WO 01/ 94502 PCT/ US00/ 35701 1 H GH TEMPERATURE DEPRESSURI ZATI ON FOR
NAPHTHA MERCAPTAN REMOVAL CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s

appl i cat ivomoi/g4582 conti nuation-in-part of U S. Serial No. POraz@yem filed
Decenber 22, 1999. FIELD OF THE | NVENTI ON The invention relates to naphtha
hydr odesul furi zati on i ncorporating high tenperature depressurization for

mer capt an renoval . MrHIGH TEMPHRATURE DERRESSURIZAEI@N t 0o a napht ha

hydrodesul furization pr gaPRNAMETHAMBPROXPTANREVEOVATLL i ng t he
desul furization reactor contains nercaptans, nost of which are renoved

wi t hout olefin | oss, by depressurizing the hot naphtha, thermally treating
the hot naphtha, or sonme conbi nation thereof. The desul furized naphtha my
be cool ed and condensed to a I|qU| d, separ ated fromthe gaseous H2S,
stripped ang . Bl RN RERACKEROARD AHFOMNVENTI ON Mot or
gasoline (" rmgas ) speC| fications are increasi ngly stringent, particularly
with regard to sulfur content. Future regul ations are expected to requi re

wppm of s, SO SONTobds B PRER AR R L SHHNEret BB o 1 ow
sul fur bl en@hg&%E lingyﬁrgfelggggas pool . The primary sulfur sources in the

mgas pool are t end stocks derived fromfluidized catal ytic cracking
("FCC') of heavy oil, gas oil, and the |ike to form naphthas having a

sul fur content in the range of 1000- 7000 wppm dependi ng upon crude quality
ORVHHE TOMBNTION US00/ 35701 2

The invention relates to naphtha hydrodesulfurization incorporating high
temperature depressurization for mercaptan removal. More particularly, the
invention relates to a naphtha hydrodesulfurization process, wherein the hot
naphtha exiting the desulfurization reactor contains mercaptans, most of which
are removed without olefin loss, by depressurizing the hot naphtha, thermally
treating the hot naphtha, or some combination thereof. The desulfurized naphtha
may be cooled and condensed to a liquid, separated from the gaseous H,S,

stripped and sent to a mogas pool.
BACKGROUND OF THE INVENTION

Motor gasoline ("mogas") .s'peciﬁcations are increasingly stringent,
particularly with regard to‘sulfur content. Future regulations are expected to
require that mogas contain no more than about 150 wppm of sulfur, as low as 30
wppm, or less. Such sulfur specifications may require the production of low
sulfur blend stock for the mogas pool. The primary sulfur sources in the mogas
pool are the blend stocks derived from fluidized catalytic cracking ("FCC") of
heavy oil, gas oil, and the like to form naphthas having a sulfur content in the

range of 1000-7000 wppm depending upon crude quality and FCC operation.



Conventional fixed bed hydrodesul furization can reduce the sulfur |evel of
FCC naphthas to very low levels, but the severe conditions of tenperature,
pressur e wanu4speat gas velocity results in significant opCHUSIOBIMder | o0ss,
due to extensive loss of olefins by Baturation. Selective and severe

hydr odesul furi zati on processes have been devel oped to avoi d nmassive ol efin
sat ur ati on dehwertionel fiked bed Bydrodesulfeszdmnacan didscd teeu] fuk deved odb@l@, in
U S. patents 4,149,965; _4,243,519; 5,423,975; 5,525,211 and 5, 906, 730.

5
However, i n napbtesdaaernlow hevels, jub dassrere pendifansgbicamasanre Presion

ot an ST S R B S e A DTSSR b Sl oo
'n the naphta dEsdent BY GAREONT SbicBllvOhnd BaRRe nyMIShRkiAARA | On Product

mer capt ans typically excee uel specifications mer capt an sul fur and,

in sone casggecdsgésthavalbdes devielspetarivoad ntausive olefapsitimation and octane
hydr odesul furi zation, the raw feed reacts wth hydrogen in the presence of

a hydr odesulléss: i Snathi mocessealays disclosed,dodexamnke, of U.Bl patented, #493%eh;at ure and

pressure. This converts sul fur__in _qrganj | fur- bearing.conpounds. in the
Pead o HoSAmD.5 byrbHad st aodsorl i HE0aITB0r FRHey o Bt ST Otbivevor |

during the hydrodesul f.urj zati.on...the. H e i th olef,ipns in the
feed to for #%?E%ﬁpﬂ%ﬁ%? hY‘%toélgf)Lgg{rf%?éloﬁie%ﬁ%éfﬁ%rﬁb&?&%gtHz\grf{gaCtgé@(‘]ll‘ 5 ng
desul fur | Zefé ﬁ%@él@ﬁng%%ﬂhqﬁércagﬁﬁ%ﬁm@es;a@baﬁas.fD&ﬁ&@hiag oft thgonsequence
of the desu ?urlzatlon are referred to as reversion nercaptans. Cenerally
it has been ahmuind ofRalfut bed oksfiaihdahs npplehe fided, thd bencehjrdtion ef thekar i zed

product have a higher carbon nunber than those found in the feed. These
reversi on migveipioarrea¢tiomprpdust mescapsanst typically exapedsHuchspeciicasions fo1 n t he

desul furi zed product, ically conprise + mer capt ans. Ot hers have

pr oposed rel‘]‘?f%f’ a"ElﬁHIflt"%gE‘g’p‘Pa%% SS%%@%PIfg{]Ifur of the

hydr odesul furi zed naphtha product by nmeans such as 1) pretreating the feed
to saturate diolefins, 2) extractive sweetening of the hydrotreated

product, and 3) mRoR@amplRRiERY Rphtha hydrodesulfurization, the raw feed reacts
with hydrogen in the presence of a hydrodesulfurization catalyst, at conditions of
elevated temperature and pressure. This converts sulfur in organic sulfur-
bearing compounds in the feed to H,S and forms a mixture of hot desulfurized
feed and H,S. However, during the hydrodesulfurization, the H,S formed reacts
with olefins in the feed to form mercaptans, irrespective of whether or not the
feed being desulfurized contains mercaptans. These mercaptans formed as a

consequence of the desulfurization are referred to as reversion mercaptans.

Generally it has been found that the mercaptans present in the
hydrodesulfurized product have a higher carbon number than those found in the
feed. These reversion mercaptans formed in the reactor, and which are present
in the desulfurized product, typically comprise C4, mercaptans. Others have
proposed reducing the mercaptan and/or total sulfur of the hydrodesulfurized
naphtha product by means such as 1) pretreating the feed to saturate diolefins, 2)

extractive sweetening of the hydrotreated product, and 3) product sweetening



WO 01/94502 PCT/ US00/35701 3 with an oxidant, al kaline base and catal yst.
However, none of these processes converts nercaptans. It would therefore
be desirabbdere4sozonvert mnercaptans, particularly reversipOT/wsocEpilans, to
H2S and ol efins in order to provide afurther desulfurized naphtha w thout
an undesirabl e loss in naphtha octane nunber. SUMVARY OF THE | NVENTI ON The
i nventi on revihes oxoddritgilkaknp bast ardecatelyste sl owievert, none b thase poagasses
mer capt ans i ncludi ng reversion nercaptans from hydrodesul furized napht ha.
More parti cfOAVELS MGTEaRtAlent i on rel ates to a naphtha desul furization
process, which conprises: (a) hydrodesul furizing a naphtha which contains
olefins and sulfur in the formof organic sul fur conpounds, to forma
hydr odesul f uri zatyi %E‘E i } reduced
napht ha, H2S and Ihe%gg%zﬂjéér#gﬁgkg t ée%b?gfa?g%f%& e%@égéﬁlr%?%ﬁﬁ% at | east
a portion ofrevdigionyeeasipsailst v Hz8ahdwlefafsf ihugdér foprderlerafurtier | east a
portion of the nmercaptans to formnore H2S and a depressurized napht ha
further reduesdfinzelnsaphtha withouasfiadesithbdertesdiinsaphthalestanevamabesn f ur t her
conprises separating the H2S fromthe depressurized naphtha. The
depressurization is conducted at a high tenperature, which is typically at
| east the teqypemat he I drages uri zed naphtha effluent exiting
t he hydr odest &\rﬁ%ggﬁ :ZEL,.UV_B, e iuﬂfepressuri zation renoves nercaptans
wi thout olefin | oss due to saturation and even increases the olefin WD
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The invention relates to high temperature depressurization for removing

mercaptans including reversion mercaptans from hydrodesulfurized naphtha.
More particularly, the invention relates to a naphtha desulfurization process,

which comprises:

(@  hydrodesulfurizing a naphtha which contains olefins and sulfur in
the form of organic sulfur compounds, to form a hydrodesulfurization effluent
comprising a hot mixture of sulfur reduced naphtha, H,S and mercaptans, and

then

(b)  rapidly depressurizing at least a portion of the hydrodesulfurization
effluent to destroy at least a portion of the mercaptans to form more H,S and a

depressurized naphtha further reduced in sulfur.

In a preferred embodiment, the invention further comprises separating the

H,S from the depressurized naphtha.

The depressurization is conducted at a high temperature, which is
typically at least the temperature of the hydrodesulfurized naphtha effluent
exiting the hydrodesulfurization reactor. The depressurization removes

mercaptans without olefin loss due to saturation and even increases the olefin



| evel in the desulfurized naphtha, to an anount slightly (e.g., less than 1
vol.% higher than it would be wi thout the depressurization. In another
enbodi newoQ oi/pus01 nvention relates to a naphtha desul furi zR€T/@WR00/35r@cess,
conprising: (a) hydrodesul furizing a 4aphtha, the naphtha containing
olefins and sulfur in the formof organic sulfur conpounds, to forma
hydr odesul f Uevean ithe desflfirizadtnaphtlay to ai aingunt shgltia(cge less tearct voli¥nt
conprising a.hot mxture sul.fur reduced naphtha, H2S and nercapt ans;
and then (b)higherthag iavonkils withgyt ¢ ed%PB?SSPﬂ RMr odesul furi zati on
effluent to a tenperature greater than the initial tenperature at a
substantially constant total pressure to destroy at |least a portion of the
mercaptans to fogﬁ‘a%f rggl%@diﬂleﬁt, thé iledtion 3RtdRA0 A dgheha d&AUEeEation
sulfur. In a preferred enbodi nent, the invention furthéer conprises
separating gﬂ@cesbj?@nﬁ?ﬁgﬂnghe treated naphtha. In one enbodi ment, at |east a
portion, and nore preferably substantially all of the hydrodesul furiztion
effluent is in the vapor phase. In other words, the tenperature of the
hydr odesul furization step is ntrolled so that if_.is abave the. dew, point
in the hydrodesul®lr i MB H%gaﬂ?/plggﬁ*@géﬁpf’%q 1pg1gncggﬁps #uci ng
t he pressur V, 0 re: ) 9 1 e
Sl BBl AReliR fitfir cobiRnd0Ms Abyrh dAREEIMIBri RiGRS

hydr odesul f esulfuriZing reacto refera nore than

nor e pref er afiyedAMAntifitil t@¥péradireNersfl8enttdoaipridindadiot nfiaturabf klluexi t
end of the reactor. In an absolute sense, the pressure after

depr essur i zatdwoedwiaphtize HS amat metdaptarB)anditienpr ef er abl y no nore than 200
psig. |If the hydrodesul furization reactor is running at a fairly |ow
pressure of WD 01/94502 PCT/ US00/ 35701 5 150 psig or less, the | ow

pressure resul ti ?g) fr N ixqg a%i P2 %le“t-ic%na(t)f-' a h\gﬁd%desulﬁlrization effluent to a

temperature greater than the initial temperature at a substantially constant total

pressure to destroy at least a portion of the mercaptans to form more H,S and a

treated naphtha further reduced in sulfur.

Ina preferred embodiment, the invention further comprises separating the

H,S from the treated naphtha.

In one embodiment, at least a portion, and more preferably substantially
all of the hydrodesulfuriztion effluent is in the vapor phase. In other words, the
temperature of the hydrodesulfurization step is controlled so that it is above the

dew point in the hydrodesulfurization reactor.

By depressurization is meant reducing the pressure to a level of no more
than 50% of the pressure in the hydrodesulfurizing desulfurizing reactor,
preferably no more than 25% and more preferably down to a level of no more
than 10 % of that at the exit end of the reactor. In an absolute sense, the pressure
after depressurization will be no more than 300 and preferably no more than 200

psig. If the hydrodesulfurization reactor is running at a fairly low pressure of



preferably be |l ess than 25 psig and nore preferably about atnospheric
pressure. Preferably, the depressurization occurs in a depressurization
reactor ovovessel at a depressurization tenperature. As POEUS00/35701
depressuri zation woul d be approximateiy adiabatic, a decrease in the
depressuri zation tenperature may be observed during the depressurization.
Consequent | ,50tpseg er Vésk) thedowrpressure a¢sutteng Gesuthiezdapressurizampewdl ure at the
start of depressurization_and a | ower, prefe a%y Iitghtly | ower, final
depr essur i z@relsrblrbsdest thea Zétp%énémpmérﬁ Yaf’ﬁ‘é atsPRYIAG PICs i on

. F ' ,_the d ' ' f h '
Tn The 1 ni { PAFAY o e A RO g ekt o B SSRRFL TSR RGP EbE B e on” "
. o _ f
L. hydr oo B R R D T 1

i's nore prehaidhatc! Hdbcichsdih e depasbudLiiticin@ngierdturdmiag ter efservadl duralg
| east 25F hi gher than t hat tenperature. In one enbodi nent, the

hydr odesul f ti¢ deptessyrinatiani $Consataentlyythidre ivelithesans mititladepressurizaizon

depressurization tenperature i s above .the dew point of the._n tha in the
depr essur i z&mperabwgEt dhe steft q@}e@r@qqgﬁzgﬁfgl mgiw%mfﬁrailﬁgﬁg tor is

Sl e, | Solbd o B SR e LB BBttt of (a1

depressuri z i on*1's" con ownstream of the

hydr odesul f Wphzabi @ APREP! FOF céictckPiteldpredsirizaggp timpeataessel , and
with or wthout the presence of a catal yst effective for increasing the

rate of ner egfetred todeesinrinih¢ imtial ddpressusitzatiyrs teniserptues.e Whitkitheng t he
depressuri zation, the presence of hydro%en S preferreij to av%i d coking of
t he napht hadapeseazatimnstemperaiurgisquatesably maintaiaed arng lasshan thgi t h napht ha

oA AR Y T A

pEbane- Vi Qéﬁc?cﬁ? %4s %g{elﬁg%r%7@lﬁt itHe at least 10°F and still more preferably at
least 25°F higher than that temperature. In one embodiment, the
hydrodesulfurized naphtha is heated sufficiently so that the final
depressurization temperature is above the dew point of the naphtha in the
depressurization reactor. If more than one hydrodesulfurizing reactor is
employed, it will typically be the effluent from the last reactor that is
depressurized. The depressurization is conducted downstream of the
hydrodesulfurization reactor or zone, typically in a separate vessel, and with or
without the presence of a catalyst effective for increasing the rate of mercaptan
decomposition. If a catalyst is present during the depressurization, the presence
of hydrogen is preferred to avoid coking of the naphtha hydrocarbons. This
process is particularly useful with naphtha feeds high in olefin and sulfur content
and particularly with naphthas useful for gasoline, in which olefin retention is

important for valuable octane.



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1A is a block diagramflow plan of
a napht ha desul furizing process according to one enbodi nent of the

i nventi owonvedsvi ng rapi d depressurizati on of the hydrodeeDiUsewiszat i on
effluent. Figure 1B is a bl ock diagramflow plan of a naphtha desul furi zing
process according to one enbodi nent of the invention involving heating of
the hydr od BRIEFDESGRIPEION O E DRAWINGSa bl ock di agram fl ow pl an
of a conventional naphtha desulfurizing process. Figure 3 is a graph
illustrating the effects of H2S addition to an olefin, as a function of

tenperature. Figy.e 4 |s.a_gQh f I C | f) . j on
of Time under adieutsliiSati G o et FERY bR CERARRRANEAIE R BREY
based in par, : j A Ued Bebi Migsatbg of
the hydr ohoabeotlild fo ?%%E%\B?Pﬁgﬁlﬁféfit%? ietionint Sivils fipid UrepiRRAHOR

hydr odesul f wfitzeHydaplebhiduandioi’Sfpenduced by the hydrodesul furization, the

nmercaptan |l evel in the hydrodesul furized napht ha maybe substantially
reduced, w thout saturating the renaining olefins. Mreover, the

Compared 1ot ho. dugiies U7 3 Pk aRonh fowes St naRALH Sy BB ERe by
The. docompodPrdiicfo hbe pRRSRIAENTEE e IRlerish h QbR B Usoo) 35701

7 reversi onh%fg&@ﬁﬁﬂﬁzmaﬁm&ther mer capt ans present in the desul furized
napht ha back”to H2S and sul fur-free hydrocarbons, w thout further olefin

loss. It has al so been discovered that in addition to depressurization of
an all

Figure 2 is a block diagram flow plan of a conventional naphtha

desulfurizing process.

Figure 3 is a graph illustrating the effects of H,S addition to an olefin, as

a function of temperature.

Figure 4 is a graph of mercaptan decomposition as a function of time

under depressurization.
DETAILED DESCRIPTION

The invention is based in part on the discovery that by rapidly reducing
the pressure of the hydrodesulfurization effluent, i.e., the hot mixture of the
hydrodesulfurized naphtha and H,S produced by the hydrodesulfurization, the
mercaptan level in the hydrodesulfurized naphtha may be substantially reduced,
without saturating the remaining olefins. Moreover, the depressurization may
result in a slight increase in olefin content compared to the depressurized
naphtha. While not wishing to be bound by any theory or model, it is believed

that the lower pressure facilitates the decomposition of at least a portion of the



gas phase system nercaptan destruction can be facilitated by a thernmal
treatnent while maintaining the total pressure of the hydrodesul furization
ef fl uent wobsp@ntially constant. While not wishing to be bonuEMBs7@ENY
theory or nodel, it has been found that the equilibrium constant for
mercaptan formation in the hydrodesul furization effluent decreases

appr oxi mat elrgveiShanwinetcaptanis andemyertheumerdaptans ggesent iratheulesaB@izédhcr easi ng
t he hydrodesul furization_effluent's tenperature by abo%;t 100C woul d resul t

i n decr easi Agphthe kagl toilkS and sWBKskenhydrpcarens, wiboutivsthst elefin lapy

sul fur-contai ni ng naphtha feed is preferably selectively hydrodesul furized
to mnimze olefin loss by saturation in the desulfurization reactor

Preferably will ﬁ?ﬁ&s Qfgﬂ%'esﬁ Pﬁc%@%ggg?t iafddeiti n@pﬁﬁﬁé&ﬁﬁ%ﬁ&%f ﬁrg all’

heating, no |ess an that of the furlze a exitingt reactor.

Thus, ner C%!; phasaswteMmeechpaiddésiicabaican be\fatilisdtbd bl artheghsine are
preserved. e  desul furized napht ha produced by the depressurization or

heati ng may ttehmemewhde ntattaining dneltatalepresmire ap thehay drodeswdfurizgaon st at e,
wi th the condensed gapht,h then s rated f,rqmth% aseqQus H2S strinped,
and typi cal itlearsubsiantia ﬁonﬁﬁ%%@mf‘ grsHpg AQ; ﬁ%’.ouBg gy Jheory o
depressurization,. heating; combil nat i .

ror capt ans. PO RERRDEPE fabl BT R AT Pl ke ot dotef Titfation

hydr odesul f g '1{@1??' ABYioRSFARENAIRFeREs BpproWRhatSBY 0% twith Baclpr der to
preserve th(téllli Iﬁlap tcﬁgdg%lgfﬂfn clc())ntent whi |l e acshig%é/i ng %hg)./. sa?rrel. ov%? al |

|l evel of hydsmpeatikuntizass ofabdut@5°@t Theghsing dhotgdrodesulifinddation severity,
the process' second step permts the recovery of sone of the ol efins
destroyed vieluens’s demparatusiar shaw 1007 orowld sesuliodegsersinsthg equgibrien

organi ¢ sul fur -.conpounds in,a typical naphtha feed to be desulfurized,
conpri se mFeﬁﬂPﬁﬁq@%gﬁWﬁé%mounds (RSH), sul fides (RSR),

The olefin and sulfur-containing naphtha feed is preferably selectively
hydrodesulfurized to minimize olefin loss by saturation in the desulfurization
reactor. Preferably will have an olefin content, after the depressurization or
heating, ﬁo less than that of the desulfurized naphtha exiting the reactor. Thus,
mercaptans are removed and the olefins valuable for octane are preserved. The
desulfurized naphtha produced by the depressurization or heating may then be
cooled to condense the naphtha to the liquid state, with the condensed naphtha
then separated from the gaseous H,S, stripped, and typically conducted to a
mogas pool for blending. By using depressurization, heating, or some
combination thereof to remove mercaptans from the hydrodesulfurization
effluent, the hydrodesulfurization step may be operated at a lower severity in
order to preserve the naphtha olefin content while achieving the same overall _.
level of hydrodesulfurization. Even at high hydrodesulfurization severity, the
process' second step permits the recovery of some of the olefins destroyed via

mercaptan reversion.



di sul fides (RSSR), thiophenes and other cyclic sul fur conpounds, and
aromati ¢ single and condensed ring conpounds. Mercaptans present in the
napht ha fveed1/945¢pi cally have fromone to three (Cl-C3) caroDwsSe@wysme. Duri ng
the hydrodesul furization process, th®& nercaptans in the feed are renoved
by reacting with the hydrogen and form ng H2S and paraffins. It is

bel i eved that th&he¥§apicauilitedompouinds hydrty;nieallndp]mthazmeddqbeeactor from

t he renoval of t he organic sul fur conpounds rea ? h@iﬁ‘i@é& |ns to

f or mbnew rr:s deagfunizeed, |00€1Pflser17é%ﬁﬁtia6r$u FEQW;PQHB; tR@H i lRQapht ha
e enplo r

nanht ha. ey A S8 mbdRes A OB Sl RIAR (i oS i woBy

cracked and g 6@{1’ Hﬁé%&&éﬁ%ﬁ%%}@&ﬁ%@&dﬁﬁe RABMRS reﬁ?t’npﬁlequh?ﬁtwearom

one or nore eum processi Its. For e arrpl e suitab napht ha

feeds may beymsi bél@%ﬁ@@'e ﬁfoﬁﬂbﬁé\@oﬂ{re@(l@ﬁd&)f&rbantammgommmgthsteam crackers,
and the |ike. ough the naphtha may be a "full range" naphtha, the

napht ha nay hiydradlepalfatieatidepmcesy shy mr@ptanmnahﬁiwd arg reploved by .

Separ at ed naphthas such s wi de- cyt_ napht | i t ha,

i nt er medi at &caching wih Mt hydrogen gadfgrmimg ﬁZ% g n%eﬂéggF]é?’&ﬂl thet theked
napht has ha a chahl e,ol ef | uch as

i nt er medi at ﬁzsgﬁf H‘é%?ffﬁat% \Mglf‘gd Ff&}élg?t %I%ﬁﬁg?#}{éégﬁl Oqglé%ordl ngly,

in one enbodi }gﬁ@] F kg hé (u
I ncl udi ng f(rég ti oﬁ%l eregwdvﬁGEE@gx#?Em F%Sg.ﬁrgﬁ?gpu %ggﬁt?/ beI ow 450F,

and whi ch t ygiegibhymeeapans).60 vol . % or less. ol efinic hydrocarbons, with
sul fur levels as high as 3000 wopm and even- higher (e.g., 7000 vvppr'r). The
napht ha feed, preferably a cracked naphtha feedstock, generally contains

2|§t ?BQLVCEZT N LLSSWC?’? SR R e D T
can broad: y YARSE T Rr R, WERTLE halnd Py PefaRy Sipigf abhia T eed

feeds include catalytically cracked and thermally cracked naphtha. The naphtha

may be obtained from one or more petroleum processing units. For example,
suitable naphtha feeds may be obtained from one or more FCC units, cokers,
steam crackers, and the like. Although the naphtha may be a "full range"
naphtha, the naphtha may be separated before use, e.g., in a naphtha splitter.
Separated naphthas such as wide-cut naphtha, light cat naphtha, intermediate cat
naphtha, and heavy cat naphtha may be employed. Cracked naphthas having an
appreciable olefin and sulfur concentration such as intermediate cat naphtha
would be particularly useful feeds. Accordingly, in one embodiment, the
naphtha feed is one or more cracked naphtha, including 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., 7000 wppm). The naphtha feed, preferably a cracked naphtha
feedstock, generally contains not only paraffins, naphthenes, and aromatics, but
also unsaturates, such as open-chain and cyclic olefins, dienes and cyclic
hydrocarbons with olefinic side chains. The olefin content of a typical cracked

naphtha feed can broadly range from 5-60 vol.%, but more typically from 10-40



WO 01/94502 PCT/ US00/ 35701 9 vol.% In the practice of the invention it is
preferred that the olefin content of the naphtha feed be at |east 15 vol.%
and norewoef/ersably at | east 25 vol.% The sulfur contenpCDUSeBS701apht ha
feed is typically less than 1 w.% ahd nore typically ranges fromas |ow
as 0.05 wt.% up to as nuch as about 0.7 w.% based on the total feed
conposi ti on.voHose hethe practiee ofithecinaekidoh itdpprdferrad that thédelefin gintenilofur

content napht has useful as feeds in the sel ective desul furi zatior(l) %rocess
of the i nverhe¢saphthadeedibe at leasit e wel. egndmesgipielerahlyeatileash2d. vole. dhe

w.% nore typicall r abo 0.15 W . % t bout Q. 7 %, with 0.2-0.7
wt. % and eﬁé&“@ cau ngom%}wﬁ%feﬁaé%%fy @?ﬁ? ﬁ@ntolhg’ty é’ezHgdsmﬂfet rogen
content will_ . and nore
Cypi cal 1y FYBREIEERESFGRAR DEAREETY 3. BRI uEha apo0 IR Sos Ts

i nsensi ti ve Yaged bR PIAEEREE cOmpUsiticueHotvavéd) €orf £eat.crisked ddphsiia sidp in
the process, the naphtha is hydrodesul furized or otherw se hydroprocessed
in a way thathdrdripkealfatténtent iyshtbatessefilas feeds mrthe selestive desmBfunzationr ed
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for As a first step in the process, the naphtha is hydrodesulfurized or
otherwise hydroprocessed in a way that removes sulfur. Hydrodesulfurization is
sometimes referred to as hydrotreating or hydrorefining, and typically removes
nitrogen and other heteroatoms, in addition to sulfur. In one embodiment, it is
preferred that the hydrodesulfurization be selective primarily for sulfur removal.
The operating conditions employed for naphtha hydrodesulfurization may be
conventional, and include temperatures, total pressures and treat gas ratios
broadly ranging from about 400 to about 800°F, about 60 to about 2000 psig,
and about 200 to about 5000 scf/b. Space velocity typically ranges from about
0.1 to about 10 LHSV, based on the volume of feed, per volume of catalyst, per
hour. More narrow conditions which include relatively higher temperatures and
lower pressures of from about 500-750°F and 60-300 psig, along with treat gas
ratios df frofh about 2000-4000 scf/b, have been found to be more selective for
sulfur removal in many cases. Higher temperatures and lower pressures improve
the selectivity, by favoring hydrodesulfurization with less olefin saturation (i.e.,

octane number loss).
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Scientific Company. Some catalysts employ one or more zeolite components. A

youd

noble metal component of Pd or Pt is also used. At least partially and even
severely deactivated catalysts have been found to be more selective in removing
sulfur with less olefin loss due to saturation. In the practice of the invention it is
preferred that the hydrodesulfurization catalyst comprise a Group VIII non-noble
metal catalytic component of at least one metal of Group VIII and at least one
metal of Group VIB on a suitable catalyst support. Preferred Group VIII metals
include Co and Ni, with preferred Group VIB metals comprising Mo and W. A
high surface area inorganic metal oxide support material such as, but not limited
to, alumina, silica, titania, magnesia, silica-alumina, and the like is preferred,
with alumina, silica and silica-alumina particularly preferred. Metal
..concentrations are typically those existing in conventional hydroprocessing . .
catalysts and can range from about 1-30 wt.% of the metal oxide, and more
typically from about 10-25 wt.% of the oxide of the catalytic metal components,
based on the total catalyst weight. The catalyst may be presulfided or sulfided

in-situ, by well-known and conventional methods.
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surface concentration of 0.5 x 10*t0 3x 10 g. MoOs/m?, preferably 0.75 x 10
to 2.4 x 10 and more preferably 1 x 10™* to 2 x 10™, and (iv) 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 metal sulfide edge plane area as measured by the Oxygen
Chemisorption Test described in “Structure and Properties of Molybdenum
Sulfide: Correlation of O, Chemisorption with Hydrodesulfurization Activity”,
S. J. Tauster, et al., Journal of Catalysis, 63, p. 515-519 (1980), which is
incorporated herein by reference. The Oxygen Chemisorption Test involves
edge-plane area measurements made wherein pulses of oxygen are added to a
carrier gas stream and thus rapidly traverse the catalyst bed. Thus, the metal

- sulfide edge plane area will be from about 761 to 2800, preferably from 1000.to

2200, and more preferably from 1200 to 2000 pmol oxygen/gram MoOs;, as
measured by oxygen chemisorption. Alumina is a preferred support. For
catalysts with a high degree of metal sulfide edge plane area, magnesia can also
be used. The catalyst support material or component will preferably contain less

than 1 wt.% of contaminants such as Fe, sulfates, silica and various metal oxides
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Impregnation of the catalytic metal hydrogenating components can be employed

by incipient 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 500-1200°F, with temperatures of from 800-1100°F being
typical.

- Following the hydrodesulfurization step, at least a portion of the
hydrodesulfurization effluent is further processed in a second step to remove
mercaptans, especially reversion mercaptans. As discussed, the second step may
involve depressurizing the hydrodesulfurization effluent or by heating the
hydrodesulfurization effluent at.a substantially constant pressure...In one.
embodiment, the process is an integrated process wherein at least a portion of the

| hydrodesulfurized effluent is conducted directly from the first step in the vapor
phase to the second step and wherein at least a portion of the heat produced in

the exothermic HDS reaction of the first step is employed in the second step.
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temperature of the desulfurized naphtha exiting the hydrodesulfurization reactor,
it will not be as much as the amount removed at higher temperatures. The
depressurization will typically, take place in a depressurization vessel
downstream of the hydrodesulfurization reactor. While not wishing to be bound
by any theory, it is believed that mercaptan destruction during depressurization
results from a shift in the equilibrium reaction rate. In other words, if the
mercaptan is represented as "RSH", then the rate of the mercaptan reversion
reaction at constant temperature, olefin + H,S—RSH, is equal to k;PyefinPros,
where k; is a second order rate constant, and Pyes, and Prpg are the partial
pressures of olefin and H,S, respectively. The rate of mercaptan destruction, i.e.,
RSH—>olefin + H,S, equals k ;Prgy where k  is a first order rate constant and

“Pgsy is the partial pressure of RSH. At equilibrium the rate-of mercaptan
reversion is equal to the rate of mercaptan destruction or kiPyjefinPr2s = k.1Prsh.
The equilibrium constant K., is therefore k;/k which equals Prsy/PolefinPrzs. As
the denominator is second order, concentration effects resulting from the

depressurization would tend to decrease Pggg.
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though both k; and k; increase with temperature. Consequently, increasing
temperature would increase the destruction of RSH species. This decrease in the
equilibrium rate constant is supported by an evaluation of the change in the
Gibbs function during heating. The change in Gibbs function ("AG") is related
to the temperature, entropy, and enthalpy of the reaction by the relationship
AG=AH-TAS. The temperature dependence of K., may be evaluated by relating
this expression to the equation for K¢, in terms of AG, AG= -RT Ln(K,,) to yield
Ln (Keq)=-(AH-TAS)/RT or (AH/RT)+(AS/R). This is the well-known van’t
Hoff relationship for the dependence of equilibrium constant on temperature.
The inverse relationship of heating on K., is now apparent in view of the
influence of the exothermic nature of the reaction on the first term and the effect

of adding heat on the second.

As with depressurization, the effluent must have sufficient time in the
vessel to reach thermodynamic equilibrium following heating. Residence times

may range from about 0.5 seconds to about 10 minutes, with the longer times



effluent's tenperature by about 100C would result in decreasing the
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naphtha feed, containing 2000 wppm total sulfur and 30 vol.% olefins, is passed

from a cat cracker (not shown) into the top of reactor 12, via lines 26 and 28.
Such an intermediate cat naphtha may be obtained from, for example, a naphtha
splitter, and have a typical lower boiling point will range from about 120°F to
about 160°F and a typical upper boiling point in the range of about 240°F to
about 350°F. The naphtha may be pre-heated prior to hydrodesulfurization, for
example in a furnace or a heat exchanger. When employed, the heat exchanger
may use other species separated in the splitter such as heavy and light cat
naphtha to heat the intermediate cat naphtha. At the same time, fresh hydrogen
or a hydrogen treat gas, along with substantially sulfur-free recovered and
recycled unreacted hydrogen is also passed into the top of the reactor, via line
30. Reactor 12 contains one or more fixed beds 34 of desulfurizing catalyst.
The one or more beds may or may not contain more than one desulfurizing
catalyst. The temperature, total pressure and space velocity and treat gas ratios
in the reactor are 525-650°F, 200-300 psig, 2-8 LHSV and 1000-2000 scf/b,

respectively. Hydrogen partial pressure at the reactor outlet typically ranges



hour. Figures 1-A and 1-B illustrate preferred enbodi nents using
depressurization and heating, respectively. Referring to Figure 1-A a
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Further processing of the hydrodesulfurization effluent in the second step

to remove mercaptans may proceed, as discussed, via at least one of (i) a rapid
depressurization of the hydrodesulfurization effluent, and (ii) a heating thereof.
When rapid depressurization is employed, at least a portion of the
hydrodesulfurization effluent, at the temperature and pressure at the downstream
end of the HDS reactor, passes out of the downstrearﬁ end (i.e., the bottom) of
the HDS reactor and into the depressurizing vessel 14, via line 36. In the
depressurizing vessel, the pressure of the mixture is reduced to a level of about
10% of the exit end pressure in the hydrodesulﬁlrizing reactor. For example, if
the pressure at the exit end in the hydrodesulfurization reactor is 300 psig, the
mixture is depressurized to about 30 psig in vessel 14. The residence time of the
vapor at 30 psig in the depressurization vessel is about. 1 second and the gas
mixture exiting out the bottom of the vessel, via line 38, now has a mercaptan
sulfur content of about 8.5, for a ten-fold reduction in mercaptan sulfur. The
required residence time in the depressurization vessel is dependent on whether a
catalyst is utilized in the vessel and on the length of time requires for the system

to thermodynamically equilibrate at the lower pressure. Generally the residence



alumna, with [ow catalytic netal |oading of a total of no nore than 12
wt.% for reduced olefin loss through saturation, while maintaining high

| evel s ofwoot/24502 desul furi zati on. However, the invention PET/HSW/3ismiiended to
be limted to the use of |ow netal s1Woaded hydrodesul furization catal ysts.
The hydrogen reacts with the sulfur conmpounds in the presence of the

hydr odesul f yfha dhé@id ahaintsihed betwekdsaldu 0l Zsecohd andpbvéral iynutesrwiitng t he
sul fur as H2S. The desul furization effluent exiting the HDS reactor is a

m xture, pr afreatabtiypresguization requirisgdongaarpideremigmes mYlerpt s#abihisai ni ng

oF 11 uent - pr eBes 4 JoibRCA RS IOVId e B 1SANTS 0L by VIS DSt ok { or
d 85 t Lf ur.. in: i 8%
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proceed, as |scusse(§l, Vi a | east one of (i) a rapid depressurization of

t he hydr odeshé proskatdeductedid.| uent, and (ii) a heating thereof. Wen rapid
depressurization is enployed, at |east a portion of the
hydr odesul furi zation effluent, at the tenperature and pressure at the

downstream end Qf the_ HDS reactor, passes, out .o e do reamend (i.e.,
the bottom) of tHd HiSETF ‘?:WEP‘T}%@ti &’F}yt%ﬁ%tr ’f)égttgffﬂgﬁﬂ?%ssel 14, via
line 36. In th [I1Z] e f } ot t IS
reduced to gop@gg&?%?%g@g&lﬁéff%&%@gﬁﬁgl exi tapreoﬁilﬁgsg%%f? gﬂ)?ln rﬁdﬁéwa?
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in the hydrodesul furization reactor is 300 psig, the mxture is

depr essur i zeiiné magtimucaldlaesd djréatlyvies setessel spatreveleeitylenthe mngeobabawie
vapor at 30 psig in the depressyrizati sel is ahout.. | se d and the
gas m xt ur @ i&xaboun§ Lddd Vi et %Yﬁsé?loﬁmé%?/]ég’@é?&’vi%ée V‘?]Hé“eﬁ‘%f,ce has a
mer capt an Su|fo con%ent Ef ea§8H§ 8.5, for aten-fold reduction in

mer capt an s BFF §P KB VrBELIRPEdF &si dence time in the depressurization
vessel is dependent on whether a catalyst is utilized in the vessel and on

the length of tinme requires for the system
Figure 1-B illustrates a similar flow plan that may be employed when

hydrodesulfurization effluent heating is employed for mercaptan removal. It
should be noted that the hydrodesulfurization step may be operated under similar
or even identical conditions for mercaptan removal via depressurization, heating,
or some combination thereof. For heating, and referring now to figure 1-B, at
least a portion of the hydrodesulfurization effluent at the temperature and
pressure at the downstream end of the HDS reactor 12 passes out of the bottom
of the reactor and into furnace 21 via line 36. In furnace 21 the effluent is heated
to at least 25°C, more preferably at least 50°C and most preferably at least
100°C above the exit temperature of reactor 12. The hot mixture is then sent to

- the high temperature mercaptan decomposition reactor 14, via line 37. At 100°C
higher temperature, the mercaptan content of the mixture will be reduced
approximately 85%. The reduced mercaptan mixture exits via line 38 and is
then cooled in heat exchanger 22, which cools down the mixture to 38°C,

thereby condensing the naphtha to liquid and preventing the reformation of



to thernodynamcally equilibrate at the | ower pressure. Generally the

resi dence WO 01/94502 PCT/ US00/ 35701 17 time should be naintai ned between
about 0. Wwa@evotsok and several mnutes with greater depresBOTAUS@YISO0
requiring longer residence tines. Whdh a catalyst is used the residence
time should be a few seconds or less, while if a catalyst is not used

| onger resi Qﬁa@@%ﬁhﬂﬁﬁl aRydbeionabembedim@uroféhisiinnedtiqr the heaereneaieck i on
means such as a back-pressure regul ator or Joule valve nay be used to

provi de t hdrqndbs exié sireamcande, used ta hspbtherieeds lormsacipreAior reagdor 14.
hydrotreated effluent will flow continuously froma high pressure region
to a |l ow pressure region. For total pressure differentials in the range of

e 10,1 ot P Syl 2o

for a vessel spagg I'n range o t o "abou

the vessel 'eh@\foﬂ/éd RegrrebedshforXiattiple BY a@liflguesit gas pe thevfebdne tief muassel ,
per hour. Figure 1-B il l'ustrates a simlar flow pl an that nmay be enﬁl oyed
aegpd lan
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hydr odesul furi zation effluent at the tenperature and pressure at the
downstream end of the HDS reactor 12 passes out of the bottom of the

reactor and i ntOdeéﬂﬁ%e'n&iz t¥iethet figu6L A lon 1By thatreatdd effeers ekitimgthei s
heated to at |least 25C, nore preferably at | east 50C and nost preferably

at | east 10d6waistroamtdval efdenctos fParassastbrarghrabent sxchangerde, whichwoaluite is
e e G b O B TR B oSSR LR 1
will ber edlf)%gv(jenting the reformation of mercaptans. The mixture of liquid naphtha,
unreacted hydrogen, light (e.g., ~C4.) hydrocarbon vapors produced in reactor
12, and H,S passes, via line 40, into separator vessel 16, which in this
embodiment is a simple drum separator. In the separator, the liquid naphtha
separates from the gasses and vapors, is withdrawn from the separator via line 42
and passed into the top of stripper 20. A methane striping gas is passed into the
bottom of the stripper, via line 44, and strips out any dissolved H,S from the
desulfurized naphtha. The clean, stripped liquid naphtha may be removed from
the bottom of the stripper via line 46, and may be conducted away from the
process for, for example, storage, further processing, and to a mogas blending
pool. The H,S-containing methane stripping gas is removed from the top of the
stripper via line 47. The separated gas and vapor effluent containing the H,S and
unreacted hydrogen, is removed from the separator via line 48, and passed into a
scrubber 18, in which an aqueous amine solution, entering the top via line 50,
removes the H,S from the unreacted hydrogen and remaining vapors. The H,S-
laden amine solution exits the bottom of the scrubber via line 52 and may be sent
to, e.g., a Claus plant for sulfur removal and amine recovery. The scrubbed,

hydrogen-rich and desulfurized gas may be removed from the top of the scrubber



approximately 85% The reduced nmercaptan m xture exits via line 38 and is
then cool ed in heat exchanger 22, which cools down the m xture to 38C,

t her eby owodemsing t he naphtha to |iquid and preventing tpheT/uséomsnat i on of
WO 01/94502 PCT/ US00/ 35701 18 nercapPans. In an additional enbodi nent of
this invention the heat renoved fromthe exit stream can be used to heat

the feeds tanagaejdcded baclointd eeatior 12 4Ha line154, qomefressoz@4e ehd dineedd and

addi ti onal hydrogen treat gas may be enployed in the process, for exanple
by adding ti28at gas to the feed to the main HDS reactor 12 or into the
exit mxture fromreactor 12 before the furnace 21. This additional treat
gas W ll result in ower partial pressures of nercaptan, hydrogen sulfide

and ol efin and ther i j i L : i . kther
flgure 1 A or 1 41 oAt AEURESEH RZRRE ohflinfiEh GEKd REccimitchon ik
reactor 60 QHRtBn R Migletphiseiarie dflusinehtrian) theit down to a
terrperatureiegféﬁ%%#l:r,ggthereb§/1 con%ensi ng th% naupht ha to liquid and
preventing tdeprasefrizativn anhigh tempempiranesselivellniavewr eatalyst befli6@ whight ha,
unreacted hydrogen, light (e.g., -C4 ) hydrocarbon vapors pr duce% i.n
reactor 12 conins-@Baterdaldbat catalypeniesnérepnted revgaplhiask 1o ndi@lefiff ch

TS erhd e L6 SHPL S  ASRRL AL LA U SO LB
separator v 't}?er%% gglirégtllﬂg ?l‘cl)é)?ﬁi@fi% 5k Aet ‘g%s%ﬁ PSfabid EARRRIC IﬁQtleriﬁ‘Ier%E hane

striping gas'is ottom e stripper,” via line 44, and
strips out amy pbsssglinaddEZsddion bl odbidlrtdstanetd ndfirtand hylbhegel atan,

stripped |Iiquid naphtha may be renoved from the bottom of the stripper via
line 46, andtighateniperetmeandwhinkegossesnlittlesr norkyulregertagion cvitxanpl e,
'S, cont ai TSTREVRARGL SR}y EREPIS G aRevReierBm EREe IR e
SHt2 rSi gﬁgr Vi aplhing Adterid SR fRR aRlfithad 8ic o th AP ta it AU mGPHbAL Hiag- the
alumina, aluminum phosphates, titania, magnesium oxide, alkali and alkaline
earth metal oxides, alkaline metal oxides, magnesium oxide supported on
alumina, faujasite that has been ion exchanged with sodium to remove the

acidity and ammoniun ion treated aluminum phosphate.

By way of a simple contrast with the process of the invenﬁon, Figure 2 is
a block diagram flow plan of a conventional naphtha desulfurizing process unit
100. For convenience, those vessels and lines common to both Figures and
which perform the same function have the same numbers. Referring to Figure 2,
the process scheme is the same except for absence of the depressurization vessel
14 and line 38. The naphtha exiting the desulfurization reactor vessel 12
therefore has the same properties as in that part.of the process of the invention . .
shown in Figure 1A. However, the total sulfur, mercaptan sulfur and olefin
levels in the naphtha going to the mogas pool via line 46, remain the same as
they are in line 36. These are 420 wppm total sulfur and 85 wppm mercaptan

sulfur. The olefin loss is the same for both cases.



unreacted hydrogen, is renoved fromthe separator via |line 48, and passed
into a scrubber 18, in which an aqueous am ne solution, entering the top
via |ineve0p1/94senoves the H2S from the unreact ed hydr ogenP@n@iseoasaiini ng
vapors. The H2S- | aden am ne sol utionVexits the bottom of the scrubber via
line 52 and may be sent to, e.g., a Caus plant for sulfur renoval and
ami ne recovery. Th iacenhbedill veylirtbeeinddrefoodndith esfotdnee ita it gasmpley be
renoved fromthe top of the scrubber WO 01/94502 PCT/US00/ 35701 19 and
recycl ed babklowmto reactor 12 via line 54, conpressor 24, and lines 30 and
28. I n another enbodinent, a preferred enbodi nent used in connection with
ei ther depressurization or high tenperature effluent treatnent, the
depressuri Z‘jmgh tenperature vessel will have a catal yst bed 60,
whi ch cont & rial that catal yzes the mercaptan reversal back to
H2S and ol efins. This substantially reduces the naphtha residence tine in
the depressurizer vessel, thereby permtting the use of a smaller vessel.
Suitabl e capXXMBLF¥lerials for this process include refractory netal
oxi des resistant to sulfur and hydrogen at high tenperatures and which
possess little or no hydrogenation activity. Illustrative, but
nonlimting, exanples of t.hes teri in e,neutral .and al i ne

%’I éﬁ-lﬁﬁ ta§ El i ca-

materials such a éllllérﬁxﬁﬁn grats ﬁl‘ﬂi‘é‘%“cﬁ"%\%‘?‘b
SarTh o o YESTHE P BERRAR e deaftfiodin A48 Bl HSkHi6w dlsilate 210 al kal i ne

earth netal i né ‘metal oxl des, magnesi um oxi supported on

alumna, f a&me?dré@ctbheélu @?édnﬁqnaﬁ of- 1ﬁnecﬂpm@ ©bd Oheaghtoptdph (Ga@mve the

acidity and ammoniun ion treated al um num phosphate. By way of si npl e
contrast w EﬁuﬂpbedMIﬂ\BbSﬂl oFlarhe lomization DeteckryIfilB) and @ Siavdsk S@ﬂ(fudl agram
flow plan of conventi onal napht ha

esul furizing process u 100. . For
conveni enceCheﬁbbﬁnm@%@esDﬁtﬁé qu(ﬁ@?% epgn@gfq[i dg@?@%aéﬁBCtlon the

reactor was filled with approximately 33 cc of low surface area Coors Beads,

which are essentially inert with respect to the reaction. For the alumina-
catalyzed reaction, 2 cc of the Coors Beads were replaced with 2 cc of y-alumina
(Ketjen). The results for both reactions are shown in Figure 3. These results
show that simple gamma alumina, a well known and widely used support for
hydrodesulfurization catalysts, is an effective catalyst for producing essentially
equilibrium mixtures and H,S and mercaptans at temperatures above about
480°F. In contrast, the uncatalyzed reaction of H,S with olefins proceeds at
significantly slower rates. These results demonstrate that substantially all of the
reversion mercaptans formed in naphtha hydrodesulfurizing occur in the

hydrodesulfurization reactor itself and not downstream of the reactor.

EXAMPLE 2

The same microreactor used in Example 1 was also used in this
experiment. In this experiment, 2-methyl-2-butene (22 psi) and H,S (1.75 psi)
were reacted in the presence of the y-alumina at 43 59F, 215 psia, and 20 LHSV.

This is adequate to produce equilibrium levels of 2-methyl-2-butenethiol out of



whi ch performthe sane function have the same nunbers. Referring to Figure
2, the process schene is the sane except for absence of the
depressuwaat/psm vessel 14 and |ine 38. The napht ha exitPOTyUSoE35701

desul furization reactor vessel 12 tRérefore has the sane properties as, in
that part-of the process of the invention shown in Figure 1 A However,
the total syld taciofeMiRNeastos ¢ffluont aned delpedssurizédicel 5-20psichimtmapiot ha goi ng
to the nogas pool via ljne 46, remain the sane as theil1 z}((s in |line 36.
These are 4Pfomjialiyt3R8&IF)duansfer Lnedinswhighpitwasmasprdate the (¢ der a 1%l efin
|l oss is the sane for both cases.. WO 01/94502 [/ USOQ.357Q1 . 20 T
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non-catal yzed thernmal reaction, the reactor was filled wth iaf)(m;oxi mat el y
33 cc of | ovessdericadbmendshaxsactorBenpascilugnt intheteanstardme. 2, [0 WPPH} ¢ 1

respect to the reaction. For t al um pas ,cat al yzed .re ' c of the
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catal ysts, R8siideh /68 rédicihy fHe thefcaptaadkutfurgoatme of thed daphtlegui | i bri um
m xtures an 2S and nercaptans at tenperatures above about 480F. In

contrast, the uncatal yzed reaction of H2S with ol efins proceeds at
EXAMPLE 3

A series of catalytic materials were examined for their ability to
decompose mercaptans to the parent olefin and hydrogen sulfide. These
materials included y-alumina, Coors Beads, LZY-52 (NaY), Cl/y-alumina, NH;-
AIPO, and MgO/ALO;. The y-alumina was a commercial y-alumina having a
surface area of about 170 m*/g. The 1.2 wt.% Cl on alumina was prepared by
impregnating ammonium chloride on alumina followed by w high temperature
calcination. The LZY-52 was a commercially available sodium exchanged Y-
faujasite, while the MgO/Al,03 was prepared by calcining magnesium aluminate
hydrotalcite at 500°C. A precipitated aluminum phosphate was evaluated, along
with an aluminum phosphate pretreated with ammonia at 800°C (NH;-AIPO,).
Sodium oxide on alumina (3 wt.% Na-Al,03) was prepared by impregnating

-~ alumina with sodium nitrate, followed by calcining at 400°C. - - -

The catalytic activity for mercaptan destruction of 2000 wppm suifur in
the form of 1 heptanthiol was determined. The 1-heptanethiol was dissolved in a
solution of 67 wt.% m-xylene and 33 wt.% 1-octene. In addition, the catalytic
activity for the destruction of 500 wppm sulfur in the form of benzothiophene

was determined as a reference standard, for comparison. The tests were



significantly slower rates. These results denonstrate that substantially
all of the reversion nercaptans fornmed in naphtha hydrodesul furizing occur
in the wapoogssul furization reactor itself and not downsperaswas7ilhe
reactor. EXAMPLE 2 The same mcrored&eétor used in Exanple 1 was al so used
inthis experinment. In this experinment, 2-nethyl-2-butene (22 psi) and H2S
(1.75 psi) cordectedaehrdllivapohphpses spfiow microteactorat 26D mada00485H or2db

psia, and 20 LHSV. This is adequate to produce equilibrium]eyels of
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versa. Figure 4 i's a graph of the anmount of nmercaptan in the GC as a
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the transfer |ine. The 1100 wppm sulfur is the nercaptan sulfur content of
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parent ol efin an ydrogen s I ese materials included y-al um na,
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y-alum na was a commercial y-alumna having a surface area of about 170
nm2/ g. The 1nfredptss GestorctwmubackanimElLPr epared by i npregnating ammoni um
chloride on alumna followed by w high tenperature
The percent selectivity to H,S, octyl mercaptan (CgSH), and heptyl octyl

sulfide (C;-S-Cy) reflects the mole % of the heptane thiol sulfur that is

respectively (i) converted to H,S, (ii) transferred to feed octene to form octyl

mercaptan, or (iii) adds feed octenes to form the heptyl octyl sulfide. The

desired reaction is the formation of H,S. As the data in these two Tables show,

materials that are considered to be neutral or basic provide superior performance,

as reflected in more total organic sulfur destruction into H,S. No detectable

olefin saturation, as determined by the FID, was detectable over any of the

catalysts.



cal cination. The LZY-52 was a commerci ally avail abl e sodi um exchanged Y-
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Table 2
% C,-SH % H,S
Catalyst Conversion | Selectivity | CsSH | C;-S-Cs
Thermal (Coors Beers) 43 +4 90 +1 1 9+1
AlPO, 48 95 5 -
LZY-52 (NaY) 674 100£1 - -
3.8 wt.% NaOy- Al,O3 68 4 99+1 1 1
NH;-AIPO, 80+t 1 98+ 1 2+1 -
MgO-Al,O5 89+5 83+6 42+1 | 15%6




mercaptan, or (iii) adds feed octenes to formthe heptyl octyl sulfide. The
desired reaction is the formation of H2S. As the data in these two Tabl es
show, naweni/ad582that are considered to be neutral or basPCT/ps@viISGE
superior performance, as reflected i24 nore total organic sul fur
destruction into H2S. No detectable olefin saturation, as determ ned by
the FID, was det gcisabidersived thtyaribus bther catbaidjmests and roodidiggtions 1n the

PCT/ US00/ 35701 23 Table 1 % C7-SH % H2S Cat al yst Conv r i on Sgle tivity
C8SH C7- S- @racmerqféhe (osation ety anmre%t feaanézllcan Bgre i Y €134

e 7 na slofiein the artivifaansotging (N3 540ms o iiglriiff%@%ﬁ“%ﬁﬁ 3032 e

C7- SH % H2S S nv, td Wi &b thes Fhkgs Bﬁimé Coor S
Beers) 43 gegh o éfogg SRR e G ihpGePHa Nav‘%% 67 4 3.8
W . % NaOy- ﬁ%%&;ﬁe@l%eréto% lithitbd ko the-Exast H@ﬁcrﬁﬁmrﬂs&&’oﬂh aBovd, but w@m1203
895 836 421 WO 01/ 94502 PCT/ US00/ 35701

that the claims be construed as encompassing all of the features of patentable

novelty which reside in the present invention, including all the features and

embodiments which would be treated as equivalents thereof by those skilled in

the art to which the invention pertains.



24 1t is understood that various other enbodi nents and nodifications in the
practice of the invention will be apparent to, and can be readily made by,
those skObsoshn the art without departing fromthe scoprCHUS0I5701 t Of
the invention described above. Accorfingly, it is not intended that the
scope of the clainms appended hereto be [imted to the exact description
set forth a t rather that the clains be construed as enconpassing
all of the gg%g%ggg'of pat entable novelty which reside in the present
invention, including all the features and enbodi nents which would be
treated as equival ents thereof by those skilled in the art to which the

i nvention pertairfs. WA oaplghsgesPfmizaton @99ess, COHPINE Vs: 1. A napht ha
desul furi zation process, conprising (a) hydrodesul furizing a naphtha which
contains olefins and sulfur in the formof organic sul fur conpounds, to

forma hydr OdeSUk;)g” é&?*@&s?fﬂ)ﬁﬂﬁga ﬁér%htﬁwméﬁ E@htatR BISHRS afdBsulfilten

hydr odesul furi za n uent conpri si a hot mxture of sulfur reduced
napht ha at @ fdhi bPbraahRSSHIff: corfsouad, oefoemnt Aydrodesulfurization effluerdpit di y
depressurizing for a depressurization tinme at |east a portion  of the
hydr odesul f uniignial tempérbiuresthethydiedasnfyriaationafflueat pomprisigdt hathe
mercaptans to form nore H2S and a depressuri ged na&%h{e_{ﬁﬁ farther reduc%d in
sul fur. 2. migtueessubioeducad nephibpat an ML PEsEIEHE2R PO REEIR PRSP g i s
conduct ed igbthe presence of a catalytically effective anount of a
hydr odesul f #9%i ng catal yst under catal ytic hydrodesul furization
conditions, wherein the hydrodesul furizing catal yst conprises at |east one
G oup VIII )

(b)  rapidly depressurizing for a depressurization time at least a portion

of the hydrodesulfurization effluent to destroy at least a portion of the

mercaptans to form more H,S and a depressurized naphtha further reduced in

sulfur.

2. A process according to claim 1 wherein the hydrodesulfurizing is
conducted in the presence of a catalytically effective amount of a
hydrodesulfurizing catalyst under catalytic hydrodesulfurization conditions,
wherein the hydrodesulfurizing catalyst comprises at least one Group VIII
catalytic metal component and a support component, and wherein said naphtha

feed contains at least 0.1 wt.% sulfur.

3. A process according to claim 1 wherein said hot mixture is
depressurized to a final pressure of no more than 50% of the initial pressure,
wherein said depressurization temperature is no less than the initial temperature,
and wherein the depressurization time is sufficient for the effluent to reach

thermodynamic equilibrium at the final pressure.



catal ytic netal conponent and a support conponent, and wherein said naphtha
feed contains at least 0.1 w. % sulfur. 3. A process according to claiml
wherein 0di/pso2 m xture is depressurized to a final preBeDWUSNES7010 nor e
than 50% of the initial pressure, w2erein said depressurization
tenperature is no less than the initial tenperature, and wherein the
depressurizationgti me A préueké h6dcedingftorclaife2 eflidreiarthe tatatydacimetal

t hernodynam c equilibriumat the final pressure. WO 01/94502 PCT/ US00/ 35701
26 4. A proceamoacniraitaigs b lastome Grome Vallmmetabard ehlegst aner@taip VEomponent
contains at |least one Goup VIII netal and at |east one Goup VI netal. 5.
A process aseasnldi ng to clam2 further conprising separating said H2S from
sai d depressurized naphtha. 6. A process according to claim5 wherein said
hydr odesul furi zing catalyst conprises Co and Mo catal ytic nmetal conponents
and wherein saidg nap ONFiRthkr LOMPridindt sePatutiigaid n the
form of organic ssul fulr:)3E g%éﬁggg%&gaﬁ%lntgsclérgm 5to 68m?ol ﬂ"%o?%fl nSgLEr

process accergi fiémtsaidiepresshridedmaphtitane final pressure ranges from about
at nospheri c pressure to about 300 psig, and the depressurization tine
ranges fromO0.5 seconds to 10 mnutes. 8. A process according to clai m3

wherei n said depressurjzation er at reat er
tenperature. 9. pﬁ prod%g@cgéﬁﬁ?%raglgt@c?lg} lrin‘@%\ﬁﬂ rsél}%flf(ﬁ@d%aﬁg}r%ﬁ unt of

o grcat or e EoRpreS RPN R et AR R e AR D 1

process of ghaih Yeed b6AARs FORID.1 %6 0T #OO6lpgIfiria theomapi drganic sulfur

compounds, and from 5 to 60 vol.% olefins.

7. A process according to claim 4 wherein the final pressure ranges
from about atmospheric pressure to about 300 psig, and the depressurization

time ranges from 0.5 seconds to 10 minutes.

8. A process according to claim 3 wherein said depressurization

temperature is greater than the initial temperature.

9. A process according to claim 8 wherein the total amount of said
Co and Mo catalytic metal components, calculated as CoO and MoO; is no

greater than 12 wt.% of the total weight of said catalyst.

10.  The process of claim 1, further comprising conducting the rapid
depressurizing in the presence of a second catalyst in an amount effective to..

catalyze the decomposition of said mercaptans to H,S.

11.  The process of claim 10 wherein the second catalyst comprises at

least one neutral or alkaline metal oxide.



depressurizing in the presence of a second catal yst in an.anount effective
to... catalyze the deconposition of said nercaptans to H2S. 11. The
process o¥ool/gi5m 10 wherein the second catal yst conpri sesPar/uséoesil one
neutral or al kaline netal oxide. WD @1/94502 PCT/US00/ 35701 27 12. The
process of claim1 wherein the hydrodesul furization conditions include a

tenperature of from 408:898Feanst caipd ¢Sshureinothe hydrodegulfRfigdtiqusi g, a space
vel ocity of about 0.1 to about 10, and a hydrogen treat gas rate of about
200 to aboutohdfiidns ificlhde m3em15bmtmremf£(srnd?/00c$ M and speessnie ofyigewdth i s
present duri gget he rapid depressuri ngi on. ss of claim11l

¢ 14. The proc

wher ei n t he 2680 psig, eapars velocy giabopkl. 1 t?&bowhg({mné&egggrgge’&ﬁ% 38
wherein the secaond c st. d ot -have a hydrogenation function. 16. A
napht ha des&#f i@ﬁ?ﬁ%@ﬁ%@@?o@oﬁ%‘si ng: (a) hydrodesul furizing a
napht ha, the naphtha containing olefins and sulfur in the formof organic
sul fur conpounds, to forma hydrodesul furization effluent at an initial

tenperature, the1gffl agptiproessrdfdlaien a1 eraintiydregaf isquesant duriegibed
napht ha, H2S and nercaptans; and then (b) heating at |east a portion of the
hydr odesul f wapidalepressefifdtiomt to a final tenperature greater than the
initial tenperature at a substantially constant total pressure for a
heating tinme to destroy at |east a portion of the nmercaptans to formnore

H2S and a treat eﬂ4ggp %%r‘égéstsrb%{cléiﬁgzg%ég&ﬂggé fséf%rog)lr%lcg taly6Eis RARRRS Of

claim 16, furthe Separ at’i e’treated napht ha.
18. A process according to claim 17 wherein the hydrodesul furizing is

15.  The process of claim 11 wherein the second catalyst does not have

a hydrogenation function.
16. A naphtha desulfurization process, comprising:

(a)  hydrodesulfurizing a naphtha, the naphtha containing olefins and
sulfur in the form of organic sulfur compounds, to form a hydrodesulfurization
effluent at an initial temperature, the effluent comprising a hot mixture of sulfur

reduced naphtha, H,S and mercaptans; and then

(b)  heating at least a portion of the hydrodesulfurization effluent to a
final temperature greater than the initial temperature at a substantially constant
total pressure for a heating time to destroy at least a portion of the mercaptans to
form more H,S and a treated naphtha further reduced in sulfur.

17.  The process of claim 16, further comprising separating the H,S ...
from the treated naphtha.

18. A process according to claim 17 wherein the hydrodesulfurizing is
conducted in the presence of a catalytically effective amount of a

hydrodesulfurizing catalyst under catalytic hydrodesulfurization conditions,



conducted in the presence of a catalytically effective anobunt of a

hydr odesul furi zi ng catal yst under catal ytic hydrodesul furization

condi t i oveQ 0125024/ 94502 PCT/ US00/ 35701 28 wherei n t he hyBendsswdsfari zi ng
catal yst conprises at |east one Goupg8VlIl catalytic netal conponent and a
support conponent, and wherein said naphtha feed contains at |east 0.1

Wt . % sul f ur whd@einAhphydesdesatfonzitigneptalystodaunpiises afeastpne Ceur MIH yt i c

metal conponent contains at |east one Group VIII netal, and at Ieehscfl one
Goup VI neatlytiometzl gonapensat a8é 8SHPPET COTORFRY, 41 414 saL} gephtha

hydr odesul fyri zation tal yst _cemri-.ses Co and Mo catal ytic netal
conponent s g?ﬁﬁmﬁﬁsﬁiiﬁsabﬁngﬁmlgfweed contains from0.1 to 0.7 w.%
sul fur in the formof organic sulfur conmpounds, and from5 to 60 vol.%
olefins. 21. A process according to claim 16 wherein the final tenperature
ranges from aboutjg0C t0 prbust adiGirbvdainé Siwlidreml the eafadytit metaland
wherein the heating time ranges fromabout 0.5 seconds to about 10

m nut es. 22 cofppmentesantamsatdeasyono Grbup MIdomet ead at toast eug Groulint of
said Co and M catalytic nmetal conponents, calculated as CoO and M@ is
no greater mé¢iah 12 wt.%of the total weight of said catalyst. 23. The
process of claim 16, further conprising conducting the heating in the
presence of a second catalyst in an anmount effective to catalyze the

deconposi tion of ~pai d Aepcant aBsoritdd%laiddl 6 Wherdif e5idts debdasufuntzaton
wherein the second catalyst wherein the second catalyst conprises at |east
one neutral cafalptkahipiseneaindMdaleataldfic rittal poropesentsind Maiereindakher ei n
the hydrodesul furization conditions include la%ut,en%er ture of f.ror’rf 400- 800F
and a pressmaphtha feedgoBins from 0.1 to 0.7 wt.% sulfur 1n the form of organic sulfur

compounds, and from 5 to 60 vol.% olefins.

21. A process according to claim 16 wherein the final temperature
ranges from about 0°C to about 100°C above the initial temperature and wherein

the heating time ranges from about 0.5 seconds to about 10 minutes.

22. A process according to claim 20 wherein the total amount of said
Co and Mo catalytic metal components, calculated as CoO and MoOj is no

greater than 12 wt.% of the total weight of said catalyst.

23.  The process of claim 16, further comprising conducting the heating
in the presence of a second catalyst in an amount effective to catalyze the

decomposition of said mercaptans to HyS.

24.  The process of claim 23 wherein the second catalyst wherein the

second catalyst comprises at least one neutral or alkaline metal oxide.

25.  The process of claim 18 wherein the hydrodesulfurization

conditions include a temperature of from 400-800°F and a pressure of from 60-



WO 01/ 94502 PCT/ US00/ 35701 29 2000 psig, a space velocity of about 0.1 to
about 10, and a hydrogen treat gas rate of about 200 to about 5000 scf/b.
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2000 psig, a space velocity of about 0.1 to about 10, and a hydrogen treat gas
rate of about 200 to about 5000 sci/b.



