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BACKGROUND OF THE DISCLOSURE

FIELD OF THE INVENTION

The invention relates to selective naphtha desulfurization with reduced
mercaptan formation and olefin saturation. More particularly, the invention
relates to selectively removing sulfur compounds from a sulfur and olefin-
containing naphtha feed, with reduced reversion mercaptan formation and olefin
gsaturation, by reacting the feed with a hydrogen treat gas at a high temperature,
in the presence of a low metal loaded, partially deactivated and at lcast partially

regenerable hydrodesulfurization catalyst.

BACKGRQUND OF THE INVENTION

Future mogas sulfur specifications are being regulated through legislation
to increasingly lower levels, due to environmental considerations. Sulfur
specifications on the order of less than 150 wppm of totai 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
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contaminants 1nto the naphtha stream, this catalyst is not regenerable, On the
other hand, the ‘211 patent teaches the use of a permanently deactivated catalyst
composition containing alkali or alkaline metal. The process disclosed in the
‘965 patent teaches that the selectivity of a naphtha hydrodesulfunization catalyst
for sulfur removal slightly increases over ime. Catalyst deactivations of from 2
to 50 % are disclosed. In thesc and in other processes, in the
hydrodesulfurization reactor the H,S formed as a consequence of the
hydrodesulfunzation reacts with the feed olefins, to form mercaptan sulfur
compounds, which are known as reversion mercaptans. The amount of these
mercaptans formed during the process typically exceeds furure fuel
specifications for mercaptan sulfur and, in some cases, total sulfur. Accordingly,
it is desirable to have a deep and selective desulfurization process, with reduced

mercaptan reversion and octane loss without introducing contaminants into the

process and preferably with 4 catalyst that has not been permanently deactivated.
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from 60-100 s\glct)lllfati%r)] rz% ‘me S:?}itan formation. By low mectals loaded catalyst 1s meant
catalytic metal loadings of no more and preferably less than 12 wt. %, based on
the weight of the catalytic metal oxide. The temperature is preferably at lcast
315°C, more preferably at least 330°C, still more preferably at least 340°C and
most preferably at least 355°C. Lower pressures are preferred. Thus, preferred
pressures will range from about 60-500 psig. and more preferably no more than
about 350 psig. Preferred treat gas rates range from 2500-4000 scf/b, with from
3000-4000 scf/b being more preferred. While the level of desulfurization will be
at least 75 wt. % and preferably at least 85 wt. %, 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. %. By hydrogen treat gas 15
meéant a gas comprising hydrogen, which may or may not contain one or more
diluent gases which don’t adversely affect the desulfurization catalyst, process or
product. It is preferred that the treat gas comprise from 60-100 vol. % hydrogen.

By organic sulfur compound is meant any sulfur bearing organic compound.



By organic sul fur conpound is meant any sul fur bearing organic COW“%U 2
MAR 2004 WO 01/72929 PCT/ USOQ 35703 4 Preferably the catal yst w Kl A :
conpri se WowWAMe than 10 and nore preferably not nore thacTdSo3s766
catalytic netal conponents cal cul ated as fheir oxides, based on the total
catal yst weight. The catalyst will conprise at |east one catalytically

active netal conpmfeniblpithecamly villodorfpeve n¥t ore @t 10 SACHRPEY 2
catalytically active netal conmponent of a non-noble netal from G oup VIII

and a net al piefareably BObMerathan gy fe databytic mstakdnmpanontocalculBedtas chdiar | y

preferred is a catal yst conprising CoO and MoOG3 on a support having a Co[ Mo
at omi ¢ rat | ¥X1ges, haéﬁé@nlthﬁéolﬁl@,ﬂt‘ﬁbﬁtc‘f'icﬁg@te%‘?éiamﬁlﬁsﬁWillﬁ@fapmscm‘lleﬂﬁﬁ Ofhe

Caal Yot Rl ot P R Y Tt DA BB LY
afresh catabstydianiysedd inerd Spdotiont Stabra bbbl B8 Giold vy v 1Y

deacti vated exhrbiti essentirally 'no esu rirzation activ

catal yst widdd Havaal fom Grotp SR, anppoed drhabuidble @gpﬁm Particularly
hydr odesul furization activity of a new or regenerated catal yst. The

activity | emrefernéd is a candyst comPrisingdCod andeMahinya Sumrorbh2Gtg afCo/Ne
activity of a new or regenerated catalyst. The catal yst may be presul fided
or it may bdomigratioed framdl.{ to 14} whichoswxpiainediin detrilibeloyy Jheeatabisks. |1t
is also preferred,that , the cata be at |east partially regenerable, and
nei t her perlﬁfﬁgﬁfﬂh{/ SRR ‘\%ﬁ‘: v ﬂ{%ﬁépa&ﬁﬁﬁ?ﬂc Rar\'fiﬁﬁ%ﬁ%a?kﬂ%m%eoafr e uscd
non-regenergh, Cﬁﬁgﬁ Eglpé)ﬂ? f ek N : hum
The process o%ﬁ]tﬁgj i ve%%ﬁqg%hrg&l}}s@?u g?t ige"eeghgﬁglf?é g@{(&llﬁsgﬂgﬁlﬁg"g\?l'l
renoval , w ddsulfoditatidncictivity, nos s andullr dedriivated exhilitingessepaiatlyeul arly
with a high sul fur content naphtha feed. By high feed sulfur content is
meant f r om deselforizavion aziviyo OTlve caalysp Willdiavedesashan r$ 00k and frorenthain 6gani ¢
sul fur bearitng %Org)oclindi . .

of the hydrodesulfurization activity of a new or regenerated catalyst. The
activity level will range from 2-40% and preferably from 5-25% of the activity
of a new or regenerated catalyst. The catalyst may be presulfided or it may be
sulfided 1n-situ, using conventional sulfiding procedures. It 1s also preferred that
the catalyst be at least partrally regenerabie and neither permanently deactivated
nor contain more than 500 wppm of non-regenerable poisons, such as
compounds of nickel, iron and vanadium, The process of the invention is useful
for deep and selective sulfur removal, with reduced olefin loss and mercaptan
formation, particularly with a high sulfur content naphtha feed. By high feed
sulfur content is meant from 0.1-0.7 wt. % (1000-7000 wppm) of sulfur in the

form of organic sulfur bearing compounds.

DETAILED DESCRIPTION

It is anticipated that environmentally driven regulatory pressure on motor
gasoline (mogas) sulfur levels, will result in the widespread production of 150
wppm total sulfur mogas by the year 2000 and 30 wppm perhaps shortly
thersafter, Further, gas il and other feeds {or @ {luid cat cracker uged (o produce
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The deep naphtha desulfurization and low mercaptan content of the
desulfurized naphtha achieved by the combination of the relatively high
desulfurization temperature, low metal content and low activity, or spent
hydrodesulfurization catalyst employed in the process of the invention was
unexpected, particularly at a conventional hydrodesulfurization pressures of
about 300-500 psig. Thus, while lower pressures may be preferred, in many
cases lower pregsures may not be achievable, because it may drop the hydrogen

partial pressure to an unsatisfactorily low level.

The organic sulfur compounds in a typical naphtha feed to be
desulfurized, comprise mercaptan sulfur compounds (RSH), sulfides (RSR),
disulfides (RSSR), thiophenes and other cyclic sulfur compounds, and aromatic
single and condensed ring compounds, Mercaptans present in the naphtha feed
typically have from one to three (C,-C;) carbon atoms. During the
hydrodesulfurization process, the feed mercaptans are removed by reacting with
the hydrogen, in the presénce of one or mors hydrodesulfurization caialysig, and
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number mercaptans produced by the reversion reactions are difficult to extract
mnto 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,

Naphtha feeds or feedstocks useful in the process of the invention include
petroleum naphthas, steam cracked naphthas, coker naphthas, FCC naphthas and
blends and fractions thercof, with end boiling points typically below 230 °C, and
which typically contain 60 wt. % or less olefinic hydrocarbons, with sulfur levels
as high as 3000 wppm and even hgher (c.g., 7000 wppm). The naphtha feed,
preferably a cracked naphtha feedstock, generally contains not only paraffins,
naphthenes and aromatics, but also unsaturates, such as open-cham and cyclic
olefins, dienes 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. %. In the practice of the invention it is
preferred that the olefin content of the naphtha feed be at least 15 vol. % and
morc preferably at least 25 vol. %. The diene concentration can be as much as
15 wi. %, but more typically ranges from about 1.2 wt. % to about § W1t. % of the
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nore preferably fromabout 0.3 to 0.7 w. % (3000-7000 wppm), based on the
total weight of the feed. The nitrogen content will generally range from
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of less than 12 wt. % of the total catalyst, of at |east one catalytically
active net althe ospboatalystabf al ktaedone catalytically active metal component calculated

as the oxide, of a metal from Group VIII on a suitable support and preferably a

Group VIII non-noble metal component, combination with a component of at

least one Group VIB metal, supported on a suitable, high surface area inorganic

metal oxide support material such as, but not limited to, alumina, silica, titania,

magnesia, silica-alumina, and the like. Alumina, sihca and silica-alumina are

preferred. All Groups of the Periodic Table referred to herein mean Groups as

found in the Sargent-Welch Periodic Table of the Elements, copynighted in 1968

by the Sargent-Welch Scientific Company. In contrast to the low catalyhc mctal

loaded catalysts of the invention, catalytic metal component concentrations n

conventional hydroprocessing catalysts and typically range from about 12.30 wt.

% of the metal oxide, and more typically from about 15-25 wt. % 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. As mentioned above, the catalyst will

preferably be at least partially regenerable, which means at least about 25% and

more preferably regenerable to at least about 75% of the hydrodesulfurization

activity of a new catalyst.
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Such catal ysts include: (a) a MoO3 concentration o

A, preferably from 75 10 175 A and more preferably 80 to 150 A; (iii) a MoO
surface concentration of 0.5 x 10™ 10 3 x 10™ g. MoQ./m?, preferably 0.75 x 10
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10 2.4 X 10™ and more preferably 1 x 107 to 2 x 107, and {(1v) an average particle
size diameter of less than 2.0 mm, preferably less than 1.6 mm and more
preferably less than 1.4 mm. The most preferred catalysts will also have a high
degree of mctal sulfide edge plane area as measured by the Oxygen
Chemusorption Test described in “Structure and Properties of Molybdenum
Sulfide: Correlation of O; Chemisorption with Hydrodesulfurization Activity,”
S. J. Tauster, et al., Journal of Catalysis, 63, p. 515-519 (1980), which is
incorporated herein by reference. The Oxygen Chemisorption Test involves
edge-piane area measurements made wherein pulses of oxygen are added to a
carrier gas stream and thus rapidly traverse the catalyst bed. The metal sulfide
edge plane area of the 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 pmel oxygen/gram MoOs. Alumina is a preferred support.
The supported, low meta] 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 degrée of metal sulfide edge planc arca, magnesia can also be used. The



about 1 to 10 wt. 9% preferably 2 to 8 wt. % and nore preferably4t06
% of the total catalyst; (b) a CoO concentration of 0.1 to 5 wt C%MAR i
preferabl w@®oBmem 4 wW. %and nore preferably 1 to 3 wt. Bepasesssrsthe
total catal yst wei ght. The catalyst wilP also have (1) a Co/M atonic
ratio of 0.1 to 1.0, preferably 0.20 to 0.80 and nore preferably 0.25 to

0.72; (i1) L f lyefrom75 to
175 A and m)rggggr %ﬁfgéw 81.6,&%% glﬁsn%othgéar?gﬁ eE’:/f;)ncent ration

of 0.5 x 101:6h€htﬁnénﬂi@uél9a9 F@Oﬁx‘lﬁ?es, @ﬂi@h%ﬂmm&lﬁﬁewl bQidks which. cnbel 0- 4
and nore preferably 1 x 104 to x 10-4, and (iv) an average partlcle si ze

di aneter of presst tdhdng ardparammmfahemamysu ésis proferrad Martheoalatit be ge
preferably less than 1.4 mm_The nost preferred catalysts will al have a

hi gh degr eofshcheentamenants. g ergemppdiecnt; the %alh’éfa%we@swwmﬂ

Ch t d P b

Crem sor it o Tox, IRSCLL0eEL s SO UEUYT B0tnd, bt o 06 plytgi
Activity, Caﬁdlti]\re 111;61”&&'%58) rf%ucrﬂhh adtix?ﬂfer]?%elgf:tegafr@ny 'e?r&ﬁ(é’co?nsnsﬁ%g o119

(1980), ncor erern b erence

Cheni sor pt | GholSRdrobsHRd HReals %ﬁﬁmﬂlcﬁﬁse@éﬁﬁ:etmgw Croaptia (aiksl; whask).n
pul ses of oxygen are added to a <carrier gas streamand thus rapidly

traverse the catalyst bed. The metal sulfide edge plane area of the

catal yst, as neasured by the oxygen chem sorption, w.ll be fra m abo t 761
to 2800, preferal:;ﬂ;ﬁ Mfd?ﬁfmgtmcﬁfﬂmg@@ﬁta]érﬁnrhﬁ@WBPQM%‘P‘PW?‘F i

ow motal | SHRBANEY B IESRPIF R pP anba SO BY FRBEanatits G%HB@%G“
met at | east éafa‘ac{’ ab gl?\tcﬁfth@blrﬂu?émrﬁi Y31 RBfTBE Bfiferréthopbe | ow

nmet al Ioade cata set Int par agraph. For catalysts with a
hi gh degree lafowﬁetcﬁihosuﬂtilld@izedgeearglsaah ag i Gf-cxohgges ivatlc anpedgativa used-

The WO 01172929 9 2 WM 2DO . i
methods being preferred. Suitable aqueous impregnation solutions include, but
are not limited to a nitrate, ammoniated oxide, formate, acetate and the like.
Impregnation of the catalytic metal hydrogenating components can be employed
by incipicnt wetness, impregnation from aqueous or organic media, compositing.
Impregnation as in incipient wetness, with or without drying and calcining after
each impregnation is typically used. Calcination is generally achieved in air at

temperatures of from 260-650°C, with temperaturcs from 425-590°C typical,

The invention will be further understood with reference to the examples

below.
EXAMPLES
Examplc 1

A spent batch of a commercially prepared, low metal loaded, high
dispersion catalyst of the invention was used in this experiment, and consisted of

1,34 Wl % MeQ; and 1,19 wt. % CoO on an alumina support. The spent



PCTI US00135703 catal yst support material wll preferably contain | gsgptypgn
Il wt. %of contam nants such as Fe, sulfates, silica and various netal

oxi des whmghtl¢aseobe present during preparati on of the cat abyBisoelsiioss
preferred that the catalyst be free of sd@h contami nants. In one

enbodi nent, the catalyst may also contain from up to 5 w. % preferably

0.5 to 4 wt caf¥iyafyattaReR TROB AR hop bea of a“ﬁydr%ﬂ%ulﬁi}iziﬁg%écit&eus%li‘ i he

support, which additive is selected fromthe group consfsting o

phosphor ous dendhmetcaheagr catetratkaxiajgshs tanddtsadesubfuri@impuyrdvivy (wddk@liveen
metal s). The qne or mpre catalytic nmetals can be deposited incorporated
upon the sb o gl wdigy icigiwhen 8 wanlieshi nalysie s she catslysuindioated that it

| mpregnati on, enpl oyi n heat - deconposabl e. salts of the G oup VIB and VII|I
metal o or oPlfGCORAINEEEbOR B Wio e RLEBEBIG 43 4 A0NsauRBeGet thoghmmmesal

I on- exchang ' i ' bei referned I t abl £, aqueous
| npregnati oﬁesso uti 5@{ ?gg?tggg%ggu ﬁttgg(rgép?]o GT‘??%C%%? %b uzti]‘ i LT d,athc

ammoni at ed @edde. thE FEARLE wRACEhed By 8itthdgHihh h&ﬁtainihgg;sggne%rﬁrﬂo@f sul fi

catal ytic netal hydrogenating conponents can be enp i nci pi ent

wet ness, i mprégnBroonné NmbearebNs. [wlichaspreserdidadd eslnbosiefinngThe

| npregnation as in incipient wetness, with or without drying and cal ci ning
after eachcatabistymstuses assa fixst bed ip amisethenmali dewnowi all yeperpiiasy

hi d i ' f - i t h f
355, 560C tyBTELR T RESRG o S fBurics O AHBRS i oBEioh WAFE Aod eA G Enco
h ' - ded,
Lo e exarphos. fyGieah e hodt aabORTE00 0¥, BLERH Bile AR AL pade

hi gh dispersion cat he ‘i nve on was used in S experi and
consi st ed offhe4pade vkioc &5 abeufl3. 23 MHSVOATRAS) the cathlydt WHsRRatofBRor t - The

spent 2MAR20% WD 01/ 72929 PCT/ USOC35703. 10 cat al yst was taken fromthe top

bed of a hythvsttionland thei negctiencooditimsdwvere within the broad reaction condition
ranges of the invention. Overall sulfur removal was 89-93.4% and olefin
saturation about 35%. Table 1 shows percent total desulfurization, total product
sulfur levels, and mercaptan sulfur levels. The 89.6 % and 92.2 % sulfur
removal (HDS) were at 352°C, while the 92.4 % was at 366°C. The data show
that as little as a 4°C temperature increase over 352°C to 366°C, significantly
reduced total product sulfur. It was determined that the presence of the arsenic
on the catalyst produced the same results as normal carbon laydown during
desulfurization. Therefore, except imiting the regenerability to about 25-30 %
of the fresh catalyst, the presence of the arsenic is believed not to have any
adverse effect on the high temperature desulfurization. Consequently, but for
the presence of the arsenic, the catalyst would have been almost fully

regencrable to the activity of the fresh catalyst. No nickel, iron or vanadium was

found.



desul furize heavy cat cracker naphtha and its desul furizing activifwy }
between 10-20 % of what it is when it was flesh. Analysis of the catalyst
i ndi cat edvoloatr292d  al so contai ned about 0.2 w. QO of arsEIM/CS@SIAS
consequence of the conmmercial desul furizdtion. The average catal yst
particle size was about 13 nmand the feed to the reactor was a heavy cat
napht ha contai ni ng 2813 wopm total sul fpgple (W th a Brom ne Nunber of 29.5,
whi ch represented 19 vol. %olefins. The catalyst was used as a fixed bed
in an isothermal, downflow, all vapor-phase pilot plant reactor, the
desul furizing_conditions in the reactor were 352 3664G 100% hydragen
treat gas at]a rate of 2600 scflb, and 300 psig total inlet pressurefy The
space vel oci {y was about _3.25 LHSV, Thus, the taly was that of the
i nvention anﬂ the reacti d’ﬁOQHHHQ“PBH§S%ggﬁﬁﬁéﬁnﬁ@tﬂ@&ad reaction
Lf N

condition r&rges—ef—the—rveror—Orera—su-urrrerpvatlprwas—89—9314% and
olefin satufation %bo it 35% II'abl e | $hows percenf qtion,
total producf Tesapfu€ | ebHSSY hibd HBSchpt abotalbf ur 6 and
92.2 % sul fuf renoval {(HDS) were at 3%2C, wypn e t hBa@patibn? 6C.

The data shoyw—th astiTiRhe #s C{enpe ure to

366C, signifi can???/ r edu%gg t pt a?g'gr oaiuct gg fur. t hat
the presencelof the ardenic ob the caflalyst produked. the S as
normal carbo ' Hes®R.Bur ij zat i &0 Thef i|lting

the regeneralpility to § 30 % off the fresh fatal yst,] the presgnce of
I C i ] =TT ad SE e[TegEon [the §ipgh

)nseq'%en ly, gg? for] the prﬂsence of tlhe

arsenic, the Lonstfullyl _rege ble tg_tHe

activity of the fresh catal yst. No nickel, iron or vanadi umwas found. Z
MAR 2094 WD 01/72929 11

As seen in Table 1, the high temperature and deep desulfunization of the
invention significantly reduces mercaptan sulfur in the hydrodesulfurized
product. The use of the combination of the low metals loaded, spent catalyst and
high temperaturc reaction conditions of the invention, permits proguet
desulfurization and olefin saturation targets to be met, while maintaining

acceptable olefin levels.

In this Example and in all of the Examples below, the % olefin saturation

was determined by the % Bromine Number reduction.

COMPARATIVE EXAMPLE A

A laboratery prepared, fresh baich of a low metal loaded, high dispersion
catalyst in a 1.3 mm ASQ form, sonsisting of approximately 6.3 wi, % MoO,
and 2.2 wt. % CoO on an alumina support, was used in this ¢xperiment and in
the experiment below. Thus the catalyst composition was that of the invention,

but the catalyst was fresh instead of being spent or partially deactivated., The



PCT/ US00135703 Table 1 Product Qualities at 352-3660C and 300 psi ggmﬂ
CLHSV% HDSTotal S, % A efin RSH, ppm wppnSaturation 3523. 3289. 629234. %
3523. 1492.W9A0489735. 3 3663. 2696. 210645. 75,0 As seen i n TablreTiysuul3e7dsi gh
tenperature and deep desul furization of t'fie invention significantly
reduces mercaptan sul fur in the hydrodesul furized product. The use of the

conbi nati on feedtvias thevsamet héavyl adeghths frediusedimExanpled , bbathihmppesas ur e
reaction conditions of the invention, permits product desulfurization and
ol ef i n sat ur ¥PPBhiatal gdivs, aud B2 Srhromindmumberdil Stvoi o) gndatheept abl e ol ef i n

l evel s. In thi ampl e and in all of the Exanples hel ow,. the %ol efin
saturation @OEEF‘QBW%@W&?WEW pp svathramalrdvnilaw, alli wporaheearivt Ve

EXAMPLE A A d, f | al . d hi gh
i opersi on  PARGIELFS CHERRE Gadid &30 8L Ty frodyMarZaipRstiiant § . 5
W, % Mobs  @itHioRs Wed M GRQGR AR ieh ﬁ@osb@pgﬁbowgg{@g} dr&ar (gakS

experiment and in the experinent below. Thus the ca nposi‘tion was
that of the fanioenf 2306 scfiuand H800 psial el intBspresnad. et Red sphchoehgitypent

or partially deactivated. The 2 MAR 211& WD 01/72929 12
was 6.57 LHSV. Thus, while the catalyst was a low loaded catalyst containing
the preferred catalytic metal components, it was not partially deactivated, and 1t
and the low temperature therefore fall outside the scope of the invention.
Overall sulfur removal was 88.1 wt. % and feed olefin saturation of 25.4%.
Table 2 compares these results with results for the same fresh catalyst, feed and
reactor, but a higher temperature which is still lower than the minimum of that
used in the practice of the invention. It should be noted here, that modeling
studies revealed that if the desulfurization temperature using the fresh catalyst is
increased high enough to achicve the low total desulfurization levels achieved in
‘Example 1, all of the olefins in the naphtha feed will be saturated. Thus, the
high temperature hydrodesulfunzing regime of the invention cannot be used with

the fresh catalyst.

COMPARATIVE EXAMPLEB

This experiment was similar to Comparative Example A, using the same
fresh catalyst, feed and reactor, etc., except for a higher temperature of 238°C, a
100 % hydrogen treat gas at a ratio of 2629, sci/b, a space velocity of 7.6 LHSV
and a 116 psig total reactor inlet pressure. The results are also set forth in Table
2, in which they can be readily compared with those obtaincd from Comparative
Example A above. Thus, even with the higher temperature of 288°C and lower
pressure of 116 psig., the fresh catalyst was unable to achieve the low mercaptan

content of the process of the invention. Modeling studies revealed that to



PCTI US00135 703 feed was the sane heavy cat naphtha feed used in Eximm M}’
containing, 2813 wpmtotal sulfur, and 29,5 brom ne nunber (19 voF, A?
and the hydoodessl furization reactor was an i sot hermal , dpeaviiomss7ad |
vapor - phase pilot plant reactor. Catalyst | oadi ng was 20 cc. The
hydrodesul furization reaction conditions used in this experinment were

260.5C, a 10@¥%dayéipoRm éichﬁaiﬁc {833 5°Caat1t19t}effr8§h9@at§@fst byaild sat@@e Bn@stt ot al
inlet pressure. The feed space velocity was 6. HSV. Thus, while the

catal yst wasa]p(d, g)y\plaja%e@fmﬁb&slefmnt ai ni ng the preferred catal ytic
nmetal conponents, it was not partially deactivated, and it and the | ow
tenperature therefore fall outside the scope of the I nvention- Overall

sul fur renmoval was 88.1 wt. % and feed ol %Hn saturation of 25.4% Table 2
conpares these results with results for thbleZne fresh catal yst, feed and
reactor, but a higher tenperature which is still lower than the m ni num of
t hat used in the practice of the invention. It should be noted here, that

model i ng studies reveated that T thejdesulfu |§@Ulgﬁn n'pgfaqtgtreRtg{n

the f h t d hi gh
osul fur 1 zat EhGeion CoMBfPE o g | meln Dy | Sititaian, 4" %ﬁm
napht ha feed wi Eﬁaml%ét@ﬁﬁt'a&omg) theggﬂi gh tefﬁi)ér atyre 35

hydr odesul f ur A Hvent arnhot uset f sh
catal yst. CO\PAEA%F‘PEE)@WFE %%51%&pe %ﬁ gj% | ar tv?%ont clait?
Exarrple A, ush g tHhe—same—fresircatatryst _I'_EE'lHHU rcaclLor, etc., except
for a higher tenperature of 2880C, a 100 % hydrogen treat gas at a ratio
of 2629, scf/b, a space velocity of 7.6 LHSV and a 116 psig total reactor
inlet pressure. The results are also set forth in Table 2, in which they
can be readi EXA0dpPpdr2d with those obtained from Conparative Exanple A
above. Thus, even with the higher tenperature of 288C and | ower pressure
of 116 psig., the fresh catal yst was unable to achieve the | ow nmercaptan

For this experiment, 2 fresh batch of the same commercially prepared,
low metal loaded, high dispersion catalyst of the invention used in Example 1
and consisting of 4.34 wt. % MoO; and 1.19 wt, % CoQ on an alumina support,
with an average catalyst particle size was about 1.3 mm, was used in this
experiment to desulfurize an intermediate cat cracker naphtha. The naphtha feed
contained 992 wppm sulfur and had a Bromine Number of 51.3, which
represented 30.8 vol. % olefins. As in the Examples above, the catalyst (about
20 cc) was used as 2 fixed bed in an isothermal, downflow, all vapor-phase pilot
plant reactor. The hydrogen treat gas was a 60:40 vol. % mixture of hydrogen
(60 %) and methane (40 %). The initial desulfurizing conditions in the reactor
were a temperature of 274°C, a treat gas rate of rate of 1368 sci/b, and a 383
paig total gt pressure. The spaee velocity of the naphtha feed was about 3.34
LHSV. As the reaction progtessed aver a period of several weeks, the
temperature in the reactor was slowly increased up to a final temperature of
310.5%C. The final space velocity, pressure and treat gas rate were 3.3 LHSV,
378 psig and 1380 scf/b. An analysis of the spent catalyst at the end of the run



content of the process of the invention. Mdeling studies reveal ed } pak 100
2 MAR 2004 WO 01/72924 13 PCT1USOQO 37703 I ncrease the tenperature to 3150C
with the MWKt al yst, would saturate alnost all (e.g., pcBosffssal the
feed ol efins. Table 2 Reaction Conditions¥ HDS% O efin Total S RSH,

Sat ur ati onwppmwppm Exanple A (260 C, 306 prig)88.125. 43563 Exanple B

(2880C, 116rpwalndaf t3Be frerlaflmelaleYIRHE a3dRRE Hy@édfsgggieiggﬁﬁfn Sﬁﬁﬁﬁ’ &5

batch of the same conmercially prepared, |ow netal I"sper si on
catal yst of betrecenrabout il 6r2018& of thmatfodathe| feesh caalyscandieYeightniag of tRdunt . %
MoG3 and 1.19 wt, % CoO on an alum na support, wth an average catal yst
particle size was about 1.3 nm was used in this experinment to desul funze

an internedi ate t crﬁgkerg&gpnt ha. The naphtha feed contained 992 wppm
sul fur and had a’Bront't8c kiR thgaun ihe catplystivas o sperferatalystaol tevol . %

ol efins. As;i : 0 £ l.yst - (abqut 0 .,cc s.used as
o Fixed beaentiof AR rEae Rt Enaikiahs SR Bint (e Tibad Bypfides st
reactor. ThesaeyieheegfitidiLainggdd MRS idvGRidA0 TRE redAfY f; en (60
% and methane (40 0 Tho Eareran: daal o i T néescﬂir?d%t&;égﬁgﬁilﬁhﬁ%&?eact or
vere a tenpbeltuared, ovh@vd@npared enthasasat the etaof of diecruafofiGHMpsetive, and a

383 prig total iInI et pressure. The spacge,velocity of the naphtha feed was
about 3. 34 Example C, clearly demonstrate selectivity for desulfurization and a substantial

reduction in the mercaptan level of the desulfurized naphtha.
COMPARATIVE EXAMPLE C

This comparative Example relates to the extent of desulfurization, olefin
saturation and the mercaptan content of the desulfurized naphtha product at the
start of the run described above as Example 2, when the catalyst was fresh.
Thus, the initial temperature of 274°C used at the start of the run when the
catalyst was fresh and the fresh catalyst itself, are both outside the scope of the
invention. The hydrodesulfurization results at the start of the run are also sct
forth in Table 3, as a comparison to those obtained at the end of the run, when
both the catalyst and reaction temperature were within the scope of the

invention.

Table 3

A Temp.,°C | %HDS | Touwls§, % Olefin | RSH, ppm

, wppm Saturation
Example 2 79.0 208 16.8 14.0
310.5
Example C §3.5 164 20.8 3.4

274




LHSV. As the reaction progressed aver a period of several weeks, tgm
tenperature in the reactor was slowy increased up to a final tenp Jhls
of 310. ¥ o1Me29 i nal space velocity, pressure and treat gpsST/USHAINEre 3.3
LHSV, 378 psig and 1390 scffb. An anal ysi’s of the spent catalyst at the

end of the run 2 MAR 2QN WD 01J72929 PCTJUSCQO 357C3 14 revealed it to be

free of netal d ' bédihiedts Afd mvidifYcaliBas indBE ween
about 15-20 %o?l??ig{]&%?&ﬁ%h%rtgéﬁbggg%i‘?ﬁg@t he begi nni ngcaof stlk?e run.

Thus, at tRgastick of tHehgventioh heilkcbé apystennas sadsasbie readibyf yatie bf, thhe
invention and the reaction conditions were within the broad ,
hydr odesul fskilleshin the ant sethdwdeparntdng from itheseepesmdispirii ofibainAtoThe

results are shown in Table 3 _below and, when coggahed to tﬁ se, at the
start of t Hespuhodrbewepdsordinglydhipner intended JnaLIng SEORAP ‘3?815‘%’8? ectivity

f d | furi i d b i al i i | f
Lhe dosul f apbBted BeRtiaR RANRAAR hE cxpblisEnRBn P folfh ARV AL ) ©
rel ates to ghenedisiphs BE clasthéding %ﬁEBﬁ@Sﬁ%}iﬁgfai]%ﬁﬁ@R&%k Of patetable

mer capt an content of the desulfurized product at the" start of the
run descri bhafedigoyRichsrebidyin meﬁ)remhﬁﬁnbbﬁima,tiail)aéingwﬁbthfcrfeaﬂnrcs andus, the
initial tenperature of 274C used at the start of the run when the catalyst
was fresh asmbodimdntesthichiwoyldibe reated asaaquivedenis thareeldey these sellpdint t he
i nvention. The hydrodesul furization results at the start of the run are

al so set fioetwmt fonwingh) theanveatign PSRN son to t hose obtai ned at the end of
the run, when both the catalyst and reaction tenperature were within the
scope of the invention. Table 3 Tenp., C% HDSTotal S, % A efi nRSH, ppm



2 MAR 2006 WO 01172929 1CTI US0013S703 15 It is understood that va

ot her enbodi nents and nodifications in the practice of the invention wll
be apparent to, and can be readily made by, those skilled in the art

wi t hout departing fromthe scope and spirit of the invention described
above- Accordingly, it is not intended that the scope of the clains
appended hereto be limted to the exact description set forth above, but
rather that the clainms be construed as enconpassing all of the features of
pat entabl e qopaghist which reside in the present invention, including all
the features and enbodi nents which woul d be treated as equival ents thereof
by those skilled in the art to which the invention pertains. 2 MAR 1004 -
16 CLAIMS: 1. A sjngl es skhageupe peess fdraesuiastihf uilki agl defibdntriniand

ol efi n-containing naphtha feed, conprisi ng rg&cti ng said Leed W t hfa

hydr ogen t r eatphideqdncamprisfzaeistonsayf tegd WIBANYRIPEANIepREY B e plapince o1 4

hydr odesul f ug | . LiENBR AL Bar QfeniJePr30B bR 35 4562, a
pressure of H%&Hg%q%agga gdselxgl?ydgﬁ%i/ﬁf)gen tregt’ gas r%ti o of from 2000-4000
scf/b, wher €in griseurppbiensid pperdtvdidzimtred gasalioe! im0 W00 A ocess

according to claim|l wherej I gonprises at |east one Croup
VIl catal yti' e‘??ﬁ’tthh? pr@S%%n@ﬁ%%gﬁ%&g%gﬂa% {’:ilss't support conponent.

wppnBat ur ati on Exanpl e 279. 020816. 814. 0 310.5 Exanple C83.51 6420. ?iﬁﬁiﬂlﬁm
[

2, A process according to claim 1 wherein said catalyst comprises at least one

Group VI catalytic metal compotient and & ¢aialyst support component.

3 A process according to claim 2 wherein said at least one catalytic metal
component, calculated as the metal oxide, is present in said catalyst in an amount of less than

12 wt. %, based on the total catalyst weight.

4. A process according to claim 3 wherein said catalyst can be regencrated to

restore at least a portion of its catalytic activiry.

S, A process according to claim 4 wherein said catalyst contains a Group VIB

and a catalytic metal component of a non-noble Group VIII metal.

6. A process according to claim 5 wherein said spent catalyst has a

hydrodesuifurization level of from 2-40% of that of a new catalyst.

7. A process according to claim 5 wherein said naphtha feed contains from 3 to

60 wt. % olefins and from 0.1-0.7 wt. % total sulfur.

8. A process according to claim 6 whorain at least 75 wt, % of said total feed

sulfur is removed and wherein no greater than 60 wt. % of said feed olctins are saturated.



3. A process according to claim2 wherein said at | east one catal ytic netal
conmponent, cal cul ated as the netal oxide, is present in said catal y3MARlan
anount of less than 12 w, |19, based on the total catalyst weight. 4. A
process according to claim3 wherein said catalyst can be regenerated to
restore at least a portion of its catalytic activity. A process according
to claim4 wherein said catal yst contains a Goup VIB and a catalytic

nmet al component of a non-noble Goup VIIt1hetal. 6. A process according to
claim5 wherein said spent catalyst has a hydrodesul furization |evel of
from 2-40% of that of a new catalyst. 7. A process according to claim5
wherein said naphtha feed contains from5 to 60 w. %olefins and from
0.1.0.7 wt. %total sU?ﬁ’Eﬂ”.eS%?coA By ES’CCE@‘E Sa%*tea%f'%#eeﬁ'oeﬂa? 1S {ifE& PN at
least 75 wt. (dnhepiiurs ol &l 1829t Alse LR GPresid Stiforh 80-5 YEdndR d’[‘@%g%ieﬁl 1AQ ratio
greater than 66 wt. % of said feegJ olefins are gg%ugre'atedgyz R 2(5’01 -17 9.

A process ac@bframg0-4000 ssi/bragdl Wikreeie phicash B{WE dmel seigrterdoutiun i iovedhicl ude a
tenperature of at least 315 C., a pressure of from 60-500 psig, and a

hydrogen treat gas ratio of from 2500-4000 scf/b and wherein at |east 80
w, % of said feedd.sulA@roces acendingtd. claiQ? vhemingedoroip Ao dhtalytic ;etal ai m 9

wherein said G oup M atal vtic co nt 1 ncludes C gnent of
ot 1 east - onecoranhufRl Tk Rl SR RRS b5 YS! & S TG

cat al yti c nesald Ceaupdolikeatalyticchawd esmpanehidndides aelemst ot &odndiNi, 1. A process
according to claim 10 wherein said total feed sulfur ranges from 0.2-0.7
w. % 12, A process according to claim 11l wherein said naphtha teed
contains from 25- 160 WA prdfeslaedordisy roafaimhD ciheren datireat feansubeaage et ur at ed
during said B%édqzde%/ul furization. 13_ A process according to claim 12
wher ei n sai d"t%ot-a"'f'&ed sul fur ranges from 0.2-0.7 wt. % and wherein at

| east 90% of said feed sulfur is renoved.

12, A process according to claim 11 wherein said naphtha feed contains trom 235-

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

13. A process according to claim 12 wherein said total feed sulfur ranges from

0.2-0.7 wt. % and wherein at least 90% of said feed sulfur is removed.

14. A process according to claim 13 wherein at least 95 wi. % of said total feed

sulfur is removed during said hydrodesulfurization.

15. A process according to ¢latm 14 wherein satd reaction conditions include a

temperature of from 340-425° C_| a pressure no greaier than 350 peig, and a hydrogen treat

gas ratio of from 3000-4000 scffh.

16. A process according to claim 15 wherein said feed contains at lcast 0.3 wt. %
sulfur and wherein no more than 30 wt. % of said feed olefins are saturated during said

hydrodesulfurization.



14. A process according to claim 13 wherein at least 95 wt. % of said total
feed sulfur is renoved during said hydrodesul furization. 15. A prqzcﬁﬁlslﬂﬂ
according to claim 14 wherein said reaction conditions include a y
tenperature of from 340-425 C, a pressure no greater than 350 prig, and a
hydrogen treat gas ratio of from 3000- 4000 scf/b. 16_ A process accordi ng
to claim 15 wherein said feed contains at least 0.3 wt. % sul fur and
wherein no nore than 30 wt. % of said feet ol efins are saturated during
said hydrodesul furization. 2 MAR 2UN 17. A process for desulfurizing a

sul fur and ol efin-containing naphtha feed vvith reduced mer capt an
formation, conprising reacting said feed w rogen, Iin the presence of

a spent and at |ehdBt pAptdcaniigr @@d@ﬁékﬂélﬁﬁ@ﬁﬁﬁﬂ‘? 6'6%%6‘]’%?‘?%“1’%@*%@%\4? dh
having a hy@'r %zrygp&;ﬁl%amo@%m\éh% @fmfn@@m%eeﬂ%lq,fydr%gaew aatalyst: and

contai ns no one or nore of nickel, "iron and
vanadi um at of eqcmn o9 acbtmll|ptnlt1@1|l}sr6g¢n§tﬂlbl¢|luQméﬁsutfemm@@t@rﬁéh@‘fiﬂﬁ? om 305 to
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from 2000.40 erern-sald cataly conprirses a Mo catal yt
conponent, atotdld00 apaloy bicoraonpofenitcl.ard aad sanpfiomt ateearponennditighs lﬂqludln“ a

conprises alumna, W nponent hEsSent L n.amn_anou f
from1l to 10tqmper%rgaf€ﬁp§9gg>l\{§g @b A E(sj'gfle g(a?o s sﬁ?ﬂdﬂ%ﬁpy%m bt trca Sent
in an amount gfs dritem Dod.dnoo SHwt wh%lﬁ&il@ u&t&lﬁfﬁdmﬁ&ﬁ@ﬁ)md/ﬂataﬂytﬂ coﬁi@me atoni c
ratio of 0.1 to 1, wherein the total anount of said ndCopataA%{D
conponent s, &l cetalviie sempenening aéP&POC‘c?@“P%“eﬁbWE]‘FIé&TW‘SF Wmipg, Yih s sai d

catal yst, V“ES&S&;{&ntSI?c'u%ﬂ?@s@mh% 5:66sht 6PAGAT AS 10Rt, bocduTated as wr@@pmlsaﬁlul fur
and up to 60 wt. %ol efins, wherein said hydrodesulfurjz t|on d s sai d

feed sul fur w@mppmgbeuraspwem mEpRrRUH ST R | PHaK- Boalrylatedys i2on,
and wherein th %B?rﬁé& b%f@P?J ﬁtvﬁ{érelmthé bal UABRHT oP BAS B0 a%&(.o/haauy@@ess

according to c a ereln the total anount of said g:ata
conponent s i $0m90@n€a¢9@rulzﬁﬁlaiﬁ Maaand Codds “%&‘ch‘dh%"aﬂ%tt Yo f\’/ﬂ?é‘fjéflﬁlﬁshe

concent rali on, ol 52l Ml FATRGRER! p G741 1 6 ASuMBGR 3ROSR A2 .
% of said cat'a hd'
wherem sald hiydrodesulfurization reduces said feed sulfur by at least 75 wt. %%, with no more

than 60 vol. % saturation, and wherein the process is operated in the vapor phase.

18. A process according to claim 17 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 MoOs ranges from 2-8 wt. % of said catalyst and the

concentration of said Co component calculated ag CoO ranges from 0.5-4 wt. %5,

19. A process according to claim 18 wherein said feed contains at least 10 wt. %

olefins and at least 0.2 wt. % total sulfur and wherein ltess than 50% of said feed olefing are

saturated.

20, A process according to claim 19 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 MoQs ranges from 4-6 wt. % of said catalyst and the concentration

of said Co component calcutated as CoO ranges from 1.3 wt. %.



concentration of said Co conponent cal culated as CoO ranges fromO0.5-4 wt.
19. A process according to claim 18 wherein said feed contains at | eaMAR 1004
Ww. % olefins and at least 0.2 wt. %total sulfur and wherein | ess than
50% of said feed olefins are saturated, 20. A process according to claim
19 wherein the total anobunt of said catalytic conponents is no greater
than 8 wt. % of said catalyst, wherein the concentration of said M
conponent, cal culated as MoG3 ranges from4-6 w. % of said catal yst and
the concentration of said Co conmponent cal cul ated as CoO ranges from1 .3
w. % 2 MAR 7004 - t9 21, A process according to claim20 wherein wherein
said reaction conditions include a tenperature of from 340.425 C., a
pressure of no nore than 350 psig, a hydrogen treat gas ratio of from
2500- 4000 scf/b apd wher ?dcegg%cdr@a%b imWo-with et whak sile%&t%ﬂ ontlivoss
removed. 22. A process gccor ding to claim?21 wherein said feed contains at
| east 25 wt. :rﬂzﬂudelzeermmsatandfébmlﬁé&éfli‘tﬂBEmﬁiurmoftnotrmrcélalh Bt pand hxHewen n

acoor ding © orEnarniesPhiererh AP RCbRCh BB nE ¥ BB ERTr

tenperature @fmde®@m 370-425 C. and a hydrogen treat gas ratio of from
3000- 4000 sct7b_ !

22. A process according to claim 21 wherein said feed contains at least 25 wt. %

olefins and at least 0.3 wt. %% total sulfur and wherein fegs than 30% of said feed olefing are

saturated.

23. A process according to claim 22 wherein said reaction conditions include a

temperature of from 370-425° C, and a hydrogen treat gas ratio of from 3000-4000 scf/b.




