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with reduced reversion mercaptan formation and olefin saturation, by reacting

the feed with a hydrogen treat gas in the presence of a hydrodesulfurization
catalyst, within specific constraints of high temperature, low pressure and a high

treat gas ratio.

'BACKGROUND OF THE INVENTION

Future mogas sulfur specifications are being regulated through legislation
to increasingly Jower levels, due to environmental considerations. Sulfur speci-
fications on the order of less than 150 wppm of total sulfur are likely near term,
with values of no greater than 30 wppm of total sulfur possible in the not too
distant future. Such sulfur specifications are without precedent and will require
the production of low sulfur blend stock for the mogas pool. The primary sulfur
sources in the mogas pool are the blend stocks derived from FCC naphthas,
whose sulfur content can fall in the range of 500-7000 wppm depending upon
crude quality and FCC operation. Conventional fixed bed hydrodesulfunization
can reduce the sulfur level of FCC naphthas to very low levels, but the severe
conditions of temperature, pressure and hydrogen treat gas ratio results in
significant octane loss, due to olefin Joss from saturation. Selective hydro-

desulfurization processes have been developed to reduce olefin saturation and
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processes are disclosed, for exanple, in US. patents 4, 149, 965;

5, 525, 211 5,423, 975, and 5,906, 730. However, in these and in other
processesVOIMA4PH hydr odesul furi zation reactor the H2S for rREI/UR0032708
consequence of the hydrodesul furization reacts with the feed olefins, to
form nercaptan sul fur conpounds, which are known as reversion nercaptans.
The anount of these nercaptans fornmed during the process typically exceeds
future fuel specifications for nmercaptan sulfur and, in sone cases, total
sul fur. Accord-
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SUMMARY OF THE INVENTION

The invention relates to a process for removing sulfur compounds from an
olefin-containing naphtha feed, with reduced reversion mercaptan formation, by
reacting the feed with a hydrogen treat gas in the presence of a hydrodesulfuriza-
tion catalyst, within specific constraints of high temperature, low pressure and
high treat gas ratio. Thus, the process of the invention comprises reacting a
naphtha feed containing organic sulfur compounds and olefins, with a hydrogen
treat gas in the presence of a hydrodesulfurization catalyst at a temperature of
from 550-425°C, a pressure of from 60-150 psig., and a hydrogen treat gas ratio
of from 2000-4000 scf/b, to remove most of the organic sulfur compounds, with
reduced olefin saturation. Temperature and pressure ranges of from 340-425°C
and 60-125 psig are preferred, with from 370-425°C and 60-100 psig
particularly preferred. Similarly, a preferred treat gas ratio range is from 2500-
4000 scf/b, with from 3000-4000 scf/b particularly preferred. From 90-100 wt%
sulfur removal may be achieved to form a desulfurized naphtha product having a
total sulfur level of from 5-500 wppm, including from 5- 200 wppm of
mercaptan sulfur, with a feed olefin loss of from 5-60 wt%. The catalyst can be
any catalyst known to be useful for hydrodesulfurization. Such catalysts



total sulfur level of from 5-500 wppm i ncluding frem5- 200 wppm of
mercaptan sulfur, with a feed olefin loss of from5-60 w% The cal MAlydili
can be ay yst known to be useful for hydrodesul furi j h
catal ysts ?%@3004 WD 01/ 40409 3 PCT/1JS00132708 typi cal @%@%P&@ at

| east one catalytically active netal conponent of a metal fromGoup VIII,

on a suitable support. Mre typically the“catalyst will conprise a
conponent of at |east one netal of Group VIII and at | east one netal of
G oup VI on a suitable catal yst support, with non-noble Goup VLIl netals

preferred. ltppicaly abopiprisenattlaisticmadiatajytically sateedpetad componentpha metal
preferred is a |ow netal |oaded, catal yst conprisi E,gxéoag d Mo on a
support havifrem&Grooy ¥Hlaew @i switable Sippert r@ﬁT t.YP"E”g 1thG CAAYBEWEL bl ai ned i n
detail below.__The catalyst e_ei ' | or
severel y deé’@f’?We%l?opf'RéneWg‘?%?@g?seiﬁé‘?qégggggga?wéﬁelgﬁy??%%d ge ehl

sul fided in-g [ BH 24D | {, diifl9 nBh aftde Group BYIIhydtalgen
treat gas iﬁn(%lﬁaé’rw)uglgggéégnpmgl n Stﬁ%%enl, \I/\lhich may o?pmay not contain
one or nore giefeprdl Deweaataltic inetahloadingd\aee pedfprrads Particwerlyqrefertadi is# i on

catal yst, process or product. It is preferred_ that the treat,gas conprise
fr om 60- 100 lowi meed] hyatiedgeatalysy comgasing GePrand Me % QUPROTLDANIDEy

| f bear i K ) d. Thus,, | br oad ' '
Compr | ses o GabEe dwmisrradect Fam G g 14 el FEPEmA ) bl SN E T
ht ha feed ' t f ] '
yar odesul | SV HIRRL PR GEr T Batell] GRUCHAEN or stbECQRIARANGE Dhe 2

tenperature eaialggmh? %Qgﬂ%éiﬁﬁdéd RIr ey Seulfi detint Sind, Afbimg conventibmal
hydrogen treat gas rati o of from 2000-4000 scf/b. In a nore narrow

embodi ment , subfding\eotedures.oBy hpdrogen meatgassis eard @sgAsiamMPNHGBa sul f ur

and ol efin-containing naphtha feed with.reduced ner tan _for mati.0 y
reacting t thydregen,witighiay 65&RY Nef GOREALE AR FBOSY &zﬁﬂﬂcﬁaﬁﬁ%%éhu??%?ng

catalyst, atadverscly affect the desulfurization catalyst, process or product. It is preferred
that the treat gas comprise from 60-100 vol. % hydrogen. By organic suifur

compound is meant any sulfur bearing organic compound.

Thus, in a broad sense the invention comprises a process for desulfurizing
a sulfur and olefin-containing naphtha feed, by reacting the feed with hydrogen,
in the presence of a hydrodesulfurizing catalyst, at reaction conditions including
a temperature of from 290-425°C, a pressure of from 60-150 psig, and a
hydrogen treat gas ratio of from 2000-4000 scf/b. In a more narrow
embodiment, the invention comprises a process for desulfurizing a sulfur and
olefin-containing naphtha feed with reduced mercaptan formation, by reacting
the feed with hydrogen, in the presence of a hydrodesulfurizing catalyst, at
reaction conditions including a temperature of from 290-425°C, a pressure of
from 60-150 psig, and a hydrogen treat gas ratio of from 2000-4000 scf/b,
wherein the catalyst comprises 2 Mo catalytic component, a Co catalytic
component and a support component, with the Mo component being present in
an amount of from 1 to 10 wt% calculated as MoO; and the Co component being

present in an amount of from 0.1 to 5 wt% calculated as CoO, with a Co/Mo



reaction conditions including a tenperature of from 290-425C, a pressure of
from 60-150 psig, and a hydrogen treat gas ratio of from 2000-400 MAR 2084
wherein the catal yst conprises a Mo catal ytic conponent, a Co catal ytic
conponentwa@nti4®os upport conponent, with the Mo conponent bdAGIUERZEAt in
an anount of froml to 10 w % cal cul ated as MoG3 and the Co conponent being
present in an amount of fromO0.1 to 5 w-%<calculated as CoO with a Co/M 2
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conmpounds f ggdfaed s@lfunby fae behst 9O%d) witidno enbriecthan t609h olsffirnr saturatiosn
nmer capt ans, by conducting the hydrodesul furization reaction within the
specific process constraints of high tenperature, |ow pressure and high

treat gas ratio of _the inv rJllli . While the actual value of any one of
t hese threegﬁW&Q&Mn process constraints of tenperature,
pressure and hydrogen treat gas ratio wused in the process of the
invention, may fall within the extrenely broad w ndows of

hydrodesul furi zag QRRI drodckul fuPiatibA Proesss off dblinverion remmesher from
a multiplicity o?h\%krclp%us 3i§"’scl osures, theqicronbi nati on thereof and the
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be used for naphtha hydroprocessing. It has b gg found fhat t.hese three
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tenperature prcl)c%\évs Rbastedthts Mgﬂit%ptzfﬁﬂ:te, low pressure and high treat gas ratio of
| the invention. While the actual value of any one of these three hydrodesulfuriza-

tion process constraints of temperature, pressure and hydrogen treat gas ratio
used in the process of the invention, may fall within the extremely broad
windows of hydrodesulfurization process conditions that one might piece
together from a multiplicity of various disclosures, the combination thereof and
the unexpected and unique results obtained, have not heretofore been known to
be used for naphtha hydroprocessing. It has been found that these three specific
operating constraints improve the hydrodesulfurization selectivity, by favoring
hydrodesulfurization with less olefin saturation (octane loss). At these selective
hydrodesulfurization conditions of high temperature, low pressure and high treat
gas ratio, the high concentration of HzS formed in the hydrodesulfurization
reactor, resulting from the deep desulfurization, along with high concentrations
of retained feed olefins, would be expected to inherently promote mercaptan
reversion. Surprisingly, the opposite has been observed. We have unexpectedly
found that, at a given level of retained feed olefins and H.S formed by the
hydrodesulfurization (as found in the effluent of the hydrodesulfurization
reactor), significantly less mercaptans are formed by reversion using the process

constraints of the invention, than that which occurs at conditions of temperature,
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gasol i ne (nﬂ@%}“%l‘?&PmP@&’éPE,‘“\% MI¥%‘SRW?TMT?%§SW despread production of
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Conditions Broad Narrow Prior Art
Temp., °C 290-425 370-425 200-370
Total Press., psig 60-150 60-100 100-2000
Treat gas ratio, scf/b 2000-4000 3000-4000 200-10000

It is anticipated that environmentally driven regulatory pressure on motor
gasoline (mogas) sulfur levels, will result in the widespread production of 30
ppm total sulfur mogas by the year 2004. Further, gas oil and other feeds for a
fluid cat cracker used to produce cat cracked naphthas, are increasingly using
ever more amounts of poorer quality, high sulfur content components, due to the
dwindling supply of higher quality crude oil sources. This results in higher
sulfur contents in the cat cracked naphthas, which are the major source of
naphtha stocks for mogas pools. Thus, the reduction in mercaptan reversion
achieved by the selective hydrodesulfurizing process of the invention, is
important with respect to the desulfurized product meeting both low total sulfur
and mercaptan sulfur specifications, while preserving the olefins valuable for
octane. At such deep levels of desulfurization of from 90-100 wt% sulfur
removal, particularly with relatively high sulfur content naphtha feeds (e.g., >
500 wppm and particularly feeds having 1500-7000 wppm sulfur), the contribu-
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to the tot althesel very, lowasulfiz leselgoftd 3dumpprTher ef ore, the control of
nmercaptan formation is necessary to reach these very |ow sulfur |evels of
:5 30 wopm The organi c sul fur conpounds in a typical naphtha feed to be

desul furized, conprise nercgptan sul fur conpounds H) ul fi des (RSR)
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forming H,S and paraffins. It 1s believed that the H,S produced in the reactor
from the removal of organic sulfur compounds, reacts with the olefins to form
new mercaptans (reversion mercaptans). Generally it has been found that the
mercaptans present in the hydrodesuifurized product have a higher carbon
number, than those found in the feed. These reversion mercaptans formed in the
reactor, and which are present in the desulfurized product, typically compnse
Ca+ mercaptans. Others have proposed reducing the mercaptan and/or total
sulfur of the hydrodesulfurized naphtha product by means such as 1) pretreating
the feed to saturate diolefins, 2) extractive sweetening of the hydrotreated
product, and 3) product sweetening with an oxidant, alkaline base and catalyst.
However, diolefin saturation requires an additional reactor vessel and has not
been demonstrated as effective for reducing RSH formation. The higher carbon
number mercaptans produced by the reversion reactions are difficult to extract
into caustic. The third approach suggests sweetening the product by producing
disulfides from the mercaptans, and therefore has no value in reducing the total

sulfur, as does the process of the invention.
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as 15 wt%, but more typically ranges from about 0.2 wt% to about 5 wi% of the
feed. High diene concentrations can result in a gasoline product with poor
stability and color. The sulfur content of a cracked naphtha feed will generally
range from about 0.05 wt% to about 0.7 wt%. In the practice of the invention, it
is preferred that the sulfur content range from 0.13-0.7 wit%, preferably 0.2-0.7
w1% and more preferably from about 0.3 to 0.7 wt% (3000-7000 wppm), based
on the total weight of the feed. The nitrogen content will generally range from

about 5 wppm to about 500 wppm, and more typically from about 20 wppm to
about 200 wppm.

Hydrodesulfurization catalysts employed in the process of the invention
will comprise at least one catalytically active metal component of a metal from
Group VIII on a suitable support. More typically, the catalyst will comprise a
catalytic component of a Group VIII metal, and preferably a Group VIII non-
noble metal, such as Co, Ni and Fe, in combination with a component of at least
one metal selected from Group VIA, 1A, IIA, IB metals and mixture thereof,
supported on any suitable, high surface area inorganic metal oxide support

material such as, but not limited to, alumina, silica, titania, magnesia, silica-
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righted in 1968 by the Sargent-Weich Scientific Company. Metal concentrations

are typically those existing in conventional hydroprocessing catalysts and can
range from about 1-30 wt% of the metal oxide, and more typically from about
10-25 wi% of the oxide of the catalytic metal components, based on the total
catalyst weight. As mentioned above, the catalyst may be presulfided or sulfided

in-situ, by well known and conventional methods.

A low metal loaded hydrodesulfurization catalyst comprising CoO and
MoO; on a support and having a Co/Mo atomic ratio of from 0.1 to 1.0 is
particolarly preferred. By low metal loaded is meant that the catalyst will
contain not more than 12, preferably not more than 10 and more preferably not
more than 8 wt% catalytic metal components calculated as their oxides, based on
the total catalyst weight. Such catalysts include: (a) a MoO5 concentration of
about 1 to 10 wt%, preferably 2 to 8 wt% and more preferably 4 to 6 wt% of the
total catalyst; (b) a CoO concentration of 0.1 to 5 wt%, preferably 0.5 to 4 wt%
and more preferably 1 to 3 wt% based on the total catalyst weight. The catalyst
will also have (i) a Co/Mo atomic ratio of 0.1 to 1.0, preferably 0.20 to 0.80 and
more preferably 0.25 to 0.72; (ii) a median pore diameter of 60 to 200 A,
preferably from 75 to 175 A and more preferably 80 to 150 A; (iii) a MoO
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catalyst, as measured by the oxygen chemisorption, will be from about 761 to
2800, preferably from 1000 to 2200, and more preferably from 1200 to 2000
umol oxygen/gram MoOs;. Alumina is a preferred support. The supported, low
metal loaded Co and Mo containing catalyst used in Example 3 below, met at
least the broad ranges of all the catalyst parameters for the low metal loaded
catalyst set forth in this paragraph. For catalysts with a high degree of metal
sulfide edge plane area, magnesia can also be used. The catalyst support
material will preferably contain less than 1 wt% of contaminants such as Fe,
sulfates, silica and various metal oxides which can be present during preparation
of the catalyst. It is preferred that the catalyst be free of such contaminants. In
one embodiment, the catalyst may also contain from up to 5 wt%, preferably 0.5
to 4 wt% and more preferably 1 to 3 wt% of an additive in the support, which
additive is selected from the group consisting of phosphorous and metals or

metal oxides of metals of Group 1A (alkali metals).

The one or more catalytic metals can be deposited incorporated upon the

support by any suitable conventional means, such as by impregnation employing

heat-decomposable salts of the Group VIB and VIII metals or other methods
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nmetals or other nmethods 2 MAR 2004 WO 01/40409 - 10 PCT/ US00/ 32708 known to
t hose skill &pical.the art, such as i on-exchange, with inpregnation nethods
bei ng preferred. Suitable aqueous inpregnation solutions include, but are
not limted to a nitrate, anmmoni ated oxide, formate, acetate and the |ike.

'eg[gggg“ on of tHf GRlkAtvh Will'B FhurthéA UAEERAIId G tHOFETEORRE StoCAR. HRmples
y

Journal of Catalysis, 63, .p. 515-519 (1980), which is,incorporated hgﬂﬂ[}&
as

below.

EXAMPLES

Comparative Example A

A fresh, high activity, high metals loaded, laboratory prepared
(Co-Mo)/Al,O; hydrodesulfurizing catalyst (4 wt% CoO plus 15 wt% MoOs)
was used to desulfurize a FCC Naphtha (FCCN) feed containing 0.33 wt% S and
33 vol. % olefins. Table 1 lists the FCCN feed charactenstics. The reactor was
an isothermal, downflow, all vapor-phase pilot plant reactor, containing 1.25
cc’s of catalyst in a 14/35 mesh size. The hydrodesulfunzation reaction was
carried out with a 100 % hydrogen treat gas, at a ratio of 2650 SCF/BBL, 275°C,
305 total psig (234 psig H, PP), and a liquid hourly space velocity of 5.2 v/v/h.
These reaction conditions are outside the scope of the constraints of the

invention.



by incipient wetness, inpregnation from aqueous or .organic nedia, R
conposit- ing. Inpregnation as in incipient wetness, with or Wi t h?oﬂé @P@/l ng
and cal cii ter each inpregnation, is typically used. nis
generalliﬁgc w@géd in air at tenperatures of from 260- 650 bﬂﬂ"hlp
tenperatures from 260-595C typical. The invention wll be further
understood with reference to the exanpl edlibel ow. EXAMPLES Conparative
Exanple A A fresh, high activity, high nmetals | oaded, |aboratory prepared
(Co- M)/ Al 2G3 hydr odesul furizing catal yst (4 wt % CoO plus 15 w % MoO3) was
used to desul furize a FCC Napht ha (FCCNgyieqd containing 0.33 wt% S and 33
vol. %olefins. Table 1 |IStS the FCCN feed characterlstlcs The reactor
was an i sothermal, Heuwail-Gummatmma S e—irts-e St e or ,
containing 1.25 cc'b of catalyst chbchavagscmzi si ze. The
hydr odesul furi zati o ctiog,was carried out with a S % hydr ogen treat
gas, at a ratio of 262 BL, 275C, 305 total psig]@' %4 psijg H2 PP),
and a liquid hourly gmsvgalﬁgﬁt%ogsﬁwmmlgh Thes¥2.8eacti qn condi tions
are outside the scope of the constra| nts of the invention. 2 AR 2004 WO
01/ 40409 -11 Tabl e || ABE@ramityacteristics Sul fur, w%®-83 aAdfins

content, % ASTM D 13 19.,32. 8 . API Vi oi | ing Point Wy GCD ASTM
D2887 T, C @10 wt % 7épgmg ﬁomt gy &f‘) A@i‘hﬁ%ﬁs‘ﬁ

T, °C @ 10 wt% 77.1
T, °C @ 50 wt% 125.6
T, °C @ 90 wt% 173

The desulfurization results are shown in Table 2.

Example 1

The same high activity, high metals loaded (Co-M0)/Al,O, catalyst was
used to desulfurize the same FCCN feed, with the same experimental equipment
and design, as in Comparative Example A (containing 0.33 wt% S and 33 %
olefins) but at the reaction conditions within the constraints of the invention.
The hydrodesulfurization reaction was carried out with a 100% hydrogen treat
gas at a ratio of 2641 SCF/BBL, 288°C, 95.5 total psig (80.5 psig H; PP), and a
liquid hourly space velocity of 5.0, to yield a product with a sulfur level of 432
ppm. The results in Table 2 show that the mercaptan sulfur (RSH) level in the
product was only 35.5 ppm, compared to the 84.6 ppm achieved with
Comparative Example, and olefin saturation was even slightly less than that for
Comparative Example A. The % Bromine reduction is a direct measure of the %

feed olefin saturation during the desulfurization.



T, C@0Owt % 125.6 T, C 90 wt /0 173 The desulfurization gaesults are shown in
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was carried out with a 100% hydrogen treat gas at a ratio of 2641 SCF/ BBL,
288C, 95.5 total psig (80.5 psig H2 PP), and a |iquid hourly space
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results in Table 2 show that the rrercaptan sulfur (RSH) level in the

product was ord ¥ 355 PEF—eORP ared—to—the-84 6 ppm achi-eved with

Conpar ative Exanple. and olefin saturation Wsedsstd@ualitiesnt |y | ess t han |t hat

for Conpar atijve Torapptatue. The 9%8EBop#i ne |redud i on |sTatadI|Sr,ec1 RSKHyr ¢ of
the % feed ol efighdPidskarel 0N dRedsttidie desuHDY | Zati GPpprd VAR W83hfin
01/40409 12 € / J32708 Product—Quatities Tenperature 981 g %
Total S, RSH, | &74°6; 888wpseReduct i ohHBSMAPEM  87.3 420 84.6

288°C, 100 psig 15.3 86.9 432 35.5

These results demonstrate that the product mercaptan content is very
dependent on the hydrodesulfurization reaction conditions. Essentially the same
amount of total sulfur hydrodesulfurization was achieved in each case. How-
ever, operating under the constraints of the invention, with a temperature of
288°C and a pressure of 100 psig, produced a desulfurized naphtha product
having less than half the mercaptan sulfur content that the same feed
desulfurized with the same catalyst, but at a temperature and pressure outside the
constraints of the invention. This is surprising, in that operating under the
constraints of the invention resulted in a higher olefin content of the desulfurized
product, at essentially the same H,S level exiting the reactor. This would be
expected to result in a greater level of reversion mercaptans in the product.
However, the mercaptan sulfur content of the desulfunzed naphtha product
under the conditions of the invention is much lower than that of the naphtha

product achieved operating under the prior art conditions,

Even though the hydrodesulfurization conducted under the prior art
conditions of Comparative Example A, included a hydrogen treat gas rate within
the constraints of the invention, the temperature was 40°C below the minimum
of 288°C and the pressure was above the 150 psig maximum. This demonstrates
the need for having all of the desulfurization reaction conditions within the
constraints of the invention, to reduce mercaptan reversion and product

mercaptan content, at about the same degree of total desulfurization.
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feed olefin saturation. These reaction conditions of temperature and pressure are
outside the scope of the constraints of the invention. Of the total product sulfur,

71.8 ppm were mercaptans. The results are shown in Table 3.

Example 2

The same high activity, high metals loaded (Co-Mo/Al,O;) catalyst
containing 2 wt% copper used in Comparative Example B, was used to
desulfurize the same FCCN feed used in the examples above (containing
0.33 wt% S and 33% olefins), using the same reactor and catalyst loading as in
Comparative Example B, but at reaction conditions within the constraints of the
invention. Thus, the hydrodesulfurization reaction was carried out with a 100%
hydrogen treat gas at a ratio of 2663 SCF/BBL, 287°C, 104 psig (87 H; PP), and
a LHSV of 3.5, to yield a product with 392 wppm S and a 16.7% reduction in
Bromine number. These results are compared with those obtained above by

hydrodesulfurizing at prior art conditions, in Table 3.



in the two exanpl es above,<but al so containing 2 w/a,copper, was used to
desul furize the sanme FCCN feed (containing 0.33 wt% S and 33 % ol et M8§ 200&he
same expewigfikpads €qui prent and design was used as in Exa t
that the catalyst load was 2.4 cc's. The hydrodesul furi zgﬂ"gﬁ’ﬁr"%@? on was
carried out wth a 100% hydrogen treat gas ratio of 2638 SCF/ BBL, 273C,
205 total psig (227 H2 PP), and a LHSV 0f147.5, to yield a product with 935
ppm S and a 16% feed olefin saturation. These reaction conditions of
tenperature and pressure are outside the scope of the constraints of the

I nvention. O the total product sul fur, TaBle.38 ppm were nercaptans. The
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conpared with those obtai ned above by hydrodesul furizing at prior art
conditions, in Table 3. 2 MAR 2004 WO 01/ 40409 -14 Tab]e 3 PCT/ US00J32708
Product Qual iti esTHeergseitatnTabkn8 abt Bignificdnt in that at the same percent feed

Bromine Number reduction, which is imndicative of olefin saturation, significantly
more total hydrodesulfurization was obtained under the constraints of the
invention. The Example 2 environment, where more H,S is present with the
same amount of olefins in the reactor (Example 2 vs. Comparative Example B),
would be expected to produce more mercaptans from reversion. Instead, less
mercaptans were formed under the conditions of the invention and this is

unexpected.

Comparative Example C

A laboratory prepared, fresh batch of a low metal loaded, high dispersion
catalyst in a 1.3 mm ASQ form, consisting of approximately 6.5 wt% MoQO; and
2.2 wt% CoO on an alumina support, was used in this experiment and in the
experiment below. The feed was a heavy cat naphtha feed, containing, 2813
wppm total sulfur, and 29.5 bromine number and the hydrodesulfurization
reactor was an isothermal, downflow, all vapor-phase pilot plant reactor.
Catalyst loading was 20 cc. The hydrodesulfurization reaction conditions used
in this experiment were 260.5°C, a 100% hydrogen treat gas ratio of 2596 scf/b
and a 300 psig total inlet pressure. The feed space velocity was 6.57 LHSV.
Thus, the desulfurization reaction conditions of temperature and pressure were

outside the scope of the constraints of the invention. Overall sulfur removal was
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hydr odesul f reaction conditions used in this experinent were
260.5C, a 100% hydrogen treat gas ratio of 2596 scflb and a 300 psig total
inlet pressure. The feed space velocity was 6.57 LHSV. Thus, the
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conditions, which were within the scope of those of the invention. These
conditions included a temperature of 288°C, a 100 % hydrogen treat gas at a
ratio of 2629, scf/b and a 116 psig total reactor inlet pressure. The results are set
forth in Table 4, in which they can be readily compared with those obtained

from Comparative Example C above.

Table 4
% % Bromine SH,
Reaction Conditions HDS # Reduction wppm
Prior art (260.5°C, 306 psig) 88 1 25.4 63
Comparative Example C
The invention (238°C, 116 psig) 90.3 23.7 15.7
Example 3

The results again demonstrate the efficacy of the process of the invention for
reducing product mercaptan levels at the same degree of desulfurization. In this
case, feed olefin saturation was significantly less with the invention, than with

the prior art conditions.

1t is understood that various other embodiments and modifications in the

practice of the invention will be apparent to, and can be readily made by, those
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2 MAR i oad PCTI USOO 32708 skilled in the art w thout departing fromthe
scope and spirit of the invention described above. Accordingly, it M@]@ﬁ)&t
i ntended that the scope of the clains appended hereto be limted tzo

exact description set forth above, but rather that the clains be construed
as enconpassing all of the features of patentable novelty which reside in
the present invention, including all the features and enbodi nents which
woul d be treated as equival ents thereof by7ithose skilled in the art to

whi ch the invention pertain. 2 MAR 2004 -17 CLAIMS: | . A process for

desul furi zi ngrajsmt fur and ol efi n-contai ni ng naphtha feed while inhibiting
mercaptan formation, conprising reacting said feed wth hydrogen, in the
presence of a hydrodesul furizing catalyst where in said catal yst conprises

at |east one Goup VIIA prdeads@bndebfifufiBingl sCIQTRANEREN-3MHaifing AhHtyssfeedSWRIROT t
conmponent and at |east one Goup VI Catalytic netal at reactl_or}ﬁconditi ons

i ncludi ng a inbitpereaperetar fomasing, 20pprsig catting saig feed ithehygdrosen. g prepeise
psi g, and a_Bygr 0GR {FfBine AT AR Bl e AQAMRALRG B bR GRup A1RY OCESS

according to clalm erein sard catalytic netal conponents, cal cul ated
as the netal coalytiesetabeomponens amd a ¢atalyshpupper campenent and ahleaghoRfierodP Yir om 1- 30

w. % based on.the.total ,.catal,st i ) { tng to claim
2 wherein sagatagg'fﬂeflatsl ttrﬁ?%'(%n g tgpﬁ}gﬁhjg%gté%ﬁt%ﬁ?\%té@ 23?22%43%?:9 4. A

process accopgsdi@e bffraih 80-15Bpiid) @ik ydrbgenareatmas ratd of Gppe00PHedkestdi s from
about 0.5 to 2 w. % 5. A process according to claim4 wherein said
napht ha feed contains from5 to 60 w. %olefins and up to 0.7 w. %total

sulfur. 6. A procgss ag¢aiceisRgedr@in€iodildind vileediebaid saalgtid ra¢tall cofmpenknsy| f ur
ranges fromO0.15 w. %up to 0.7 wt. % . ) o
calculated as the metal oxides, are present in said catalyst in an amount of from 1-30 wt. %,

based on the total catalyst weight.

3. A process according to claim 2 wherein said catalyst also contains up to about

4 wt. % copper.

4. A process according to claim 3 wherein the amount of copper present is from

about 0.5 to 2 wt. %.

5. A process according to claim 4 wherein said naphtha feed contains from 5 to

60 wt. % olefins and up to 0.7 wt. % total sulfur.

6. A process according to claim 5 wherein said total feed sulfur ranges from 0.15

wt. % up to 0.7 wt. %.

7. A process according to claim 6 wherein at least 90 wt. % of said total feed

sulfur is removed during said hydrodesulfurization.

3. A process according to claim 7 wherein said feed contains from 5 to 60 wt. %
olefins and wherein no greater than 60 wt. % of said feed olefins are saturated during said

hydrodesulfurization.



7. A process according to claim6 wherein at |least 90 wt. % of said total
feed sulfur is renpved during said hydrodesul furization. 8. A prbMabeli
according to claim7 wherein said feed contains from5 to 60 wt. % ol efins
and wherein no greater than 60 wt. % of said feed olefins are saturated
during said by drodesu | fu rization. 2 MAR 2004 -18 9. A process according
to claim8 wherein said reaction conditions include a tenperature of from
370-425 C., a pressure of from 60-125 psi¢f-and a hydrogen treat gas ratio
of from 2500-4000 scf/b. 10. A process according to claim9 wherein said

G oup VIB catal ytpc rreA@kocessaamcnﬁglto dlznml&M&eeimsab@fépmmmbnd)‘tﬁoratindlmat one
of at |east one of and W and wherein id Gaoup VIl catal ytic netal
conponent | ntﬂrweaéurapffr@aéPO Bt of 2 5SSt Efom 601125 Rsigr Hiderdyd Fﬁg%%f"(’:ﬁt B to
claim 10 whepgi,nr$aihthaaRrbbhasteed contains from 10- 60 w. %ol efins, of
whi ch no nore than 50% are saturated during said hydrodesul furization. 12.
A process accordi ng to claiml 1 wherein said total feed sulfur ranges from

0.2-0.7 wt. % ht h

f eed cont ai ns from 25 JS‘gjgo%v\fti @@3@{.@@%&% %%ﬁ%ﬁ%ﬁoﬁg%ﬁg&g%{égfar ea
saturat ed durémporsai idclhged ra@dnaamehmf ay khitone ofmleasmpq: ofcids gndh¥canddiheeein o
claim 13 wherel Eiéglf'pl \(/:lléf%}aﬁlfpe?q csu gnlé{lrtmcﬁlr}&efat Igg?ﬂe 0@%&:&]?\1 w. % 15. A

process accordf wher'e eas said total feed
sul fur is renoved during said hydrodesul furization. 16. A process according

to claim15 wherein said react| con iti i nc from
370-425 C., a preé%ure’ﬂ‘(ﬁ’f(’cﬁsiﬁlﬁ‘f ng i 'B%H‘g wshﬁf?d’ %‘cﬂvag%éeﬁgg?’gal {'g?ilg%ratl 0
of from 30006409049 of Which Ao HPERSS 5@ G sdiufgedtduriag sdidhyldoddesfigizatiai d

feed contains at least 0.3 w. % sulfur and wherein no nore that 30 wt. %

of said feed olefins are saturated during said hydrodesul furization.
12. A process according to claim 11 wherein said total feed suifur ranges from

0.2-0.7 wt. %.

13. A process according to claim 12 wherein said naphtha feed contains from 25-

60 wt. % olefins, of which no more than 50% are saturated during said hydrodesulfurization.

14. A process according to claim 13 wherein said total feed sulfur ranges from
0.2-0.7 wt. %.
15. A process according to claim 14 wherein at least 95 wt. % of said total feed

sulfur is removed during said hydrodesulfurization.

16. A process according to claim 15 wherein said reaction conditions include a
temperature of from 370-425° C., a pressure of from 60-100 psig, and a hydrogen treat gas
ratio of from 3000-4000 scf/b.

17. A process according to claim 16 wherein said feed contains at least 0.3 wt. %
sulfur and wherein no more that 30 wt. % of said feed olefins are saturated during said

hydrodesulfurization.



2 MAR 2004 -19 18. A process for desulfurizing a sulfur and

ol efi n-contai ning naphtha feed wwth reduced nercaptan formation ses
reacting said feed with hydrogen, in the presence of a hydrodesu”;‘ Fi 2|
catal yst, at reaction conditions including a tenperature of from 290- 425
C., a pressure of from 60-150 psig, and a hydrogen treat gas ratio of from
2000- 4000 sef/b, wherein said catalyst conprises a M catal ytic conponent,
a Co catalytic conponent and a support ethponent, with said Mo conmponent
being present in an anmbunt of from1l to 10 wt, % cal cul ated as MoO3 and
sai d Co conponent 1fei n,gppj’cess&“ﬁtdeismmailaingﬂ@ullﬂiraﬂdoliaﬁmﬂmﬂaiﬁingh@p]ﬂ'lav?eed \R/«th
calculated as CoO wth Co/Mb atomic ratio wher ei n sai

napht ha f e e BRI ERS s FAPtan formptign. £opprises Feagting sagiJFerdLW]t}thirq;ﬁn B tl'bed)rwance(pf

ol efins, and,wWneb@s0ifadlith cabindt, ad@suoh Usddiah RvaRducaspsald of aes ol fur by
at Ieast 90% wi th no nore than 60% ol efin saturation. 19. A process

accor di ng t 0421°dF-ne mgssurreatdiom ¢th B0t nsteagndenipidrneenireas gasraim obliem 800-4200al vt i ¢
conmponent s, sai d
ot alyet. oS WhBElaRtal ARG Sl Hopb B TN aldycompbitn S0

sai d catal yt med 2 spppo n@mbcmentswm sayd atcempoiranbel® mesenVin ¢f amaind of &bl ytet |
wherein the Goneonthalbdladliodahil Mt COMRANERLein bl AR dnRBpMI Hinl NOES

from2-8 w. ncen on o sal conponent
cal cul ated as £LaD% aengﬂaed :_Isdmcn.\aﬁﬂm& @WMo%onﬁdratnAof)ﬁ Oboe b sviaedosad mgphthe cl ai m

20 wherein said feed contains at |east 10 wt. ast 0.2
w. %total ?ﬁfﬂfﬂ’?taﬁ'ﬁﬂ’ e ‘é’f'r{"afoéaééﬁf“ﬁﬁ‘?\do‘ﬂb‘%68f &0 %Hwééagl&i%gﬁei"nsgl are
saturated. 2BydrAdRiBEeatoredakdiadietdsutfunbymitddasites, edith roheort dizalo0ndefint  of
said catalytic c¢onponents is no greater than 8 wt. % of said catal yst,
wherein the é8WeEMtration of said M conponent, cal cul ated as M3 ranges
from4-6 wt. % of said catalyst and the concentrati on of said Co conponent

cal cul ated as CoO ranges from1-3 wt. % 2 MAR 2004 -
19. “A process according to claim 18 wherein the total amount of said Mo and Co

catalytic components, calculated as MoO; and CoQ is no greater than 12 wt. % of said

catalyst.

20. A process according to claim 19 wherein the total amount of said catalytic
components is no greater than 10 wt. % of said catalyst, wherein the concentration of said
Mo component, calculated as MoO; ranges from 2-8 wi. % of said catalyst and the

concentration of said Co component calculated as CoO ranges from 0.5-4 wt. %.

21. A process according to claim 20 wherein said feed contains at least 10 wt. %
olefins and at least 0.2 wt. % total sulfur and wherein less than 50% of said feed olefins are

saturated.

22. A process according to claim 21 wherein the total amount of said catalytic
components is no greater than 8 wt. % of said catalyst, wherein the concentration of said Mo
component, calculated as MoQO; ranges from 4-6 wt. % of said catalyst and the concentration

of said Co component calculated as CoQ ranges from 1-3 wt. %.




23. A process according to claim22 wherein wherein said reaction
conditions include a tenperature of from 370-425 C., a pressure ol MAR @i
60- 125 psig, and a hydrogen treat gas ratio of from 2500-4000 scflb. 24. A
process according to claim23 wherein said feed contains at |least 25 wt. %
olefins and at least 0.3 wt. %total sulfur and wherein | ess than 30% of
said feed olefins are saturated. 25. A process according to claim 24
wherein said reaction conditions include-20-tenperature of from 370-425 C.,
a pressure of from 60-100 psig, and a hydrogen treat gas ratio of from
3000- 4000 scf/b. 26. A process according to claim 25, wherein said catal yst
support conponent__conprises alumna. 27. . A process .according to.claiml
wherei n said catafyst n;glp%e%&ﬁcﬁoé‘g?ﬂ%mﬁ)a"f’gzé‘ﬂ%{ﬁn Wﬁer%[’ .Salg/ge@Btbcgechdlgg'?s A
process accofdjag ai@netAird o2 Fomen 5 G234 flesBlallMi%in 6U- 53 RBRNAR A ¥ydtdgem

about 0.5 to 2 wt. % copper.
treat gas ratio of from 2500-4000 sci/b.

24. A process according to claim 23 wherein said feed contains at least 25 wt. %
olefins and at least 0.3 wt. % total sulfur and wherein less than 30% of said feed olefins are

saturated.

25. A process according to claim 24 wherein said reaction conditions include a
temperature of from 370-425° C., a pressure of from 60-100 psig, and a hydrogen treat gas
ratio of from 3000-4000 scf/b.

26. A process according to claim 25, wherein said catalyst support compenent

comprises alumina.

27. A process according to claim 1 wherein said catalyst also contains up to about

4 wt, % copper.

28. A process according to claim 27 wherein said catalyst also contains from

about 0.5 to 2 wt. % copper.



