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PCT/ US98/ 00762 Sul fur Renoval Process
Field of the Invention 5 This invention relates to a process
for producing a product of reduced sul fur content froma liquid

feedst ock wherein the feedstock is conprised of a m xture of

hydr ocar bons ai ns organic sul fur conmpounds as un SfndpPurities.
Mor e parwgaﬁg’%y, it involves converting at |east a portlglr;?:)of t he
organi c sul fur conpounds in the feedgtock to products of a higher
boiling point and renoving 10 these high boiling products by distillation.

Background of the Invention ytic cracking process
is one of the major refining o%kllfm M‘(%@iﬁ currently enployed in
t he conversion of petroleumto desirable fuels such as gasol i ne and
di esel fuel. The fluidized catalytic cracking process is an exanpl e of

this type of process wherein a hi gRieloif¢éielineantiorei ght hydr ocar bon f eedst ock
i's converted to | ower nol ecul ar wei ght products through contact with
hot, finely- di vided solid catalyst particles in a fluidized or

di spersed stafe. Sui fThislinyeRion relwsde apracesoior produding o prasuctypf redededl suifydi | wi t hi n

the range of fro L . they are
usual | y cont act e%]n%gttqhbﬁ %g‘f{‘gﬁ{%ﬁ‘%&’%ﬁ’%%‘%&?‘g’%%és %s@c!ﬁﬂea I_ﬁ'xmmr ange from
about 450[err] OCydmcarbonstanG&Btaids oganic sulfurcompends asaRwarigdampetities aMorsu s

mneral oil fracylons | : | S s, W de-cut gas
oi | s, vacu%dm gasﬁ’glpia‘s’%ggrﬁgg&éﬂggqu é‘c‘%’rﬁ%g%??‘g_, tesi dual fractions,
reduced crude oi ¢tompavnds ighe feedstorkotopraductspfjadiighey hoiling ppipand remnayingny of t hese

as well as frgctj ; i titlatiopNal € oils, tar sands processin
T 18Ct (n0R%iHPLINEFolicR By distillatios , p g,
and coal |iquef ac?élaohg(.ﬂ Pr o%ﬂrgts? ;Ggolr%lt he process are typically based

on boiling point and include |ight naphtha (boiling between about 10
C and about 221 C), kerosene (boighiapoun@ bl Mvalifat 180 C and about

300[ err] O, light cycle oil (boiling between about 221[err] C and
about 345[err] C), and heavy 30 cycle oil (boiling at tenperatures

hi gher thar. about 34%] effifticCelacking process is one of the. major refining operations which

15 is currently employed in the conversion of petroleum to desirable fuels such as
gasoline and diese] fuel. The fluidized catalytic cracking process is an example of
this type of process wherein a high molecular weight hydrocarbon feedstock is
converted to lower molecular weight products through contact with hot, finely-
divided solid catalyst particles in a fluidized or dispersed state. Suitable

20 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, kerosenes, decanted oils, residual fractions, reduced crude oils and

25  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 the process
are typically based on boiling point and include light naphtha (boiling between about
10° C and about 221° C), kerosene (boiling between about 180° C and about 300°

: C), light cycle oil (boiling between about 221° C and about 345° C), and heavy

30 cycle oil (boiling at temperatures higher thar, about 345° C).
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-2- . Not only does the catal ytic cracking process provide a
significant part of the ~gasoline pool in the United States, it also
provi des a | arge proportion of the sulfur that appears in this pool.
The sulfur in the liquid products fromthis process is in the form of
organi c sul fur_co nds and is an undesirable inpurity | ' 5
converted to §ﬁ?#ﬁ68%xides when t hese products are utiligggﬁggmgF#uel,
These sul fur oxi des are objectionabhke air pollutants. In addition,

t hey can deactivate many of the catal ysts that have been devel oped

for the catal ytic CONynlyaioss théiatdiytia kRckimaiooass provide a significanpiyrt @shet 0

catal yze the conversion, of rof oyl enjssions in the enai t to

gases which are 5a¥dige poj E‘é’t‘qrﬁﬂ%g'ét.es',&tc SPIVIG §/1,arﬁetprqp(s’%8£§filfﬁ€ e to reduce

boss: bl | evel 5. B g L TpC Lt 466 of strai ght
: . e _sul fur-contai.ni | s of straig

run gasol i nes, vis ©orm gF greanic sulfur compounds anil is ag, ?’éabg}ggfwg#iéﬁ of crude

oi |, are usuas | ycoweited bi siffirorides Whiea thesetposincts are utilized acx faclk Sesgawlénr i nes. The

e oot Rl e TR PR i Rkt Ll HRPCR BB oy ok 3T 2

conventional |y ohtafisneit have beehdevelpptdefonthe cataiytia coriverters which arppssd@8s by

o ocess.  The®hy dBEIoBi i sEERE B Eimsoh BEBR AP GRS il (Feibg it o L 1e

hydrogen in  gastsheniqhrasslessobjegionsblec sicadriiogly ainis desirgblp tosrequge thagulisnver si on

Pydr ogen sul PP decedt bl ercking profil BUR BRSO Bl P (L' %2, et a

sul fur. Unfortunat el yhe suifupcaniaisingoimpyritice efsstypigle; ramsgasqlispss hich are quite

expensi ve becaus rebérea{]@%ﬂho@ee&astﬂlaﬁ&tt{fEﬁaféﬂ, BASQEF Yery BirRfinPi &S GidfeSn Pr OCESS

equi pnent, expenSive hydr r§§2£ ng cata ys;s, and a ﬁt&;ﬁér gﬁCOVﬁgy pl ant

for conv erwéke gasblines) e Thecformer FORRitDesHy gessaptans R B, SNAIPRS ical

sul fur. In additi in thi hyS\aikeat i ng process can result in an

undesi r ed destruti:a%&oarr]égﬁ %Ithé?pih?\nse in the 25 feedstock by conversion to

s?t?_rat eg hﬁdgocar bogyww}fm}gwuﬁyﬁeggﬁfﬂaPWﬁquﬂEmmmca‘a‘ﬂ_@sﬁ‘mi on of

ol erins by hydro drotrehtiti GRher BR/fRhRE B £ 65 Brdduica i e

consunption of egg’g%s})ggy hyﬁr g%en, and the ol eanse_sare v%l uabl e as high

oct ane c olyesesen{The ydraysaling progess jmyolyves treatmpns With elempma! ixdregendn gasol i ne

boi l'ing range fr g0 Resence ofaca&Ws?dfnﬂ'é'sGlts%ﬂﬁKéﬂ?&siBﬁthﬁ§§11€ﬁﬁﬁtﬁésﬁﬂﬁrat ively

hi gh octane nunber "as a result of the .
containing organic impurities to hydrogen sulfide which can be separated and

20 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 hydrogen sulfide to elemental sulfur. In addition, the
hydrotreating process can resuit in an undesired destruction of olefins in the

25  feedstock by conversion to saturated hydrocarbons through hydrogenation. This
destruction of olefins by hydrogenation is undesirable because it results in the
consumption of expensive hydrogen, and the olefins are valuable as high octane
components of gasoline. As an example, naphtha of a gasoline boiling range from a
catalytic cracking process has a relatively high octane number as a result of the

30 presence of a large olefin content. Hydrotreating such a material canses a reduction -
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- 3- in the olefin content in addition to the desired desul furizati on,
and oct ane nunber decreases as the degree of desulfurization

I ncreases. O 98/30655 During the early years of the rgéjgHodi@rézndustry,
sul furic acid treatnent was an inportant process that was used to
remove sul fur, precipitate asphaltic matgrial, 5 and inprove stability,
color and odor of a wide variety of refinery stocks. At page 3-119 of
the Petrol eum l?m&asm‘ dogeran sHaaiok 1o i desirdd| desutfuidatonRand oclany mehben, Ed.,

MGawH || Bo a 196 eported that |ow tenperatures (-4
to 10 C) are u "é‘&ea?ege‘?'ﬁ%/ge th’ggl}t\mﬂﬁngl_%sﬁ@ acid, but that higher
t enper at ur es (mﬁ{ngﬂre]eaﬂpyesﬁ of3he refiyiing ehdiste Cdulfarid acidfreatpdearwadl is to be

rerun. It is disclosed in t S ur na 10, 1938,
at page 45 t haf" SHOFE PE?C‘:‘EEF’H kdd @%f%ﬁ%ﬁ?’o‘éﬁs"&i' preﬂ%ff?ﬁtaﬁ%{m{\b méFf’%Ct ive in
removi ng or gan i imptavel staliiigf ceion am@dnmfurwme \asetg offefigesy stocks. Aspagery |

D

mer capt an, t uI f onat.e,... carbon disul fide,
n- but yl suI f | d l?%oﬁotﬁ%% Eeﬂmémcﬁs%éngf“i?g a'ﬁl p’)’%gr}y Da %fqnbm de, and
n- but yI s EHf, MoGrawFHEl Bdok Company, 196V,Gt nwomd than idwutemperatanesi(-4t eat ment of

I ' [ ticl
0 the. Pt ol ol TSP P g oo Sy iR BhAR Bl 0" 01" 111 € ©
142- 150. Mapst t\')i‘ié 10 84500 treay e prretipal if hbtertidh dstto be rerun. tihis distiesed & theil be
al kyl ated by ol,gh GhS rolufhal ?@y&ﬁb@?f‘d‘?é‘ss%tpiééh 5\Hiah Gufifid q&&%ﬁ%&( geher

states that this sane reac ave a signiticant effect in the
desul furi zati ompﬂmcsd&mwlxsnmvngmmq mﬁumnmmammtewmnssul furic acid

in that a 20 oﬁrfﬁﬁg?ep&ﬁaﬁrdﬁrhmlﬁﬁﬁ% %’f‘ﬂﬁegés fild &b&p‘hﬁﬂ d occurs on

the redistillatio e rerun
bot t ons cont ai byl sufideyr arpropyrdisulfide, Glim!@mef diphenyl sulfoxide, and #-butyl S, Pat ent No.

der i vat i ves. cattitEe s ikply BhlRaT Wt Lol pRACr Ml Senemivty o1 4
t enper at ur el5 dlscusmlttmébﬁ Mm;[me maeumuaxugoutmmw[o@um]m@er.mos 8. presence of
a catalyst suchypg; @ovember, 1950) at pp. 142-150. Mapstone reports at page 145 that
thiophenes may be alkylated by olefins in the presence of sulfuric acid. He further
states that this same reaction appears to have a significant effect in the
desulfurization of cracked shale gasoline by treatment with sulfuric acid in that a
20 large ISroportion of the sulfur reduction obtained occurs on the redistillation of the
acid treated gasoline. with the rerun bottoms containing several percent of sulfur.
U.S. Patent No. 2,448.211 (Caesar et al.) discloses that thiophene and its
'derivatives can be alkyla@ by .reaction with olefinic hydrocarbons at a temperature
between about 140° and about 400° C in the presence of a catalyst such as an
25  activated natural clay or a synthetic adsorbent composite of silica and at least one
amphoteric metal oxide. Suitable activated natural clay catalysts include clay
catalysts on which zinc chloride or phosphoric acid have been precipitated. Suitable
silica-amphoteric metal oxide catalysts include combinations of silica with materials
such as alumina, zirconia, ceria, and thoria. U.S. Patent No. 2,469,823 (Hansford
30  etal.) teaches that boron trifluoride can be used to catalyze the alkylation of
thiophene and alkyl thiophenes with alkylating agents such as olefinic hydrocarbons,
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25 activated natural clay or a synthetic adsorbent conposite of silica

and at | east one anphoteric netal oxide. Suitable activated natural
clay catal ysts include clay catal ysts on which zinc chloride or
phosphoric acid have been precipitated. Suitable silica-anphoteric
nmetal oxide catalysts include combinations of silica with materials

such as al um onia, ceria, and thoria. U S. Paten 69 823
(Hansford 30 ”&o?ﬁoFﬁ) teaches that boron trifluoride can be Eé“e

catal yze the al kyl ati on of t hi ophege and al kyl thi ophenes WI t h

al kyl ati ng agents such as ol efinic hydrocarbons,

Printed fromM mu?mmu@éi/ $16uhdi19 %% mléhapt&s Oth 43aglén, 10S. Patent No. 2,921,081

4- al kyl i des, al cohols, and nercatans Inad|t|on U S. Patent

No. 2,921. 081 ““"(eﬁch'ﬁ%?‘s"bh‘?'@&?%tﬁ’%?c“}m tﬁ‘l@ earlysiscan peprengreddyc sol i d

?at al yﬁ ts can bQoﬁbxﬁiﬁQ&Qﬁlcoh?ﬁm compou@d Eefecizh hemat;ezgrm@ehstsémg:ﬁfmﬁ&x:nﬁta sel e?t ed
romthe group consjs zi_rconj um di-QXi and the halides o

zi rconium with &% é‘{f a&i@gf‘@@fsef{i ZirgOg i, itk a@taf)‘gﬁ'g%ﬁgﬁ%‘tq‘?ﬁm? congigting

or t hophosphors ¢ @Oﬂhhphcmﬂiwbhdﬁ myfdﬁh&pmt did, &ﬁdrfph?spﬁbﬁﬁdﬁhﬂr ﬁcs fafhd. It is
I O
U S. Patent No. iR episéhse of(siehsadaig)ysidi scl oses t hat thi ophene can be renoved
fromm xtures-of thi teri h ns sel ective

al kylation of 10 th |%rbtt@n%\g%§§h7gg gtlggé'f%‘ﬁysgﬁa? H?'@m "G hi ophene
al kyl ate by di stfrdni mixnwes. of Hisematerial withedrematic\hgdradakbphslhy selective alk;alaumnem out by
m xing the tiy Wit

al kyl ati ng agent an con%ﬂcr%&%lggﬂéﬁ%%dn%éh thﬁ%(g{a Ichgﬁs 9{]“8?1 lilh

catal yst at a caeleftive pikylationtis carriied dut byrmising the thdophenctchaminatgicarémanin about

-20 C to about I §§ﬂ ;IQQ{E | am ng agents

i nclude 15 %Pﬁga{rimr?&lgla&l gﬁla&grsﬁ%%gr acl glgtr&ers 'ﬂg‘h X‘:k@%tioy conmpounds
such as ali phat i catalyst atacuﬁubtmh@“%tdmumunnl@s&mc from Abauair boxylic acids. It
is also discl Ose‘iot Erl a H ésalﬁ Q1 is disclos hﬁy%uﬂc})'éoﬁcy?ﬁhﬂi&%%cugd ude the

follow ng: (1) The -Crafts neta are preferably
used in anhy&¥ ousefmé»rmqrcap@ys singred aqithesterse andcalkpxy panepoenda ich as allphatlc
pyrophosphori ¢ agdoflels %eﬁamﬁéﬂ{&c%aﬁhé%l&surl 1§al?&dt 10544 Baltehe vol u

rati o of 20 sul furic to phosphoric aci ess an a out
a mxture of a mwgqgﬁbpq@ysm mclude the following: (1) The Fnedel-Crafts metal halides,

which are preferably used in anhydrous form; (2) a phosphoric acid, preferably

nd (3)

pyrophosphoric acid, or 2 mixture with sulfuric acid in which the volume ratio of
20  sulfuric to phosphoric acid is less than about 4:1; and (3) a mixture of a phosphoric
acid, such as orthophosphoric acid or pyrophosphoric acid, with a siliceous
adsorbent, such as kieselguhr or a siliceous clay, which has been calcined to a
temperature of from about 400° to about 500° C to form a silico-phosphoric acid
combination which is commonly referred to as a solid phosphoric acid catalyst.
25 U.S. Patent No. 2,943,094 (Birch et al.) is directed to a method for the
removal of alkyl thiophenes from a distillate which consists predominately of
_ aromatic hydrocarbons, and the method involves converting the alkyl thiophenes to
sulfur-containing products of a different boiling point which are removed by
fractional distillation. The conversion is carried out by contacting the mixture with
30  acatalyst at a temperature in the range from 500 to 650° C, wherein the catalyst is
prepared by impregnating alumina with hydrofluoric acid in aqueous solution. It is
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acid, such as orthophosphoric acid or pyrophosphoric acid, with a siliceous
adsor bent, such as kieselguhr or a siliceous clay, which has been cal ci ned
to a tenperature of from about 400 to about 500 Cto forma

sil i co-phosphoric acid conmbi nation which is commonly referred to as a
solid phosphoric acid catal yst. 25 U S. Patent No. 2,943,094
(Birch et al.g, Lﬁso%rect ed to a nethod for the I e By adesheal Kyl

t hi ophenes froma distillate which consists predom nately of aromatic
hydr ocar bons, and the net hod invol ves cosverting the al kyl thiophenes to
sul fur-containing products of a different boiling point which are renoved
by fr aﬁt | disodbed dhat the katalyst Gunctiohdne: mrcmm iRyl thisphenss té Bererculity] bK
contacting the Ju xture t s erature in the range’
from 500 to 65(}{’?&”?‘ M’r’f“‘f‘ﬁ%‘“‘é‘ﬁ‘f‘a’l"% &eal%ylmmp@ ared by i npregnating
alumna with h;sdﬁmhuomrdemkﬁmod ahdalieyiatien ofalkybihiophenes; ardt (3] ®nvert alkyl
PrintedfrothglgégOIOSI d‘::L49 03 page -6-

-5- di scl TEHRTOPRE cY rf’a?fg/gf functions to: (1) convert alkyl

t hi ophenes t% | ower Ud. Pytkent No. 267h648r(hemasal aretites ko apreceksstor theit ed t hi ophene by
deal kyl ati on; ' | kyl ation
of al kyl thi ophdtza h%magndog(ag?ghcsgwlvreo?e? y&?%ﬁh%%ﬁilvg% eg{ri{gs ogﬁahrlagnat e

hydr ocar bons. Swith hydrogen fluotikieSo omm@nafrm defuerimatity@e (dffinare, end thdn. ) rel at es
to a process fq u i ni ¢ napht ha
whi ch invol ves r%%@?r?&df %ﬁﬁgédhﬂdﬁ%@@vhﬁ’ﬁFg&ﬁ@ ?‘glgngnlrﬁﬁeorl glfe to obtain a
raf finate, def |withhydeogenfporifeis P&Tlﬁd MaBtR temnmmhe range feoomabaest-SHg t he

def 1 uori natggl r@lil Bahr %&agmﬂFw:ﬁai redit Péle Rnddll BPanok B ob SR LFRO! Wi th

hydrogen fluoride is carrie a tenperature i n rangefromabout
-51[err] 10 t ofeadsoplk 3s adighsulfyr coRsenti Pxtfagsnandabeut RO oA Qf “i‘erfeﬁldﬁéCkrle moval

of about 10 15% Ghyitai&usly co nvir&ﬁ@ib&%&&oﬂaﬂdﬁﬂlﬁﬂhmt&ﬁmﬁ% esxtract and
about 30 to 40% of the Teedstoc si mul taneou;af}[ converted by

pol yneri zati on @ihepilingignseat AHer removahef it fnom the raffine, thy gaffinate is gontacisdj | | ng
range. After regRyal HRhoddied it £% wiideladntne il Hohf BREEs oS cont act ed

with an HF-activated alumna at a terrEerature I n the range from about 316
to 15  4821% t42q&pesnelmese A deatiulateits aa¢ el bojlingrange SPTPABEN M4 r ange
conmponent s and et additionaEids@ififrizafdgll t i onal desul furi zation.

U.S. Patent No. 4,775,462 (Imai et al.) is directed to a method for
co_nvert‘mg the mercaptan impurities in a hydrocarbon fraction to less objectionable

thioethers which are permitted to remain in the product. This process involves

20  contacting the hydrocarbon fraction with an unsaturated hydrocarbon in the
presence of an acid-type catalyst under conditions which are effective to convert the
mercaptan impurities to thioethers. It is disclosed that suitable acid-type catalysts
include: (1) acidic polymeric resins such as resins which contain a sulfonic acid
group; (2) acidic intercalate compounds such as antimony halides in graphite,

25  aluminum halides in graphite, and zirconium halides in graphite; (3) phosphoric
acid, sulfuric acid or boric acid supported on silica, alumina, silica-aluminas or
clays; (4) aluminas, silica-aluminas, natural and synthetic pillared clays, and natural
and synthetic zeolites such as faujasites, mordenites, L, omega, X and Y zeolites;
(5) aluminas or silica-aluminas which have been impregnated with aluminum halides

30 or boron halides; and (6) metal sulfates such as zirconium sulfate, nickel sulfate,
chromium sulfate, and cobalt sulfate.
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U S. Patent No. 4,775,462 (lmai et al.) is directed to a nethod for
converting the nercaptan inpurities in a hydrocarbon fraction to |ess

obj ecti onabl e t hi oethers which are permtted to remain in the
product. This process involves 20 contacting the hydrocarbon fraction

w th an unsaturated hydrocarbon in the presence of an acid-type
cat al yst underyfd3Rghisi i ONs which are effective to convert é%ﬁ?

mer capt an inpﬁﬁltles to thioethers. It is disclosed that €I TA% aci d-type
catal ysts include: (1) acidic polygeric resins such as resins which
contain a sulfonic acid group; (2) acidic intercal ate conpounds such
as antinony halides in graphite, 25 al um num halides in graphite, and
zirconium halides in graphite; (3) phosphoric acid, sulfuric acid or
boric acid supported on silica, HmRarsarthelnvestiony| ynj nas or cl ays;
(4) alum nas, silica-alumnas, natural and synthetic pillared clays, and

nat ur al and s?/_{]éheti_c zeol jtes such as fanjasites, nordenites, L,
onega, X and Y zeol {p&gireatng is a“fé‘i"“%ﬁ%"ﬂi%’ iy rempyal eESULYrFRPARBE Whi ch have

been i npr egnat eithputitids fdnhydsotaibdndiquidencidsl thos®Whibloire Borivadiiogds; and (6) netal

sul fates such as zircani ym sul fate i cke] sul fate, . chrom um
sul fate, and co%"ﬁ?"f“{%%l'? é&ymng °}pé"°{gum 55 1mse which Sre degiyed fromFoply om M nosa

03/ 05/ 1999 11: 48quefictjpagad the processing of oil shale or tar sands. Liquids of this type, which
- 6- of the I nvention

Hydrotreating i Roil gver ; ?rgaéjtqr?gr%faﬂﬁ?adfe&p??qﬂmégr g range fromy abopt 18 nt ai ni ng 5
i mpurities fron€iyahoutcisHOnark refierted $o lersthasd distillansiydsobarbn IRjaids.c Foyent i onal |y
coal <" O 0 paipk bl bR ShidnE S0P i RO g pee B e,
Li qui ds of thi ;hxdyqya’bowiﬁ“&a- Unfortuipgely, hydretreatinglis aroekpansive processnaniange  of
Lt o A B0 R ol s oyl T
exanpl e, |ight Aeqordingly, teeecis y need fdrtah inexpensivepeovess dordhd jembal ofjsolfie- oi | are al |
gi( ; telnls : \allteepr oc eg@%%%é&ﬁﬂs Hng 'ﬂisglﬁne H@o%ﬁ(}mﬂ&%.yThew ig 51% i r?eaea %orllg Is an
15  such a process which can be used to remove sulfur-containing impurities from

highly olefinic distillate hydrocarbon liquids.

We have found that many of the sulfur-containing impurities which are

typically found in distillate hydrocarbon liquids can be easily and selectively

converted to sulfur-containing materials of a higher boiling point by treatment wi.th
20 an acid catalyst in the presence of olefins or alcohols. We have also found that a

large portion of the resulting higher boiling sulfur-containing materials can be

removed by fractional distillation.

One embodiment of the invention is a method for producing a product of

reduced sulfur content from a liquid feedstock, wherein said feedstock is comprised
25  of a mixture of hydrocarbons which boils below about 345° C and contains a minor

amount of organic sulfur compounds, and wherein said process comprises: (a)

adjusting the composition of said feedstock so that it contains an amount of

alkylating agent which is at least cqugl on a molar basis to that of the organic sulfur

compounds, and wherein said alkylating agent is comprised of at least one material
30  selected from the group consisting of alcohols and olefins; (b) contacting the

resulting mixture with an acidic solid catalyst at a temperature in excess of 100° C
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usual |y unsatisfactory for use with highly olefinic distillate hydrocarbon

| i qui ds. Accordingly, there is a need for an inexpensive process for

t he renoval of sulfur- containing inpurities fromdistillate
hydrocarbon liquids. There is also a need for 15 such a process which can
be used to renove sul fur-containing inpurities from highly olefinic
distillate hyQdysapedn |iquids. W have foupsdshadorspany of the
sul fur-containing Inpurities which are typically found in distillate
hydr ocarbon |iquids can be easily and sehectively converted to

sul fur-containing materials of a higher boiling point by treatnent with 20

an aci d cat al ySbr d ddnia&t@infevdisBICfettive & REulif conkersibic o0 lest a Yértibanfe al so found
that a- | ar ge o_rtigln of t eresLﬂet{;, hi gher bo.ilint?__

sul f ur - cont ai i) OFHERE PG compoppds o s higher bolihg Rifhi-ciyathing paial ond

di stillation. (c)fractionally distilifugeahecpriaiuctiofeaid confacting Step fvremibvediighi Wiliag met hod f or

produci ng a prodyct of. . .reduced sul fur content fro | i quid

P ecdst ock, wierBii catiining madl g orpes peoie, B & reebSel sRosreint o
hydr ocar bonss whelativehothasoflsaid teedsedokout 345 C and contains a m nor

anount of organic syl fur c ou and.wher el I d process conprises: (a)
adj usting the corrpog'?’?#% ﬁmg(fd ¥ F%ﬁ?eelg‘éfg?%lclia 518&?%% P ucg’&r?tpé?‘ﬁ%t n anount

of al ky| atduogl salf@rvontedtiwhich icamprisest. dg@)gtrodacingtatatytic arackibgprodsasi s t o t hat
of the organic f. i " rein i d al kvl ating agent is
conprised of at‘aﬁ(gld}s{{mdgr?‘élfuﬁﬁ T %’ﬁ%ﬁnnegggfa‘g? gaiyfcrmo%n%ﬁgy%%% " consi st | ng
of al cohol s andeadstedki which qobthing swifureoniaining tisapurities; (b) sepamtihg atdegstai Xt ure with an

20 0 0 oM b RS gt of i {

-7- f or apersonttof olefinsi and contains lorganic sylfur comippunds as impunities; & conver si on of

at | east a portj i oh.1Qf ' . . her -
boi li ng sul fur -égg%%tgl% rtllfcnsgpunat ecr|I%Q&%Qgﬁ%hadﬁ%ﬁ@gg{esgh&aﬁﬁ& [ gti I 1ing
the product of tempegateroin excass pigf08 Cclpr & peripdofigime whichHs effectiverig convert at

sul fur-contai nipg, MBdrGdd @lmeanmrgsggﬁﬁgggagﬁéggﬁﬁd bk Jaaﬁ,ﬁ@cé\%gi[gced sul fur

content 5 relative to that of s her

enbodi ment & tRTeducts yensuliyricangining matenialcpf higherboibiag peintand (Brfogtionellf
reduced sul fur GaiidgRe pibkuetbr SAEBInkaB iR stef 0 reMbRAUSH Hoing kYt 1 C cracking

products

containing material and produce a product which has a reduced sulfur content
relative to that of said separated catalytic cracking products.
A further embodiment of the invention is 2 method for producing a product

20  of reduced sulfur content which comprises: (a) producing catalytic cracking
products by catalytically cracking a hydrocarbon feedstock which contains sulfﬁr-
containing impurities; (b) passing the catalytic cracking products to a distillation

- umit and fractionating said catalytic cracking products into at least two fractions
which comprise: (1) a liquid boiling below about 345° C which contains sulfur-

25  containing impurities and (2) material of higher boiling point; (c) producing a
treated liquid by contacting a portion of said fraction (1) from the distillation unit
with an acidic solid catalyst at a temperature in excess of 50° C for a period of time
which is effective to convert at least a portion of the sulfur-containing impurities in
said fraction (1) to a sulfur-containing material of higher boiling point; and (d)

30 returning the treated liquid to said distillation unit and fractionating *he treated
liquid simultaneously with the catalytic cracking products, whereby at least a
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whi ch include sulfur-containing inpurities by catalytically cracking a

hydr ocar bon feedst ock which contains sulfur-containing inpurities; (b)
separating at least a 10 portion of the catalytic cracking products which
is conprised of at |least 1 weight percent of ol efins and contains
organi ¢ sul fur conpounds as inpurities; (c) contacting the separated
catal ytic cracgk) oducts with an acidic solid catalys

t enperature iﬁ%%xcegé of 50[err] C for a period of tine &ﬁﬁ&% I's effective
to convert at | east a portion of thg sulfur-containing inpurities in
sai d separated catal ytic cracking 15 products to a sul fur-containing

material of hi glggrioer thd shEu@hiaining HArid1 F hi ﬁeil%xhﬁglﬂﬁﬂt}h the reateddiq@ibti | [ 1 ng t he
-product of said contacting stegoto renovecm%g boi |l ing sul fur-

cont ai ni ng mat eﬂﬁ"&!‘m‘&ﬁd“"p”r’?fa‘iﬂ‘f faedyced setay 1§ PFPQuced-y educed sul fur
cont ent relati MEon&t mm 1n€&m@ﬁ§ @ preRIadhettidd ottt redbval 6 sBilel NQ
pr oducts. vention is a nethod

for producing ac?fF%’HEﬁ:’tmp%“es frBF‘ ﬁsgﬁﬁ%gygrqggb?w“@é g@h?%ﬂﬂ?‘dﬁm&v& nprises: (a)

produci ng catsal yi?drﬁtrdit’lﬁg(kag'drogenmﬂﬁrpﬁdiuﬁé sfah;ym&éanhgtmatﬁkly cracking a
hydr ocar bon feedsto;ﬁ/ ic@ ont ai.ns._ sul thfge u? r} o‘ﬁ‘i urities;
(b) passing the cat aMyPYeEt L BCRYREONS PRI aP(B‘mépeB’i“é‘t’m 0g 1pr Joduct uni t
and fractionati digtites kydmeirbonyliquids of AredicabsuffirQdierits |nto at | east two
fractions whi ¢ I u 0i | i.ng ow about 345[err] C
whi ch contains sulf u&mﬁﬁ e°§ tPi(atllnzr'ﬁnﬁ%n ¥ g’ﬁ'r?v’%' agaetiog 5°r( TRBYA g?ﬁt of -

hi gher boi |l i ng p®raaptans( m)oppnnodu!ahmglem derivativest fropadigtiliate ingdrocirioy cont acting a

portion of 31%idli§u]'ii§s0tion(l) fromthe distillation unit with an
acidic solid catdlyst at a tenperature in excess of 50[err] C for a period
of tine whi ch Ampthef diject pfithe inventioniv &x provide dndmproves methot! ifernheof t he

sul fur-cont ai ni ti.0n. a
sul fur-cont ai ni r?g“&na er{llglk%&}d ﬁn%ﬂlgun%glﬂjﬂqﬁéé‘ 0|éﬁ?°?mék§)d'%cgs)' 30 ret urning
the treated |iquid t#4 fgthedobikicsafithe intention isitoiprovided niethmd faroeatmongl ¢fhe tr eat ed

hautd st mil t angodlo¥nathhd imtplfhids ol fifhe SRk bRMPEA MG e cilBEECDY 2!

| east a nted nosa 11:49: 03
page -9- -15  process without significantly reducing its octane. - 8-
portion of the sulfur-containing material of higher boiling point in the
treated |liquid is renoved and a product of reduced sulfur content is
pr oduced. An obj e8riefiPeseription of theDrawingss t o provi de a net hod -

for the renoval of sul fur-

FIG. 1 of the drawings illustrates the use of a solid phosphoric acid catalyst
20 on kieselguhr to increase the boiling point of sulfur-containing impurities in a
stabilized heavy naphtha feedstock that was blended with a mixture of C, and C,
olefins.

FIG. 2 of the drawings illustrates the use of a solid phosphoric acid catalyst

on kieselguhr to increase the boiling point of sulfur-containing impurities in an
25 olefin-containing, stabilized, heavy naphtha feedstock.

FIG. 3a of the drawings illustrates the distribution of sulfur content as a
function of boiling point in a low olefin content synthetic hydrocarbon feedstock
which contains 2-propanethiol, thiophene, 2-methylthiophene, and isopropy! sulfide
as’impurities. FIG. 3b illustrates the use of a solid phosphoric acid catalyst oh

30  kieselgubr to increase the boiling point of the sulfur-containing impurities in this
synthetic feedstock.
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containing inpurities fromdistillate hydrocarbon |iquids which does not
I nvol ve 5 hydrotreating with hydrogen in the presence of a hydrotreating

catal yst. An object of the invention is to provide an

I nexpensi ve nethod for producing distillate hydrocarbon |iquids of a
reduced sul fur content. Anot her object of the invention is to
provide a net the renoval of mer capt ans, thi peheegedrd

t hi ophene der %‘gﬁ@é@ fromdistillate hydrocarbon 10 |[|iquids.

Anot her object of the invention is to proside an inproved nmethod for the
removal of sulfur-containing inpurities fromcatalytic cracking products.
A further object of prfesd dFaRidrdvangs ilfustraes ieQtisnthation ofstlid dofa atzhe renoval of

sul fur-containing inpurities fromth i ght napht.h roduct of .a catalytic
cracking 15  phoeuanof RpiigReint & aHgh ‘iﬁgjﬁ‘rfg?‘ff“ Raital ﬁ'é’ c?rgmb%f‘ﬁaitfr?‘ék.
Brief Descripti quhicAtortdi® 2¥ropanétigol. thiophene, 2-methylthiopliehésand isopropyh sulfifieawi ngs

illustrates the use qf a | id_phosphoric, aci.d cat.al.yst n ki esel guhr
to increase the bR Si(l?n‘{b ‘B‘E“@lﬁﬂ e 8%%0!1{1&1?11?0%11%{'%%&% 'Tza?ailyes%&ﬁ n a
st abi | i zed heav kiessguht dandreasihé builingtpoint ofulessulfirevontaidinginbgwrigiesrin thisur e  of

Cerr] and (err . ol efi ns. FIG 2 of the draw ngs
Illustrates the sl'fé“&"‘éf”%f‘% 1 id phosphoric acid catal yst on ki esel guhr

to i ncrease the boi |l Fitg5pbihetiraings illiftxares the abikMy of siy diffaysorsolid aeidid n an 25

ol ef i n-cont ai ni n tahilize avy. s . FI G

3a of the drawi ﬁ%‘é‘y f 1%%??%%%%“?@? %@?&%&?PMW Ayt as a

function of boi Ifesdgogkcivhich camtained d29 ot.¢% PHC oA Ce olefinsy batihbefore amdafencar bon

f eedst ock Me&lr ka&?@&s%ﬁ&éed%i&&?ﬁa@%% bb.@k ’volmé 91%' Gf'%ﬁo ene to
propyl s I de rit

2- met hyl t hi o}anene, ARG T Sopro as 1 npu es. FIG 3b
il lustrates the symhetioffeedstaelsl i d phosphoric acid catal yst on 30 ki esel guhr

to increase the boiling point of the sulfur-containing inpurities in this

synt hetic feedstock. ~Printed from M nosa 03/ 05/1999
11: 49: 03 page - 10- Detailed Description of the Invention
15 We have discovered a process for the production of a product of reduced

sulfur content from a liquid feedstotk wherein the feedstock is comprised of a
mixture of hydrocarbons and contains organic sulfur compounds as unwanted
impurities. This process comprises converting at least a portion of the sulfur-
containing impurities to sulfur-containing products of a higher boiling point by
20 treatment with an alkylating agent in the presence:of an acid catalyst and removing
at least a portion of these higher boiling products by distillation.
Suitable élkylating agents for use in the practice of this invention include
‘both alcohols and olefins. 'However, olefins are generally preferred since they are
usually more reactive than alcohols and can be used in the subject process under
25 milder reaction conditions. Suitable olefins include cyclic olefins, substituted cyclic
olefins, and olefins of formula I wherein R, is a hydrocarbyl group and each R, is
independently selected from the group consisting of hydrogen and hydrocarbyl
groups. Preferably, R, is an alkyl group and each R, is independently selected from
the group consisting of hydrogen and alkyl groups. Examﬁles of suitable cyclic
30 olefins and sui:stituted cyclic olefins include cyclopentene, 1-methylcyclopentene,
cyclohexene, l-methyicyclohexene, 3-methylcyclohexene, 4-methylcyclohexene,
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-9- FIG 4a of the drawings illustrates the distribution of

sul fur content as a function of boiling point in a high olefin content
synt heti ¢ hydrocarbon feedstock whi ch cont ai ns 2- propanet hi ol ,

t hi ophene, 2-nethylthi ophene, and isopropyl sulfide as inpurities.
FIG 4b illustrates the use of a solid phosphoric acid catalyst on 5

ki esel guhr to_increase the boiling point of the sulfur-qﬂgbﬁ'

i mpurities i n WOP06sS synt heti c feedstock. %yhﬁgof t he
drawings illustrates the ability of six gpfferent solid acidic

catal ysts to increase the boiling point of sulfur-containing inpurities in

a synthetic cye cloREPEERL O&JE100006He Cdhd AmbtFich@tsbeike. ExafpleSofhitableatefins and ([ err]
ol efins) both béforé and after 10 the f%ed t ock wag bl endgg W|th pr opene
at a 0.25 vol un®f thewperfdermylad incipde prgpene, '"E@‘H]PFP@F‘?"C FONIERs ¢

Detai | ed Descri piep1-Qbuidne® 31:&&9131 -bsdéhe, 2-'h’aithyl—2-butene. 2, MiimbByi s over ed 'a

process for the productlon of prod ct. of d |.fur, content
froma liquid féé M‘?S‘%}'P(‘\Rﬂ‘é?eelzr?i‘ @é‘ﬂ’?ﬂ’fwc 'etggl qﬁ‘?fﬁ?l%’&%ﬂ %{h?

m xture of hydr geaek0s3, eyl dieie, QFpgiterer Mhémr mmwdmms unwant ed

i mpurities. This process co t’-‘i’@ ;es convert+_6‘?ne§ | east ortiqn of the

sul fur- c omedyhl n“g“ﬁ“ﬁpume ylglspentsne, 4 ¥k %f'PﬁPeT‘lg Toducts of a

hi gher boiling pexen, mexa{a umemtdmatlmmdm dl, Syexadiénng 2 Agexudienn t he
presence of an |d ca gq} Aoy ap &g@s élon of these
- it eppi e, 2ocmme S ocfi>logh

hi gher boiling |ta e al kyl ati ng
agents for use sa:ohchey mmﬁarsc ealcalfolstate lsgumefmdmven prmiaudﬂcohols becaiseot h

al cohol s an i ns wever si nce they
are dk?all yﬁﬁr“éulgﬁéglcgf”b%c{)‘ﬁ%iﬁ%p?[r%gﬁ lg can %‘flsg&sg@g in the

subj ect process niketaeacién conamwxrdeMateaalsSuchas elhyhie,tmelhasolasmemabl@e ol efins

I ncl ude cyclic Iefl sub G LnS: ol efi ns of
formula | wher e| g’ mgs Flr %&%ﬁ:gﬂréa‘ 1§Eoésrltx)nh‘" pmﬂegd;{l([:tﬁssw&ﬁ%’

I ndependent |y semmwdutnmmMVgr oup consisting of hydrogen and

hydr ocar byl groups. Preferably, R err] is an al kyl group and each
Rl err] is independently selected from the group consisting of
hydrogen and al kyl groups. Examg, es ofgzsw table cyclic 30 ol efins and
substituted cyclic ol efins incl ud =¢*=yc| opent ene, @® nethyl cycl opent ene,

cycl ohexene, 1- nethylcyclohexene? Rhyl cycl ohexene, 4-nethyl cycl ohexene,
Printed fronmddM nosa 03/ 05/ 1999 11: 49: 03 page -11-

Preferred alkylating agents will contain from about 3 to about 20 carbon

atoms, and highly preferred alkylating agents will contain from about 3 to about 10
carbon atoms. The optimal number of carbon atoms in the alkylating agent will

20 usually be determined by both the boiling point of the desired liquid hydrocarbon
product and the boiling point of the sulfur-containing impurities in the feedstock.
As previously stated, sulfur-containing impurities are converted by the alkylating
agents of this invention to sulfur-containing materials of a higher boiling point.
However, alkylating agents which contain a large number of carbon atoms

25  ordinarily result in a larger increase in the boiling point of these products than
alkylating agents which contain a smaller number of carbon atoms. Accordingly, an
alkylating agent must be selected which will convert the sulfur-containing impurities
to sulfur-containing products which are of a sufficiently high boiling point that they
can be removed by distillation. For example, propylene may Be a highly

30 satisfactory alkylating agent for use in the preparation of a liquid hydrocarbon
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-10- cycl ohept ene, cycl ooctene. and 4-net hyl cycl ooctene. Exanpl es of

suitabl e ol efins of the type of fornmula | include propene,
2- met hyl propene, 1-butene. 2-butene. 2- met hyl - 1- but ene,
3-net hyl - 1- but ene, 2-net hyl - 2-but ene, 2, 3-di net hyl - 1- but ene. 3

, 3-di met hyl - 1- but ene, 2, 3-di net hyl - 2- but ene, 2-ethyl-1-butene,
2-ethyl-3-neth 1- butene, 2,3, 3-trinethyl-1-butene, e,

2- pent ene, mﬂ%’y’?“is pent ene, 3- et hyl - 1- pent ene, f&n{gﬁﬂfﬁ%ﬁ] pent ene,
2,4-dinethy| 1- pent ene, 1-hexene, 2- .1fiexene, 3-hexene, - hexadi ene,
1, 4- hexadi ene, 1, 5-hexadi ene, 2, 4-hexadi ene. 1- heptene 2 hept ene,

3-heptene, 1- OCt;ﬁ'&ﬁm &r%&eﬁ'}@lﬁn%oﬁ&ﬁ @fﬁ@h 13 A Ghadinff 1¥{Rg point of 15@CORFary and
tertiary al cohols are highly preferred over primary Fcoho | s, because 10

they are usuall ymnmoebwasmqrbfw R diguid Ruirqsatbpmprdust BRithoIag 2 MY™UEN be used
under m | deﬁoxﬁn‘i%ﬁﬂ ssasondi tions. Materials such as ethyl ene, nethanol
and et hanol are | ess useful than npst other olefins and al.cohols in
the practice of thisIsapefpdsmbodimentys mixpue of Alkylaag szents) Jueheas @mRixmpsey

[gr r% 31t5 bS tofzoéet'ms or of'?fc@lfo%r @ﬁ%eﬁis&ﬁh@fe' quc%%ﬂﬁsﬁn%ifldxdn mﬂi?iknl f{_om
abou o abou carb eferre yl ating
agents wi || cont BxHg Y’Blrﬁf‘ﬁﬁaﬁ‘fhe?ef H‘%’BB’B’E” fﬁﬁy lg{"%&?’b’cﬁ? q‘ﬁfa " The

opti mal nunber OHc&xarﬁaM%Mﬁﬂemeguhewmakatb aqwmgsaagﬁmy wiwhat @A be usual | y be

determ ned by both, the 0|I 0| n ired ui d hydr qocar bon
product and %/he prjered g é"‘?[ﬁsftger T’%‘ff“n wﬁﬁ?ﬁr%ﬁﬁ“é‘s‘sl n the

f eedst ock. deéﬁemeymuésmyreﬁtowedspeaﬁdsfunfﬁmmamgmmnésrmat|es are
converted by the al| tin . .. .agents, of this ingventi

sul fur - cont aillli n@}’e?ﬁé%/gﬁ%ﬁ‘g’mb\’q“éd’ I’fi“&ﬁé’? 2GYARECRY DY ‘F]Wf"pec‘ 1 °loﬂb%ever

al kyl ati ng agent sicoloi wiiictmsmlaieﬂua (1peoyeerrtherinifir-avhtaining Wopurgitows 25

di I I ' f .h
products T han- proayRi R e e erehed Bt Buml 88 BT o w007 o
carbon atons. Acesostedisyl fyacnml dxsnllauonazlnhyz)@tmﬂgas;gembvahufsahy bﬁes&hect ed which
il t th | £ t
\pl)mr odugg)gv\?\/:}i ch :Plg%%tfn%%g ('%?Fuﬂﬁ ?{tbgga‘feoﬁgex%am'nﬁ %%Jﬁlggeflﬁﬁaq arn ng an

be renoved byl5di gfid miterial most memoeedaripwfél be ppenjategnef cowrye, lﬂutmdmnghl y 30
satisfactory al kylall g 3060 ot inbbiffor], 1 Wil fiot BE GRALAY tRmBle hrdabelt'! d

hydr ocar bon
alkylating agent from the resulting distillate products of reduced sulfur content.

. Although the invention is not to be so limited, it is believed that the principal

mechanism for conversion of the sulfur-containing impurities to higher boiling

20 products involves the alkylatioﬁ of these impurities with the alkylating agent. By
way of example, simple alkylation of an aromatic sulfur compound such as
thiophene would yield an alkyl-substituted thiophene. This type of reaction is
illustrated in equations II and III wherein the conversion of thiophene to
2-isopropylthiophene is illustrated using propene and 2-propanol, respectively, as

25 the alkylating agent. It will be appreciated, of course, that inonoalkylation of
thiophene can take place either a or p to the sulfur atom, and that polyalkylation
can also take piace. The alkylation of a mercaptan would yield a sulfide, and this
type of reaction is illustrated in equations IV and V wherein the conversion of
n-butylmercaptan to isopropyl(n-butyl)sulfide is illustrated using propene and

30 2-propanol, respectively, as the alkylating agent.
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-11- product of reduced sulfur content which has a maxi mum boili ng
poi nt of 150[err] C but may not be satisfactory for a liquid
hydr ocar bon product which has a maxi num boiling point of 345 err] C.

In a preferred enbodi ment, a m xture of al kylating agents, such as a
mxture 5  of olglg' s or of alcohols, wll be used in thgRésRest C€ Of this

i nvention. Su m xture will often be cheaper and/or nore readily
avai l abl e than a pure olefin or al cghol and will often yield results
which are equally satisfactory to what can be achieved with a pure
olefin or alcohol as the al kylating agent. However, when it is desired

to optim ze the renoval of specific sulfur-containing inpurities froma 10
speci fic hydrocarbondiquid, it may be jadvant ageous to utiljize a specific
olefin or al cahol vxlrﬁl"fl"rqﬂg*‘ss‘e’[’éct‘etg/t\Q;'l.K(;ﬁ\;,%A)q convert tHe

sul fur-containing inplirities to products ich have a sufficiently

i ncreased boiling point that they can b asi |y renoved by fractional
distillation; and (2) perm _L&[IDV"Ql Ef any unreact edan al kyl ati ng
agent, such as by di 31l atl%n or by aqudousHEHy action, in the event that
15 this material nust be renoved. It wll be appreciated, of course, that
in many refinegqycaps | cat cgascrefy, the CHERDSTICH)L,t WM not be
necessary to renove urreacted al kyl ating agent fromthe resulting

distillate products educed f .. cont ent Al t hough the
invention is not to %L(Céﬁbsqfl n t Z%l?)z i s bel i%i?}%%)’%chlacfl’)’t he (\Bri nci pal

mechani sm for conversion of the sulfur-containing inpurities to higher
boiling 20 products involves the alkylation of these inpurities with the
al kyl ati ng agent. Byhe alkylationgyocess rasiltsripthe substiismef an alljl groupforgf an ar omati c
sul fur conpound, slc : [ §ols] ¥ nbhee¥ibGind cABes @l cifbspordigt | t ut ed

t hi ophene. i s“%%§° Eno mrme%lgflfl%ﬂ I smes I In%ust rat gﬁ isn ?equsgti g%s Il and
|11 wherei n t heincrease éx mblecwlap fveighti ayertthay of the starting matgrial.s Bk ighgt t hi ophene i s

illustrated usi 15,%{1&&%%1; %‘lgchz.ﬁxm %?aadu&%ﬂﬂ@&éd 9|a3ﬁ%]ghé’tsboﬁﬁg pbihe

al kyl ati ng agent. e appreci at of course; that nonoal kyl ati on of
t hi ophene can t adflasivpiocthas obthe pemingimeseriab Feor cxaraple; thefcgnversion of thigphene fat
pol yal kyl ation 2:+-bu 1t ex%lb?%ks'ﬁ*ftﬁ! WAL RethylftEpetié texili@tid BE catberSio B Capt an
woul d yield a sul |tﬁe, and this ~ type of reaction is illustrated in
equat i ons | \0an thicphegsewhirinhas g doitingineint of 847 Gofto a product Wbigh hasp veiliBgipt an t o
i sopr opyl (n-but }Ski)xﬁ&f'mi@aﬁdsqahbé LSy Rin6¥ld YohNGwR boMB Radi i3  2- propanol
respectively, as the alkylating agent. . . . L

feedstock by fractional distillation. Conversion of thiophene to di--butylthiophene

by dialkylation with 2-methylpropene results in a product which has an even higher
boiling point of about 224° C. Alkylation with alkyl groups that add a large rather

15 than a small number of carbon atoms is preferred since the products will have
higher molecular weights and, accordingly, will usually have higher boiling points
than products which are obtained through alkylation with the smaller alkyl groups.

Feedstocks which can be used in the practice of this invention include any

liquid which is comprised of one or more hydrocarbons and contains organic sulfur

20  compounds, such as mercaptans or aromatic sulfur compounds, as impurities. In
addition, a major portion of the liqnit_i should be comprised of hydrocarbons boiling
below about 345° C and preferably below about 230° 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,
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-12- [err] The al kyl ati on process results in the
substitution of an alkyl group for a 5 hydrogen atomin the

sul fur-containing starting material and causes a correspondi ng

I ncrease in nolecul ar weight over that of the starting material. The higher

nmol ecul ar wei Gl ogBhsssuch an al kyl ati on product is refl ech@fudddoiszhi gher
boiling point - relative to that of the starting nmaterial. For exanple,
t he conversion of thiophene to 2-t-#3t yl t hi ophene by al kyl ation with
2-met hyl propene results in the conversion of 10 thiophene, which has a
boi | i ng poi nt ofaphid, dight|gahilst ieawy gas oithu and witlé-ain gdsails,as el S ng poi nt of

Feedst ock by 1 rarelSafitiint bR XER i Nl aok B bIQARELA e 7 (1
di -t - but yl t hi opérgaresands. Prdﬁs}redmds&gckmlm tiyei lighid Producthiphysonpia gegariesul ts in a
A Kyl at i on wi ¢ nedhpiebtie i pRiies wnih B OGP Athuc BacBphlcckiaf U1 ©
nunber of cafboef hydrgparbdingeqdstedker r ed since the products will have
Aromatic hydrocarbons can be alkylated with the alkylating agents of this
invention in the presence of the acidic catalysts of this invention. However,
aromatic sulfur compounds and other typical sulfur-containing impurities are much
more reactive than aromatic hydrocarbons. Accordingly, in the practice of this
10 invention, it is possible to selectively alkylate the sulfur-containing impurities
without significant alkylation of aromatic hydrocarbons which may be present in the
feedstock. However, any competitive alkylation of aromatic hydrocarbons can be
reduced by reducing the concentration of aromatic hydrocarbons in the feedstock.
Accordingly, in a preferred embodiment of the invention, the feedstock will contain
15  less than 50 weight percent of aromatic hydrocarbons. If desired, the feedstock can
~ contain less than about 25 weight percent of aromatic hydrocarbons or even smaller
amounts.
Catalytic cracking products are preferred feedstocks for use in the subject
invention. Preferred feedstocks of this type include liquids which boil below about
20  345° C, such as light naphtha, heavy naphtha, distillate and light cycle oil.
However, it will also be appreciated that the entire output of volatile products from
a catalytic cracking process can be utilized as a feedstock in the subject invention.
Caralytic cracking products are a desirable feedstock because they typically contain
a relatively high olefin content, which makes it unnecessary to add any additional
25 alkylating agent. In addition, aromatic sulfur compounds are frequently a major
component of the sulfur-containing impurities in catalytic cracking products, and
aromatic sulfur compounds are easily removed by means of the subject invention.
For example, a typical light naphtha from the fluidized catalytic cracking of a
petroleum derived gas oil can contain up to about 60% by weight of olefins and up
30 to about 0.5% by weight of sulfur wherein most of the sulfur will be in the form of
aromatic sulfur compounds. A preferred feedstock for use in the practice of this
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" hi gher nol ecul ar wei ghts and, accordingly, will usually have higher boiling

© points t han products which are obtained through alkylation with the
smal | er al kyl groups. Feedst ocks which can be used in the
practice of this invention include any liquid which is conprised of
one or nore hydrocarbons and contains organic sul fur 20 conpounds, such
as nercaptans_or _aromatic sul fur conpounds, as inpuritl

addition, a n&PBW“%ﬁﬁtuon of the liquid should be conprlseﬁkaynﬁydrocarbons
boi l'i ng bel ow about 345[err] C andgreferably bel ow about 230 C
Sui t abl e feedstocks i ncl ude any of the various conplex m xtures of

hydrocar bons whinGhyigd ®ill be compri‘s&ﬂmﬁhlymckhsg PrAEH Hnd Walllbd dadikibelly ef i ni ng of
petrol eum such as natural gas |iquids

M nosa 03/ 05/ 19mprised of afdgsblaygght percent of olefins. A highly preferred feedstocE wxlrl.It ed from

-13- nap hipd\@mplited 3F catdiic @fakifing Y ainisill Ok bdditionsly mdﬁseautatgas oi l s,
as wel | as hydr ocar bon fracti O%p dferl ved- from coal #‘ (ﬁ ction and
the processing st §weightpercent of oletins, Spch feed cande aPOOR §F PeYYMGcks i ncl ude

the liquid pSOdEﬁa&tstm a Gatdltid icFAcIAigpdess which areSséparatéd Wyaliuilistiods  as
I mpurities whic

result fromthe catal ytjc crackin
“hydr ocar bon f eedst ocii§ sulfur-containing impuritg 81‘&‘!?"{'}% gﬁdgl?ybtg%%m‘f?gsnébe al kyl at ed
.with the alkyl aﬁﬁﬁﬂveﬂ@&ﬂhﬁudafbuizm fiot lumtedtbme&qtmmand arorhdiie smfuesence of the

acidic catalysts of t |n en

conmpounds
and ot her typi c&/RsH u etsa? ﬁﬁ"ﬁ'&“‘"sﬁﬁrcf’wggdsa{?% rr‘%hen% El%ﬁ%eﬁge reactive
than aromatic hyelivasws, bﬁmﬂxmﬁmraﬁd hgizgf.tuophenddqummundmamﬂestdﬁ sehl10
i nvention, it i ssible.to s Ie ti Ky |.§ ur-cont ai ni ng
i npurities 10 ﬁ’?pﬂgf'ﬁcﬁlﬁrtmgveér\ ‘(":gr'ﬂe%glhﬁfﬁe gggtf{ﬁﬂﬁﬂ’?’orrg'tj i'c hydr ocar bons
whi ch may be pr esgittiophenetahd2, s-dunemyiﬂae;msneodka ptdfemdranbodawyt ofdpetitive
al kyl ation of aromatic,h ocar bon uci ng the
concentration of™SPRaPY %“%V?Pﬁl'éfgﬁmﬁﬁpmbﬁ ‘g( hl%ggor&}’\‘ls‘{deb(ilAccor di ngly,
in a preferred ardamde sutfnt confpodndeandnyiesst atmm,20%nfﬂiesedmlsulfurl | contain 15
| ess than 50 wei reenk, r E;}E Bﬁ&ﬁmatérﬁ t he
f eedst ock can gmpougg SR 9‘5%@"?%“ g'gggﬂlg wel ght pergﬁat B&(;% aromatic
hydr ocar bons1sor véthaie alkyldtingagent in the peesanceefabe acid catalyst. If desire@atlgdsyti ¢ cracki ng
products are pr %E&ft g@ﬂ o]; @ﬁq %{OPBC&%ICLCOA}OII’&@ stifdr [:J}fpoﬁﬁhgkﬁxcﬂe converted to

higher boilihg sulfur-containing material in the practice of this invention.

Any acidic material which can catalyze the reaction of an olefin or alcohol
with mercaptans, thiophene and thiophene derivatives can be used as a catalyst in
20 the practice of this invention. Solid acidic catalysts are particularly desirable, and
such materials include liquid acids which are supported on a solid substrate. The
solid acidic catalysts are generally preferred over liquid catalysts because of the
ease with which the sulfur-containing feedstock can be contacted with such a
material. For example, the feedstock can simply be passed through a particulate
25 fixed bed of a solid acidic catalyst at a suitable temperature. In contrast, the use of
a liquid acid on a large scale is frequently more difficult because of the problems
which are inherent in handling a .corrosive liquid and because of the problems
involved in separating the liquid acid from the products which are generated upon
- contact of the feedstock with the liquid acid catalyst. |
30 Cafalysts which are suitable for use in the practice of the invention can be

comprised of materials such as acidic polymeric resins, supported acids, and acidic
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I nvention. Preferred feedstocks of this type include |iquids which boi
bel ow about 20 345[err] C, such as |ight naphtha, heavy naphtha,
distillate and light cycle oil. However, it will also be appreciated
that the entire output of volatile products from a catal ytic cracking
- process can be utilized as a feedstock in the subject invention.

Catal ytic craglgJggheh 0ducts are a desirable feedstock b &ﬁﬁ“h
typically contain a relatively high olefin content, makes it
unnecessary to add any additional 25 akkylating agent. In addition,
aromatic sul fur conpounds are frequently a major conponent of the

sul fur - cont ai ni jAgrgAnia0okides.| Sifitabld acidid Folvhetic réins MRAOhO Pk Sulforid
aromatic sul fur cogounds are easily renoved by nmeans of the subject

i nventi on. acl ewellknpyp, fn thy arf gnd gre RmpercY Pvaiable he f1 ui di zed

catal ytic crackAmgergit®as, a productipeddiced dYy Rokif kndigls 085 isQl thpicabbkafiplRlofi N UP tO
about 60% by vvelugﬂt of glefins and up 30 to about 0.5% by wei ght of sulfur
wherein nost of "PhE™8EH & yr will be in the form of aromatic sul fur

conpounds. A5 pr ef er Segpofteicadids eriikh &0 usefist @s daRlysts encldd dui L€nd flimitkd ©.

Printed f 03/.05/1999.1 :
- r1|4n © rom vﬂﬁﬁ%&ﬁ% rp esé’&#ﬁ? glggpil l‘d)‘f %bdaf'ég‘?f peid. botieagidy 510 - oduct s and
\(/)v: Ie:c Ee ag\dlh t i (ﬁf:hmi'dsylfomc acid, mﬂnqirgmsm:emffoxﬁt aclwamtduiydw&yigiotobﬁgr z(é&l]tcilt ch vt c

i ns i i
cracki ng prodgc*f“}si I%H' 2 'dT Ggaﬁng? d‘%fugl ori’WP#{;? @gﬁpAlﬂgﬁége@fm%ﬁ 9(8 I easty5
wei ght percent ﬁfs.(ﬂbéfislan@wmmdse’édlﬂlm&ﬁCbaﬂndhemumd omnsolifls t he vol atil e
i st PoCt 30" T QU & R ikl #FLATAE, HORER Sl SSTRRILT 0 DY

distillation ‘ur=con ni ng | Fes™fhi ch can be
renmoved by t he 3sids @reempleyed, the suppotiédscatalyste are itypicallyprepactd bbuomhmmg thet limted

t t t | ti
Sol for  aonmoun e TRR ok bl el desired syport ORI Suppbit e Wi Qhich O™ ! ©
benzot hi ophene, Manmmmommptemhomkvddmgﬁumomammwpwer@ such 10
t hi oph d

i ophene deri Vﬁid'ai’eer'ifei'r@cﬁrcr!g{[éﬁ rﬁsh@a Eﬁ&%ﬁ&@%ﬁ@ﬁw&s %&&L&W%@ene

et hyl t hi ophene and eferre ment of the
i nvention, tlhe Preferred beswe @!thafﬁgmh highiy effgctive 4nd lawio coste HsS. FatentNd. |  be

conpri sed of out 20% of
np 2,921 @deZﬁidxe?scﬁnbﬂ &e4l.), YRIER RURGSpo th@x& Hgfiﬁép ﬁ% 0

t hese aromatic sul ounds are conver r boiling
sul f ur - cont ai ni 1’\‘&1?1‘&9( tae Pf&l’a“!!‘ﬁbﬁ selihphosrhoric acid catalysts by Combmmg a

zirconium compound selected from the group consisting of zirconium oxide and the
halides of zirconium with an acid selected from the group consisting of

20  orthophosphoric acid, pyrophosphoric acid and triphosphoric acid. U.S. Patent No.
2,120,702 (Ipatieff et al.), which is incorporated herein by reference, discloses the
preparation of solid phosphoric acid catalysts by combining a phosphoric acid with
a siliceous material. Finaily. British Patent No. 863,539, which is incorporated
herein by reference, also discl(;ses the preparation of a solid phosphoric acid

25  catalyst by depositing a phosphoric acid on a solid siliceous material such as
diatomaceous earth or kieselguhr.

Acidic inorganic oxides which are useful as catalysts include, but are not
limited to, aluminas, silica-aluminas, natural and synthetic pillared clays, and
natural and syx_nhetic zeolites such as faujasites, mordenite.s, L, omega, X, Y, beta,

30 and ZSM zeolites. Highly suitable zeolites include beta, Y, ZSM-3, ZSM-4, ZSM-
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15 with the alkylating agent in the presence of the acid catalyst. If

desired at |east about 50% or even nore of these aromatic sul fur
conpounds can be converted to hi gher boiling sul fur-containing
material in the practice of this invention. Any acidic

mat eri al which can catal yze the reaction of an olefin or al cohol

wi th mercapt a%”}?ﬁgsophene and thiophene derivatives carpcifisssifiz as a
catalyst in e practice of this invention. Solid acidic catalysts are

particul arly desirable, and such-igaterials include |iquid acids
whi ch are supported on a solid substrate. The solid acidic catal ysts
are general ly greésrigethd@ssr-20. ilﬂ&ésﬁled;&ieaédf&t santte dorperaed idian ease

wi th which the sul fur-gcontainin fe dsto an b gnt ith such a
material . For dRPHRpcEx Wé‘"f‘é@ﬁgf a&éﬁ’ "ﬁﬁ) “ﬁaglé‘geﬁgsgﬁd& rough a
particul ate 25racltmg<fath13beﬂnaé usad suhe atidxaialystdn the peactjcs tof this ipvestifnt abl e
tenperature. In con the u. . 3 “ i i .+l arge scal e
is frequently nore éﬁq St aT f°“ﬁ’é’8eaﬂlxture5f°f?lﬂfg°%r 0 @Fr’ssqc}?ﬁ aq‘%vﬁdch are

i nherent in slﬂarqddamplgs iacladerBRySBOlg SbFgenddAlEh) almenzselitic selid indrganjsrazisk ens

gener at ed Upon teh &t dikbay g i e flopdy, e e B P iimatithasie e 0,
catal yst. 30 sieve (examples ifchkia keptites, pillared lolays and glyiningpliosphtes). use in t he
Dei i pol ymeric. roBpusHls (Ah BFusca n e praOEBY i ifeion VA &EdsBnysuch 2
Printed from Maommsia no&gélﬁdomwg Dizanio) cqapopnds as impgrities in addition to the

ol yrreri ¢ i G comtind SpyriBlh Whdy 6 B plel g Rpbidg ibplaiel B 100 are
commerci al |y avexgdnieases and, in somgiinisianaps cprogapse dgastivasion pfgracid @RS RYed by Rohm
and Haas Co. éa\,ﬁ??% ﬁﬁl‘l {2 tﬁé?’lﬁl thiat &lch deaictwaﬁbﬁg ol?seﬁ&i @trdaﬁbe preévented

Support ed aci d are use as cat sts include, but are not limted
to, Br onst kycremovatiof tbmmu@genrqqetameumawmree&edswc bafere ity i ¢ aci d,
boric acid, HF, i con cwﬁ'dﬁﬂ%%ﬂd cgRpg. acid, trifluoronethanesul fonic acid,
and di hydroxyfl uorobori c acid) and Lew s aci ds eéexa Ies |ncI ude
BF[err], BCiferr], Ahchasismitiogensgonsaining impuritigsgap b removed fremy g [err],
SbF5, Sbal 5 a“dbfﬂmebmﬁdoﬁﬂ%eafod At Avdeld vasitlorithd use vhd gdardwe@ wmmisor ted on

solids 10 such as silica, alumna, silica-alumngnas oni u xi de or
clays. Wen i qmsﬁxoned in front of the acid catalyst. Examples of e ccn%e guar&ﬁedsp ugg R

zeolite, Y-zeolite, L-zeolite, mordenite and acidic polymeric resins. If a guard bed
technique is employed, it is often desirable to use two guard beds in such a manner
20  that one guard bed can be regenerated while the other is being used to pretreat the
feedstock and protect the acid catalyst. If an acid wash is used to remove basic
nitrogen-containing 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
25  agueous solution is not critical, but is conveniently chosen to be in the range from
about 0.5 to about 30% by weight.
In the practice of this invention, the feedstock which contains suifur-
cohtaining impurities is contacted with the acid catalyst at a temperature and for a
period. of time which are effective to result in conversion of at least a portion of the

30 sulfur-containing impurities to a higher boiling sulfur-containing material.
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acids are enployed, the supported catalysts are typically prepared by

conbi ni ng the desired liquid acid with the desired support and dryi ng.
Supported catal ysts which are prepared by conbi ning a phosphoric acid
with a support are highly preferred and are referred to herein as

solid phosphoric acid catalysts. These catal ysts are 15 preferred because
they are bot lLghly effective and low in cost. U S Patghl 62

2,921, 081 (Zthﬁg%bg ied et al.), Wiich is incorporated herein by reference,
di scl oses the preparation of solid phospimaric acid catal ysts by conbining a
zi rconi um conpound sel ected fromthe group consisting of zirconium oxide

and the hodsirflys aRfcorthdiiag tinpeFatidelvhill Bélindkdess cT@bmESE@A, fpfefenatihe group
consi sting of 20 ortg{())ooohosp oric acid,. p%@o%g?%gpr' c acid an
triphosphoric dgiexpess\9f $00°, apd porgpreferably in excessiof 12705 Ahg sPHsHPE B 41 )

whi ch i's incor padhiftheltarnRl butlaya febe it Giethe tingeChrans gtut 30€ to about 350% epar at i on
of solid phosphoric acid catal ysts L.ning a osphoric,acid with

a siliceous materRrefFrablyfromy ﬁb?}’,‘)@)r i'? %W%ggféé’rﬁm ﬂk??e %%T@%g?mﬁﬁ?“gh i's

i ncor por ateds  125° 1 @oi2500Y. K&l beippRciatad, DOcaliss cthasieptilnempr epar ati on of a
sol id phosphoric acid 25 cat al yst..by.depositi a lc acid on a
solid siliceous™mRErapseyil B%%ﬁ’“%[?x o e ch%a%fyg%ﬁ%g%ﬁsal@ggﬁq?&g&o i esel guhr.
Aci di ¢ i nor gani ggefxx seliefed vdai @fe name of sefsulfur-asntauitgimpstities thacdreitebe but ar e not
limted to, alumnas,_ sili ﬁ%ﬁsg%‘}ﬁm nas, natural and synthetic pillared

clays, and remeysd froft the thetic zeolites such as faujasites,
nmordenites, L, onegahe ¥jlfuiconkabing imBrities ara HighlBivtagtive|and ean be sgleghively sui t abl e

LT VAT TN TR o —
- 16- 5, ZSklitthg apendofAEN in@ention.f Ackoriinglul the tftedstock 6l hecopntactesd with
| ncorporated | ”h{% 230 catalyst uﬁdéf’l aittbefs whichde sﬁﬁfc{g{ﬁk R leindlse SUCh as a

silica-al um na. "T'ndeed, “equl rium crac g catalyst can be used as
t he aci d cat al y&sydrosarboprewiliiba subisiawsially unaffeoted; Feeexampla, aromatic hydrocarbons Cat al yst s

can conprise m e O f%,@ﬂc tfon WGkt 61 d 5
(exanpl es i ncl uﬁl\‘ﬁg%@bﬁﬁ%@ , glrtrgﬁiﬁ nd Al C f‘err] )., a
nonzeol i ti c ¥ol ipthcs. nlortigenasecof @ itphtha feedstock from a catalytic cracking process, this

means that sulfur-containing impurities can be removed without significantly

affecting the octane of the naphtha. However, if desired, the temperature and
concentration of‘ alkylating agent can be increased to a point where significant
alkylation of aromatic hydrocarbons can also be produced. If, for example, the
20 feedstock contains both sulﬁxr-éomaining impurities and modest amounts of
benzene, the reaction conditions can be selected so that the sulfur-containing
impurities are converted to higher boiling products and a major portion of the
benzene is converted to alkylation products.
Any desired amount of alkylating agent can be used in the practice of this
25 invention. However, relatively large amounts of alkylating hgent relative to the
amount of sulfur-containing impurities will promote a rapid and complete
conversion of the impurities to higher boiling sulfur-containing products upon
contact with the acid catalyst. Before contacting with the acid catalyst, the
composition of the feedstock is desirably adjusted so that it contains an amount of

30 alkylating agent which is at least equal on a molar basis to that of the organic sulfur
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(such as silica, alumna and silica-alumna), and a | arge-pore crystalline
nol ecul ar sieve (exanples include zeolites, pillared clays and

al um nophosphat es) . Feedst ocks which are used in the practice
of this invention will occasionally contai n nitrogen-containing
organi ¢ conpounds as inpurities in addition to the 10 sul fur-contai ni ng
I mpurities. he typical nitrogen-containing i NPUpdrntsBiFootis €

organi ¢ bases ‘and, I n some instances, can cause deactivation of the acid
catal yst by reaction with it. In thg event that such deactivation is
observed, it can be prevented by renoval of the basic

ni trogen- cont ai GnfpgurdBithe febc@.@cxt rmestrme ui‘eemkstrmlof higflating agent to is
contacted with the acid cataly he basic

ni t r ogen- contaJﬂﬁ@ﬁf$4ERWWPWE§5@%HCHé“?%%%ﬁ&ﬂlF33N1the f eedst ock by
any conventi onal rretﬂilmdpﬁauﬁdaoaﬁusaﬁwemdmmedmekcmrbecmxeofmmuguand bed

which is posi ti oned front the acid ¢

ef fective guar APt aﬁ’éf"lfﬁlg e pyessure. %fowivgﬁlpfef%msvlél fmnllsz zeoﬁl te

ITDI‘ldenI Ij e ang atbla?bxﬁ 2p®htnb¥phéres aredesinable, arfd aq:rgsmednhnanlnge from abbadhp| que is
enpl oyed, it is oft desi.rable to a manner 20

t hat one guard Aoyt @Qﬁ“’fﬂ@l’q‘g@gﬁé’ffg{ d?n\/\ﬁggmgf’%:eg%?ger nQmﬁel ng used to
pretreat the . mvemfoe,anlsmmpdramdnmmeatwmmmmmbmedMthan aci d wash
'S used to r erm a%ﬁgﬁa%last are sglected sg%{lt &?&%&b@k il ‘M‘%ﬁ‘gné Qzﬂe feedstock

will be treated® %% on o a Ssuirta acld. Suitable
acids for such Mhoughdiemi@mxobmnoato@emtnnitedmttlsahﬂleved that QObe formpationish| or i c
acid, sulfurjc agl.d Qh&q&téﬂ&s g RS 1RRRGER! fng@GiGel N the 25
aqueous soIJtlor 'S not crit I'S conveni ent y c osen to be in the
range from acid ggsalyst. Mog quplfg;bl@mgt 153&;%\{99 thakgolstprecursors are dissolved In the
practice of i o] aall i ik B PRALS RGHeANR D mERE0A) Ahesithl e

t cat a

cont ai ni ng |npur| ies 1s contacted w e acl st at a tenperature
and for a In grmraspdif the feedstagk is,gantadted yith thef solid acidjecatalyst as4epor| ip

conversi on of agg éeﬁ@@ﬁ &%g reitsofd cah Béde F@k@ed orttd EabliysCRRkahadl Mkl MPUT I ti €5

to a higher b0|I|ng sul ur- ntalnln eri al
Printed fromSM nodldhey3rouinggy conyerrd “D@k'b!élb‘éh capgleactivate the catalyst.

-17- The contacting of the acid catalyst with the feedstock and alkylating agent of

this invention can be carried out in any conventional manner. For example, the
feedstock and alkylating agent can be contacted with the acid catalyst in a batch
process. However, in a highly preferred embodiment, the feedstock and alkylating
20 agent are simply passed through a fixed bed of solid acidic catalyst which is placed
either in a vertical or a horizontal reaction zone. Desirably, the solid acidic catalyst
will be used in a physical form, such as pellets, beads or rods, which will permit a
~ rapid and effective contacting with the feedstock and alkylating agent without
creating substantial amounts of back-pressure. Although the invention is not to be
25  so limited, it is preferred that the catalyst be in particulate form wherein the largest
dimension of the particles 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 diamete; from about 0.1 mm to about 2 ¢m.
Alternatively, the catalyst can be used in the form of rods which have a diameter in
30 the range from about 0.1 mm to about 1 cm and a length in the range from about

0.2 mm to about 2 cm.
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Desirably, the contacting tenperature will be in excess of about 50[err] C

preferably I n excess of 100 C, and nore preferably in excess of
125[err] C. The contacting will generally be carried out at a
tenperature in the range from about 50 to about 350[err] C, preferably

fromabout 100[err] to about 350[err] C, and nore preferably from about 5
125 [err] to ?gvbout 250[err] C It will be appreciated, ofcrfiddthsRz that the

opti mum ure will be a function of the acid catal yst used, the
al kyl ati ng agent or agents sel ectedygand the nature of the

sul fur-containing inpurities that are to be renoved fromthe

feedst ock. This inveftfon Sdpkdsihs SrRMoR 6 cofbehtFaRlg iht tfur-Soraiigghl y

reactive and can be selectively 10 converted to sul fur-containi re&g products
of higher boi l i impugiss ef 2 Bydrocatien fegistogh ipig ahigh boiling frachiop which is sEPAIAEd,) ¢ { i s

i nvention. Accopfi-pabyh dibdiRridn SSi el of @nceation thasulfelcanivé Bisposed of the acid
cat al yst under conditions which are sufficient lné 1|1 d . that fm) Al

hydr ocar bons wi mpreisasily apkatdqyrer sost ynd 30y cpnyentiopal AR DRBEE TPt i
hydrocarbonss  gisposaM IEbr dx8mSiel i r@sting Ihig}t suifud Edrtit Matertad canstielendedcant ol ef i n
pol ynerization will not take 15 | ace. | n the case af napht.ha feedst ock
froma catal yti enq:lreawfrlﬂg‘"bﬁrsl?eé‘&f,“?f%%‘ witie Eessn‘g’éﬁg‘mfﬁ%t i% ¥ cont ai ni ng

i npurities can hg Hgheuackomkit hattkialThgby dfictantly hydrotreated ataélitpelyilovgcashe oct ane
of the naphtha. However, if desired,.the tenperat.ur nd

concentration oP“ﬁ‘FSRﬁF‘éS[rF'?’rﬁedan’ “ggtvel?e tr?gﬁ’gggﬁ'ﬂal?ec?a%oc%bi nt where

si gni fi cant al K yighty ipfefer@ll ebodinmehi of diy ivention wmpsises imusits mmoes pr oduced.
| f, for exanple, fthe 20 . feedstock nt ai hot fur- ai ni ng
impurities afd &8 ??n'aé?%'mpgm&f%"mﬂ%q‘y%'gﬁazr}%r?é’?“pﬁeé H'%teog‘([:“tri%gﬁgcondi tions can
be sel ected so phdbctd fiem gelfluidized cardlyaic racigng of hydrodarhoa feedstasks whieh converted to

hi gher boiling produc and.a mjor. i S
converted to al K§T4P F‘hﬁ"fﬂpu Hiﬁ'@t“snj.p&megoﬁe oy o &n? ogtéesa”% afrar%iﬁnt of

al kyl ati ng agentfractiuns is@neisfabe majort refiniygy eperiafians ewployedjig;the panversioy ofint i on.
However, relatively larage. ' I P o the
anount of sul fur°5“8§8{‘§‘f’%?sﬁ'gﬁ?ﬂ’gf rl E%lﬁ%gdc\l?m @%%#gggggmrﬁ%ﬁ l%‘ﬁaaé conpl ete
conversi on of5 t hsed imspark-igniien intrrial epmbustibmeénginesy Iodiuidized eatatiitigicrarki®g pr oduct s

upon contact i | &h the acid
catal yst, the . prowssesci&%%yéféf'ﬁ%rﬁ %F?' ﬁ%’ﬁt@@d@?@%ﬁﬁﬁ&gg@ﬁ% Fbg\wa{%lj usted so
that it cont ai nshonfinelpdivided.cblid @erlyst patticles.aynically ingpefividized bedrepctorr in east

equal on a nol armt%?o%%%?d%gf‘tlgg’g"r'l ttlﬂ%at%'a- %Gcalidgmﬂi'fmre is maintained at an
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elevated temperature in a fluidized or dispersed state for a period of time sufficient

20 to effect the desired degree of cracking to low molecular weight hydrocarbons of
the kind typically present in motor gasoline and distillate fuels. -
Conversion of a selected hydrocarbon feedstock in a fluidized catalytic
cracking process is effected by contact with a cracking catalyst in a reaction zone at
conversion temperature and at a fluidizing velocity which limits the conversion time
25  to not more than about ten seconds. Conversion temperatures are desirably in the
range from about 430° to about 700° C and preferably from about 450° to about
650° C. Effluent from the reaction zone, comprising hydrocarbon vapors and
cracking catalyst containing a dcgctivating quantity of carbonaceous material or
coke, is then transferred to a separation zone. Hydrocarbon vapors are separated
30 from spent cracking catalyst in the separation zone and are conveyed to a
fractionator for the separation of these materials on the basis of boiling point.
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- 18- conmpounds in the feedstock. If desired, the nolar ratio of

al kyl ati ng agent to organi ¢ sul fur conpounds can be at |east 5 or even
| ar ger. In the practice of this invention, the feedstock can be
contacted with the acid catal yst at any suitabl e pressure. However,
pressures in the range from about 0.01 5 to about 200 at nospheres are
desirable, ang, P§§sure in the range fromabout 1 to pepussdiert 100

at nospheres |s preterred. In a highly preferred enbodlnent of the

i nvention, the tenperature and pressure ap. which the feedstock is contacted
with the solid acidic catal yst are selected so that the feedstock is

mai ntai ned i n ay)dsCliydfocirbét Sroducts typicallyt dnek & ﬁtaﬁibnatdiﬁéeﬂteh@é’ralu& intte to be so
limted, it is believed that coke for when t he

feedstock is kefpeq FmaopiA30L ‘°§P%ﬂ‘85°dﬁ"r“ﬁ§“[’8{¥rﬂl§g'thf’ Hﬁ‘chsﬁar? & acid
catal yst. Mre gheehdiogal |y, it is beli eved t hat coke precursors are
di ssol ved and renoved fro the“(‘: %st when t ?nLeca&»%na GRS
mai ntai ned in the |iBHege E';ﬁcéa ng o1 1y rsgglfm"‘f“t GStock is
contact ed wi 5h ia@risl@k toke adeflositedomtth qa&lysta;mnmleszapmoke builds up on the bel | eved

int i1 Chey ar o EROTBEDG- B8 ROURY ohiis ol ref siEhe BASTRYS | 107 ©°

cat al yst. catalyst for pﬂadecmgjgatcﬂmt blergling fstotksaiinsinishbs.c Abeadatayst cant h t he

feedstock and a | ati ng a ried out
i n any conventi b?} Ve’h'é‘?’fﬁveef nﬁgfpgxonofmo Qﬁcgpﬂ#ﬁﬂ% tocﬁﬁms(E faI kyl ati ng
agent can be comea;omﬁrbmvhtﬂ'hishse:aamddutcbafoaﬂn;nsnhelmk&ademtttfnomthe caalgstocess.

f I
oot o e oi il e B SRR RSl ST RRECK SRRl 21 00, 00

I's placed zenetdnecgemm vertlcal or a horizontal reaction zone.

Dest rably, the sol! dafidelafiers 8 okl conditions cafok bsclih #2 fiderlcl o phyS' cal form
such as pellets, beaﬁs or tg vﬁ% (1“7 d and
effective cont adlidingd mtalwcmmklﬂaanrd@s&a dr ﬂawamhmwm} neps ol é??@“%tﬂh out
creating subst a C i REg Ve ion is
not to be 25 Fbﬁf‘?}égﬂ Bl?gth{;‘It rﬂﬁr%f@{ﬁgﬂioﬁgﬁ i‘eg@*ggf% eﬁﬁ]

particul ate- f5or rfromdmetllrﬂtohéoql éﬁgé‘@ﬂvmlo‘l level ean vy Sroprpbeyt 4§ﬁé° BBt i cl es has
an average val uggyhi vﬁQréénJefl&xh@déﬁﬂéﬁ%ﬂfer QﬁlﬂgQWElucho&of hydrocarbdi t 0 about 2
cm For exanple, substanti heri cal "beads of catal yst can be

used whi ch have heilingaeqveg2l° &aamahemm%bnfmm@n ahlighter gtstials or cm

Al ternativel Y, téaﬁ Oﬁ{eawgﬁtmﬁaaféaswsﬁsdu i thd REetdrhrWaey witiflthe Whaige N have a
di ameter in t hie range fromabout 0.1 mmto abqout 1 cm and a | ength in

the range fr om afb%mbout 21 about 20 sq it ths fistized dispegsign will have a density in the
Printed fromi nRig fbad HeinSWavbls 330 kilograaR@Rr cubfd meter. Fluidizing velocity

can be in the range from about 3.0 to about 30 meters per second.

‘:
{73

A suitable hydrocarbon feedstock for use in a fluidized catalytic cracking

process in accordance with this invention can contain from about 0.2 to about 6.0
weight percent of sulfur in the form of organic sulfur compounds. Suitable

25 feedstocks include, but are not limited to, sulfur-containing petroleum fractions such
as light gas oils, heavy gas oils, wide-cut gas oils, vacuum gas oils, naphthas,
decanted oils, residual fractions and cycle oils derived from any of these as well as
sulfur-containing hydrocarbon fractions derived from synthetic oils, coal
liquefaction and the processing of oil shale.and tar sands. Any of these feedsiocks

30 can be employed either singly or in any desired combination.
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-19- This invention represents a nethod for concentrating the

sul fur-containi ng I mpurities of a hydrocarbon feedstock into a high
boiling fraction which is separated by fractional distillation. As a
result of concentration, the sulfur can be di sposed of nore easily and

at | ower cost, and any conventional nethod can be used for this 5
di sposal . For vﬁf’%%’e the resulting high sulfur contenty SidoRe can be
[ a

bl ended vy fuels where the sulfur content wll be |ess
obj ectionable. Alternatively, this bigh sulfur content material can be
efficiently hydrotreated at relatively | ow cost because of its reduced

volume rel ative to tAafefeftbd Rddieindf & lpreke@ thodntiokinvolves passing the A hi ghly
preferred enbodi nent of this |nventjon con%ri ses its .us o renmove 10

sul f ur - cont ai ni NejatilePRoAvCEs; feam the cAAIYHG Crackine. of @ splf oy OFh®E occur in
t he pr oduc iggctionstén Wik thdylbireiep@sled dntthd bakis 6f boiling ipbimginwfat leysdvacar bon

f eedst ocks which contain sulfur-caontaining innpuciiies. The catal ytic
cracking of headctipnwhich cogippise: (1) aulfqu}gg’ﬂ ‘8%5"1‘?"23"6’ r“gﬂaf Et CBEAREPS | of i ni ng
oper ations enpl gyfflcortaikifgCinpoiies) il (2) maferial of highsr boitinpdik. tAxredesi r abl e f uel

products such as hi gh octane, gasoline fuels I ch e..15 .UsS I n
spark-ignition i?'ﬂ'f'g ‘fnpé??ﬁ‘ﬁﬂgil F%‘W‘é‘ﬁgﬁpﬁg ?owacﬁ?th@g}"%ﬂl i °aﬁ%§‘% i ¢ cracking
processes, hi gh camtyeatd @inpansire lid exlogssl 0f502 Clfoma periodioftBneowhicheip effestier e
contacted with finelv-divyi Eﬂg. Al 3 rid.clLes,
typically in a f9 Eﬂn&?r{z]égdaf}ea °rﬁlé’é8€%‘¥gug@g$°n dgqm&g{rt\@e%?ﬁggb? ég t??l’ser
reactor, and t heulfuxicotaising imelriad obnighenboilingtpoing The rawlting treawesidiquid isn

el evated te rature || | i Al Pl . Lod of tine
sufficient 2 tq%ener%f‘@gq t%tn&:eiw &é@g@qégg@g&{)?&%eg%@ ﬁléfo%m%g\jvmr%l ecul ar

wei ght hydr ocar lpooisctefrom the catalytiecrkdking ptopgss.c bl thiy mannes.cah least a portiowef gasol i ne
and distillate fyels. - Y .Si QF Skdd hydr ocar bon
feedstock in a f uJ|u AT G gfaﬁl?lcomw%&éﬁda ‘ﬁ?}{gﬂ‘%r oceggﬁﬁlﬁgs effected by
contact wth a cemeved inghe bigher peiting fractions arica product-of medued sulfur contenpisver si on
tenperature and f i qi 2] i ' Lok bibeds O GG BRYer sion tine
25 to not noreﬁ%%lger?'a g&ﬁ?ﬁﬁeﬁs{g%gﬁ%&g%%§grr§yon?tgr?per_atures are

desi rably i nl3 herecycle stream faom the fiagsionaterdsiconpgied with the atid cabisy iaorder © and
preferably fr Om&mmﬁlﬁ%ﬁﬁigﬁg ibuRRAYS higher boili ubts which hid@fln from the

reaction zone, conprising é rocarbon vapors an .cracking catal yst

containing a deaempyedtin the high heiling factions framihe-factionator. nimachighly preferred coke,

i s then transf erén%dﬁ:{amiﬂfmeﬁfﬁw)& azlﬂlﬁﬁ-boﬁﬁgﬁé?&@ﬁﬂéﬁtrhﬁa@%@fr@dﬁ@n separ at ed

30 from spent cracking catalyst in the separation zone and are conveyed

toa f r ac@) witheanaterigh of agherholing PPiBn of these materials on the basis

21;-_ 28' :){’Bng Peb nt21 ' The previously mentioned recycle prodaks-enib8&lmért & adbAntdscas 03/ 05/ 1999
- P pecause it can be implemented at very low capital cost. More specifically, the

recycle stream can be withdrawn from the fractionator at a temperature which is
'approximately equal to the preferred temperature for use in contacting the recycie
stream with the acidic solid cat‘alyst of this invention in order to convert sulfur-

25 containing impurities to higher boiling point products. Accordingly, a furnace, heat
exchanger or other means for heating the recycle stream is not requiréd. In
addition, a separate fractionator is not required. In the practice of this embodiment,
the recycle stream will, preferably, be from about 5% to about 90% by volume of
the above-mentioned fraction (1) from the fractionator. '

30 The foilowing examples are intended only to illustrate the invention and are

not to be construed as imposing limitations on the invention.
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- 20- These hydrocarbon products typically enter the fractionator at a
tenperature in the range from about 430[err] to about 650[err] C and
supply all of the heat necessary for fractionati on. In the
catal ytic cracking of hydrocarbons, sonme non-volatile carbonaceous 5
material or coke is deposited on the catal yst particles. As coke builds up
on the C I catalyst, the activity of the catalys racki ng
and t he sel ec%v?’\c?lk’%d&gof t he catal yst for producing gas;gF| ne‘gl endi ng
stocks di m ni shes. The catal yst can. 22however, recover a mmjor portion
of its original capabilities by renoval of nobst of the coke fromit.
This is carried out by burning the coke deposits fromthe catal yst 10

wi th a nol ecul ar oxygen-containing regeperation gas, such as air, in a
regeneration zone or regener at of LEI A wide variety of
process conditions can be used in the practice of the fluidized

catal ytic cracking process. In the ysual case- where a gas oil feedstock is
enpl oyed, the t hr oudREmes Sptfonic acid. resip - Ay mactopetigyitar; polymelic. sulfonic 3¢yl ¢ r esh
;eed (t:)an vag%/ ﬂeﬁnvfaﬁmxﬁddat&ntﬁ%goMaxﬂl}nhﬁc&qﬁnyﬂﬁﬂveml(ijmme}ﬁvﬂimecaﬂ vary
rom about 40% 100%.where c ersion I.s de as the

per cent age redué’t"P?ﬁ's‘uT%sWdr'(g@afnﬁm Was provi &Wﬁﬂ“@ddﬂﬁ"?&g‘[ﬂgﬂ] C at

at mospheri c pr ewhid mvbypi:ﬁclaatzd in thearhnge frgt0st torTe Miniafd Bas@e following coke. The
wei ght rati o-of cat |y I eact can vary W t.hin the range
from about 2 toprgge S 2@“8’"“" ‘°‘f?‘ftéa°'ﬁlsﬁ°is§f“?g sdfl é%(cﬁf“W"I“F have a
density in the &itent of3A6Ge (3 aponosityawfiD. 315c/gc(4}adncauérag’}21ﬁrelmdnmanmoper cubi c

meter. Fluidpzipg V‘ﬁlfé)c%a;eéomezlg C@{'HQS,,,",,QSA{‘S ran ed%%? %ﬁg%on fo s

about 30 neters per se SR eedst ock
for use in a fl bereihaeCadyst Al ytic cracking pr ocess in accordance with
this invention can contain fromabout 0.2 to about 6.0 wei ght per cent

of sulfur in the formof organic sul fur conmpounds. Suitable 25 f eedst ocks
include, but are not limted to, sul EXAMPBEiRI ni ng petrol eum fracti ons such
as light gas oils, heavy gas oils, w de-cut gas oils, vacuumgas oils,

napht has, decanted 0|Is reS|duaI fractions and cycle oils derlved
from any of ¥hese adolig S i al agalyste "=‘mg-HydmmmmmMMnfractlons

derived from Syﬁ@:&‘é‘atuh)&ts&l iléselgﬂ?%laobtal eewg %ﬁgg&d?ﬂ&&%%ﬂﬂé ocessi ng of

oil shale-and tar san ese e enpl oyed
either singly ofPAR. dhis W%% peayided inthe form of a cylindrical extrudate having 2

nominal diameter of 4.75 mm and has the following properties: (1) a loaded density
of 0.93 g/cm®; (2) a free phosphoric acid content, calculated as P,Os, of 16 to 20

20  wt. %; and (3) a nominal total phosphoric acid content, calculated as P,0;, of 60
wt. %. The catalyst was crushed and sized to 12 to 20 mesh size (U.S. Sieve
Series) before use, and is identified herein as Catalyst B.

EXAMPLE I
25

Preparation of ZSM-5 Zeolite.-- A solution of 1.70 kg of sodium
hydroxide, 26.8 kg of tetrapropyl ammonium bromide, 2.14 kg of sodium
aluminate, and 43.5 kg of silica sol (Ludox HS-40 manufactured by E.I. duPont de
Nemours Co. Inc.) in 18.0 kg of distilled water was prepared in an autoclave. The

30  autoclave was sealed and maintained at a temperature of about 149° C, autogenous
pressure, and a mixer speed of about 60 rpm for a period of about 120 hours. The
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-21- A preferred enbodi nent of the present invention involves
passi ng the vol atile products fromthe catalytic cracking of a

sul fur-containing feedstock to a fracti onator where they are separated
on the basis of boiling point into at | east two fractions which
conprise: (1)ggydehdssd d boi ling bel ow about 345[err] C fsﬂ@;‘ fins 5

sul fur-containing inpurities, and (2) naterial of hi gh\ewry boi |1 ng point.
treated liquid is then prepared by .gpntacting a portion of fractlon

(1) with an acidic solid catalyst at a tenperature in excess of 50 C

for a period Ofsldrr‘y%s\ﬁhbr@@aﬂdivaﬁfeﬁ%a theé Qesulting filke? c4ke WEdriedah an @@kt & portion
of the sul fur-contai n|n drr%16 ies_in fractiagn
f

sul fur - cont ai nildy’ ﬁé‘?’e’rﬂ 5P (hPYBre Fhessied fiitey °b‘i§|“§‘?f2he”ff‘?é°‘?e8§h?3[8| fg treated
liquid is 10 tfhedperiold of ARdrs, ortrelaﬂcmerdamtermnaasecrn extifinden @G éd @@l t oget her
with the original volati L frﬁmthe catall)étlc %Qk ng

process. In thlaé‘mrfﬁ?‘llﬁ‘e’fnm%d“waéeégf ?im ‘Hef)ﬁ Wy to a tempgrature of B0 85 ont ai ni ng

mat eri al of $i ghesy al@éﬂnddldigncplﬁﬂuﬂtcoolingtwhﬂb stierrigtfarck l:dufwﬁnbring and renoved in

t he higher boilin and a.product of red | fur ntent is
produced. This %ﬁ%ﬂ%wﬁ’gi 1%5§fn V- ?"ﬁ Tgshe- élgxeées? '&%/%’Fgwﬁﬁ'%%?gg wherein a
15 recycle stwﬂmmténsmﬂwmhedfwdanu mamnn € faraaypediod afdt houtshand he aci d
catalyst in orde o i on Lipurities to higher
boi l'i ng product §I thss‘:?tr%f rqﬂm&stm ?L’mfzﬁﬂﬁc ﬁéag%ﬂ&dﬁrr gh b0| i ng fractions
fromthefractlonat , g itel imaelymifia acti on (1)
will be al il 2) will be
mat eri al of Ilg Hi g &7 Ggig??ﬁg&pomﬁ%gégﬁscgb&l@sﬁg?ﬁ&ﬁe%s@m’(‘)e& lé/' ment i oned
recycl e processl28rgxffatapal SB ram«dpMag!amusnonohydmthwEiawed by ¥ian.be

| ol enent ed At ARG SARE WAl add bfusHE b Bk well B areq . 1 €CYC1 €
stream can be wth rom rac aor erature ichis
approxi mat el y eapryen atd21°n@fqrra@ﬁe¢drté'd6hmpe'ﬂ&tsglntb vsfemrthq;seourmwewnh actr ng the
recycle SdibiRAle! dig Bl it Sfidhed bt aHhanlelth Eer tionin

order to convert: sul fur- containing inpuritie I'l i ng poi nt
product s. Aééorﬁh%ﬁydma”aﬁéﬂﬁh%ézrﬂé@!l hours meim@rﬂg@rvewdmlhmdmans for

heati ng the recysgke i § fai. 'fhe%lnﬁf%ﬁﬁ%sérﬂsh?daﬁqsm@djtg'lhc?{eﬂ'lesha separat e
fractionator is not required practice o i's enbodi ment t he
recycl e stream e (U.S. Sieve Seriesy (Thistreaterialy whish s romprieed of 2B6dzedigoinby vol une of

the above-nenti giGhla fadi! is YRndrll nEeM ERGydtcact i onator. 30 The
foll owing exanples are I ntended only to |?’I ustrate the invention and are

20 " EXAMPLE IV

Preparation of beta zeolite.-- A solution of 0.15 kg of sodium hydroxide,
22.5 kg of tetraethyl ammonium hydroxide, 0.90 kg of sodium aluminate, and 36.6

kg of silica sol (Ludox HS-40 manufactured by E.I. duPont de Nemours Co. Inc.)
25 in 22.5 kg of distilled water was prepared in an autoclave. The autoclave was
sealed and maintained at a temperature of about 149° C, autogenous pressure, and a
mixer speed of about 60 rpm for a period of about 96 hours. The slurry was
filtered and washed, and the filter cake was dried in an oven at 121° C for a period
. of 16 hours. The resulting solid was ion exchanged three times with ammonium
30 nitrate in water by heating, under reflux, to a temperature of about 60° C for a
period of three hours, cooling while stirring for 2 hours, decanting and
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not to be construed as inposing limtations on the invention.
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-22- EXAMPLE |

Pol ymeric sulfonic acid resin.-- A nmacroreticular, polyneric, sulfonic acid
5 resin was obtained fromthe Rohm and Haas Conpany which is sold und]?r

t he nane “mgg&;‘ st[err] 35 Wet. This material was n the form
of spherical beads ol whi ch have a particle size in tﬁie&wa%g)g" rom0.4 to
1.2 mmand has the foll ow ng properis-es: (1) a concentration of acid
sites equal to 5.4 neq/g; (2) a noisture content of 56% (3) a
porosity of 0. Jeexchhgng. (ui)onalrylmﬁmg\enpon@difa(rjmieﬁdsdmlﬁ&@dlﬂe éo and a
surface area of, 44 njerr The resin s used as received and is

i dentified de ﬂ@?g%zeﬁbw%&f 3‘7’@}5?‘1 a%a |

EXAMPLE | | 15 Prepara .. Xprid i £ gdaal yst on
ki esel guhr.- A solid %h

' ﬁi: uhr ., was
obt ai ned from YRR %%clnéon °r§8’§ra€(fvﬁgesﬁra?$§lb&a ZCOP@IBB\W% ngpgc dateri al
was provi ded i rwith4® gimsrufﬁfﬁtalalsghlummn (aiphh- ammmomaﬂm\mmgfaaured by nomi nal

di ameter of 4. ?ﬁ:ﬂ“@?%:ﬂ?r@omﬁ%f&é'aﬁ’d%ﬂ%oﬂ gy?ﬁﬁiglegﬁ;{mﬁ.%f & efaged density

of 0.93 g/cn errT osphor AciE a8y as
Plerr]O[err], ciieda@ 128" Q@ora6 hoursiin a fotcedaaibveB) The solidsiwesd ﬂmmcaﬁtelpdlosphorl c

g(r: {Jg hgg n;ﬁgt Siz eglcdﬂtﬁ%[%%ﬂg eﬁ% 1 @ﬁl Wa‘sem@ﬁm hé%m;gﬁm&%&a&é: bef ore

use, and is idemmi Theektidatewas flalsd @éﬂh"l @rfm 1@hours in a forced air oven and
10  caicined at 538° C for 3 hours. The resulting material was crushed and sized to 12

to 20 mesh size (U.S. Sieve Series). This material, which is comprised of beta

zeolite in an alumina matrix, is identified herein as Catalyst D.

EXAMPLE V '
15
Preparation of silica-alumina alkylation catalyst.— A 75.0 g portion of
tetraethyl orthosilicate and 500 g of #-hexane were mixed with 375 g of a low silica
alumina which had a surface area of 338 mzlg and was in the form of a cylindrical |
extrudate having a diameter of 1.3 mm (manufactured by Haldor-Topsoe). The n-
20  hexane was allowed to evaporate at room temperature. The resulting material was
dried in a forced air oven at 100° C for 16 hours and then calcined at 510° C for 8
hours. The calcined material was impregnated with a solution containing 150 g of
ammonium nitrate in 1000 ml of water, allowed to stand for 3 days, dried in a
forced air oven at 100° C for 16 hours and calcined at 538° C for 5 hours. The

25  resulting material, which is comprised of silica-alumina, is identified herein as
Catalyst E.

30

matrix.— A 100.12 g portion of LZY-82 zeolite powder (LZY-82 is an ultrastable
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EXAMPLE 111 25 Preparation of ZSM5 Zeolite.-- A solution of

1.70 kg of sodium hydr oxi de, 26.8 kg of tetrapropyl ammoni um brom de,
2.14 kg of sodium al um nate, and 43.5 kg of silica sol (Ludox HS-40
manuf actured by E.I. duPont de Nemours Co. Inc.) in 18.0 kg of

distilled water was prepared in an autoclave. The 30 aut ocl ave was seal ed
and mai nt ai ned %ogﬁsterrperature of about 149 C, aut ogenq,tﬁ 62 Pressure,
and a m xer about 60 rpmfor a period of about 6IS ours The
Printed from M nosa 03/05/1999 11:49: 03.43age - 24-

- 23- slurry was filtered and washed. and the resulting filter cake

was dried in ar AWRB ndhufactured byAdnidn (fa?dide@wﬂﬁdltp@ﬁeﬂﬁ 55:§7hg)utrl!m= The dried
filter cake was then cal cined at 538[err W?‘FHBH od of 4 hours.

The cal ci ned niuminagpl (arafacaeddy Grissrign & W'é@mﬁ’%@ 1SpETsion Watnoni um
nitrate in wat %hebmafbsﬁédﬁﬂoveﬂMQv¢ﬁfrlwmur§ O résﬁlﬂiﬁ@fxﬁﬁeﬂaﬂ@vaﬂf about 85 5
C for a period of one hour, cool wg whi | e Stll’l’ln%a ml%rs filtering,
and washi Hepisned,with listilled waier 3t was then extruded as 2 ‘H@ﬁ"ﬁ SRS resul ting
solid was V\’a§h€lﬂvmgad1afﬁbt5ﬂbf4 ¢ duh & THe ﬁ&ru&ﬁﬁs,dnéﬂateﬂﬂmfoam bauvesinat 121[ err]
C for a period of 4 hours a t 5 C.t rs.to yield
ZSM 5 zeolite derce giougapnd the calined & 336 (&%5?)3?‘% 5@5%?&3? E‘y{gfiqlwg‘ﬁ cat al yst
conpri sed of Z3JYshedzmdbizddao |1mmmesmlsuauma Siéve Seria). r This mazmamﬂu@ iportion of
t he above-descri bed 7S was i xed .w Cat apal SB
al uni na (al pha- %F@Wﬂﬁ%%éﬁ lﬁt“éa“ Ay el éﬂqﬁm%’h ) 8 Gufs

m xture of soliEls was added to 600 g of distilled water, m xed vveII and
dried in an oven at 121[err] C for a period of 16 hours. The solids
were then m¥stened with distilled water and extruded as a
cylindrical extrudate having a di amBXaMBEVII6 nm 15 The extrudate was
dried at 121[err] C for 16 hours in a forced air oven and cal ci ned at
538[err] C for 4 hours. The resulting nmaterial was crushed and sized to
12-20 nesh Si Zte duh @hiclSire ses f@brbelew for thersulfuncontent iofisampleh o i s

compri sed of Zs%élo %P{)oxﬁn% p'oﬂt Wle obtained using a gas chromatograph equipped with a
15  flame jonization detector, a wide-bore fused-silica capillary column, direct injector,
and a sulfur chemiluminescence detector. The analytical method is based on a

retention time versus boiling point calibration of the chromatographic system.
The ability of various acidic solid catalysts to convert the sulfur-containing
impurities in a hydrocarbon feedstock to sulfur-containing products of a higher

20 boiling point was evaluated using the following feedstocks:

Stabilized Heavy Naphtha.— This material, boiling over the range from
-21° to about 249° C, was obtained by: (1) partial stripping of the C, hydrocarbons
from a heavy naphtha that was produced by the fluidized catalytic cracking of a gas
25  oil feedstock which contained sulfur-containing impurities; and (2) treatment with
caustic to remove mercaptans. Analysis of the stabilized heavy naphtha using a
multicolumn gas chromatographic technique showed it to contain on a weight basis:
4% paraffins, 18% isoparaffins, 15% olefins, 15% naphthenes, 45% aromatics, and
3% unidentified C,3, high boiling material. The total sulfur content of the
30 stabilized heavy naphtha, as determined by X-ray fluorescence spectroscopy, was
730 ppm. This sulfur content, as a function of boiling point, is set forth in Table 1.
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alumna matrix, is identified herein as Catal yst C 20

EXAMPLE |V Preparation of beta zeolite.-- A solution of 0.15
kg of sodi um hydroxi de, 22.5 kg of tetraethyl amoni um hydroxi de,
0.90 kg of sodium alum nate, and 36.6 kg of silica sol (Ludox HS-40

manuf actured by E. 1. duPont de Nenoburs Co. Inc.) 25 in 22.5 kg of

distilled wat af 9g;g‘%gsorepared in an autocl ave. The aut oclgpMqfssiire
seal ed and maMarned at a tenperature of about 149[err] C, autogenous

pressure, and a m xer speed of abagg- 60 rpmfor a period of about 96
hours. The slurry was filtered and washed, and the filter cake was
dried in an oven at 121 C for a period of 16 hours. The resulting

solid was ion exchanged_ three {i wi t h, anmoni 0 itrate in water by
heating, under reflux, ?@%%eﬁ‘ﬂgg?m%‘?ﬁ%&#mégﬁé’?‘ﬁq‘ Cfor a

period of three hours, coolingavhFueticidfBoilingPéinr 2 hours, decanting and

Printed from M nosa 03/-054939—1—1.—_4?%3—9&@9—%————
- 24- r eexchangi ng@m%b?f%}f%‘ﬂ B an oven at 121[err] C for a period

of 4 hours, the desppififh Betang 80/ %t € was Tehperared® € a powder.
Preparation of alkylatian catalyst conpris ite in an al um na
matrix.-- An 89.82 g portion of the above-described beta zeolite powler was
mxed 5 wth 40 grans of Cagapal SB al um na (al pbg- al um na nonohydrat e
manuf act ured by Vista). The m xture of solids was added to 300 g of
distilled water, nixed well &fd dried at 121[&%] Cfor 16 hours in a
forced air oven. The solids wgre then noistened 132with distilled water
and extruded as a cylindrical_extrudate having a di ter of 1.6 nm

The extrudat¥® was dried at 1239[ err] Cfor 16 hours™inh a forced air oven and

10 calcined at 538 C for 3 lpgurs. The resulting miderial was crushed and
sized to 12

70 163

65 168

60 182

15 55 201
50 219

45 220

40 220

35 226

20 30 227
25 229

20 232

15 233

10 247

25 5 264
1 365

The principal sulfur-containing impurities were identified chromatographically by
discrete peak identification, and these results are set forth in Table II.
30
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to 20 nesh size (U S. Sieve Series). This material, which is conprised of

bet a zeolite in an alumna matrix, is identified herein as Catal yst D.
EXAMPLE V 15 Preparation of silica-alumna al kylation calyst.-
A 75.0 g portion of tetraethyl orthosilicate and 500 g of n-hexane
were mxed with 375 g of a low silica al um na which had a surface

area of 338 n{Ryokhdegs and was in the formof a cylindricgly, ef£ Xt rudate
having a diameter of 1.3 mm (manufactured by Hal dor-TopsoeSU.s |P;_e - 20
hexane was all owed to evaporate at roomsjenperature. The resulting materi al
was dried in a forced air oven at 100[err] C for 16 hours and then
cal cined at 510[err] lem;u§u_ Primipﬂ@dfﬁ?-é%oﬁﬂﬁﬁr%%ﬁﬁrﬁﬁﬂlﬂmte!’l al W?S e in
i npregnated with a solution gontai ni ng o] ~amoniumnitrate i
1000 m of water, allowed tog‘é?‘%ﬂi“f"ﬁw @Pm%dsw*-ed in a forced air

oven at 100[err] C for chRphieM’S and COdmpoRentiCotcenmtaticppm C O 5 hours. The
25 resulting material, _which is conprised of silica-alumna, is

identified herein as Thiopigne al yst E. . 18 I Ced of v
EXAMPLE VI 530 2-M&EhaRRpIRhd On of al kykation catal yst conprised o
zeolite in an alum na ﬁt?ra{)rix.- A 100.12 g portion of LZY-82 zeolite
powder (LZY-82 is an ul #rEyithigphene 15 Printed from
M nosa 03/05/1999 11: 4% hnidpiGe - 26- ) _ _
- 25- Y zeolite manufact u?gd by Uni on Carki de) was dispersed in 553.71
g of PHF al um na sdéenzergRbmact ured by Crilferion Catal yst Conpany), and
the di spersion was Tetrahydrothiophene 4

10 2,5-Dimethylthiophene 11

Experiments with the stabilized heavy naphtha feedstock were carried out
using the following procedure. A 7 g portion of the selected catalyst was packed
into a 9.5 mm internal diameter tubular reactor which was constructed of stainless

15  steel and held in a vertical orientation. The catalyst bed was placed in the reactor
between beds of silicon carbide which were held in place with plugs of quartz wool.
Operating temperatures were varied from 93° to 204° C, and the pressure within
the reactor was maintained at 75 to 85 atm. The feedstock was introduced at the
top of _the reactor and was passed downward through the catalyst bed at a space

20  velocity of 1-2 LHSV. A syringe pump was used o inject the feedstock into the
reactor. The experimental apparatus included a back-pressure regulator which was
.downstream from the reactor and was positioned at a higher elevation than the top
to the catalyst bed in order to ensure that the catalyst bed was completely filled with
liquid.

25

Synthetic Feedstocks.-—- Two synthetic feedstocks, one of low olefin content
and the other of high olefin content, were prepared by blending model compounds
which were selected to represent the principal groups of organic compounds which
are found in a typical heavy naphtha which is produced by the fluidized catalytic

30  cracking process. The proportions of these principal groups in the high olefin
content synthetic feedstock are typical of what would be expected in such a heavy
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dried in a forced air oven at 121 C for 16 hours. The resulting materi al
was noi stened wth distilled water and was then extruded as a
cylindrical extrudate 5 having a dianeter of 1.6 mm The extrudate was
dried at 121[err] C for 16 hours in a forced air oven and then
calcined at 538 C for 3 hours. The resulting material was crushed and
sized to 12-2Q ize (U S. Sieve Series). This natery e 1S
conpri sed of Iﬁ%@%’ieol ite in an alumna matrix, is i de%cf‘:,l%s?dém&+ﬁ?lerei n as
Cat al yst F. 10 28- EXAMPLE VI |
The data which are set forth below for the sulfur content of sanples as a
function of boidjng, R MhuieiEca@iyiidénkihg pedcts. Thogatakfeansagsaph equi pped
with a 15 flanme 1onjzation detector Wi de-rﬁgre fused-silica capillary
col umm, direct VeRj %'Bﬂ%r“}°°mp°s‘“°“§ﬁ?fp‘efh§§1°f‘?}‘f Ole PR SRPeRt Y eé'&é?%‘%sg“ etector. The
anal ytical met hQghaing vé¥ i1 oRfin.2The compositidhsufithiesssyhthetie feedstaoksaboetl i ng poi nt
calibration of the chronatographic system : The ability of

vari ous aci di c ‘@B inglabletH; ysts to convert the sul fur-containing

inpurities i a hydrocarbon feedstock to sul fur-containing products of a

hi gher 20 boi I'i ng poi val uat ed .n ow ng feedstocks:
Stabi li zed Heavy Napht hg&‘ﬂﬁ@ ﬁﬁ’f‘%ﬁsﬁg?ﬁfgﬁfﬁ{c%%@éﬂr&the range from
-21 to about 249[err] T waS oDT al neémpayiént Cogceftaation, at. Bt ri ppi ng of the C4

hydr ocar bons . froma heavy ua.p.h.t._.ha._r_ha.t_mam.'-ﬁﬁ?lged—by the fluidized
catalytic cracking of a gas 25 oi High@E® ock wHP nt ai ned

sul fur-contai.ning i npue&,ﬁljogé,; and cogint Fe@isbh e Nt Cotent Feedstock caustic to
Anarve cokt

renmove nmercaptans. Analysis of the stabilized heavy naphtha using a
nul ti col um 18as chr orfeRroppmethipl ¢ t echnPde showed it%% contain on a wei ght
basi s: 4% par affilse 18% i sopaggpfins, 15% op.¢f i ns, 15% napht henes,
45% aromati cs, and 3% unidentified CJerr] high boiling material. The
total sulfur content Methyleyelopenmne st a$i¥i zed heavy é‘pht ha, as determ ned
by X-ray fluorescence, 5pardiyRoe@ese Wast7 730 @@ This sul fur
content, as a function of boiling poi nts is set forthAi n Table 1.
Printed from M nosa OB 1999 11: 49: #33hage - 27- 13.
15 Thiophene 0.49 0.41
1-Heptene 4,63 0.56
n-Heptane 43.37 47.86
Toluene 22.53 28.74
2-Methylthiophene 0.45 0.50
20 Isopropyl sulfide 0.48 0.29

Experiments with the synthetic feedstocks were carried out using the

following procedure. A 10 cm’ volume of the selected catalyst was packed into a
1.43 cm internal diameter tubular reactor which was constructed of stainless steel

25  and held in a vertical orientation. The catalyst bed was placed in the reactor
between beds of alpha alumina which were held in place with plugs of quartz wool.
Prior to use, catalysts C, D, E and F were activated in the reactor at a temperature
of 399° C in a stream of nitrogen at a flow rate of 200 cm’/min for one hour.
Operating temperatures were varied from 93° to 204° C, and the pressure within

30 the reactor was maintained at either 17 or 54 atm. The feedstock was introduced at
the bottom of the reactor and was passed upward through the catalyst bed.
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- 26- TABLE I. Sul fur Content of Heavy Naphtha Feedstock

as a Function of Boiling Point. Amount of Sul fur in Higher
5 Boiling Fractions, wt. % Tenperature, [err] C
95 113 90

114 85 132 10

80 139 PCT/US96/00762

142 WO 9830658 70 163

65 168 -29- 60

182 15 55 201

50 219 _ 45

220 40 220

35 22 FXBERIMENT VIl 30

227 25 229

§g3 The stabilized he%%g’ﬁxma'feedsmck was blended with a mixed c,/;:g? -

S) stream (containing, on a wafght basis, 55% propane, 27% propene, 9.5% 2-butene.

20 gt o, B oy 54 OB AT
results are setnafimiat [The mesdlding blerdIwas c@facted, as described above, with Catalyst Br i nt ed from
M mosa 03/ 05/ 199%d pl1ios hgong %cxﬁ) gﬂzﬁyst gx?fueselguhr) at a pressure of 85 atm, a space
velocity of 2 LHSV, and at temperatures of 93°, 149° and 204° C. The _
10 distribution of sulfur content as a function of boiling point in the feedstock and in -
the products obtained at reaction temperatures of 93°, 149° and 204° C is set forth
in FIG. 1 (boiling point is plotted as a function of the percentage of the total sulfur
content which is present in higher boiling fractions). These results demonstrate
that, at a reaction temperature of either 149° or 204° C, the sulfur-containing
15 hﬁpurities in the feedstock are converted to higher boiling sulfur-containing
products, and that this increase in boiling point is about 25° C over the entire
boiling range of the naphtha. In contrast, there is relatively littie conversion of the
sulfur-containing impurities to higher boiling products at a reaction temperature of
93° C.
20
EXPERIMENT IX

The stabilized heavy naphtha was contacted with Catalyst B (solid
phosphoric acid catalyst on kieselguhr) at a pressure of 75 atm, a temperature of
25 204° C and a space velocity of 1 LHSV. The distribution of sulfur content as a
function of boiling point in the feedstock and in the product is set forth in FIG. 2
(boiling point is plotted as a function of the percentage of the total sulfur content
which is present in higher boiling fractions). These results demonstrate that the
olefin content of this heavy naphtha feedstock from a catalytic cracking process is
30 sufficiently high to permit conversion of the sulfur-containing impurities to higher
boiling sulfur-containing products. It will aiso be noted that 30% of the sulfur in

Printed from Mimosa 03/05/1999 11:49:03 page -31-



-27- TABLE 11. Principal Sulfur-Containing Inpurities

In St abi li zed Heavy Napht ha Feedst ock.
Conponent Conponent Concentration, ppm

Thi ophene 18 5 2- Met hyl t hi ophene
33 2- Et hyl t hi ophene

3- Et hyl t hi oph 21 Benz %‘Hrh&%ﬁ e

111 WG sarsoess Tet r ahydr ot hi ophene 4 % “

2, 5- Di et hyl t hi ophene 11 -30- Experinents with the
stablllzed heavy napht ha feedstock were carried out usi ng the

fol 1 ow ng procegiipfodud béithbBi 48808 upéon&ﬁ?m%ﬁiy%s&@do%% &k pbudanicpacked
into a 9.5 mi nternal di ameter tubul ar reactor which was constructed of

stainl ess 15 stebebuingd when e fesdsiock was hlended Yﬂ’r"}”eﬁtx&?‘? ‘bferPF?Fea"Eat al yst bed

was placed in th&e&eea&ée@énbed mExbahvaaemquﬁba{evalthmaﬁmlgﬁ&nm&exaw\hl ch were
held in place with &“gs of quartz woo eratures were

| ati
vari ed from 93 tisboRigfis pesent ‘“éﬁ‘?cfe"tdﬂﬁpkﬁ?"éds?m“écgﬁmﬂﬁm ucts whi WA cact or was
mai ntai ned ats 7pigh 1§5oxﬂﬁg§iom-mﬁn iR pebabCkat WRSobtafied WBdAQSge AhoublefC;  top of
S

the reactor and was downwar hr ough _t he catalyst bed at a space 20
vel ocity of 1- Zﬂ%ﬁeﬂsﬂﬁ"’ﬁ#&@ ?Fﬁ‘s%’é”tﬂ@dmp&w{“n ct the feedstock into

the reactor. The experi ment aI apparatus included a back-pressure

regul ator whi ch was downst rea eactor and was positioned at
a higher elevation than the top %gwgt al yst bed in order to ensure
that the catal yst bed was conpletely filled with liquid 25

Synt hetic Fegdstocks,-- T svnt hetj c. f.eedsi ocks,, one of n cont ent
2nd the ot el of *ht o 5 AP SR KRRk B i iRoSiion Biek itk o
conpounds foddi inlTable T2 waedoatatted] ag describpd ahoe) twith IQatalysti BiGoljglal gr oups of

O gt ¢ COMPOUN Sl heig catyss 3 el R ol ol B S 1SRN 12 001 01

produced by the I Ng process proportions
of these princi (2e4° GrmdpspacnvtltmylofngSVeﬂ‘hmdxsmbunon ofmuifercontentias met i ¢

feedstock are t ol Gal oAl Bhin'tR e JowP Seffr Ritoh S huheRle Rilbe? i8NG in

15 FIG. 3a (boiling point is plotted as a function of the percentage of the total sulfur

content which is present in higher boiling fractions). FIG. 3b sets forth the sulfur
distribution as a function of boiling point in the product from this feedstock.
Comparison of FIGS. 3a and 3b, demonstrates that there was very little conversion
of the sulfur-'containing components of the synthetic feedstock to higher boiling

20 sulﬁzr—contaixﬁng.products.

EXPERIMENT X1

A high olefin content synthetic feedstock having the composition which is set
25  forth in Table III was contacted, as described above, with Catalyst B (solid
phosphoric acid catalyst on kieselguhr) at a pressure of 54 atm, a temperature of
204° C, and a space velocity of 2 LHSV. The distribution of sulfur content as a
function of boiling point in the high pleﬁn content synthetic feedstock is set forth in
FIG. 4a (boiling point is plotted as a function of the percentage of the total sulfur
30 content which is present in higher boiling fractions). FIG. 4b sets forth the sulfur
distribution as a function of boiling point in the product from this feedstock.
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- 28- naphtha froma fluidized catal ytic cracking process. The

synt hetic feedstocks are very simlar in conmposition except that the

| ow ol efin content synthetic feedstock contains very little olefin. The

corrp05|t|ons of these synthetic feedstocks are set forth in Table I11.

5 TABLE I'l'l. Conposition of Syntheti cpdiishiobfesKs.

Conponent Con¥BP% on, wt. % H gh -

Aefin Low A efin Cgpponent Cont ent Feedst ock

Cont ent Feedstock 10 2- Pr opanet hi ol 0. 39

0.22 !ﬁk;g ﬂ“lqv 0. 38
%i;’% d 4bd tes that as substantial conversion

Met hyl cycl opent‘E";lonflspal]is 4a an emonstra es6 ©

2, 3- Di et hyl - 2- dfubecmifur-contdinihy components of the syrgheqqfeedstock to higher boilinga 7 ene

304‘;’2 sulﬁu-ﬁ?nﬁéﬁ{ggvflodgxés Except for oleﬁnI&Ht&Plﬁ?ertﬁ‘gh olefin content 0. &349

n- Hept ane synthetic feedstoqi@f s experiment has a composlgqn \glgch is very similar to Tol uene

22. 53 5  that of the lgxgolZﬂn content syntheuc feedsto%k Mstﬁﬂuhﬁit XABEVRE A 0.45

0.50 20 I'sopropyl sul fi

29
Experi ments wi t ¢pmpatisonfithp Zasples °f8’@§§?‘6’6}€§‘ ‘%@r‘h"’sﬁaﬁ'}f”ipé"&"%?( “ﬂgl ng t he
fol 1 Wi Ng. pr OCe iyl bR o §163 1IRLANEDS o Benil ARmshgTatak St s

packed into a . cminternal dianmeter tubular reactor which was
constructed of SQIWOW%E“?@?@F“"QE‘““’QWd held in a vertical orientation.
The catal yst bed was placed in the reactor bet ween beds of al pha

al um na which were held in place w_th guartz wool . Prior to
use, catalys®s C, D, E and F were Fgﬁ\dgﬁ S{I}the reactor at a tenperature
of 399[err] Cin a streamof nitrogen at a flow rate of 200 cnferr]/mn for

h t d 04 C, d
?EZ p(r)ggsure Wi tﬁjﬁrgatzltb?s A B rrpera% gﬁ \‘\i’ﬁé escnq)ed]:nrcpml éove and2 an

whose properties are briefly summarized in Table IV, were each tested as described
above at a pressure of 17 atm, a temperature of 204° C, and a space velocity

15 of 2 LHSV with the following two feedstocks: (1)' 2 high olefin content synthetic
feedstock having the composition which is set forth in Table III; and (2) the same
high olefin content synthetic feedstock after blending with propene at a 0.25 volume

TABLE IV. Catalyst Characteristics.

20 Catalyst Type Pore Size Relative Acidity
A Amberlyst® 35 Wet >6A Medium
B Solid phosphoric acid  >6A Strong
on kieselguhr
25 C ZSM-5 zeolite in <6A Strong
alumina matrix
D Beta zeolite in >6A Strong
alumina matrix
E Silica-alumina >6A Medium .
30 F Y zeolite in alumina >6A Strong
matrix
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30 the reactor was nmintained at either 17 or 54 atm The feedstock was

I ntroduced at the bottom of the reactor and was passed upward

t hrough the catal yst bed. Printed from M nosa
03/05/ 1999 11:49: 03 page - 30-

- 29- EXPERI MENT VI | |

The stabilize napht ha feedstock was bl ended W th g

Cerr]/Cerr] ‘gﬁ% ream (contai ning, on a wei ght basis, 558%%pane, 27%
propene, 9.5% 2-but ene. 6% 1- but ene3and 2. 5% 2- net hyl propene) at a 1.0
volune ratio of CJerr]/Cerr] streamto napht ha. The resulting bl end
was contacted, as described above, with Catalyst B (solid phosphoric

aci d catal yst on_kigesel guhr) at. ssure_ of 85 a s e vel ocity
of 2 LHSV, and %4t° ?fémi’&g"a‘f’ tﬁ%‘&‘“ﬁ%&?&r each ST U ergé’ﬁ‘émé‘%?l&c. The 10

di stribution of mpphehes (thivphdne aitd Bmethylthioplene)ae othér nimtxrials wgs pairmined n t he

f eedst ock and i t.he. product s L.ned . ko eratures of
93, 149[err] an%m'ﬁﬁrhm@yfl% °fst§? refugtr Wr&gét%rqfﬁ%p}%{‘gé" S%ﬁ%’%@?‘f"?’%‘jpoi nt is

pl otted as a5f uvatenorThe festlisef heseaeststangysst fofth irFJGt 5t Fhese reisiflig suggest cont ent

which is preseng in high -] i Act g : enonstrate
that, at a reacﬁ’f‘o‘ﬁe 3%15% rna({?ﬁlrléjlh%? aIéﬁ[ ?'W%#‘ﬂ%r%n}?fag?ﬂ%%h@d%he

sul f ur - cont ai ni prgpebb is highpsn pver ithegndstacidicecatalysisiwhicichave p pore siae greaterdhano  hi gher
boi ling sul fur-gont ai 4 d '@ﬁg : e Shd e in boiling
poi nt i s about %%utﬁo@él{rmftﬁg’ grﬂ"??g Allﬁ’to&gh ol Y#ﬁ‘g‘tlﬁ gér}ngbéo%ﬁt fg(‘f’napht ha. In
contrast, ther ethes resgltssupgest that thetsizé of theraikydates paoduesfmay fpe too large to form

sul fur-cont 61'18 pi Bnd ﬁ@%&okgi%??alg? “@%ﬂh&ra pRRY dide RaIRF Bk BHod 6H (CralyBAS! | ON

tenperat ure
EXPERI MENT | X and that the acidity of the moderately acidic catalysts (Catalysts A and E) may be

insufficient to fully activate the C¢ and C, olefins of the high olefin synthetic

feedstock. However, when propene is added to the synthetic feedstock, the

conversion of thiophene and 2-methylthiophene o§er both Catalyst C (<6A pore
15 size) and the moderately acidic Catalyst E is approximately doubled.

EXPERIMENT XHI

A high olefin content synthetic feedstock having the composition which is set

20 forth in Table III was blended with propene at a 0.13 volume ratio of propene to
synthetic feedstock, and the resulting blend was contacted with Catalyst B (solid
phosphoric acid catalyst on kieselguhr) at a pressure of 54 atm, a temperature of
149° C, and a space velocity of 2 LHSV. This experiment was then repeated at a
temperature of 204° C. In each experiment, the conversion of thiophenes

25 (thiophene and 2-methylthiophene), benzene, and toluene to other products was
determined from an analysis of the resulting product. At 149° C, the conversion of
thiophenes (thiophene and 2-methylthiophene), benzene and toluene was 54%, 15%
and 7%, respectively. At 204° C, the conversion of thiophenes (thiophene and 2-
methylthiophene), benzene and toluene was 73%, 36% and 26%, respectively..

30 Accordingly, under these conditions, the aromatic sulfur compounds (thiophene and
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The stabilized heavy naphtha was contacted with Catalyst B (solid
phosphoric acid catal yst on kieselguhr) at a pressure of 75 atm a
tenperature of 25 204 C and a space velocity of 1 LHSV. The distribution
of sulfur content as a function of boiling point in the feedstock
and in the product is set forthin FIG 2 (boiling point is plotted
as a functi on vodoghabi@s Per cent age of the total sulfur contgRfuseswerez WHicCh is
present in higher boiling fractions). These results denonstrate that the .
ol efin content of this heavy naphtha feedstock froma catalytic cracking
process is 30 sufficiently high to permt conversion of the

sul f ur - cont ai ni 2gpethyithiophtnepare tanverkeg lirepreference to the aromarighydrdcirionscont ai ni ng
products. It will als ted that 30% of the sulfur in
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- 30- t he product boils above 288[err] Cin contrast to only about 20%
in the product which was obt aj ERIM@PI‘ feedst ock was bl ended with
a m xture of propene and but e#elg as es%i}?bed in Experinment VII1. It

i s believed bhat the higher nolecul ar wei ght olefins present in the
feedstock yield sul fit <GROLARIN bi ' I g in boiling
poi nt than the product S&t_ﬁaif&sggr’?Sgtl%gmﬁﬁb@f@%gﬁgﬂ% gC[err]

and [ err] ol ef pmeungsof a miked €31Co syrdam (¢aniainingoerka weight hasisy f5% iprapene. VI | | .

EXPERI MENT X 34y, ,9.5% Poh@¥! @ SolubneC 285 nedMHbRAL | aha i ock having
the conposition which 15 set ) forthEFn Tag?e Ilﬂ5a§§:%on$§g?%d, as
descri bed above 2-PigParpCand-hs arioys hlends wege contactehwisls GriaJyst 8 (sadidd cat al yst on

ki esel guhr) jat Bnd3pidFie 4eidcaedi s55nﬁ£s€ﬂrzu]{i‘ d 8BRS 0138 afd, & temperatlféofC: aNd @
space velocity g#%g LHSV. Th% distr bu%ion o#.sul?ﬁr'gonggﬁt %% a

function of boi PME:38¢ Asparsvelasisy ok Vef The ratiorhyevatums pfithh sited C/€edst ock i s
set forth in 15 sreal! t6naphtha WRAIiA 1B 1e3R1ig Vet fofih B Rb8d PR plodultRELdcpn Of the

percentage of the total sulfur .
test was analyzed with respect to: (1) the conversion of sulfur-containing impurities

to higher boiling sulfur-containing material; and (2) its content of benzene and

15 cumene. These analytical results are also set forth in Table V. The ratio of cumene
to benzene in the product is an indicator of the extent to which the aromatic
hydrocarbons in the naphtha feedstock have been alkylated under the conditions of

TABLE V. Effect of Varying Amounts of Mixed C,/C, Olefins on

20 Alkylation of Heavy Naphtha.
Volume Ratio Sulfur in Products Weight Ratio
Run of C,/C, Stream Boiling above 260° C, of Cumene
No. to Napmh'a . wt. % to Benzene
25 1 0.02 23 0.01
2 0.03 25 0.03
3 0.14 . 23 0.04
4 0.24 25 0.14
5 0.50 36 0.83
30 6 1.0 42 1.6
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content which is present in higher boiling fractions). FIG 3b sets forth

the sul fur distribution as a function of boiling point in the product
fromthis feedstock. Conparison of FIGS. 3a and 3b, denpnstrates that
‘there was very little conversion of the sul fur-containing conponents

of the synthetic feedstock to higher boiling 20  sul fur-containing

products. EXPE éﬁﬁ\%}s&‘y
A high ol efi n‘%%n% &Nt synt hetic feedstock having the co%om I on‘zvvhi ch is
set 25 forth in Table Il was contacted4. as descri bed above, with

Catalyst B (solid phosphoric acid catal yst on kieselguhr) at a

pressure of 54 gkiMestqmk SEIRAE AlfbiRd 8Y alkylation oPSMALeRE inl thdnapRidifeaisopiace vel ocity
of 2 LHSV. The distribution of sulfur content as a function of

boi | i ng poi nt i Witk PrAPERF GRmhepixed CffrysEFAT) s AR SPRPRTISOR BEBSESER i s set forth
of the total SUpf e g o e B e g o
o] e total sulfur cont.ent whi c resent in_higher boiling
fractions). FI (';f“lfﬂbc"é‘?f“shaflﬁg?‘ & BoINt 2BQve 6¢°§C0 he resm‘ss‘f’?‘?%f@ﬁs‘ﬁ@r'a function
of boi Lli Pg ps:vlnton'tamﬂ' OmB/ gﬂ}itﬁﬁgigmtbef:mﬁgtdg? ﬁgﬁeﬁﬁdgﬁzmifur-conmining material

Printe rom M nos 5/ 1999, 11:49: age.-32- . . . '

J31 Conpalh AEHE TRMEERAT do6h ot s SRR A ton T4 A s
substanti al conmgircahons whichGire dldocin thelfdedstock.ont ai ni ng conponents of the

synt hetic feedstock to higher boiling sul f ur-cont ai ni ng products.
Except for olefin content, the high olefin content synt hetic feedstock
of this experinent has a conposition which is very simlar to 5 t hat of
the low ol efin content synthetic feedstock of Experinent X above. A
conparison of the results of this experinment with those of Experinment X

wi || denonstrate that there is very little conversion of the

sul fur-containing feedstock conponents in the absence of the ol efins.
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10 EXPERI MENT X | Cat al ysts
A B, C D E and F, which are described in detail above and whose
properties are briefly summarized in Table IV, were each tested as

descri bed above at a pressure of 17 atm a tenperature of 204 C, and a
space velocity 15 of 2 LHSV with the follow ng tw feedstocks: (1) a high

ol efin content %@gﬂ%tic f eedst ock having the conmp@sititegihmdhi ch is
set forth in %g e l; and (2) the sane hi gh ol ef?ﬁ*content

synthetic feedstock after blending wth psopene at a 0.25 vol une

TABLE IV. Catalyst Characteristics. 20 Cat al yst Type
Pore Size Rel at pyefygl dity A Anberlyst[err] 35
Vet >6A Medi um _ B Sol i d phosphoric acid
. SBA St r ong 1. A method for producing a product of geduged sulfyyr Gemgnt rem a

c ZSM 5 1ig8@teedsfock wherein safiGédstock is compsell @M@ mixture of hydrocarbons
alum na matrix ) . D . Beta zeolite in. >6
Strong which boils below about 345° C and cpniains 2 minpr amoynt of organic sulfur E

Silica-alum Ba compounds>f wherein said phdeebs Uéhhpriséd: F Y _
zeolite in alumna > 6A Strong mat ri X
Printed from M npsa 03/05/1999 11:49: 03 page - 33-

-32- (@)  adjusting the composition of said feedstock so that it contains
an amount of alkylating agent which is at least equal on a molar basis to that
of the organic sulfur compounds, and wherein said alkylating agent is

10 comprised of at least one material selected from the group consisting of
alcohols and olefins; '

(b)  contacting the resuiting mixture with an acidic solid catalyst at
a temperature in excess of 100° C for a contact time which is effective to
15 result in conversion of at least a portion of said organic sulfur compounds to

a higher boiling sulfur-containing material; and

(c) fractionally distilling the product of said contacting step to
remove high boiling sulfur-containing material and produce a product which
20 has a reduced sulfur content relative to that of said feedstock.

2. The method of claim 1 wherein the organic sulfur compounds in the
feedstock are comprised of aromatic sulfur compounds.

25 3. The method of claim 2 wherein at least about 20% of the aromatic
sulfur compounds are converted to higher boiling sulfur-containing material.

4, The method of claim 1 wherein said alkylating agent is comprised of
at least one olefin which is present as an original component of said feedstock.
30

I

w
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ratio of propene to synthetic feedstock. In each such test, the conversion
of t hi ophenes (thi ophene and 2-net hylthi ophene) to other materials was
det erm ned froman analysis of the resulting product for thiophene and
met hyl t hi ophene 5 content. The results of these tests are set forth in
FIG 5. These results suggest that the conversion of thiophene and

2- et hyl t hi op t he absence of added propene i $cBbSEsE, Over the
nost acidic ca a?ﬂdo whi ch have a pore size greater than %out 6A
(Catalysts B, D and F). Although the invagiion is not to be so limted,
these results suggest that the size of the al kyl ated product may be too
large to form 10 i rs.t heTROn@RoA®k clhifies Wike Wl festiibedis hashtia pomer Si ze
smal | er than about 6A (Catal yst O and that the acidity of the

noder at el y aci dF¥RIRgcEAckiBg Brogessyt o) ysts A and E) may be i nsufficient
to fully activate the C6 and C7 ol efins of the hi gh ol efin synthetic

f eedst ock. However, when_propene_is. added .t PN nt het.i c . f eedst ock, the
conversion of thi opHene 3&&)‘“%‘#@{ o \"ﬁ“ﬁ dait 56%%“&%%1‘@? PUC (< 6A
pore 15 sizg) aﬁcgr&d@%md@rﬁta&bwmu diefinsGR Fram\abut K to sbosyR0rcacbbmat el y

doubl ed. EXPERI MENT XI | |

A high olefin c8®™nt synthetic feedstock having the conposition which is
set 20 forth in Table Il was bl ended with propene at a 0.13 volune ratio
of propene to synthet i c f d was
contacted with Catal yst E?%‘%‘P"%ﬁgﬁmﬁ&hﬁaﬂgﬁ& &?acﬁ?igé&hd;l}% {&L&Q

ki esel guhr) at acigrsaigssre of 54 atm a tenperature of 149[err] C, and

a space vel Ofd'fty of 2 LHSV. This experinment was then repeated at a
tenperature of 204 C. In each experinment, the conversion of thiophenes 25
(t hi ophene and 2- et 8iyl t Theomebekof claime i wberein said &edstockibeils belowebdwer product s

was deter%a‘e froman analysis of the resulting product. At 149[err]
C, the conversion of’ t hi ophenes (thi ophene and 2-net hylt hi ophene),
benzene and tol uene was 54% 15% and 7% respectively. At 204[err] C,

the conversion of thy ophg@g/ﬁl %%‘? ancﬂggﬁ}@'@ﬂsg‘af“ﬂm*%&%%ma phene),

benzene and tol uene was respecti vel Accordingly,
under these &,i)ndvmtmn@centq’f@rmmqf@ﬂf@msfur conpounds ('t hi ophene and
Printed from M npsa 03/05/1999 11:49: 03 page - 34-

10.  The method of claim 1 wherein the amount of alkylating agent is at

least equal on a molar basis to 5 times that of said organic suifur compounds.

20 11.  The method of claim 1 wherein said contacting step is carried out at a
temperature in the range from about 125° to about 250° C.

12. A method for producing 2 product of reduced sulfur content which
comprises:
25
(@)  producing catalytic cracking products which include sulfur-
containing impurities by catalytically cracking a hydrocarbon feedstock

AN o
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- 33- 2-met hyl t hi ophene) are converted in preference to the aromatic
hydr ocar bons (benzene and tol uene).

EXPERI MENT XIV 5 In a series of tests, the stabilized heavy
napht ha was bl ended with varying anounts of a mxed (Jerr]/err]
stream (containing, on a weight basis, 55% propane. 27% propene, 9.5%
2-butene, 6% lydygheee. 2. 5% 2- et hyl propene, and 1500 ppﬁ?m, 73 Propanol ),
and the various blends were contacted with Catalyst B (so |3 10 phosphorl c
acid catalyst on kieselguhr) at a pressus® of 82 atm a tenperature of

204 C, and a space velocity of 1 LHSV. The ratio by volune of the m xed

C3/ 4 streamto napgbit hasept&aiilg htrledshqudn@stm catslythadracking producs Tabl e V.
The product of each spect to:.(1) the
conversi on of sul furhlg%ﬁtcé’fei N r‘*r%’ﬁs?l £ @gt pétcknl o Eel ‘ﬁ]’@ﬂ%‘f E?lﬂgl i ng

sul fur-contai ni ng rrangamwllfur@n'dox(nﬁs)asmgummtent of benzene and 15 cunene.
These anal ytical results are also set forth in Table V. The ratio of cunene
to benzene in the product is an indicator of the extent to which the
aromatic 5 hydrocar bdels i sentatting thepseratated cgalphict apakink arodudewith @l kyl at ed
under the condition . $ of . ing Amounts
of Mxed Qerr]/d e?ﬁ’“]qé 8113 fc?t?]lgst (a)tna tgz‘xaperatu-wﬁ"eﬁceys ot%t) E%raﬁen&%%mg Al kyl at i on
of Heavy Naphtha.  which is effective to convert at }4st ajpastidRenfiths sulfur-c@ukifing i n Pr oduct s

Wi ght Ratio above
260ferr] C -~ of Culd unpuntxes'?h' Ehid QBarﬂne&Fa])/ugLr%ﬂr]gﬁgﬁcﬁaﬁf@ a sulﬁﬁ-éolnhﬂﬂg %

to Benzene 25 maml of higher boiling gpingand 23

0.01 10 2 0.03 25

0.03 3 0. 23

0. 04 4 d) frg:,gonally distilling the product of said coxgacting step to

0.14 Sremove high Boifd} sulfur-contai

0 83 30 - 5 g gi_&o ning material and produ%@a product which 1.6

has a reduced sulfur content relative to that of said separated catalytic
cracking products.
15

13.  The method of claim 12 _wherein said portion of the catalytic cracking
products is separated by distillation.

14.  The method of claim 13 wherein said separated portion of the
20  catalytic cracking products boils below about 345° C.

15.  The method of claim 14 wherein said separated portion of the
catalytic cracking products boils below about 230° C.

25 16.  The method of claim 12 wherein said contacting step is carried out at

a temperature and pressure which are effective to maintain the separated catalytic
cracking products in a liquid state.

17. The method of claim 12 wherein said contacting step is carried out at
30  atemperature in the range from about 100° to about 350° C.

gy
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- 34- each test (the cunene is fornmed by al kyl ati on of benzene in the
napht ha feedstock with propene fromthe mxed Cerr]/Cerr] stream.
For conpari son purposes. the feedstock had a 0.01 weight ratio of
cunene to benzene and 5 wei ght percent of its sul fur content had a

boi l'i ng poi nt m,}‘&sszm[ err] C. The results indicatethatpdrtgesibist Ur -. 5
containing inpurities can be converted to higher boiling sul fur-containing

mat eri al in a selective manner whiclggdoes not cause significant
al kyl ati on of the aromatic hydr ocar bons which are also in the
f eedst ock. 18. A method for producing a product of reduced sulfur content which
comprises:
(@  producing catalytic cracking products by catalytically cracking
5 a hydrocarbon feedstock which contains sulfur-containing impurities:

(b)  passing the catalytic cracking products to a distillation unit
and fractionating said catalytic cracking products into at least two fractions
which comprise: (1) a liquid boiling below about 345° C which contains

10 sulfur-containing impurities and (2) material of higher boiling point;

()  producing a treated liquid by contacting a portion of said
fraction (1) from the distillation unit with an acidic solid catalyst at a
temperature in excess of 50° C for a period of time which is effective to
15 convert at least a portion of the sulfur-containing impurities in said fraction
(1) to a sulfur-containing material of higher boiling point; and

(d)  returning the treated liquid to said distillation unit and
fractionating the treated liquid simultaneously with the catalytic cracking
20 products, whereby at least a portion of the sulfur-containing material of
higher boiling point in the treated liquid is removed and a product of

reduced sulfur content is produced.

19.  The method of claim 18 wherein from about 5% to about 90% by
25  volume of said fraction (1) from said distillation unit is contacted with the acidic

solid catalyst in said contacting step.

20. The method of claim 18 wherein said fraction (1) from the distillation
unit is a liquid boiling below about 230° C.
30

I

Printed from Mimosa 03/05/1999 11:49:03 page -40-



Printed from M nosa 03/05/ 1999 11:49: 03 page - 36-

- 35- W claim 1. A net hod for producing a product of
reduced sul fur content froma | i quid feedstock, wherein said feedstock
is conprised of a m xture of hydrocarbons whi ch boils bel ow about
345[err] C and contains a mnor anmount of organic sulfur 5 conpounds, and
wherein said o%§§%§ conpri ses: ( epcTrusonbiést i Ng t he
conposition of sal Y eedstock so that it contains ~an anmount of

al kyl ati ng agent which is at |east equal on a nolar basis to that

of the organic sul fur conpounds, and wxerein said al kylating agent is 10
conprised of at |east one material selected fromthe group consisting of

FIG. 1

PRODUCT (204°C)

260 ZZlS 2!.'30 275 300 325 350 375 400
BOILING POINT, °C

% B
5 -
2 &= i
U
2 g
(=]
(24
' 4 NN — 4 4 4 =
S 2 82 28 83 2 3 8 8 = °°
- SULFUR CONTENT OF HIGHER BOILING MATERIAL,
% OF TOTAL SULFUR

Printed from Mimosa 03/05/1999 11:49:03 page -41-



al cohol s and ol efins; (b) contacting the resulting
m xture wth an acidic solid catal yst at a tenperature in
excess of 100 C for a contact tine which is effective to 15

result in conversion of at least a portion of said organic sulfur corrpounds
to a higher boiling sulfur-containing material; and

(c) fracti W istilling the product of said contag&,lrfbgm%r,ép to

renove high boiTing sul fur-containing material and produce a product which

20 has a reduced sul fur content relative to that of said

f eedst ock. 2. The &€bhod of claim| wherein the organic
sul fur conggunds in the f eedstock are conprised of aromatic sulfur
conmpounds., s 25 3. The nethod of claim2 wherein at |east
about 20%%2 the aromatic sul fur conmpounds are converted to higher
boi | i ng stMfur-containing material . 4. The met hod of
claim1 wherein said al kyl ating agent is conprised of o at | east one

ol efi n whi cfrs—presemt—as amr orTyirmatr—conpomemt—of —sard—f §dst ock. 30
Printed from M nosa 03/05/1999 11:49: 03 page -37-
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5. The met hod of claim4 wherein said feedstock is a naphtha froma

catal ytic cracking process. 6. The nmethod of claiml
wherein said al kylating agent is selected from5 t he group consi sting of
al cohol s and ol efins of from about 3 to about 20 carbon at ons.

7. The nethod of claim1l wherein said catalyst is a solid phosphoric
acid catal yst 8. The nethod of clai rpc;mgggm n said

f eedst ock boiwg; el ow about 230[err] C . The

met hod of claim1 wherein said feedsto} cont ai ns Iess t han 50 15  wei ght
percent of aromatic hydrocarbons. 5 The nethod of claim

1 wherein the amount of alkylating agent is at | east equal on a nol ar
basis to 5 tinps that of said organic sulfur conpoundFlG 3 11.
The nethod of laim1 wherel n sald contactl ng step is carried out at a
tenperature i t ht00i0an ge—fromabott—i25—to—abott—256—C 1 12.

A net hod for od%|d1 a pnioduct of reduced sul fur content whi¢h
conpri ses: (a) produci ng catal ytic cqacking

products Whl c @do.pe sul fur- containing inpuritifes by
catal ytically cking a hydrogarbon feedstock whifch cont ai ns
sul fur-cont ai 7°rpp rities; Printed from
M mosa 03/ 0583 @%g ¢ 1 49: 03 pdge - 38-
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-37-

catal ytic cracki ng products

(b)

wei ght percent of ol efins and contains

conpounds as inpurities;

5

separated catal ytic cracking products with an

catal yst at a

ture in excess of 50[err] C for a
which is effective to convert at

| east a portion o

f the

separating at |east a portion of the
which is conprised of at least 1
organi c sul fur
(c) contacting the
acidic solid

time

Hﬁﬁrﬁﬂmﬁ%ﬂ e
sul T ur-cont ai ni ng

inpurities in said separated catalytic cracking products to a

sul fur-contai ni ng

(d)

mat er iéA% of hi gher boiling point;
fractionally distilling the product of said contacting step to
renove high boiling sulfur-containing materi al

and

FIB K5,

and 10

a product which

has a reduced s@gfur content relative to that of s rated catal ytic
cracki ng produceg. 109.0 13- Fre—method—of—etatm 12 wherein
said portion of%hegs%t | ytig cracking products is sepprated by

di stillation. 14. The met hod of claim 13 wherein said
separ at ed porti@ﬁ omowh 20 ht al yti ¢ cracking products bofls bel ow about
345[err] C. 15. The nethod of claim 14 whergin said

separ at ed portlﬁagéﬂoﬂh bat al ytic cracking products bpils bel ow
about 230 16. The met hod of claim 12 whefein said

cont acting step§E

are effective t BAOairn the sdparated catal ytic crac
inaliquid sta £ 004 17. The met hod of claim
said contacting atsp q% carried t at 30 a tenperature in

about 100 to ab

g frijed out

3t

a tenperature and pr

anbg[err] C

bssure whi ch

Ki ng products
12 wherein

the range from
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- 38- 18. A nethod for producing a product of reduced sul fur

content which conpri ses: (a) pr oduci ng

catal ytic cracking products by catalytically cracking 5 a

hydr ocar bon feedstock whi ch contains sulfur-containing inpurities:

(b) passin taI ytic cracking products to a di stpdgrbdegitsunit

and fractiona |ng sald catal ytic cracking products into at |east two
~fractions whi ch conprise: (1) a liquid boiling bel ow about

345[err] C which contains 10 575 sulfur-containing inpurities and (2)

mat eri al of higher boiling point; (c) produci ng a

treated liquid by contacting a portion of said fraction (1)

fromthe distillation unit with an acidic solid catalyst at a

tenperature in excess of 50 C for a period of tine jch is effective to 15

convert at {@Mast a portion of the sulfur-co ni n rities in said

fraction (1) to a sulfur-contai iﬁg | of higher boiling

poi nt; and l9 (d) retustng Bh@ §eated liquid to

said distilation unit and f r dtidona Eg“thetreatedllqwd

simul taneously with the catalytic cracking - products, whereby

at least a portion of the sulfur-containing ====E f
hi gher boiling point in-the treated |iquid i S8Beno and a product of
reduced sul f up—content—Ts produced:

17/

/ [T

% 77224 .,

,,

v,

90+
0+
0}
0
0

30 4

20

10+
0

S R 8 R

CONVERSION OF THIOPHENES, %

100
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19. «~The method of claim 18 wherein fromabout 5%to about 90%by .25
vol unme of said fraction (1) fromsajid distillation unit is contact &d i H1

the acidic solid catal yst i r@%ﬁr’ﬁlé ncti ng step.

20. The method of claim 18 wherein said fraction (1) fromthe
distillation unit¥is a liquid boiling bel'ow about 238m& 30
Printed fromM m)i%:T03/ 05/ 1%81%) 11: 49@%0«#&%90%0&@9&0}:
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