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must be renoved to neet environnmental requirenents. It is frequently
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BACKGROUND OF THE INVENTION

[0002] Low sulfur motor gasoline (low sulfur "mogas") requires the
production of low sulfur blend stocks for the mogas pool. A primary blend stock
is derived from catalytically cracked (e.g., FCC) naphthas which, in addition to
unwanted organic sulfur compounds, contain olefins desirable for meeting
octane number rating requirements. Sulfur must be removed to meet
environmental requirements. It is frequently beneficial to distinguish two
different types of naphtha hydrodesulfurization procésses, selective and non-
selective. In selective naphtha hydrodesulfurization, it is desired to remove as
much sulfur as possible, while preserving olefins. In hydrotreating or non-
selective hydrodesulfurization, heteroatom removal is the primary goal, with
olefin preservation being 21 secondary concern. In non-selective
hydrodesulfurization, sulfur removal is increased by increasing the process
severity and/or changing or increasing the amount of catalyst. However,
increasing the severity of the reaction conditions for sulfur removal in a selective
naphtha hydrodesulfurization process results in a loss in octane rating, due to

olefin saturation by hydrogenation.



2 [0003] In hydrodesul furization, naphtha is reacted with a hydrogen-
containing treat gas over a sulfided hydrodesul furization catal yst, which
forms H2Boandoraisul fur-reduced napht ha. Such catal ysts amPeThrsosmu78n0d
typically contain at |east one catal §tic conponent of a netal of Goup VI
or a non-noble nmetal of Goup VIII, and nore often a catal ytic conponent
of both a Goup VI netal and a Goup VIII non-noble netal. In addition to
for removing sul fur and other heteroatons, these
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gas-hydrogen blends, pipeline hydrogen, steam cracker by-product gas,

hydrogen recovered from refinery fuel gas streams and the like. Some such

steams can contain from 100-2,000 or more vppm COx. Because the process

variables noted above are adjusted to achieve the desired level of sulfur removal

in non-selective naphtha hydrodesulfurization, the presence of COx levels on the

order of 100-200 vppm in the treat gas has typically been ignored and, as a

consequence, this has also not been considered important in selective

hydrodesulfurization.

SUMMARY OF THE INVENTION

[0004]  In an embodiment, the invention relates to catalytically
hydrodesulfurizing a sulfur-containing naphtha with a hydrogen treat gas, in a
hydrodesulfurization reaction zone in which less than 100 vppm, preferably less
than 30 vppm, more preferably less than 15 vppm and still more preferably less
than 5 vppm COx is present, based on the total amount of gas and vapor in the
zone. By COx is meant co plus one half the amount of any CO, present (e.g.,
vppm COx = vppm CO + % vppm CO,).. By total gas and vapor is meant that



vppm COX = vppm CO + 'Z/2 vppm C02).. By total gas and vapor is neant that
WO 03/102114 PCT/ US03/ 14703 3 the COX content is based on the
concent r awoona/16f114C0X i n t he conbined total of (i) the hydcagsaes/i47ent gas
and (ii) the naphtha feed in the vapoB state during the

hydr odesul furi zation. By hydrogen treat gas is neant a gas conpri sing

hydr ogen for the hydrodesul furization reaction. It has been found that
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than 15 vppman nore prefera ess than 5 vppm COX i s present
olefin loss due to saturation by hydrogenation. Thus, the selectivity for sulfur
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removal is increased without losing olefins desirable for meeting octane
requirements. With respect to non-selective and selective naphtha
desulfurization, those skilled in the art know that the two processes are not
equivalent, in that the naphtha feed, catalysts and reaction conditions are

typically different.

[0005] The COx primarily comes from the hydrogen treat gas, all or a portion
of which may be derived from a COx-containing source of hydrogen. Therefore,
in one embodiment the treat gas, or only that portion obtained from a source
containing COyx, is switched over to a source that contains less or no COx, so
that the amount of COy in the treat gas entering the reaction zone is low enough
to insure that less than 100 vpm, preferably less than 30 vppm, more preferably
less than 15 vppm and still more preferably less than 5 vppm COx is present
during hydrodesulfurization. In another embodiment of the invention, which is
more typical and is preferred, the COx content of all or a portion of the treat gas
is reduced before the gas is passed into the hydrodesulfurization reaction zone,

to provide a COx level in the zone of less than 100 vppm on the combined gas



during hydrodesul furization. In another enbodi nent of the invention, which
Is nore typical and is preferred, the COX content of all or a portion of

t he treatwoas/10i1s4 r educed before the gas is passed into tIR€T/US03/14703

hydr odesul furi zati on reaction zone, #o provide a COX level in the zone of
| ess than 100 vppm on the conbi ned gas WO 03/ 102114 PCT/ US03/ 14703 4 and

vapor basis. In either enbodinent, the COx content of the treat gas is

reduced be&ore it) .S passed inltPo.t he r a(a('éon zone. [ 0006] The COx may al so
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m xed wt e napht n upstream equi such as feed surge druns,
where COx-containing gas may be used to blanket the liquid feed. In

anot her enbodi nent, COx-contai ni ng gasses, which conme into contact with the
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feed, are replaced w th non- COx-contai ni ng,gasses. [0007] The napht ha
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basis, is maint airﬁed g%lnfeyégﬁg%rsl I%\{)B%%gén@*ﬁ ones[g%ggmn%rgp' the invention
rel at es amother emaphdimerty @Oydesnthining gadseonwhicheoass inth t6ita6ORRKItRES Passi ng

a sul fur- c,onft ai ni ng napht ha and a hydrogen treat gas into a reaction zone,
in whi chlifwéd fegd psesm of the\npmt ab wheelr treatrgashie mixed withethoffead, are

hydr odes Il ri . on alyst.. to renove sulfur fromthe naphtha and form
a sul furlgélp %&géﬁmgﬂﬂmx'%m &5$€S-0r a portion of the treat gas
contains COx and wherein, before the treat gas is passed into the reaction
zone, the COx content is reduced to a level to insure that |ess than 100

vppm i s [0083pnt Tie tdphthehpdiodosilfintzatioagdc@n of ke fRehiibs omiRlsuse of

treat gas and naphtha vapor in the zone. |In another enbodi ment the
reacting a sulfur-containing naphtha with a hydrogen treat gas, in the presence of
a hydrodesulfurization catalyst, in a hydrodesulfurization reaction zone in which .
the amount of COx present, on a combined gas and naphtha vapor basis, is
maintained at less than 100 vppm. In one embodiment the invention relates to a
naphtha hydrodesulfurization process, which comprises passing a sulfur-
containing naphtha and a hydrogen treat gas into a reaction zone, in which the
hydrogen and naphtha react in the presence of a hydrodesulfurization catalyst, to
remove sulfur from the naphtha and form a sulfur-reduced naphtha, wherein all
or a portion of the treat gas contains COx and wherein, before the treat gas is
passed into the reaction zone, the COx content is reduced to a level to insure that
less than 100 vppm is present in the reaction zone, based on the combined
volume of treat gas and naphtha vapor in the zone. In another embodiment the
process selectively removes sulfur from an olefin and sulfur-containing naphtha.
In yet another embodiment of a selective naphtha hydrodesulfurization process,
naphtha product octane number is adjusted in a target range substantially the
same as or only slightly less than the feed octane number (e.g. within about five

and preferably two road octane numbers of the feed's road octane number), by

regulating CO, content of the treat gas in a range of from about 0 to about 100



process selectively renoves sulfur froman ol efin and sul fur-containing
naphtha. In yet another enbodi nent of a selective naphtha

hydr odeswwvDuwsilgat4 on process, naphtha product octane numpem/tise3/adprsted in
a target range substantially the sanm® as or only slightly less than the
feed octane nunber (e.g. within about five and preferably two road octane
nunbers of the feed' s road octane number), by regulating CO, content of
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reaction zone, 1 n which the naphtha and hydrogen in th S react in the
presence qudragetatrbaﬁ@asmrd pasdesiunfug rgationzone analksh, thm/napbﬂha ahfle treat gas
cont ai ns I n, an anount such that at Ieast 100 vppm.is present in the

reacti oﬁl}’ﬂé‘?&en Hdhe @as reagd i e mﬁsem@az { appphghwhydiodesdfurizagen i n the zone,
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and In addition to Increasing either or nount of
sul fur b@pﬁgm ﬁxemmne,dam wiieeein alpdhirfvaedse édacidpaal byreddm?&ieeaﬂﬁdmmty for
sul fur renpval is increased. In these and rel ated enbodi nents, a naphtha
i s cat alofiGQaln the gasdpadieyel sughithaidesnthand 09rvppm & prssentiiodbeones, and t he
hydr odesul furi zation is preferably conducted in the vapor phase, although
m xed vAPHIBHRYE: || qui d- phase reactions can al so be enpl oyed. Therefore,
whil e the naphtha feed being passed into the reaction zone may be vapor,
m xed |iquid and vapor or all liquid, the COXIlimt is determ ned or

cal cul afego8in thea pegegedeniodideny dic Aipltheabntdhs bahdléfaphinda vapor

present during the hydrodesul furization.
sulfur and, in addition to increasing either or both the amount of sulfur bemg

removed or the naphtha feed capacity, the selectivity for sulfur removal is
increased. In these and related embodiments, a naphtha is catalytically
hydrodesulfurized in one or more reaction zones, and the hydrodesulfurization is
preferably conducted in the vapor phase, although mixed vapor-phase liquid-
phase reactions can also be employed. Therefore, while the naphtha feed being
passed into the reaction zone may be vapor, mixed liquid and vapor or all liquid,
the COx limit is determined or calculated on the basis of the amount of treat gas

and naphtha vapor present during the hydrodesulfurization.

[0009] Reducing the amount of COy in the desulfurizing reaction zone is
achieved by one or more of (i) removing COx from fresh treat gas used as make-
up, (ii) removing COx from recycle treat gas, (iii) purging a portion of the
recycle treat gas, and (iv) eliminating or reducing COx from gasses blanketing or
contacting the feed naphtha prior to the point at which treat gas is mixed with the
naphtha. If purging is employed, it is preferred that it be combined with
removing COx from the fresh or make-up hydrogen. In the case of a once-

through hydrogen treat gas process with no recycle, the COx 1n the once-through



[ 0009] Reducing the amount of COX in the desulfarizing reaction zone is
achi eved by one or nore of (i) renoving COx fromfresh treat gas used as
make- up,wimshoriesovi ng COx fromrecycle treat gas, (iii) POEMIE0sIgH7a3 porti on
of the recycle treat gas, and (iv) ebimnating or reducing COx from gasses
bl anketing or contacting the feed naphtha prior to the point at which
treat gas is mxed with the naphtha. If purging is enployed, it is
preferred that it be conmbined with_ repoving COx fromthe fresh or make-up
hydr ogergasllﬁf@d'l@ed%@T@f gg@ﬁ@@ssesmt@abﬁrwaong@netééazsmmqmedcess with no
recycl e, t he once- 03/ 1021 / US03/ 14703 6 gas is
reduced Eﬂ)é’fv& ga%@ﬁ&a‘%o%%%& Y‘?ﬁf‘?}a}%gg@%‘@t"% omA%gp% nent i oned
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has not been treated specifically f COx renoval . COx renoval is achieved
by any sﬂpﬁcﬁlﬂaﬁ}’rfeaﬁ@x remgioval. &I@xme\zﬁlumaduemd bpehypwnitdile mearan ent er

t he pr oces om a our ces, cl udi ng,. by way of exanpl e,
from fredd %ﬁ%ﬁ Hﬂﬁ@r@f‘@éa %anypéﬁweé@ln ani ne
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hydr odesislphtifa &aﬁlﬁm&@ﬁpre@ﬁ%nﬁhewfm VAR ritbbethé eMpl&Yed forr enoved from
make-up hydrogen. [0011] Figure 2 is a sinple block flgw di agram of a

prior ar@Oxmgmowalesul furi zati on process with no COx renoval. [0012] Figure
3 is a sinple block flow di agram of a hydrodesul furizing process of the
invention, with COx renoval fromthe hydrogen treat gas. [0013] Figure 4

shows a £ gb j ﬂ@,ﬁmmhthe COin the treat gas is

convert 5y

[0010] Figure 1 is a simple block flow diagram of a hydrodesulfurization

process of the invention in which COx is removed from make-up hydrogen.

[0011]  Figure 2 is a simple block flow diagram of a prior art
| hydrodesulfurization process with no COx removal.

[0012]  Figure 3 is a simple block flow diagram of a hydrodesulfurizing

process of the invention, with COx removal from the hydrogen treat gas.

[0013]  Figure 4 shows a hydrodesulfurization process, in which the CO in the
treat gas is converted to CO,, followed by CO, removal.

[0014]  Figure 5 is a graph showing the effect of a low amount of CO in
suppressing activity for naphtha hydrodesulfurization and olefin saturation.

[0015] Figure 6 graphically illustrates the effect of higher CO concentrations
on hydrodesulfurization and olefin saturation activity.



[0014] Figure 5 is a graph showing the effect of a | ow amount of CO in
suppressing activity for naphtha hydrodesul furization and ol ef m saturati on.
[ 0015] Fiworoe/1@21a4 aphically illustrates the effect of hi gremr/uSa/14703
concentrations on hydrodesul furizati®n and ol efin saturation activity. WO
03/102114 PCT/US03/ 14703 7 [0016] Figure 7 is a graph showi ng the effect
of CO concentration on hydrodesul furizing activity. DETAI LED DESCRI PTI ON

[ 0017) X reduction great]y increases naphtha hydrodesul furization
acti vi t;ﬂi&@\ﬁtoh %‘é‘?l%ilélalga% S£$W€lﬁ ﬂ'@rﬁffﬂcéﬂf%Qa@mmaUQn ofhi s therefore

makes t . N sel ective for renoving sul fur from naphthas that
cont ai nhﬁlg{(ﬁ&tsgilﬁiﬁ%lrn%a%%ﬁyefi ns. The invention is useful in processes that
use (i) COX- containing fresh hydrogen treat gas used for nake-up hydrogen,
(ii) a COX- containing naphtha feed and (iii) both (i) and (ii). Fresh

hydr oge DETAILERDESCRIPAFRONO i ncl ude nake-up hydrogen and once-t hrough

hydr ogen, and excl udes recycled hydrogen. The naphtha feed contains
organi ¢ sul fur conpounds which react with the hydrogen in the treat gas,

in the nc f e_cat al yst 0. produce a sul fur-reduced naphtha, and
a gas cm ini Wi@@%ﬁf“ﬁﬁf’ﬁ&%a&iy “!?&fﬁ%@@hqlﬁﬂﬁd&d@ﬁ@mf@ﬂbodi nent ,
this gaget eTexn { f I naphtha. -Unl ess the napht ha
feed is Sewr‘ii;cf, | ow ?%15%?3{3 ¥18;H02€i?%&%1] %égmtsﬁﬁﬁ%bpﬁﬁgfgﬁ%% rﬂ%ﬁ‘ﬁtﬂet he H2S
i s typi catalyst hiphdy aéledtiffé@cﬁﬁﬂehﬁnﬁﬂ@'%@ﬁ@'ﬁoﬁpﬁ&;ﬁiﬂi‘dwaﬂ@&%ﬁf Hftﬁ the
hydrogen-containing treat gas is recycled back into the desulfurization
r eact or Sulfyr ans! leGne. tlihgtinventton Besefiflun iproceysel that tdeatipOuel  fracti ons,
such as_diesel fractiqgns, and heavier _fractions, COx tends to inhibit
hydr odeg‘aﬂ%’#’?&ﬁf?‘bhyame@%m%%we Erppake-np hydeogsm, (s} @ CCuppor t ed net al
catal yt} S @f . . n up VII1, such as cobalt
and nol s@c}gnu% ﬁ%ﬂ%tﬁag%%dr’rgllﬁ@@? g’é’#ﬁ@%@u!’t‘f?ﬁ Sq’cﬁ‘f{Pg?l? treat gas'is
hydr odesiebhttol ineluidemmake-up hydrogen and once-through hydrogen, and excludes

recycled hydrogen. The naphtha feed contains organic sulfur compounds which

react with the hydrogen in the treat gas, in the presence of the catalyst, to
produce a sulfur-reduced naphtha, and a gas containing H,S and unreacted
hydrogen. In a preferred embodiment, this gas is separated from the sulfur-
reduced naphtha. Unless the naphtha feed is very low in sulfur (e.g., less than
about 200-300 wppm), the H,S is typically separated from the hydrogen-
~containing gas before the hydrogen-containing treat gas is recycled back into the
desulfurization reactor. It is known that, when desulfurizing distillate fuel
fractions, such as diesel fractions, and heavier fractions, COx tends to inhibit
hydrodesulfurization over catalysts comprising one or more supported metal
catalytic components of metals of Group VIB and Group VIIL, such as cobalt
and molybdenum. The general effect is that the catalytic hydrodesulfurization
reaction activity is suppressed in the presence of COy until the COy is removed.

Removing the COx results in a restoration of the desulfurization activity.

[0018]  Itis also known, for example, that when desulfurizing distillate
fractions under conventional, non-selective hydrodesulfurization conditions,

from 0.2 to 5 mole % COy (2,000 to 50,000 vppm) can reduce desulfurization



reaction activity is suppressed in the presence of COX until the COx is
renoved. Renobving the COx results in a restoration of the desul furization
activity.wpoeaejiidt is also known, for exanple, that whenpdagisos/m7nzi ng
distillate fractions under conventi ofal, non-selective

hydr odesul furization conditions, fromO0.2 to 5 nmole % COx (2,000 to 50, 000
vppm can reduce desul fu ization WO 03/102114 PCT/US03/ 14703 8 activity by
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equal to 10- 409 during naphtha desul furization. Consequently, the

convent uneriectrdatot fiwd thafverye baw davekgol@Oal (9, leyphandOrppsn) anount, and
process severity.L.n order to restore or.preserye %Kdrode@%ht[uigzation
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[0019]  The benefit of regulating the level of COy is even greater in selective
hydrodesulfurization proceéses. In selective hydrodesulfurization, catalyst, type,
amount, and process conditions are selected to reduce feed sulfur levels while
preserving as much as possible the feed olefin content, and, hence, the feed
octane number. It has now been found, for example, that when selectively
hydrodesulfurizing a sulfur and olefin-containing naphtha, about 4 vppm COx
produced a 10% loss, 6 vppm resulted in a 15% loss, while 70 vppm produced a
50% activity loss. Therefore, the COx must be regulated at extremely low levels
to preserve or restore activity while selectively hydrodesulfurizing naphtha.

This approach is to be distinguished from the conventional practice of regulating
catalyst type, catalyst amount, and the severity of the selective
hydrodesulfurization conditions. The conventional approach leads to a trade-off
between desulfurization and olefin preservation (octane number retention) that is

avoided by the new process of the invention.
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on al unpiiging thepeoyitle gaCktdahe ik CThese methmiderargall knbwit Ineacti on, the
treat gas and water vapor are passed into a reactor containing shift
cat al ysmethanatipadbei@ax anddiz inghe gas reast in therpesanes ofa Gaalysfes to react

with the r vapor. to form CQ2 an he In th . exiting the
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whi ch ceaptios eomdiplous effettiveforatie @ émthe gmrtbacaitnyitly desehter vpporat ed in a

cyclic manner. Adsorbents include nolecular. sieves, silica gel and
act i vattedformr®Op andi®. dThe Ebrinshdgaswetingdre shifit regpior issthepgamoyed cox
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| east one other vessel being repressurized or cooled down. |In.nmenbrane
separ at¢omtgining vessels operated in a cyclic manner. Adsorbents include molecular

sieves, silica gel and activated carbon. The difference between PSA and TSA, is
that the COx which is primarily adsorbed by the adsorbent during the adsorption
part of the cycle is desorbed from the adsorbent during regeneration‘by a
pressure swing cycle in PSA, as opposed to a thermal swing cycle in TSA. A
typical PSA or TSA unit has at least one vessel on adsorption, while at least one
other vessel is being depressurized or heated up, and purged, with yet at least
one other vessel being repressurized or cooled down. In membrane separation,
bundles of hollow fibers are present in the vessel. The gas is passed into the
vessel in which it flows over the outside of the fibers and out of the vessel. A
hydrogen rich and COx-reduced gas forms inside each fiber and is removed as a
separate, permeate stream. In a typical installation a plurality of such vessels are
connected in series, with the permeate from each vessel being the feed into the
next successive vessel. A combination of PSA or TSA adsorption-desorption
and membrane separation may be used, with the gas first passed through a
membrane unit and then through a PSA or TSA unit, to further reduce the COx
content. Increasing the recycle gas purge increases the amount of make-up

hydrogen and is impractical at relatively high (e.g., > 40 vppm) COx levels.



bundl es of hollow fibers are present in the vessel. The gas is passed into
the vessel in which it flows over the outside of the fibers and out of the
vessel . Avolmdongen rich and COx-reduced gas forns insidepeaatsos/idyes and is
renmoved as a separate, perneate streWm In a typical installation a
plurality of such vessels are connected in series, with the perneate from
each vessel being the feed into the next successive vessel. A conbination
of PSA or TSA adsorption-desorption and nenbrane separati on may be used,
with the gas first passed through a nenbrane unit and then through a PSA
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may not contain olefins. For exanple, straight-run naphtha, catalytically
cr ack edmiratptashtheremiid When seleetivet hnedrodésulfiiirationlis emiplayedy theoerphthd ur i zat i on
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napht haboiﬁncgrﬁﬁg@é’oﬁtaﬁﬁﬁ Blefibs @Ak sulfdek SdchaRphihas ifdlede e or floé d cat
cracked (FCC) naphtha, steam cracked naphtha, coker naphtha, visbreaker

napht haof, févegxmhple) adkstillatapiptitha, encrathed hapleharacateyadked mphthaed from
petrol eur‘ri3 coke or coal, shale oil, bitunmen, Fjscher-Tropsh synthesized

hydr ocaftis reéaaggidtwé aragked (ﬁﬁ@)ﬁ@phth?aswlayl gracke Bﬂﬂ’ht\a%l U de- out,
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cont ai 0 ] bpigmeM FRcIRHL Tropsh evel s as high
as BOB%é%g%%#ﬁt{/delﬁé% gglgé;&‘(@eﬂ%yma%)gggb to %5’, 000 wpp > The napht ha

feed, synthesized hydrocarbons and the like. The naphtha may be a full range wide-

cut, light, intermediate cut, a heavy cut, a light cut and blends and fractions
thereof, with end boiling points typically below 450°F, and which typically
contain 60 vol.% or less olefinic hydrocarbons, with sulfur levels as high as
3000 wppm and even higher (e.g., 7,000 to 15,000 wppm). The naphtha feed,
preferably a cracked naphtha feedstock, generally contains not only paraffins,
naphthenes and aromatics, but also olefinic unsaturates, such as olefins, and
aromatic and cyclic hydrocarbons with olefinic side chains. The olefin content
of a typical cracked naphtha feed can broadly range from 5-60 vol.%, but more
typically from 10-40 vol.%. The sulfur content of a naphtha typically less than
1.5 wt.%, typically ranging from as low as 0.005 wt.%, up to as much as about
0.7 wt.%, based on the total feed composition.

[0022] When non-selective hydrodesulfurization is employed, regulating the
level of COy in the reaction in the range of about 0 vppm to about 100 vppm
results in the restoration or preservation of hydrodesulfurization activity without
resorting to undesirable adjustments based on catalyst type, catalyst amount, and

the relative severity of the process conditions. Non-selective



preferably a cracked naphtha feedstock, generally contains not only
paraffins, naphthenes and aromatics, but also olefmc unsaturates, such as
ol ef i ns, wod3/1exiedrat i ¢ and cyclic hydrocarbons w th ol efi mca/usosies7ehai ns.
The olefin content of a typical cracked naphtha feed can broadly range
from5-60 vol.% but nore typically from 10-40 vol.% The sul fur content
of a naphtha typically less than 1.5 wt. % typ| caIIy ranging fromas | ow
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based on'c type, catalyst anount, and the relative severity of the

pr oces gyeiRhdesul Ririzatidais s@bRsiedy ﬁle\/@&ﬁﬁdﬁﬁd&@rﬂﬁg’ h&JBUSpreti 68 of fhe
hydr odesul f uui zati on conditions broadly include tenperatures and pressures

of fr anverdoont bmwlwawﬂa;desm@nmanpg.oé about 3947805 |acpresspreof abowt 0. 1- 10
LHSV, and a treat gas rate of abo S en, sel ect
hydrodeSQJﬂtiﬁ)l%:l%ﬁqF?@ hawslyospage Vlfj" cﬂéarqﬂ“gasl ﬁiﬁ%\y\hﬂlq% tﬁg :o\r/gct i ce
of the R/ SOF,
pressurhé'dgéfgé}bélagy&@ggg{éBMq&ﬁg%?%g tﬁagé géosgg?gbv 00|ty of aabout
0. 1- 10 pERYredadtshditiohy BicheR atdut B0 TR, abeGET 31600 ptigeabogals 7r at e of about

100- 10, 000 SCF/ B. Preferred conditions i ncl ude about 470- 750F about
75- 600 [H48Y, antabouti300-4MBSCEMAL Stidunosopredsroabars@bost 4894650 For e

preferred are abaout ,470- bou 00 psig, and about 500- 3, 000
SCF/ B. a[bQGQé?O'éQPd?S}&taéldtﬁthég é%é%g: zi ng napht ha and which are useful

in the practice of the |nvent|on typically conprise a support conponent
and at | east one catalytic netal conponent of one or nore netals of G oup

% :Bi . ggﬂs ! 'rnt):ragdl sts giséa %Iedésh&hﬁ@ing fdphthy Bh@ Yhich srerisehiulri théer eof .
practice of the invention typlcally comprise a support component and at least one
catalytic metal component of one or more metals of Group VIB, Group VIII and
mixture thereof, and typically a mixture thereof. While one or more Group VIII
noble metals may be employed, non-noble metals are more generally used for
naphtha desulfurization. The catalyst may also include a component of one or
more metals of Group IA, IIA and IB. The Groups referred to herein are those
found in the Periodic Table of the Elements, copyrighted in 1968 by the Sargent-
Welch Scientific Company. Such catalysts exhibit both hydrodesulfurization and
hydrogenation activity. While hydrogenation activity is not desirable for
hydrodesulfurizing an olefin-containing naphtha for mogas, due to olefin
saturation and concomitant loss of octane, at least some hydrogenation activity is
almost always inherent in a desulfurizing catalyst. The Group VIII catalytic
metal component will comprise a non-noble or noble metal component and more
typically a non-noble metal component. The Group VIII non-noble metal will
be at least one of Co, Ni and Fe and more typically Co and/or Ni. A noble
metal, if present, will be Pt, Pd or a mixture of Pt and Pd. The Group VIB metal
will typically be one or more of Mo and W, more typically Mo. The total

amount of Group VIII and/or Group VI metal, based on the weight of the metal



nobl e nmetal s may be enpl oyed, non-noble netals are nore generally used for
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sulfur removal.

[0024] When selective hydrodesulfurization is employed, 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 particularly 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 MoOs 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.% bésed 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) 2 median pore diameter of 60 to 200 A, preferably from 75 to
175 A, and more preferably 80 to 150 A; (iii) a MoO surface concentration of
0.5x 10% to 3 x 10 g MoOy/m?, preferably 0.75 x 10 to 2.4 x 10, and more

preferably 1 x 10* t0 2 x 10, and (iv) an average particle size diameter of less



or it may be sulfided in-situ, using conventional sulfiding procedures. The
catalyst will be sulfided prior to the treatnent of the invention and to
its use fwoo3addifiar renoval. [00241 When sel ective hydrodesalfsas/iawati on is
enpl oyed, a |ow netal |oaded hydrodesul furization catalyst conprising CoO
and MoG3 on a support and having a Co/M> atomic ratio of from0.1 to 1.0
is particularly preferred. By low netal |oaded is meant that the catalyst
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added to @ carrier gas stream an hus rapidly
loaded Co and Mo containing catalyst used in the example and comparative
examples 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 about 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 IA (alkali

metals).

[0025]  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 known to those skilled in the art, such as ion-exchange, with

impregnation methods being preferred. Suitable aqueous impregnation solutions



traverse the catal yst bed. The netal sulfide edge plane area of the

catal yst, as neasured by the oxygen chem sorption, wll be from about 761
to 2800, wprosfiexiably from 1000 to 2200, and nore prefer ablpgTfUsosn4290 t o
2000 nol oxygen/gram MoG3. Alumina i® a preferred support. The supported,
|l ow netal | oaded Co and Mb containing catal yst used in the exanple and
conparative exanples below, net at |east the broad ranges of all the
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preferably at least 75 vol.%. Recycle treat gas comprises the hydrogen rich

gaseous reactor effluent separated from the desulfurized naphtha. Fresh
hydrogen means hydrogen or a treat gas containing hydrogen, used to provide

make-up hydrogen to the reactor.

[0027] The invention will be further understood with reference to Figures 1-4,
of which Figures 1, 3 and 4 are simple block flow diagrams of three different
embodiments of the process of the invention. Figure 2 is a block flow diagram
of a prior art hydrodesulfurization process, which does not include COx removal.
The practice of the invention however, is not intended to be limited to only these
three illustrative embodiments or examples, nor is it intended to be limited to
only single stage and fixed catalyst bed processes. It is also applicable to multi-
stage processes, processes which include distillation (e.g., U.S. patent
6,303,020), moving bed processes, fluidized bed processes, once-through
hydrogen treat gas processes in which there is no recycle of the hydrogen treat
gas, etc. Figure 1 is a simple block flow diagram of one embodiment of the
process of the invention. In Figure 1, a single stage hydrodesulfurization

process is seen as including a hydrodesulfurization reactor 10, a separation unit



achieved in air at tenperatures of from about 500-1200F, with tenperatures
from 800-1100F typical. [00261 By treat gas is neant all hydrogen or a
m xt ure oWolgdongen and inert species which do not affectcrhesos/ieat nent or
sul fur renoval processes, but serve terely as a diluent for the hydrogen,
such as nitrogen, nethane, ethane and the |ike. The anount of hydrogen in
the gas wll typically be at |east 60 vol.% and preferably at |east 75

vol . % cyc] e treat gas co i ses the_hydrogen rich sequs, react or
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bl ock fl ow di agrans of three differen enbodi nents of the prfocess of the

i nvent i areat Baguwieich sesves d3lmake-irp dnvdeb gegrameh whichecoptding fimi about 10-
hydr odesul furi zati on process, which does .not include COx renoval. The

pract i cElofPRmEPniehassed IHeeVaremoyalgtit ity Fondas dbugeationd ised to only

th th L ti [ t | es, is it.i ded to b
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pr ocess edntend @it tHehgaxuddwn by drlegd oftlesahagdsppngdsss@seitingtitoh there is no
recycle of the hydrogen treat gas, etc. Figure 1 is a sinple block flow
di agr amlmﬂlmﬂeﬂ@ifrmfmmfoffheﬁéakmﬂp@@%g@ﬁ, noMecomHg@ng tss than Fi gure 1, a
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napht ha résger tDRiadline 0Y. i reoychalidroge froat @moatids 1asthal Bvppsm i S
passed into the reactor. Fresh hydrogen
of CO. As a consequence, the CO content of the combined fresh and recycle
hydrogen treat gas streams entering reactor 12 via line 22 is less than 5 vppm. In
this embodiment the reactor is operated under conditions for maximum
hydrodesulfurization selectivity, to maximize sulfur removal with minimal
hydrogenation of olefins. In the reactor, all the naphtha is vapor and the
hydrogen reacts with the sulfur compounds to remove the sulfur as H,S. This
produces a vapor effluent comprising an olefin-containing, sulfur-reduced
naphtha, H,S, unreacted hydrogen and any treat gas diluents. That in this
embodiment the naphtha is all vapor in the reactor, means that the CO level is
less, on a combined vapor basis, than what is in the treat gas entering the reactor
via line 24. The desulfurized naphtha contains less than about half the amount of
sulfur that would have remained with 70 vppm CO in the treat gas and less than
a third of what it would have been if the treat gas contained 100 vppm CO, with
no significant reduction in olefin content. The reactor effluent passes to
separation unit 12 via line 26. In 26 the vapor is cooled to condense the naphtha,
which is then separated from the remaining gas. The naphtha is stripped to

remove dissolved gasses, including H,S and COx, and then sent to storage via

line 28. The gas separated from the naphtha is scrubbed with amine to remove



treat gas, which serves as make-up hydrogen and which contains from about
10- 20 vppm COx is passed into COX renoval unit 14. For this illustration
it is aswomadotimat all the COX is CO Thus, the make-up Rrgadrsgem7gas
contains 10- 20 vppm CO. Unit 14 is alesi npl e net hanater reactor, which
reduces the CO content in the gas dowmn to a |evel of less than 1 vppm by
converting it to nethane and water vapor. The nake-up treat gas, now

cont ai nj lless.than 1. vppm CO, i s passed into the hydrodesul furization
react or Hz?g: Vith the ﬁg@aggngﬁampgen-r;qh gHesyeed gk ,mtpééc; E¢astiypde ogen treat

f ' | e . . 12 viia | 24. .Thi |
by ar ogolny 25 a2 O MACaRBedBeRy il et RihtionTe bt RadoliSerfit dhuence. the
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entering reactor 12 via line 22 is less than' 5 vppm In I's ehbodi ment

t he reagiomaybeopguatddbevadss thedndirddendfuteontiomxéattion day deadasw! furi zation
selectivity, to maxim ze sulfur renoval wth mninmal hydrogenation of
ol ef i nsTOFe seyae cenditinns far pulfwraemeyal. witheutepeerdfed thdelefiny dr ogen react s

ith th | fur,. ds t . H2S. Thi d
Vapor  oRYFERRRih AL SRR SEYeET FRRRRR N HGrDelGHH5eR Ui napht ha,
H2S, ; ' t. i1, t hi
embodi na P T ARE T P O BRal bt F orclealdly 1" Pre 01 evel

is | esemoval &roxnnhe naghthapdr ishpastcsredtihabe phatict ®fithe iRentisgahagas entering
the reactor via line 24. The desul furized naphtha contains | ess than about
hal f t héedrOung respovesfrpny therfsashvasunakerup éreatgas.ned with 70 vppm CO in the
treat gas and less than a third of what it would have been if the treat

gas contai ned 100 vppm CO, with no significant reduction in olefmcontent.

vapor | O2BL7C f HEMe RATIETi it A TARPRA! BHGE R by tod BRI et Fom the
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separ atisthavabmnith el hmsp Higvae 2sshows dotinglevitage laydrodesudfinzatior pviée3s/ 102114
PCT! USO;;S/ cloﬂggsing a hydrodesulfurization reactor 10 and a separation unit 12. |

Reactor 12 contains at least one fixed bed of hydrodesulfurization catalyst (not

shown). The same naphtha feed containing both organic sulfur compounds and

olefins used in the Figure 1 process is passed into the reactor for this prior art

process. As is the case for the Figure 1 process of the invention, in this prior art

process it is desired to maximize sulfur removal while preserving olefins. Fresh

hydrogen treat gas, which serves as make-up hydrogen and which contains from

about 10-20 vppm CO, is passed into the hydrodesulfurization reactor 12 via

lines 18 and 24. At the same time, recycle hydrogen treat gas from line 22 also

passes into the reactor 12 via line 24. This recycle hydrogen treat gas contains

from about 50-200 vppm of CO. As a consequence, the CO content of the

combined fresh and recycle hydrogen treat gas streams entering reactor 12 via

line 22 is about 40-180 vppm. Those skilled in the art will know that although

the fresh or make-up hydrogen contains only 10-20 vppm CO, the recycle

operation of the reactor results in CO build-up which, without CO or COx

removal, at process equilibrium will be about 50-200 vppm in the recycle gas.

As a consequence, under the same reaction conditions used in the Figure 1



16 H2S, with the remai ni ng hydrogen-rich gas recycled back into the reactor
via lines 22 and 24. In this enbodinent, if olefmsaturation is of no
concern owoioB/10zine napht ha feed does not contain ol efi ns, PcEgas0£R03 enoval
fromthe nmake-up gas may be requiredl7 because the hydrodesul furization
reaction can be run at nore severe conditions for sulfur renoval, wthout
concern for the olefin hydrogenation that occurs at severe conditions.

Nevert hel ess, even.at severe...condi.tions, reduci t X nt ent of the
treat gBYLOCHS Iﬂ?‘? ﬁ&f@ég%ntgﬁﬁ ?%&e%ﬁémesdfq E‘%{Wq%éepﬂ%ﬁvé oluf % preferred
in the clli . j j . i SRRy e fresh
Ior make-elrgJl lie!rlrgcgfa?é,ggh%%ﬁ%@#&%f%\%ﬂ]@#?gﬁ%&ge% a ?%B?glgl%%¢]l or art
hydr odegihftHe ICEY rémoval, Q@@@ﬂmgStostﬁe?)rmio‘éidﬂth@me@ﬁbhat of Figure 1 in all

respects, except for the COx renoval unit. Thus, Figure 2 shows a single
stage hydrodesul furization process as conprising a hydrodesul furization

bed of - BPbdedentn A Eﬁeﬁr%%%}%m%ite%né@‘;’r?t%%@é@?%nﬁé@ﬁi a feed
| 788 _ bt ha eed
or ocesa e kst TRMTRMke b aRSTHRRPOg £ oFd HibdaT bR MR T, 31 0

case f Ogrdceﬁegifgid §&ledti w19 B aPo s ulfifzindRndlefn anﬂ%ulfhi-_%oﬁfahﬁhg art process
it is desired to maxim ze Sul fur renmoval while preserving ol efins. Fresh

hydr ogenagihtkat Agasthe whseforthe Fegurad prakessyuthenyrdcesyes imhigunts hnddnt ai ns
from about 10-20 vppm CO, is passed into, the hydrodesul furizatjon reactor

00)
12 vi a bothrrempreseshaingle stage hydroggselfumzationreacter d 1ng gersgaion BB%t gas from

troat - ghe LOMERALE ik ara fevERr bRy Brktleiey ILIRENE e S
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entering réactor 12 via 22 |'s about 40-1 vppm Those skilled in the

art w | ineltmouaterfredctat, tdxeuphthat bethfthe stekeruprahdreqycle/llydrggen passt ai ns onl y
10- 20 vppm CO, the recycle operation of the reactor results_in CO build-up
whi ch, threwghuit toemove®Ox from both the make-up hydrogen and the recycle |

hydrogen. This permits the use of fresh hydrogen that contains substantially

more than 10-20 vppm and also insures that the treat gas fed into the
hydrodesulfurization reactor 10 contains little, if any, COx, for deep selective
naphtha desulfurization with minimal olefin loss. The embodiment of Figure 4
is similar to that of Figure 3, except that instead of a methanater reactor for COx
removal, a sequential combination of a water gas shift reactor 30 and an amine
scrubber are used. In this embodiment, in the water gas shift reactor the CO 1s
converted to CO, which is then removed from the treat gas in the amine scrubber

34.

[0030]  The invention will be further understood with reference to the

illustrative examples below.

EXAMPLES

[0031] Inthe examples below, the naphtha feeds were intermediate (ICN) and
heavy (HCN) FCC cat naphthas, which contained sulfur compounds and olefins.



renoval , at process equilibriumw || be about 50-200 vppmin the recycle
gas. As a consequence, under the sanme reaction conditions used in the
Figure 1 wWO0300L2114 PCT/ US03/ 14703 17 process, the sul fram/usesi4nt of the
desul furized naphtha in line 26 withoigt the COx renoval will be nore than
twice and three tinmes as great than that achieved wth the COx renoval,
according to the practice of the invention. [0029] Figures 3 and 4

the pract ce on. [0029] Fig .
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unit 12, a naphtha feed line 16, a fresh or make-up hydrogen treat gas
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any, COx, for deep selective naphtha desulfurization with miniml olefin
| 0ss. Tieatalybbattivationofvasadueeddusing adioninbher ¢ H,$/Btgasbléndin @ vizginexcept
that instead of a nethanater reactor for COx renobval, a seguential

conbi natephthgs for apnreximgielysit heuss«sd ¢wehodding temperawnenct05 dr ubber are
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introduction of the naphtha feed to be desulfurized. In the results and in Figures

5-7, the CO concentration is that in the combined hydrogen and naphtha vapor
feed entering the reactor. In both of the examples, the naphtha passed into the

reactor was in the vapor state.

Example 1

[0032]  The purpose of this experiment was to determine the effect that CO in
the treat gas had on both the HDS and HDBr activity of the naphtha
hydrodesulfurization catalyst. By HDBr is meant olefin saturation
(hydrogenation) activity, as measured by bromine number. The low metal
loaded Co/Mo on alumina catalyst containing 4.5 wt.% MoOs and 1.2 wt.% CoO
in 1.3 mm ASQ form was used. The feed was an intermediate cat naphtha (ICN)
having 1941 wppm total sulfur and a bromine number of 38. Test conditions
included a temperature of 525°F, a total inlet pressure of 290 psig and a treat gas
rate of 2000 SCF/B. The treat gas was 75 vol.% hydrogen, with the balance
methane. The reactor was run with the ICN having 20 vppm CO in the treat gas,
no CO in the treat gas and with 200 ppm CO in the treat gas. The results are
shown in Figures 5 and 6.



[0031] In the exanpl es bel ow, the naphtha feeds were internediate (I1CN) and
heavy (HCN) FCC cat napht has, which contained sul fur conpounds and ol efi ns.
WO 03/ 1024D43Ra2MA4JS03/ 14703 18 The HCN was used for st artpcapsasis7hs nal
activity check. Alow netal |oaded % M> on alum na catal yst containing
4.5 wm.%M® and 1.2 . % CoOin 1.3 mm ASQ formand a conmerci al Co/ Mo
catal yst containing 4.0 wt.% CoO and 15.0 wt.% MoGB on al um na were used.
The | ow netal | oaded catalyst is knowmn to be highly selective for renoving
sul fur froman ol efmand sul fur-containing naphtha. Each catal yst was

| oaded i p0GB3} SEPaH efirs Hu thdRordr AL Fhnnisle WAk agawpgplygp B @l

tubul ar reactor and activated in-situ int vation

was achi geetgassi Affend2 daym|the GORGsHRM@asd ftoanthd sasa The Bistlts gapht ha, for

appr oxi rrgfagl y .14 hours at two hol ding tenperatures, 400F (gas/liquid m xed
a

phase) oB ar Fagine Xy apbe eHpelse)the 2Bvppim breat gasadcOom therldPSwmel of 300
sig. Th .. was,.t hen.cool ed to,.200F, before_the introductjon of the
Papht ha TSP bR e s Sy Sas Tome el e e Biesqtguidhe 65 the (o
concentr a4 i i . i ht ha vapor,, feed
enteri ngﬁ{ %lgq?éeazgt% g?ﬂ.&d Isgngggﬁ&%%g%%%p%&tﬁﬁ& ﬁg}%’?ﬁ% 6‘3@%’&8% nto the
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experinment was to deternmine the effect that COin the treat gas“had on
bot h t heoiHbs catalysiDmas absarved.y The presenoamphitteaCOthadr momshisimaliez affeon

catal yst ., i 5. npant ol efmsaturation (hydrogenation) activity, as
masuredo%gyebﬁﬁﬁ%&rﬂ er. The low netal |oaded Co/ Mo on alum na catal yst
containing 4.5 wt.% M3 and 1.2 w.% CoO in 1.3 mm ASQ form was used. The

feed was an internediate cat naphtha (ICN) having 1941 wppmtotal sul fur
and a bri@Bdp nuihke sedonddun,telreaO0f Was Qs onldtfdatif'fidt B SKPRMRRUT e Of

525F, a total inlet pressure of 290 psig and a treat gas
200 vppm of CO was added to the treat gas. This resulted in about a 45% loss of
HDS activity, as shown in Figure 6. As was the case for the first run, the CO
had little effect on the HDBr (i.e., olefin saturation) activity. After the 200 Vpprﬁ
of CO was removed from the gas, substantially full restoration of the HDS
activity of the catalyst was observed. This restoration is shown for days 32-39 in

Figure 6.

Example 2

[0035]  In this experiment, the ICN was a 140°F+ cut which contained 1556
wppm sulfur and had a Bromine Number of 69. Both the low metal loaded
Co/Mo on alumina catalyst containing 4.5 wt.% MoO; and 1.2 wt.% CoO in 1.3
mm ASQ form and the commercial Co/Mo catalyst containing 4.0 wt.% CoQO
and 15.0 wt.% MoQO; on alumina were used. These catalysts were loaded into
two separate reactors that were run simultaneously on the same feed and treat
gas source. The reaction conditions included a temperature of 525CF, a pressure
of 230 psig, a treat gas ratio of pure (except for the CO content) hydrogen at
2000 SCF/B, a naphtha LHSV feed rate of 7 for the higher Co/Mo loaded
catalyst and 4 for the lower Co/Mo loaded catalyst. These feed rates were set to



rate of 2000 SCF/ B. The treat gas was 75 vol. % hydrogen, with the bal ance
net hane. The reactor was run with the I1CN having 20 vppm CO in the treat
gas, no wOomnozihe treat gas and with 200 ppm CO i n the t pPeatusgasi70Ihe
results are shown in Figures 5 and 620 WO 03/102114 PCT/ US03/ 14703 19
[0033] For the first run, the reactor had been running with 20 vppm CO in
the treat gas. After 42 days, the CO was renpved fromthe gas. The results

Zrﬂﬁ et ety 9B e Bt iy ﬂ%eﬂf%ﬁ%&%@f@ég@wr Bt THeTrbsence of
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in the HRpesiehted with With chialypas dleys ibovathobstey qherefbe, Bigswage of the CO
had a much smaller effect on the HDBr activity. [0034] In the second run,

t he reacwosibingd t¢ prodiseshe datm faantszhovayin, thedfegure Jographp fuwhing@owas added

to the tr.eat . [ [.t ed i bout 45% | f . HDS tivity,
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32-39 in Fi gure 6. Exanple 2 [0035] In this experinment, the | was a

140F+ candvingatigas,on?aredudtiGtin eqiplystadtivity isrectphdencedRrompared Mumber of 69.
Both the. ] ow netal | oaded /Mo on alum na catalyst containing 4.5 wt.%
MbCB an@é: %W?ﬁﬁr%@i"ﬂp@.& th%aﬁ@@tygﬁhitaﬁﬁfﬂb’h]é%/@@ﬁﬁét@impml% cat al yst
cont ai nio%gx\ébguq/\g%% CoO and 15.0 W- % Mo@3 on al um na were used. These
cat al yst's r oaded into two separate reactors that were run

si mul taneously on the sane feed and treat

{0036]  The Table below shows the CO concentration in the vapor (treat gas
plus naphtha) at three CO levels, along with the desulfurized product naphtha
sulfur level and bromine number at each level. The desulfurized naphtha
product sulfur level and bromine number at each level was averaged from both
catalysts. Referring to the Table, the effect of very low concentrations of CO on
product sulfur for selective naphtha desulfurization is immediately apparent. As
the CO concentration in the treat gas is lowered, the effect on product sulfur
level is substantial. For example, at approximately 67 vppm CO in the treat gas,
the sulfur in the product naphtha was 286 wppm, whereas at a CO concentration
of 6.6 vppm the desulfurized naphtha product had only 105 wppm. This
represents an almost threefold reduction in product sulfur. The effect on olefin
content (as measured by bromine number) in the product was small. Over the
6.6-67.1 vppm CO concentration there was very little change in product bromine
number. The net effect on overall catalyst selectivity (desulfurization as a
function of olefin saturation) is that as the CO level in the treat gas was reduced,

selectivity increased significantly.



gas source. The reaction conditions included a tenperature of 525F, a
.pressure of 230 psig, a treat gas ratio of pure (except for the CO
content) wodsagam at 2000 SCF/ B, a naphtha LHSV feed rat @cafuses/i«n3t he

hi gher Co/ Mo | oaded catalyst and 4 fur the | ower Co/ M | oaded catal yst.
These feed rates were set to WD 03/102114 PCT/ US03/ 14703 20 achi eve about
95% desul furi zation mnth the 100@6hydrogen treat gas The effect of the CO
on each catal yst 5.S€ - ion results
experienced with =refore, t hey were

combi ned to prodyce th?qéﬁ} fﬂ%ﬁP&EQ8£h4 Eﬂh%eflgure 7 graph. Turning to
en

Figure 7, the effect o conc ron on the HDS activity
debit, for sele¢ U@in\pd?,mh@p}ﬁﬁar odesgi {uri zatg oh, gig ||mMmedi atel y
apparent. Figure|7 shows t’hat. even{at a low CO toncenfration of 15 vppm
in the conbined NagppimaSwifpor and t | e286 gas,196 2D%d0®diction in catal yst
activity is expetienced conpared to ho CO However _at 4 vppm CO t he
activity debit i?EBQHyHQDQWdW§ at 2 vpph?it 58.6 ohl30.8bout 5% [0036] The
Tabl e bel ow shows—the—CO-conrcentration—n—the—vapor—{t+reat gas plus
naphtha) at three COlevels, along with the desulfurized product naphtha
sul fur I evel and brom ne nunber at each |evel. The desul furized naphtha
product sul fur | evel and brom ne nunber at each | evel was averaged from
both catalysts. Referring to the Table, the effect of very |ow
concentrations of CO on product sulfur for selective naphtha

desul furization is imedi ately apparent. As the CO concentration in the
treat gas is lowered, the effect on product sulfur |evel is substantial.
For exanple, at approximately 67 vppm CO in the treat gas, the sulfur in
t he product naphtha was 286 wppm whereas at a CO concentration of 6.6
vppm t he desul furi zed napht ha product had only 105 wpopm This represents
an al nost threefold reduction in product sulfur. The effect on olefin
content (as neasured by brom ne nunber) in the product was snmall. Over the




6.6-67.1 vppm CO concentration there was very little change in product

brom ne nunber. The net effect on overall catalyst selectivity

(desul furwpagiieriieas a function of ol efmsaturation) is tratr/me3idres CO

l evel in the treat gas was reduced, 2X2electivity increased significantly.
WO 03/102114 PCT/ US03/ 14703 21 Effect of Low CO Levels on Desul furized
Napht ha Sul fur and Brom ne Nunmber CO in Vapor, vppm67.1 31.6 6.6 Wpm

Sul fur 286 196 105 Brom ne Nunber 51.9 53.6 50.5 WD 03/102114

PCT/ USOALhAINES: 22 CLAIMS: 1. A process for hydrodesul furizing a

sul fur-contai ning naphtha conprising reacting said naphtha with a hydrogen
treat gas, in the presence of a -catalytically effective anmount of a

hydr odesul furf.zatiR%&%(?és‘%'%?hxg{ifdﬂe?talfﬂﬂﬁg‘a%ﬁlﬂu}%bhfa@ﬁihgmapﬁﬁﬁti on zone in

whi ch t he anount of prese on a conbi ned gas and napht ha vapor
basi's, ignifisihgiresding sadidasphthawidbebydid@en twapges,dn the presereesofaxcor di ng
to claim1 wherein COx is maintained at |ess than gbout 30 vppmin said

r eact i orcazadyacally effeetiveameuntebr by digdesliugation yeh H18aid catalyst is a

& oup. vitdiedait At an GPRRUPIAIE iR GHEFBREAIRRG of GO ST OkeELe accor di ng
to clai nc],oglflﬁﬂ&'i gadl aﬁ&{nlggﬁfh%%i)?r ggéé% ig?ﬁeﬁntaﬁﬁgépé’t%sshﬂl%%%ﬁt joeat gas or

recycl es or “a” por n of Into sald zone. 5. A process
accordi ngypn® claim 4 wherein all or a portion of said

2. A process according to claim 1 wherein COx is maintained at less

than about 30 vppm in said reaction zone.

3. | A process according to claim 2 wherein said catalyst is a sulfided
catalyst and contains a catalytic component of either or both a Group VIB metal

and a Group VIII non-noble metal.

4, A process according to claim 3 wherein said process uses once

through hydrogen treat gas or recycles all or a portion of it back into said zone.

5. A process according to claim 4 wherein all or a portion of said
treat gas contains COyx and wherein said COx content of said gas is reduced by
replacing at least a portion of said gas with a hydrogen-containing gas that

contains less COx.

6. A process according to claim 4 wherein all or a portion of said
hydrogen treat gas contains COx and wherein said COx is maintained at less
than about 30 vppm in said zone by removing COx from all or a portion of said

treat gas before it reacts with said naphtha.



treat gas contains COx and wherein said COx content of said gas is reduced
by replacing at |least a portion of said gas with a hydrogen-contai ning gas
that comnweiagodiess COX. 6. A process according to clai m 2cCahsogi4tonl | or a
portion of said hydrogen treat gas cBntains COx and wherein said COx is
mai ntai ned at | ess than about 30 vppmin said zone by renmoving COx from
all or a portion of said treat gas before it reacts with said naphtha. WO
03/102114 PCTLUS03/,14703 23 7.. A.proces ccarding to claimé6 wherein said
COx i s maintai'ned éprogep%g@or@pgﬁgg I’Ennéﬁi" sa0sabChlxgmmaintaged ateact i on

zone. 8. , j l: Al m 47 ein said COx is maintained in
a range %?e‘}a%ggg? t?}%&g%%{]p%%@g%nlﬁisﬁ?dsrae}gg%%égﬁ'on zone. 9. A process
according to claim8 wherein said COx level in said reaction zone is

mai nt ai ned by renmoving COx fromfresh treat gas before it enters said
zone. 10. A pBocesé puwesslacugrdiogdd alaimb? wheransasbCO,GOmdigiled i sai d
reaction zone is . maintained by renpving COx fromfresh treat gas before it
enters S%Féﬂlgf(ﬂéa.boili t UE o1 vPpEL FRACHPBIZeBEsul f uri zati on process
conprising hydrodesul furizing an ol efmand sul fur-containing naphtha feed

in a hydrodesul furization reaction zone, in which a hydrogen-containing

treat gas reacts w ﬁﬂ@cb@ad&%ﬁﬂh@?on H&ﬁﬁrS GAeAdiN Sshidl éélxqg%él\fﬁ said

hydrodesul furi zati on conditions the presence of a“catalytically

ef f ect i vicaciouronots mamthinied dy, remowineCa; fromafitesh tyatroad@sdtur i zat i on

catal yst, where the anount of COx present in the reaction zone, on a

conbi neoené%lé? S&HHZ‘PHﬁF‘pht ha vapor basis, is maintained at | ess than about 100
vppm 12. A process according to claim 11l wherein said catal yst conprises a

10. A process according to claim 6 wherein said COy, level in said
reaction zone is maintained by removing COx from fresh treat gas before it

enters said zone.

11. A selective naphtha hydrodesulfurization process comprising
hydrodesulfurizing an olefin and sulfur-containing naphtha feed in a
hydrodesulfurization reaction zone, in which a hydrogen-containing treat gas
reacts with the naphtha under catalytic selective hydrodesulfurization conditions
in the presence of a catalytically effective amount of a sulfided, low metal
loaded hydrodesulfurization catalyst, where the amount of COx present in the
reaction zone, on a combined gas and naphtha vapor basis, is maintained at less

than about 100 vppm.

12. A process according to claim 11 wherein said catalyst comprises a
support component and at least one catalytic component of a metal of either or
both Group VIB and a Group VIII non-noble metal, and wherein the amount of
said catalytic metal components, calculated as their oxides and based on the total

catalyst weight, is less than about 12 wt.%.



support conponent and at | east one catal ytic conponent of a netal of either
or both Goup VIB and a Goup VIII non-noble netal, and wherein the anpunt
of sai d wetealiyzii€ netal conponents, calcul ated as their @xirdsss/aTd3 based
on the total catalyst weight, is |es® than about 12 wt.% WO 03/102114
PCT/ US03/ 14703 24 13. A process according to claim 12 wherein said COx

|l evel in said zone is naintained at |ess than about 30 vppm 14. A process

di t | ai m 13 wher ei id cat t i | yii t
of Co0 and. Mids. ar ERPERSAR CAERE BT A P el D BRI 0T o 1 o0
15. A przgﬁﬁigg‘l%n%l%g tﬁﬁﬁhﬁ&lﬁ%q“ﬁﬁ%ﬁ.‘ n said desul furized naphtha has

an octane nu I've octane ers of said naphtha passed into
said reaction zone. 16. A process according to claim 15 wherein said COX is
mai ntained at a level of |ess than about 15 vppmin said reaction zone.
17. A processldaccohgiracess acedrding theclaimeddiwherein sid gatgbyst composesai d  treat

gas contains.COx and wheregl n. sai content. o i.d. gas i.s _reduced by
repl aci Fgtayti¢ E%‘P(’&%@rqu éﬁdg\gﬁﬁﬁgmqﬁnﬁﬁﬁ/@& OMIGTAi%hi ng gas
that contai I 18. A process according to claim 11l wherein said
COx is m%qsgi%%?‘zttg%%‘ss t han about 30 vppmin said zone by one or nore
of (i) renmoving COx from fresh treat gas used as nmake-up, (ii) renoving
COx fromrecycle treat gas, (iii) purging a portion of the recycle treat
gas and (iv) 1.i miAaroogsaccordihgiongaidDl4 wheningseid dssuifurinedtiapgthor
contacting the feed naphtha, prior to the poi n£ ah whjch treat gas is m xed
with t hdapapmdtene number Wi ¥e gelape aumpers ot pafl Aap ﬁ\ﬂﬁ%‘ﬁ%‘? idtreat

gas conprises .rec ﬁ(la.e gas and fresh hydrogen gas.

16. A process according to claim 15 wherein said COx is maintained at

a level of less than about 15 vppm in said reaction zone.

17. A process according to claim 16 wherein all or a portion of said
treat gas contains COyx and wherein said COx content of said gas is reduced by
replacing at least a portion of said gas with a hydrogen-containing gas that

contains less COx.

18. A process according to claim 11 wherein said COx is maintained at
less than about 30 vppm in said zone by one or more of (i) removing COx from
fresh treat gas used as make-up, (ii) removing COx from recycle treat gas, (iii)
purging a portion of the recycle treat gas and (iv) eliminating or reducing COx
from gasses blanketing or contacting the feed naphtha prior to the point at which
treat gas is mixed with the naphtha.

19. A process according to claim 18 wherein said treat gas comprises

recycle gas and fresh hydrogen gas.



WO 03/ 102114 PCT/ US03/ 14703 25 20. A process according to claim19 wherein
said COX level in said reaction zone is maintained by renoving COX from
sai d freswotmwsaeziigas before it enters said zone. 21. A prerdss3/acedr di ng
to claim20 wherein said COX is maintzined at a |level of |ess than about 5
vppmin said reaction zone. 22. The process of claim 11 further conprises
separating fromthe process a naphtha product, the naphtha product having

a | ower sulfur,content than the naphtha feed. 23. The process of claim 22
further conprifdes <&PEISESS AGCIdE! Wﬁ?%@%@@@ﬁﬂ@@xl&vﬁkmﬁ@s@ f or

i ncr easi i n#ﬂﬂ#u . . of ~sulef ur bei renove r the

napht ha ?%19? O(E:Jz;%’%lgiq%y 0 ﬁ?@ﬁﬂ%%%r%@%ﬁﬂ@ﬁ%ﬁz@%ﬁl G%D%EBQ&TG % n which
a sul fur eatend gaidizomenapht ha and a hydrogen treat gas are passed into a
reacti on zone in which said naphtha and hydrogen react in the presence of a

catalytically effective anount of a naphtha hydrodesul furization catalyst,
and wherein éil d treat gas contains_ COX in an anmpount such that at |east

100 vppmi s esent Prosesnicrordmetpshaian 3@ vhesed said €M is mesintageed ol une
dth J id duri id
ﬁgdr odgsé?#%{Z%Sisotﬁjﬁ)g&@v%gﬁﬁtﬁlﬂhgﬁf@eaf’ﬁgﬁg%e:r: aniﬁ: eved by reducing

the anobunt of said COX in said zone to a |level of |ess than about 100
vppm 25. A process according to claim?24 wherein said hydrodesul furization

process is a 22l ecllhegrpcess efsldior 11 Gmthernongises sefdrafinh@ o gfen and
sul fur- containing naphtha while preserving said olefns, wherein said
cat al yst PTosgsipd papktha psodugtade Wgth&)wodyﬁbhamdé@wcmdﬁ;&smm wher ei n

said CO {d treat gas and wherein the anmount of said COX
pr esent Xﬁh‘éﬁﬁ?aaé%'ﬁ? B840 03/ 102114 PCT/ US03/ 14703

23.  The process of claim 22 further comprises separating H,S from the

process.

24. - A process for increasing either or both the amount of sulfur being
removed or the naphtha feed capacity of a naphtha hydrodesulfurization process,
in which a sulfur-containing naphtha and a hydrogen treat gas are passed into a
reaction zone in which said naphtha and hydrogen react in the presence of a
catalytically effective amount of a naphtha hydrodesulfurization catalyst, and
wherein said treat gas contains COx in an amount such that at least 100 vppm is
present in said reaction zone based on the treat gas volume and the volume of
naphtha vapor in said zone during said hydrodesulfurization, and wherein said
increase is achieved by reducing the amount of said COy in said zone to a level

of less than about 100 vppm.

25. A process according to claim 24 wherein said hydrodesulfurization
process is a selective process for removing sulfur from an olefin and sulfur-
containing naphtha while preserving said olefins, wherein said catalyst
comprises a sulfided and low metal loaded catalyst and wherein said COy comes

from said treat gas and wherein the amount of said COx present in said zone is



26 reduced to a level of |less than about 30 vppm by reducing its anmount in
said treat gas before it enters said reaction zone.
WO 03/102114 PCT/US03/14703
26

reduced to a level of less than about 30 vppm by reducing its amount in said treat

gas before it enters said reaction zone.



