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REMOVAL FI ELD OF THE | NVENTI ON A process is disclosed for decreaquMARW&fl
anount of sulfur in hydrocarbon streans. BACKGROUND OF THE | NVENTI ON
Environnental |y driven regulatory standards for notor gasoline nogas)

sul furWodgepssni || result in the widespread production BDFTVYSHIIH S° nogas
by the year 2004 and 30 ppm by 2006. In nany cases, these sulfur |evels

wi || be achieved by hydrotreating naphtha produced fromFluid Catal ytic
Cracking (cat naphtha), which is the |largest contributor to sulfur in the
mogas pool . As GATAYTICISERIBRING FOR MERUARTANMBREMEOMAE the sul fur in
cat naphthas w thout reducing beneficial properties such as octane.
Conventional fixed bed hydrotreating can reduce the sulfur |evel of cracked
naphthas to very |l ow |l evels, however, such hydrotreating also results in
severe octane | oss due to extensive reduction of the olefin content.

Sel ect i vVEIERRYB{TREINVENIION ses such as SCANfi ni ng have recently been
devel oped to avoid nmassive olefin saturation and octane | o0ss.
Unfortunately, in such processes, the liberated H2S reacts with retained

ol efins form ng ner,captan sul.f ur reversi o Such procegses can be
conduct ed at sever?ﬂ’tlJ SHhiS S‘éf’ﬁ%ﬁf% R %Qlﬂﬁsqﬁf Pbgul ations,
however , ,.Si.905%f aﬁ% ane |l oss al so occurs. Several nethods exist for

r emoval lﬁ&g&?{lﬂg@aﬁ%m iydrocarbon streans. For exanple, U S. 3,876,532,
U S. 4,149,965; U S 5,423,975; and U.S. 2 0 MAR 2005 WD 02/ 28988

PCT/ USCL1/ 28933 -2
BACKGROUND OF THE INVENTION

Environmentally driven regulatory standards for motor gasoline
(mogas) sulfur levels will result in the widespread production of 120 ppm S
mogas by the year 2004 and 30 ppm by 2006. In many cases, these sulfur levels
will be achieved by hydrotreating naphtha produced from Fluid Catalytic
Cracking (cat naphtha), which is the largest contributor to sulfur in the mogas
pool. As a result, techniques are required &at reduce the sulfur in cat naphthas

without reducing beneficial properties such as octane.

Conventional fixed bed hydrotreating can reduce the sulfur level of
cracked naphthas to very low levels, however, such hydrotreating also results in
severe octane loss due to extensive reduction of the olefin content. Selective
hydrotreating processes such as SCANfining have recently been developed to
avoid massive olefin saturation and octane loss. Unfortunately, in such pi'ocesses,
the liberated H,S reacts with retained olefins forming mercaptan sulfur by
reversion. Such processes can be conducted at severities which produce product

within sulfur regulations, however, significant octane loss also occurs.

Several methods exist for removal of sulfur from hydrocarbon
streams. For example, U.S. 3,876,532; U.S. 4,149,965; U.S. 5,423,975; and U.S.



5,826, 373 each teach hydrotreating nethods using deactivated or SB?ﬂ&A
catalyst. U S. 5,885,440 teaches cooling of a hydrocrackate prio R 2005
hydrotreating. U S. 3,338,819 teaches hydrotreat nent of a hydrocrackate
over a_granul ar catalyst bed at substantially the sane ltions as used
to pro¥HO¥¥¥8 hydrocrackate. U.S. patents 5,510, 016; 5?@@@?@%?&‘@,399,258;
5, 346, 609; 5, 409,596; and 5,413,6 each teach hydrodesul fiirization

foll owed by treatnent over an acidic catalyst to restore octane. What is
needed in the art is a process which produces sulfur levels wthin

r egul at d,§26,608 riash seathitydrbtreatm griretisodsasing tiegetdaibed oosyemt eatabiRitEF
DESCRI PTI ON OF THE FI GURES Figure 1 depicts a typical SCANfinin rocess.
Fi gure dePiis44hitcashes cookingnbadiydronrackate peior e bydiaireatimge USypi cal
SCANf i ni n rocess flow schene is in¢luyded for conveni enge, however al
that is %ngﬁﬁ.laaeaqhes ey drofseatment a & Wy HeneTagkatn BVeE A ETARNALGARIESHBEd r cat ed

b ' ly h desul furized. He he Fi depi i I
nydr ocedtt oo By Bieetn capdFicnnet Besiiq Podshas Fieriskellan sul tur
teri th Leag . AM fi I ith
Stripping gas (&) CavPHTES ool al8 AR Y 300 2 B0 R0 gR e et T
- irized 813397 dadh tekt lﬂwfgoaeﬂﬂﬂirféaﬁoﬁ%nemiﬁy RestiodiovePanagai n where
I ncl'uded nerely

the SCANfiTHing Step I's for conveni‘ence. A previously

hydr odesgdlididicatddstitoqdstoreattaaéd) and stripping gas (21) enter three phase
reactor (19). e product . fromthe reactor (19) then undergoes a
depressurization step (17) and enters a stripper (18) where gases (10) and

product (9) are recovered. In 2 8 MAR 2005 WO Oﬁ,/ 898 PCT/l[J /28933 -3
: What is needed in the art is a process which produces su evels

within regulatory amounts and which minimizes loss of product octane.
BRIEF DESCRIPTION OF THE FIGURES
Figure 1 depicts a typical SCANfining process.

Figure 2 depicts one possible embodiment of the invention. The
typical SCANfining process flow scheme is included for convenience, hoﬁrever,
all that is required in the instant invention is that the stream being treated be
previously hydrodesulfurized. Hence, the Figure depicts a previously
hydrodesulfurized (SCANfined) feedstream (7) containing mercaptan sulfur
entering a three phase reactor (18) with a fixed catalyst bed along with a stripping
gas (8) and hydrogen sulfide and gas exiting at (10) and desulfurized product at

©).

Figure 3 depicts one possible embodiment again where the
SCANfining step is included merely for convenience. A previously
hydrodesulfurized feedstream (7) and stripping gas (21) enter three phase reactor
(19). The product from the reactor (19) then undergoes a depressurization step

(17) and enters a stripper (18) where gases (10) and product (9) are recovered. In




this schenme, it is possible to utilize a nuch smaller three phase reactor
and provide additional stripping of hydrogen sulfide, if necessa@y MARNZ08)
subsequent step. Such a flow scheme woul d be beneficial when carrying out
the inyention in a concurrent flow reactor. SUWARY OF &J’% I W§3 | ON A
met hod YOIV easi ng sul fur Ievels ixn a mercaptan sul f &F "E8HER I ng

hydr ocar bon feedstream conpri si ng thé steps of passing said nercaptan

sul fur contai ni ng hydrocarbon feedstream over a fixed bed catalyst in a

t hree phase, gas, liquid, solid, systemin the presence of a stripping gas,
for a tithis sshemay itds posgibledomtdizaradmpeh smaller thuté phasateactordmdonpose at

| east a portion _of said_rrercapg;as to pr g%c, olefins, H2S, as an off gas,
and a hy@revidensditional strinpisg od Bfrosrniylade it peeassamy &1 8 subsaquentpt an

sul fur and tq, di sepgage, sai d rqcar hon .pr.oduct stream.havi ng..decreased
arount s SfemSch Banschege roulbedmetipd Ve Grabo SR by thySduetiha
wher ei n n.saj LPRI.Ng gas is hydrogen, said fixed catalyst bed
conpri se\gaﬁ%mghﬂgﬁwfggﬁgpbl e netal oxide or (b) a Goup VIIIB netal
pronmoted Group VIB catal yst, and wherein when said stripping gas is an

I nert gas, said fixed bed catal yst conprises a G oup VU B netal pronoted

G oup VI BIgRIMIARY - ORTHE eSVEXEION non-reduci bl e netal oxides are netal

oxides that wll not reduce to the zero valent netal and water in flow ng
hydrogen at tenperatures bel ow 400 C and include m xed netal oxides. As
used herein, inert gas, neans a gas that is upreactive with _ _unsaturated
organi cs and or ganodumethed fprdecssasing suunievelipnametsapian S8l ning feed.

;88 5i \r;ve)r @%ﬁg&r%}?%@iﬁ}li 5 Sea{rﬁg&)n\égll'isﬁfg t{lg %ﬁelg%% %gsigé gglléced. 2 8 MR
mercaptan sulfur containing hydrocarbon feedstream over a fixed bed catalyst in
a three phase, gas, liquid, solid, system in the presence of a stripping gas, for a
time and at a temperature and pressure sufficient to decompose at least a portion
of said mercaptans to produce olefins, H,S, as an off gas, and a hydrocarbon
product stream having decreased levels of mercaptan sulfur and to disengage said
hydrocarbon product stream having decreased amounts of mercaptan sulfur from
said H,S and said stripping gas and wherein when said stripping gas is hydrogen,
said fixed catalyst bed comprises (a) a non-reducible metal oxide or (b) a Group
VIIIB metal promoted Group VIB catalyst, and wherein when said stripping gas is
an inert gas, said fixed bed catalyst comprises a Group VIIIB metal promoted
Group VIB catalyst .

As used herein, non-reducible metal oxides are metal oxides that
will not reduce to the zero valent metal and water in flowing hydrogen at

temperatures below 400 9C and include mixed metal oxides.

As used herein, inert gas, means a gas that is unreactive with
unsaturated organics and organosulfur species in the mercaptan sulfur containing

feed. The inert gas merely facilitates removal of the H,S gas produced.




DETAI LED DESCRI PTI ON OF THE | NVENTI ON An aspect of the invention includes
renovi ng nercaptan sulfur from a nercaptan sul fur containing hydr?§3W0@05
streamin a three-phase systemin the presence of a stripping gas

m xed nmetal oxide catal yst. Thus, a sul fur containing hydrocarbon stream
pref er ¥ P2/2898%r evi ousl y hydr odesul f {Il zed hydrocar bon RGIEEIALERIBH stil |
contai ns an anount of nercaptan sul¥ Is passed to a three phase system
containing a fixed bed catalyst. The systemvvi |1 be a three-phase system
with the catal yst bed located in the hottest zone. The skilled artisan can

readi | y DETAILED DESCRIFFION@E THE INVENTION of the catal yst bed,

t hrough, for exanple, use of thernocouples to read tenperature throughout
the reactor. The fixed catalyst bed will typically reside at the bottom of
the reactor system Typical Ify a tray for catalyst is present in such
systems and the catAngspeatiaf| th@mvam@@néachudes remeyiag meraptaadcsulftndromr capt an

sul fur containin ocarhon s m .S reacted o he fixed catal yst
bed, in ﬁﬁeerﬁﬁe?glrﬂﬁﬁg coptaiping by drgcazhon %aml&ﬁﬁse a5 Sy Stei ingher ! ns
from sai nt.ai.nin car ri ppi ng gas

facili taglééS gogﬁ gf@% a‘%f'%t %’Bé%@g’g%n a&ﬁxgtuct stream which wll
contain the produced oleflns, havi ng decreased | evel s of nercaptan sul fur
from the H2S gas and allows the gases to be renoved as off gases fromthe

three phase systenff)y salfut 2bh&aikin w@wsoéy@é@ﬁs?fﬁ&ab gy gampl oyed in the
instant i nvention. For exanple, a stripper having a fixed catalyst bed in

the hott esdvigosiy h}@hoddmllﬁn'iﬁedmuﬂrbmrhon etrpamsihichatidlutdntains anmambumtescr i bed
her ei n. Add| tionall Y a fixed bed reactor, such as the one degl cted in
Figure 30 mﬁqattanéu fugnis paasad to a three phase systenbeputaining aEsedbbedt of t he

hydr ocar bon re 2 8 00 WO 02/ 28988 PCT/ USOL/ 2893 .
Y catalyst e system I\v/\%ﬁ be ee-phase system wi Hle catalyst ged located in

the hottest zone. The skilled artisan can readily identify the hottest zone for
location of the catalyst bed, through, for example, use of thermocouples to read
temperature throughout the reactor. The fixed catalyst bed will typically reside at
the bottom of the reactor system. Typically, a tray for catalyst is present in such
systems and the catalyst will be located in the tray provided.

The mercaptan sulfur containing hydrocarbon stream is reacted over
the fixed catalyst bed, in the presence of a stripping gas, to produce H,S gas and
olefins from said sulfur containing hydrocarbon stream. The stripping gas
facilitates the disengagement of the hydrocarbon product stream, which will
contain the produced olefins, having decreased levels of mercaptan sulfur from
the H,S gas and allows the gases to be removed as off gases from the three phase

system.

Any suitable three-phase systems can be employed in the instant
invention. For example, a stripper having a fixed catalyst bed in the hottest zone
can be employed to accomplish the sulfur removal described herein.
Additionally, a fixed bed reactor, such as the one depicted in Figure 3, where the
temperature is maintained below the dew point of the hydrocarbon mixture




-5 contained within the reactor, so that a substantial portion of the

hydr ocarbon feed is nmaintained in the |iquid phase may be utili zeg%m hERs
systens known to the skilled artisan nmay al so be enpl oyed. Prefer Y,

such a syste the tenperature will be maintained at |le bout 5 0,
preferg’tﬁf‘&?”ﬁgsl east about 10C bel ow.t he dew point. Furrﬁim’r’és,gxf he

t enperature should remai n above about = 200, preferably above about 250C. By
substantial portion is neant at |east about 20% In operating the invention
in this manner, a further stripping step to renove hydrogen sulfide may be
enpl oyedc@stahiedweithin fHegenactoB. softhat a suhestaritial pactiompf thehkewdrobarbon fead r enoval
wi thout any significant change in octane of the hydrocarbon stream being
act ed upismaibfainsdgnithe ignid phasawaait be wolined-eOthersystesag kuown fa ther

nmodi fication in, octane  nupber. The cat al utilizable for, the fixed bed
cat al yst $k1@lﬁdﬂﬂ%@@§rﬂl$%ggﬁml%ﬁdi- &%P%X%s in guch ‘i‘mé)’is-etP@dﬁlq bl.e metal oxide
or m xed, netal k oxide.. Non. .redycibl e t gl ®X] ' opet al

oxi des t FRP&EATYre beHaudaingd, Zeﬁﬁou%éal’@ﬁgﬁi%@g%tg%{ \g\g&g‘?ﬁq g?f | owi ng
hydr ogen, at g srahlrBchi 2hdiRa8evehbsyech oxi des
I ncl ude 93121"‘2@‘?‘?%?@?5&55.‘8@%?% %\%%ahgggh%ﬂ% ures tahereo?. | f
hydrogenyg krhBRPatisve At 25000 By dStantial Pertivnoie @heant at Ada2EBbost t he
preferre%ﬂg’a‘%{gf‘?thgfépn@eri al. Pref e%bl y, the i?:at alysts will be sulfided

cat al yst 30%.7 I bpefdtingobierigvestionin thiszednner, arfuither strippingstepydremgene t he

catalyst is a supjggrted group VIIIB netal pronoted group VIB catal yst and

t he i ner hydmegeniss!dammeyHysenplysdiasghpwerin Bjgure Lat al yst exanpl es i ncl ude,
supported and bul k cobalt and nickel pronoted nol ybdenum sul fide catal ysts
wel'l known in the art, specifically a supported cobalt pronoted nol ybdenum

ﬁg: T Lg]e. arE)g(;gT| r?ét a., vﬁgﬁﬁéd&%@sﬁeg B SR reBRRRT Wikl ARyt ogen,
significant change in octane of the hydrocarbon stream being acted upon. By
significant is meant, no more than about 0.5 number modification in octane
number.

The catalyst utilizable for the fixed bed catalyst, when hydrogen is
the stripping gas is a non-reducible metal oxide or mixed metal oxide. Non-
reducible metal oxides are defined as metal oxides that will not reduce to the zero
valent metal and water in flowing hydrogen at temperatures below 400 °C. Non-
limiting examples of such oxides include y-Al,O3, SiO;, Si0,-Al; 05, and MgO
and mixtures thereof. If hydrogen is utilized as the stripping gas in the process y-
ALO, is the preferred cétalytic material. Preferably, the catalysts will be sulfided

catalysts.

If the stripping gas utilized is an inert gas or hydrogen, the catalyst
is a supported group VIIIB metal promoted group VIB catalyst and the inert gas
is a non-hydrogenating inert gas. Catalyst examples include, supported and bulk
cobalt and nickel promoted molybdenum sulfide catalysts well known in the art,
specifically a supported cobalt promoted molybdenum sulfide. Examples of a
non-hydrogenating inert gases include nitrogen, helil_xm, argon, methane, natural

gas, lighter hydrocarbons in the liquid that are volatilized upon heating (light




gas, lighter hydrocarbons in the liquid that are volatilized upon heating
(Iight 2 8 MAR 2005 WO 02/28988 -6 PCTI USO1/ 28933 ends) and m xt yrgepaR 2005
t hereof. Light ends are defined as hydrocarbons that have boiling points
bel ow t he teng)erature of the reactor. Wien hydrogen is utilized as the
stri ppMYP%8e8i t h a hydrogenating ﬁat al yst such as CoM&EETRVEIS of or v ed
that the anount of stripping hydrogeh™be mnimzed. This can be
acconplished by mnimzing the treat rate of hydrogen. The hydrogen treat
rate should be 25 -1000 SCF/B (4.5 nmB/nB to 180 nB/nB), nore preferably
25-500 S&Hd3) @Ad mirdares thered hightEnds nostcfinad sy hpdnocatbotsGhatItdveB (4. 5
n8/n8 to 45 nB/n). The hydrogen utilized, can be supplied as part'of a gas
st r eam cboghinggicigtsthelowdha temperatinesrhthe peatder or mer of f gas, thereby

| eading to a conpletely integrated. . refinery progcess. Notabl t he hydrogen
strippi ng gas shoul“ﬁh%hi’aﬁ%eﬁds HHge ﬁ%ﬁweﬁ/tﬁpamgegqasew & Dfgrogenating, o

it 5:335%%91#? s Cobtot S Y srEE AR S Do 13 APB e gl 0"
o hyor ootk B8R ol 08 Ao aRRE Y iRl B B dom REB BV aedieal " oy

the fhydr eaenbafdAeael R EMRAE 9e 25 AD00BORE (s /it 8XBhGne, one

enbodi e I nvent1 on ere mer capt an_sul fur contai ni ng

f eedst r eadré prefefibly 23500 SOF/Bd. X SEmh torgtum’ /Y dedst prefeiablyl2pi23ted in the
figure 2. Aefinic naphtha (Stream 1), such as catal gtic cracked and steam
cracked BEPWBI(4.Semd/mi weds wi ¥in’ hy The hedrognnutired) camhel supplindeas part of

sel ective naphtha hydrofining reactor (Reactor 12). The organi sul fur
conpoundg gas streamsiomprisiag kygre e, e drum a RS ‘Pﬁlﬂ%ﬁﬁ&ﬁaﬁ-ﬁgéﬁ%es. The

leading to a completely integrated refinery process. Notably, the hydrogen

stripping gas should contain no more than 1/2 mole percent of H,S. One skilled in
the art will readily recognize that the amount of hydrogen utilized with the Group
VIIB promoted Group VIB catalysts must be controlled to prevent a significant
loss of octane . However, by utilizing a hydrogen stream, both mercaptan and
thiophenic sulfur can be removed from the hydrocarbon feedstream being acted

Upon.

Thus, an example of one embodiment of the invention where the
mercaptan sulfur containing feedstream is a hydrodesulfurized (SCANfined)
feedstream is depicted in the ﬁgure 2. Olefinic naphtha (Stream 1), such as
catalytic cracked and steam cracked naphtha are mixed with hydrogen (Stream 2)
and reacted in a selective naphtha hydrofining reactor (Reactor 12). The organic
sulfur compounds in the olefinic naphtha feed are predominantly thiophenes. The
vapor product of the selective naphtha (Stream 3) contains si gnificantly lower
levels of thiophenic sulfur and hydrogen sulfide but still cont;':lins significant
quantities of olefins and mercaptan sulfur. The mercaptans in Stream 3 are
produced through reaction of product hydrogen sulfide with feed olefins. Stream 3
is then cooled in Heat Exchanger 13 such that the C5+ fraction is liquefied in

Separation Drum 14. The overhead sour gas stream (Stream 5) which contains



vapor product of the selective naphtha (Stream 3) contains si gr~1i‘fi'~‘§t‘§mJ y
| ower | evels of thiophenic sulfur and hydrogen sul fide but stilB I ns
significant quantities of olefins and nercaptan sulfur. The nercaptans in
Stream 3 are produced through reaction of product hydr?%?%siﬁk%is e wth
feed oMY 9228988St ream 3 i s then cool ?d i n Heat Exchange hat the
Co+ fraction is liquefied in Separati"on Drum 14. The overhead sour gas
stream (Stream 5) which contains 2 8 MAR 2005 WD 02/ 28988 PCT/ USOL/ 28933 -7
unreacted hydrogen and the nmgjority of the product hydrogen sulfide is sent

to Scr “Bﬂﬁs’act/c@l?fdmgén whetiee hisbragert the prodisctiteydregay sulfide ipsentioe a sweet

hydr ogen stream ("Stréeam 6). Stream 6 is conpressed In Conpressor 16 to the
oper at i ngchafktes vessedfl StwkeBdnydiogenilfide isremoved ta pradued afsgreet he

hydr oprocessing reaction. The |iquid, product ($Stream 7) frag Separ ati on
Dr um 14, hydrogenrsireaonéStredna byl STeemed asINBIASSEH I T8S0f &Bﬁ-gﬁes and

Y e
ot Tt ppEractios, s 0w Rogaeh (STiapft 1 Lipl SPERaDE D Thphbiathe 180%ECRC O
the procﬁ@ﬁﬂg%’& SHEH! Both Al %ne# ind hidrBastand. 8n SHERMA 16 dlefinsont act ed

with an ver a fixe catal yst to produce hydrogen sulfide,

whi ch exkﬂhﬁfﬁh&%ﬁﬁaﬂdﬂ?ﬁd gRsolvad hiy I$ulfidbe Thouighpir a tygacalor maybe
filled catal yst coated packings, but it is preferred that the catalyst
be | oadegiruyss, thixbtetam twauld berdepratsurived throigh aepressiird eelief (aumberd 7t he
reaction zone of the stripper. Another enbodi ment of this iny rbtl.i on woul d
be the ugeFigura Irandesenptons strippee d 18ad the-deprgssHEHAN SRS AIRHICI] DF Fi gure

2L e racese Hle, LUl S SoRLLYS S0 kP A 71 T oocted

contacted with an inert gas over a fixed bed catalyst to produce hydrogen sulfide,
which exits with the inert gas in stream 10. The stripper reactor may be filled
with catalyst coated packings, but it is preferred that the catalyst be loaded onto

bubble trays in order to maximize residence time in the reaction zone of the

stripper.

Another embodiment of this invention would be the use of a three-
phase fixed bed reactor shown as Reactor 19 in Figure 3. In this process the
liquefied desulfurized naphtha (Stream 7) is reacted with a hydrogen or non-
hydrogenating stripping gas in a fixed bed reactor containing catalyst. The
temperature of this reactor is maintained at a temperature below the dew point of
the feed mixture. The product of this reactor (Stream 20) is depressurized
(Pressure let down 17) followed by removal of dissollved hydrogen sulfide here in
a stripper 18. Alternatively, a flash drum could be used in place of the stripper,

for example.

The three phase reactor system of the invention (in the example
above, a stripper) is operated at pressures of at least about 113 psi (791 kPa), more
preferably greater than 150 psi (1034 kPa), and most preferably greater than 200




hydrogenating stripping gas in a fixed bed reactor containing Ca&%m The
tenperature of this reactor is nmaintained at a tenperature bel ow @gé
point of the feed m xture. The product of this reactor (Stream 20) is
depressurized (Pressure |et down 17) followed by renoval of dissolved

hydr og®? @(#%?%84e here in a stripper (18. Al ternatively, P&TYSQ¥E89? um coul d
be used in place of the stripper, for exanple. The three phase reactor
system of the invention (in the exanple above, a stripper) is operated at
pressures of at |east about 115 psi (791 kPa), nore preferably greater than
150 psi psiGhthitRal thedamperattirepoEbettarnl of the vassel whesnthsatalys BARWIN05 WO
02/ 28988 PCT/ US01/ 28933 -8 psi such that the tenperature of bottom of the
vessel whelecatediscentablishedhyothe bailing poind afithe heaviesttcompareats hythehe boi | i ng

e i ;Lgéeﬁ?ﬂgﬁ%‘&%%hwég :’”\Fﬁgéﬁeiﬂaﬁ%@sf edg?%ﬁu%g&es BCEfeal yst sone. Tt
' 200 C,

or of or aplssip8e o5 SRl gbeé s bREBR A b Ghe fgﬁiy%/z%wg‘?lgpﬁﬁr{@{e:t e
ot exceniey b 2000L, BGEPCAIRS, bbie 2 e d ISt bl e 23001 o; 'to

t enper at oCe Pb@fe?ﬁbl?rhﬂ{e tefnpebgtube siill ot ene&ﬂdo@@.qw&ﬁbuﬁﬁef&?@gwg f1ow
rates woul d typica Ty be 25 to 750 SCF/B (4.5 to 139 nB/nB), .no pt ef erably

25 to 50gasSeided shbubd hot 8fcard/the amakin thatndonliddnereasd thetdev poittrof ther capt an
destruction kinetics and thernodynamics. In a preferred enbodi nent, the
t hr ee- phigaetarda @ tempsyatueebelow Biné of theidesired epsnating temeperaturoudihergasur r ent

mode { nelPIGA HABKEEBIAIT A5 D30 CR A S 1 S b mbreo hor
Typi cal | ffre&'ér%lfﬁ To SBORCEB (4]5 4 g{)trﬂQmGB. T @ Sitions selected favor

mercaptan destruction kinetics and thermodynamics.

In a preferred embodiment, the three-phase reactor system is
operated in a concurrent or counter current fashion with the countercurrent
fashion being preferred. In counter current mode the liquid and gas move in
opposite directions of each other. Typically liquid is injected in the top or middle
of the vessel and flows downward exiting the bottom of the vessel. Gas is
injected in the bottom of the reactor and moves upward through the liquid phase,
thereby stripping dissolved gaseous components, exiting throngh the top of the

vessel.

Because the selective removal or conversion of mercaptans from a
previously hydrodesulfurized hydrocarbon stream is readily accomplished by the
instant invention, it is possible to operate the HDS unit to achieve a higher total
sulfur level, thereby preserving feed olefins and octane and then perform the
method of the invention to remove the mercaptans affording an integrated process
for producing a high quality product. Hence, less severe HDS conditions can be

employed when an HDS step is coupled with the process herein described since



of the vessel and flows downward exiting the bottomof the vessel. Gas is
injected in the bottomof the reactor and noves upward through thﬁem #mﬁ
phase, thereby stripping dissolved gaseous conmponents, exiting thr g he
top of the vessel. Because the selective renoval or conversion of

mer capt¥RE¥ 8 a  previously hydr odggsul furi zed hydr ocarfsdV¥L 8% i s

readi |y aeconplished by the instant “invention, it is possible to operate
the HDS unit to achieve a higher total sulfur |evel, thereby preserving
feed ol efins and octane and then performthe nethod of the invention to
renove t Hbe mearcaptans froaf fher dDygpmeesncagbateadilyrdecesased ooremowvediin tige a hi gh
qual ity product. Hence, |ess severe HDS conditions can be enployed when an
HDS st ep Arec&s8upl ed with the process herein described since 2 8 MAR 2005 WD
02128988 -9 PCT/ US01/ 28933 the mercaptans fromthe HDS process can be
readily decreased or renoved in the process. For exanple, an internediate

cat naphtha can be e . | I r
approxi mately 45 Wp%(yrﬁdés)%@(ré’ ﬁ%‘&@%dﬁgéa%nﬂgﬁﬁ%@%%a??#sﬁ%?gb%ﬁg%e&t& woul d
not neet W %W ; [ i j Is | d then
be treate {"#‘{%Sﬁet o] 5§Ht%wﬁﬁﬁfég¥rfé§§?ﬁe§gﬁ%£%dgé i#gglgmt'!he
ner capt aisifirstrprodotewoilindtenesithe finure 30 wipreubhasgpedifiogtion. Thish a fixed
bed catal yst where the sulfur |evel would be reduced to approxi mately 20
wppm t otprbdsativomld ther be nrpated/withrthe method p€ sulficemaovel deByribed herein

o

hydr oprocessing the internedi ate cat naphtha directly to 20 vy&gm sul fur,
ol ef i n sasdhemeseapian sulfur rerigining feedstreamyini adaes phaseripastopotadixed to 20
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total sulfur, meeting environmental specifications. By not hydroprocessing the
intermediate cat naphtha directly to 20 wppm sulfur, olefin saturation will be less
than is obtained from hydroproccssin'g to 20 wppm directly. Thus, considerable

octane is preserved affording an economical and regulatory acceptable product.

If it is desired to hydrodesulfurize the sulfur containing feedstream
prior to passing it to the three-phase reactor with fixed bed catalyst described
herein, any hydrodesulfurization process known in the art can be utilized.

Preferably, the feedstream to the three phase reactor will have less
than 30 ppm of non-mercaptan sulfur, more preferably the feedstream will have
less than 30 ppm non-mercaptan sulfur and greater than 30 ppm of mercaptan
sulfur. Any hydrodesulfurization step capable of producing such feedstreams can
be conducted prior to the three phase reactor process herein described and the

resultant product sent to the three-phase reactor.

If it is desired to hydrodesulfurize the mercaptan sulfur containing
hydrocarbon feedstream to produce increased quantities of mercaptans and retain
olefins prior to the treatment herein, any technique known in the art can be

utilized. For example, the hydrotreated hydrocarbon stream can be
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angss: BrasARg 10002280BICFA hy BOeaPReRTaY, add 130 BASY KPa) Lot al pressur e,

100- 300 psig (791-2170 kPa) hydrogén partial pressure, 1000-2500 SCFB

hydrogen treat gas, and 1- 10 LHSV. The preferred hydroprocessing step to be
utilized if prior HDS is. desired, is SCANfinin However, other selective
cat naphtha hydr odﬂwpf&fcmzéhydmmomseumﬁelstmge atilized sEprieldRXS Isy

M t subi Shl (see US atents 5, 853, 5@?‘ @‘3 906, 730 can | i kewi se be

utili zed dpsiEed.ds S AnipscHosvevessethenislestivergatingrhthapet r ol eum Refi ner s

Assoc at hoaréjfeggfﬁjnzéhoz? %rg’clesgest sucg as those taught by Mitsubishi (see US patents
5,853,570 and 5,906,730) can likewise be utilized herein. SCANFINING is
described in National Petroleum Refiners Association paper # AM-99-31 titled
“Selective Cat Naphtha Hydrofining with Minimal Octane Loss" and US patents
5,985,136 and 6,01 3,598 herein incorporated by reference. Selective cat naphtha
HDS is also described in US patents 4,243,519 and 4,131,537.

Typical SCANfining conditions include one and two stage
processes for hydrodesulfurizing a naphtha feedstock comprising reacting said
feedstock in a first reaction stage under hydrodesulfurization conditions in contact
with a catalyst comprised of about 1 to 10 wt. % MoQ;; and about 0.1 to 5 wt. %
Co0O; and a Co/Mo atomic ratio of about 0.1 to 1.0; and 2 median pore diameter of
about 60 [Angstrom] to 200 [Angstrom]; and a MoO; surface concentration in g
MoOs/m? of about 0.5 x 107 to 3 x 10" and an average particle size diameter of
less than about 2.0 mm; and, optionally, passing the reaction product of the first
stage to a second stage, also operated under hydrodesulfurization conditions, and
in contact with a catalyst comprised of at least one Group VIII metal selected
from the group consisting of Co and Ni, and at least one Group VI metal selected
from the group consisting of Mo and W, more preferably Mo, on an inorganic

oxide support material such as alumina.




"Sel ective Cat Naphtha Hydrofmng with Mniml GCctane Loss" and US patents
5,985,136 and 6,013,598 herein incorporated by reference. Sel ecf§\WaRcan,
naphtha HDS is al so described in US patents 4,243,519 and 4, 131, 537.

Typi cal SCANfining conditions include one and two stage processes for

hydr od¥@P2R28182i ng a napht ha feedstogﬁ conpri si ng react PREUSAI2P93Y eedst ock
in a first reaction stage under hydrotésul furization conditions in contact
with a catal yst conprised of about 1 to 10 wt. % MbO3; and about 0.1 to 5
w. % CoO and a Co/ Mo atomic ratio of about 0.1 to 1.0; and a nedi an pore
di aneter of about 60 [Angstroni to 200 [Angstron]; and a MoQ3 surface
concentration in g MG/ n2 of about 0.5 x 10-4 to 3 x 10-4; and an average
particle size di andheSCANHINING reantaxivantbe2rum atrsufficidnt ommditiond bych passi ng

the reacfion pragduct qf the first stage to a second sfage, al so operated
under hyt %@55‘{] ri‘-'zegi tweeR Sictaizlganig il fur (defepminad by ktray cat al yst

cone! st gomiR) SRt RC A ARl (BB PoRoHePREE SRt ed” from ¢ he
dupport ST ol e Bt ind Rl BBt nkedBpiBh BRI Pl i 5035
L The shiet lhen SERREOTTIRSBBANY Mt sl E fifbe AR yaah such that

the difference between t'he total organic sulfur X-ray

adsor pt idesgribed hetedn for arpéaptars tdrfioval ( det er mi ned by potentiometric test
ASTM3227) is at or belowthe desired (target) specification (typically 30
ppm for non-nercaptan sulfur). This streamis then sent to the three-phase

system descri bed rein for nercaptan.r val, e three phase, system
met hod descri bed héPeilreed §Y%@B@F@Oggﬁﬁﬁb‘é§gﬂ%m§u§ﬂ%+ mer capt an
sul fur. capable of removing > Cs+ mercaptan sulfur.

The product from the instant process is suitable for blending to

make motor gasoline that meets sulfur specifications of <30 ppm range.

The following examples, which are meant to be illustrative and not
limiting, illustrate the potential benefit of the invention, by showing specific cases
in which a selective hydrofining process has been operated to produce varying
levels of total and mercaptan sulfur. By reference to these cases, it should be
apparent that coupling such selective hydrotreating with a subsequent mercaptan
removal technology will result in improved ability to produce low sulfur products

with reduced losses of olefins and octane.

The following example is illustrative and not meant to be limiting.

Example 1

A flow through catalytic test was conducted to test catalytic
materials and stripping gases for a catalytic stripping reactor. A fixed bed reactor

was loaded with either 5 cc of a commercial y-Al,O3 or a commercial cobalt
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cat naph was reac ver t e two catalysts at 260 C, 235 psia
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hydrogen or nitrogen. These conditions were sen to mmc those in the
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the mercaptan sulfur with no saturation of the olefins. When nitrogen is used as

the stripping gas alumina rapidly deactivates and almost no conversion is
observed. The CoMoS catalyst with hydrogen removes almost all the sulfur
including some of the non-mercaptan sulfur, but undesirable saturation of the
olefins is observed. When nitrogen is used as the stripping gas CoMoS removes
approximately 95% of the mercaptan sulfur and no undesired olefin saturation is

observed. CoMoS showed no apparent deactivation with nitrogen as the stripping

gas.
Table
v-Al; 04 1-Al,O3 CoMoS CoMoS
Catalyst
Stripping Gas H; N, H, N,
wppm Sulfur 36 53 5 20
(XRF)
Bromine 18.5 18.8 12.8 18.7
Number




t he mercaptan sulfur with no saturation of the olefins. Wien nitrogen is
used as the stripping gas alunina rapidly deactivates and al nost 7i8oMAR 2005
conversion is observed. The CoMbS catal yst with hydrogen renoves al nost al
the sulfur including sone of the non-nercaptan sul fur, but undesirable
saturation of the olefins is observed h Wen nitrogen is used as the
stripping gas CoMoS renobves approxinh{%fy 95% of the nercaptan sul fur and
no undesired olefin saturation is observed. CoMbS showed no apparent
deactivation with nitrogen as the stripping gas. Table

y- A1203y- AVABBICCIABGERNB: Cat al yst Stri ppi ng GasH2ZN2H2N2 wppm Sul f ur 3653520
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A nmet hod for decreasing sulfur levels in an ol efinic naphtha feedstream
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produce ol wppmif nbR-masapan aflfurgms, (Zﬁpatsmghkdgmdacttfwm step (1) O\gracf?x%dans to

bed catalyst in a three phase, gas, liquid, solid, system in the presence of a stripping

gas, for a time and at a temperature and pressure sufficient to decompose at least a

portion of said mercaptans to produce olefins, H,S as an off gas, and a hydrocarbon

product stream having decreased amounts of mercaptan sulfur from said H,S and said

stripping gas, and wherein when said stripping gas is a gas stream comprising

hydrogen, said fixed catalyst bed consists essentially of a non-reducible metal oxide,

and wherein when said stripping gas consists essentially of a non-hydrogenating inert

gas, said fixed bed catalyst comprises a Group VIIIB metal promoted Group VIB

catalyst.

2. The method of claim 1 wherein said inert gas is selected from helium,

nitrogen, argon, methane, natural gas, light ends and mixtures thereof.

3. The method of claim 1 wherein said non-reducible metal oxide catalyst is
selected from alumina, silica-alumina, magnesium oxide, and mixtures thereof and
said Group VIIIB promoted Group VIB catalyst is selected from the group consisting

of cobalt, and nickel promoted molybdenum catalysts.
4. The method of claim 3 wherein said catalysts are snlfided catalysts.
5. The method of claim 1 wherein said hydrodesulfurization step is a selective

hydrodesulfurization step wherein sulfur is removed without substantially saturating

olefins and without substantially changing the octane number.




product stream havi ng decreased anounts of nercaptan sulfur fromsaid H2S
and said stripping gas, and wherein when said stripping gas is 28 MAS2085r eam
conprising hydrogen, said fixed catal yst bed consists essentially of a
non-reduci bl e netal oxide, and wherein when said stripping gas consists
essentially of a non-hydrogenating inert gas, said fixed bed catal yst
conprises a Goup VIIIB netal pronot edlﬁ?oup VIB catalyst. 2. The nethod of
claiml1l wherein said inert gas is selected fromhelium nitrogen, argon,
met hane, natural gas, light ends and m xtures thereof. 3. The nethod of
claim 1l whgrei nTea@ntttivanef eldime ilbwhereii @id three phasat ket isi & cownereotred from

al um na, silica-alum na, nmagnesi um oxide, and m xtures thereof and said

G oup VIIIBsSEMbnoted G oup VIB catalyst is selected fromthe group
consisting of cobalt, and nickel pronoted nol ybdenum catal ysts. 4. The

met hod of claim 3 wherein said catalysts are sulfided catalysts. 5. The

met hod of ¢l ai nTHe W@h&d BfSAhith hy dhe)das whil hickabhs Stem is aacaelbeeiti ve

hydr odesul furi zati on step wherein sulfur is renoved w thout substantially
saturati ngysehefi ns and w t hout substantially changi ng the octane nunber. 2
8 MAR 2005 -14 6. The nmethod of claim 1l wherein said three phase systemis a
countercurrent system 7. The nethod of claim 1l wherein said three phase
systemis @ CONTH¢ medthod Y5 ichdlin 8. wildieinnBlid aseredptad sblfarlcoignimgnolefinid

mer capt an sul fur containing olefinic naphtha feedstream contains |ess than
30 ppm of maphthaefeedgiream centding lessdhayr 3apem of nemnzocapiam i furdpd 583467 sul f ur .

than 30 ppm of mercaptan sulfur.




