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Sul-fur Renoyv I Qcess Field of the
| nventi on @bo&ﬁgz This invention relgates to a pr oce"g"fsa?mfﬂsoduci ng
a product of reduced sul fur content froma feedstock wherei n—the
feedstock is conprised of a m xture of hydr ocar bons and cont ai ns

sul fur-containing aromatic comS8ulfisr Reptoval Proeessi C and

benzot hi opheni ¢ conpounds, as unwanted inpurities. Mre particularly, the
process involves separating the feedstock into fractions of different
boiling point, 10 converting at |east a portion of the sul fur-containing

aromatic inpurities of each f Fiedd ofghe Inyetdiggher boi | i ng products by
al kyl ati on, and renoving these hi gher boiling products by fractional
distillation. Background of the

I nvention 1535 This inventidierefatesitocti procbscok ploshiding product ofyequcedatfur i S one

of the mmjor refining, progesse ) ich ig currently enployed in the
conver si on of p&PGP‘\gefIﬂﬁ‘?geegsé%‘iir%"B‘tpgge dﬁ”&g’meddané‘gg‘mqfne and
di esel fuel. In {R3aB6RGRS Contdnd Vulfr-coRtaBEAR AbmIWR! c@ﬂbmmdg,rs%}?{sliﬂﬂphenic
feedstock is converted to | ower nol ecul ar wei ght products through contact

with hot, 20 fiand/bynzgthiophienic camponndscas unwasted pepurities. ddore paticilarly, tiezed or
di spersed state.__Suitable . hudr, rhon, feedst tvpi cal | v. hoil

W Ehin the: r angeP et PisifessoreioB LA oty RGH OF ireickBiiannlly '
they are usuml | yeonosingdt dedstal gotionfof theahifirytshtaimingtacomitic ahpurities bfeatlhe range
from about 450 C tq abqut, 65Q]err], C. .Suitable feedstocks inc)ude_ various
mi neral oil fractipn forhighisbad ra@cpibgﬁiky%ggmépf ge,rmﬂ@mwbﬁlgil%gpwz

w de-cut gas oi |ﬁ-od&gqg%m@§ﬂ]§ﬁmg5 ker osenes, decanted oils, residual
fractions, reduced crude oils and cycle oils which are derived from

any of these as well as fractions derived fromshale oils, tar sands

processi ng, and coal |iquefaction. %rag%g‘é&d Lftggixﬁ.eﬂi&ﬂ di zed catal ytic
ed on Dol li

cracki ng process are typically ng poi nt and incl ude

| i ght napht h#s (boiling bet ween about 10 C and about 221[err] O,

heavy naphtha (boili nlqaeq}%;dvxz\% Qa t}at?éj ct:racjkcx)ligeprr&]csscx;s one of the major refining processes
which is currently employed in the conversion of petroieum to desirable fuels such as
gasoline and diesel fuel. In this process, a high molecular weight hydrocarbon
.feedstock is converted to lower molecular weight products through contact with hot,

20 finely-divided, solid catalyst particles in a fluidized or dispersed state. Suitable
hydrocarbon feedstocks typically boil within the range of from about 205° C to about
650° C, and they are usually contacted with the catalyst at temperatures in the range
from about 450° C to about 650;’ C. Suitable feedstocks include various mineral oil

. fractions such as light gas oils, heavy gas oils, wide-cut gas oils, vacuum gas oils,

25  kerosenes, decanted oils, residual fractions, reduced crude oils and cycle oils which
are derived from any of -these as well as fractions derived from shale oils, tar sands
processing, and coal liquefaction. Products from a fluidized catalytic cracking
process are typically based on boiling point and include light naphtha (boiling
between about 10° C and about 221° C), heavy naphtha (boiling between about 10° C

30 and about 249° C), kerosene (boiling between about 180° C and about 300° C), light



30 and about 249[err] C), kerosene (boiling between about 180[err] C and
about 300 C), light

- 2- cycle oil (boiling between about 221[err] C and about 345[err]
C), and heaWP ®4¢lsz oi | (boiling at tgiwper at ur es hi ghEussHaBsHbout
345[err] O. Not only does thé&fluidized catal ytic cracking
process provide a significant part of the gasoline pool in the United
States, it alsocpioyi ARfling bbtdefatBinaRY* LiaklalRlt 343° C),laREnsv bydie Sipat appears
in this pool. Tﬁie;d?sull ?ﬁr ?n the liquid products fro?ﬁth?sw We‘it’olrocess S

in the form of Ghodingat temperatnresdighgtihianiabostd#5P €).an undesirable inpurity
which is converted t iﬂqﬁﬁ A - D ts are uti.Lized as a
fuel. These sulﬁﬁféﬁ&%%gféare og?%@#ll %%%%F%f’g‘%?%ﬁgﬂ‘ %aami?“f‘h

addi tion, they o¢amofithegisolimt ohinthe United Seikes] inalscprbeitisssilarg prpottion 6f been
devel oped for_ the catalytic conyerters which are used 10 _on gut-onobil es
to catal yze lsherﬁleoﬁlfﬁlé‘rtg%/téﬂpeamﬁ W{hﬁgvﬁs%%&ﬁeﬁpﬁmm&%

gases which arepk&%ﬁipaltﬁ&fowaﬁ&{gﬁﬁqsﬁ%mﬂpm&mﬁsahﬁn&ﬁﬁﬂ@imp%ﬁéyo reduce
the sul fur content of catalytic cracking products to the | owest

possi bl e | evel s Wwhich is converted to sulfya oxidestwhen ghepr RIpdHicisgrd wibiaed asiadfyeloTheser ai ght

run gasol i nes, | : S| . .51 | ude
oil, are usuall %&?ﬁr gsia ?rF [e)ﬁgﬁ{()ﬁ%rl%%%%@étsi %l{g(?fi g?%e@l#g%gg%?h&. The
former contain rofttelcgtalysts Gmpliave beenrdevedaped fatalse catalytic eanvettére whithtagrused e
rich in thiophene, beng.thio ene, and derivativ of thi ophene, and

benzot hi ophetfe. On automobiles to calalyzs the FOpYRrsipy %@ee&wgﬁﬂlﬁm foy

obt ai ned from t hygses aheth\atd 16ss@bjabtidnaisle. AccordifPlfGaS SesRiblOWdedict GRlsithe €i t her
the feedstock to the process or_the products fromthe process. The

hydr ot r eat i ng. pre8e @Rl paalyicracking pradyets to the loweshpasslelsveln t he presence 20
of a catalyst and re Lifut- e 'fg-rgﬁg e :
sul fur-contai ni ng e | npg?l tres to Fﬁs’/g roge%htg%ﬁa?@ket{egm{%&%&ﬁp%eed

separ at ed and cdysenpledistiltatien efwdeail, are usually wérf differconfrom thoseinsiracked hi s t ype
of processi I s_typicall uite expensive because .t requires a
source of hydro g%?f?fgﬁﬁ’ glhle ﬁ?’&&fff’g"bﬁg%@&e“éaa ?ﬁ?@ﬁtﬂ,ﬁ%& ﬁ@ﬁgﬁ}& fatiér are

hydrotreating caichliytiidpherd|Tbnfothidpledé afdedesivatives ¢l tiiBpheh©sndiseRastiisphene. Of t he
resulting 25 hydrogen sulfide to elenental sulfur. In additjaon, the

hydrotreating proces$o¥Hfrgaedupts are convepionaily ohtaraed frorm thesatelytie Fraging f
ol ef i s i n_the fagdal aloahiteRl YRl bTeddBR b ALUERKAL produsts FEiheCar bONS

t hrough hydrogenatio hi's destruction of o y hydrogenation is
usual |y undesi r aisbesss diha hydrotreating:pratess invelvesfeeatment witiphydoegen in thg preserce e

YrOGeN, angh  oeo o S RESANSR e mieh i N BB el 00t ane

conponent s gasoll
impurities to hydrogen sulfide, which can be separated and converted to elemental

sulfur. Unfortunately, this type of processing is typically quite expensive because it
requires a source of hydrogen, high pressure process equipment, expensive
hydrotreating catalysts, and a sulfur recovery plant for conversion of the resulting

25 hydrogen sulfide to elemental sulfur. In addition, the hydrotreating process can result
in an undesired destruction of olefins in the feedstock by converting them to saturated
hydrocarbons through hydrogenation. This déstruction of olefins by hydrogenation is
usually undesirable because it results in the consumption of expensive hydrogen, and
also because the olefins are valuable as high octane components of gasoline. As an

30 example, naphtha of a gasoline boiling range from a catalytic cracking process has a
relatively high octane number as a result of a large olefin content. Hydrotreating



30 exanpl e, naphtha of a gasoline boiling range froma catal ytic cracking
process has a relatively high octane nunber as a result of a large
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- 3- such a nmaterial causes a reductionsin the olefin content In
addition to the desired desul furization, and the octane nunber of the
hydr ot reat ed product decreases as the degree of desul furization

i ncr eases. such a materig] gusgsatreductiogoin tie olefin atenyicaddition totheadesireddi scl oses

t hat thi ophene and | Lvative L kvl ated by .reaction with
ol efinic hydrocariaf)s&lré&?go%agcg{r}r‘ﬁgr eu“@b%?&ﬁgwgpﬁ%tﬁ BSAR d5asee B heand.
about 400[ err] Cdegred dtlesuifofiemion ifeagescat al yst such as an activated
natural clay or a synihetic sorbent. conposite, of silica and at_|east one
anphoteric metal oxi dghs Eﬂfﬂ‘i‘gﬁ‘ g&?ﬂéﬁ%’ﬁfﬁéﬁﬁ*ﬁﬁ“@ ta4t thigphgng andits ncl ude
clay calsal ¥ihwtiod b NkAkBEbFRhQ{oh dathVieARATRICbosAE A téngﬁéﬁn?ee“
precipitated. Suitable 10 silica-anphoteric netal “oxide catalysts 1nclude
conbi nati ons of detweemabsiit HO0frand=abpul|490° C in the presénce of adatalyishsuch as arconi a,

enthes hat bor drtivietnfll SR o CamfelORudibehs BN IGIRE snd pricasbine) ¢

t hi ophene afighatkid/ hethlixideh StitsblemctiVated faytiraticlay Gatalyas irfeiude 6By as
ol ef i ni ¢ hydrocarbons, al II%L . .halides, alcohols, and nercaptans. In
addition, U S P&siahipts Rpwhishging cijgridelor phosphorigacidhiave beep presipityted; Switablsess

that acidic s i didhRblicit HAR cRiRe RLEPSE BRBY combinatiof STk a&u;g?&érr oni um

conmpound sel ected fromthe group consiSting of zirconium oxl de and
t he hal i des of zisnehmasialpming, ginconis, ecetiacand dhasiet BS. Paignt N 3,469,823 (Haosfordst i ng

of orthophosphori o L ' ' [ Graci d. The
Zi mrer schi ed et aaf' ) é'rgégg %@%@?@W@ﬁ%ﬁ%@g%@? %%%Eg%zﬂg‘%\é@éméﬂf e§II at ed
with 20  propyl anéalkyl thioplenpewith alkyatirfg agent§ such bs dlefiric hydeocaibeas alkgl of such
a catal yst. ) . S. ,Pat ent ) .563. 0 Vesel di scl oses t hat

t hi ophene can be hPBﬁ‘Fﬁ\Fé‘i?h‘L’is’andn?%ﬁ‘?%srw*@%ycﬁ%’é‘ém&g}%&o el ective

al kyl ation ofyst hqzinth@RIARAR: A1) LiseBRA Rk AGfic solid cataBstsRfvd Beiatdaivyg t hi ophene
al kyl ate by distillation. The selective alkylation is carried out by

m xi ng the thi opltembiningraZinepnivmcompoundselpete thegravpsonsisting afzirsoRipinat i ng

25 t d fi t | %1 . WM | :
caref il y. cont r ol f2age dndShesfadtof ihiahl it Bbctl e kO B Sy
about 85[err] C. dfbrthephdsphatioacid] pyropliosphoric acid)rntl afiphesphbtiy hadd.i Tie agent s

i ncl ude ol efins, .ans, . m I i d est , d al k .
compounds. such ad BFFBRLIES & sFHBREEe s S St pnbEieant bEALUAPh B | o

acids. It is z0 SQropylene at a temperature of 227° C in the presence of such a catalyst.
U.S. Patent No. 2,563,087 (Vesely) discloses that thiophene can be removed
from aromatic hydrocarbons by selective alkylation of the thiophene and separation

of the resulting thiophene alkylate by distillation. The selective alkylation is carried
out by mixing the thiophene-contaminated aromatic hydrocarbon with an alkylating

25  agent and contacting the mixture with an alkylation catalyst at 2 carefully controlled
temperature in the range from about ~20° C to about 85° C. It is disclosed that
suitable alkylating agents include olefins, mercaptans, miperal acid esters, and alkoxy
compounds such as aliphatic alcohols, ethers and esters of carboxylic acids. It is also
disclosed that suitable alkylation catalysts include the following: (1) the Friedel-

30  Crafts metal halides, which are preferably used in anhydrous form; (2) a phosphoric
acid, preferably pyrophosphoric acid, or a mixture of such a material with sulfuric



di scl osed that suitable al kylation catalysts include the following: (1) the
Friedel - 30 Crafts netal halides, which are preferably used in anhydrous
form (2) a phosphoric acid, preferably pyrophosphoric acid, or a

m xture of woob#aszraterial with sulfuric PCT/US99/20268

-4- acid in which the volune ratio ofsulfuric to phosphoric acid is
| ess t-han about 4:1; and (3) a mxture of a phosphoric acid, such as

or t hophosphoni ¢ oars! ?‘%H

adsor bent sucha‘gﬁbﬂ?’}géheﬁh%ﬂd?ﬁggﬁg%gl I Cg%&hﬁéﬂh&nc chfi@léi‘s %bcoﬁggibeen
calcined to a tmd}ié)aamumaeofanﬁhosphoabwd snﬂastotthcaﬂmsphoﬁﬂmctbrto 5 forma
silico- phosphorlc conb erred.to as a solid
phosphoric aci dP¥€ %ﬂﬁ’é’ Sacid, Eas&ceomagsogenégggoﬁf%se%&wrf 8% e et al.)

is directed to aay)w&stﬁssahcmemlartgnﬁemuneoffmﬂlabmﬁxcd%ﬁbdutsnob o(:&)
al kyl ati ng the het ergat om cont ai ni ng_aromatjcs, of the cycle oil

an al i phati c3hyfHaaslisen ?ﬂb?wcﬁl“@%?mbﬂ@dbﬁé?mywmd@ poxeplidhy ough
the 10 use of hleltgstret al l osilicate catalyst; and (2) separating
the high boili gﬁosﬁﬁ&’-ﬁta@i ¢ tion product by fractional distillation. It is
di scl osed that the thSoPalentNadS n7lg9116(Leetal)rsyiuecaeddohptmsskrmgbadiagasul fur

ot ul s asynbamrie Py ATl el bt Fuitbe omiens s o bn. °

U.S. Patent No. withaf Qlighadc kydedcaibds hingddt lehst@hé Sl BEE doribleboas isughdie r enovi ng
15 thi ophem c sul fur conpounds froma cracked naphtha b?lllgbfa@ contacting

t he napht hal0 use %WW%‘H’“&E}C&“ES&P%FWFW% a%@n(zbﬁ??ﬁ%ﬁﬁtbﬁ i if§ al kyl ate
e thi ophen c_qagRASWiSaut by ackiba sk R RIEF 88t Lidoh BRIRRL N as

an al kyl ating ag rerfovi ng an luent streamtromth

al kyl at :j 0 n]c zone! cy@nmf h@)a redyped wifiragdmiteoged doptent, entl thirhigh hehng:alkylrtxon
t .
ottt ai on. 1 et iy ARes Moatilon iRl shlaa IR L e

added to the cr ackedUrsapktéﬁtaJotasmMI(d:amnsetal)diﬁiﬂbsbswmad:esafokydna:&ingg agent
for the process. he

unyrar
Invention 195 thiophenic syulfii compoundsfrom 4 gragked paphitha Yol “89'@?““& erf@Ph br oad
Or a narrow ranggthGh acid catalyst in an alkylation zone to alkylate the thiophenic compounds

using the olefins present in the naphtha as an alkylating agent; (2) removing an
effiuent stream from the alkylation zone; and (3) separating the alkylated thiophenic
compounds from the alkylation zoﬁe effluent stream by fractionat distillation. It is

20 also disclosed that additional olefins can be added to the cracked naphtha to provide
additional alkylating agent for the process.

Summary of the Invention

25 Hydrocarbon liquids which boil over either a broad or a narrow range of
temperatures within the range from about 10° C to about 345° C are referred to herein
as “distillate hydrocarbon iiquids." Such liquids are frequently encountered in the
refining of petroleum and also in the refining of products from coal liquefaction and
the processing of oil shale or tar sands, and these liquids are typically comprised of a

30 complex mixture of hydrocarbons., For example, light naphtha, heavy naphtha,
gasoline, kerosene and light cycle oil are afl distillate hydrocarbon liquids.



terrperatures wi thin the range fromabout 10 C to about 345[err] C are

referred to herein as "distillate hydrocarbon liquids." Such |iquids
are frequently encountered in the refining of petro | so in
the refining” %f” #8ducts from coal |i qguef acki on and k’?ﬁ@%ﬁ@%ﬁgss. ng of

oil shale or tar sands, and these |liquids are typi cally conprised-of a 30
conpl ex m xture of h}ﬁﬁrocar bons. For exanple, |ight naphtha, heavy naphtha,
gasol i ne, kerosene a nlllwghvdregﬁe’q’oehamdsafh@harelenenugtemdlmeeﬁnwm@mum

l'i quids.

Distillate hydrocamb ?wablegﬂﬁuv\ﬁon(%magém uﬁ‘(t:lgim ereHStbea”e?s'é?arﬂﬂyy

frequently removed| Mymeahggmcﬁuwlafuf&mmadmmgnmbﬂymmmﬁ whi ch nust
be at |east partiall, noved. atin roc es are effective
and are conmonl y°@8 fl{%ﬁ“mmm%mml Bsé‘iﬂ‘ﬁ'é a&‘%ﬂ{&& %ﬂ'b[“il‘w‘ﬁ‘ﬂﬁ.;rltles from
di stillate hydr oggbhaitey, fydrtifcati Heﬂeeg&m@ée@é hd M%Qt\fn%kﬁe% ry for an

expensi ve process and is usual | unsat I'sfactory f use wth highly

ol efinic disti | |wsewithhighlyde wlqwuwérocamb@dmﬁdqghycordmimhm1saa needd

for an inexpensi IRy |.f tai ni ng

| mpurities #‘{’ %Bﬁn%&g%?‘felp%c(ggs%ﬁ %%:fge%[')‘ Epogéglgidl%hﬁg%m p h Q?g a need
for such a ]|cor ocC eﬁand utstlﬂllzhe h}&lrbh carbon hdpﬂdsl.lb ﬁ?ﬂreh@zlfmmefdi@ﬁ%wmmsu\gnm mf

i mpurities from dist ate car bon |iqui ) as ucts froma
f1ui di zed catal y? "I‘Ee éE‘R‘?‘?‘?éXlg‘f‘cfeété@mg\M‘PPWf‘ air@m@ﬁlﬁptg%ydrocar&@qmdﬁ, ¢ and

contain bot hyg hi s%eii'mrsmfs%hmﬁaxaém%m&r&ﬁﬁpwe&@ which-HyRighg d

i mpurities. Organi ¢ sul fur "conpounds can be renoved from
distillate hydrodefitioand contain tothihiophenipyand banzotinphenicscompouids ah unveantedy
conpounds to progyct.s. of higher boiling 15 point by alkylation; and (2)

renmoval of the higher boil i ng products by fractional di sti | ation.

Thi s type of sul fur r(&xgmasmﬂ:ramqmmdswbémmbmﬂﬁom&&mhm’hyamcmon
"allylation/frac desuLf ur,i,zat on a process

s quite chinbdity, 8 Pefon st bas tr madhts L kgberari

others. For exanpliftb ?\M}@[htmn, and (ze}mhdvepbftt& @gﬁeﬁs&iﬁﬁgap‘rkdﬁm' Hrat@dtaPi ns a

significant anmount of aromatic hydrocarbons, such as a naphtha froma

catal ytic cracki wgtilbn%e’glgstymkﬁﬂlbfvrre‘nowp@rs@mrpfemdtohﬁmmcar bons in

(12 P12 ) - ASARERAR UG SRS Wkl e A R0
hydr ocar bons effective, msjlbqttaxr\iviﬂysmd'mﬁsﬂoelblmmm Fos e)g:mpﬂe, wdient por tion
oo 1 PSR o R b L
20  such as a naphtha from a catalytic cracking process, alkylation of aromatic
hydrocarbons in the naphtha is a reaction which competes with the desired alkylation
of sulfur-containing impurities. This competing alkylation of aromatic hydrocarbons
is ordinarily undesirable because a significant portion of the alkylated aromatic
hydrocarbon products will have undesirably high boiling points and will be rejected
25 by the process together with the high boiling point alkylated sulfur-containing
impurities. Fortunately, many typical sulfur-containing impurities are alkylated more
rapidly than aromatic hydrocarbons, Accordingly, the sulfur-containing impurities
can, to a limited degree, be selectively alkylated. However, the competing alkylation
of aromatic hydrocarbons makes it essentially impossible to achieve a substaniially
30 complete removal of the sulfur-containing impurities without a simultaneous and

andesired removal of significant amounts of aromatic hydrocarbons.



25 by the process together with the high boiling point alkylated

sul fur-containi ng i mpurities. Fortunately, many typical

sul fur-containing inpurities are al kyl ated nore rapidly than aromatic
hydr ocar bonsvo ez di ngl y, the sul fur-containing inpuritiRI/USIN20268CaN, to a
limted degree, be selectively alkyl ated. Fowever, the conpeting .al kyl ati on
of aromatic hydrocarbons nekes it essentially inpossible to achieve a
substantial |y 30 Cm&&&&‘seﬁ%ﬁé}x\!%o ﬁnsmmméwolaﬁgwsw&%éﬁgi -
wi t hout a sinultaneous undesi red renoval st gnifi unts
of aromatic hydragem irgbepractice of the alkylation/fractionation desulfurization process, olefin

- 6- e. e gre an Ief eOJc IeflriS|s
used as the al kﬁOQHeHmm%gMﬁgg%nwﬁ’ ?SWE"B&%?E? f8$° P’hé“&l edesxredo
al kyl ation/fact |au@w1bﬂafﬂ&ﬁy¢dnmmg@mpﬁﬁu@r Q@e&sﬂse@egéddnms side le&dtAES | zat i on
will also conpete n undesjred side reaction, wth the desired

al kyl ati on of def’Eﬂ“e foaPessils to aqhirve high sonvazsion of B sulfircariain® t hi s si de
reaction, it 5 imhx?ntfers?&éiﬁﬁitioﬁp%hc@@%ﬁé&%@igﬁﬁcﬁﬁ@éﬁ\éﬁmgo@&eﬁﬁgver5' on of

t he sulfur cont ai ni ng npurities to al at1on products wthout a
si gni fi cant convasidtiog agent olpelymefic by-products. k&lcaaiqsgoihglfrm carpbep®tyy mer i c

exanple. vihen artegeisef i or S, Yot Aol Bl of syt RURE enge B 1O
desul furized anobetdagnﬁ:ﬁﬁdlahdaeramﬂglpiodmaﬁhdas a@a@nﬁéﬂuﬁaﬁ:gtstoendlmsst ock.

In this 10 f h f .hi
oct ane and 1 t (ONBREF MOS0 IR WCH arlof s oct w6 6 B estoliecioaiine.
hi gh-boi | i Ng POl AR kdh bR Y¥orReREILS hiph %ﬁﬁxﬁﬁ%ﬁ@by-pmducﬁalm&]s@%r@n condi ti ons

and thereby | ost as gasoline conponents. have di scovered
that the |oss ofallmiamatcw@ltwel ereforigstias embpefcemewk which is
subj ected to the rengy [itdes an 15
al kyl ation/fracti onat | on esu utrf:ihzag P?)O%L‘ g#%%’é%%%%%&%&g%ﬂ%a ze E?‘b'%

separating the whxch1sfsmlgahﬁdacﬂmmm®/abﬂfsim°ntawmgarmdmmsByact [ onal

distillation ectin fraC|ontor action conditions
Which are of Foct Hbasoy gt RpEte thpiRaztion proseist g e Bybipizet By scparating he

sul fur-cont ai m nﬂe@fd@ﬂﬁﬂdﬁléaﬂﬁlﬂblﬁfabtﬁﬁsbffr mhﬁmsanadoh@ﬂdm%mkcﬁ@&m ni ng
products by al kyl ation wi_ith an al kylating agent in presence of an

aci di ¢ catal yst. ff@lﬁ@n jggetien conditiens which §~'9 Fffiﬁhyt@rPPEYem a,t,gag,a@g@@pgf B e then
d by f t t th
removed by frac e n@i&fﬁé iri: &tfcq?xpums to high %Qﬂ&ﬁ% %ﬁ?-c&i’ltﬁﬁﬂé’ E{oﬁgctg €

| oss of Cerr] t I ns throug conversi on desired
by- product s can alkdatidpovithianialkyleting mnmgmprtsenoaséamdcldmcasalm n'ﬂledﬁglm ocess.

g/glr ]? u [r)a(r: E) In,f ;# rl %dﬂmg suﬂ% congm?:?gop\ég&ueg arquén rtexr:])gve %‘a‘ét%n%lt &1st‘?1atxon We
have also discovered that the loss of Cq through C,q olefins through conversionto
undesired by-products can also be minimized through the use of this kind of process.
More particularly, we have discovered that the more volatile sulfur-containing
aromatic impurities are usually more easily alkylated than the less volatile sulfur-

25 containing aromatic impurities. Accordingly, the feedstock can be fractionated on
the basis of boiling point into a lower boiling fraction and at least one higher boiling
fraction, and the more reactive and volatile sulfur-containing aromatic impurities in
the lower boiling fraction can be alkylated by subjecting this lower boiling fraction to
alkylation conditions which are sufficiently mild that aromatic hydrocarbons in the

30  fraction are substantially unaffected. The less volatile and frequently less reactive
sulfur-containing aromatic impurities in the higher boiling fraction can be alkylated



aromatic inpurities are usually nore easily al kylated than the | ess

vol atile sul fur- 25 containing aromatic inpurities. Accordingly, the
feedstock can, gn“f“{sgct i onat ed on t he basis of boili ngC_POi nt into a

| over boiling Traction and at |east one highgr boiling PRRP5HN,. and
the nore reactive and volatile sulfur-containing aromatic inpurities in

the |ower boiling fraction can be alkylated by subjecting this |ower

boi ling fracti on%b’@“bjcc"mgﬂ%ﬁ highen boiling fastidh toi alltylatinh carditione which hiecheat | y ni | d

that aromatic hy I s action are .substantiall
unaf fected. The Ic‘i'é%g@\}g\g ati| egi&%ﬁb. lrlgﬁﬂéfr\’f'ﬁé’“@‘_@%p%% 4% emem""g‘? by
sul f ur - cont ai ni ndraatiemabdistidiatioqpuri ties in the higher boiling fraction can be
al kyl at ed b ubjecting this higher boiling fraction to
al kyl ation conditi onsoﬂﬁF‘E%dgrPﬁ'ltﬁgtﬁlﬁmg’mm“%wm forpredieéng preduety ofii gh
boi l'i ng sul furs- ¢ Qedudéd ¥ulfir RhRAUEITa ?dé&t&cﬂ?ﬁhe?ﬁx?%‘!@f&&i’oek is complibed&raOnal
nt o e

distillation. ) One enbodi e Invention I's a process
for produci ng pr deikgesrfydrogrbons wdiich ingluded dlefinscand wheteinf the feedstdck eotaing k|

wherein said fee LS. L.sed of : .M xture of hydrqgcarbons

whi ch incl udes olggl;ﬁ?%g?ﬂagung %edrﬁgi“ﬁ "“t"%&fagé@g%?f{' sglamogpﬁgo%pnsmg:

sul fur-contai ni ng aronat i oax omiauivhatisthé fepdstack ksrodueai d process

conpri si ng: (ag ré&;:t | gnating the feedstock to
produce: @ first ock fractiog Whichgontpins aperiexof r act i on
whi ch containg a portion ohidkfhpurities, has an olefin content Sfboth AHSRLS lolab&s: has an

ol efin content of from about 5pto a’bout.cf 1?6011 4 fan@ﬁwt' % and
has a distillation endpoi M5 Wi?eand has p distiltation endpeint which is in the range from
about 135 to about 221[err ; o (i) a
second feedstock fraction J\Rﬂﬁcﬁ% aﬁ?uéf%%lr %&“‘?i ng t han
the first feedstock fraction ari) comseombfealspek fraction @hichad lgHeb boiling

i mpurities; jn a first contacting step,
contacting said first feecfe%tb?(ﬁrs{Pe%dsm"i‘%“mm"F‘f%ﬁ{‘fq"@ﬁﬁmm"éﬁﬁ“bci di ¢

catal yst undes condi tions phitiesar e effective to convert at

| east a portion of its content of said inpurities to a sulfur-

contai ning material of hidhbr Bosfiishepniseting stapheantagtingsaid firstifeadstotly t he

ol efins; 20 fraction with ah Geidi ' .secondar cess stream by
conbi ning said onwugeconlgwfpge)‘élggs{%%c{gg?r?dgz‘)tnlg%ﬁw&f%rfﬁrﬁ&g’gg%ndary

al kyl ating agent whi cpnivert at least a portion of its conenit sfwlidifnpaiitidseas sulfone mat eri al
sel ected fromthe oroyg, GRS efelifl bt Risher boiling point through alkylation by the olefins;
20 (c)  preparing a secondary process stream by combining said

second feedstock fraction with a sei:ondary alkylating agent which is

comprised of at least one material selected from the group consisting of
alcohols and olefins, and wherein said secondary alkylating agent is in
addition to any olefins present in the second feedstock fraction;

25 (d)  inasecond contacting step, contacting the secondary process
stream with an acidic catalyst under conditions which are effective to convert
at least a portion of its content of said impurities to a sulfur-containing
material of higher boiling point through alkylation; and

(¢)  fractionally distilling the products of said first and second

30 contacting steps to remove the sulfur-containing material of higher boiling

point,



al cohol s and ol efins, and wherein said secondary al kylating agent is.in
addition to any olefins present in the second feedstock fraction; 25

(d). in a second contacting step, contacting the secondary process

stream wi t h vimoadisdi c cat al yst under conditions whi ch ar er@Einfssgrizese to
convert at least a portion of -$ts content of said i npurities
to a sul fur-containing mat eri al of higher boiling point

t hrough al kyl ati on; and (e) fractionally distilling -
t he products of said first and second 30 contacting steps to

remove the sul fur- coAnetherientpodintestdf se infentiorgi @ prooess fr pepducing products of  pOi Nt .
- 8- ot her enpodi ngnt o theln on s anp ss for
produci ng produéf‘g’cg]s‘ﬁt{‘]”m’ie%%%n}%ﬁ%ﬁt Eﬁ‘\‘ng‘}'smchE’@B?%&ER wher ei n

sai d feedstock Iﬁx&%ﬂfm&e&r%s fnich mcldi!h?‘éléﬂ:ﬁ A mféﬁﬁﬁ@fas&mmtﬁﬂs
I ncl udes ol efins, and erein the feedstock contains bot h t hi-opheni ¢

and benzot hi dphémththiopkesisiand benzethiophenid compaunds as mnynmwpmcess conpri si ng:
(a) fracti onatl %’Hoé feedst ock to produce:

(1) a first feeds k fraction which contains thiophenic

conpounds as inpurities, (aps dnctidnefingthefeadserk togroducem about 5 to 10

about 25 wt. % and has a distil !l ati.on.endppi.nt . whi,c |s bel.ow,t hat at
whi ch ‘si gni ficant amounts of B nzo?ﬁf&f?ﬁ&ﬁcrgﬁﬁﬁf?ﬁm fpips thiophemic

distilled, and compounds as impurities, has(ahiolefin c&t&ﬂ@?ﬁ'&nfasaﬁﬂ&(?k
fraction V\/mchls hi gher boiling than the first

f eedst ock frHttion and coﬁwmzfé”tb%nmwéﬁﬁ@}ﬁt@n%‘mmtwmmlﬂelowmat&t

conmpounds as inpurities; ontacti ng
step, contacting said fi rat c¥sx§r3ﬁcamtmoumwfbe&mmph#&a%p{ on Wth an acidic

catal yst under conditi onsdistflledfandre effective to convert at
| east a portion of its thiophenic inpurigi [ . S |ng
material of higher boiling poie(ﬂi tﬁtrsr%ﬂﬁ#eﬁ%(g?&?ﬁ lﬁ@g&@?iﬁﬁ]

(c) preparing a secondathyn the fies® fedgdckerblidan osrtiife begzdiibshenic

15 : compounds as impurities;

(®)  ina first contacting step, contacting said first feedstock
fraction with an acidic catalyst under conditions which are effective to
convert at Jeast a portion of its thiophenic impurities to a sulfur-containing
material of higher boiling point through alkylation by the olefins; '

20 (c)  preparing a secondary process stream by combining said
second feedstock fraction with a secondary alkylating agent which is
comprised of at least one material selected from the group consisting of
alcohols and olefins, and wherein said secondary alkylating agent is in
addition to any olefins present in the second feedstock fraction; '

25 (d  inasecond contacting step, contacting the secondary process
stream with an acidic catalyst under conditions which are effective to convert
at least a portion of its benzothiophenic impurities to a sulfur-containing
material of higher boiling point through atkylation; and

(e fractionally distilling the products of said first and second

30 contacting steps to remove the sulfur-containing material of higher boiling
point.



second feedstock fraction wth a secondary al kyl ating agent which is
conprised of at |east one material selected fromthe group consisting of
al cohol s and ol efins, and wherein said secondary al kylating_agent is in
addi tion to ¥R ins present in the secopd feedstock fl”gﬁlg?ﬁ‘,“’-“%u

(d) In a second contacting step, contacting the secondary process
streamw th an acidic catal yst under conditions which are effective to
convert at least a portion of its benzothiophenic inpurities

to a sul fur-containi . . : material, of. higher, hoil i .poi.nt

t hrough al kyl ati on; g%(fbject of the invention 1 16 frofide Tnélf‘pm%ﬁﬁlgqf’%?@%?&ﬁﬁ“g?i I1ing
the products of dailfitrifAtios pro2esd wherinty-piéduct formation is Mialkiaed i Ng steps to
renove the sul fur-containing material, of higher, boilin . . . point.
-9- A‘i“@lﬁ“ tthedﬂ"epﬂ%n‘r“ltﬂlgﬂ‘(la%ﬁl prqvsd ﬂgﬂﬁl%ﬁ‘&’ﬁomﬁ oved

al kyl ation/frqact} | Al # ' &gﬁﬁ #}ﬁé’? : duct
formation is 5r31‘1 née%nze 7 process h%f%gfdggpfgxi t e%lll ven %u?)anéqyslﬂ 0
provi de an i npr ol thelpRlymatization 6f clefinicoallgtlating afents id ednimizedi zat i on process

wherein the formation _of,..u i.red.oligoners and pol rs.. fromthe

pol yneri zation of ol ?Wegp%ﬁ%)%ﬁnlﬁ 'blsg%%?{'@e ! gc%%t_wn/ﬁacnona%on An
obj ect of the i nggilfuri@ftionprdcessvhichi cde beuppliePioafedstatdwhion tobhidgvatdileonat i on
desul furi zation process which can be applied ,to a feedstock which contains

vol atile AHeRBG Ry drepbee Arither 2ty ieantdoss gf gl hydipearkompt | oss of
such hydrocajgpons. 1%othﬁ{aobjec€‘9ﬁf\€fﬁ?erﬁigh%beﬁrid@'ﬂﬂiﬂéé}if%%%d'ﬁr619 provide

an i nproved nethod for t I cl ent renoval t hi opheni ¢ and

benzot hi opheni ¢ ¢ffigientirerneval ¢fithinphenic ahdbanaethiophenic impuritick fdmeapidfinie whi ch

does not significant th ht.hRa' s. OGt ane. , A further
obj ect of the i n‘\:/"gér?ff”]i1 é??ﬁllﬁlg%"’hg i %svxfggge)‘g%ﬂgﬁnﬁ&%gc 35%%“"8?’88 888 or the
efficient renoval of A Rirthgfubjectofalednieatiamistdpropidem Retpeiiivd proess fof i a

hyd bon 15 fgedst ock. Bri ef
Dg S (r: ?IC g{ i 8 2 of t gia?tg%%qy@gof thiophenic and benzothiophenic impurities from a ﬁyldsocarbon
15  feedstock.

Brief Description of the Drawings

FIG. 1 of the drawings is a schematic representation of one embodiment of
20  the invention.

FIG. 2 of the drawings compares the conversion of benzene, toluene,
thiophene, ethylthiophene and benzothiophene to higher boiling products by
alkylation with Cs - C; olefins both in the presence and in the absence of added
propene.

25
Detailed Description of the Invention

We have discovered a process for the production of a product of reduced
sulfur content from a feedstock which is comprised of a mixture of hydrocarbons and
30 contains sulfur-containing aromatic compounds, such as thiophenic and

benzothiophenic compounds, as unwanted impurities. The invention involves



FIG 1 of the drawings is a schematic representation of one enbodi nent of

20 the invention. FIG 2 of the draw ngs conpares the
conversi on of benzene, tol uene, t hi ophene, ethylthi ophene and

benzot hi oph&¥xeotéi8hi gher boili ng products al ky| RATOHIURRE Cerr] -
Clerr] olefins both in the presence and in'the absence of added -

propene. 25 Detail ed Description of the

I nventi on separating the fee\uto&kame ﬁdct&ﬁeuﬁcﬁg&eﬁ vBIatkg Sahdefth fa880on3E Oduct i on
of a product of reduced fur content, froma feedstock which is

conpri sed of a maenl:és%mmmrs@&%wnmwwaree%mamscoswtfa&ka%ent ai ni ng
ar ol | ¢ COMPOURikon 5#4yf doblfHA Mot Mpuriis o Higha7 iy WAl ©_coTpOUNGs,

as unwanted i np@rl ties. The I nvention i nvo? separati ng
t he feedstock i mbnﬁaihinaq:tqdmtsbsoﬂkxlatfmm&rm alkwlaang agentyin teipresame bf 4w action i s

separately sybjected t ct.i on_candit ich.are effective to convert
at least a 3 iR ?[‘Eﬁlgtogﬁ%aﬁlgkaﬁp WB?WE fpafS ties to

hi gher boiling qubﬁﬂﬂcsmthepmaﬁebﬁﬂxﬁlxﬁi&nﬁkﬁﬂﬁbﬁﬁéﬁMth?ddgﬁhﬁtphﬁllelwth an

al kyl ating agent in the Fresence of an acidic cataly That, is to say,

the al kyl ati on @FOPHREdh WQCE&#P%P%ﬁﬁPHWﬁMﬂéW For °°PYFPLFF1F% thissisi n t he
t f thi | |
practice of thiggl tocﬁ” ém%@fernagqgﬁ#a;méa& %ﬂ%ab@@ :B@Jsétv{g the

processi ng of fee ractions eren at| Ity conveni ence,
this is oc Gmémmng;ﬁhzts@rfcﬁétOGbﬁMmannlkabted xmtepaxpleetam a'@@ al kyI ation

process, with t S di N f h fee K C

al kyl ated i nlrba Bxé%‘zﬁ? a%lénléssgg%t oMY 5%63&] 1 r%?\gaﬁ%&%g dtsggﬁqf % ni ng
products are then remuﬁdhbseﬂ,&méﬂneﬁaﬂmﬂmwmmxﬁﬁmcompoun " and As used
herein, the terns suI fur-contai.nj ‘gmarorratlc conpound” and

"sul f ut - cont ai ni AYRECHRHBING 2AOM3LE Rty é?f@rtowaa?fya%chemawémch
conpound whi ¢h  gonains GABHsPér Suthlr aloRPimlits ARhaRb b My s@in0 Subilimbtb: 31 #mANAL | © T ng
system Such materials include
thiophenic and benzothiophenic compounds, and examples of such material include
15  but are not limited to thiophene, 2-methylthiophene, 3-methylthiophene, 2,3-
dimethylthiophene, 2,5-dimethylthiophene, 2-ethylthiophene, 3-ethylthiophene,
benzothiophene, 2-methylbenzothiophene, 2,3-dimethylbenzothiophene, and 3-
ethylbenzothiophene. '

In the practice of the invention, the feedstock is fractionated on the basis of

20 boiling point to yield: (1) a fraction of lower boiling point which is comprised of
volatile and typically highly reactive sulfur-containing aromatic impurities; and (2) at
least one higher boiling fraction which contain less volatile and typically less reactive
sulfur-containing aromatic impurities. The lower boiling fraction is subjected to
alkylation conditions which are effective to convert the more volatile and reactive

25  impurities to higher boiling sulfur-containing products which can be separated by
fractional distillation. These more volatile impurities will typically include thiophene
and various low molecular weight alkyl-substituted thiophenes. The alkylation
conditions can be selected so that they are mild enough to result in substantial
alkylation of the volatile sulfur-containing impurities without causing significant

30 alkylation of aromatic hydrocarbons or undesired olefin polymerization. The less
volatile sulfur-containing impurities in the higher boiling fraction or fractions, which



t hi opheni ¢ and benzot hi opheni ¢ conpounds, and exanpl es of such materi al
I ncl ude 15 but are not limted to thiophene, 2-nethylthiophene,

3- et hyl t hi gﬁpﬁ 2, 3- di met hyl t hi ophene, 2, 5-di | ene,
2-ethyl thiop en;e]?mé- et hyl t hi ophene, henzot hi opheng?;&%%@w .

2- met hyl benzot hi ophene, 2, 3-di net hyl benzot hi ophene, and 3-
et hyl benzot hi ophene. n the practice of the invention, the

o Int . ,
f eedst ock is fr el inchye ayltispstinied;thiopienssgbenzqihippheng ansisubstituted yi el d: (1)
a fraction of '%Qéﬁ'i:th?élﬂh' ' ' | | ' : Latile and
typically highly reacti %Q’%ﬂhg@g%gbnﬁéﬁ@gg%? }%gs ?’ir‘rlﬁﬁ?rlctelﬂ‘gés{n?'cgbnd (2) at
| east one hi gherolsitlat legst & portibn of therh tachigheo heitingsul feseontaiding productsnehithy pi cal | y

| ess reactive sul f ur - cont ai ni.n I tic inmpurities. The | ower
boi ling fracti oﬁa?ge%aﬁ‘kﬁ'sgeﬁta%%hw‘?gaﬁﬁ%& i on conditions which are
effective tosconvert The\QagdeB aRRyMAbdfitheSinFentlon Basibd Sut BP seledtively aiklylafifg t O
hi gher boiling sul fur-containing products which can be separated by

fractional di st ithe meteyplatileisulis-capipiaing gromatic impusises inonesage while helessl | y

i ncl ude t hi ophe . furotia e RsSati [ | i tuted
t hi ophenes. Theq’ghgylsglt I on e co#&%‘%{g?%g%ﬁggﬁgﬂg?gﬁggaﬁﬁ%they
are mld enough stage.r hsagre¢ferred embogiment, thelalkylation ofshilfyrkcahiamingdfmptutitieswoll at i | e
sul fur-cont ai ni i npurities withaoyt causing signif.ica al kyl.ati on of
aromatic hydroc %SB%RSW “tlﬁﬁ’e%\gﬁg%gﬂﬁ'la@?yraﬁmb%?%?r?@?"fhz‘ﬁﬁegk‘?‘%%f@"ﬁeé'gél‘%

vol ati | e sul four -ig@oitads i réfdrreddthetein B%hd fitrstidn enithil GagY; whidé the Bddifisnart i on or
fractions, -which . ' typically include nmultisubstituted

t hi ophenes, benZ2Atiop HagRCTARgesAL K terred Reygeond or segendary #agehhenes, are then

subj ected to al kyl at igDas@Nioh RSN oA RRE FRBKEKSH:Ron for useGRBYCT L at

| east a portion of themto high g r-contal ni ng products which
can be easily sdipsistagedf thg inventionisodesicablji dipsenitabe suph thatitisbelowthe The st aged

al kyl ati on of the_invent ' ti.ed out sel.ectivel y atj

Fhe o 6 Vol it | | ek et SibkRRA BoR orpbrABichRbeRR dntie VSBNBE |
the | eiss 15 Vcﬂoﬂindd:g|1_ﬁixﬁtifl’lfeutotki0pﬁeﬁé i@izralg’ @,Wﬂiﬁtill@tidﬂﬁgdﬁd%ﬂogm islow al Eyl ated
in at | east one additjonal . . St age. a_prefer enbodi t, the

al kyl ati on of smlgn&ﬁ@s%%‘r‘#imci’%%gﬁlﬁt%éuwtfﬂr“tls Lﬁmﬁéb%??'ligeég out in two
stages The al ky| bw&Rr, Vel HdHatibendddhhbdd cal FEmTRY BoikRY Bbbtkdped Rith

inpurities is referred to herein as the first or initial Stage, while the
addi ti onal sogielof thetcpoponsnis g6 the distilateesirecashon iquidsin avhich ittypically or

secondary St a0 Saceus gs an jmpurty. BHYsUr3bli LloBD FRHRR! A6 aBlndddf chiab©! |1 N0
20 ofthe low boiling feedstock fraction for use in the invention will be preferably below
about 199° C and more preferably below about 190° C. A desirable distillation
endpoint for the low boiling fraction will be in the range from about 135° to about
221° C, since this will serve to exclude benzothiophenic compounds and also some
multisubstituted thiophenes, such as certain 2,5-dialkylthiophenes, which are usually
25  difficult to alkylate. A highly desirable distillation endpoint for the low boiling
feedstock fraction will be in the range from about 150° to about 190° C.

The higher boiling feedstock fraction or fractions which are processed in the
secondary stage or stages of the invention will desirably have a distillation endpoint
which is below about 345° C, and preferably below about 249° C. For example,

30  when a low sulfur product is desired for use as a gasoline blending stock, the

feedstock can be a naphtha from a catalytic cracking process, the low boiling



first stage of the invention is desirably chosen to be such that it is

bel ow t he tenperature at which substantial anmounts of benzot hi ophene
are distilled. Since the 15 boi l i ng point of benzothi ophene is 221[err]
C, the distiVPaM4¥# endpoint of this |ow boi | i ng fr BET/SAY2968 |

typically be selected such that it is bel oW?about 221 err] C —_
However, we have found that benzot hi ophene can form |l ow boiling azeotropes

with ° SONE feddstoklefeatioD WhRH ispravessbd B Sitial %fb%%{\@:%ntb‘iﬁhi\}eqm ds in-
which it typically. . . ogcurs as-an inpurity. Because of such azeotrope
formation, the d#%{'llﬂqnaﬂ‘ﬁwtéﬁﬂ‘ﬁfﬁ"ﬁ?ﬁ%a °"<§115‘¥’ﬁ%a‘?°§0\1396ﬂ fndghé kighist ock

195[err] C and. oy e (b RRHGDINES s prsteoll SR ebntad b sapy el
distillation have adigiglstion erfdpeint df@boud@2¥d.1 i ng fraction will be in the
range from ahout 135fepr 0 _about. . 221 C .since.this will serve to
excl ude benz%’?hi ophek?%ek%%ﬁcgﬁgggslﬁmn%gﬁpﬁﬁedm&mH#ﬁ%ﬁé‘PFP t ed

t hi ophenes, suc hhéiﬁxlmﬁédntﬁhﬁn%?&nﬁﬁo’oﬂnbﬁﬂiﬁebmwsﬁlinyﬁb&ﬁtﬁﬁf‘ql%ﬁﬁ' ly 25

difficult to alkylate. A highly desirable distillation endpoint for the |ow

boi | i ng 1 birtion REhess SEPEifeR It thsalkylatinggenta Ryevayrof examipde: sinpho[ er r |

to about 190[ er rgyfation of a sulfur-containi Tﬁ&ngﬁc%ﬁléo&(a' L&H&ﬂ%g@:ﬁﬁé&gﬁgg{eﬁm I on or
LT S conéary stage or stag

fractions which are gr oc‘essed‘l n es of the
invention will cdagikyhéibstitutad thiopheties (Thisltypteiof reaetiva joillnstrated in theibllosting s bel ow

about 345[er refterabl v bel ow.about 249 C. Fqr, exanple, 30  when
a | ow sul furfdprggﬂag{ag’l\gh dé'é{h?é:%luv on flgmé’ e‘ﬁ‘%g'ésﬁ’ﬁ°ﬁ§la'ﬁ?p$ﬁ?ﬁr}g{:}ﬁ’§?%@x, t he

f eedst ock can besingpeophriea tHeralitylating aget. yt i ¢ cracki ng process, the | ow

boi I'i ng -12-
feedstock fraction which is processed in the ingl:j | stage of the invention
can have a di st '| ipn&ﬁga’ in ther ngel from about 150[err] to
about 190 C, and the M 2boi % feedst oc straghi@pywhich is
processed in the secondary stage or stages can have 2 di stillation

endpoi nt of about 221 C. 5 In the practice of this invention,
the principal ndtwihieapprented of Garssi that mydnoalkylationtdf ¢hiophefia wan ¢aka phicéli ng

aromatic inpuritj ' bl r cts,.l.nvol ves t.he

al kyl ation of th"'étg%‘%%pdl}?%}iesglsﬁ?‘%tﬂQg%%%“}‘%hﬂ’b°aé‘gaz‘ﬂtt?k°|§§7‘°wa1§h°of

exanpl e, si nifl e alkylation piokesk sdsultsrin die sabstitukibnl 6f RQIKyBErOUp for ah idnGtdaPmpound
such as thiophe |d yield . an .al kyl -substituted thiophene. This
type of reacti OHE?%' Yeyting,metgdal prd ¢ay56s 4 Gomresponding ingreashin wher ei n t he
conversion of t helEdui Yeight cet GRAVE ARG QRAGRE Tie HighkHBbleali&veight of UST NY

propene as the al kylating agent.
such an alkylation product is reflected by a higher boiling point relative to that of the

starting material.

20 We have found that many of the more volatile sulfur-containing aromatic
impurities are much more reactive as alkylation substrates in comparison to many of
the less volatile sutfur-containing aromatic impurities which are found in
conventional refinery process streams such as olefinic naphthas from a catalytic
cracking process. As set forth in Example VI, we have found the following relative

25  reactivities toward acid catalyzed alkylation by 1-heptene at 204° C over a solid
phosphoric acid catalyst: thiophene (84° C) > 2-methylthiophene (113° C) >>
benzothiophene (221° C) > 2,5-dimethylthiophene (137° C) > toluene (111° C) >
benzene (80° C), where the boiling point of each compound is set forth in
parenthesis. It is believed that alkylation of thiophenic compounds preferentially



[err] It wll be appreciated, of course, that nonoal kyl ati on of

t hi ophene can take pl ace either [err] or [err] to the sulfur atom
and that pol x% L?,{zl on can al so take place. The 15 al kyl ati on rocess
results in the substitution of an alkyl groyg.for a hydrogBRH¥8AI%

the sulfur-containing starting material and causes a correspondi ng-t ncrease
I n nol ecul ar wei ght over that of the starting material. The higher
mol ecul ar wei ght oesurs at one ofdbe-thiopheng Irikg pesitians dipectiy adjscentsto ﬂfefshmﬁ-t(ﬁldndneda

0,901 011 110, P B 2145, DBl e ey 5

inpurities are muﬁsummatbcﬁm&klzwad&ﬁ 53olkizibix w&ndwé)@&(ft&its%eldﬁs edaRari 50” to
many of th%hl ess ,vol ati I sul fur con}al ning aronatic inpurities which

are found in pRhsRTS B a?’%?‘l lsstape g @Eséﬁﬂg?ﬂsé'éﬁiﬁt aweversitis ef i ni ¢
napht has fromsa ‘b@ﬁ@l:d/&hﬁnost uuoph&ﬁ@e&mﬁsqn&rveﬁ&sa%e urfstbsfifited f&{hgr %Qz'é%a”p' €

VI, we have found the followng relati've 25 reactivities

cat al yzed al kyl aﬂhmwogwmbmn@mremmm@mmm oralkyl-submmorl c

gglngotcﬁlt g:oﬁztne (gi% e‘gdféer rim@ ﬁ%ﬁ%&?‘?ﬂ%l ol gPef" «%W‘}‘m& @et ol uene

( 111[err] O > pracucedfdﬁmmnbmkwxd}m@ge OMetﬁnaanyz iR kdabip U Rle Of each
conmpound is set forth i arent hesi s i's believed that al kylation
of thi ophenic com%%mgtﬂ*bw@w%%y%mmatmomw occurs at one of
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hi gher reactivity of the
stages. The parameters that can be adjusted to control the severity of the alkylation

process include but are not limited to temperature, selection of catalyst, type of
alkylating agent, and concentration of alkylating agent.
Alkylation conditions which are less severe in the initial alkylation stage than

20  inasecondary stage can be achieved, for example, through the use of a lower
temperature in the first stage as opposed to a higher temperature in a secondary stage.
In addition, a highly désirable method of increasing the severity of the alkylation
conditions in a secondary alkylation stage involves adding a low molecular weight
alkylating agent. For example, olefins which contain from 3 to 5 carbon atoms are

25  highly preferred for use as an added alkylating agent. Although such a low molecular
weight olefin can undergo polymerization, the by-products that result from this
polymerization will, in large part, comprise volatile oligomers which are in the
gasoline boiling range. That is to say, if the product is intended as a gasoline
blending stock, these oligomers will be a desirable high octane component of the

30  product which will not be lost when the high-boiling sulfur-containing alkylation
products are removed by fractionation. In this embodiment of the invention, the
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The higher boiling sulfur-containing products from the alkylation stages can

20  be removed in any desired manner. For example, the products from each alkylation
stage can be separately fractionated to remove the higher boiling sulfur-containing
products which are formed in such stage. Alternatively, the products of the various
stages can be combined and the resulting mixture fractionated to remove the higher
boiling sulfur-containing products in a single fractionation step. A preferred

25  embodiment involves the following steps: (1) the products from the first alkylation
stage are separated into a lower boiling first product fraction of reduced sulfur
content and a higher boiling fraction; (2) said higher boiling fraction is combined
with the feedstock fraction which is to be processed in a secondary stage and the
resulting mixture, in combination with any supplementary alkylating agent, is used as

30 the feed to said secondary stage; and (3) the products from the secondary alkylation
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- 15- stage are separated iflto a | Bwer boil i ng second product
fraction and;@ higher boiling fig ct i on which contains the

hi gher-boi l i ng sul fur-containing pro Sui t abl e al kyl ati ng

agents for use ithe givep pomnshngm’hwrogdmaadlalkylegibﬁpsnEkm;ilesabésﬁtablb cyclic ol efins
£ Shoer s o a8 AR i e T
they are - SiéohbAénd]O1-RethPRFdlohéeReric)) 3 iinellyicyolRhékeRd) d-maRylBRIdheRMe, N t he
subj ect process under
cyclobeptene, cyclooctene, and 4-methylcyclooctene. Examples of suitable olefins
20  of the type of formula I include propene, 2-methylpropene, 1-butene, 2-butene, 2-
methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, 2,3-dimethyl-1-butene,
3,3-dimethyl-1-butene, 2,3-dimethyl-2-butene, 2-ethyl-1-butene, 2-ethyl-3-methyl-
1-butene, 2,3,3-trimethyl-1-butene, 1-pentene, 2-pentene, 2-methyl-1-pentene, 3-
methyl-1-pentene, 4-methyl-1-pentene, 2,4-dimethyl-1-pentene, 1-hexene, 2-
25  hexene, 3-hexene, 1,3-hexadiene, 1,4-hexadiene, 1,5-hexadiene, 2,4-hexadiene, 1-
heptene, 2-heptene, 3-heptene, 1-octene, 2-octene, 3-octene, and 4-octene. We
have found that lower molecular weight olefins tend to be more reactive alkylating
agents for use in the afkylation of thiophenic and benzothiophenic compounds. For

example, in the application of the alkylation/fractionation desulfurization process to a
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Preferred olefins for use as the alkylating agent in the initial alkylati%n stage
of the invention include those olefins which contain from about 7 to about 15 carbon
atoms. As noted above, these olefins tend to be somewhat less reactive than the ""

20- lower molecular weight olefins which contain from 3 to 6 carbon atoms.
Accordingly, they are quite suitable for use as the alkylating agent which is used in
combination with the highly reactive sulfur-containing aromatic impurities in the first
alkylation stage. In addition, alkylating agents which contain a large number of
carbon atoms will ordinarily yield higher boiling alkylation products than alkylating

25  agents which contain a smaller number of carbon atoms.

As a very crude approximation, each carbon atom in the side chain of a
monoalkylated thiophene adds about 25° C to the 84° C boiling point of thiophene.
As an example, 2-octylthiophene has a boiling point of 259° C, which corresponds to
a boiling point increase of 23° C over that of thiophene for each carbon atom in the

30 eight carbon alkyl group. Accordingly, monoalkylation of thiophene with a C; to Cy
olefin in the first alkylation stage of the invention will usually yield a sulfur-
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20 lower If desired, the feedstock can have a distillation endpoint of about 221° C or
lower. Preferably, the feedstock will have an initial boiling point which is below
about 79° C. Suitable feedstocks include any of the various complex mixtures of
hydrocarbons which are conventionally encountered in the refining of petroleum such
as natural gas liquids, naphtha, light gas oils, heavy gas oils, and wide-cut gas oils, as

25  well as hydrocarbon fractions derived from coal liquefaction and the processing of oil
shale or tar sands. Preferred feedstocks include olefinic naphthas which result from
the catalytic cracking or coking of hydrocarbon feedstocks.

Catalytic cracking products are highly preferred feedstocks for use in the
subject invention. Preferred feedstocks of this type include liquids which boil below

30 about 345° C, such as light naphtha, heavy naphtha and light cycle oil. However, it
will also be appreciated that the entire output of volatile products from a catalytic
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20 feedstock will contain both thiophenic and benzoﬂnophenic compounds as
impurities. If desired, at least about 50% or even more of these sulfur-containing
aromatic compounds can be converted to higher boiling sulfur-containing material in
the practice of this invention. In one embodiment of the invention, the feedstock will

"contain benzothiophene, and at least about 50% of the benzothiophene will be

25  converted to higher boiling sulfur-containing material by alkylation and removed by
fractionation.

Any acidic material which can catalyze the alkylation of sulfur-containing
aromatic compounds by olefins or alcohols can be used as a catalyst in the practice of
this invention. Although liquid acids, such as sulfuric acid can be used, solid acidic

30 catalysts are particularly desirable, and such solid acidic catalysts include liquid acids
which are supported on a solid substrate. The solid acidic catalysts are generally
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t hi opheni ¢ and bé%%%%%gﬁééaﬁn%s qurligsl?:g “‘?&db'}tg?m%ﬂ%@%‘ts&gﬁs?%e

use in the pract inventioh, Foriexarmphe,ahé severityol the BRylauntohdifshs@hin SthadeydtddGn
cracking products . .. apd w | | Hﬁe adtgi tionally conprised, of at least 1
wei ght percent og‘eﬁpgﬁli%.a“?{‘ﬁ?gg? gugh the use,of & legs gctive qaialiss vdilramiors be

conprised of cat gyt kfalfs 2t Bedih AQbohdarf it sagdde 15 addi tional Iy
conprised of at least 5 weight percent of” olefins’ Such feedstocks can be

a portion of the vol dnioneempadiment of the invention.ca distijlatian cotvaroideactpriis wsedfos whi ch
is isolated I SERLLAL In the practice of this

i nvention, the f%telg%% %{5 E&%/hine f@iélgzr;& %t?ggs.sﬂqrfeﬁqn}p&%mn%?rrwq{aBarﬁcxﬁate %éﬁ c
conpounds  as 10 npuf solidl ecidic taalgstearciensed aserdoluain gabldng iR \waHNtlATbN coltn? By
uri L es 11 cmShemor B carlyat Bl IRe eEop eEn it b boronsane

i npurities. : ; e

sul f ur - cont ai ni n@istiltation cﬁ;ﬁﬂ?&{;@:ﬁ@%ﬁ&@ﬁen@%%e%id%ﬁ}égé% @E&tx%{ag%?%ggt on

boiling sulfur-contining material in _the practi k .
I n one enbodi menstagsfofthiginveniien £andre carried optesinidtanesiuslyiviith the fractiomabnt ai n

benzot hi ophene, AR o RS : thi ne whll be 25
converted to hi gﬁfé?”%%ﬂ’f‘ﬁékg‘a T rPcon%bg'icﬁ{‘thgln?rg{%%dg?ﬁﬁggﬁelyﬂ\%a T on and
renoved by 15 cdtalpst undensiiiable reaction conditions withinthy digtiliatiof calih&r i al whi ch can

catal yze the al kyl ati of sulfur-co | ni ng .aromati c conpounds by

ol efins or al cohol s C%Ralbsés U@_@%"ﬁu‘?&t@??%is?g‘tm?ﬂé‘itﬁ@f & Hvention Gan be this
nvent i on. Al t hOughprsediof thtéifel lich BUEABI R s, 308 Bl RA SOI T d
acidic 30 catalysts, are particul arly desirable, and such solid acidic

catal ysts i ncl ud@orgagigiogides jSyitable acidic pplymericresinsingpderthepplymeris sulfonic
substrate. The sql:i Ll [ . . .
Qi flegfﬁg builich Fﬁ%ﬁiﬁc}&g&tﬁ éxf't;l/xg ?xg gxghgz{r@&lr%ner?mlphavmlable.

-19- ‘preferre Oé(er cause 0 e ease with which
the feed can2pe Amberlyst 35, a product produced by Rohm and Haas Co., is a typical example of

such a material.
Supported acids which are useful as catalysts include but are not limited to
Bronsted acids (examples include phosphoric acid, sulfuric acid, boric acid, HF,
fluorosulfonic acid, trifluoromethanesulfonic acid, and dihydroxyfluoroboric acid)
25  and Lewis acids (examples include BF,, BCl;, AICly, AlBr;, FeCl,, FeCl;, ZnCl,,
SbF;, SbCls and combinations of AICl, and HCI) which are supported on solids such
as silica, alumina, silica-aluminas, zirconjum oxide or clays. When supported liquid
acids are employed, the supported catalysts are typically prepared by combining the
desired liquid acid with the desired support and drying. Supported catalysts which
30  are prepared by combining a phosphoric acid with a support are highly preferred and



contacted with such a material. For exanple, the feed can sinply be passed

t hr ough one or nore fixed beds of solid particulate acidic catalyst
at a suitable tenperature. If desired, di fferent acidic catal ysts can
be used in tWeWH§ous al kyl ati on stages o% t he i nvePET/O$PI2R68
exanpl e, .the severity of the alkylation co Qiltlons can be noderated in

t he initlal al kyl ati on stage through the use of a | ess active catalyst,

while a nore aretefaﬁéd t¢ Ber6intad bolidlph6sphorracidsatlys. These CAAG ate Hlefobred OF
st ages. I n one enbodi nment of the invention, a distillation

col urm react or beapsedipysagyboth gh}y&?e"%%‘td o & o9t {Uh® PateriNe:2:934,08t ages. For

exanpl e, one or csRfied G, Wnenid HEStpGREPReln yfé%er?ﬂ%nirﬁts%%hfé{y? catal yst

can be used as col um pac I'ng I'n onh co
i nsertion of thdisclasea Iﬂ;esmpmum ¢ﬂseh¢iplmslnhohaamd)catzdystahmpmbhmgcad1mmﬁuxh econes

a di still ati on oI u reactor. As a.co uence al'yzed
al kyl ati on 015 orf&mP sel g4 frony e ?WP%“?’VT\%%?S &m%‘h‘t@ﬁlﬂ?‘&ﬁ o

si mul t aneousl y \mdmxﬁzhwﬁ frfadid @laled fromﬁxe@‘bﬁidoh&xs’tﬁ:g@ﬂoﬂfogh&ﬁhd&%ﬁi'd,t i ng
products by contactjng the feed to that sta catal yst under

sui tabl e reacti @ophoesaharicasid apd wrighesphatic a&’i"s%@ Patentd¥e- 8 32Q; 742 (Ipatieff et
Catal ysts whi ch gy %htﬂ'né:ﬁé&ﬁor{t&fh by Rfdrdge ﬁr@%ﬂ%a&ass@@me Eéés dgdn can

be conprlsed of materials suchas acidic polynheric resi support ed
aci ds, and aci diofsolid phosphmaga!matalmbme@nbxsugaalm&hmladdmﬁhals;lwmc resins

he art “and 1 o TG Sy Rrtoaie 8655 SR iotper bR B et

produced by Roh ﬁ‘bﬁtl&ﬁcehﬁ%exﬁ&ty, alst didclbytp R dpreparaishinifa solid hosphonc gdgh a

mat eri al . ported acjds, which are useful  as catal ysts
i ncl ude but are cﬁ%]tys‘llﬂymg‘"géph“l’ horicgrigipa pdetidsilicaqus(raateriahpush 25 ncl ude
phosphori ¢ aci d,gistdthdceus cariCdr Giesdl@itk ¢ aci d, HF, fl uorosul foni-c acid,

trifluoromet hanesul fonic acid, an di h drox_yfl uor obori c aci d) 25 and
Lewi s acids (exanpl e?flmeﬂm&oﬂqhéphqsp BTl apidithat is prapaef by dépositinga[ err],

Fed [err ReCl [ I E pbi nati ons
of AI[ Cl| Earr]ﬁan %é@?m\%%% c%ﬁ%é;s]élg‘ggﬁf)grbf I?% %ﬁaédé? ?a%%%%ﬁ]aul ‘H)dongg silica,

al um na, sili ca-mdreiffedpiosphotic mﬁm(mh@mﬂtbpMsplﬁixﬁy&d,_ ﬁﬂ@ho@h&ﬁtomdﬂdl iquid
combi ni ng tho  Hiptosghdh Rl Sepreiuctkprelan i (RslBu pem i cana
drying. Support edri¢elifriny gt sneﬂhw&aaﬁn of&feqcxabemwmue JGesepuR, 'VOhiRe

phosphoric acid W|th a support are hig }/ preferred and
- 20- the anhydrous silicon phosphates are be ieved to be inactive as an alkylation catalyst,

20 it is also believed that they can be hydrolyzed to yield a mixture of orthophosphoric
and polyphosphoric acids which are catalytically active. The precise composition of
this mixture will depend upon the amount of water to which the catalyst is exposed.
In order to maintain a solid phosphoric acid alkylation catalyst at a satisfactory level
of activity when it is used with a substantially anhydrous hydrocarbon feedstock, it is

25  conventional practice to add a small amount of an alcohol, such as isopropyl alcohol,
to the feedstock to maintain the catalyst at a satisfactory leve of hydration. Itis
believed that the alcohol undergoes dehydration upon contact with the catalyst, and
that the resulting water then acts to hydrate the catalyst. If the catalyst contains too
little water, it tends to have a very high acidity which can lead to rapid deactivation

30 as a consequence of coking and, in addition, the catalyst will not possess a good

physical integrity. Further hydration of the catalyst serves to reduce its acidity and



are referred to herein as solid phosphoric acid catalysts. These catal ysts
are preferred because they are bothhighly effective and | owi n cost

U. S. Pat ent o So/afsy 081 (Zimrerschied et al.), whi chpé,ﬁvé'gg,?&worat ed
herein by reference in its entirety, -Zltscl oses the préparation of
solid phosphoric acid catalysts by conbining a zirconium 5 conpound
selected fromthe group consisting, of zirconiumoxide and the halides of

zi rconi um wi t h Tedpeaitsdendencysoveyd Fapid Jeastivationshsughysoke Srmatipne However,

or t hophosphori ks : . | ' % Il ke acid.
U.S. Patent No.Ce , %‘g%l,‘%déazm?f’gg%?g????a%&“ a| ‘?c |{gﬁb?§e?%{oe%ﬂ orated
herei n by ref eragglomeiate and sreatgthighaprgssurel drops indixed bddaesstoop aAebidingly, there  of

solid phosphoric _aci.d catal S onbi ni hosphoric aci.d with.a
11 ceous 0 fia e i §Ehyasaben e Yot B BhoPRaaE Ba S 7 i 9, Of &
i ncor por at eds hegyidtioR Will be a fundtioh SF e eactidh dohditiei3] thé fibytratslasdth@i Scl oses the
preparation of a solid phosphorjc acid, catal yst by depositing a

phosphori c aci dalislatingagst-qARhquel i dryertinnds pejto e sorlimited, with solidi at omaceous
earth or kiesel %hoaic acid catalysts, we :}L:gVethm{dQ:ﬁﬂ‘i%te} 9011@«:1138&6%%%{%@% ¢ acid

that is prepare epositing a phosphoric acid on kiese , 1t is
bel i eved t hat twhick istimthg sange fromabens 50 ¢ol3boutnle008ppm is generally satisfactery, widosphori ¢

acids (such as g@rthophosphoric. aci d. .pyr.oph horic id_and.

CF1 phosphori ¢ abreAis BaRE BepkisSisbl o R MR SO b 1ead PueBf spproeplna e
which are 10 aldshol.ved fromthe chem cal reaction of the acid or acids
wi th the kieselguhr. Wile t he .anhydrqus silicaon_phgsphates are

bel i eved to be i nact4%°%‘%ﬁcam%%ﬁ?‘bﬁ?%ﬁ@@ys?@d“%b“ Fe@dtso bel i eved
that they can bgm{yftoaluiaes, sﬁx&asslﬂiﬁaswtakyw smafeﬁ@ﬁhgrkﬁgagfspmma&m and

pol yphosphoric acids which are catal yticall ict | reci se

active.
conposi tion of and synthetivizeolitessuch a5 fujasitesi apulenitasJaromebm XaYobeta, and Z8Mt er to
whi ch t he cat al . 1S . . e i i :
i e ot St AR oo nbPUSIEY, EOIRLOR e SbE g,
activity wheh i and ZSM<Q0difdiedifed the zdolites tdni telincyrporaiydiito us inoyginio oRideon

feedstock, it is 25 conventional practice to add.a smal |l ampunt qf an

al cohol , such a®af& fuch p3.3,fige-dlumimna. 1 ?9%%%@@3&%8&8?@%% in the
catal yst at a sgaleias e bl ¥arhifst B the brabiicdlo itisAhventibn, | S bel i eved t hat

t he al cohol undergoes dehydration upon contact wth the catal yst, and

that the resulting vicatelysts ¢aagompriss mixturey gf differentmeatasialsasuph as a Lewis apid cat al yst
cont ai ns too ' [ A%Sedit hiagh.acldity which
can lead to-r apl(eﬂélggc%‘%l\% | o’gﬁgb’ ébﬁé’gaggaé% égquen@gxg@}a&g{’ﬁ%ﬁ%‘& in

addi tion, tBRe ceuel sssilica)ahiminoindziire-abming)gndd large-pore prixgtallimearholeodazgri ty.
Furter hydr at gn, of . S sl SopHSSa i S RS bl 1Y 2N

In the-event that a solid catalyst is used, it will desirably be in a physical form

which will permit a rapid and effective contacting with the reactants in the process

stage wherein it is used. Although the invention is not to be so limited, it is preferred
25  that a solid catalyst be in particulate form wherein the largest dimension of the

parﬁcleé has an average value which is in the range from about 0.1 mm to about 2

cm. For example, substantially spherical beads of catalyst can be used which have an

average diameter from about 0.1 mm to about 2 cm, Alternatively, the catalyst can

be used in the form of rods which have a diameter in the range from about 0.1 mm to
30 about I cm and 2 length in the range from about 0.2 mm to about 2 cm.



-21- reduces its tendency toward rapid deactivation through coke
formati on. However, excessi ve hydration of such a catal yst can cause
the catalyst_to soften physi cal |y aggl onerate and create hi

pressure dr (%gmlnﬁl% xed bed reactors. Accosgingly, there F ?'%M ~Opt i mum
| evel of hydration for a solid phosphoric acid catalyst, and this-level of
5 hydration will be a function of the reaction conditions, the substrate,
and the al kyI aHdeﬂngockgwhibh Memkndligthemmnwmm‘mntMWHMccisﬁbnhky SO
limted, with soli osphori c. aC|d ave found that a

t
wat er concentraf‘?’%“f“ﬁ%"ﬂ?%f“ Ofgapic co mp° PV%S&FH‘ Hopee fr om about

50 to about 1, O6@fuppdatdifing RidfNatd impufitiésl sviaasibﬁmytypﬁmntxogen-coﬁtm{h this water-
is conveniently_ provided in _the formof an al cohol such as |sopropyl 10

al cohol . impurities 31e prgagic pasey 394 ip somg nstarces,frcusedeactiyaliogiof e cat al yst s
i ncl ude but gre,q, §§;c storédtdé}s&sedhﬁe%uﬁjle&'ﬂv@ﬁ%m il thi SRneMATLGRS, natural and
synthetic pillar ays and nat ur al synthetic zeolites such as

fauj asi tes, nor detivation islobsapyrdgitcambe prevensed by, remorchl Zf3he basic nitrogend i t es.

H ghly suitable zealites incl.u .ZSM 18, 15

and Zow 20, 11 GEuRpEERBE Ty BEL in kil O bpieablien TRRISSES | nor gani ¢
oxi de Mt hmpurities && mhtosnmeﬁ@ymvédmﬁb Bldtistetk befoekeie Rt utikepdiih i bri um
cracki ng catal yst can be as . the acid catalyst in the practice of

this invention. thepractice °fth° m"en@ﬁ‘t aﬂ}’ﬂﬂé’ peefprred deadstpekdonse in the vERLIORilS f er ent
materi al s, ch | . BCllerr],
SbF[err], anclfélj Al ?:l?frzsflrf ]ﬁf\A é‘:g&%onzhg%)al W%ﬁgg%ﬁd@%n%gggﬂﬁggwgﬁﬁgego (such as
silica, alum nacamdnmgﬁmwzasmﬁayphﬂm@o@cddahyg@a@bnemmmque mol ecul ar

si eve (exanples incl zeol | Les. I a.re m nophosphat,es) .

In the-event that a Z%Teb og?nysqtn g\nﬁ X‘%ﬁ?ﬁrf'g‘a 0%38: ﬁal
physical form methodvvsuﬂimmddbt;@wmytnvdvé&éuudemwdheﬁammmnslpﬂtdact| ng with
the reactants in the, proce rein it used. Al though the
ventton s noRoR B iPeCEtRds nclide ProEaqiEes SHabreg PRRE A fadnsoys HAY

catal yst Dbe jisn Ragd ddd/anie Js@ o2 RdWhidhs &ftﬁﬂeﬁtm%ﬂff‘d?me%ld&f the
particles has an average val ue ich is in the range fromabout 0.1 mmto

about 2 cmﬂal?éir Eé%aﬂfﬂ@ effeciiye guand begs ingludp butrarenet livisedito Aozeolites al yst
can be used whiGgh %Qoht g}orde?n*‘?rﬂfgr?deg'R)@ﬁa?ﬁesﬁig%ﬁ?ﬁﬁ}'s 1 nmto about

2 cm Aternative y, e ca céan use rm of rods

whi ch have a di a:qmlnhnummHanhgwﬂmaﬂic@anareﬁnmmfhguﬂmbedtaﬂmmeib cm and

a length i " the d a?o?'gd,ﬁtrlg Often d%suabg to usryp)vo guarc? ge%g inzsugtma manner that one guard

20  bed can be regenerated while the other is being used to pretreat the feedstock and

protect the acidic catalyst. If a cracking catalyst is utilized to remove basic nitrogen-
containing impurities, such a material can be regenerated in the regenerator of a
catalytic cracking unit when it has become deactivated with respect to its ability to
remove such impurities. If an acid wash is used to remove basic nitrogen-containing
25 compounds, the feedstock will be treated with an aqueous solution of a suitable acid.
Suitable acids for such use include but are not limited to hydrochloric acid, sulfuric
acid and acetic acid. The concentration of acid in the aqueous solution is not critical,
but is conveniently chosen to be in the range from about 0.5 to about 30% by weight.
For example, a 2% by weight solution of sulfuric acid in water can be used to remove
30  basic nitrogen containing compounds from a heavy naphtha from a catalytic cracking

process.



-22- Feedst ocks which are used in the practice of this

I nvention will occasionally contain nitrogen-containing organic
conpounds aswb@pisiati es in addition to the sul f ur - contmussonepsar onat i ¢
inpurities. Many of the typical nitrogen-c#htaining impurities are

organi ¢ bases and, in sone instances, can cause deactivation of the 5
acidic catal yst or . : | s\ | . ent, t hat
such deacti vat ﬁgrrtlﬁe: %&oges‘seﬁﬂ\]}gg? ex?@%tﬁ%%eg%@;?ﬁ/&el%%ug h%?@%ﬁgr\y/%ﬁqedof t he
basi ¢ ni t r ogen- with the acidivtcatialystrag a tamperairire sl fored peried oftiye which are effentive t he
acidic catalyst, These,kbasi.c i.puritie e st. conveni ently renoved
fromthe feedst todrsufian Wgcﬁmfd Aeererf Egﬁvgff‘(’lnr‘??s‘ﬁﬁ“'f“f ar@m%‘.niﬂ’mi{?fe

i nvention. A hi gy Mgl BéiERg ffuf-CRESIiNCkatt@d]. HoRever) if VAl be ApREdidtethivs 10
conprised of a treated naphtha which 1s prepared by renoving basic

nitrogen- 5 thedemperatyrsand qoptaet tinesan be gplgcted impeh b vay thetithe alkylgtiony
catal ytic cracking: : : | L LT - L i ng
i mpurities can %@@%@‘2‘5 rf/t a eo{tgﬁbngﬁ?t}o;é%l%?.év%w%%xﬁgg&o%ﬁh t hods
typi cal | y i nvol eestigegandrthistcanvb¢ échiemedilny wing arlesverténggeratura adnd/or shortetonvent i onal
net hods i ncl ude procedute u as.washi.n ith a eous, sol ution 15 of
an acid and theC%%c%g?’egngﬁgﬁsggﬁgdIWP‘??W?@%?F‘P&%%&@% sf‘ﬁﬁﬂgé’f)f t he
acidic C afiriveitfon, mﬂmﬁ@:@kfﬂmllibvaewymm&sofmhm dyut are not
e

l[imted to A-zeolite, Y-zeol i L-zeolite, nordenite, fluorided

al umina, frd8h ereimiinig eeesueilop] C, aﬂd’m“%kfﬁfe@l?rillmiﬁﬂﬁé?(?r% Bt al yst and
acidi ¢ polymeri %gﬂ&%h@%l%&a@lw@%&ééﬂ%ﬂt 3 cdietite inthe It is
0 use t guard beds |

: range fr
of ten desirable n such a nmanner aflﬁat one guard 20
bed can be regeneatateifONG]| prefetably fonhaoui KOH i about3SUC, tand proed prefatablyhe

f eedst ock and . r ct th el talyst. Lf _.a cragckj catal yst is
utilized to rend¥® %ﬁ%ﬁqégnﬁ"f‘f’%‘géﬂﬁ“g ﬁwg]ﬁ%eoﬁ’?g‘&f"ﬁﬁeﬁd’ffmﬁ {tggoptgr&% a
material can be ng@eines RAIESE d fndtioR of @@ acieic htatystabedathe alkylatifodgehttri C
cracking unit when it has becone deactivated with respect to its ability to
renove such PBnpdgsnts sslected,the goncratration of HW’%“W‘PB“E%‘E{N’Q the-napyse of the

ni t rogen-cont ai Rj ot : Ll be treated with an
g %1@?-&&@3%8&%&2 g}ﬁp&n"t@?ﬂﬁﬁ%’é% ofkd.

aqueous sol ution a sul Sui t abl e acids for such use
i ncl ude but are not itheevent tha ahpbkyltdn/distillationcstage of the process is camried onti d and

[ id. The, cat | f [ ' h . SNl i i
ot car & TSR Rt o kit B Risa et s8R0 1 Sbout
0.5 to about 30%deior Weipedated can be usedtrcomtich bith ¢he distidfidRytentirgie andiheit i on of

sul furic aciid in water can, _he_useq to renove 30 asi ¢ nifrpgen containing
conpounds f rdm éweﬁ%l‘fﬂigh‘ée%‘g‘ﬁf%‘a%%sa@???t&dw‘;Eﬁaﬁﬁntsmtgg process.

distillation column reactor. By increasing the pressure, a higher temperature will be

-

required to effect fractional distillation in the distillation column reactor.
Any desired amount of alkylating agent can be used in the practice of this
invention. However, the use of large amounts of alkylating agent in an alkylation
25  stage relative to the amount of sulfur-containing impurities will serve to increase the
severity of the alkylation conditions and promote a more rapid and complete
conversion of the sulfur-containing aromatic impurities to higher boiling sulfur-
containing products upon contact with the acidic catalyst. Accordingly, the
concentration of alkylating agent is one of the variables that can be used to control
30 the severity of the alkylation conditions in the various alkylation stages of the
invention. However, the feed to any particular alkylation stage will desirably contain
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In the practice of this invention, the feed to each al kylation stage is
cont act ed with the acidic catalyst at a tenperature and for a period
of time whi Y° W&t active to resul tys.n the desiredfTEGTEGr -
conversion of sulfur-containing aromatic inpurities to a higher
boiling sulfur-containing material. However, it wll be appreciated that 5
t he t enper at ur eansansbustofabkylatieg agentoehichiie adedstaualdniamadarbbsistouly of that t he

al kyl ation onditi.ons in. t.he first.sta f.t i nvent [on, are | ess
severe than in ¥ fﬁ‘é%"é‘?%‘ﬂ?&ﬁ’%‘f‘% cémp“nues“b?‘egefgg‘ég?mﬁgﬁmt’ﬁ?l%' raiRothe achi eved
by using a | owedlkjigingapet w slfanhRinid Wéth#ic impurities 60bb a€lkast 5 BFevied t he first
stage. Irrespective of the specific alkylation stage of the

i nvention, the M-MFWH%W&I“&%WQW%@%S@%&&W@Wﬂéiﬁeme of about
20 G 10 DS el G, theltita OB ImiBlisek B EBhabodr 10 B30 ol SELRARE Y |

excess of 125 C ting .w gene y 'be carrie ut at
tenperat ure i n whieh centajefrém drie Sbawbon Behs rIn preferred embodisnent} anJFFinic,

preferably from,ahout 100 t.o. about Olerr] C .and referably
fr om about 125[ggﬁ?@ﬁ?ﬁ&&ﬁ%ﬁ#ﬁ%ﬁﬁé&?%ﬁﬁ'ﬂm &Dé’i)‘giflgﬁ‘i ?éﬁ‘?‘,"d‘“ cour se,
that the opti mufiist stage will BéMp@epthat Batth tHe & tétht wekehdaB stapl of GEgeaCi di C

catal yst used, the al kyl ati.ng agent or 15 agents sel ected, the
concentration of al 39 Hf%&%@ﬂ%ma?m‘aeéh%@?dtaﬁaal@m@nwew t he

sul fur-cont g Ni AgtRfeA R tie aciiRatalysER abhy'@italle grte;sgte.b ?{]p{;vﬁ]@?,‘ﬁ&sures in the

In the event that an al kylation/di'still7ation age o € process IS

carri ed out rangenfrorn aboutif.Q1 tol abouti206 atmekpheres aredesinable, anfl @ presessintle at  whi ch

the distillatio 0, [ [ 1S operated C b t.o control
both the distil 1485 %%hm?"e“ﬁr‘bétr°a’tbﬁ‘§§%g%%“°5%ﬁ}§‘ o f’éﬁp%ﬁg’?‘%ggﬁ%w h t he
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col um reactor. By, increasj he. pressure, a her tenperature will be
required to eff¥ h#’r"%ﬁ‘si“ﬂng&b?‘g@'i P‘ﬁ?’ﬂ%ﬂf“ﬂ‘ﬁll‘ﬁ"?&’ﬂf‘%i“ﬂa&?‘%@ﬁ“&& um
reactor. 15  distillation col¥iin R8&tr, @ tehipbhire &d prdskort Al RORA jscan. be used

in the practice of this ..invention. However, the use of |arge anounts
of al kyl ating agpatacted yitkibegolid acidic eatalyst in the digijlation¢lurin reagter artisslegiedunt  of
sul f ur - cont ai ni | ld ol LI I DGCE : oy verity of
t he al kyl ation %ﬁ%ﬁ&\iﬁgﬁﬁ%és rr%?ﬁe&gu#gtrog Q%p?é %tééndp% 88‘%}%?%@& ait
conversi on of t bfappropfiate savenity fortheaikdatiomatageiniguestion; ahd ) the desigller boi | i ng
sul fur- cg_nttai ﬂld?sg ‘ﬁlr@oducts upon contact with the acidic catalyst.
Accor di ngly; th&acton UMOBOEPEY i on of al kyl ating agent is one of the

variabl es that can bm thiseveht ittt & iiillatibn Slumn teAEtoSiSURA irf dhe®k mohofaleky| at i on
conditions in the various a] kyl ation_stages of I nventi on.

However, the fe8a38% 6L WManveRiion; 2e0tidacidic e §ti°8hbegf§g@hw¢? distillation eglyngn cont ai n

reactor in any conventional manner and can be located in a single contacting zone or
a plurality of contacting zones within the reactor. For example, the catalyst can be
placed on the trays of a conventional distillation column or within at least one

25  conduit which provides a path for the flow of liquid from one zone to another within
the disfillation column reactor. If desired, such conduits can be located external to
the main structure of the distillation column reactor so that each is accessible and can
be independently taken out of service for replacement of the acidic solid catalyst
without shutting down the distillation column reactor. As noted, it will usually be

30  desirable to use at least two such conduits which contain the catalyst so that

deactivated or spent catalyst in one conduit can be replaced or regenerated while the
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anmount of al kylating agent which is at |east equal on a nolar basis to that

of the wolob/tetscont ai ni ng aromatic inpurities in the pepusszbzeslesired,
the nolar ratio of al kyl ati ng agent t¥3sul fur - cont ai ni ng arongtic
I mpurities can be at least 5 or even | arger. For exanple, in a

Foed can’ be. comiaMBbR Byt of Eudlits Bl LonEA bpehlin 3 e afrlpREROLER. |

whi ch cont ai n f reagto8 Aherﬁatwalybtbncmdmmmhke&emmdmwnbmmwnnmn
olefinic al,k ent, W e nol ar .concentrati.on
of olefins in tﬁ@%@iﬁ?}ﬁ%ﬂ? v1deapatiqur$§et"lf? ?fd’@gﬂnvf‘ BACOmYHEPTA han that in

the feed to the dasiefsdaolnt %Su@rofﬂbﬁﬂﬁﬁxerstoholdthecatalystlﬁﬂditsﬁmuﬂﬁac'f|Ce_ of
this invention, the feed to an_al né.llatlon stage can be 10 contacted with

the acidic cat alSphymngeactos{s deseribedind) S RatentsNo. 3,620, 4pHaunsehilandes i n t he
range from about 1&]%%! ;{a(hg I a
pressure in the 3&4%4pgnge rom a % ? {%&gﬁo@&fggégx?%gr&"ﬁg?%gnl s
preferred. Wen md:xeedhmjd Ins psiferpedyembodimentoa $otidecidic cathlyshis uslad axgracking at al yst
bed, it is gener ferr d to e a pressure . .at whi ch _the feed
will be a Iiqui otél %%9%{51 1on %‘f@f‘&@ﬂ‘%ﬁﬁgq%”&fﬁ‘f‘@a“’dﬁfh ®n a 15
distillation coIpmaandfeewuie@ﬁmy&thGo;tmpmhm@daadmna&wwa&w&h thdYosihof he feed
S contacted with the sqglid acidic cataly in the distillation

col um react Bt Redetegpdseings, saddles, balls, irggytlar piegss, i‘ﬁ%ts»t'\éh?frét"ﬁlﬁ Packed imj gh
enough to provi ggef %@&épbﬂﬁd%ﬂ Hllgdr(g&éedﬁh'fﬁé\ls@'bﬁac ystgsoét%aéﬂges' reiél life

severity for the al’kyl'ation stage in questi on;
fractional distiddistillabon @d:mmsact@()s described in U.S| Fatqntael‘laaééﬂi,l’lh@ml&)

the i nventon. - cbrer i) ity 4 5eraBRyiodaT«ris AP Sulle) boinee arienf oFar  on
col um reamb@pomtedmgmepméﬁceméummﬁr and can be |ocated in a
single contacfing zo urality of contacting zones,within the

|
reactor. Forl®xanpl e, SHE"CBE‘E‘H"%F% Zrpstied for concepfrating the shifprgontajumes of o

conventional di S&bﬂnku%tm@h&%pmﬂcamﬁmemzﬂt@aﬂ@a?s&anolﬁﬁedph whi ch
provides a path for the flow of uid fromone zone to another within

t he distill ati onbailingmateriabads @xesu!w this goncentration, the snlén@mb@wmspd@mom:at ed
external to I ctor so
that each is acce%%’?&d@io%%osﬁ%&gﬁcg vgﬁtlibnﬁﬂ*ben en Féy dEen oufﬁ'ﬁ? service

for replacenent E&rekhﬂple,amdmtenﬂlcmlbe:bi&mk(ymtoheavyﬁm]mvhhmﬁtcmlfurtdonm down
t he distilla' eact not it will ally be. 30
desirable to (t w@fbelti%’égg’ e?%aolg%c@s ?}wg %&H@d@&"ﬁ%‘i@at al yst so
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t hat deatheYaﬁV&?l&ico?zﬂfé@ius@@Ex&'r&’cﬁiced voh@hSrela@vidy tiat 6Bthe S8tk Pl aced or
regener at ed whi It@ dsrt]ok.
eedstoc]

A highly preferred embodiment of this invention comprises its use to remove
sulfur-containing aromatic compounds from the hydrocarbon products that result
25  from the fluidized catalytic cracking of hydrocarbon feedstocks which contain sulfur-
containing impurities. In fluidized catalytic cracking processes, high molecular
weight hydrocarbon liquids or vapors are contacted with hot, finely divided, solid
catalyst particles, typically in a fluidized bed reactor or in an elongated riser reactor,
and the catalyst-hydrocarbon mixture is maintained at an elevated temperature in a
30  fluidized or dispersed state for a period of time sufficient to effect the desired degree



- 25- addi tional conduit or conduits permt continued operation of the
distillation colum reactor. Alternatively, the conduits can take the
form of downconers which connect adj acent trays and provide a path for
the flow of WYY within a conventional . distillatidf COrAES Fhe use
of downcomers to hold the catalyst in a di%?i llation 5 col umr-eactor is
descri bedinU. S. Patents No. 3,629,478 (Haunschild) and 3,634,534
(Haunschi | d), aoflerhdkirpeto fovt moleaulameighhhyelrqrarbansed tHeckired tppitally pedseit @nce in
their entirety. In a E,eferred en‘&gfi ment, a solid acidic catalyst is used
as a packing = motorggplingand disgllate fudls; o coj unm, and fractionation is
carried out, at |eastonversalofa sdléttddM@drocarbon ISR R MRIiAE caal@ yst. For
exanple, the solid acidic catalyst can be in the formof 10 “pellets,

rods, rings, sadehclking piogdss is effpqteddy fontactprithacsacking eualyst in atsaction serierad| s

kod i . ) Py .
(F:)Z'f aFys!t nas 3 pzfg ingonﬂ%qx@eﬁﬁ%?hécﬁﬂa%ﬂmﬂ@Jg?ogﬁrvﬁ@éﬁ%ﬁ?g%%}ﬁnﬁﬁfoggg{%? S
described in U %n&&é@ﬂﬁ%&%ﬁt&? &g&dﬁ.?g}ox(v&sgm![ﬁmpemunes ud?eﬁiﬂqlﬁi&he( Smth),
4,307,254 (Smt a n S aj en are

i ncor por at fad mhe FEeR %8?‘ %‘ftgﬁ%ﬁfe a “ﬁn%(ﬁ& @%@Fﬁf‘?‘?@ §?!g fg"“‘ 430°%0 about 630°

i nvention repr e%erﬁﬂuanﬁsﬁmeécaan%e,%mgﬁ é%&cﬁ%uﬁbﬂpﬁfyan&%&léﬁgﬂ ng

aromatic inpurities of a hydrocarbon feedstock into a relatively snall

vol ume of high catalyst qonfainingg daaetisating|quantisy of carbenaceous materiplor eli¢cis thepat i on,

t he sul fur | . [ t, and any
conventi onaICﬁPret o%%%égﬁgggepgisag%?#ogﬁ {{%clirgcagl%sﬁg%%oﬁﬁgsé&r&e@‘é@# sgé}grrpl e, this
mat eri al can be dedcking eatalyst inothé sepanptiéruznine anddeze epnivéyed soud frastiorator iferribe 20 wil |

be | ess objectionabl e. ternatjyel it. can.be effigiently. hydrotreated at
relatively |ow CORSBOLTEE erﬁ#?“&?a‘l?ﬁ‘éﬁ _Mr?@@'eﬁ?f??‘(? % that of the
origi nal fy8fbS4rB6ikproducts typically enter thé\fribhibtiiot abd Rmpéra@ft if Weqsligeent  of

this invention conprises its use to renove sul fur-containing aronmatic
conpounds f r om tirEn shpyt 4305 tobput 507 ardssupply all pEthe heat pevessary foym t he f | ui di zed
catal ytic crackigg:afxfydrocarbon feedstocks which contain sulfur-

containing inpuritres. I'n fluidized catalytic cracking processes,. high
mol ecul ar wei gl thi patalpieostinkinglof bydrorbons, semono-vwlatilesarbopaseay wi t h

hot, finely divided. .solid. ., cat.al arti.cles, twoi.callvin a

f1ul di zed bed r JHRPI Sbeok js dsposited o o Ly, Biegtoliuifiy sl 2

cat al yst - hydr oc agriuiingatalyst] the bativitpofthe barslyst &ir caiokifg idahewictviyoftieure in a
30 fluidi zed or dispers d‘stat(?,fg{ é;y,é)erlogh?f,tl sufficient.to effect
t he desired: degrt‘é%alyst or producing gasoline blending stocks diminishes. The catalyst can,

20  however, recover a major portion of its original catalytic activity by removal of most
of the coke from it. This is carried out by burning the coke deposits from the catalyst
with a moieculax; oxygen-containing regeneration gas, such as air, in a regeneration
zone or regenerator.

A wide variety of process conditions can be used in the practice of the

25  fluidized catalytic cracking process. In the usual case where a gas oil feedstock is
employed, the throughput ratio, or volume ratio of total feed to fresh feed, can vary
from about 1.0 to about 3.0. Conversion level can vary from about 40% to about
100% where conversion is defined as the percentage reduction of hydrocarbons
boiling above 221° C at atmospheric pressure by formation of lighter materials or

30 coke. The weight ratio of catalyst to oil in the reactor can vary within the range from

about 2 to about 20 so that the fluidized dispersion will have a density in the range



of cracking to | ow nol ecul ar wei ght hydrocarbons of the kind typically
present in not or gasoline and distillate fuels.

Conver si on ovoeo/sigd2ect ed hydrocarbon feedstock in a fl ui dPCRIS928263 yii C
cracking process is effected by contact wi t¥- a cracki ng catal yst Lh a
reaction zone at 5 conversion tenperature and at a fluidizing velocity

ahi ch L ¢S N SRONGE & Bt 97 joprans el hioieE. PHRAAAUERS £ 255 01

Coriver si on tenperatures are sira range from 30 to
about 700 C and the mfiger fedmh ybost Dbrtoedbouit3048dlers peradrond. 650[ err ]

C.
Effluent fromthe regcti ne, .co | S| hydr qcar.bgn vapors and cracki ng
catal yst contai ni ng 2‘%5%’3?%’&59%@"5%@%*?&"5¥m gﬁ"l‘)bﬁ' 6@‘6’@&?@?‘%‘?& al or
coke, is then 1Qprodessdah baitdif foin@bsut 9213 BRYut 6.0 welphBeperdaiiremi AOthe YiROr S are
separated from ?pent cracki ngS catalyst in tﬁpee separation zone and are

conveyed to & frefergapisaulfi compounds Suitable fesdstoekyinelude byt arepatdimitediter i al s on
conveyed Lo & LT . . _
e basis of Dol ifidcoARidile ek BARNAAS blch as light gasMig rh?ﬁ%rérﬁgﬁésg(v%%f S om

typically enter t ator at a tenperatufe In
about 430[err] tgasailywicubb@ailsymbphthasy)scanted oilsf resitheal freaions@deydadiys f or 15

fractionation. X In the catal ytic cracki f drocagr bons, sone
non-vol atil e par%ﬁ%@%%ﬂy°fﬂ‘§°?§awglﬁs§?l¥{5f°mgF&g‘é&?& . nﬁa"r{"ﬁ‘é

catal yst parti cl®sm syhheOkits, bosl ligifadiorOdhd theprocessing of b Sl ¥ad Galsdldyst . the
activity of the cataﬁ%est for cracking and the selectivity of the

catal yst for1¢r otimxehibese fesdtackecan|be gaployedaibensingly arithinyidssired vpmbisation) yst
can, 20 however, r 3 Lk i nl3; o Ql : 4
activity by renoval ?mréoqél? ThveRiold ‘%%ﬁgfeh%ﬁggﬁéén%ogﬁ%ﬂ{ x%xgdaﬁlﬁogﬁ %;a%%gérdri{ed out
by burning the cohktwdikgbisishewrf schemativallydnFiE.\lswith the undepdtanding tmadthecul ar

oxygen-cont ai ni ng_regener ati.on S uGh . air.. i r neratjon,:
zone or regenera 8?°.ng°e‘sc?°smlsn°t gx?enﬂﬁ%ﬁxa%as%mvﬁu\?n &tﬁ‘ﬁ@%@ e"gg'ﬁ‘m‘fdms can
be used in the practiwghfferénsetodiG. 1,fa|cfdsd'lWﬁﬁheﬁlﬁisx&i&ic%ﬁmﬁ%bﬂ@omcess-

In the usual case where a gas o0i] feedstock is enpl oyed, the

throughput r & i o2s igpusiiss ixfetalgically crckedyp afluidized catdytic aading egesscad tear y
from about 1.0 to,a0pbduidront @i rocebddfle paRLR thr& R 1181 Yntd BRMABR EdAR 0 t O
about 100% where conversion Is defined as the percent a%e reducti on of
hydr ocar bons 2. Alfwstifeedgiockiftpeéorpphiclebails owr ghe rangmbopraboutS0hLde shout by
formation of lig I~ 8L ek | Iy . C AL bght _ ratj f catal yst
tooil inther eg%:t grls tg&\%@? sf/ro%de.ﬁﬁ%u nhcgﬁrs’élnzgtgr%?&@fﬂ%%’ and sle‘gqongut 2to
about 20 so t hat feedwock fidttibinAetichbolip eves theange flbmhabag 127°d2tebbyt 221° C Ise r ange
20 withdrawn through line 4. Low boiling material having a boiling point below about
60° C is withdrawn from distillation column 2 through line 5, and high-boiling
material with a boiling point in excess of about 221° C is withdrawn through line 6.
The first feedstock fraction, which boils over the range from about 60° C to
about 177° C, contains thiophenic compounds as impurities and has an olefin content
25  inthe range from about S to about 25 wt. %. This first feedstock fraction is passed
through line 3 and is introduced into alkylation reactor 7, which contains an acidic

catalyst. The first feedstock fraction is passed through reactor 7 where it contacts the

=

acidic catalyst under reaction conditions which are effective to convert at least a
portion of the thiophenic impurities to a thiophenic material of higher boiling

30 material through alkylation by the olefins. The products from alkylation reactor 7 are
discharged through line 8 and are passed to distillation column 9 where these



-27- from about 15 to about 320 kil ograns per cubic meter. Fluidizing

vel ocity can be in the range fromabout 3.0 to about 30 neters per
second. WO 00/14182 A suitabl e hydrocarbon feedstock for _use in a
f1uidized catal ytic cracking process cag contain frofFANSU2O%32 .10

about 6.0 weight percent of sulfur in the form 5 of organi c sul+fur
conmpounds. Suitable feedstocks include but are not limted to

sul f ur - cont ai ni nBrogwats ae Eagtionallydistiieds Ashigh beiling fragtion, gdiéchdias an inftiahvy gas
oils, wde-cut e ' a mgﬁ%‘” | ht ha capted oil s,
residual fracti o%%"‘éﬁ@q’?y"g l;ec'%’é)pll]s@qJH e%%%??ﬁ@%@ﬁw% as wel |
as sul f ur - cont ai mawegaltpyetiucaizin bikplaionarescton Tsis shithira®al from distillitioaBoRyatonet i ¢ -
oils, coal I|iquefaction he pr.ocessjng of oil shale and tar sands. 10
Any of these feeh&‘@bt@e g‘gﬁfg '%‘ﬁﬁ?‘%@}%‘ﬂ{’%&‘l%‘fm’?? Fagbg vathdrapm fory  desi r ed
combi nati on. 5 subsequent use Hispsal iokie RN IFOFebSpRUAS Bikhivlifg il Od! Mot
y o

in many forns, a specific enbodi ment is shown schematic n Fl G
1, with the undefatbesanveyed taahydrpteeating unit fgr ismeval ofiatdeastapertionof itnsulfur nt ended

tolimt the inv [.ON | - d. . Wth
reference to FIG % QaAtéﬁ*éf"gﬁé %%ﬂ‘lW@%‘r}tda(}#ﬁésk%%{dg‘éﬁ“g’%tﬁ?tfﬂ?twc?&?r%unds 15
as inpuriti gst ihs sulfur ednyent T:%t?é iﬁrstfeeﬂstoeld?idﬁ]?ﬂaﬂd %dﬂﬁﬂ%ﬁ@ﬁbﬂipﬁﬁ\i 6f &Bﬂcgi ng
process, an € e . Vlati oduct’s fro i S Qrocess.are passe
through line 1 i A% %l‘ss‘f'ﬁdf%ﬁe?ﬁp@ﬁfq coumn 9 Yuough fie 12 1f destred, d¥sdorr act i on
whi ch boi | s QUerbéil‘iﬁ%'frﬁvﬁeﬂﬁ'&ﬁ%ﬁé@%%@&d@sh%v@%ﬁ%gasoﬁnebl&ﬂ Sbed. C 1S

i a

W thdrawn fromdistillation colum 2 through Iine 3, and a secon
feedst ock fracti on whiherseqsad fesdsiaek fragtinn, whinkboils oyenthasange fiomyabout F7aBout

221[err] Cis Zotoab%ttﬁ@‘é‘,%n&ﬂﬁ%@%@%?ﬁ#ﬁ%ﬁ&h&i@%@ﬁ@ al having a

boi i ng poi nt bel ow about rom d 4ti on col umm
2 through |ine 5jmpumiticdrind hasrnidléfingontent in thewdnge frarh abéut B toataat 15 wig%poi nt i n

f about C i sewith th line 6, . The first
Fecastock Tracti o stpirnek Bo0nle Rt e e e pincd i gomabont

about 177 C, 160n1@Gioboit!50 ph %5 bf eroperEniEls irtodhod® trdgh Bife £3)ritassufilgo! ef i n
content 25 in the range fromabout 5 to about 25 wt. % . This firsSt

f eedst ock fract i BHHE ik [S%"é‘ﬂ"d into alkylatipnieanton 16 deroughilings 14sand 6 Hutlesieed, i nt o
al kyl ation react gimelor a%f&ghféﬁ@BﬁhE&mg@sﬁlﬂf%n%t roduf@théh ¥ il tighe first

feedstock fraction is passed through reactor re 1t contacts the
aci di ¢ catal yst celean9canhetassd thoough linesrl9 andh i Tindaombiaéd with thissmixareonvert at

| east a poy.td f ' NG, rities a thiophenic materi al
of hi gher boili né‘;fg%%&% e?f%@‘ﬁﬁjﬁﬁa%a%ﬁ@wﬁ#@ﬂﬁ the ol efins. The
products fro@0al kyl at Aliplatieneredotor 18 cornains an acidic cdialyst) @idgRSmixbie egbridgite 8 and

are passed to di stiIIatior&scqclélnn.Q ere t&eseﬂ : .
reactor as a feedstock from line 15 contacts the acidic catalyst under reaction

Q)

conditions which are effective to convert at least a portion of the thiophenic and
benzothiophenic impurities in the mixture to a sulfur-containing material of higher
boiling point thrbugh alkylation by the olefins in the mixture. The products from
25  alkylation reactor 16 are discharged through line 18 and are passed to distillation
column 19 where these products are fractionally distilled. A high boiling fraction,
which has an initial boiling point of about 221° C and contains the high boiling
alkylated thiophenic and benzothiophenic products, is withdrawn from distillation
column 19 through line 20. If desired, this high boiling material can be conveyed to
30  ahydrotreating unit for removal of at least a portion of its sulfur content. A low
boiling fraction, which is of reduced sulfur content relative to the sulfur content of



28 products are fractionally distilled. A high boiling fraction,

whi ch has an initial boi ling point of about 177[err] C and contains
the hi gh boi hid\@na@isky! at ed thi ophenic material prod ﬂz kyI ation
reactor 7, is withdrawn fromdistillation cgpum 9 throug “I'ne” 10.

If desired, this high boiling material can be w thdrawn for Subsequent

use or dlsposal hrou h din 1. For e t hj s, hi hb0|I|n mat ri al

can be conveyed Xy m‘:ﬁ ltﬁé&ﬂﬁﬁq{igggqug{xg%va}s &’d@("m Mlapmtmn

of its sulfur columﬁwtwwghhﬁetpmmwvbaqnémbmea aﬁbo@ % fdyced
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sul fur content relative to the sul fur content o ee stqck

fraction and hasdigtilation pndpgint of sbentdl L] G and; aftervenuaval ofexcess];i-aﬁeae,rcbnﬁts is

vvithdravmfromd'?aj'hji el t d ired, is | ow
10 boi l'i ng frag [ onlg'?%om @%éﬁ%ﬁggﬁ% g?eéc‘i{oaag"’é%%vég'gwg i ne

bl endi ng st ock. asagasolineblendingltecksecond f eedstock fracti on, which boils
over the range from C, contains both

t hi opheni ¢ and benzo?ﬂ? %%%%W}?&aﬁ?d%‘e@&ﬂmﬂlmﬁrthqm&mamnm an

ol efin content Iﬂoﬁtbeeeaxm&smpoahguﬁu&x&@o@&e%e&%n Thi s
second feedstock fraction is passed through |ine 4 and |s mxed with from
about 15 10 to about 50 vol. % of propene which is introduced t hr ough
line 13. The resulting m xture i SEXMBE!CM into al kyl ati on reactor
16 through lines 14 and 15. If desired onme or all of the high

boi i ng and R0gh sul fur cont ent product fromdistillation col urm 9

can be passed through f1 Hg and combi ngd with this mxtur
before introduction t& 3‘?% 5%“8 1g BYer 1 rAnge G0YIRbeyt fi t25b°’-2626°
Al kyl ation react eahsd}ﬁmﬁﬁﬁyaér)%aaﬁbnapd@hlﬁu&%ﬁhé/p%ducﬁ%dth@ﬂﬁih?&&&’re entering

this reactor as a feedstock fromline 15 contacts the acidic catal yst
under reaction ¢@& Yt“'rﬁS |°8h§%f€?¢5@91éw@hmmésﬂﬁﬂ@mm at least a
portion of the t O%}'Spb 1S |n t he

m xture to a sul cont a| tt%er(?gpﬁ&% /Caqh%gﬁlg ﬁ‘@‘ poi nt

t hrough al kylat i mimb}lmhérmimbenmﬂysisbémxpmmeedﬁbﬁc tntxtgdumﬂﬁcdhﬁmrga%
al kyl ati on react 16 ar cha d t.hrou I ne 18 are passed to
distillation Bhro 8?%&’&*5% gﬁ "FFé‘é‘emﬁ&tBﬂ{he?%Waﬁgef%F*&cH gﬁé’l ly
distilled. A hi gparaffins,i2036 #4 élefiispr1.93 %naphtwaemofsa% ﬁamaﬁustdnah 1% ! : ng g
al kyl at e

poi nt of about 221 [err ntai ns, the hi
t hi opheni ¢ and bgﬁgéﬂ‘ &)Snégiﬁgbﬁﬁ’%%f%m |Ts'le éﬁ@ﬁﬁwt?mef#l@m@thﬂaét i on

col um 19 througaetgﬂn{;&d X-1dl : o, G@n be
conveyed to ‘30 a reaPl ng unit SP &uﬁydg‘taaf ?%WI eastf%{’g&dp{ﬁ'r i on of
its sul fur céht eﬂus @Went(le l.ﬁﬁﬂpgnﬁgraﬁnahefoun,ofthiuphdme;&1®ﬁemeduced

sul fur content rﬁérﬁ}aﬁyeg gegzotﬂgophserlljelgn besisottics lﬁema Jeﬁvatives (collectively referred to

as thiophenic/benzothiophenic sulfur). All of the sulfur-containing components
which were not thiophenic/benzothiophenic in character (such as mercaptans, sulfides
and disulfides) had a boiling point below 177° C. The naphtha had a total nitrogen
25  content of 8 ppm and a basic nitrogen content of less than 5 ppm.
The naphtha feedstock was separated by fractional distillation into two
fractions: (1) a first fraction boiling up to 177° C (76 wt. % of the feedstock); and (2)
a second fraction boiling above 177° C (24 wt. % of the feedstock). The first fraction
is referred to herein as the “177° C-(-) feedstock,” and the second fraction is referred
30  to herein as the “177° C-(+) feedstock.” The thiophenic/benzothiophenic sulfur
content of these two fractions was about 1,060 ppm and 2,809 ppm, respectively.



- 29- the m xture introduced into reactor 16 through line 15, is

w thdrawn fromdistillation colum 19 through line 21. The | ow
boiling fracgtj | scharged through line 21 has a ISk ,on
endpoi nt of wé*o@ﬂfg%ﬂ C and, after renoval.ygf excess pr o%gﬁ;é",s“%"éi sts

primarily of material boiling fromabout 177[err] C to about 221[®rr] C
whi ch can be used 5 as a gasoline bl endi ng stock. The

fol1owi ng exanpl es alneg firsistageldhe 1GR1 G-(Ddeadstockwasspmbimpdwitln 6 primoof and ar e
not to be consteg | AROSI L1 ] i ion,
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higher boiling material which appeared in the 221° C-(+) first stage product. The
221° C-(-) first stage product contained only about 330 ppm by weight of
thiophenic/benzothiophenic suifur.
The 177° C(+) feedstock was combined with 10 vol. % of propene and 670
25 ppm by of isopropyl alcohol, and the resulting mixture was used as a second stage

feedstock. In a second stage, the second stage feedstock was contacted with a fixed
bed of 12 to 18 mesh solid phosphoric acid catalyst on kieselguhr (obtained from
UOP and sold under the name SPA-2) using the same reaction conditions and reactor
described above for the first stage. The resulting product was fractionated on the

30 basis of boiling point by gas chromatography, and the sulfur content of the fractions
was determined using a sulfur chemiluminescence detector, Using this analytical
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EXAMPLE II

A sampie of the naphtha feedstock described in Example I above was
25 combined with 670 ppm of isopropyl alcohol, and the resulting mixture was
contacted with a fixed bed of 12 to 18 mesh solid phosphoric acid catalyst on
kieselguhr (obtained from UOP and sold under the name SPA-2) at a temperature of
204° C, a pressure of 34 atm, and a liquid hourly space velocity of 1.0 hr™' ina
reactor of the type described in Example I The resulting product was fractionated on
30 the b_asis of boiling point by gas chromatography and the sulfur content of the
fractions determined using a sulfur chemiluminescence detector. Using this



- 31- procedure, the product was separated into two fractions: (1) a
first fraction boiling up to 221 C, and (2) a second fraction boiling
above 221 C. ifst fraction is referred to herei 221
C(-) secondeg@éjel%r oduct,"” and the secondfraction is Pc%srsé @'Psr ed to
herein as the "221 C (+) second-stage product."” It was found that Tabout 5-
66 Wt. % of the thiophenic/benzothiophenic sulfur in the second stage )
f eedst ock whi ch had a boiling point below 221[err] C was converted to
hi gh boiling material which appeared in the high boiling 221[err]

C-(+) second-stage product. The 221[err] C(-) second- st age product

cont ai ned about BABLBShmmary ogfResolts from Examiptes hdhand HBnzot hi opheni c
sul fur. 10 Tha t at aJ Laow sl fur nroduct framthe Jlnrhr\gg

consi sted of ¢ he conbination of S?paratiw&' %ﬁ&h%&p&#&&ﬁ&sﬁﬁm&
st'ag s tota

product and the 221 C-(-) second e product. Thi _ Ilow sul fur
product contai ned 440 ppm by wei ght Ditillatiom phdAnalysisaf ResultingFrastions
sul fur, which corresponds to a 70—%+erbval—of—t-he

t hi opheni ¢/ benzot hi opheni c spdifint Pdist t he Andugisfal naphihTohemfist ock.
In addition, the total |ow sulfur product,was 15 obtained in 95.9 %yield

based on the wei decessStear or i gi nacfFaghionha f Emgtiongwk % of Fragtienyippmngi v,
4.1 wt. % of the—ortgtrmatr—maphtha—feedstock was—converted—to—=trgh

boi I i ng and hi gh NaphthaiFeedstntkent nelBPe323PCi n t he f390m of the 2B¥M4Gerr] G (+)
first and second- st age prod S e conbin 221[err] Cif+) first
and second-stage products cg%apﬁgg 2.58 wtﬁfh)/o of- 1&440

t hi opheni ¢/ benzot hi ophenic sul fur. The results of this 20 Exanple | are
sumari zed in TABLE,I. EXAVPLE
| Product of Fampls themf?a%?ﬂff'?é feedstBck descri bed¥h Exanpl e |
above was 25  conbined with 670 pgyyref)sopropyl gl cohol, apslgsdre
resulting m xture was contacted with a fixed bed of 12 to 18 nesh
solid phosphoric acid catal yst on ki esel guhr (obtained from UOP and

sold under the n SPA: a te bwe of - 204 C, a ssure of
34 atm and a |i3ﬁ?‘&“°ﬁ§’lﬁ’%“§}’“&§ce l\r/ﬁéﬁ)%i '?3’/ of 1. 094h0r[err] in aggf‘
reactor of the type described in EBxdm@-@)!. The resul ting pradgss was
fracti onated on

Product of Example Il IBP-221°C 91.0 537
221°C(+) 9.0 12,239

The analytical data were obtained using a gas chromatograph equipped with a flame
ionization detector, a wide-bore fused-silica capillary column, direct injector, and a sulfur
10 chemiluminescence detector. The analytical method is based on a retention time versus
boiling point calibration of the éhromatographic system,
2 1BP-221° C refers to the total fraction boiling up to 221° C; and 221° C-(+) refers to the
total fraction boiling above 221° C-(+).
3 “Sulfur Content” refers to thiophenic/benzothiophenic sulfur content.
15 * TheIBP-221° C fraction refers to the combination of the 221° C-(-) first stage
product and the 221° C~(-) second stage product.



30 the basis of boiling point by gas chromat ography and the sul fur content

of the fractions determ ned using a sulfur chem | um nescence
det ect or. Uswuopohiniss - 32- TABLE |. Summarperafsodhmsesl ts from
Examples I, Il and I1l 5 -33- Separ at i on_of

Process Streaminto Fractions by Sinulated
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Napht haFeedst ock Girnto 9. 1, 346
221[err] C (+) &acnonlsrekcrﬁd%ozl}e;e?nagthe 221 %(Z?Z%oduct, angthe spsopd factiogds Exarrpl e
I | BP-221[ err keﬁirﬁtbheremasthe“’nl"@ﬁ(-!-?pmduct » Tt was fodfiQhat 66.7 wt. % of the

221 C(+) 1 5, 806 Product of Exanple

N | BP- 221Per ,ﬂ}xo@emc/benzothmpggpx@sulﬁxr in the naphtha was conyspted to high boiling

e LSS cc¢+ o of Exanple
o Bp 2510 Cmatenalwhl@thgearedmthezﬂ X Yprécﬁﬁ% The 221° C(-5pRAMG

221[err] G (+) contained 567.ppm by weight of tlnophepj?_t:/tgﬁ:@)ﬂnophemc st[lﬁx rahd THe@2 8@ yt i cal
data were obtai neg) 43t P 3,833 178 R bPEIPRMAiAIL ARG et slied. fn s3fion,
the total low sulfur product was obtained in 94.0 % yield based on the weight of the
10  original naphtha feedstock. Accordingly, 6.0 wt. % of the original naphtha feedstock
was converted to a high boiling and high sulfur c(mtent material in the form of the
221° C-(+) product. The results of this Example II are summarized in TABLE 1.
The alkylation procedure of this Example Il involves a single stage alkylatién
of the thiophenic and benzothiophenic components of the naphtha feedstock wherein
15 the alkylating agent consists of the olefins which are inherently present in the naphtha
feedstock. Comparison of the single stage alkylation procedure of this Example II
with the two stage alkylation procedure of Example I demonstrates that the two stage
procedure is much more satisfactory because: (1) the product has a lower
thiophenic/benzothiophenic sulfur content; and (2) there is a much smaller weight
20 loss whenthe naphtha starting material is subjected to the two stage process.

EXAMPLEIII

A sample of the naphtha feedstock described in Example I above was mixed
25  with 10 vol. % propene and 670 ppm of isopropyl alcohol, and the resulting mixture
was contacted with a fixed bed of 12 to 18 mesh solid phosphoric acid catalyst on
Kieselguhr (obtained from UOP and sold under the name SPA-2) at a temperature of
204° C, a pressure of 34 atm, and a liquid hourly space veiocity of 1.0br ina
reactor of the type described in Example I. The resulting product was fractionated on
30 the basis of boiling point by gas chromatography, and the sulfur content of the

fractions was determined using a sulfur chemiluminescence detector. Using this
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hi gh sulgfur conf’@?ﬁ’ &?’ﬂ?*ﬂ@ﬁ@%ﬁ?&ﬁgﬁ product. g‘f gﬂ% (+§J
product. The r esgxaipledt] arduinmia¥ioddih TABLEAr € summari zed in TABLE l.

The al kyl ation procedure of. this Exanple Il involves a single.stage
al kyl ati on of tThe alkylatonpregedurgq ampleill frvelyeva desip®egent s of the

napht ha feedst ock k’fmﬁ’;’ athe ol efins
whi ch are inherent p?gglgﬁoghrﬁngﬁﬂ%%h%}g&g gﬁgéﬁtgécﬁapﬂ npari son of
the single sﬂﬁgefeedsbykwhemmﬂwaﬂqwmgeganfcdnkiistsoﬂhaalpﬁmxhhereuﬂypresmthhh& he two
stage al kyl ati on cedyr e, of | e, | denonsirates t st age
procedure is nuc’i‘f‘%hfg‘?g %‘B‘F@f‘%%a‘gg“ﬁ%éai?gew ?"ﬁg" @%ﬁgﬁpa | ower
t hi opheni c/ benZOﬁiﬂélOBJifMl@laﬁUﬁf)tébedﬁﬁlﬁfﬂﬂifixa&i}%lﬁzr)&tﬂthem stage adlkykGdh smal | er
wei ght 20 | oss when t naphtha starting nmaterial is subjected to the two
stage process. procedure o ExampleI emonstrates that the two stage procedure isypuchmorg | |

_ satisfactory because: (1) the product has a lower thiophenic/benzothiophenic sulfur

20  content; and (2) there is a larger yield of desirable volatile product when the naphtha

starting material is subjected to the two stage process.
EXAMPLE IV

25 A synthetic feedstock was prepared by blending model compounds which
were selected to be representative of the types and concentrations of the various
organic compounds which are found in a typical heavy naphtha that is produced by
the fluidized catalytic cracking process. The composition of the synthetic feedstock
is set forth in Table II.

30 The synthetic feedstock was combined with 1,730 ppm of isopropyl alcohol,
and the resulting mixture was contacted with a fixed bed of 12 to 18 mesh solid



A sanmpl e of the naphtha feedstock described in Exanple | above was m xed 25
with 10 vol. % propene and 670 ppm of isopropyl alcohol, and the resulting

m xture WQRR4E3nt acted with a fixed be 5of 12 to 18 rRGIAUSIHRIZES
phosphoric acid catal yst on ki esel guhr~"{obt ai ned from UOP and sol d
under the nanme SPA-2) at a tenperature of 204 C, a pressure of 34

atm and a | i qui ghbpHeHeacRRAGEste l@ésbrﬁtémfe&bﬁn&,m BOPhnd $oidumder the nddff1C1 O7

of the type described in Exanple |..The resulting product was fractionated
on 30 the basi s SBA-D@t ¢ temgeRiref 204° Gapressire abldcrim.and ¢ liquid Howurtyspaas! f ur
content of the fractions was determ ned using a sul fur

chem | um nescence detector. Using this anal yti cal procedure,
t he product was separated into two fractions: (1) a first fraction

boi | i to 221 : 2 fraction boil i bove 221 C.
The f1rst” 5 1racti on P Rbyptule FESHRkaomBatiPRe 2011 arr] G ()

product,"” and the secdnd TCotpohdt 1 | IIWFUWM
"221[err] G (+) product.” It "'was found tha"tm‘igoA wt % of e's5

t hi opheni c/ benzot hi ophdriteatesail f ur i n the naphbDha was convggied to high

boi l'i ng mat eri al ich appeared in the lerr] G (+ roduct. The
221[err] C(-) product%exmecont ai ned 537 paﬁsby wei ght 0%.18
t hi opheni ¢/ benzot hi ophamiétepel fur, and the 33y C (+23product

contained 1.22 wt. % of thiophenic/benzothiophenic sulfur. The 221[err] C
(-)product was obtai ned-Pn81. 0 % yi el d basdd%n the wei gh860of the ori gi nal
napht ha 10 feedst ock. itfion, a 9.0 a0 yi el d .of i gh boiling and
hi gh sul fur content dy@loan%‘?%%i al was obt\é\?'r?(e)d in the fo?’?ngof the 221
C-(+) product. The resmtHsptant t hi s EXa®pl e 111 are 944mari zed in
TABLE |I. The al kyl ati on procedyre of this le- 11l involves
a single stage a"RyT#¥i on of the thi %ﬂgni c and bsﬁgg?hi opheni c
component s of the naphtMahylcyclopeaet ock wheap@on t he al kyljgggng agent
consists of the olefins inherently present in the napht ha f eedst ock
and al so the added pr o%@ﬁ@?“’Corrpari son of tH&0results of 234 single
stage al kyl ation procedupgndf this Exanpl e sglgh With the by, stage
al kyl ati on procedure of Exanple | denobnstrates that the two stage
procedure i s nmuch nore Thiophenesat i sfactory b&&@8use: (1) th@2product has a
| ower t hi opheni c/ benzothi ¢ sul fur 20 ontent; and,(2) there is a
| arger yield of desirab ﬁ%ﬁ%ﬁnﬁ'l e product \?ﬁ n the napht Plgg :

Benzothiophene 1.00 0.68

velocity of 4.0 hr!. The resulting product was analyzed using a capillary gas
chromatograph which was calibrated using the synthetic feedstock. Upon analysis, it

10 was found that benzene, toluene, thiophene, ethylthiophene and benzothiophene had
been converted to higher boiling material in the following amounts: benzene (4.49
wt. %), toluene (0.68 wt. %), thiophene (89.83 wt. %), ethylthiophene (78.37 wt. %),
and benzothiophene (34.34 wt. %). These results are set forth in FIG. 2. This
example demonstrates that thiophene and ethylthiophene are alkylated by olefins

15 more easily than benzothiophene. In addition, the results of this example
demonstrate that thiophene and ethylthiophene can be alkylated by olefins in high



starting material is subjected to the two stage process.

EXAMPLE IV 25 A synthetic feedstock was prepared by bl ending
nodel  conmpoyRis ik ch were sel ected to be representaihiNg Bt Ne types
and concentrations of the various ofgani ¢ conpounds whi ch are found
in a typical heavy naphtha that is produced by the fluidized

catal ytic cracking process. The conposition of the synthetic feedstock _
i s set forth i ryiatdphder penditipgs which are sufficignily mild that ety dittfesaticpdation bf was conbi ned

with 1,730 ppmyof is | and the resulting m xture was
contacted with aT 1?(%?#%@%‘%@"&%&0 18 nesh solid phosphoric.
acid catal yst on kiesel guhr (obtained fromUOP and sol d under the nane

SPA-2) at a tenperature of 204 C, a S f 54 atm and a liquid hourly
space 5 ~ TABLE Il. Synt WLgééstock conposi tion.

Conponent 5 w. % Mol e % 1- Pent ene
1.0 1.31 1- Hexene 2.00
218 {Theisynthetie feedstock described in Example I'\Datpge was mixed with 20 2.33
1-Cctene vol. % of propene and 1 %Ogagmofiso ropyl alcohol ani' 86esultin mixture was

Cycl ohexene ) prope T, Propy i .ﬂ}fé g

n- Hept ane contacted with a fixed 8ed.oD 02 to 18 mesh solid phosphéticlaéid catalyst on

n- Cct ane

Met hyl cycl opent kigselguhr (obtainicbﬁég U%qJ and sold under thg nggr} gPAQ-%) at a temperature of
10 204° C, a pressure of 54 atm, and a liquid hourly space velocity of 4.0 hr'. Upon
. analysis of the product by capillary gas chromatography, it was found that benzene,
toluene, thiophene, ethylthiophene and benzothiophene had been converted to higher
boiling material in the following amounts: benzene (70.31 wt. %), toluene (61.13 wt.
%), thiophene (96.51 wt. %), ethylthiophene (89.47 wt. %), and benzothiophene
15 (84.06 wt. %). These results are set forth in FIG. 2.

As a consequence of the high concentration of olefin alkylating agent used in
this Example V, the alkylation conditions are more severe than those used in
Example IV above. This example demo;xstrates that benzothiophene can be alkylated
by olefins in high yield under the more severe reaction conditions of this Example V.

iO However, these more severe alkylation conditions result in a high conversion of

benzene and toluene (aromatic hydrocarbons) to alkylation products.
EXAMPLE VI

25 A synthetic feedstock was prepared by dissolving 0.499 g of thiophene, 0.522
g of 2-methylthiophene, 0.501 g of 2,5-dimethylthiophene, 0.518 g of
benzothiophene, 0.509 g of benzene, 0.614 g of toluene and 10.014 g of 1-heptene in
87.015 g of decane. A 50 g portion of the synthetic feedstock was combined with 25
g of solid phosphoric acid catalyst on kieselguhr (obtained from UOP and sold under

30  the name SPA-2) which had been crushed and sieved to 12-20 mesh size. The

resulting mixture was placed in a 100 cm’ stirred autoclave reactor which was



Benzene 20. 00 23. 44

Tol uene 30. 00 29. 81

Thi ophene WO 00/14182 0. 20 0. 22 PCT/US99/20268

Et hyl ti ophene 0. 80 -37- 0.65 T

Benzot hi ophene 1.00 0. 68 vel ocity of

4.0 hr[err]. The resulting prodyct S anglyz usi hg a capil]ary,.gas

chr oimat ogr aph wh ieﬂﬁpﬂﬁ'&s“"g‘aﬁ ‘RB r"&#‘é" nﬂvgf’ ﬁt}nﬁwé °§€’ﬁ f%‘étﬁgcm*?‘%‘?gg’f‘;&g?(%"%ﬂﬁ n
analysis, it 10 \Aa8mddoiiHeb phAindEEHeR at 208¢ CaNEa predduRRASANL atm. The

et hyl t hi ophene ar?él benzot hi o%hene had been co%rserted to hi gher boiling

material in the fredckionmigure wesspmpled pesigdically by temporarily stapping the stirf®guene (0. 68

w. %, thioph : 0 ' VY PR d
benzé% hi ophgﬁee?%»g%g\%gé %ﬁ@ﬁg@%%ﬁ%ﬁ#@%@tgé?f@é}‘ di/%acklsﬁnplﬁénThi S
exanpl e denonsg r avsanilizet by gaschivenstogeaply &t thedsirh clspgesiretha cencenttafibmofttle by

olefins 15 nore easily than_penzqLhio ne. .ln additio the results of
this exanple ‘_’aﬂgﬁ‘ﬁiﬁgﬁnﬁ ﬁ?ﬁéﬁ%%@ﬁ@%ﬁ@%%{ﬂ?ﬁ%%@ Dhe
al kyl ated by ol ef jafd$ohdtantli vitfich are set forth in Table III for the alkylation of the various

- 36- yi el d under conditions which are sufficiently mld that very

little al kyl ati onareatic compeyndy infhe fgedstocks by bhieptensk dnscalfulating these rate
EXAMPLE V 5 . ' ' j le IV
{h@f{h %ﬁgﬂf Firkt'd
above was mixed WP Ebltwg%\?%?ﬁp ooégﬁlgtgdg%&e&g&r%é 1, %%of‘ﬁ?%r opyl
al cohol, and the arematictsubsixateiax b consequersce of the largadxaess efblefinidallaylstingegented of
12 to 18 nesh sol id phosphqri.c acid catal yst Ki | gqu ai ned
from UOP and sol d‘hﬁﬁ@éﬁ‘@ngﬁm °%'FEP§YH%‘¥°“ ef%%@?ﬁ?ﬁ?ﬁ?ﬁfg{t%‘%hc a
pressure of 54 atppeafrdpressioniofltHe@xpi@ieichtal datpylottodab BEI-kYas@ffurdtiOn 6fitings r] . Upon
anal ysis of the product by capillary gas chronat ogr,aphty It, was found t hat
benzene, where x is the substrate concentration. The boiling points of the various aromatic
components of the synthetic feedstock are also set forth in Table III. These results
15  demonstrate that volatile thiophenic compounds, such as thiophene and 2- -

methyithiophene, are much more reactive than the less volatile benzothiophene.

TABLE III. Boiling points and alkylation rate constants for

20 " various aromatic compouands.
Boiling Point, Rate Constant,

Compound °C min
Thiophene 84 0.077
2-Methylthiophene 113 0.046
2,5-Dimethylthiophene 137 0.004
Benzothiophene 221 0.008
Benzene 80 0.001

Toluene 111 0.002




t ol uene, thiophene, ethylthiophene and benzot hi ophene had been converted to

hi gher boiling material in the follow ng anmounts: benzene (70.31 wt.
%, toluene (61.13 wt. %, thiophene (96.51 w. %, eth i ophene
(89.47 wt. %" OX4 %enzot hi ophene 15 (84.Qggwt. % . Thesepc?é'&s{)?tog&ar-e set
forth in FIG 2. As a consequence of the high concentration of
ol efin al kyl ati ng agent used in this Exanple V, the al kylation
conditions are nWexldmvere t han those used in Exanpl e 1V above. This
exanpl e denonstrates that benzot hi ophene can be al kyl at ed by ol efins

in high yield under the nore severe reaction conditions of this Exanple V.

20  However, these npre Sﬂey@&@s&F&Bﬁﬂmm@f&ﬂﬁa&sﬂﬁ%&miﬂoﬁahi gh
conversi on of benzene and tol uene (aromatic hydrocarbons) to
al kyl ati on pr oduéedstock, wherein said feedstock is comprised of a mixtire of hydrocarbons whighvPLE V|

25 S ' Sihefe | Qintde Aebnid 99 9 of

t hi ophene, O.QZZM‘BQ&EE%%% net E‘y t .%ﬁgrﬁi‘g‘?ﬁ%&éﬁ g op}‘ﬂg 5

2, 5-di met hyl t hi opbmpandOasimpurifiesifsaid processioemprisinigi ophene, 0.509 g of benzene,
0.614 g of toluene and 10.014 g of 1-heptene in 87.015 g of decane. A
50 g portion of the synthetic feedstock was conbined with 25 g of

solid phosphoric acid cat ghyst fagtiosatixg@hefddstotioltpaidaasl from UOP and sol d
under 30 the name SPA-2) which had been crushed and sieved to 12-20 nesh

size. The resulting mxture was placed in a 100 cnferr] stirred
autocl ave reagfor which was (z? 3 first feedstock fraction which contains a portion of
-37- equi pped with a dipTeg for on-line sanpling of the reaction

m xture, -and the mixture said impprities;thias ancelefin cos@nt of fromabout5 teaboubgen at 204

C and a pressure of 54.4 h I i i e
periodically by t enpor ari Ia%lsru'stf %"p%fdnhgas?ﬁ%ﬁgﬁ%‘? ?’}r&ﬁg&&dﬁ&_ﬂsﬁ&%ﬁ%ﬁ?’ﬁe
catalyst to settle, and r edbowti13§° labett 221°dC;ahd t he |iqui d. Each sanple 5

was anal yzed by gas chronat ography to neasure changes in the concentration
of the various reactants. The resulting analytical data was used to

cal cul ate thegsl kyl ation @ e &eRsdFRéBudischorwaick Blhighef dditidgh Tabl e
11 for the al kylation of the various aromati c conpounds in the

f eedst ock by 1-heptene. | nthamthe firshfepdstpck fraction and gontains a portion of said
impurities;

(b)  in a first contacting step, contacting said first feedstock -
20 fraction with an acidic catalyst under conditions which are effective to
convert at least a portion of its content of said impurities to a sulfur-
containing material of higher boiling point through alkylation by the olefins;

(c)  preparing a secondary process stream by combining said
25 second feedstock fraction with a secondary alkylating agent which is
comprised of at least one material selected from the group consisting of
alcohols and olefins, and wherein said secondary alkylating agent is in
addition to any olefins present in the second feedstock fraction;

30 (d)  inasecond contacting step, contacting the secondary process

stream with an acidic catalyst under conditions which are effective to convert

A



constants, it was assunmed that the al kylation reactions were pseudo-first
order in 10 aromati c substrate as a consequence of the | arge excess of

ol ef i ni ¢ al kpMoewitgg2 agent t hat was useg9 Each rate c@®GIUSPH20968sS .
derived fromthe slope of the line fit through | i near regression of
the experinental data plotted as In(l-x) as a function of time where x

i's the substrate concgdastatpoftivn of i€conteht dfRgid RApiSs 102 shif@-céAthiniigS ar omatic
conponents of the synthetic _feedstock are also _set, forth in Table I'll.

These results 15  den#emal phkigher heiling pintithrouehalkylaipgand conpounds, such as
t hi ophene and 2- met hyi t hi ophene, are nuch nore reactive than the
| ess vol atil e benzot hi ophene. TABLE 111. Boiling points and
al kyl ation rate constants (€§or fectionally distilling the products of said/fixst and secandnat i ¢

%gtrrgogg; ant 5 contacting steps to reme%?%%ﬂ#ar-containing matenBa? Ioi‘ llngi'(xger ﬁ%ﬁ,{,‘é ’
mn[err] int]hi ophene ) 84

0.077 2- Met hyl t hi ophene 113 0. 046

2, 5- Di et hyl t hi ophene 137 0. 004

Benzot hi ophene : PR : . Benzene
80 0?.0 01 The%?o%ess of clmml%ir%né ﬁaéc?feg&ﬁ:ckxs comprised of a 111
0. 002 naphtha from a catalytic cracking process. - 38- e
claim 1. A process for producing products of reduced

sul fur conted? froma f eedst ock, wherein said feedstock is conprised
of a mixture of hydrogar borke prdeessiof Elaim 1 Whdreifl fe feddebeld s coripiided by tiiadd t he
feedst ock contains sul fur-containing arongatic conmpounds as jnpurities;

sai d process compaphihapeuch is prepared by removing basic nitrogen-containing impurities from a
naphtha produced by a catalytic cracking process.

15 4. The process of claim 1 wherein the distillation endpoint of said first
feedstock fraction and the initial boiling point of said second feedstock fraction is in
the range from about 150° to about 190° C,

5. The process of claim 1 wherein the distillation endpoint of said second
‘20  feedstock fraction is below about 249° C,

6. The process of claim 1 wherein the secondary alkylating agent is
comprised of at least one material selected from the group consisting of olefins which
contain from 3 to 5 carbon atoms.

25
7. The process of claim 6 wherein the molar concentration of olefins in
said first feedstock fraction is lower than that in said secondary process stream.
8. The process of claim 6 wherein the secondary process stream is
30 comprised of from about 10 to about 50 vol. % of olefins which contain from 3 to 5
carbon atoms,
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(a) fractionating the feedstock to produce: 10
(i) a first feedstock fraction which contains a portion of
sai d inpuritwesendigs an olefin content of from about 5 top,aPpilhreres

25 Wt % and has a distillation endpoint wddeh is in the range from?™

about 135 to about 22[err] C and 15 (T7)
second feedstock fraction which is higher boiling
the first feedstock fraction and contains a portion of said

i mpurities;

contacting said fi rst feedstock

9. The process of tlaim 1 whékeift tild sednd&P Mcatidg We §EP:
20 fraction th~anm acidic

a
t han .

cat al yst under ceomprised gfaf leat enp materialseieeted from thegroup consisting of alcobalsvert at

| east a portion %Tﬂégﬁmﬁl%%ﬁ%%afb%ﬁia&dswu“ ties to a sul fur-

containing materia

ol efins; 5

by conbining said 25

I'ng poi nt through al kyl ation by the

(c) prepari ng a secondary process stream

eedstock fraction with, a secondary

second A
al kyl ating agent whi &% | S’I‘heprocess st % eFiphederppagsturs used 4, said sspendym ¢ erial
sel ect ed fromtf&n@&ﬁgwpgrm%hsﬁmmmafmdmsaidﬁrstgonmﬁﬁé&ébhol s and ol efins,

and wherein said secondary

any olefins present in the second feedstock fraction; 30

i1 cam wi th an aci di oeat SRySReriveRA) Ak HR e aROA ol R e

streamwith an acidic cata

convert 1039 contacting step is different from that of said second contacting step.

15

20

30

12.  The process of claim 1 wherein a solid phosphoric acid catalyst is
used as the acidic catalyst in at least one of said first and second contacting steps.

13.  The process of claim 1 wherein the products of said first and second
contacting steps are combined and the combination is fractionally distilled to remove
the sulfur-containing material of higher boiling point.

14.  The process of claim 1 wherein the produét of said first contacting
step is fractionally distilled to remove the sulfur-containing material of higher boiling
point in a high boiling fraction and produce a lower boiling product fraction which
has a reduced sulfur content relative to that of said first feedstock fraction.

15.  The process of claim 14 wherein said first contacting step and said
fractional distillation of the product of the first contacting step are carried outin a

distillation column reactor,

16.  The process of claim 14 wherein the product of said second contacting
step is fractionally distilled to remove the sulfur-containing material of higher boiling
point, and wherein said second contacting step and said fractional distillation of the

product of the second contacting step are carried out in a distillation column reactor.

A R

tive to

al kyl ating agent is in addition to



at least a portion of its content of said inpurities to a sulfur-containing
mat eri al of higher boiling point through al kyl ati on; and

(e) fracti owslebysgh stilling the products of said first apéressends 5
contacting steps to renmove the sul fur-contai-4li-ng material of higher_ boiling

poi nt 2. The process of claim1 wherein said feedstock is
conprised of a napht ha froma catal ytic cracking process. 10

3.~ The process of claim1l wherein the feedstock is conprised of a
treated napht ha 1ahi ciThé progesesfalaiel 19 wheriiseidRecoR@sy frocess stream

ni t rogen-cont ai ni rh%ll npurities froma napht ha produced by a catalytic
cracki ng process. additipnally comprises afjleast a portien of thehighsbailing fragtion fomher ei n t he

distillation endpgidabnatisBiitidn bt the brodyct of a{m%g%&g&-n%r tion and the
initial boiling polnt OPJ slg“llt%nsecom cegdsst ocC act gﬁﬁi s in t he
range from about 150[err] to about 190 C : 5. The process
of claim1l wherein thedistillation endpoint, of sa.d second 20 feedstock
fraction is bel ow aboﬁt& 24 ;&:cess@rpm&m&gpmdm%gfmwﬂﬁ%ﬁoegegg&wacl aim |l

wher ei n the seconfiadsyock) whekeid saitffeed3took isicomprised of £ RBRAIre 6£1dRjcardbns viaa one
material selected fromthe group consisting of ol efins which . contain

from3 to 5 car bolrclidesplelingand wherein the feedstockscontains bath thipphenisandf ¢l ai m 6
wherein the nol ar "n%&ﬁfo anfald ‘ hﬁl%- sl @i Lasfd.rst feedstock
fraction is Iovverbét an ?%at *ﬁ%@?ﬁ@s@on a’r%ld&r%cgsgscéﬂlg{ti?%%m

8. The prot@ss of claim®6 wherein the secondary process streamis 30

conprised of* from about 10,0 apout 50 yol. % of olefins which contain from
3to05 car bon atomg) Bidibnatile 2 teeasotto Brolee!

()  afirst feedstock fraction which contains thiophenic
compounds as impurities, has an olefin content of from about 5 to
15 about 25 wt. %, and has a distillation endpoint which is below that at
which significant amounts of benzothiophenic compounds are
distilled; and

(i)  asecond feedstock fraction which is higher boiling
20 than the first feedstock fraction and contains benzothiophenic

compounds as impurities;

(b)  ina first contacting step, contacting said first feedstock
fraction with an acidic catalyst under conditions which are effective to
25 convert at least a portion of its thiophenic impurities to a sulfur-containing
material of higher boiling point through alkylation by the olefins;

(c)  preparing a secondary process stream by combining said
second feedstock fraction with a secondary alkylating agent which is
30 comprised of at least one material selected from the group consisting of

I



- 40- C 9. The process of claiml| wherein the secondary

al kyl ati ng agent is conprised of at |east one material selected from
t he group cowdlesidqistd of al cohols whi ch contain fronpdpiige2aERl DON

at ons. 10. The process of42elaim 1 wherein the tenpérature
used in said second contacting step is higher than that used in said

first contacting ste ss of claiml wherein

11. .. Th
the acidic catalyst (%}°°§9i?ﬂ‘dfql‘?ﬁ§f’%Wh“E‘8ﬁ?ﬁﬁ?°P$P§g $ YNg agRnt 848 ent from

that of said second ga#itigeioiafpolfilibresent in the second feedstock faction;The Process of
claiml wherein a solid phosphoric acid catalyst is used as the

acidic catalyst in at |east one of said first and second contacting steps. °

15 13. The prgges f 'E:m“;:t-gw ej “r‘@ﬁ ' ai d
first and second co ac??%&ecgb&eips ar CJSFT%dl?lne %%@%&F%&i on is
fractionally §istil | esttedanowitke amacidic catalyst tuiter contlitions-wideh sa¢ effeetiveaicanverl of

hi gher boiling point. ,OCess B-\f{-gCl aiml wherein

. e 4. .Th .
t he product of said fﬁ‘}eéﬁﬂesﬁﬁ‘%e{%"’fé“°9h§%ﬁ“5“ﬁtaeﬂ PRRINAE St i | 1 ed to

renmove the sul fur- conhaéri ofhightt Bdilind poftft thogh alkylagbd; et point in a
hi gh boiling fraction and produce a | ower boiling product fraction which
has a reduced sulfur content relative to that of said first feedstock

fraction. 5. : , i i idfirst
contacting step and said &é %%@tﬁlngnJ g?g@hﬁgﬁé@nﬁtﬂ?ﬁéfﬁ% uct of the
first contacl®ng st epoatactingateps todemaie thersubfur-containing material of higher boiling

point.

19.  The process of claim 18 wherein the feedstock is comprised of a
treated naphtha which is prepared by removing basic nitrogen-containing impurities
15 from a naphtha produced by a catalytic cracking process.
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e
distillatigﬁ col umm reactor. 16. The process of claim14
wherein the product of said second contacting step is fractionally
distilled to VEA¥A8% he sul fur-containing material of hi gheerdbsishizg 30
poi nt, and wherein said second contactiggéptep and said fractional _
e

distillation of the product of th cond contacting step are carried
out in a distillation colum reactor.

-41- 17. The process of claim 14 wherein said secondary
process stream additionally conprises at |least a portion of the high
boiling fraction fromthe fractional distillation of the product of
said first contacting step. 5 18. A process for producing
products of reduced sulfur content froma f eedst ock, wherein said
feedstock is conprised of a m xture of hydrocarbons which i ncl udes

ol efins, and wherein the feedstock contains both thiophenic and
benzot hi opheni ¢ conpounds as inpurities; said process conprising: 10
(a) fractionating the feedstock to produce:

(1) a first feedstock fraction which contains thiophenic

conpounds as ianE!ties, has an qlefin content of fromabout 5 to 15
about 25 wt. % #d has a distillation endpoint which is bel ow that at
whi ch significant amounts of benzot hi opheni c conpounds are

distilled; and (i) a second feedstock
fraction which is higher boiling 20 than the first
feedstock fraction and contai ns benzot hi ophenic o~

conpounds as inpurities;
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(b) inatTlirst contacting step, contacting said first feedstock

fraction with an acidic catal yst under conditions which are effective to 25
convert at | @asdo ortion of its thiophenic inpurities tgo a

sul fur-contai ni n’g}@“P material of higher boilingPp&URt"2F ough

al kyl ati on by the ol efins; 2/2 (c) prepari ng—a
secondary process stream by conbi ning said second feedstock
fraction with a secondary al kyl ati ng agent which is 30 conprised’
of at |east one material selected fromthe group consisting of

-42- al cohol s and ol efins, and wheregkn sai d secondary

al kyl ating agent is in addition to apy olefips present in the-
second feedstock fraction; &) i ngda second
contacting step, contacting the secondary process %5 b streamw th
an acidic catal yst under conditions which are efféti ve tﬁ convert

at |least a portigﬁ of its benzothiophenic inpuriti*ds to a9sul fur-containing
mat eri al of high boi I i ng point through al kyl atipgey and

(e) fractionaltgi(ﬁ stilling the products of sailkN i rst—;ld second 10
contacting stepsggo remove the sulfur-containing material of higher boiling

poi nt . 19. The process of claim 18 wherein the feedstock
is conprised of a treat ed napnt ha whi CIT TS prepared by anoving basi c
ni trogen-containing inpuriti catal ytic

cracki ng process.
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