a

Co/Mo atomic ratio of about 0.1 to about 1.0, preferably from about 0.20 to about
0.80. more preferably from about 0.25 to about 0.72; (d) a median pore diameter ot

about 60A to about 200A. preferably from about 75A to about 175Aand more
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preferably from about 80A to about 150A; (e) a MoO; surface concentration of
about 0.5 x 10 to about 3 x 10" g. MoO,/m°, preferably about 0.75 x 10 to about
2.5 x 10*, more preferably from about 1 x 10 to about 2 x 10™; and (f) an average
particle size diameter of less than 2.0 mm, preferably less than about 1.6 mm, more
preferably less than about 1.4 mm, and most preferably as small as practical for a
commercial hydrodesulfurization process unit. The most preferred catalysts will also
have a high degfee of metal sulfide edge plane area as measured by the Oxygen
Chemisorption Test described in “Structure and Properties of Molybdenum Sulfide:
Correlation of O, Chemisorption with Hydrodesulfurization Activity”, S.J. Tauster

et al., Journal of Catalysis 63, pp 515-519 (1980).

The Oxygen Chemisorption Test involves edge-plane area

measurements made wherein pulses of oxygen are added to a carrier gas stream and
thus rapidly traverse the catalyst bed. For example, the oxygen chemisorption will
be from about 800 to 2,800, preferably from about 1,000 to 2,200, and more
preferably from about 1,200 to 2,000 umol oxygen/gram MoO;. The terms
hydrotreating and hvdrodesulfurization are sometimes used interchangably in this

document.

The hydrogen may be provided as substantially pure hydrogen gas or may
contain nert or other gases, including light hydrocarbons. Any hydrogen not
consumed during the reaction may be recycled for reuse. The hydrogen i1s generally
provided as hydrogen-containing gas with a major amount of, over half up to nearly
pure, hydrogen gas with the balance being inert or hydroacarbonacoues gases. The
amount of hydrogen used may be anv amount effective for hydrodesulfurization to
occur. Typically, hvdrogen is added for continuous reactions at a treat gas ratio of
from about 500 scf/B to about 5,000 scf/B, preferably from about 1,200 scf/B to

about 3.000 scf/B. wherein scf/B means standard cubic feet per barrel.
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The present invention is practiced by first heating the catalyst to a tirst end
temperature of about 350°F to about 450°F in an atmosphere containing hydrogen
and hydrogen sulfide at a concentration that will provide a non-reducing
environment. The heating to this first end temperature is conducted in an etfective
amount of time. That is by ramping the temperature at a rate such that a non-
reducing sulfiding environment is maintained. This heating rate will typically be
from about 10°F/hr to about 80°F/hr, preferably from about 30°F/hr to about 60°F
per hour. This heating will be conducted in a hydrogen/hydrogen sulfide
environment, in the presence of virgin naphtha, and at an effective pressure. That s,
at a pressure that will also maintain a non-reducing sulfiding environment. Typical
pressures will be from about 200 to 400 psig total pressure, preterably about 250 to
350 psig total pressure. By virgin naphtha we mean a naphtha that preterably comes
directly from a pipe still and thus is not a cracked naphtha from a downstream
process unit. Virgin naphthas are typically substantially sulfur and olefin free. The
sulfur content of a virgin naphtha will usually be from about 100 to about 1,000
wppm, have a nitrogen content from about 0.1 wppm to 50 wppm, and containing

substantially no olefins.

The catalyst will be held at this first end temperature for an etfective amount
of time. That is. for a time sufficient to sulfide at least about 20% of the metal of
said catalyst. This holding period will typically be from about 2 hours to about 24

hours, preferably from about 5 hours to about 15 hours.

The catalyst, after said holding period, will be heated to a second end
temperature at an effective heating rate. This second heating will also be 1n the
presence of a hydrogen/hydrogen sulfide environment and also in the presence ot a

virgin naphtha. The heating rate and the total pressure will be such that a non-
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reducing sulfiding environment is maintained. The heating rate and the total
pressure will be within the ranges given for heating to the first end temperature.

The catalyst will be held at this second end temperature also for an ettective amount
of time. This effective amount of time will be for a time sutticient to allow

substantially complete sulfiding of the catalytic metals ot said catalyst.

This invention will be further understood by the following examples? which

are presented for illustrative purposes and are not to be limiting in any way.

Example 1

A commercially prepared, reference batch of catalyst available from
Criterion under the name C-447 was used in this test. The catalyst (C-447) was
comprised of 15.3 wt.% MoO,, 4.32 wt.% CoO on an alumina support. The catalyst
was tested in a co&mercially available 1.6 mm trilobe size. The improved
activation method of this invention was performed in-situ with a 10 mole% H,S/H,
gas blend (384 scf/B gas rate) and a virgin light naphtha which is low in sulfur
(about 200 wppm), and nitrogen (about 0.1 wppm) and olefins (substantially none),
for approximately 14 hrs at two holding temperatures, 400 (gas/liquid mixed phase
and 650°F (all vapor phase) with reactor pressure of 300 psig. The reactor was then
cooled to 250°F before the introduction of the cat naphtha feed. The test was
performed in an isothermal, downflow, all vapor-phase pilot plant. The activity test
used an intermediate/heavy cat naphtha feed with a 162-475°F boiling range. 1850
wppm total sulfur, and 26 bromine number. Catalyst volume loading was 20 cubic
centimeters. Reactor conditions were 500°F. 2600 sct/B. 100% hydrogen treat gas
and 300 psig total inlet pressure. Space velocity was held constant at 6.5 LHSV.

HDS levels ranged between 97.4 and 96.1% and olefin saturation between 46.7 and
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40.2%. For comparison. a conventional type of activation of the same batch of C-
447 was performed in-situ with a 10 mole% H,S/H, gas blend (0.85 sct/hr gas rate)
for approximately 14 hrs at two holding temperatures, 450 and 700°F with reactor
pressure of 30 psig. After cooling to 200°F, other parameters were kept the same as
the improved activation method of this invention. Figure | hereof, shows that the
improved activation method of this invention preserves catalyst activity tor
desulfurization of the intermediate/heavy cat naphtha. Figure 2 hereof shows that
the improved activation method of the this invention reduces oletin saturation
activity. Table I hereof summarizes the benefit from the improved activation

method of this invention.

Example 2

A pilot plant containing a stacked catalyst bed was used. The lower most, or
downstream most catalyst bed contained the C-447 catalyst (Catalyst B) as
described in Example 1 above. The upper most, or upstream catalyst bed contained
a catalyst (Catalyst A) comprised of about 1.2 wt.% Co0, 4.5 wt.% Mo0O; on an
alumina support and having a median pore diameter of about 87A. The ratio of each
catalyst to each other was about 50/50. This stacked catalyst bed was activated by

the same conventional type procedure as recited in Example 1 above.

For comparison, a commercial process unit containing a stacked bed of the
catalyst set forth above, except the ratio was Cat A/Cat B of 40/60. The activation
of this stacked bed of catalyst was performed in-situ starting with a 0.5 mole%o
H,S/H, gas blend (3.500 scf/B) and a virgin naphtha (20, 000 barrels). lhe stacked
bed of catalyst was heated to a temperature of 400°F at a rate of 10 to 15°F per hour
and held at that temperature (all vapor phase) at a reactor pressurc of about 300 psig

until breakthrough of H,S was observed. The H,S concentration in the treat gas was
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then increased to 1.0 to 1.5 mole% in hydrogen and the reactor temperature
increased to 590°F (all vapor phase). After breakthrough of H,S was observed, the
reactor was cooled to 400°F and an intermediate/heavy cat naphtha, as described
above was introduced. Figure 3 hereof shows comparable commercial and pilot
plant sulfur removal activities. Also, Figure 4 hereof, shows lower olefin
hydrogenation activity for the commercial feedstock using the improved activation
method of the présently claimed invention, and Table 2 hereof shows a summary of

the benefit of the activation method of this invention.
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CLAIMS:

1. A process for the activation of a CoMo supported catalyst for the selective
hydrodesulfurization of naphtha feedstock containing significant amounts of sulfur and
olefins, without saturating a significant amount of the olefins, which process comprises:

(a) heating the catalyst to a temperature of about 350°F to about 450°F at a
heating rate of about 10°F/hr to about 80°F/hr 1in the presence of hydrogen and hydrogen
sulfide, and 1n the presence of virgin naphtha at an effective pressure such that the
environment is not a reducing environment, said pressure ranging from 200 psig to 400
psig total pressure;

b) holding the catalyst at 350°F to about 450°F for an amount of time so that
at least 20% of the metals capable of sulfiding will sulfide; and

C) further heating said catalyst to a temperature from about 550°F to 700°F 1n
the presence of hydrogen and hydrogen sulfide and 1n the presence of the virgin naphtha
and at an effective pressure such that the environment 1s non-reducing, wherein said

pressure ranges from 200 psig to 400 psig, so that substantially all of the metals are
sulfided.

2. The process of claim 1 wherein the naphtha feedstock is a cracked naphtha

feedstock and contains about 5 wt.% to about 50 wt.% olefins.

3. The process of claim 2 wherein the naphtha feedstock has a diene concentration of

about 0.02 to 15 wt.%.

4 The process of any one of claims 1 to 3 wherein the temperature of step a) is
reached by heating at a rate of about 30 to 60°F per hour at a total pressure of about 250 to
350 psig.

J. The process of claim 2 wherein the naphtha feedstock 1s a cat naphtha and contains

a sulfur concentration of about 0.05 to 0.7 wt.%, based on the total weight of the naphtha.
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6. The process of claim 5 wherein the naptha is cat naphtha, coker naphtha,

hydrocracker naphtha, resid, or hydrotreater naphtha.

1. The process of any one of claims 1 to 6 wherein the virgin naphtha used 1n step a)

contains about 100 wppm to about 1,000 wppm sulfur and substantially no olefins.
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