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PROCESS FOR REMOVAL OF SULFUR FROM COVPONENTS FOR

BLENDI NG OF TRANSPORTATI ON FUELS TECHNI CAL FI ELD The
Wee@serives nvention relates to fuels for transppCT/E81005047173

which are liquid at anmbient conditions and typically

derived fromnatural petroleum Broadly, it relates to

|ngegr3ted processes for produci ng products of

redyce u r

e R S e S

sul fur-contai ni ng or GRAMNISEORTAREY IMEL as unwant ed

inpurities. Mdre particularly, the invention rel ates

to integrated, processgxiMICAbFimo ude treatnent of a
refinery streamwith a solid adsorbent to renopve non-

Pasyg é]rle%ﬂ%{" g'?evrégﬁg]t %Layeﬁgtrg ef&%#"?c?%%ﬂipﬂi?%ﬁl% are llcwld at ambient
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proldgésgg f@rnprggﬁcqu‘g‘_:r%rgéﬂc ¥1srted9 ts‘%‘?f&r‘ &ﬁteﬂ fem é“i’eéﬁ%@&l@%ﬁ‘&em the

nper at'ur es dy ate fur npounds can the
feeldeto@mﬁcéﬁmpmeédofbwmtﬁ S ampynis |Q§rﬁUHWo°°f‘t?|"t”IQePrQa|"l§a?%‘tP°B?ds as

un\nyrﬁéd)ﬂ%ﬁﬁéso r]\/l&@rpaﬂi@ﬁlﬁr\(ﬁ'theo'ﬁvérm& ﬁelldtésllfo mtEbl%tepll’ mibt:lesbss which
can be used directl fuels a

inchig HBF G BhAbiIRTY S b B PGS RSl B ppas nirosen-
cotgihiag dtompgoantd) ecremidal aonmestsion BACKERAUNDrOFOfTHIE  sulfur-containing
g b A PO BT BP0 o
elevited rtempereturéson Tdelra"w@tﬁoh eulfus gomgewnslg ezanothen hiee :Eg’tcﬁf%rated by
dl%ﬂﬁ# [raXd Bamﬁ‘\l B RS lﬁrdrdg‘%ﬁét%'f&geﬁgm oﬁfh@ s@ﬂlﬁrt | elproducts can

I nvent nd devel ope i nes usi
0 fEe(?S which

begised direcdly |agmapﬁre9ﬁa@ﬂﬂ ﬁuelélangfﬁ(:ﬁ'ea@“gga FP‘?“ﬁB iR

aréﬁno,@f@éﬂhytbmw@é}{vmn@ﬂ built the engine nanmed for him
whi ch enpl oys conpression for auto-ignition of the

fuel in order togutiLkeeNYEGABIPEGATNE fuel s
n

Equal, if not nore inporta evel oprment of |nproved
spark-ignition engines for use in transportation h
pr ebasiwdll kagwn that Riamel RPRUStiap cBYRERAVE TPYPIYIR8BRT H@‘Spmat"’"

folfolfRl tﬁé?ﬁ‘ﬁ&b?itlbh Qlving th 61 decBigH of pIRY T3t BENGe. Yasielotiees, |ncludlng
e SRR 5D SRS ABASE S o Ly Boctc
of GRNSidhesngasoline, Ruddihe. pr Bwsaltinteanted amdd1uilf thelemgingmamed for him
whtlcrhaenrg (g)yrst c%tn%p?enss%k %ordﬁl’té)-}{ﬁlgioﬁ rof)menfﬁél% %I'dep & ﬁﬁ]lz@ YdW-cost organic
fuels. Equal, if not more important, development of improved spark-ignition engines for use
in transportation has preceded hand-in-hand with improvements in gasoline fuel
compositions. Modern high performance gasoline engines demand ever more advanced

specification of fuel compositions, but cost remains an important consideration.

At the present time most fuels for transportation are derived from natural petroleum.
Indeed, petroleum as yet is the world’s main source of hydrocarbons used as fuel and
petrochemical feedstock. While compositions of natural petroleum or crude oils are
significantly varied, all crudes contain sulfur compounds and most confain nitrogen
compounds which may also contain oxygen, but oxygen content of most crudes is low.
Generally, sulfur concentration in crude is less than about 8 percent, with most crudes
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I ndeed, petroleumas yet is the world' s main source of
hydr ocar bons used as fuel and petrochem cal feedstock.
waBob®73963posi ti ons of natural petrol eum or credEUSENS047173
are significantly varied, all crudes contain sulfur
npounds and nost contai n_nitrogen_conpound
havways%l%eora,csﬁffaéﬁoﬂs ExhgdAnIm fiem AP %%568%%8\*&1 ngeFFSEE Nitrogen

conBEMEEEN isSusLigly.lesSaAI B barceritUibut I inag ©B @e mighatsi 0B pértent.
crude is I ess than about 8 percent, w th nost
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speci fications and/ or environnental standards. Sulfur
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to comet lWlmle legislationiosesutfy is die$al ﬁuebmﬁampesJamd ang thed).S. has recently
low&%@t {hEb %m&é-“noﬂ%t(? ?@lp%k%n? | Ca@'ﬂs(mai(?‘ inBRatidms Sar®fthat future

ur speci
spepﬁl@ﬁtt@pém%ft Q%farfhgmthesqwrrﬁ@tro PRReFGaMt v waialcleYal| dgaislation on

sulﬁ?%ggﬁsgﬁtésmwuw Qe Ginits WhéH rehl@é?@[ﬁeaﬁ B@e{r@g{ﬁbﬁ@ darts per million.
nt in years to_cone slatio
in 2t 2996 1P alEPO% SRACTERRB L e P RRARY & 1P eh g0 s per millon

makims recently lowered the specification to 0.05 percent
by weight (max.), indications are that future

Speid fluﬁcg{édocr&a Q:Qm %Focgg QWné Betne %Jj&%ﬁ@n@a’ocesses which

per cent I slation on sul I n
is cyeemlyi emreokmdtlm quwersrmpfm legm éh@%'r?@f«‘.f% W@@Saﬁsolme and

dle% Ztgegggw #is &ch@@ré ﬁlgﬁ%oléﬂulalr Weight HyBro@Bn%oﬁﬁédﬂ&toBI@@@ohMed to
speci fication w
lowgty malegylar Waight; FH?A%E%( fﬁ?ug?hsmﬁ%cg%&ﬁ %03 %' Pv@?‘& Joid catalys

parfitles i adluplized s Slidpersed estadé. tSuitaki hydrocaethornfeaedstocks typically boil

Wiﬂglﬁ) erfsazqeesof Fg@to a%oﬁ%go (?térﬁ tﬁmlr:%%fﬁg %él?nttg:fed \?'I]lth the catalyst at

on o petro eum esli ra
tempadires dn dingl ratige S10°¢ (e | abouin6507¢ s %ﬂl@é@s@edﬁomgmude various

mirlR1 8 Hh@lon¥eiBNs PR GAE, RBv 28 8, Qide-dut g8OBISETHcBEmM g8 oils,
kerosenes, decanted oils, residual fractions, reduced crude oils and cycle oils which are
derived from any of these as well as fractions derived from shale oils, tar sands processing,
and coal liquefaction. Products from a fluidized catalytic cracking process are typically
based on boiling point and include light naphtha (boiling between about 10°C and about
221°C), heavy naphtha (boiling between about 10°C and about 249°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 cycle oil (boiling at temperatures higher than about 345°C).
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| ower nol ecul ar wei ght products through contact with
hot, finely-divided, solid catalyst particles in a
w0 basivwesl or di spersed state. Suitabl e hydr oce€us2005/047173
feedstocks typically boil within the range of 2050C to
about 6500C, usual I y contacted w
2 2R 9 Sor 0 Reest trtaets G e HosrgRP S Ge iR of te
gasﬁﬁ@@ooﬁtﬁ thebl etetl esteiat Oit ktsoi prodidedea ape cpindpomohe:rfahe aulfur that
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ractlons derived fromshale oils, tar Sa
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n t and includ ht na
nar B 1SR Da BTt SN e s DR iOTRRE, Aeardpey. s
desraixtd'ltdﬁ@dﬂctwihblsnljprh@hmtmf cetetyiit ctdd€ing olodiiotsutb tBel ®@est possible
Ieve’%erosene (boiling between about 1800C and about 3000,
ight cycle oil (boiling between about 221 C and about

3450C), and heavy cycle 0|I (boiling at tenperatures

hi Jhersulfizeeniaingg: imkistiss Riostraight yurd@égo'mﬁ% whigh gfe,rgpared by
sim@@lddhiddtios of cagkiong aﬂsf PSLRHS vy Gvﬂe%t &rofl GBsd InC@tB(EkeBéyanllnes
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The Jorgie Gedan FesguBRBRRT FILHIBRe. et ptenals IER disepere.
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this process is in the formof organic sulfur

CONBRWRMT rﬁ‘&ﬂlc{ssar@r&o%ﬁ&#aﬂﬁ%t&némh' th¥ Wiy clagking process

converted to sul fur oxides when these products are
by hydrqtieating githes the,dgedstpplede the,ProgessoX tesPragysts from the process.

Hydgﬁdeattmg i@tﬂﬂ\tﬁsetre%trﬁerﬂ@f |pb5@|?t§ |$>f tl'{erbrta@k%gt pr@aesstvthﬂad@en in the
eac va n a S(.S

prostn php aaehey ovh skt T T8 Seteicn i Becs S o e Burreagiaining
imparitiea i byarbgdnesulfide, wabalcyl de tshgarated \apd sioovertefl thatenfental sulfur.
Unf&‘gﬂ ?ﬁ@gﬂ:@t ofiépgg : éﬁlﬁslftt?pm%@?%ﬁltw&%ﬁng eoelcglﬁzﬁ |t reqwres a

i ona desirable to re
sourch eOf é\yﬂrrogen dught RigESUsE p&waﬁ Gauirment, a@@iengvephstsimj@ﬁgnq @atalysts

andtah §ul|‘u9"?‘§&)tverpop$§1t hbecdr¥lon. of the re%U'tlﬁé”hy@r@Qérﬁblﬂfldégto elemental
rities of straight run gasolines,

sulfsy dpadditpno e by srairentl SracepEn drsuin e st desiguction of olefins
in tnéa‘a@dsltdck\bgzrcynvértfn@emamo $dtarated hmrecarbbrsrtmk@dhydrogenatuon This

ornmer _contaln [ a tans
cos QBT e o3 R, bt b eSidtie, B EE e in tne
confuanatiot hif abense ehydragen, arat alve becguse hhe)phagnsg aaanuialuable as high
octdd %6&&!% %hcﬁ Bsoln@VAS lé}-nfe'iém [qetel ﬁﬁwﬁ ofth GaSSRY B&iid d Hom a
E CF% :% %e catal yti cﬁcrag T%OCESS gorgﬁé
catalytic cracking process has a relatlvely high octane number as a result of a large olefin
content. Hydrotreating such a material causes a reduction in the olefin content in addition to
the desired desulfurization, and the octane number of the hydrotreated product decreases

as the degree of desulfurization increases.

Conventional hydrodesulfurization catalysts can be used to remove a major portion of
the sulfur from petroleum distillates for the blending of refinery transportation fuels, but they
are not efficient for removing sulfur from compounds where the sulfur atom is sterically

hindered as in multi-ring aromatic sulfur compounds. This is especially true where the sulfur
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by hydrotreating either the feedstock to the process
or the products fromthe process. Hydrotreating
WO pwelv39e3 t reat ment of products of the cracki nECPUSIIeS647173
with hydrogen in the presence of a catalyst and
results in the conversion of the sulfur in

heteseatemris clovkia hindergd i (Burd Srdingethydikgrrelipphens) H?stﬂg conventional
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ativel I gh octane nunber as a result of a |arge
Commqéﬁmﬁ“&@ﬁ$$ﬂ? Hydrotreating such a material causes a
reduction in the olefin content in addition to the
desTHeent id esdté with padceswes saiddb teneove stifurdromudisidiate deedstpsks and
progi%grotreated product decreases as the degree of
Ul furi zation increases. Conventional
hydrodesul furizati on catalysts can be us to re

rmj BB potent dle- @5448rRd 1s i hgrnamerf FotliPoPe ﬁ?s@f st gpéeg that
Rénd By B e&rlaii@s anr&f dlk@itad by aaspaT il iolfinié hedrecarbarts at a

hey are not efficient, for sulf r fr
term?s & hatwesh abut 1A S 8p AP B9 ertehe ond Ayst v ps an
actiasted matarhlt tlay ianga aayotimatic edsoubentircopwapittuntisilicaisng atsleast one

amﬁf?«ﬂee gl r%%taym!ld’eu es@ﬂ%fe actg!;h‘?edsﬁét{l%r g%} @5‘(9?&’(9 Mcludle d.:@'}ma}‘alysts on

enzot hene) . ~Usi ﬁ
whlclmnmem:hlogdﬁapr p@qﬁpb@f@smlq mwezk%ﬁepdqﬁecé@{agdys uitable srlhc§-ﬁ1mp oteric

mefa?gﬂgé’ @étéiﬁ@m\é@&'é gorﬁﬁHeﬁ@né/ bf@llﬁa R fratérrafed Rich @8 bRIbeY zirconia,
, pro uct ter Or

ceripopit ol g HPBN oo BB 1 B drree” BoyapgE: Basiqrdpnd P
D. QH&Qa&}bacH&QﬁétdidP@i iflugridecen bs uaemtaemhtﬁyze tianalkylation of thiophene
and, g FRBbSTEsHP Slst, 1eEMBoieh &, oy ifEREtooRS, sty haides
alcbtyutly, caralr bercablagsi dén adititone U.§. dlatent Nmed821.871, ducthe gname of
(erWn%Fs%lsn?.d \é@élc)t}il&ﬁ%e #58&*0 50id S‘dmyﬁs S:H pa 'bre%@ﬂéﬁ Etiyrlioﬁiﬂnnmg a

st drocarbon |i n
zircesiupy enonpotieg salenigdrgm me(ﬂf%@éoaﬂﬁtmgﬁf iZkECOEF’Hb%P%H‘be and the halides

of PFQRRRS with an acid selected from the group consisting of ortho-phosphoric acid,
pyrophosphoric acid, and triphosphoric acid. The Zimmerschied et al. reference also
teaches that thiophene can be alkylated with propylene at a temperature of 227°C in the

presence of such a catalyst.
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whi ch are highly oiefinic and contain both thiophenic
and benzot hi opheni ¢ conpounds as unwanted i npurities.
WO 006063 t 0 meet stricter specifications in tPEr/US2005/047173
future, such hindered sul fur conpounds will al so have
to be renoved fromdistillate feedstocks and products

SIS Pe R 0525 56776 B b BT IETE 36 v RRVHRes it thiophene
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age§¥ %B@thog%ﬁngt MOPhAne @i aht §Ik)d§tfng@dtély§Satcérbéﬁﬁully controlled

tomperslies 1t Hhocr BT JGEh SR LS el eheir FB0m b Slrepe i Sutable
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areﬁ%f@ %Qttﬁeg Nn %hﬁ?ot?s' 18fm;Co) gr b%@pﬁnc%ﬁs BF@%@SW %fd&hosphonc

reci pitated. Sui bl e si

acigysf a|m|>65tr|edq§ sueht %qurlgl wlwcgu[jld{é: Wﬁl“ﬁﬁhlt%@“ﬁf‘e gqtlplo(f: gulfuric to

%Td?lc £1513] fPJ lesd $hak BBbut a3; éﬂd«’(g)Gg &léxterbroC@ Phasph6®y doii, s@dhchs ortho-
or] a.

i A0 @ PrRBT oA BHE B %'060“8@%85@ A esigspigphr or o
silideousogiay, mihfch uhas ibden calgingoeto asedpératucabidiopz abduh ¢00° to about 500°C
kyl at.1 0 .
to Rt Sl Spuhl AR ERBREN T o RORRGALRIGREL T g 5 o
phdspharid@sid catalyshol s, and nercaptans. In addition, U S.
Patent No. 2,921,081, in the nane of (Z mrerschied et

al .J.sd P(ﬁj@hpﬂﬁs %7'76{4621%' eHeCnarad o Tl‘aafo@uyl&fag aﬁanleh@ry C. Bricker
prepar e conbi ni a_zj.rconi um conpound sel ec

e 1 FEEtR PR, W BH S 1SMBBten Ty 21P, (8Tripop fgcton

whéraby thesapthng arecaativermadvip tthioethera avhithsak seitidd berazaetiide in fuels.

Theqr[ngMQ%‘r\hggl éc!nﬂa%tu?% meF%BttaﬂQgﬁt%@R{q &dr%eérgon fraQPhn with a catalyst

oric | C acCl
congibiings pb ehi i inasbaricr o¥ids, e lvEeo ulenihaeid Iegin, an intercalate

corﬁptb'uﬁ@ hedsgd 688 ch%lé/étl K ybrah 8diddi didpeReaBY aRRthz2br &h aluminum halide
enperat ure of Cin the presence

dlsl?,ecﬁ%eﬂ Ysgluping, InpiedtieseRes obark yasaligrated ﬁwygrﬁgarﬁ%gqléﬁl to the molar
amd@it @fRerdapidhs el pically Eh’bmsabbbﬂb 0t hiclphpareent &nbdag 20 avaighe dercent.

WWI%%”{H%({dglgﬁtg héldﬁ% ge Su a anpg\ﬁ'/ fr ??rlle?gatp ang tﬁ‘e Mujslaotf e%%eﬂ{al sulfur

his not been reduced by this process.

U.S. Patent No. 5,171,916 in the name of Quany N. Le and Michael S. Sarli
describes a process for upgrading a light cycle oil by: (A) alkylating the heteroatom
containing aromatics of the cycle oil with an aliphatic hydrocarbon having 14 to 24 carbon
atoms and at least one olefinic double bond through the use of a crystalline metallosilicate
catalyst; and (B) separating the high boiling alkylation product in the lubricant boiling range
from the unconverted light cycle oil by fractional distillation. It also states that the
unconverted light cycle oil has a reduced sulfur and nitrogen content, and the high boiling

alkylation product is useful as a synthetic alkylated aromatic lubricant base stock.
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separation of the resulting thi ophene al kyl ate by

distillation. The selective alkylation is carried out
wh0ai0x39n%) t he t hi ophene- cont am nated aromat i CPCT/US2005/047173

hydrocarbon with an al kyl ati ng agent and contacti ng
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mpHﬁgQOd hnlq HBR! | ?%énvgﬁsﬁﬁatt%g% mer ctééf‘@@tr@e(b'u&g c@n(ﬁf?d”s wh h are

rocar rac | ONn cap tans are convert
effegtvetth voreHet isaghd Bt fis sheterio ulusertpinngIaomafic mpurities to

hlgrfe‘f'erlo'ﬁm?-@lﬁfuﬂ@&ﬂéh‘%g rbYcS&u!S@Sby‘FCHkty%%r\ Rgthaan alkylatlng agent in the
mer capt an- cont aj ni n rocarbon fraction wth

pregenee phAN agidheqtalyst, Qrg%h'gg‘?f bofling Sfur- ﬁ?ﬂ@%\'ﬂ? Brogusty gre rgmoved by
fragiienay aBstillaion.ul if &_nalsb staied th@tsalkylataﬁ daﬁtberamieﬁéqe in stages with the
profisiay B8 horiieS ooy AR Rymeetn R ABVEfG peegen in @
secomagy stagden ®,9.i thrauble theruss e eéovoafr temparatgretin the firet stage as opposed
to al M ePféﬁp@P#ur@WQ%eJoﬁd%\lﬂglaagl ar anmount of nercaptans,

typl ca rom about 17 wei ght per cent to bout 20
tht percent. roduct | s sai
su

PTGy biOBRAS L trBppLiLce PraSranges Bgprae A Huff Vivek
R. BagmnAaliars Ul Rézﬁgdﬂlaﬁd IRaebia ehlaytonl diselosdaya priotsct pf cediec. sulfur

congﬂglsmr%ci]uggﬁi lrba ngit}q?‘e éltagl6rc)|cnsst fh rom aafggds?ock%?c@yls Igomér%ﬁa of a

€s a process for upgradi
mixturd pighydraspdiogs @intl inpjudes A)llftmchytlaatng regorndtis dospopinds anmyinwanted

impurities. The first stage involves: (1) subjecting the feedstock to alkylation conditions
which are effective to convert a portion of the impurities to higher boiling sulfur-containing
products, and (2) separating the resulting products by fractional distillation into a lower
boiling fraction and a higher boiling fraction. The lower boiling fraction is comprised of
hydrocarbons and is of reduced sulfur content relative to the feedstock. The higher boiling
fraction is comprised of hydrocarbons and contains unconverted sulfur-containing aromatic
impurities and also the higher boiling sulfur-containing products. Each subsequent stage
involves: (1) subjecting the higher boiling fraction from the preceding stage to alkylation
conditions which are effective to convert at least a portion of its content of sulfur-containing

aromatic compounds to higher boiling sulfur-containing products, and (2) separating the
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contai ning aromatics of the cycle oil wth an

al i phati c hydrocarbon having 14 to 24 carbon atons and
W@e00bezms3 one ol efi ni c doubl e bond through thePeEESIDS/G47173

crystalline nmetallosilicate catal yst; and (B)

eparating the hi duct

resqH B et B e e AR eiorr ey 1 et he B BY PRt et and a
hlgmy(bbﬂng)lfr’ecttbﬁ Wirietc toraaia$ hihhet boiliragt sﬂnr-cdrﬁalahgcallsllatxtresroducts
The to % rc#cp ocr?ébno%oé}érfqgfceﬁprcegld%g ?u(i“fxrcéo“?ﬁe(?l?1 ropuatﬁﬁ %Bc;c%?éj Eecgmpnsed of
the aiweylbatlln@rﬁraphmel li@m vayiays estagdes.a ARINSY fift h’fétqdcthaﬂ #ivlagion gan be
achi@&%tétiglés%{h' tﬁ@BFon@StﬁatStﬁé’%gncMo% ofak@onNge less severe in the

he name of Nick A Collins and J

ef f
initiaf, allfylatigg| $t80%1 Ay N @s SEFOPRRE XIS G- dFBYgThh & e a tower

tempdraRdia MeCfirsitddera appoPaidshifhes tnperitaes kel serapldr stadey
(A) contacting the naphtha with an acid catalyst to

alr é‘él n 8?:[] trﬁFnlgv %E%ﬁa m?rg no%fjg% :}%’trrgg@nét?lvgid#?%rocesses

hasratsmbeemgﬁcammeddﬂm therart. st r eam fromthe al kyl ati on zone;
and (C) separating the al kyl ated thi ophenic conpounds

fr g} tilarRek Y. ?: PQtlﬁntZ @l’BbZQbSIBZJQPﬁadﬁérg eanl. b}ﬁlsfcloaéé Ipﬂﬂ;@és for
al SO S It

istillation.
procg-lgwg brgog | @aylg’g tahéed(':‘P% ﬁglgjs n(:‘fﬂ%('h gﬂ?rglrbgav? d)étrogen contalnlng
impavitids tdre nahoaddkiydratthen geeigstodk praar to Ipasgpn thes feeddtbeketo an olefin-

4 L0t , :
rodFRRE gbetzf 1A koSt gl S BRfEE i esin
cataljst.| i am J. Reagan and Roger H. Cayton disclosed a

product of reduced sul fur content which is produced

frys aPéteﬁtdsw@m 762 fﬂ?adlrﬁ\nCéﬂmﬁ ispaElrpeazhed Mieufeovdl of basic
nitr%%dr ocar bons a inc l(f ur-contain

[ ar,
s A S wiies oGt RsTaok PHR 6 g (e BUsRS op ol
modifeptidraiehctipntzore. f eedst ock by fractional distillation
into a lower boiling fraction which contains the nore

vol pgi b&teﬁtﬁb%ﬁé 66‘(%@ FF‘rQ&I%Q & §lidoCteb 4! the | o @f Rtrogen-

| east one traction which contains the
confaging GFeRng ?9@%04’? ltﬂs”@@ﬁtoé?rh??\‘ﬂc eI PICe P hpuri ti es.
Each fraction is then separately subjected to reaction
covdhikel thé ﬁrlwférﬁh cadgrizapt btk ineed toaemoveygitrbgemtcantainiity raolecules
upsF ort! F %]n oéd C t% sCt %tsgcﬁ] t %ssStHl: gH{ Etﬁ%%%'n }éélgg?lﬁ{e%%ltﬁe impact
of rmnelwact mtnbgenadomwnml @ngamp tdomanurwls K legen mgbrags@mre@ 3 [gatalyst
pms%ﬁ%?r%ugﬁaé?é o%uﬁ’éﬁ'nmogeﬁ%rﬁﬂ)c){rﬁﬁs The hi gher boiling
ur-containi ng products are renoved by fracti onal
distillation, is also stated that al kyl.ation
ac ﬂyev%'d“?th%st%@e%”t?{‘ fon MV indiRIPHgPNtiRRg i SSch as
acmCW@§h Tstdb@SorOécmﬂd: loybrait b texhaiqliesswill S evcek ito refmeve these highly
i tial tion st than in a secondary stage,
deleéer{fus n?’ﬁ éﬂ'iﬁ e Cﬁ?@%gfd a lower tenperature in the

first sta as opposed
There is, t erefore a present need for processes to prepare products of reduced

sulfur content from a feedstock wherein the feedstock is comprised of limited amounts of
sulfur-containing and non-basic nitrogen-containing organic compounds where the
deleterious non-basic nitrogen compounds can be readily removed before they can act as a

catalyst poison.
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to a higher tenperature in a secondary stage. U. S
Pat ent No. 6,059,962 in the nane of Bruce D
wo\b@xardes , George A Huff, Vivek R Pradhan, RET/US205/047173
J.dReagan and Roger H. Clayton disclosed a product of
reduced sul fur content is produced jn a nultiple
pr OB BVeRrighn i diresiert {b eyereaing the Pfeb}ﬁﬁﬁusgé&”s?abave in Grder to
prolitiX tethgonehts fordefrear hemngai trahspetatibasudsifrietdly hé anviiongent.
aromati ¢ conmpounds as unwanted inpurities. The first
stage involves: (1) subjecting the feedstock to
al kyl ati on conditions which are effective to convert a

portion of the ingurities to hi boi | i ng
sul fur - cont ai ni ng HW@Mﬁ?ﬁ@FTﬁﬁdﬁYQNTE%barat|ng t he

resulting products by fractional distillation into a
| oviEgonbmichli procefssexc tiieodisarsedd dorhthg Iperdubitinl ofngpnfpoaertts dor. refinery

blencl'] r}ﬂ, J)qué\% p(ﬁ% M glsf yalﬁtte%;r%%d alﬁ %’% hr%ggssg% which i lnc ud? tr\?atment

dcar bons an I'S°0 cont ent
of @ dlgmthef"ﬁ@!EQEQam Ko ramhevennghkasichrjiredangeantairing g@m;pcynds chemical

conQQr'gBF\' 5¥e&heObr Iy Qpﬁ{eb%r-éfh@blrﬁﬁ“rﬁéd?lﬁeé“ﬁpﬂﬁﬁaf Bcﬁﬁ:ﬁg products

fur-containing aromatic i np
thrqﬂgah%'fvlaj@nmyn@'emﬂ fand- BsticiaN; rﬁg‘%'f‘%o‘t]%t*ggheEé’ewng “products by
fradighs @%ﬂﬁﬁbn stiagmvemionlcopeimplales tissfpga@@bntrnd vérvas bipgthgdrocarbon

Q ti,on fromth
malZiesy SeOHUPPBn 5 BACREE ARTLBUED SoL8" Sy gonerel
theadulflreesttents plothei aiis 20é i Bxcesont rperceht, sod framgecumtcadbiubg or 3

per@(—r,\nq n'algljoges%&"‘gp F‘%ﬂ ﬁwérﬂlon : QQ ﬁ»%m@ﬁé IJ 59 aﬁl‘él fol rtregtg'[% bk rnglnery

eresu ting pro
feefistegm Gmarise o 9450id, dsﬁrorsemeo light ngpiha. igRYY Paphtha, 5 light cycie

oil, QMGj hREALINE nd A fr & caBRtiPartdld RRYmAIrAdking prdcasdebON
whi ch contai ns higher boiling sulfur-contalnlng

Iatlon raducts. The b
7 olloB0 8tk G M ion Pre s hrecBEF i I PR udBP Bt ibadts whicn
arediquidhe andoieat cdywlitions @nd cantain @nganicr spifuveanmipmusdssefaugher molecular

welAQta{hQn ctorr%ﬁ) ﬁé}% SfirdBhta rgyéo?ri#ogﬁ‘dscﬁlnthgefe@&mcﬁv\%ﬁlch "brocess

ovliso t condi ti ons
cormrtsyqs a(a)@fpv@rne 3 wedstaek/eaneprising @Haix{upg ef hudrogpibgrsahigh includes

oleﬁﬂsagﬁ‘d Blagrlcérﬁ‘alﬁné SF&HQ%Mpt&&r@g%nd ﬂ?@b?sﬁ hlfr%@\tbohféﬁmgs@gamc
N e 11rst. s
corpayPhare {eSHPBRGPAINE o WORoRBEBHIR g (R S0 aieen sbout
60°00#nd” SiBUN 4PE} CCad mvmgna tsnmgenntemtnqqmmaimuu pgooo @aB000 parts per
var ocesse
m'"fQSr ancﬁgt 'g{ﬁ én <‘@n %b gpgg(g pﬂﬁ%%%ln(\ér on, nglrtlltiﬂg éarnB -basic
nitrdgesc bazmwnproon@ss of cp tpr&@@mrtn peprotiont Sbharespigy athe feedstock
thr&@ﬂ%@éﬁ S oljédsgpd%?%m;‘fm%bedlkﬁlnga&' diklhd Eé}gﬁ@wasne type zeolite,

ntarning rnpurities are renoved fromthe feed stock
or pariialy emj\apggisqllfﬁgn@ Realkalipg ead faviggitegzpolites with H™ or transntlon metals

of @r&igsNMdiid,i K& I\aN, crystalline magnesium silicates and alkaline exchanged

crystalline magnesium silicates or mixtures of all of the above under conditions suitable for

adsorption within the bed, to effect selective adsorption and/or complexing of at least a
portion of the contained non-basic nitrogen-containing organic compounds with the
adsorbent, and thereby obtain effluent from the bed which contains less of nitrogen-
containing organic compounds than the feedstock, (c) in a contacting stage at elevated
temperatures, contacting the effluent with an acidic catalyst under conditions which are

effective to convert a portion of the impurities e.g. thiophenes, to a sulfur-containing material
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reacti on zone using a solid phosphoric acid catal yst
or an acidic polyneric resin catalyst. U S. Patent
wWG2®9073983 7B2 (Pradhan et al.) simlarly teacheSI/Ukm®05/047173
removal of basic nitrogen containing inpurities fron1a
feedstock prior to passing the feedstock to an ol ef
of WG TORE5 I AT AMBIOTUBS thpgieliy. T5e7at KBy Product
stré@hy, adhan et al.) al so teaches the renpval of
ni trogencont ai ni ng organi c conpounds upstream of an

ac'é{htgblg %e%l ks Rkﬁﬁgﬁ%duw o“ ?efjﬁgr‘?} o%ék%r ﬁ&;eséecs Wh|ch consists
o en- ng

ni zant to renove cont al ni

essmﬁi adly. pf @sat%r@étméa@n h@twe&n %t@wol%é?t anty oW ad?SAC pr Beeéasably such
refihdt® SAELRIconbittingassseRtaly @F %@ré?gomr‘@beﬁ/\@&w bH&ﬁCéO @fand about
non-basi ¢ nitrogen-contain ounds
400G o P FORES DESIRIRRY LOIIED baMER 8Pt S0S5n 20820 HasG o Where the
seléteddt feahstdsdkt |!§ @gmpmm@u red@finely Rraching peddass] shel faalb@sie donsists
vi NG, Ni trogen:coptainin e
sl o Sl A% A 0 R0 LI LR AR B -
feedrieckvio lnaphgha emcwmsag edsghtially dieinatiedaliboilisg hetwebasbaut 40°C
ano*‘éb%gp%%‘b CRIRMID PrrerdblE b & g%«etv&e'%ﬁr BLRTeB? Qno"%rﬁ:%‘?@émc.

nee processes to prepare products
sul fur content fron1a f eedst ock wherein the f eedst ock

i s REpR{HaI & RIPCYSSRY plethie mvsuiendhe feedgiopk, 5. BIYisE ani; naphtha
pro@ut@dd g - dadsytic chadking gestess nPraremabw tiog glafin Contentpd thedsedstock is

he d
o PGl PR 3 B SRR R o

poi son. Th| s invention is directed to overcom ng the .
pr disiveniggesusly faosolith PhespReriq aeidoeaialyst iusndagiteracidic catalyst in the

thno?ﬁéﬁl%]l@/réi@n EQfiactif sRgEY bl ending of transportation
uels friendly to the environnment. SUVNARY CF THE

I |
S5 RTBl B 55 g Al B a8 o o
range fmspabotia®i°entof alwiut 2507 Ci mefe@bataidemmrlalurestlaglerange from about
100PE 96 Séo%?%é""&' S B gt g%SI SR idHRItatdbs h 4 Pa‘&ﬁé F]rgr%fébgﬁlr ¥40°C to

reamto rehove non n|trogen cont a
abopb?5tinds, cheni cal conversion of one or nore of the
sul fur-containing inmpurities to higher boiling
pr oxhiCihgentibn BUsHticalddy luséfulan rdayiciag &lifurssontainfthg organic compounds

in tkliee eeegétgc!kav\l/r!l% lkcﬁl%)evcl:orhgpotuﬂc?s inl\/\%l thebgtljlgur a plg (s)%rlcallys/ hln¥iered as
for example in multi-ring aromatic sulfur compounds. Typically, the sulfur-containing organic
compounds include at least sulfides, heteroaromatic sulfides, and/or compounds selected

from the group consisting of substituted benzothiophenes and dibenzothiophenes.

For a more complete understanding of the present invention, reference should now
be made to the embodiments illustrated in greater detail in the accompanying drawing and

described below by way of examples of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 plots thiophene conversion with various model feeds containing nitrogen

compounds having different degrees of acidity.
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fractional distillation. This invention contenplates

the treatnent of various type hydrocarbon material s,
wezenoimbd y hydrocarbon oils of petrol eum ori gP@I/uki00$047173

contain sulfur. In general, the sul fur contents of the

|I are in excess of 1 erce n n
Toi % aldte fomene cengbnger Ph e i el 1o Holfee! 3= 816hton of
nltr@gﬁntadwbaibr)toﬂw datdtyse for treatnent of a refinery
feedst ream conpri sed of gasoline, kerosene, |ight

or Qme AR yWthB@%Eh?)nvé}Qﬂn lésgat fu?u)ftﬁ)lneofob\)ergh{:’”bgrcent nitrogen

a na om catal yti c_and/or ther nal
depopitpsianribe B@té'de@?,’e%dd'tpﬁa‘&?é‘s &grﬁe'elng niteERN FAURMNAD Raving varying
deg@éé},\afg@&tya process for the production of products

which are lLiquid at anbl ent conditions and contain
ni c d of__hi [ L ar
t h ﬁgu(g%ﬁ,z? elgsi)rb#% 8%% tl?]?t S@on tﬂgo;ﬁ\erng%&%%%lo% fay\@e{r%n% F]aeds that
arefupzelecoarid trasbeddt vpnmelﬁferemrqaptlmndl(ms provi ding a
feedst ock conprising a mxture of hydrocarbons which
| Nohiyfes7 Mr&ighns shaR Butdnfiilé agRStRN RhRGitPIoB RdHdes adsorbents.
conpounds an non-basi ¢ nitrogen-contai ni ng organic
co ounds st ock
P o B0 S oA RATEPTE) KB iRy 2HRTRn oheRaTpe =
proﬁuﬁﬁi(ﬁleand about 4ZSC and having a sulfur content up to
about 4,000 or 5,000 parts per mllion and a nitrogen

contignds YR 4 PHQMbw %Qé%kﬂ?&utgﬁ Rffes ol Iaélébpptioﬂcéf%bﬂgnlﬁile and

non-basi ¢ nitrogen conpound content of up to 200 parts
PYrEpdsy in He AressRce (’fcﬁ feﬁﬁ@%"?kﬁ@“’laﬁ‘é‘gfaé%fﬂ%ttcéck t hr ough a bed

of solid adsorbent conprising al kaline or alkaline

earftiguré aigj alsovise tiey thopherad corversiom pessults af Mariescleadsyedated for

dlffgehttapeh&?s \?{h kel gor%%‘ft%h faujasite zeolites with H+

ransition neta oups I B, HB, VB, VIII,
crystalline nmagnesiumsilicates and al kaline exchanged

crystal | i ne magnesi FENGRALCERRIBIION xt ures of al |l of

t he above under conditions suitable for adsorption
W t uitablé leedstdks fcﬁ u%écﬂ @cthisSeleatidr sie dedgar {porn Qatraledinatistillates

whi(élg :&elg%rgl#y o r}s%tg mQs aR meiY ?refgrng Q:of‘?;lstrha esuB&Qnt?ddg %ﬁj l‘iyﬂrocarbon

cont al ni ng
comﬂmmwwblclmem Jicueih @t ameemwpn@mrm rPEéiI‘OfeIunreqlwtlllfateemrQ Hauids which

bmp&gr WRLER b Htoa'arh%r F\ﬁ? g@fof Eﬂﬂe@ﬂﬁ@gwmlm%' it @ﬁ&ﬁ%b&ut 10°C

ounds t st oc In a contac

to adqoa@?éSeﬁ dpwevr, e°dI’C|t‘ EHirisrase 9'18%"0%'6?‘?(%@ ihegetmee  of products from
coa@flcfdefé@mn Md e Brocassing of oif Hald ot34r danee I THeed distil lla‘fd’lﬁedstocks can

rangigaPioh Pa2 e PgeREy YR Bereri BT Bkl B frgm about 0.1

perg@&it enyi \&élgrﬁt toi gihrert 00 Ipecertalyy welgghEIetrienteUnglm.l kieatigber sulfur
dlstkﬂ%t ggds%c‘?(f Py ge‘iﬂ@r%'ilf Qh‘gnfi %ﬁsmleﬂegs ﬂemegqu% h%ﬁ'lrﬁﬁfm crude, coker
distillates, and catalytic cycle oils from fluid catalytic cracking units processing relatively
higher sulfur feedstocks. Nitrogen content of distillate feedstocks in the present invention is
also generally a function of the nitrogen content of the crude oil, the hydrogenation capacity
of a refinery per barrel of crude capacity, and the alternative dispositions of distillate
hydrogenation feedstock components. The higher nitrogen distillate feedstocks are
generally coker distillate and the catalytic cycle oils. These distillate feedstocks can have
total nitrogen concentrations ranging as high as 2000 parts per million, but generally range

from about 5 parts per million to about 900 parts per million.
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Sui t abl e feedstocks include products of refinery

cracki ng processes which consists essentially of
woraioen7mb3 boi | i ng bet ween about 600C and about P@RBS2005/047173

Preferably such refinery stream consisting essentially

A R
to aloaLti0B7AR, phéferablyt fen skbect@dAPlerdaooC K51 00Nt ral more
pre era%mﬁacl [ ggoutquAﬁ{tﬁ%%%ﬁ%gg %‘Eﬁ%ﬁﬁe% ﬁltJ eﬁ%%%%ﬁgams gclu?e but

s essentia
are2@Climitel &hdlytd cEBaWic Peesise mabitha.t fhu @remedcn(0¢e§sa1aphtha light

naaﬁa@hhyf@o%sék%a%smnél rfye.toﬂeatﬁ@%aéésewayhtﬁés n?dn%r!at%l and catalytic

et ween about C and about 25C, and

ref%m@qeep%|c9mglapqlqnﬁgthg§?fm@ﬁtag%mforg@@ %'?ﬂ:i calglyti c?@@@g process
nap%&ﬁefcbﬁloﬂbh el it PIORLRHRB bOifing hs&ngé Ruedrhs QlcH ae light and heavy

catuif argitescind Bigen Sedys BBt crame WHER s B, specticaly
custonitegrfor ude 4sha fe‘edetdsk iockcardaree Witbdlsd presgralinventicn. ritegreferred
stregﬁﬁlac‘re @S hﬁé{ or( H?]g §é{%w c%@ﬁﬁ%'n@hﬂ%ff&%ln llght and heavy

nmpoun vant ag eous y a So OSp
cataimcaprygltmg SJnIlis'@ﬁPhﬁ@ wn@lya@urafpanaiatlmlwg ilightt ﬁlad heavy catalytic

refdrib@RAG RErRitied GHsLSreffl AfdrddatbonlsBesns. The el evat ed
terrperatures used in the thiophene al kyl ati on

t f
7S Syt e fr e in HERERe PO RE0P AhuStiteyires gppolex
mlxaimiwd)f My@iedcathmna bietited2BHC refmry distillete tesines whbicly gaterally boil in a
ten{fgggﬂﬁé ar]é e?roH] aBolt 26HBE {or QE’c}Lﬁ’szz‘é‘ 148&1&& é/gggéﬁt f%%gt&k are

IS I nve tlon 'S articul a use Inr uc
corepiis¢c,i Pt @ anikidren Py decgenene %@p@iaﬁopsmm@rtam@ume@f faicgentaining

org¥fid QQpbﬂ%u%lugi‘ﬁgp%ﬁgﬁc '|MpMWii'e§ hsdcheasS U(hlf) ﬁen@H Q:B'?‘n'p§unds and

t [y hind
bergptgﬁllalfcq%& éﬂp%ﬂpﬁ%g@d@fﬁﬁ% feeﬁgt)éslgl-\ aq nga Ib0| ing %omt which is

belst bifdik 78Whdd Ravada dlétgaﬂmnOelﬁpﬂplOMHﬂd&s iabeut BA6° Gabr lo&ars tand more

pre eéqblyc%gaf %A{l)e@n ar O re§ %f i %%étbc gn/h%(/e %od{ig&?ééigg%ndpoint of

grou%s'con3| st hg ot
abdoe2246€ lor bpkenes and di benzot hi ophenes. For a nore
conpl ete understandi ng of the present invention,

r lerlﬁﬁ t@ﬁﬁt%nﬁaﬁé{édjthapfgﬁebﬁ éﬁﬂt?éi 61; the abcf\)% dRAIRAE sfEB s Tan be combined
[ ustrate reater et al in e ac
for peip ﬁg‘e%mocaes'grmwocas%% BRIATpaREs,° d*re 'agﬁ%é%*se%#'ﬂ%fue' or
blehdetdrmpphentSRbEFefibE$GahsHartalibrCfuell biifaibEAININGBe various alternative
feedstocks may be comparable. In these cases, logistics such as the volume availability of a
stream, location of the nearest connection and short term economics may be determinative

as to what stream is utilized.

Products of catalytic cracking are highly preferred feedstocks for use in this
invention. Feedstocks of this type include liquids which boil below about 345°C,; such as
light naphtha, heavy naphtha and light cycle oil. However, ii 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. Catalytic cracking products are a desirable feedstock
because they typically contain a relatively high olefin content, which usually makes it
unnecessary to add any additional alkylating agent during the first alkylation stage of the

invention. In addition to sulfur-containing organic compounds, such as mercaptans and
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Figure 1 plots thiophene conversion with various nodel
feeds containing nitrogen conpounds having different

waelegseeedf acidity. Figure 2 plots thi ophene cPCWESRDSOMT173
for the runs plotted in Figure 1 as a function of
nitrogen adsorbed onto the catal

I
sulfidgp.o SHEHSORIBNEr 810B1F1IE SCOMPRHRRSY | B &P'Oag%ﬁtbeag?"gitsﬁiene and

derﬂbttvé@@ﬁﬁhldﬂmfél érejdb@fzowm@h@&t airqsrtaqdemly adehajor woaiponent of the
cont al ni

e R
remtobiext bys hheang hf tbprsemectom;wmrsu Em e‘xempleaa rtmp:el fight digphtireafrom the
flwcﬁ{e% ééf!aﬁth.‘éfaF gmgr&fja bét%’?élﬁrq déﬁve& @5% a%ncgomaﬁ{ l‘f;ptto about 60 percent

n con I ONnsS. ures hrou show
by walgvcr rolefins| @da&@rﬁ% 5oc?ﬂ5%r Px/ WPB%* 9fa$q'fewherem most of the

sulfﬁldwﬂg Bg gﬁri Q?e Férg beanc;p%eﬁe Cbnl;Bbéﬁ@tWobﬁé??kb&thM@hs CUA \pe@rerred
1on O I e .an
otk T8 1t B o8 R B B f P reong

profuictd &l hiel aidaibnklip gompiisediaf at I&estpr\wgmcpercm?ht of olefins. A highly

pre{eﬁregl ?te%%%gcﬁ WIF @é QA |sé15 8('?%411&% cré:ékﬂ ?od]u ts %ﬁv\ﬁll BQ %dcatlonally

ene converS| resu var
conﬁnmseau of atdeantits wright @a@em Qffpleding.f §I°"é’hflee@ﬁil%§ @Rt a portion of the

voI BitlctFor Bl B D ratkit it Sesk SRR 106 stel 87 didBiREon. N

|s |nvent|on are derived fron1petro|eun1d|st|IIates

i ch general | rjse ef i .
cori PG A v fzﬂonythg? st il BT Sifotmigning aromati
coriipviuatls as empuiritjes.d Irabneaafnb@ﬂrherucuﬁmd ingerdion,Rbe rfeddstoek will contain

bot@ltt%élé?leln%taen% ggn%ot]h’oglféng:s SM(]}& Fd?gé *n\ﬁ%}lﬁés {ftcl%grreoa aP'iegetdabout

narr ow r ange ures he rarnge
50% rcmmvabomrelfﬁche® atb‘gucormmrmg aFMREc eMpPauds <I><’=lnqbﬁ genverted to

hlgﬁér%oﬁﬂ@ Qulﬁf? COMahRG ‘?rﬁjatér[&l fnhﬁe brakticRion gwlsoltwv&ftleﬁi u Fnt Snefdnfddiment

uefaction and processi ng of

of thanveBiafs ferleedocsial FP’I‘*@P DepgaiaBis S, '?aéh aé%g‘)% of the

ber2b@lbpAdna2wlil REESRBtedOy MEdyHoiling eaRAtahtaining friistetatby alkylation

enera fromabout 0.1 percent by weight to
an rﬁgﬁye%b\gfr?fzp'g%ﬁf‘ by wei ght el enental sul fur. The

hi gher sulfur distillate feedstocks are general
vi rAyiynacidis tmdtérial ebic exhibiés afoepahily tpherhanfe ﬂhecal&\déﬂon of sulfur-

corﬁé?rlﬁ aftinsdtic! éo‘%p%ﬁndsal')\p ofefibAbY bicbhoty €dre b®IiusEd fa% chthiyétdn the
thlo%ﬁenae al&;lllgtlo%rzao%e of %neu;g]rleéesnt lnrvgr(l:t%?lSI,t{l]t ngehI llathld achS such as sulfuric
acid can be used, solid acidic catalysts are particularly desirable, and such solid acidic
catalysts include liquid acids which are supported on a solid substrate. Solid acidic catalysts
are generally preferred over liquid catalysts because of the ease with which the feed can be
contacted with such a material. For example, feedstream can simply be passed through one
or more fixed beds of solid particulate acidic catalyst at a suitable temperature. As desired,
different acidic catalysts can be used in the various stages of the invention. For example,
the severity of the alkylation conditions can be moderated in the alkylation step of the
subsequent stage through the use of a less active catalyst, while a more active catalyst can

be used in the alkylation step of the initial stage.

Catalysts useful in the practice of the invention include acidic materials such as
catalysts comprised of acidic polymeric resins, supported acids, and acidic inorganic oxides.

Suitable acidic polymeric resins include the polymeric sulfonic acid resins which are well-
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hi gher sul fur feedstocks. N trogen content of
distillate feedstocks in the present invention is also
w@emenzd9by a function of the nitrogen content PET/UR®05/047173
crude oil, the hydrogenation capacity of a refinery
per barrel of crude capacit and the alternati
k”Otﬂ’Péfbé'%E? et e 259 cem@fescrq"xataéal%?'ar i AR @erae?lefiwoduced by

RoHh9ERPAES So., i§ Reydiag&eimpl sTsageamdicsibl. | | at e f eedst ocks
are generally coker distillate and the catal ytic cycle

0| l§U 8&‘9&&%&' \lﬁ{l&h %rgtugeftle;sdciﬁa?}éﬁz%&ﬁ&gﬂﬁ\éﬁe ricgg@ﬁted to Bronsted

en concentrations r anq?
acnq@eﬁexmpla$ ineludp phogpbads asiflysulfyiinyecid. reorc AslHFS ﬂpcma%ugomc acid,

trlflllb% mBitdnbQiifohie RROWhd Qﬁ@dﬁﬁ‘% uSroBSric BEil) b LéHi'st&mse(examples
refi ner%(astr ans ave an AP %gaw t

nclpdeo R abbs: A5 A0 FagauEea002 e, S PoElmF e of

b t I -
P ) 5 oA, ), B,

amomsmkk@eoTue$£ streans include, but are not I|n1ted
to, fluid catalytic process naphtha, fluid or del ayed

pr & o?értéham&i}‘s@s atel tghIEalp %PJH&FB@ byr%q{bﬂﬁﬁgaﬁbﬁesﬁ@ﬂﬁhﬂaamd with

éé reatin rocess nap | soner at nd
the ?'&%?WRPOF@SAW% Sawr@er%ahatﬁ"ﬂﬂ@" gq@e;?rgeﬁred by combining a
pho@ﬁ’kﬁicyédl& witef05uppbe A thight plejeire ahﬂaérker@nﬁﬂ a6 eéefin as solid

ono 3R AL, TheBE SPbls 5B Peic] BRI b vy
effestiyhtihdigovarinl chstght). SanieatbrsaMy. 282108/t (Zttmrrefag‘hlnat@ al.), which is
lncq\?@érggd%% rpgy ?erf)eggﬂ u?ﬁé laléftlr&gst}l%l&éseﬂe ep L a}'a?ﬁ)n %?scﬁid phosphoric

st OC I N accordance wt res I nventi on.
acidr petalysts fyr qostbiniior @ Zitgeniine cpinpyind \?P‘e@’ﬁeﬁ ff%ifb Hiengroup consisting of
zwc@ﬁhﬁ?\l oKldeGnd rtlﬂ?llfdllﬂ‘é’s S3IREIMAS witne bl QQe&té&hbngrB@;ﬁb’dhs:stmg

catal ytic cracking unit naphtha, tic ref
of Sher RIERRP 250, PATRRPRER05F é‘ﬁ'fiaalngttf'ghqu Frat . Patent No.
2, wtﬁmwmamfﬂ%t glf) whicth |sr|ﬁ(fdrp$teﬁt¢d hyrdindyarefatencs tinf iksnentiretyyhiiseloses
e fee

the é)ﬁ?})a&?qlop hoé 5\/ <r1 8ﬁosphor?c § ecgta )Y%}u )N:O%nt# Mﬁ@gtﬂhggpltﬂg Latl;}ig%wth a

us 'co rocar
silicdens maw@riélr om r ef i nery d| stl I | ate steans which
generally boil in a tenperature range from about 60C

t 0 mh.@hﬂpaée%ﬁﬁo ge3n0alvhith wm&rﬁcﬁ@@&mg@m BY Reféremaerih &€ dntirety,
m xture of r%?cilroc rbons

a's%ﬂ‘ﬁﬂ?ﬁesd'?e BigPRIAHe %Phﬁpk}?rﬁg’}tﬁld&aﬁ% Py a?@gltmg a phosphoric
acid o5 budiid gilicsoosedatetial $yet rastdigtemaaolns earttt b logeeguhc When a solid

d d ' . I .
R T o
the sitalyst aootatns;7 gCoee @r meare freedbhosphidrigtacish iendptiorthositiotiy acid,

pyré;ﬁ‘no?ﬁ%lr'& a@ﬁ%@g@ﬁoép‘ﬂw ac@%d 'm%fﬁcd?\r Fﬁfo@ﬁ@a@és)’wiﬂ@?é’r{e déARE from

dst ock can have
the ghamicpl rgaction Oéltﬂ?p%ﬁ"h?r Qﬂads WIth the kieselguhr. Whlle the anhydrous silicon

phosphates are believed to be inactive as an alkylation catalyst, it is also believed that they
can be hydrolyzed to yield a mixture of ortho-phosphoric and polyphosphoric acids which are
catalytically active. The precise composition of this mixture will depend upon the amount of

water to which the catalyst is exposed.

In order to maintain a solid phosphoric acid alkylation catalyst at a satisfactory level
of activity when it is used with a substantially anhydrous hydrocarbon feedstock, it is

conventional practice to add a small amount of water or an aicohol, such as isopropyl
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about 221 OC or lower. It is also anticipated that one

or nore of the above distillate steans can be conbi ned
w0 200600868s a feedstock. I n many cases perfor ne@esSwhs/047173

the refinery transportation fuel or blending

conmponents for refinery transportati,o ue| obtai ned .
aloqHPb s LHforepds P50 THRITEIAAE 1BV o PRSI P Muehaton. It s

benemmaatabé alcoliah uhdeegaes Ciebdiatioh aIgors tortsct Sith hheacatdlyst, and that the

ayai | ahi f 0 ' . . .
resulf?naﬂ, r'gtter §18H naé:%tt &Xraage dthghc%iaiygt?gl]rf meeg%%lk%%gg{awgg&olgtle water, it
tendketograve materykighascidity witieh cant leadaio regid epetivatian askr erhgequsgnce of

cok?% St %Ba.g C RS KhBYs@RA ot gaés\éspra%&ddr &ﬂ,sfcslqﬂégmksﬁrmer

use in |s I nvention. Feedstock
hydraiien @féhel Gaipiys §euRs Errepee 'tSt?éldawa%&ﬂUC%%%@nd%‘x fpriggd rapic

dedcii@ifibn ﬂﬁ&t&hf@ke ff&awom apbwéiar, @nekbskive thydr@y@i 6f RNch a catalyst can
O e L L S AR

bedreacterss Acesrdibgly Ubherei lzenﬂolasnum ieesd @ hytrationriort dheolid phgspboric acid

catz%l\gs\{ Gghtdl thg 1ek\)/gaotf ﬁg&lrgﬂﬁim 5 kdﬂ&roﬁ o(P %Crreéctgh %oﬁdltﬂ)ﬁ?,: t{}%?lyb%trate,

ecau ypi ca contain are
andrthg Blkplpiégtd agealont ent mhlch usually makes it
unnecessary to add any additional alkylating agent
durih pgefbiéd BinbSdimantk \oF &td mwnﬁ&ralan@fsoﬁdwshdsaw@iatécmhatéwsts a

OB AR RS TS ISP DS ) RrE L fp SPIRS T RATER of the
catajy.ummudsed S Advartdgeopsig nbe hipatingt dfgeoph;eatelewcbne member of the

gro?r? EJ)ry b¥ &P WQ er Erl?d QRQ;%LQ héé\fn}@ fpniﬁl éﬁ ha%'aﬁt’ 5 @bon atoms. An

maj or conp ul fur-contari ni ng
amcinmbmfuhwregnq ﬁgezmtvmlqht FPFQVIéf?Sa% Kiate qgn@%mr@t@ inathe feedstpck in the

rany &S| dbbBiS5036 BLEGST, ({)00 ;Sa%%\é%mmi i é?\'é?al@fsaﬁshﬁzt&y' birgis ater is
I nyention, For exanp Lha from
conyaieT GricE Ul BT Pl 2P B RS JTorPRILA R
derived gas oil can contain up to about 60 percent by
wei Agtidic obrgahefdxmgs atmbhlmetueefalbawtatélysﬁs petuderiut brg not limited to

alu Eghélllc%fal na Qr&ldn {IC Tll l faH& n\é‘lqu éﬂ é.yﬂthetic
%ﬁ e ? ?hl 0 %}éh I'C conp g

nic a en
zeofitep rséﬁha BB é@m@ée‘d sm@dkmteé,r L uxeegan Xt Me bpleagnd @§Mo¥eotltﬁ$ .s Highly

suithP¥ %@Bllt@snm%&é b§§ ‘{ZOZ'S?\VIJBSZSM-Q‘C ZQI@It§|Z$‘i\A ¢s, Qarna‘;_"Sll\/ﬂﬂ) Desirably,
product s and be addltlonallr% conpri sed

the zgeligs ¥ V%P@ﬁfat??éf‘@@ﬁ‘t'”%ﬁarﬂﬂ Qifdedatronmgf S5Al %}'C'E)P%? é\“?ae%lumma
|ndé@edqmmiam/\¢rh&kur@eca¢awﬁo banswlu@ﬁ asahabyti icatalystein kiengractice of this

. r.oduc Wl |l be addit d
invgiE SRaB r s Blie s e S OTRIRHAS oyh B Laus e
(exdreples jmoluté BR3,dFCI4, r%)FgoaratAlce prr@daeolslcfspmmagera@ eXige sach as

cracki n ch i s isol ated
silica, alumlnagarPdr mhca—a?umlna) and a large-pore crysqglllne mol'eculartsugve (examples

include zeolites, pillared clays and aluminophosphates).

A solid catalyst will desirably be in a physical form which will permit a rapid and

effective contacting with the reactants in the process stage wherein it is used. Although the

(invention is not to be so limited, it is preferred that a solid 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 diameter from about 0.1 mm to about 2 cm.

Alternatively, the catalyst can be used in the form of rods which have a diameter in the range
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In the practice of this invention, the feedstock w |
contain sul fur-containing aromati c conpounds as
WO p@an7Ioses. I n one enbodi ment of the inventi oPCT/UR®05/047173
feedstock wi |l contain both thiophenic and
benzot hi opheni ¢ conpounds as i urltles I f desired,
fromg @bpg Lst Mgptg PO b and\AlBNGHD frethg franggfeqm about 0. 2 mm to about 2
cmsul fur-contai ning aromati c conpounds can be converted
to higher boiling sulfur-containing material in the
pr O 0
P19 8 e, LERL Wb 480 RO Rt U comer
nitreged-centainings erganio Lﬁom%dﬁf ay [fRPuptierz Bt Rddistielteth@ wlfurb@nta'mng
orggﬂ@}fﬁfuhﬁ’& tl\ﬁ’ad?'cﬂh’@ty@@él |nftr8 ﬁwnfﬂln@ﬂfﬂuﬁhé%' d’r‘élo@h@'bh@és and,

kylation and renmoved ctionat i A@
i1 SReUP S IO B LR P BRIV En oL aAc oyt G RalRD s B e Subject
invattibiy! athiae ﬁo@be@rublﬁwvétwtﬂ&lt merrgoaldemﬁnbas GitogEaLRdEing organic

lefin cohol g can be u [
mo BRI B RSRTT D Dia ol Ton gy Ui Sokit reltshies
Al t hough |iquid acids, such as sulfurlc acid can be
usdti has dleenl dissouered dhetathg Syricah raompeareinlc (eeds Juped in a thiophene

alkﬁﬁ%‘nrﬁg’ée%s V\ﬁmgorﬁéiﬁha fajokid, @ﬁér\dbr‘éaféﬁttl?érb’% $nol %'of"ﬂ& baSIC i.e.
acids which _are” su £ orte on a solid su

eithgp, pq;tara!a%r sagl'gly@g[da rvtéqggn & (ﬁl@ﬂ%r 5hqs§ CBF’Q?WF é}fp‘{% @Fetonltnles

propibfiittiad, B@yrahiyBdss pyrastel peridiie, bheaemee. Wi t h whi ch the
feed can be contacted with such a material. For

exe\mll\o%’t vjls% gst{?r ?%W%}f hgglky it qg bg 8 qheﬁ hﬁéj Hgllﬂ bE nitrogen

nmore fixe arti cu te aci
cortmiadg/@rte canvested 49 basi¢ eorepsmprsr aittig acid P@talmﬁsﬁcv\@oﬁ'tes These non-

bast hitr8§&NEorAsIuflE werd @Eﬁ’e’i&llg n%ﬁPerﬁ’(fi/elelSlﬁldachd1 whbe sté@é ' \Dé’(ér wash
exa

stages of the invention ge sever.i t
steph @ %am%ﬁ Hons WRIOr MSiREce. hows aﬁ‘Scfé’F%( % guArdihed it wouls

renfvé phad hiobgeht@mpolindsheiosiolegmueant tisd agecdtilypugh t he
use of a | ess active catalyst, while a nore active

Cat l?li a?éliefe%nthgﬁggzs Bdict iR h%hﬁbh% s%‘ié%@yéi{f p&gﬁm the actlve

St S US pr actice
catblyaicaies on e ciciieatadosieceriiess Ped Hestiton tat et 9&% §°n -basic

mtrSﬁHMo‘rr%%Qnd%fto B&did hirofeH oABbinfs! €si ns, supported acids,
and acidic |norgan|c oxi des. SU|tabIe acidic polynerlc

resj ul fonic aci
e ea LS T e TR R LB P Rty con e
10-ay apinwbhe baginindirdgegs tcOmpodBs wheners dnetvipr fedd cardhdse nR@kmass of
ﬁ%ﬂg al exanple of such a material.
no@ﬁpport g%g@"%%§“ﬁw%%eg%e useful as catalysts i ncl ude
but are not limted to Brdnsted aci ds exa
i nCNRFECTEASSIET the Rreress o il BiesentJRYa! b e 7 ngpipgsic nitrogen

corfifountid HEHdas Bk frébdaid@an be removed by the use of a combination of a base
wash followed by an acid wash; an adsorbent or a combination of adsorbents that can be
regenerated; or an acid material that preferentially reacts with non-basic nitrogen to form
basic nitrogen compounds which can then be adsorbed. A combination of the above-three
mentioned processes can also be used to remove non-basic nitrogen compounds. In
accordance with the invention, the base wash-acid wash combination can be carried out at
temperatures ranging from about 0 to about 100 degrees C and preferably from about 20 to
about 50 degrees C, and pressures can range from about 0 to about 100 psig, preferably

from about 1 to about 25 psig.
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trifluoro-nethanesul fonic acid, and
di hydr oxyfl uoroboric acid) and Lewi s acids (exanpl es
w0 p@bt®eBF3, BCI 3, AICI3, AlBr , Fed 2, Fed PCEOS1085/047173
SbFs, SbCls and conbi nations of AICl 3 and HCI) whi ch
are suglported on solids such as SI lica, alu

si | Ptabla | Raspnautions ripdiey PEiaNge ??FSC?L’QQSaS §B$B'Br pcfgoxide or
potEstih Yidrxidy Rith YRsE Gdric&ntwtlerlibarnetde lbange aTtziboitrg) td Aieout 50% (wt),

esired | |qui d h d
i B L S PRl o
stagesimioni prgfesatihh 6 sfHyerdf cortestd metthasa sslufigrois trecircelatrddghpyovide a
corﬁ{lcﬂa% ofBt385h "13(5 elO'bQ/FI@ﬁ'\E@Qf {uibR 'Ec?vcﬂm?esoﬁﬂlfééh most preferably a

orirc acid cata hese catal ysts are
rat'p P’eﬂ“@nu'f torpbedh e VPH@?S é‘?'ké“%‘d? MOIHg ﬁf ige@f fective and
lowin cost. US. Patent No. 2,921 ,081 (Zi mrerschied
et S\htable adid GBIlutions MeREP drabRtc haerdeismcbyasr efilfurienastd iwith acid
corsk i, oMol SEPBEES L Dy PR SRR ARl 5k iy 0 0 v
20% dwp o UAmid wa!srecaredbefdoomnrt heog%rcnmczt@tasemmm pogferably 1 stage of
conztécﬁ Cof %ooédéﬁ’tﬁnaie dre%r@ﬁat@@'tb desvid a zcbﬁtca‘&r\‘a%noWbEﬂ/eQﬁ‘ 10 -100

ci'd sele roup consisting o
volmem@%n@w tiesd: moatwraferagWQphwpﬁb'meé Sa'e'ﬁ'%‘ tgyglume oil feed.
triphosphoric acid. U S. Patent No. 2,120,702
q p’ﬂ’(é lﬁéfsfa v&tsh ahust ,bethé:hrsi So!ioWémprhieihcﬂdi whsh, @b prdiget the acidic
nits Bg sclo es the preparation

CatSlVStgro A &aﬁ%‘é%rﬁ'ﬁ&?r fré) acT Bascea‘?'aeﬁh P"by combining a

phosphoric acid with a siliceous rmterl al. British
Pat loraccngan@6Bitls 38 prererd Hnvestion cfiepiiveataadbasisr wiirpgesycompound

ad§o‘?$é?ﬁse RGGdd Qlkélfné cﬁrﬂmaﬁrﬁat é/arthaiiaﬁjﬁs@zI §pd 9§&§est Bﬁpartlally exchanged
arat|0n or a soll Qric acid cata

alkglsg sE PG eaﬂb%m'{s.z?oe%amﬂg HE1or GG PLGtsyEe 18, 18, VB,
Vilnekyetalind, rﬁé,ghbs@ﬁn dlicates rancine sxchanddl wystdlineseadnekium silicates or

\hen solid phosphoric acid is prepared by depositing
m'%\hr%%@aﬂﬁghe@bgﬁ d on kieselguhr, it is believed that

the catal yst contains; (i) one or nore free phosphoric _
aci The adseTbenoearhalsp he ssieal Mg, of ﬁyplelﬁﬁd%qaﬁo?mEN%rafi Zgolites

wh@rre tﬁés'e REABOHEALS Sre PrdsEnt imAfolritd 9an§||n%; r6MIs tBveglel sch.
|c are derived fromthe chem cal reaction of the

SI | oz?r,gsgri%hgrbﬁéﬂ téescaé?eéj ag éese gr%{s 6rog1eaboHta(% {5 a&gngydarcga%es C,
prefdriatyly a0 toabmaualdegtees it and prsswededn engel fromaabouh@yo gbavt 300

pmg,n C{Diy grrrs%lr%éﬁﬁ?ﬁwoab\éh?ll& &) %/a?ﬁt ﬁé(g Q. q—'rete{f'% @Béb?@é}@rvdeﬁ‘gh hourly

oric aclds e cata
sp@@Neipelty (TWé*Sbfr)eQﬁnsfénQ,ecffﬁ%éPWt AP terabpi 29 frﬁUkt Lﬁné’ Rapst ppreferably

froReIBS M 04H ahodt IS hatount  of

The amount of absorbent can be an amount sufficient to run between about 0.5 and
about 15 days between regenerations, more preferably from about 1 to about 5 days

between regenerations.

The regeneration of the spent absorbent can be achieved either by thermal

treatment, solvent wash, or pressure swing desorption.

These methods include high temperature oxidation at conditions including
temperatures of from about 100 to about 1000 degrees C, preferably from about 100 to
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water to which the catalyst is exposed. In order to

mai ntain a solid phosphoric acid al kyl ati on catal yst
wW@00a/0s®63 sfactory | evel of activity when it iBCTUBESH05/047173

with a substantially anhydrous hydrocarbon feedstock,

it 1s conventional practice to add a small anou
aban 5@¢ degreesnC and orrRspures oicTrragbew Gpp GO HREI and are[%f?é"y from

abJu?@@Bsét%Gksd as ATRItRS. frefonicb 8f Sbsays EorddiniRy ga i sfact ory
eve of hydration. It is believed that the al cohol

hydr at.i.on _upon
and R Foe e g P Rttt o BBUB) o about
10®8d%f6ﬁ8t0 ahd ptelferalgnfrerh pboutcidtiarbrit 66bdé¢drees) %av«ﬁp@ﬁsures from
0td ébo'ﬁ?ﬂgép R@Fr%fé?ab\(ﬁéfn Bb&R 036 Lskiuk ¥o F%.Ch_ can lead to
actirvation as consequence of coking and, in

add| tion, the catalyst wll not ess a good

phydist M Rerta EPERTEDh it BEHGH SaPorEST AP e 500 t
ab& @ 7YE8edred ©AHE BreséBesfort iabyut@5do nbuliti ¢@ atnidsphéres gesagye in the

tivation through coke formation.

pre%n\ﬁg\cgeky%%e&%qn&é "MAtati on of such a catalyst can

cause the catal yst to soften, sically aggl onerate

andFasreessieenhivesh pr efiestiveselyaibis ﬁo?@ew & df b aefineraasses !t is also

beli%gé:cp rrr@in? gctNer Féﬁﬁérﬁ diis bé’dédOQtFéaPHéfTWhIeéﬂ@d pef effécﬂﬁélfab Ongeneratlon
a solid oric acid c and this

SOy A8 PUAIAPPRTGEOR 1§ GREETHBroHs it TPaSi Pl Gt ncluding
tenﬁ‘;féféﬂurbé, @O, abdue 56 lﬂrbébcﬁﬂlmeo depcket lrearal 1k<yh abbutg0 &gebrut 300 psig
pre%gcgg :ﬁixs:%o&e grce?%a@ tr%l]ﬁ (t)ut%]b t(g E'Igod}t DY %geﬁjnﬁmtosa%but%o psig.
amount whi ch exhi bits a capabi I ity t o enhance
per Addlitionaltyea pfessuie swing gpergflorp garn keyeAriiesiout to regenerate the catalyst

at &91"@955‘5‘399&4% YempRRurBy omt dadt ﬂﬂﬁtﬁtabb@c 530 degl%‘é*s FOdHd pressures
group consistin wat er g I kanol s

fromabPHy to BRI PressHre 5Bt eceB'P% 87" H°8 8 'Rﬁe%\m)unt

of hydrating agent which provides a water

conSﬁitabreatrieﬁmdis nwiitte réreexs thec lbasin nitrgen-gngfeiningoimriliast have
here forg tga?éflg/ &\70{]&%9 Pt ec‘ntp\ﬁﬁh B! L0 rd rﬁ?neéﬁﬁhl Nlethods include

I'S convenl ent TOVI
prctca@resowm@rs vaashlag avdlm an a@wﬁs salutiodiyh 2 39'11 aﬂ‘l’ H@H@P °f & guard bed

whj%ﬁ'lsdb&ltioﬂgé St oPihk @S@lc%tewét aEﬁémtﬁ&fdi|eﬁéalv§ Quatdyttis include
I nclude but are not limte

t
U pie Bl I 6 Rk 2R oY 290 End- AN BT e fuspided Gy, frosh
cre@Riflg BabNStRbquEibdusyrickiag icataheband aidic paymere resiog. aWheesa guard

T s e e U 3 e o
onZ §lvard bed Siah He réGielaed white NStieD is Ping Vgl to, preteat the feedstock
anérgfétéctt B Qél@lc cgfég/gtpol'f @tc‘?gck'in@t Satalit 'isntfﬁf|:Eé'3)"‘1'ocre@RSl/éj Basic nitrogen-

I X mater as a sil I ca- al um na.
containing impurities, catalyst can be regenerated in the regenerator of a catalytic cracking

unit when it has become deactivated with respect to its ability to remove such impurities. If
an acid wash is used to remove basic nitrogen-containing compounds, the feedstock will be
treated with an aqueous solution of a suitable acid. Suitable acids for this use include but
are not limited to hydrochloric acid, sulfuric acid and acetic acid. The concentration of acid
in the aqueous solution is not critical, but is conveniently chosen to be in the range from
about 0.1 percent to about 30 percent by weight. For example, a 2 percent by weight
solution of sulfuric acid in water can be used to remove basic nitrogen containing

compounds from a heavy naphtha from a catalytic cracking process.
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I ndeed, equilibriumcracking catal yst can be used as

the acid catalyst in the practice of this invention.
W@22108/0y363% can conprise m xtures of different PCT/US2005/047173

materials, such as a Lewis acid (exanples include BF3,

BCl 3, SbFs and AICI3), a non-zeolitic solid inorganic

OXi 'Eléhe( RigefpeLl s I”V%'H'O”a?lﬁﬁh{et'??i"’%'rﬂi‘l thg Pqrebasig RikegFa)- ompounds,
the d¢vd ta tHeadilwati@ﬁ rs%p@dc;cﬁuta%teldl with th® haditi batalystit ¥ terhpetaomnRl a8 for a

j ncl .
perg B oSt R 4o Bl ar bR Ee (R oaqrea ot seovppn o spleoee
sulfuRcaatgitiyg iocgdnid onpwritds &h av\,hlgherpbcmlmgt SLAfur-.acpjtajniag]dnaterial The
con‘?efc{lrggqé M{)%rreﬁ&rét\ﬁiﬁtbb r&@sﬁ‘!bﬁahm A%](@ﬁé'se@fcéb% §oech gFé?@ram] F&xtess of

eiln It Is use elnvntlonls
85°oend Hokgeprsteratihhin exeess jof 19& CprTé‘PéPFfé@I'“Eh’ﬂ‘! genesglyibg carried out

at é:@h@bbémre lﬂﬁth’eﬂanﬁb’érffidnf Hbak eo;@foraaeymeze@ma 5ra@rdlwmébout 85°C
di mensi on of articles has an e v
to Pl P2RS Patheirs FOAPRBY LoD ot D0 CaBoabod g Croft Wi be
appeeciagl, of c@.mhas tﬂwntheaiphmus]ubmpe:emke it &d 2 fofictioabathgsitidic @atalyst
e ver a a - 0.
ol 60 SRpB Sode" ARBRaf S R%G: Y BRRhug GRS ARG sbent or
agantsednd thetnbturd ofrthe eififur-caitaining elematie mparitiEsdhasteee to he remeved.
rangefrom about 0.1 mmto about 1 cmand a length in
t herhreaéfmﬁani oM b asil cQtaR/sfm@rﬁ&u @téb can &én I&esfrs&t@hﬁgd into at
$reV| ou ¥ Feedst ocks. us E | ‘]t[') ?Ctl cg F ¢
ool e Y- BRT FPOIOB ROSInA P P B e Taha AGY 81 iath Paig fracton
whuc}omamtuind% @Srtlbﬁ'piﬂrthé ihgghet rtbo&iniﬂIstJIfmemtammbematenals as taught for

mst?Héef |chﬁ I% Ht' 593(95 I?rlle téa@R: n‘é)é tok‘ %\ﬁ'ﬁch'\/g%yln%rggg?ed herein by

rogen cdn es are or
mﬁb@@@s and, in sone |nstances can cause deactivation
of the acidic catalyst or catalysts of the subject

| NVIgRY irRBntioht ishas infsyratbe emufisDge \pricask tf&aéonbéﬁrdfﬁ@tthe sulfur-
del eterioys nitrog

coritg Getmas TR ESERER YO PR 1 SgBIRTEdh g e o

higio bgiiny matetble cAd @ gesult bf thisscdneentratiors treveiifadcdmbe dispaed of more

r.cjal [ -
easﬂ?/ E tf g{ lloglgtng?sé Céggsan&d%?ﬁ?enﬂgqag n4eﬂwo§ r?‘gjl? grgﬁ{ég{? ?cgft{ng r<]i|sposal. For
ag‘rp@ttteq miatenial B hechlenuﬁ@ﬁnt@bﬂan{gel@whqzreéhe gijliup epntent will be less

obj @k L. Rﬁer%\tlv'lptl{ YarPisd gﬂﬂ&emlytr{yglg)?r@at@@ BPRMRASY lo%@because
of|"§lﬁ$£$;un s I nclude acetonitriles pro ionitrile

el gxlativp o thal el dhe gsioinal fepdrtockand ani nes
Wthout wishing to be bound by theory, it is believed
t hah arvthenoembaiirhent nit tis deptievedothpd uined Seraoval ad nraEn-hasid bitrogen

comﬁ?@é% %ﬂg%ggggen tofttFn]ee r%gérq n%f%@ yvﬁl 28§ Elllﬁ/a%cg ?%rfortmance of

asli C wer e
othere pcessesy usioy dsq}q,ésﬁcmj,t @qj@ysts/vaqu@h s dhe catalytlc condensation or

polymerization process used to produce polygasoline from light olefins.

A variety of commercial chemical and petrochemical processes involve the
condensation reaction of an olefin or a mixture of olefins over an acid catalyst to form higher
molecular weight products. This process is referred to herein as a polymerization process,
and-the products can be either low molecular weight oligomers or high molecular weight
polymers. Oligomers are formed by the condensation of 2, 3 or 4 olefin molecules with each

other, while polymers are formed by the condensation of 5 or more olefin molecules with
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steps or guard bed steps using for instance a Lew s
aci d adsorbent guard bed which woul d renove basic
WORE60TM conpounds prior to exposure to the arCTUS2005/047173
catalyst It is believed that the non-basic nitrogen
mpounds sel ectively poison the active catalyst site

cach PUiohe ARcised beiei) {fstteun rRolyMeReRianyiF diSphie ©erdS 2PFREPss or the

fornGeRioN ©f dligbhRrsupiarobasiy@ersi t r ogen conpounds to basic
ni trogen conpounds. Typically a light to mddle

f | t i
S 8ag St B R 10 30 ARl RAIHEADABRE oo =
butﬁ@awae rbef Me@@nbh ROEMefzatioe e¥e dfsolitb ACH spstalyst (sughay a solid

pthﬂ)ﬂJn@ Gl LRITRE "E@Qsprodu'&t @ﬁl@ﬁ’ fsdc%%ﬁséﬂ' $ihblibbYRerBrA8 St vBlue as a
present lnventlon hese non-basic¢ nitr

hlg W'W?e%’ ng sirek @@Hﬁ%&ta&ﬁw %ﬁﬂ%@fﬁ*&ﬁe@&ﬂwfﬂffsmca'
intetB&tlifés and @ABpralctd whidh iacids alcoratsh dfe&kddfmednd)ylaﬁns Such a

aci d wash; an adsorbent o adsorben
profiar® CAe PG OF AB R BECHRC LA e, FAF T o Uivated
tempemfueeseantd akdsyreseact s with non-basic nit rogen to form

basi ¢ nitrogen conmpounds whi ch can then be adsorbed. A

co @Hcﬂ %ly%n?;tloﬁ heoRBeark N8 &iha® H EI%@%‘F' def=A1IGE £S5 6S Paiht No.
al s used to renmove non-basic ni en conpounds.

59?%77530%rt6%ﬁ5‘5€3\% WiHch &g IRcRIRORiebIEreR RE 'PeIER%vash- aci d
wash conbi nati on can be carried out at tenperatures
r arBENAMPLE om about O to about 100 degrees C and
preferably from about 20 to about 50 degrees C, and

pr q:? abl h%?l n@%}% thd Pégh@sb%upp%pplaﬁ%ﬁs 48Ry |§ 'aad catalyzed

pre bout 1 to abo Sui tab base
thloﬁmr@tﬁ"ﬁﬂﬁé'oﬁ mEIcaRhe Mﬁ@r@ﬁﬁf‘@"%é&%@”%‘@!ﬁe a%m%awdw model feeds

twol AN E8ntaihed e Rsn- Hé'@lcfm%géﬁ G&nﬁﬁuhb di’éﬁ&ltrlle and two of which
concentrations in the r@gﬁﬁ 3% t o about . 9 th

confafpeyt e, i plagy Gt Bl ete; o Pibthe SudsTed 5 Pofed on the

Y akiasemois percartadecofdoiogheina chnietted as afdraction st @agedativeriest charged

tot g&£§$§?|¥ké f&@gg>@g contact. The base solution is

rovfﬁ% a contact ratio of between 10
-100 vol unes of solutlon to volunme of oil feed, nost
pr dfigraBispows ihgeree plot abibierhens oBvestienes a fimclie b nitrogen
on 8lkHbiye to volume of feed. Suitable acid solutions
|nclude i norgani c acids such as sulfuric acid with

[ Centr tlons t he .r ange t

25 e Rpaf apiios PobafaisBAoadt B Mg e pon basi
mtr@gandcomxim ndaiin be tedegesuits 1inta nBrked ndesrsase tai ghiophens sonversion
actimye\fe?gug%éﬁs%aﬁﬁgagﬁy Bgsic nitrogen compounds present.

The compositions of the model feeds used in the runs depicted in Figures 1 and 2 are
set forth below in Table 1.
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contact. The acid solution is recirculated to provide

a contact ratio of between 10 -100 vol unmes sol uti on:
wo@eriochemes nost preferably 50 - 100 vol unes soPC/USI00%/@47173

volune oil feed. The base wash nust be done first,

foll owed by the acid wash, to protect the acidic

catal yst from any base carryamear1fromthe base wash

step. In accordance w t esent invention,

ef fective non-basic ni e & adsor bent s

i ncl ude al kal i ne or al h faujasite

zeolites, or partlaIIFJF 'Aqﬁle%é al kal i ne or %Qﬁ@grp}ﬂﬁ_e&m
eaﬁtl‘ﬂethxdﬁr%léﬁ?ftee zeol | 28% wiiath H+ or transiti of0"rieights

of AMARAS-PdRtenEB, | VB2o¥ldightcrystal i ne, nagm@wu@ht

silicates, alkaline e a d crystalline
si He¥&%s or )éé%) "é‘?%ﬁ‘ ! | maggogls weight

m xt ures Yof the above.
adJalobesrte can al so be 180 ppiyisi cal m xture of S8 ppmvite,

zeol it re these conponent
prgﬁ\g(ﬁﬁ\/ %H,Bgrﬂ%ﬁnts raﬁ% ﬁ@%from 5to 95% (vol) %33%’?}1“"{
Thé-Netsy Thiobkamecan be1 @pPPMed at tenperatures!¥&

ab@dpidhittie about 100 degprass kitrodengf er ably 2051@pp’;\h%ﬂmtrogen
40 degrees C, and pressures can range fromabout 0 to

abaue pld(pigns ugd tagengreieftee adibjn Figwes alaodR wBlodded aitio G4 cc of

a SO\:I/'IQ hgsp%]gnt( Eﬁ%ﬁfﬁ@&ﬁ {rigg gl‘lippr@d tﬂ{bt&gﬁr{é% gﬂ?q_gu%vme K%OUSA
whi¢muas drysheddo adyter pereér mblp yiz¢ PR 280 (WSA Standarddegting1eve by
%I%r) qu-é1 Io@%@ka@t@r é’é?é%&%% BQ%hb&gﬁnomﬁaxSO 820 inch I.D.

I Cl en run t ween_about . about

x 0. B%'i inele wal §§9é!}'\%5|8 a'it% ﬁsbmgrmw rs?%?ré?raawtur%\fﬁrama'ﬂeq ty four
eleca’&@uu heatdayscitib Wt the! RACRE NI ifdiGe ahhBsulsee fematd ®6x. The

temperalih ST naBa cRAIRS W SAONPIARY R g eBle iREPu Wi the use o
smglhsmjmtphernmcou'blessm azeh lobths reavtdr wak séntighs.t Emgye was alse an 1/8 inch

0. DOX{a ts%%ge f‘&n r%'gog\%ltﬂiagg%l {h?o‘h' ggﬁse’\%dhﬁ'l}?ﬁgr a%Ft‘éﬁﬁ;&ﬁ i B This

thermwstl hooeedt ﬂaamwﬂ-p@mtheégqce@@e ¢ anid W&Iﬁfﬁégermcw@wﬂh 2’

spaé%&ﬂtforQnJrﬁ%o%Q%péfQQJr&sthl%ug}ﬂﬁhgthQrregc&frab' y fromabout 0
to about 50 psia in the presence of an oxygen

Ol B B SR A B A0 T BB T8l e v
filled| @dth exhemifa chips, pevelicoab(Tylef soeeratmesh sizd®ft-02 B0 YYSAHandard
Tesgﬁggéﬁ%c‘ bm.dry%rr)esﬁ‘}érs%ﬁoﬁc{ &H& third heated zones were loaded with 54 cc of
a solid phosphoric acid catalyst (C84-5-02 supplied by Sud Chemie, Inc. Louisville, Ky., USA)
which was crushed to a Tyler screen mesh size of -12 +20 (USA Standard Testing Sieve by
W.S. Tyler). The remainder of the reactor (temperature zone 4) was filled with alumina
chips, sieved to a Tyler screen mesh size of -12 +20 (USA Standard Testing Sieve by W.S.

Tyler) as a cooldown zone and to support the catalyst.

The process feed stream was introduced into the reactor using a precision syringe
metering pump (ISCO). The feed was preheated to the reaction temperature in the reactor
preheat zone and measured along the centerline by thermocouples in various positions, and
the heating zones were adjusted accordingly. The liquid product from the reactor was
passed into a cooled high pressure separator/receiver where nitrogen was used to maintain

the outlet pressure of the reactor at the desired operating pressure. Pressure was controlled
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0O to about 100 psia, and preferably fromabout 0 to
about 50 psia. Hi gh tenperature hydrotreatnment
w@omvdirioens i ncl ude tenperatures from about 50PCT/US2005/047173
about 700 degrees C and pressures from about 25 to
about 40 atnospheres pressure in the presence
by pyRAdggE ResanthaFentioh V@&% oncihe Oéf9§%|ff\98hf) he\aeRgralel oder.

sanﬁﬂefse@éﬂeV&alﬁéﬂ Yr@ﬁi tHeSh|§I9|pté§§ﬁe ré@emefr/se;iarétef BIRE BiyaljRs &g multi-
ner

colet G5B A O 2 D CETHegl T BB LEEHuPh Bt seciaton

sol vents. The solvent regeneration is generally
carfor tese expetimdets, 3t cadfsdiatysiovase chargesioribe teaeiperiped flay rates

werk rdHéL W aé‘ﬁ)e\;eoa 2R At hydid §ﬂéc%e\$eld%:lt§‘r(§’taf\da9&nv@m%t ofofeed in
out 3 fr

00 gﬁlﬁg pressure, and pr ef er ab X
CC/*E’HE)[E’!V'@G Yo VQ'HG‘ed%ngaé@)és"Fméﬁh Of) 3tQJ hedoufl %(ﬁeaCt'O" zone

temP&iatiire HEdlinbin@il! sy 350 PHESSE BRI 400i g3y OPET pdig.on can be
carried out to regenerate the catal yst at conditions

Liquid

I ncllh%dclorr]]%tloég gggc{ f%“ 4L

ressures

Cq]sruungfrhgubout 100 to about 500

pressuréHﬁ’s’l ng a swee@hb" gas such as nitrogen.
Sui t abl e ggtBods whi chyppeggve the basic

ni t rogen- cont aining i
typl cal IT6MPedI&ed tr

c]l;ﬁgel 8@@%%&})@% be(How o%,%‘?}ﬁjeu

ution o

rities,

have heretofore
rFent vvlth an acidic nmateri al .

{c‘? 4| ﬁﬁg?ﬁﬂéd Yr\ﬁﬁ@rréb%

bed which is positi oned |n fFABkEZOf the acidic

rom about 0 to about 50 psia

s

cat al ystl. Exarrpl es of qfr&ﬁ&ﬁthl\é?iuglﬂrd beds i ncl ude but
are not i to—AczZzeol it e,
nor deni t e, fhﬁgPIO@eC g;']"i?rrﬁj'ﬁea P“rtéé’ggﬁg ?gé{ﬁ, flal yst,
equi | i bri urp-erdekind c°£¥%r"% Of el J. | %a,lg‘e-rl C
resins. V\here(%sguard b te‘hn i $ g?reéfe/ it is
of ten desi rfabi S0 o uSety JmoJoébFuo Y wll a|manner
t hat one gLard6 d cangg cyregen@wb}ed whi bLgt he |ot her
i's being uged fp,pretr ﬁgo/t he @%i)s cK agg7prot ect
the acidic |cat yst E gycr(acké.gg%cai al ygisi s
utilized tq regpye lCaSB§8%I t 1 oggepsgnt ai ni My 3
i mpurities,| cagqyyst| cagshe regenpspat €d i{gotghe
regener at or] ofg@ycatjal yshg cracksong upit wdren it has
becone deadtivetrd Wit h1s@specto.68%its abidsizy tlo
renmove such ingairitijese4.rfo an awérowash iZ58sed|to
renove basijc nyd.7 ogen- 6pp%kai Ni N@74%6npoundzsd. it he
feedstock wTT be treated wth an aqueous sol ution of
a suitable acid. Sui tab:brgp@qthgamfnqm this use include
but are not &0 TRt EROTTNRIGGEn 251 Bumaldhivelli ©
acid and adeti GnaCi q.col&sibRNBRMH st P Retd/catlst
(cc feed/g

(hrs) (%) (wt%) cat)

0.0 0 0.00% 0.0

8.0 86.8% 0.09% 28.8

16.0 86.3% 0.17% 57.6

24.0 83.0% 0.26% 86.3

32.0 80.1% 0.34% 115.1

40.0 74.6% 0.43% 143.9

48.0 69.1% 0.51% 172.7

56.0 63.1% 0.59% 201.5

64.0 54.0% 0.67% 230.3

72.0 47.7% 0.74% 259.0
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EXAMPLE 2

Figure 3 show a plot of the results of additional pilot plant runs using an acid
catalyzed thiophene alkylation process. More specifically, the runs were carried out with
model feeds which contained 80 ppmw of seven nitrogen compounds, both non-basic and
basic nitrogen compounds. In Figure 3, thiophene conversion is plotted on the Y axis in
molar percentage of thiophene converted as a function of weight % nitrogen adsorbed on the
catalyst. An inspection of the plot clearly shows that the more basic the nitrogen compound,

the flatter the curve; i.e. the less the catalyst deactivation. The presence of non-basic
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to the catalyst as plotted on the X axis. Figure 2
shows the sane plot of thiophene conversion as a

wo eove7398 of Wt. % nitrogen on the catal yst. ABCTHS2008047173
readily observed froman inspection of the plot, the

presence of non-basic nitrogen conpounds in the feed
nitrpges gompoppdsy imifleregd dexitedis @ Berkei dspisasfe of dhoresE grnversion

actifiiviedsu$ Yeeds hawsg biRg Bssid1aivdgeE compyurldapiesent t r ogen
conmpounds present. The conpositions of the nodel feeds

h
T L R G R e v
yielPrdiponprne conversRune ~Batysigithrebaran fee-(Mbe HwexgnEB@ﬂ%rfehep’fane
200%8)14? ek 9’% pheRep \)Oﬁbl’g\%uléj'alw th¥ Exﬂerﬁf‘eﬂfaﬁﬂgq_ W?o"\ﬁ’ééalwand quickly

% wei g t Hexane % wei g % weli hene
detﬁmﬂeﬂss RofHPRAINg zefi@s& ﬂfyﬁhemrqssﬂéﬁ’atamnﬁp'ﬁw ﬂﬂsée%mﬁ@sed on this
preffmiMay Mypkk, Bhépapb @BiecityGWHEV) of 40 hpprivats cRospi fontHel iehRindér of the

F (tas nitrogen) 51.6 ppm (as nitrogen) The pil ot
eXPE "B¥t-used to generate the data in Figures 1 and 2 vvas

| oaded with 54 cc of a solid phosphoric acid catal yst

( Coor BreGXpetimpents eatriey o8dn Biearresent pxampla, the folowing bagefeed was
utiliss® Wwhich was crushed to a Tyler screen nesh size of

-12 +20 (USA Standard Testing Sieve by WS. Tyler).

The pil gg%aclaéx@néeactor consisted of a 34 inch length

of 3A Oé)d/ t620 inch 1.D. x 0.065 inch wall

St ai nl e88#SHEEUbi ng. The reactor tenperatures were

mai nt ai Ae@ippy Sudur(agthephenegal | y heated sections of the

react or gyl /NIRld8iAR thRBHA BbREmhHRgace box. The

t enper at these sections were controlled by a

Pr OGE BRI RitFIYER dbREMbALE weReevdRBte@ s SHd B tRObAXE feed:
t her nocoupl es on each of the reactor wall sections.

There wisnaél so an 1/8 inch O D. stainl ess steel

t her m\é\%k{pignﬂﬁh%ﬁlﬁéfﬂbatsmou% the mddle of the reactor
e 1op. i's

fromt
Methyl Pyrrole (non-basic)

Aniline (Basic)
Butylamine (basic)
Pyrrole (non-basic)
Pyridine (basic)
Butyronitrile (non-basic)

More specifically, the results show that the various nitrogen compounds can be
classified regarding their poisoning impact on the acid catalyzed thiophene alkylation process
process into: (1) highly poisoning compounds for the process such as pyridine,
methylpyrrole, propionitrile and butyronitrile; (ii) moderately poisoning compounds for the
process — aniline and pyrrole, and (iii) low level poisoning compounds for the thiophene
alkylation process — butylamine. Under the reaction conditions employed in the present
example, most of the nitrogen compounds were totally retained on the catalyst during the
first days of reaction. For longer times on-stream nitrogen adsorption decreased slightly,

especially for nitrile compounds.

The solid phosphoric acid catalyst used in the pilot plant runs of the present example

was a commercially available catalyst designated as C-84-05 obtained from Siid Chemie Inc.
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thernowel | housed the nulti-point thernocouple (3
point multi-point thernocouple with 2" spacings) for
WOorRwshm9sng t enper at ures throughout the react oPCT/Ukm®05/047173
piIot pl ant reactor consisted of a preheat zone
nmper at ure _zone ch was fill

(te
Loughlg Y. YShred Sy n*wte\ra%t??%%hwweétlp 610! ‘BRold phosptprc acd
cate(r;ldﬁléhué‘rt aasdardhdestd NEerScR¥e nMnsh\8zSof Ty 10)6 mi eTiRaatiyst was

third heate ones J.oaded wi th_ b4 f ,
oref o el P B 2GR AP R e g oy gy o
pardBeldix€h adl esactons; eattocapsblelof BoldiKg betweISAFO0 toh1 0 magsf catalyst. The
prlo%r{léjn? g %{ﬁ \?lggts'ﬁ%ﬁéf%\%g R dg\l?c?aeéinzegeruﬁf)le _|1_ ?]%O\?% Ontl'al'lgqugttors were
opegateckifg dowativo PP EERper ature zone 4) was filled with

al um na chips, sieved to a Tyler screen nesh size of

- 13 ha 26ndiddné uStpiodedotl rdemtiutg: Si eve by WS, Tyler) as

a cool down zone and to support the catalyst. The

processLH8¥d stream wasl it roduced i nto the reactor

usi Ng appiEGiSi ON SYriy Bﬁg ?eterl ng punmp (1SCO. The

feed was preheat ed to t eaction tenperature in the

react or TpMB¢fél¥e zone 4A8 Creasured al ong the centerline

by thernocouples in various positions, and the heating

zones were adjusted accordingly. The quui d product

fromthe reactor was passed into a cool ed high

pr §bs deta paiedrimbiguerdere setdorthbaioveiniabledgen was used to

mai ntain the outlet pressure of the reactor at the

desired operating pressure. Pressure was controll edby

a Badger Research control valve on the offgas fromthe

separator/receiver. Liquid iﬂg@%gs wer e drai ned from

t he high pressure receiver/ tor and anal yzed by

nmul ti columm gas chromatograph for sulfur speciation

ni t r og@sepeci @BHors, @fdlowk efd 32 HeyreciAderégen. @RGHoursh @ & Hours
N Coxowend i Predlifogen  Bfrogep obf Thigebeas %N'thne "(BHHPQQ'ed Nttfegetﬁ’e Thiophene |

r eact afbsopiop 4 Ceialyshi%) aanyeEsion % cAbsprmiion -+ Abgorpt st (% nversrm %
92%

| | gw d hydraul i @ngace ¥él ocity (st ang| d voI of
";A“’tﬁ” Hr i 6€D hour vi dec€4 y cha d vol of Lchal yStie
Ae!i’y yrlr88) é{? § i Theg,leact i 45 zone genper e vva§ A
niline_ . i 3%
But;{iggnpt a'a at 3pHuF + - as9F and, {0 fy - 10eRSi 9. gy,
Pyrral b(g% ons W’B@d for?Q%aCh " 460 ! nC Lt‘ %d L H39e, 3. O 13

Pyne]mepf essup®, 400 pskg Tenggr at ur @350F g1y 0.72% 1%
jButyronitrile 55% 0.10% 52% 15% 35% 028%  13% |
EXAMPLE 3

Table 4 sets out the feed inspections for a commercial acid catalyzed thiophene
alkylation process feedstock that contains all of the indigenous non-basic nitrogen
compounds and for the feed treated to remove nitrogen, first by acid washing and second by
resin treatment. This commercial feed is a light cut range fluidized catalytic cracking (FCC)
gasoline cut. This feed, typical of the type of feed processed by an acid catalyzed thiophene
alkylation process unit, can be seen to contain a wide variety of nitrogen compounds. These
nitrogen compounds can be separated into 3 general classifications: (1) basic nitrogen
species including butylamine, hexamine, and pyridine; (2) neutral compounds including

acetonitrile, propionitrile, and butyronitrile; and (3) somewhat acidic nitrogen compounds
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The follow ng Table 2 bel ow shows the actual data

plotted in Figures 1 and 2. TABLE 2 Propionitrile Run
we26@73963 oni tril e Run #2Butyl am ne Run # 1But PCEHDB2I965/047173

Run #2 EXAMPLE 2 Figure 3 show a plot of the results

of additional pil | ant runs usi an aci d cat al
'”C"HCH“Q)FB’M@?I'@S al I8A af'i? d\‘?p sprijtepally Wée‘gﬁé%|bP?'Eaﬂ“|"§9e”t%8‘p°““dS
leavi nyl$)ehl\'ﬁﬂ ethe afisjpetdl diuihe Whdrhbasiad eitrodepe dsmpébiingls. ¢ imtaitioear, the
but;gorato lgalg solfn?]lf’ ? E‘Jgﬂ cl:rE) \(/)vg{% ﬁ&’ %?&' H%Sto bgqgrgov% ;yg%ﬁideﬁaeshing. A
treaanemeafsth@rﬁeecbwm etresidl was abﬂﬁetwremows a|ddltlmﬁll dgvels of the non-basic

5 t CERLBGRsOf thiophene converted as a function of

mr&ﬁ?ght$@§ﬁ1trogen adsorbed on the catalyst. An

I nspection of the plot arly shows that the nore

basi c the nitrogen coﬂf@ﬁ the flatter the curve;

i.e. the |l ess the catalyst deactivation. The presence

of non-basicnitrogen conpounds in the feed results in

a marked decrease of thiophene conversion activity

ver sust flﬁh%@'ﬁléa% SaHalrd 3384 RitrBdn/ aau&prmounds
presen VEexXpe o]

deternm pe a space vel OCI ty th:@&d vvouwasyédel dT@ated
t hi ophepie " conversion of - 95%itbgerng Negdwas enlirtbgad| ( 50%
1- hexeng¢, 50% n- heptane, 200 @pm S agpmhi ophepea) hi ch
woul d alTotWitrbeen 33 6YD462Nt al FProogr am&db cl eardy apd

qui ckl y]determ ne the poi soning effect of the nitfogen
cont am TONITRIEhe feed. Bas®#¥ on this prelininaly
wor k, alEIRReNVRILBCc ty (\AHS\/)eﬁf 4. 1I5?r7 1 was %Ghoskn

H to

for t he I RENTRYE t he expeﬁ nment s. %or t h@31
experi ﬁ’%ﬁq ied out in thdampr eselrgt exanpl e, the
foll owm %d was utiliZgd: S0% -hexera%550')o
n- hept a n>ppm Sul fur (as 5 ophene) 80 ppmw N (as
vari ous @,hi;,rogggen cont am nant sg 1gThe f @lsdhowi ngonkt r pgen
cont am paRkewwer € eval uat ed agasaddedot2e t he ase [ eed:

<unknown> 0.07 0.07

<unknown> 0.13 0.14

PYRIDINE 0.42

1-METHYLPYRROLE 0.10

PYRROLE 2.83 0.18 0.24

DIMETHYLFORMAMIDE 0.48 0.38 0.17

VALERONITRILE 0.10 0.01

<unknown> 0.38 0.35 0.13

<unknown> 0.64 0.11 0.09

<unknown> 0.13

<unknown> 0.20

<unknown> 0.22 0.08

2-METHYLPYRIDINE 0.41

<unknown> 0.12 0.09

<unknown> 1.82

HEXYLAMINE 1.29

3-METHYLPYRIDINE 0.31

<unknown> 0.33 0.12

<unknown> . 0.15

A series of experiments were conducted with the untreated commercial feed and the
10 commercial feed that was acid washed and resin treated to remove the majority of the

nitrogen in the feed. Figures 4, 5, and 6 below depict a plots that show thiophene conversion
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None Propionitrile (non-basic) Methyl Pyrrole
(non-basic) Aniline (Basic) Butylam ne (basic) Pyrrole
W@ pwnAOEed c) Pyridine (basic) Butyronitrile (nPCFDS®0®D)47173
More specifically, the results show that the various
ni trogen conpounds can be cl assified regardjn ej.r
on theYs@Hs wgmplgga%rfe%% HIOPBRNSFORSIPY YBIE PR f%?%ﬁiunc{m of total
grards loy fédd, @Ralpgrane 96 feudoee 16 ﬂnenp.m plah) rduceinl dividedi yothe gams of

or t )
catq‘fp@f[ﬁ)}?a%(s Prtgf éeacEJ}' Sﬁl o(rili'er? f(’)ﬁsoe eﬁ%%B eY;{/ %roghln th untre(ated feed and
the residie masleddyrepioi teamten fpeds nggoveanids ﬁtﬁﬁeretnhesppﬂ@o'ebsltles and catalyst
loa ldsqr‘? ?d i i]{%g €rh Bgﬁ &lahl’ L?nf(té ﬁ/\g’ré SERdted 2 HUYPIE: velocity of

tion process -
1.5 bm w) @rﬁpﬁée veJmﬂé fof %ﬁ@rr wﬁbihecﬁan@mtﬂ'ﬁ avantiyas legded inte () and

doublitg ﬂﬁéqg,&ﬁfloﬁ)ﬁﬁgpélﬂi ul'mas%pél:fa \kl&@lt)nbﬁ s.ogen mmngdme catalyst

re a at th
avafly e Fea e e r%?raﬁb@ﬁ R e
run &0isofefiieésmin dli&rﬁgu&&&l&defﬁct gfnéhwmgemm@ganaﬂdnyﬂ‘kdeemlﬁtsmah be seen

from ﬁ'nnspé)al{%] qr[?e r-ggt? tl§|8J Af Qhéo%(l)%lﬁg? ‘()g{)érﬁs %8{1 %ro%@géelldg)% Wgrlé%ecq‘ chﬁlyst at

esen
hlgmthmwberm mrivyrsm d?&%l ie inceragbd /byt grgatsr @@atas@cws o3 ghemthe feed

wasoareﬁ‘éé’c&?j tb é’rﬂ&v@dthg}ﬁé]brﬁy |o'f"?ntrlcgéH §;yéckése‘|s US¥d. L‘f% mdiBfy of the

pl ant was | oaded a solid

”'tr%ﬁ’&%ﬁ%‘feidd"’aéd‘ioﬁ“béﬁ? aifroeqn wewom@ %qmugwe'a' fegdsipcify| er

screen nmesh size of 0.4 - 0.6 nm The catal yst was

dr iTéd pilstgant nsddrio gerprédentetantpleds theurasesds tRO PGt plantatestrived in
The pilot plant consisted of parallel fixed bed
‘ors, each capabl e of hol ding between 50 to 1000

ng of cataly The pilot plant design was simlar to

t h@hg@scgns BRSEiPNLIORSTGH e WA &s iollawwécep*rﬁ%sqt &sibtipfigures 4,
5, an@Be operated in a downflow operation. The conditions

used for each run included: LHSV 4.1 hr 1

LHSV as indicated in Figures 4, 5, and 6

Temperature: 180°C

Examé)?e

Pressure: 400 psig

An inspection of the plot clearly shows markedly reduced thiophene conversion
activity in an acid catalyzed thiophene alkylation reaction for commercial feeds that contain

non-basic nitrogen.
EXAMPLE 4

Table 5 below shows the results of two titrations carried with two bases: pyridine and
2,6-di-tert-buty! pyridine on a commercially available solid phosphoric acid catalyst obtained

from Siid-Chemie Inc. These titrations were carried out as follows:

The catalyst samples were crushed and sieved. Agglomerates with 180-355 mm
diameters were loaded into a fixed bed pilot plant reactor. The samples (50 mg) were
treated in flowing He (1.33 cm® s”) at 453 K for 1 h before taking titration measurements.
Liquid mixtures of n-hexane (Fluka, 99.5%, 4.5 ml) with pyridine (Fischer, 99.9%, 20 ml) or
2,6-di-tert-butyl-pyridine (Aldrich, 97%, 50 ml) were prepared. The resulting mixture were

introduced into a He stream (1.33 cm® s™) at a liquid volumetric flow rate of 0.09 cm® h
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Pressure 400 psig Tenperature 1800C The data plotted

in Figure 3 are set forth below in Table 3: TABLE 3 @
W@20460073630 8 Hours @8 Hours @ 32 Hours Aver ageCTaSR05/047173

Hours @32 Hours | N Conpound % Nitrogen N trogen on

Thi ophene %Nltro%en % Nitrogen_Nitrogen on Thi gph
resyT8 GISHIEBMAL A RG 8 - TARMDBRy &P 410R ONF A5k Bt P tor-butyl
pyrl&hé ORé tedipefairaloy sk céPé)ys[KwW%ié F6BIK. (ﬂ@e&n%n%%rﬁﬁ%dsorbed on

nltl‘l|e 98% 9% 62%.89% 94%. 0. 74%
the AP PUAS SPEME0 DT 1 oS RoRORoh eBolre. SHURToneRpy e by oes
Chrm%@p%%mméffjlm GC,73P BVO'IBL“GWYb.Hﬂlme I@@%W column,

6 100% 0. 79% 86% Pyrrol e 100% 0. 18% 79%

ﬂa"%oé@{giggég%&%% 45% Pyri di ne 100% 0. 18% 91% 82% 91%

0.72% 1% But yronitrile 55% 0. 10% 52% 15% 35% 0. 28% 130?

ExANiB1agt wishing facbesbauad by Figeryt Frblg %é‘&P"YﬁthﬂéE?"?éf?s P dypeg of acid
site§ QAR swabatalszst@l 66d gdt\or et@bn@ Imbﬂrshesn@hcaiekw’a&wbg theP2, 6-dRiB’-butyl

f .ee)dst P nt ai.ns. ; '"\? { S, b q
PR BICTTE Sl r iR st ieands Weoh S ST Rty vgne an
thogeotitragerbbye thei 2,8-dgtert;butyl pgridiney. H#ds @ekvearsh itreg) thaenstradyg casinidsites are

l. C I

|nst}cl>l'(l'né'n§—:=lzl ﬁm% % ﬁr?ﬁ g@gté p@%ﬂe oﬁ\%t IF%'E{U g r%?}g__ éédasggéé gFe selectlvely
poisoned bsmp@-b@%fealtrosgiw%noua s ginfe thg pen éﬁsw é@apq&lﬁé%ws'@aadsorb

on llHE W%Ek asi Glté‘sab@ﬂd)bzr@éjctbh *tr%péﬂﬁﬁt?a@é L’)liésab il pﬁéd@l@@%lch are basic
can be seen to con e Var|et

anch e SEERNCORBG HLe I8 Cor R oL ERIBT LS agR b nitrogen
congepadsabre thei sitoag Scigestes alhereﬂyaﬁmbflescmbl required (sltps Bmshe thiophene

alkyrl]alltltorr\% untssq’g)t'hg %e{yrm @Jgﬁ;%g@z%ghﬁﬁ%%ﬁc d?iﬂgﬁﬁrgo%%bur?a‘gqo poison
the&mhem alkyltion reactipi.oni tril e, and butyronitrile; and

(3) somewhat acidic nitrogen conpoundsi ncl udi ng

pyrroles. The acid wash pringgpakly renoved the basic

ni trogen conpounds, | eaving behind the majority of the
non- basi ¢ nitrogen conpou?iggﬁonlor]gsgg\rti cul ar, the

Titrant Titrant G N/g cat Wt % N

Titrant MW umole/g g/g cat g/g cat %

Pyridine 78 612.5 0.047775 0.008575 0.86%
2,6-di-tert-butyl pyridine 192 214.4 0.041165 0.003002 0.30%

Therefore, from the above examples, it is apparent that there is a significant need for
a process to effectively remove a wide variety of nitrogen compounds, especially the non-
basic nitrogen compounds, from the commercial thiophene alkylation feed. The following
examples disclose process options in accordance with the present invention that are suitable
for removing these non-basic nitrogen compounds from a commercial thiophene alkylation

feedstock.
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butyronitrile has limted solubility in water and

tends not to be renoved by acid washing. A treatnent
wo@boosledbred with a resin was able to renove apdi/UBNH47173

| evel s of the non-basic nitrogen conpounds. TABLE 4

Pilot Plant Treated Standard Feed N trogen Soeci ation

A series of experinents were conducted with the

untr &M *ommercial feed and the commercial feed that

was aci d washed and resin treated to renove the

maAjhe rexpgrinehtst describedr ingbin ekampléidafebekn Farged e g a rBultiple fixed
bed aa'agor tlcple%lgthd SR Ve% vl aﬁwléslg z?‘ieeﬁ5 RAWoEGR R cted |n parallel to

IS 1IN per cent age i ophene
a cqwn«exeflesqi itet. uhlnwd f%ﬁddwseatm&gcqﬂ tmme%nsaﬁ ad’PU*@'@Pﬁtongwm?sab'e to

malﬁlfalnfae@diilstahpﬁcﬁ\} mﬂfrﬁlﬂﬁ e fiqedplissk. the :ﬂ@tem cﬁéégjnpdea’ﬁﬁted upflow
act or divide rans of

ca
or dpwadpger &eetfﬂd*emggfbﬁ" aﬁ*%%fbe%%eaeawiﬁ@ %vdo FOMmles e & Bfen at
the uiitlet efahe thbé€atthradedertriveeddimie dntevasie @dd negysed by gas eldometedsphy.
at various different space velocities and catal yst

! (Aa%aﬁégns\’ﬁ@é é@ggﬁlgbgudw|tma§ IFY LR a Ig—h??opf-'lhﬂ& FfPJoﬁJHetrlchDetector

tS were oper space vel ocit
PFED) WPrking &n 1 AltiegGR MOEE Wos @ﬁedéormn@h'smg et Wﬂ?tr?éfe%w@’foplomtf"e
butﬁéﬂﬂﬁle%’?;‘rromtthlbyh@\% drogdiated tit e (:’FPDaWﬁ’erQ&bprtdhg ahH' ﬂexene—

ow rate ce .ve

1 gy elRstRdc e 1o VAR PRI A RbIR 1 BEAURL e OTEIfB bmpounds

weré eagdrated bya SPISHamatheoiymn). case. The di fferent space
velocities were run to nore clearly distinguish the

:%g%bs& |o'}\eélgé(ﬁ(§ﬁ]&1t§wvye%gﬁlgd gﬁpéprcgcﬂﬁ tefn?p%ﬁjatli!]e %t%agpeggre of 3.5

ucti vit
bar (aj\déNHSVéb@erw&eégééc?Ower T@? amogt Qf@@%ﬂrw[t)lsqﬂWﬁ :@ﬁrams and
in atl Qb%h?ﬂ&j SéHhV&fe‘éll (Qﬂ/26@°@0.%1 00 nl lm%waa@di céiipa@teRiakier n-heptane

han a factor ret eat e
befqr@meuq'wethﬁﬁrrap?@ 93"3@'&9 F#’B@gﬁ ot daviol Ll bpyain. e
spaﬂayélbdltt/wvaefdetdﬂmlnﬂd tir egehincase o e bawds ofrtbe abrasmtof processed feed

nitro n his commerci al feedstock. The
rec%/e[ed aQﬁ] ﬁ usei?reg&? e present exanple is the same as
t he pi I ot plant described in Exanple 1. The process
Butyronifrile Adsorption each run where as fol |l ows except as set
forth in Figures 4, 5, andgLERSY as indicated in
Figures 4, 5, and 6 Tenperature: 180C
Adsorbents Used for Removal of Butyronitrile

Adsorbent Characteristics

Na-Y zeolite CBV-100 (Zeolyst Intl.), Si/Al=2.6

Natural magnesium Natural fibrous magnesium silicates with crystalline structure
silicate

Commercial solid Solid phosphoric acid catalyst supplied by Sud Chemie
phosphoric acid

Equilibrium Fluidized FCC ECAT, 800 ppm Ni, 2000 ppm V, UCS=24.32 A
Cracking Catalyst

H-Montmorillonite Acid treated montmorillonite (6h, 0.2 M HCI solution, room T)

Cu-Hydrotalcite AP (AP +Cu?*+Mg®*)=0.25; Cu2+/(Cu**+Mg?*")=0.5 (molar ratios)

Zn-Hydrotalcite Al3+/(Al3++Zn2++Mg2+)=0.25; Zn2+/(Zn2++Mg2+)=0.5 (molar
ratios)

Ni-Hydrotalcite Al3+/(Al3++Ni2++Mg2+)=0.25; Ni2+/(Ni2++Mg2+)=0.13 (molar
ratios)

Cu-Na Y zeolite Cu exchanged CBV-100 (2.7 wt% Na20, 15.8 wt% CuO)

Na-exchanged Na exchanged natural sepiolite (4.4 wt% Na20)

-20-



10

15

20

25

Pressure: 400 psig An inspection of the plot clearly
shows markedly reduced thi ophene conversion activity
WO pooan7363 d cat al yzed t hi ophene al kyl ati on r eaPCT/082008047173
commerci al feeds that contain non-basic nitrogen.
EXAMPLE 4 Table 5 bel ow shows the results of two
Seri9litg at i ons carried with two bases: pyridine and
2,8-di-tert - but ridine
o ecrpBepRairy ad e s e de i Risch Fr e 2 TebB n the
run usiog al b@smercial salid phsspiviceacidcrialydt, dog odgindlodatalyw peliéte were

crusﬁ@c{ ﬁrll(y %%veg ggg rﬁ%ﬁ (?Yéeglzee & fo“:?&‘ 8 qmﬂ néjndsthg \é&&rp&éﬂ g'llfag %@%@%&gxmed

aneters were 1 oaded I nt
twicgiin rdepltarsheeke e grprodveikility fpihe sexpeiimenig! Rigtoeolt r &g symaining
adsdrﬁbrfté W@f{e{‘?rp&?‘y(é‘reé’é@d CéFshad ]at)ndaﬂiellfé53o thef ﬁn;elpil'tl@@;réﬁg@ (0.4-0.6
on_measur emen ures o

SRR N ) RS AT OGN Bo S el 1 T BROISYA e

(Fischer, 99.9% 20 m) or 2,6-di-tert-butyl-pyridine

( Al Tthei bimse Bindel Eﬁédntortamaenpeﬁtpm €80 Vitthe hexenetli (§ wit%) and
thlo%é{el{rz@o ﬁfﬁg v g%'&%ﬁ %@ged \DI¥ @pdﬁ'ﬁm ﬁﬁrB?@st(ﬁutﬁgniﬁggg 'Ishls model

vol ume owrate o

feed wes ppased §roughihs adosnigidepcrived aRevg in Tk @ne and 5. 3
Pa pyridine or 4.7 Pa 2,6-di-tert-butyl pyridine. The
t enonRdtibneR&Yultehe cat aI yst bed was 453K. The anopunt
of titrant adsorbed on the catal yst was cal cul at ed

tr ' ff .
S R Rl B B 00 b e
(breeet(tﬁngughsurvuebamcham@ vl arurs}nowdmamrs a foeehiepiodwdiiify.i dhe values set
fortf'li% ?QEIQ Ir7) s ANSBII?)HHIR c%a%ihég‘gret &t@%l&g%thﬁm‘bbﬁcﬁfW adsorbed per

ere are {Ieso acid sites
P

10%6@%@@%1%%@%1%& 'Séﬁ*@d@éﬂ“ e < Ririeare § cap pggeen that the

adsobgties Bagaity F BelyrdNitrlidif ths8 coihdittonk is reltivdly Ipyr i di ne) and
one set of weaker acid sites (difference between those

L tfh%tc%?ng?%étlgé/ {esPlltsnf%r t%ngent’\ IR ﬁ? Faéotrlg%ﬁ eéjre %)é t@ﬁ%ﬂt lr{ Faeble 7 and
demﬂedamgclsamsza mrow h‘r elni ﬁr@,tre @mmerciahswﬁ fpé@sn'hng'c a¢ie catalyst is
coﬁ&%r&omﬁpﬁlf@%\’ﬂf/&b%ﬁﬂe PhgReaRbrng. agihtteS bkstvs4 %omparlson of

ective pol soned non-basic nitr ogen conpoun
corgTeicel epll Ropephas @ o‘ﬁ'ﬁbd@’fble PPt CHASHIR JNP-Y hECBY-100,
obt#RaK fraﬂﬁlﬂaoﬁlbﬁ R8.), @%Xdﬂ@ng'e@a‘ﬁttm@rbebhﬁeﬁd MGra&%rﬁbll&l amba Na-

oxc oGt LG e 1 QS o BRI B e e

ECADnarbadd exchatgedgeontmorillonite, and with the adsorbents based on hydrotalmtes,
Y zeolite and sepiolite. After passing 173 g of feedstock through the 2 g bed of NaX

adsorbent in the conditions described above, no butyronitrile was detected in the outlet
stream. Thus, the copper exchanged Na-Y had a minimum nitrogen adsorption capacity of
0.69 g N/100 g adsorbent.

The copper exchanged Y zeolite also showed a considerable adsorption capacity.
This test was repeated and the data was confirmed as can be seen in Table 7 and Figure 11.

Finally the sepiolite based adsorbents give also high butyronitrile adsorption capacities.
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conmpounds on the strong acid sites thereby renoves the
required sites for the thiophene al kyl ati on accounts

wo a6/ ery hi gh propensity for non-basic ni P€DYS2005/047173
conmpounds to poison the thiophene al kylation reaction.
TABLE 5 Titration of SPA Titrant Titrant G Ng cat W
%N Titrant MV mole/q /q czéagég cat % Pyridine 78
612.5 0.047775 0.008575 di-tert-butyl
pyridine 192 214.4 0. 041 165 0. 003002 0.30% Ther ef or e,
from t he aboveAdsoation Egpaditiesifey thgpiiferent Adsesentshere i s
a significant need for a process to effectively renove
a W de varlptv of nitroaen comounds. especiallyv the

nonbalsi%ohi™ r ogen canPEENAED | RSHIERE I miortigh capacity
t hi ophene al kyl ation feed. The fol |l owi ng @RHA}Adgbent)
di scl OFRaRLACTESS OpL|l ON3erN_afcor gzsce T™h th&iz

pr esent Lnvention that are sultable forl renpving these
non- bEEicd 4t r ogen donpdimids from& confrer ci al®f®

t hi oplren&calikyT at 1 on T eadlst oCk. EXAMPLE 5 The 0.083
exper' i i i ml-e ave been

carri EaM8uPeimle qu been

16,3 Sxam 0
tipl &%fi xpd béd adsor pt i ot é‘f/st em
Four fawmdicbed: st al Nl essestee] reastors vvere m@m’nect ed

inp ﬂ'iﬂ' +o—a—COoAwBA f_ﬂed A-et—H-eui-d—f "“0‘6 WS
introdﬁcﬁé‘“ﬁ‘{?]%a of 4 doubl e piaton jpunp, able to
mai nt an-mwdmmlomt ant |f | ows.m n| M zi ag t he pi st om.pul ses.
The s ¢ ||| 63i g1—p |i"|"il1""”"I uf:uﬁ ot = ‘
f eed ﬁrouq an _adsar bent bedl cufil atilve quufc?l’l
sanpl [g&-¥verlde t aken at thé9out et 8F theg tubes Hid

predeggﬁp;gﬁ. e IHLCIS o o uy UG
chr onmat_odr aohv A Vari an- 380 GC equij Daed with an FID
and aMewsswi-Hleane Rhot dfétrif Deféct or| (PFPD)?-or ki ng

in thegeTEs IMHMEH‘THN“T‘WHﬁ?ESEd ForsamatysT g tiEssout et
stre Bropionitrille. butyrohitrile vrrole and

t hi ophene are detected by the PFPD, wher eas hept ane
and hexene- 1 are detected by the FID, with both
detEME Gorking in parallel. The different conmpounds
were separated in a CP-Sil 24-CB col umm.

Propionitrile and Pyrrole Adsorption

In this example the base model feed contained n-heptane (50 wt%), hexene-1 (50
wt%) and thiophene (200 ppmw S) and was spiked with 40 ppm of propionitrile and 40 ppm
of pyrrole. This feed was passed through Na-Y and Sepiolite adsorbents in order to evaluate
the relative adsorption capacities of each adsorbent with respect to each nitrogen compound.
Breakthrough curves of adsorption are shown in Figures 12 and 13. Nitrogen adsorption

capacities are summarized in Table 8.
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The adsorption experinments were carried out at room
tenperature, at a pressure of 3.5 bar, and WHSV in the
w0 200073963 15- 20 h 1. The anpunt of adsorbent ureHUSHSsS/@47173

grans, and in all cases it had been dried (2h/200C in

100 M N2 flow) and conpacted with n-heptane before

i ntroduci ng the nitrogen-cont |_ i,bhg feed at a constant

flow of around 1.0 m/mn. %hAg gSace vel ocity was

det a¥inogeadompoasis lrds@pi®dnarapaditg oblaY sandfSepiotite saaparpgnto f

processed feedWHsdblG2@bratoomiemperatues, 4dfr t he

r eact or spikgdih 60 prmN ogeanhidbeppraynd) BABY t00gratgemetent s

Used for Renoval of Butyronitrile Adsorbent

Characteristics Na-Y zeolite CBV-1 00 (Zeolyst Intl.),

Si /Al =2.6 Natural magnesi umjl\lat ural &ilrooigr aBRgrest um

silicates with crystalline structure silicate
—Gemqﬁef—ei—aJ—sel—i—dész]dF?fL’ﬁ'ﬂosphoﬁsi:ygogci d cat Ef\lyst Sum
BassUfepeti ed by Sud Chéié phosphor P@52ci d EgqeDI8Bbri um >1.35

Fl ui di zed FCC ECAT g.88RePPM Ni, 2f00 ppm Vg /HCS=24. 33 g4

A Cracki ng Catal yst ntrorillonite Acid treated
Basedigertraofq digmalics 6NA-Y. 2 M HCI sl ution, rdetn T) >1.4

Cu- Hydrotal ci te Al $8PIPKP3++Cu2+aNy2+) =0. 250.28u2+/ ( Cuo.3

2++My2+)=0.5 (nolar ratios) Zn-Hydrotalcite

Al EXAMRLE-FZn2++My2+) =0. 25; Zn2+/ (Zn2++My2+) =0. 5

(molar ratios) N -Hydrotalcite

(A' ﬁ#&%ﬁt#&&%ﬁéw&%@. nﬁﬁ*g' _JNh%gn%M %%s’gjr/g@ Egvlioo

(2.7 mt % Na20, 15.8 w % CuO) Na- exchanged Na exchanged

nat/iiragersieppyseiee the gniiueRre ol ABROPSERICS| ‘i%t @orRics in the Yesd, the
foll WElSP Fida et feedi SRE phIparddN 6% rvAéptare 35BCT-HEkehk| 23% dlolene, 8% o-
Xylgnee? %Bb %Sr% '|'rﬂog;|;1%rt1)<la gng '40|prp]>mt Igﬁ and 40 ppm Pyrrole. This feed was passed
through Na-Y and Sepiolite adsorbents. Breakthrough curves of adsorption of these

experiments are shown in Figures 14 and 15. These breakthrough curves were obtained at
15-20 hr’' WHSYV, room temperature, and a pressure of 4 Bar. The effect of aromatics in the
nitrogen capacity can be also observed in Table 8, where the adsorption capacities are

shown.
EXAMPLE 8

NaY regeneration

The adsorption on fresh NaY shows a high adsorption capacity for propionitrile and
pyrrole when a base feed spiked with 80 ppm N as propionitrile and 80 ppm N as pyrrole is

passed through zeolite placed in a fixed bed.

The regeneration of used NaY was carried out either by calcination at 200°C for 12

hours or by washing.

Regeneration by washing was carried out with toluene at a temperature of about

20°C, a flow of 5 mil/min, at atmospheric pressure for about 20 hours.
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adsor ption capacity.

Competetive Absorption

When 40 ppm N as Butyronitrile was added to the feed in Example 7, it can be

observed that the pyrrole adsorption capacity decreased.

There was a decrease in

propionitrile adsorption capacity as well. It is believed this was produced by the competition
between PN and BN for the zeolite active sites; however, it seems that adsorption of the two

nitriles prevents adsorption of pyrrole occupying the active centers. This becomes evident

when we compare Table 9 with Table 10.

simultaneo

us adsorptions.
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This test was repeated and the data was confirnmed as
can be seen in Table 7 and Figure 11. Finally the
W@ ephoriose based adsorbents give al so high PCT/US2005/047173

butyronitrile adsorption capacities. TABLE 7 Adsorption
Capacities for the Different Adsorbents EXAMPLE 6
Propionitrile and Pyrrole ﬁg%%plpi on In this exanple

t he base nodel feed contai ned n-heptane (50 wt%,
hexene-1 (50 wt % and thi ophene (200 ppnmw S) and was

spi ked with 40 ppmof propionitrile and 40 ppm of

pyrrol . Thi§ feed was Qdagsgidnitditedu@utianitriend Pyrrole
videsv@l') (taatagsor berded | N |QGNIgds/AGDgaV fguatis10dee | ¢gatis/e00g
adsor pt|i ogt cgpaci ti es of| ecathlyst))sqr beQatalyst) h ries p@athalyst)

to eacH nitragen conpound. Breakthrough curveg of
adsor ptjion arje sh@®m in |Figures 12 and 13. Nit|rogen
adsor ptli on cgpacit+es arle sumari Zed i n Tabl e |8. TABLE
8 7Ri52r dgéNaYcqnpormmibl RMISor fx886m capaci Py2%f Ng- Y ahdési
Sepi ol it e adgoBBerio & PWAHSY 15-20 hr 1, room
t enper at ure, |446ram NFN Ked with 4Q ppnN of eagh
N conpaund) dr N 100gradsorhent G N 100 gr adsorhbent

Pyrrol ¢ PN Sym Base Feed NA-Y >0.52 >0.83 >1.35
te 0.05 >0BF6 >0.|84 Base Fged + 30% Ardmati cs

Sepi ol i
N&Bx%o.lNﬁY.s >1. 4" Sepidlite Q. 017 O. 3 EXAMPL
Ef fect |of Arg ﬁ’%@ Propi B%Pt rill e g(gé‘%gyrrole b2t33
Adsor ptjion 1 GrBEP ol eval uate the influence |of the
presencle of aromdtics

In the feed,| the foll ow|ng nodel
feed—was—prepared—35%n-heptane;,—35% 1-Hexene,—22%

Tol uene, 8% o- Xyl ene, 200 ppm Thi ophene and 40 ppm PN
and 40 ppm Pyrrole. This feed was passed through Na-Y

gg%@?‘g% gs:ql)%ﬁe a?%%ﬁée%? r(]} fch'e a%rsgr% ignhéa%%gR ocf%%gigﬁcfeso ];nd zeolite Y in

Na-, Na-H, H-, Cu-, and Cs- form, when using base feed containing pyrrol, propionitrile, and
5  butyronitrile (determined from above to be the 3 most significant poisoning compounds in the

typical commercial feed).
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experiments are shown in Figures 14 and 15. These
br eakt hr ough curves were obtained at 15-20 hr 1 WHSV,

w0 omat®eper ature, and a pressure of 4 Bar. TheCEUS®0%$/047173
of aromatics in the nitrogen capacity can be al so
observed in Table 8, where the adsorption capacities

regenerat
%Plﬁeei)ﬁn w@%ﬁﬁswgu% E?Tg ﬁd Segrmg}%% glﬁe’]ﬂryk%m%gﬁrﬁ @r{eél&r}hrough.

proplonltrlle and pyrrol e when a base feed splked with
80 ppm N as propionitrile dABLBATppm N as pyrrole is
passed through zeolite placed in a fixed bed. The

fegenératiion of used NaY m carriled out either by

i "N f
CRaE |EIECEEI n!ma!t I| e ns H%(ifg%ggﬂtg‘cfs 0f gNads Eé)ag[yst) Nazygoo‘q ?Est)]gl's " feeflee
&Etuasclp%ﬂper at ur e of about ZOOC alflow of 5 mI/mn

It At o I °N I Tl 0.0976 24.29
aturtadll.sélh})h)télllcl 1 \, UUUL ZU TTUUT ST TTTE

I 6URNRRAL | ON by, Wgshi ng appeared to pravide i myaued
eeukte OYeT tle I €ge erat%g by aieinayiqns;>{%@
aPT opironttT i1 e and pyrro e wWay adsSor pea o tne
Vasheehaat al yShiossT ABLE 9 1.4 NaY rlegeneration| byzoes | 6814
calqhnations (20900 2.- NaXs egeneratp@p by \Wwashed| sseo
ﬁLJquene aty,s00m tlenpepgtdire BF- 5%MC7 andy HR%4 eo.99
uN@leed W 61200ppmS gszThlophene géANPL_ 134
||pcl etye—AbsSorptHomWhen 40—ppmN—=as butyronrtrrie
hasNddded |tot Bé4 eed li-nEXFABHe—A4—i+28%n be obB& el
hamﬂthe .vrrobegadsornturquﬁquully_demmpaqu 1.99pBe i ©70.02

=

11.28
417.67

32.2

@S- Ge ot 6as \R com oun? tont-trit-e-ads i’pti Ot \,apaCi tyTas
me?%“AFF“TS“ﬁa?C ed t his~was produced by the
conpetition between PN and BN for the zeolite active

si tTeble 1Ashewseihe vpluestor Nghat the solidkswergePis e 89softhe t wo

it _rl es PRPIAIMe A0SO DT T ON OBuRYdNitAk € 0OCCcupy! Ng t he
active centergn This g@g@ﬁﬁ) evi dgm
Catalyst ads/100g (g Caa’:als st) g ads/100g Sum WHSV
Catalyst) Y Catalyst)
Natural sepiolite >0,79 0,049 —— 0,839 17.88
Natural sepiolite
BF+30% 0,283 0,017 | = - 0.3 19.65
aromatics
NaY >0,8353 >0,5152 e >1,3505 18.84
NaY
BF+30% >1,3 01 >1,4 20.21
aromatics
HY 0,145 0,818 0,0199 0,9829 80.59
NaHY 0,3 0,67 0,0283 0,9938 69.37
CuNaY 0,3203 . 0,3072 0,0161 0,64 67.75
NaX >0,7 0,77 0,0584 1,5248 67.86
CsY 0,3198 1,5908 0,0846 1,9952

From Table 12, it is evident that zeolite NaY and CuY are effective adsorbents for
non-basic nitrogen compounds. It should be noticed that aromatics compete for adsorption
sites, and this is more important for pyrrole. CsY zeolite adsorbed less propionitrile than NaY,
but more pyrrole, while the adsorption of butyronitrile was also high. Taking this into account

and from Tables 12 and 13 above, a mixture of adsorbents could be an effective non-basic
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when we conpare Table 9 with Table 10. The Table 10

shows two identical and sinultaneous adsorptions. TABLE
waoosames 1 1 shows a summary of the adsor pti oPCT/US2005/047173

capacity of sepi oIites and zeolite Y in Na-, Na-H, H,

-, and Cs- sin f eed cont i nin

”'"CWP rcempow"rdoms&s?ﬂtm?fmf%r th%ﬁbopeg?%/%%tw iPrEFepYy % PiRfitbagd above,
regdriegation eaw eetaemﬁ@dtahe adsoTptitin cabgity féstamed by béatingiima flow of air, or

coppaoun n the typical comrercial feed).Table 11
by W36 V‘f“ﬁi”%?ﬂ?unts of N adsorbed when the)fl r st
conpound breaks through. TABLE 11 Table 12 shows the
valRXMRIFF 1N t hat the solids were able to adsorb. From
Table 12, it is evident that zeolite NaY and CuY are

ef fl@QhubV@(aafbfeO rthe reksctl 6F fea@ nprbih‘éatmeﬁl 1tcr QEra6veC oM-baEd Sitrogen

shou] d t t hat
corrg)agnacrsp\eni th A cgp{r]‘rgeécl:lé zli)llapQQ??F & yEatl%Iieg IV\f?S g et?'rtg)ﬁtstfr%sﬁj See Table 4).
Comwyierical ehiopBeNerzalkylatos featbwad pabske mispavallep thomighrtivb dixedbeds, one

congl?l in HgtY rarR{i %1eoé/erc5r9 &Jnt g‘%geﬁﬂﬁ agﬁgg@ﬂ 'a%rﬁfon condltlotns were

vt oni't Fi £ was s into acco
70°BAHSNVoT Thb|, wih ZEfWOf]@S@rb@WénatQ{'a*n Kirqpredyst from the adsorbent

reatﬁgrs\ﬁé@@d'\gz&e@ QW rdl s mirifese fhe GblioWg Meds s 6dliekied 3& Rvaluation in
nmpound pretreatnment for the thiophene al kyl ation

athtﬂpb%'??s@(y'?i@”ﬁ%ﬁ?fqroned above, regeneration can be

achi eved, and ad ti i restored by heating
inafl "B‘Perﬁ?'sF%eg g@"ﬁéﬁﬁﬁﬁ SXtvvlth tol uene. EXAVPLE

10 I n tlFiesd dirdripl e, t Hda-¥PHegberdf f eed-1B0aninvies (Shwrams)
to rem\ﬁ%F@ﬂEY@as' c n'l\i V%E%rﬁmpoun@% Vdotmiflutes (80 grams)

comrer ci a i op ene al % ti on Senbhst L ated
(See Tatsieed MpY-3commer iNaal AGRPS ener?’48I‘k§/1I°aff“PBtﬁSf8&9<Sams)
was passedd Navpar al | elNd- hmau@berttwo f510ed3dhetistes ¢S grams)

cont ai ni Y, and the.second, cantaij | o] WRN-N

N1 ogolt SBSEP pLi on- coNATEAEoaRe U MAHEERATyBhE)

1, wtireBd§epits of adBapiditerAdsenerir i %I0.— TI?@eﬂlpldfé@I(Mﬁ grams)

fromthe adsorbent reactor was coll|ected ever

mi nieesslid phespheriq asig ¢riplyst Berd ‘\V\/é'?eep"ebﬂ"ﬁ‘gdt"ésddf%? present example
wa@th@'déﬂ{m&&alyb\élléﬂlﬁ @diél?sﬂ%lealbkétbc&éé QrB4L@EGHtained from Siid Chemie

1o A BB PR ETS BRI 00 (B0 SHIE PR IR Foigystahion was
cruddgas bayter $&68en mddsiza ofud.és O(BOMYThrsptalyst was dried under nitrogen
flow for 2 hours at 200°C prior to use. The pilot plant consisted of parallel fixed bed reactors,
each capable of holding between 50 to 1000 mg of catalyst. The pilot plant design is similar
to that described in example 1 above. The reactors were operated in a downflow operation.

Each of the above feeds were run in this pilot plant sequence.

The conditions used for each run included:

LHSV 4.1 hr'
Pressure 400 psig
Temperature . 180°C

The results of this set of experiments is shown in Figure 16. It is evident from the
results the strong improvement in catalyst performance achieved for the thiophene alkylation
process when the commercial feed was pretreated with either NaY or Sepiolite. ~This

compares with the rapid deactivation seen with the untreated commercial feed after only 8
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Feed NaY-3 Na-Y Adsorbent 340 - 510 m nutes (80 grans)
Feed NaY-4 Na-Y Adsorbent 5 10 -730 m nutes (108

w@e@i®)396xed Sep - 1 Sepiolite Adsorbent O0-180Pei/Nsi0es047173
(80 grans) Feed Sep-2 Sepiolite Adsorbent 510 - 730

m nutes (108 grans) The solid phos ric acid catal yst
UG TS SR BTTCHTANE 5 S I AHoNGY osFiat D yPL e renge
evalba®d (g0 ae0grne aflféed teatdlpabyrencaitrabybentdesi gnat ed as

C-84-05 obtained fromSd Chem e Inc. The pilot plant

was | oaded with 300 ng of a solid phosphoric acid

catal yst which was crushed to a Tyl er screen nesh size
of 0.4 - 0.6 mm The catal yst was dried under nitrogen
flow for 2 hours at 2000C prior to use. The pil ot

pl ant consisted of parallel fixed bed reactors, each

capabl e of hol ding between 50 to 1000 ng of catal yst.

The pilot plant design is simlar to that described in

exanpl e 1 above. The reactors were operated in a

downf | ow operation. Each of the above feeds were run

inthis pilot plant sequence. The conditions used for

each run included: LHSV 4.1 hr 1 Pressure 400 psig

Tenperature 1800C The results of this set of

experinments is shown in Figure 16. It is evident from

the results the strong inprovenent in catalyst

per f ormance achi eved for the thiophene al kyl ati on

process when the commercial feed was pretreated with

either NaY or Sepiolite. This conpares with the rapid
deactivation seen with the untreated comercial feed
after only 8hours on stream Stable perfornmance is
seen fromthe NaY pre-treatnent over the range

eval uated (up to 150 grans of feed treated per gram of

Adsor bent). That which is clained is: 1. A process for

t he production of products which are liquid at anbi ent

condi tions and contain organic sul fur conpounds of

hi gher nol ecul ar wei ght than correspondi ng

sul fur-containing conpounds in the feedstock, which

process conprises: providing a feedstock conprising a

m xture of hydrocarbons which includes ol efins, and

sul fur-contai ni ng organi c conmpounds and non-basic

ni trogen-contai ni ng organic
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conpounds, the feedstock conprising material boiling
bet ween about 600C. and about 425C. and having a
w@i0bar396dNt ent up to about 4,000 or 5,000 parPGI/ps2005/047173
mllion and a nitrogen content up to about 2,000 parts
per mllion; renoving the non-basic nitrogen conpounds
dstock to yield an effluent having a

Thai‘ggﬁ%goc(?aé Eﬁt of non-basic nitrogen conpounds, and

contacting the effluent with an acidic catalyst under
cordi t i énerashiscfrraihe efopleetionyvel prodedindtigh gredipvif o7 dmbient

con&h&ws‘ 'H%Hr b&dtéﬁ dr@arfic SsliflibrcofPBbrls NbN gnd]‘ﬁF Q’ﬁblé&ulé?f welght than
gher nol ecul ar “wei ght thro%ft] %Ik
corrgﬂgqnplﬁg suBur-cep} @lnﬁg&e%@gurgﬁ i g e itoéhé\élggrprq%gs comprises:
non- basi ¢ nitrogen conpounds are renoved by an
adpooviingoa feadstoers somprisingi an nixige @f Byrirbesnions si@tch incldes olefins,
a r S hay - :
and (gﬁlﬂfrggbtgmsr@ gggﬁiﬁ S&ngd.Fﬁg arfugéﬁeg tgs%i? ﬁ\}fb#& &nerQ organlc
contmenchso rhe) deqdstoph crmgasing mﬁiﬁ@h &ailing: setwenn \AAUIHYO"an and about

425@@8%%% Br RF@SSonMdR B 1 esda@t 29601P@Y00i SarGSIP Hiléh and a
fromthe roquconS| sti ng al kal i ne faujasites,

nitrogeR £PPtRB! WP ARoYt 2 H08 SRR BEr 'BH“R%I i ne faujasites

partially exchanged with H+, or transition netals of
G aempsvihdBtheHiidn-baSc niftoykn anmjpcm'n)ds fromsthé W@de’@tk toayida lah reffluent

b R L R T

m xtures thereof, crystalline magnesi umsili cat es, fa
al IEaNeREngele ﬁﬁlﬁaﬁdv'ter%ms%%'q Favly SRS SPRfians whichiage effgptive to

convér€a beﬂl@ﬁ%fﬁth@flmﬁurﬂﬂemto?a\&blﬁfr%bﬁwhiﬂg needartal bEifighdr Snolecular weight
an organi c solvent. 5. The process of

regenerated wth
throb‘?'g?'ﬁﬁﬂt' 85 9l*ie or gani ¢ sol vent contains one

aromatic ring.6. The process of claim5 wherein the
soldent The medess tafdcldimoin W'hﬁelgrtb@umoéthﬁglpsft'ifwno‘fompounds are

ren‘!&@&ﬁ@;ﬂ &n adorB dﬁ%r@@é&% QiHfRPeil ) ABoBehtobsRl iR %‘@Sdsoﬁﬁlon process

on atons of eleven or less. 7. The process of
comyyrigeseplitRp HPEIGA PH@S%?"U’&H{’el s an aliphatic al cohol
having twel ve or | ess carbon atonmns.
3. The process of claim 1 wherein the non-basic nitrogen compounds are

removed by an adsorption process wherein the adsorbent is selected from the group
consisting of alkaline faujasites, alkaline earth faujasites, alkaline faujasites partially
exchanged with H*, or transition metals of Groups IB, IIB, IV, VIII, and mixtures thereof,
alkaline earth faujasites partially exchanged with H', or transition metals of Groups IB, IIB,
IV, VIIl, and mixtures thereof, crystalline magnesium silicates, and alkaline exchanged

crystalline magnesium silicates.

4, The process of claim 2 wherein the adsorbent is regenerated with an organic

solvent.

5. The process of claim 4 wherein the organic solvent contains one aromatic

ring.
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8. The process of claim 3 wherein the adsorbent is a

sepiolite in the natural formor in the al kaline
wez@bamngesl form 9. A process for the pol ynerir@r/uswoné47173

olefins in an ol efin-contai ning and nonbasi c nitrogen

or gani c_conpound- cont ai ni f eedst ock . whi c i ses:

r efovi n§Ne °9?8ﬁ-°ga e %i"’?\%i)edré e SEIt o cs(?pe’ﬁgeginng%mb@é group
conaistingds deptdnerandratiyéeszenbe hevimg & haalausbebeintarbmeatoins of eleven
or léslge_ adsor ption process conprises zeolites having a

aujasite structure, and contacting the effluent from
the adsorption process with an acid catal yst under )
corfdi t i 6he PEFEER Of $BIM 4 WeArgiRePe Falvemds GnefliPhalic glgphol having
twellB8r BEPERBSH &bmsl ai m 9 wherein the adsorbent is
regenerated with an organic solvent. 11. The process

of claim10 wherein. ' t Al
ar St 1 AN PRgesy o SRl SpbohERle EPRLR hetefiral fom
or i thealkaling exchayigedferth. f r om t he group consi sting of

benzene and al kyl benzenes having a total nunber of

carghon at QaBesef foftRViRIVnizatRA of olefins hhén Plef-@6ftaifing and non-

claim 10 wherein the solvent i n ahi ghati c. al cohol
basjc\ffoggn LTENIGEoBPoYndseontayy ﬁe‘éf?‘ifﬁg".h'c 5O %pr ocess of

claim9 wherein the adsorbent is a sepiolite in the

nat ur al réroovingorthd mot-hasial ritadden e orgriib aaegwduids by an adsorption

process wherein the adsorbent used in the adsorption process comprises zeolites

having a faujasite structure,and

contacting the effluent from the adsorption process with an acid catalyst

under conditions effective to polymerize the olefins.

10. The process of claim 9 wherein the adsorbent is regenerated with an organic

solvent.

11. The process of claim 10 wherein the organic solvent contains one aromatic

ring.

12. The process of claim 11 wherein the solvent is selected from the group
consisting of benzene and alkylbenzenes having a total number of carbon atoms of eleven

or less.

13. The process of claim 10 wherein the solvent is an aliphatic alcohol having

twelve or less carbon atoms.

14, The process of claim 9 wherein the adsorbent is a sepiolite in the natural form

or in the alkaline exchanged form.
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