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AROVATI C ALKYLATI ON PROCESS This invention relates to a process f :
renoving inpurities froman almmm”l “ ess, and also relates to the

i nproved al kyl ati on process re I m mmwmﬁfrom 5 1n an aromatic

al- kyl ati on process, al kyl ated ar onabdoga+ conpounds are pr epaf)ggmlé%,zgésgyl ating

an aronmati cygegeesnd with an al kyl ating agent. The..al kyl ation process is
typically carried out in the presence of an acid which can be in the form

of either a liquid or a solid. Exanples yof sm‘nﬂm‘MﬂﬁM\mcl ude hl da) HF3,
and zeolites. Zeoliies are preferred in many |l ecause t hey
elimnate problens associated wth i,ﬁp I Ti58 k88, The 10
particul ar al kyl ated often a
nonoal kyl ated aromati c conpound such as et hyl benzene or cunene (i sopropyl

benzene): Pol yal kyl ated aromatic conpounds nay be forned i e ss of
manuf act uri ng- thigs poaRivhkylbes eds pocdsfor FeraREPEIFeEites fom %Qk’bzg%sﬁeogg%’r

converted. Advantageously, transalkylati ' ¥&smt o convey! the
pol yah~cylmd@éls0aﬁ€big‘?ét“i’ thepiBprayed %@W@dﬂr’%ﬁ%’? ]%%‘gd afgg)rrati c coggf und. For
exanpl in3 ?@a] i dc@sspiIRdated amirhatit tewpownds) arg RUGRARC
di et hyfsoenzeneslﬁl?ag%grg I n}%tqhgﬂz)lg [(XI gt?(’gn,st ep i 3. C@?ﬁ‘etrict)ne&()? sgttméakp@nzene
o e e f cut ooy it 0

s : i 1 ot et 3
aromatic fE¥HeY P%H%%Wrgﬁggﬁ?aaﬁ]sagld@‘{@ti oner.eact or may coptain i n@uri ties
Sgch as ar %Kf%bﬁsefstua!& helbsihtiodo Ak, BE), 2od oMt}jm&s?mﬁgrpr& ¢ g‘i%F “Ié ns,
styrene, oxygenat ed or gani c, compounds, .. : ghdidtihneoomnolieds,
ni trogen costeaces brgauss 53§ wag‘wf{@%{%‘-‘ %%?clm?gi_ ne, dlgﬁ?yiggorreri ¢, conpounds such
R by B A

. 1 3

i mpuri ti es compqundisyshas ethylben7éat ‘P()H“ﬁ‘f’?%‘t’?oﬁfo&\fe%seesn )(E)ar e veh_rgya susceptible io
catal yst Pon}namu,q&%@n?e f@&ﬁ&f s\ r8dkss 6Tl hgTaomriag thetimapalkylried BYCIVFy e of
contact wi tR"&RY"0r &l 1 of these 25 transalog{;g{ at qu flg%qigg,%jg.{?dq@@g@enwany
ot her fact apgst baherremoned oplasvsried. ahdEnageARYOREHIN S &1 % er al I] :
al kyl ati on process schene, .a .ef vg,wyg{eb%nﬁndc@pm mdt Fer ¢xemple, n
ef fecti vel y‘?’F Eﬁlé’ﬁlgyléi?gﬁr%aﬁ‘tcggﬁﬂ%%t%%%g%m@tﬁl d” be ,deﬁi rabl e. ({\(lag g hods and
hmale eri alls; h@;}ﬁ?c@ﬁ%ﬂ;eﬁ{?}g@ﬁgﬁméelthyltome';g?g%g’_etb Pﬁ“égﬁré}i f ;par?kylé}sm I
ydrocarbon streans. U S. Paten WRE& dt smafréns cl ay
treatment 38XYploREEEP ‘FBP"‘%?PS?&E thggec%nteé? ni‘ng. streams to overcone the clay
foul i ng pr ngﬁﬁ%f&ﬁl&_ﬁe}de@wedipmhefhhishi&'h]d(?ﬂw&q“oéﬂ’westsf eat nent processes.

Cl ays such as bentonit r nt het i ' Dy 2030¢br WY 0O E6834
PCT/ US99/ 25889 2TahH?‘B§k§P‘F$%@W§%¥°§?ﬁeﬁ'§tﬁg}eﬁﬁgl are i ?é’x{;?sed ln U S

Patent No, B,838;037nfa8krdisicion aiphetwoltfspaouels e PRt SOIFIEE, Syrent

ol i gomeri zation/ pol ynmeri zation of color. form f LbGer] dEMIAIA €S 1N an
aromat i 28 sorysemeted Olgaas oamawﬁswa“?f?’r%?&ﬁ‘%’r‘ﬁ °&9p€§h§sé}s"gb§?i i zilngg a silica
al umina cracki nﬁ“ Cﬁ;s?é}yasstcohi@i !e lélﬁ o¥heh @EdTodnéosuciaet paystyT¢nsl GREATPEARPES i ns

and di ol ef i f&P eam crac napht ha streamis.prLopQ i
Patent No. gP6bflBFhertdsavaporapaseinnsaliafation @rofesERes ‘%ﬁ"‘g@( gess%giq} {ﬁqb%éegf’:t ent

No, a795, 550 surveyed.thg afore [ EQSAPOvEnpiirstdptibatio omalptocesses
and pr opose®! FH HTPUENYES, ﬁ%ﬂi‘% Bﬁ%ggrgaﬁeé P og%xﬁsfr@vw th a sc?loi d medi um commusi ng
a crystal | i ngpakyfmesidthation ztaignpend tehikady vawe 5 FAechNY 4™ & Fact or y -
oxi de to renpve brom ne .reactive.olefinige i ietJ & afrensalkiyaton units
cont ai nRAg Staneetingatianfoed W%f'ﬁf’ys%gerﬁg% f%,rogg%slsﬂ\qfaﬁer ei nlkgg el
aromati cs stream|s 1ka?fa‘ii&ﬁg%o%éssts@heﬁrﬁnﬁmhdbm efrethed prd anparagesdBRELEYSN t h
an acid act i’{}@ncatgaaf yst matérial which renoves nono-ol efinie brom ne

4

~ reactive hydegpaekoth mntindmitivaveld badesidle bon separation processes

i ncl udi ng speci al Many P

o conmpounds fr

tilizing the selective saqrption pro i } o4lidf eontarniBaital s,
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30  process for aromatics containing streams 1o overcome the clay fovling problems caused by

Siolefins in other clay treatment processes. Clays such as bentonite or synthetic alumina



hydr ocarbon stream by using a sel ective adsorbent) such as ZSM 5, havi ng an
average pore size less than 5.5 Angstroms is disclosed in U, S. Pat[kMAYNgUU‘l
5,744,686. U.S. Patent No. 5,330,996 discloses a bentonite clay-based

catal yst, suitable for renoving olefins fromaromatics streans,

manuf act ured by adhering together a plurality of smaller aci %Ggggtdsé{iﬁt ed 20
bentonite clay particles using a strong mneral acid as a BiC . e use
of spent cat?P 1583 or purification of aromatic streans by diolefin
saturation and CCR renoval at tenperatureg | ow enough to reduce olefin

pol ynmerization reactions is proposed in U S. Patent No. 4,501,652. It would
be desirable to have a sinple, single step process.syi : i ng
and! or Conyes Al R iTEG e slterar st Hacke oS- FFTQIGHC UPES ST 5 ani ¢ anc

i norgani c contam nants 25 whjch nay be .pr | MkofR forming olefinic impurities in
al kyl at i onhéempersairkpioaessder @%@@é@?%ﬂ‘???lg’ggtl%ﬁ%%%{hot he valuabl e liquid phase

transal kyl ati on catal yst [mt.er.i i hhciip®t Abgoctenniizvge sicaaiamat “pitfdged by
t hese cont &Ri¥aMEYCs "\*Iy‘iﬁfg s{;@ S’cﬁ’%gm ownt. me gﬁd gjgaotitaé ?nOaSQ?M W8
i mprovi ng yéa??{Jgg ;@anpvdrﬁftb&bnna%épolme@edﬁq{‘@s IgEns et on, there is
provi ded an alkyl ation process ﬁﬂ%ﬁhﬂg 3408 189. FThepspmknts of he@ravry 2004
WO aar s3ssendpbiieesepISperasel gy Ceonf'act | ng’ at | east one a[kk%”@éngghﬁcaﬁon
aromati c corrlgCUn% ,}ny‘@ Bherh 8RS8, 70585@durveyed thaeforgmeaeite WHOYHEoresence of
a catal yst ? B? virde “an al kyl ati on _Br ciuctocgsc;rmmasgoPgm@a;U,anas,bﬁﬂm _
rnonoal kyl apesteseoant propesApentd 2AAYC 2P%F 885t "one pol yal | ryl ated aromatic
conpound; 5 (bgﬂ cont act i {l}l%a?etzegﬁ?gchgsm{?giitmdcafrefrdmeomm% UeBAYST ST
wi sh a puri fIyé g A HRaP in~a l'iquid phase pre-rea%dégrbsgggmsagseggnove
inpurities and.lorionacRMphrities trost arematics ooRAPINEE HEEL | % e pol yal ky| at ed
aromati c compound; and (c} contact ] ”Q.chbt‘?e A 1o fr LB 6l edi-OR AW priot ¥p contaced®@h  one
al kyl at abl epammmwlercutmap%ﬂfﬁéf’ﬁﬁﬁﬁ'éarm’l Fqui d phase condi tions .i N 3 ocarbon
transal kyl ation. secti Qaajga L6 VHBRE Rosoves mane-alefinig BIomins TRFTEGINer t at
| east a portai“oar?1 ol sal t | east one polyal kyl ated aromati c conpound into a
monoal kyl at edneéndnatts.c conpound. The purification nediumis prefer iR
nol ecul ar si eve C,\%E(ﬁrl é?x‘o pg;%'q;ggp,foe&mstdﬁﬁzigg mpe]g@wgpgppwrg?erwg\r}? gtlﬂ%l
MCM 36, MOM d9, 05" 58, zeolite betlg n;a%gﬁ@sgag@beegpf@emépuaﬁqd
conbi nat i onszdolies maferiala) in¢hodiog spvER Aok TR LR A9, and, L5 mﬁ?fr’%%
preferred. The \E’) L icaliag r%ggq33ggpgmy*rweinbyglbﬁétragwatﬁwsfgi’%%? pri or
to transhi ky?%ﬁe X ‘By a’“conbi nat i-on of 50{, ti oq}:‘ %M.gt}%lv;ﬁ%lagaoaﬁ‘ge@m on,
The acconpan},{'d}gcg}ﬁaﬁvkﬂa@nibymirgmleﬁﬁ‘ieé’és‘%" Hf %r am of a process_for
produci ng' et’hyl benzene_in :ilrcc%riga%& mntm'sapate;ﬁbhﬂBﬁamﬁsﬁng.tShgatFrﬁv nti on.
1n the i nprovied less ARt PEEVISTELRSS of the inve”tﬁognﬁr@m\k%%f@%m
al kyl at abl e arawpddecaiafoseoapanondteickydord seah PR east_ one al‘gyl gting
agent under sUfficient reacti{%nt (r:e%r])gi %mgtme}gpmmgwf@@elméugﬁc ate
catal yst to BrevpiRs sHE2AMGARIEEY Dr duct conpri si_ng, at |e%§{;f%@ﬁcata!ystsfor
monoal kyl at e%eﬁ{o‘?ﬂ@tdag pgﬂmuﬁdgamﬁlo@mih@als%mw& bb’quaT}T?ﬁ ated aromatic
conpound”™“Then at" |'eaSt a portion gf .to{)ésn p&&@ﬂ&,{addscmiﬁrmﬂ@mmmnnaelow
purification peification of ZlompRSTEAPA B UOSPRIBACHT on st ep 1O I enbye, , 5n; 652,
i mpurities and f(éﬁéﬂ 8, YL bieh S HoishEsATd e RBpIoNs isTgoResed LS. Pateat Noo4501,
pol yal kyl at ed™gV \a ks conpouhd: The purified st ad alvld RAsmosing and/or
. : R fe%%%éé nifeb] TIng
al kyl at abl e ar onat iowaddbedesirable é0 bavéd W ACEES tirder |dl qui d phgfa%wpm[s o
conditions in a transal kyl af i seet | [ént types of @satced drfor ganiceio to
convert at Lea@weé}“tﬂdT’??t&ﬁg%f’?{i’ﬁivg%adtsgf%gst %r]e pol yal ki” at ad, f QRN CTiquid
conpound } tom&qﬁ%#g%{,leggneﬁ, Ar Moo/ trensaiplation PreRess B ™Y ar'onati ¢ i n
reference®to the a atabl e corrpoundsl wﬁi-Ctrbeagegct}{a&fdléhd/bﬁm&gadB@th‘ese to be
under st ood i nphseardaakgatien drtalyss malepe e 88ni ed scope whi'ch Lngl udes akkyl

contaminants, thus reducing downtime and capital costs, while improving y

= i comprising the
According to the invention, there is provided an alkylation process p
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substituted and unsubstituted nono- and pol ynucl ear conpounds. qugﬂunﬁ$ 004
an aromatic 2 0 MAY 2004 1' VO 00l 35836 4 PCTN599n5889 char acter i
possess a heteroatom (e.g., N or S) dre also useful provided they do not

act as catal yst poisons under the reaction conditions selected. Substituted
aromati ¢ conmpounds whi ch can be al kyl ated herei n nust possess ~ai beast one
hydrogen atomdirectly bonded to the aromatic nucl eus. TThePGHWRMBE rings
can be 5 subgdyot/pasEd with one or nore al kyl, aryl; al karyl, alkoxy,

aryl oxy, cycloal kyl, halide, and/or other groups which do ot interfere with
t he al kyl ati on reaction. Suitable aromat3c hydrocarbons include benzene,
napht hal ene, ant hracene, napht hacene, peryl ene, coronene, and phepant hrene.

General ly the al kyl gro i BleReorRdie sempouns vétins teast RERELYIETE he
aromatic ' (a1 t)cogtaﬁgl&ﬁ%%%‘\ég%f 2‘.“‘?4%?‘ >

rom1l to 22 bon_a Aesurhd Y
from7 to 8 carhgp,3l piegresand dfms:tatalysualpr%)"dleraarﬂi‘g{al‘%“ Woé‘gcﬁrggﬁﬁgst“%ns.
Sui tabl'e al kyl substituted aromatic co LREA AR Ry lederomfit ene;
i sopr opyl benzene)nenmn@dik}'lﬁ’tcgW’Wé’ﬁf@ﬁ%%glgg‘ﬁg{]rret hqu%a)t;)ﬂkllttb hal ene,
et hyl benzene, Cu{rﬂeﬁg}% n@resi tyl ene, durene, p-cyrnene, butyl benzene,
pseudocunene) o- yI’benzene, m 15 di ei hyl benzene.., p-di: bRMzaNEa
i soanyl benzgge) isehexy bilenzepertiopehthaetinlp “Hé?f?é‘hcé,vmlﬁgr?tqgﬁ%a?ﬁbl benzene;
3,2,3,4- tel Saei hyl benzene; 1,2 < pBLhiibeaddoe, a punfied stream
1,2, ~3tri et hyl beh%ﬁg};xas?}’?;r§??l¥°|h:r%}se?ﬁ§/ ed%zenﬂei_]\,’ﬁ ‘m but _Iaé?l uene;
p-butyl t ol uene: ga,gﬁ,@g,ﬁ% Nydatbreaopalkplaet h;dma@Pe@ﬁléqungL hyl tof uene: .
m propyl t ol uene; 4-ethyl -m xyl ene; di net hyl Snesomatduonpapiittngdrene;
2, 3-di met hyl@nt hcantenimg 1Be pirtigd AHEFH ‘ﬁﬁ}éﬁtggasg%% ant h?gcene;

met hyl ant hr acene;lmgiﬁéﬁgegc:ogﬁfiMJ iBQ%ﬁ@ﬂ@raeme%cﬁmﬂnShermﬁﬁwe-ﬁfﬁéﬁgﬁf%ﬁ? ene.
I y

Hi gher nol ecul ar aromati ¢ hydrocar bo bénptuadinas
startinggmateri alc@n@aadati!mtuwiahéﬁ%@tf’i%)(‘ﬁffcﬂ%@a?’%@%@gﬁ% gcé ar’sebﬁproduced

by the al kyl ation of ar tic ahfons with olefin oligoners. Such
products are fredﬂ@ﬁ?ﬁ?’%} f%‘?’?gﬁd{?g&i n the art as_ al kyl ate andiisgghmde

|
hexyl benzene, nony)demzenmn :ﬁhﬁﬂanislpbéﬁfz’éhé;m%ﬂlﬁéﬁ%"c?f%%@nzene,

hexyl t ol uene) nonyltoltiene GY Iy gf aCMVPSs) MCldess, otalitahels et c.
Very often agﬂoyp&@@slsiﬂggeﬁm‘ﬁég’ glgﬁlg%ﬁ’l%%

oiling fracti i hGhRothe
al kyl group attached &o:thedasetBkiios thepdobrhonen grv?%?é?‘?’éf-ﬁ%%g"”to Cc72
The al kyl ati ngJ agénts which are usgf ﬁl i reldimgmgrpqgﬁage Qkyidthunstriesm,eneli 10n
gener al | y5i nsiQeS eary prafeyeedi d e BHPOERE aVing at | éast .one avail abl e

al kyl ating gr oup %‘@%@W‘ﬁ LlondiBReibh eNsonption 280 cH HRIHRYT HP%bl e aromati c

conmpound. Pr &FBY ‘tHe al kyl ating gr.ou §565m bF 9§ PrdcedsdorPpredueinsn
at oms. Exanpl es ofThs aicoatyienyieg Wat&gﬁgs’ﬁ’ﬁgﬁ{agﬁgfe% efins such as ethyl ene,

propyl ene, ﬁwgre%m %Q?&Ommﬁﬁﬁn@dﬂﬁﬁt@%i?%%@nt he butenes and the
al & S

pent enes; cl'usive of nonoal copol s, i3l 506! She Auylatdbbecinobagic
ete.) such as met Hani impe@\%@éﬂ%l,a“ﬁ‘hémﬁ?séﬁgﬁgImsz:rq{o%’e but anol s "and thgﬁi"&s
yde,

pentanol s; al dehydes, such as f.Qr.ua,deRy deylatmedpebtdoBsdeficispoisi G198
but yr al de?rR/dem&?RPUﬁaWﬁ@?&ﬁegé‘{%@&g}aand,‘ a kél ha idssaé&ﬁ&iﬂfg ABdaByhe
chloride, et hylysleprbdace sfhecaplspid previbo lodateq ROV VT chi%or i des and t he
. e polyalkylated aromatic compound. Then
monoalkylated aromatic compound and a Jeast one poly N .
riion of the product is contacted with a purification medium in a liquid phase pr "

ai least a po . wm 2! :
p stream comprising 2t least one

reaction step to remove impurities and form a purified -
25 polyalkylated aromatic compound. The purified stream and at least one alkylatabie ar

itons } jon section in the
compound are then contacted pnder Yiquid phase conditions in 2 transalkylation sec

i i matic
presence of a catalyst to convert at Jeast a portion of said at Jeast one polyalkylated aro

compound into & monoalkylated aromatic compound.
eference 10 the alkylatable compoun
_recognized scope which includes alkyl

Jear compounds. Compounds of an aromatic

ic"y cis which are useful herein
The term "aromatic” in 1

30 isto be understood in accordance with its art

substituied and unsubstituted mono- and polynuc



5 pentyl chlorides. Mxtures of light olefins are especially usef %paﬁm 2004
al kyl ati ng agents in the al kylation.process of this invention. Ac rngly,
m xt'ures of ethylene, propyl ene, butenes and/or pentenes which are major
constituents of a variety of refinery streans, e.g., fuel gas,wgas | ant
of.f gas containing ethylene, propylene, etc., naphtha crack&/V @536 S
cont ai ni ng MW@bhi/35836ef i ns, 10 refinery FCC propane/ propyl ene streans, etc.)
are useful aklylating agents herein. For exanple, a typical FCC Iight
ol efin stream possesses the follow ng cofrposition: W :
aol e. %t hane3. 35. 1Et hyl ene0. 7). 27 S Propanel4. 5| fibpovdnéEE T~
5. 3Propyl ene92. SA6, 8] sobut a 2 (€3, Jo St AN £ FE AEEPR : 0
Pent anesO. Fb":’&c‘PFE’P’Q{)BBTSW aggé%gﬁ)@ﬁe%t ablgy)aronati c conpound is benzene)
t he ?I kyl at i, S?gﬁm“si“ﬁd?gwkme“ amdipioogpsglestsd: and{e_t hekdeslizs%eg_dgrmnﬁgsi(ylt at ed
reaction product”is ethyl benzene or cunmene n [ veedh-mAb pdhes & ation
catal yst used irsmaumdomws?mrz%dﬁ‘wg‘h%ﬁ“é’g |§ aﬁgol %.I ar ggéag e which is
sel ective to ‘the product i ADNeahkybmbitthusipes i 1B aTOnAE {17 tfyl benzene
and currene.O"SJiygfi%F%atr%T aelgegﬁ])géonsi eves incl yde NUY*ZZBQ%%& { mies, dnid/or
N A e e A e
- escribed in U S. Paten 1 eact escribed in U S.
Pat ent No. @ngssr,osm},uc\\/éﬁw@én‘&@%[%\%ér‘}‘bee Pn U S. Pat agnt o.. 30, 5 3 62,697))
and zeolite bet asgﬁa%asecgeﬁaﬁaamiécﬁboﬁammbm@.en@pyég‘, BY)E e al kyl ati on
step of this invention is convemg}gtpﬁ C rrledngct ed under conditions including
a t enper at upgptihacend, peryBPE COXDRERCpES ’3‘8&&/ Oto 2S0C, a pressur‘e.cof 0.2 to
250 at nospheres, and aﬁrgfee{%&?gv}h%h'c@a@b@ﬁrmmeﬂ‘%ﬁuemsI?ﬂl"%erarf”a?ﬁ’0 of
al kyl at abl e ar om&tPE2"Y 24 04 w0 031358333 %PCgm%gga}gM&ngaﬁﬂ)ﬁund to
al kyllat L@g 208 Rbusd chhtan Foma 1602 tyrbemulops BIIHBPY R 511" t0 10: 7, ‘and a feed
wei ght hourly sgace vel qci ¥ &V\!;l‘?\/) of 0.1 to 500 hr'', preferably 0.5 to
100 hr'". vallydreh do FSEPRT AT ed with ethyl en 4 o]prgdﬁ%&eet hyl benzene,
the al kyl aiion reggiierikyBsupstiited abigticeaniortfsaRftVFA°THe T 'qui d phase.
Suitable |iquid phase condi tL‘?ns i rxb‘fl gda§>h§-r$ pRhilee, Gbylueame3od @hd 600F
(150 and 316@)propylesnaeneh P Fel’ B “dnd SOgF (205 aﬁd 2b0C) ,.a pressure
up to 3000 prgjahgg,(C%Q’aizﬁc,}g!?g.h)mm,eﬁummmpebé?‘w@éwn%0°‘§‘ﬁ Y’é’ﬁ'ﬁf prig (28Q&0 and
5600 kPa), a space Vvel om_t¥ bet ween D. :]‘be%zQ eggghyﬁﬁ,\émae,@femaathylymm%en 1
and 6 VWSV, diethgtbenzene,rediehiheers FRTY°“Ghd 'a rat’i o of the benée4r_1e to the
et hyl ene in the alt‘ﬁ%hati en]5%5’343‘3;“{},5,1@6&1&@lﬁd.ﬁtﬁ.{{a@e‘ﬁﬂp%ﬂz,ﬁnepﬂ ferably from
7 :1 to 10: IPTRFEFYRY’ Wcién’ bénzene is alk [l ated \é)gut(}hﬁomé%)alﬁﬂﬁethﬂmlmqwuce
cunene, the {RusHbBeres 1 prRafmedblbgnzenss F W Uk der I qui'd phase
conditions includjin .a_temperat yr oﬂﬁmu,pmt; @—ez’@@f&-xyéqng;_d,xmabylpfphpg&@f e.g.,
froml O to ¥PEEOMEGHP RUPE 0t 250 at m)sg\‘,geir ef” oerne,l%g&%y]gmg,meﬁeroml to 30
at mospher es; ¢aRtha MhaeoadmepHrsasHEP - HEY 2hourTy space vel oci t])é
(WHSV) of from5s fr ' to n%i(g) .hre'ﬂ]' J t}.B{aﬁﬂ(h?ern@;mnﬁ 3tmahylphérianthreses ORI OF quler,
addi ti on2@ o mahyedhee og'lnky dted aromatic co Oun%)eﬁgpgn@aklﬁw@drbrﬁfﬁc
pr oduct streq,;gi%yiﬁlahw&haidhprcyrhbds)cmﬂwb%\ﬁé@F‘%a%a Chare separ at ed and
fed to the tran3al kylation SeCt(iéﬁn dforthgggﬁgtgogrbfmdrﬁﬁaﬂﬂirmmb“ah@ﬁlﬁat abl e
aromatic conmpydmarbone mches pEmreed PdReVer " The al kyl ation pro stream
. f%, e g @SE
may al so contain igp%}cﬁ‘ ?o%ualslg}‘eﬁ%@uenﬁlsnrefexaiﬁpll@,heé{‘é‘f ale s 8F‘e Ins,
styrene, oxy R 'orgar?lc conpounds, sul fur ggcm %ﬂhpgemmhmdsmylmmpne,
i trogen contpkgivegzengnuayibegeneofiodsoinrdec u-ﬁ’é’s, and co.r‘rbirhggh)gq.ns-
thereof. These Inpurities ‘rzgx%?&&g)ier@g.evgrg'@mﬁmmmn@obi@t,ﬁé ag@ 8% may
be produ@sd igrdsctiprene; Bl vapor phaSe al kyl.atign [ £actots. &6 O; hey
may cone frO”},Qf}ﬁA’h Qv desearagiapstadies tethe AR FESTOF "contam nant's can
deactivate or plug the transal kyl ation catalyst. and in the process of the
present invenCypn; these inpurities are renoved through, adsor.ption . 2o,80d
reaction in a trealgeng fhiePs SALN IR Sebscihimhe proges eGP eRi SRl
“a purification medi i val of these_i rrotfri ti zqoq%tc‘g dheactiprcivith
| engt h of theﬁH;@, c&mb@hﬁhwﬁgmbastbyeﬁfaé%ﬂmﬁlg soni hg and potenti al
e v

pl uggi ng of t al uabl e transal kyl atio 13 @Wmsdsmf@mmoﬁ ons
of the preoreakt Mkyhtablemn@haiwﬁﬁpg -?’é@%@ﬁﬁfﬂa i

e l'iquid phase and af. .
sufficient tenperature tg react Lakian hnlaﬁ@lnfbi,sswsﬁ%'ﬁéﬁé”%”&(f ,
ot her highly C@ERQR aj@ms. ﬁxamp?e% of SlIEbR lakylateg ag




1 i.e., clays,

30 mol ecul es to form heavy al kyl aromati cs. 2 0 MAY 2004 WO 00/ 35836
fCTN$99I25889 7 In enbodi ments of the invention, the aromatic strébﬂ1MAbumq
purified, i.e., containing some or all of the above-r ef er enced impurities,

is brought into contact with the purification nediumin a suitable

"pre-reaction cone such as, for exanple, in a flow reactor Cﬁﬂfgwfé?@
ective

faxed bed conprising the purification nedi um conposition,

i qui d phase¥8o%8@Hdi ti ons to ef-effect the removal of the inpurities by
reacti on and/ or adsorption, in the case ?f t he oxygenates and sul fur
conpounds as well as in the case of heav ollgonerlc conpounds such as

pol ystyrene, in addition to converting sorre of I 8ok
reactive h‘%ﬁ‘é’bﬁféné!%@qmlpeﬁendshﬂcqmm(fnplesa\telQfﬁ“ %‘?"F} ﬁ%ﬁg}c&t i .

bed. The conditions enployed . in the stefan ongﬂdd@des :tuehrp%r ature
of 100 to GOEFagB8henslIHBEY, ﬂ*&rPa"PBP%‘P 3\5 a%’}a%%lﬁgﬂlh to 50QF ( '\5‘7 a

wei ght hour y agﬂggg\é?&% }}ygw\(@%nawehﬁeﬂbm)@almmmﬂ T-VEHER R 5to .

100 hr'

to 400 N 86 hfa:hcpt@.él on
VO 45, mw)é\hp‘g‘ 8s b %%\hﬂ\?l chiogide, etiayl ehlgrite, the PO Yl&ﬁ“’ﬁ@"ts i P)ﬂﬂ]a%mﬁuw 36,
MCM 49, 81 o, auj asite, or nordenite. NCM22 MCM 36, MCM 49,
and MCM$6 pemyladjpsdesal |y preferred. 15 MOM 22, MCM 36) MCM 56
are especially g&j}% 65\6?;, more%np.yrh@gaebiatyruscﬂﬂsafslamlawgﬂt?Mﬁ%gwlr%oﬁm‘ heavy
reformate and U ct streans b reaec gnet E'%BME’Q‘ 'gtsxe@hmhdﬁoeavy

al kyl ar omat pescesd ofqhis dwph@seA@EféﬂﬁE‘iYn’ax‘E‘ ot T pi

MCM 49, and ~MCM: i ch fefils lo@ 8l vd uﬁbefmarmmgﬁmshége 4 re 10
to 40 VHSV, PQW‘G"%‘%H‘%# (“f%%?’%q’%foé)o aﬁéﬁ? q(gsog Sl frh D oREAD
kPa). MCM 224 W@,m@&tmepﬁm SEMEsE %&’ﬁ [ €68 enaci ously adsorb

ni trogen speci és such as cpol FONRERNIX tmgager@.hedelmfﬁ
condi ti afs. rEfpeay FGC P&PWF’HH%% §re§ztn(sa,selfbﬁ§ve shomﬂihat ol efins have little

propensity tO éﬁ&gﬁg;}dﬁﬁ@“g& d}\éﬁﬁﬂsﬁﬁmi\m%mel@f\%‘*ﬂ@wﬂé’ 56 under the
ur

cont enpl at e ase conditions se three attributes of

t he, mol ecul ar si eve purifi &t¥on ned of the invention; (1), high
reactivity for al E%I a;tl on, 4®) strong.iretention of 25 poisons such as basic
ni trogen conpound g {3)O+ow reactiizvity for oligomerization, nake

MCM 22, I\/CM36 : I\4(3\/+$6 panti3cul arly preferred as a purlflcatlon
medi um c onent | n;gpved al kyglsati on process of the invention. In
enbodi nent s of th t|o yhere thespurification mediumis a nol ecul ar
sieve catal yst, i |red todecorporate the purification nmedium

w t h anot her rrate reﬁ gtant tojgdre tenperatures and ot her conditions
enployed in the p atlo .Step. Sugh materials include active and

i nactive2fateri al aﬁﬁesyntﬁetlc or naturally ocurring zeolites as 20
MAY 2004 WD 00! 3583G 8 PCTNS99125889 wel | ani ¢ HpSgentah as
clays, silica and/p}l&femgtya{he@mm@hw@mm&@w%ghsa nzIeh Fg%ltﬁ%? r%:af be either

natural ly occurring or i'n the formq QHSadibs piodietas ebylbenzgeq &

i ncl uﬁl ng m xatbylene afprepyeng And g 5y gln%% edg ' Use gf a material in

conj unction rystal) i.e., conbined iherev,~ith or present
during synt h&uﬁ’ge“tgplgsfgﬁwﬁgw cr taI wté océs oRSE ;,]Vg]t,oh@sruimolbmlﬂwgw@ t he
conver si @5 and/ or Fb¢ dylptiantopta “Esﬁ@"b FRIVSE "in certain eaganl C4 CORYET Sion
processes. | naCtge\ée Wﬂt‘ﬁé ;&r@éusch%h'b?ﬁ@hc&h}}@medepms,chuﬂu@rﬂ“ﬁ"i D§APF ST e
amount of conPEFECEY 1P given process s rﬁ produs £ 6@ 41984, Qbﬁ)aPSﬂéd
economi cal | y ggﬁaméﬁﬁrehudamldvhs)mtluém#ﬂ%ﬂﬁg SR} PR or control | g he
rate of reaction. These ter %ﬂ? 61)2 q97Cy @edeabedidn Unl. Farat Dpaf:P %/(‘n

kaol |

| ajdescabeg in Uy t th
o the. 18 carg 3&.;3}&%&@%rscpamﬁ@m@sﬁmzxs@c&mgﬂmﬁegﬁg@

30 5 362 ,697), and zeolxte beta (described in U.S. Patent No. 3,308,069).

tions
The alkylation step of this invention is conveniently conducted under conds

including a temperature of 0° to 500°C, and preferably 50°
100 atmospheres, a molar ratio of alkylatable aromatic

10 250°C, a pressure of 0.2 10 250

atmospheres, and preferably 5 10



function as binders for the catalyst. It is desirable to provide a cﬂ@ )éﬁﬁ
havi ng good crush strength because iin comercial use it is desi ral & 4
prevent the catal yst from breaking down into powder-like materials. These

cl ay andl or oxi de binders have been enployed normally only for the purpose
of. improving the crush strength of the catal yst, however, in thggéggﬁgsent 15
context of the invention active, clay binders and the Iikepﬁ:ﬁﬂys used to

i nprove the WaP¥¥$¥ati on properties of the purification medium

Alternately, binders nmay be sel ected such that they do not participate in
the removal of inpurities, i.e., they ar@ passive in the process of the
invention. . Naturally occurring clays which can be co ?3'%a%§a%etdh t he new
crystal ing ”&‘ggﬁﬂ% AQIARHEBRN bil 0.0nitd SOANENIeaRTEERYfCati? F‘E WHt'Ch

o am lies

i ncl ude t he"stibbentonr'tes, and_the kaolin @90 350 W' Xi e,
McNanee, Ge@ﬁghtaxoamjsnélcowtﬂ@é)’W)Gwht‘?\g?gﬁiﬁ \Aﬁy% the main mi.neral

constituent is | Qysite, e kb bvducmahylbenzenss thesdlelPR. Such
cl ays can be usg\g’&’?’ﬁgﬁgcﬁsaal\;v‘%%{%%hgghzgii gi tril)al ry '_ne?ﬂ8 r icgﬁ Bk bblude 2
subj ected tQ. oal Gi Bate-ly catddcbut inelbe ligsist phose. cﬂﬁ‘éﬁ‘?lgliﬂm g?s]gi cation. Binders

useful for conpositing wth the np | ar, .si.eme Ay Bétwaks40025nd SQASE| ude
por ous hj,ghtmplefaauebamanwa%@%ﬁ% sansdlzﬁpy,’ p%ﬁm %a, zi rcopia_,khtania
or anot her inCLuch q%g{;ggﬁ},%mbufm‘o@q%sigr(msvsnm)gamffcratdxbﬁweﬁ 0£58i P| on to
the foregoi §na? #3%1e, e no ecué&rt@i%vegnégpﬁg‘hégmﬁvﬁr@ﬁra@@wwecn1
R et el G
si |i ca- ber yland & WESV; baseq PR SPVEREE) M as t er nary. 30 (gﬁﬁ%%i tions such as
si i ca-at um parhRQtdadior Hok 1eRtciOuininnlar, preferay £o®iTH ] BRIGS (W fa- negnesi a, and
el a4 vty opor ¢ W SN O e B . Dokt ¢
oxi de matrix vary, Vi, dels. WidePliduhephasy dohdicans ioRudiegl? lﬁﬁﬂ?b"ﬁ‘t’réﬁf v g’%@ﬁg from
1 io 100 per®&ft B’y wei ght and nore g%‘gal |erQ%{%&leT@giﬁérw&si’th., from
conposi te i se.py eper EDCpe.phiomdProo2 e &PE“V'R °t fie ]range oiﬂ}%&%\ﬁgf%
wt.Jo of the conposite. 5 i 1¢ MvdrddadofBlebubarlyspesre’s t'Yon
medi um may b‘é’:‘tcg&“@f 8??5’0%”%%%@2’?{&”0; qt herg,.se produced in a shaped form
so that no b{,g,ql,eghri‘sopsceﬁxénpmfeﬁbbfffﬁmé‘EUI‘QrSO 1 eve purification pedi u? gan
al so contain a netal J‘ync},%O%eﬁ%ﬁ%ﬁx@ﬁhwé@%mbmmnlnmnpdhhd%‘a‘?‘é’ RBMer t ed
to saturdbed corrpBLPrﬁidg on }ﬁe presence %Ecﬁ%rgéﬂégﬂﬁnaﬂg?é‘{‘%q“;'“"‘F’Qmﬁ“‘m' e,
a hydr ogenat iigh 6 ONPRARE p@ysiitylased sPEARYSEET) ‘ m ol ybdenum - 10 _
rheni um nickel, cobalt, chroni. $@mafid canpmipt csunkpabensiitn as’
pl ati num or pmnloaci@fdﬁ%%’ﬁi)“ﬂé a%é@ﬂmﬂg‘rﬁ%%&@hygf ogenat i an. delydroosaabieon
function is &9 . h&enefelDryedn phidott sresTp AL AE0 BN HEPRYY The pur’i fi cat |don
medi um conposition by way of co-crys i j dse v ngaeiningtcomp AiECs,
conposi tion t@%@iéiﬁ@nﬁmé“@ﬁﬁﬁ“%{ﬁ ‘%geri‘ge?r&edr’#?n ea.rr%. . al ugi UM ebSThidet he
structur i%{rg&@%ﬁgh@%%ﬁb&nm, dligbmeritcompops aﬁorff;’”& ficed“ther ewi t h.
Such ﬁorrgz&ne can be irmf;egggt,gg sied sPEssRllorfey e Hateash e lissicarpl e,
by, inth ifi riginite Toe&fif t ith | uti
ant :'?li ni ng gag[@;?ilﬁgﬁrym %T‘mﬁ%& ermep%a&(lalne!ﬁigsbotgmgﬁha% Szgfﬂlé%l![ iogum
conpounds for"atPﬂFBhaaﬁ?]gﬁge ncl ude chlor op(glﬁ%tf:r{ivgimc%&q\ié%heQ,laﬁgail@gugne;hh}gmi de
H [y - anls : e o
S o e mrovcaon o o
carried out iandimahpprecsneEthePreS P Cat'l on' edi um can b (GAhsdiRnt as
a batch-t§g)e, ?;qe,rga%&grmw%nmepc@mddmow ‘@ﬁe’ﬁﬁ‘t‘?br’f"}ﬁ‘i_‘ﬁ" I'ng ‘a fixed or
novi ng bed” cata yst system 1n ent;odlnlzzentagx chsthp@ydew’%ﬁ bPihe ttanmlkylation .
pre-reactors mmyiidae Eietromowd of hegsdPRPPUST G Chat theydcggpg?eqsé%ﬁ%@necgwwt a
swi ng node. The | ogation of the .pres iarplegingoef thovae '
upstream of t AEARHYT §’é‘fvlﬁ1’%p<91’5%ggé?%{ he ldi%t%?h}%&g}%gffs %E-ﬁgligﬁgﬁhh@mda‘
separate the le SitRnoBLME prrdackd afhgbcl al kyl'atabl e
aromatic corrp?l}{r% fe}%lﬂg% he1 al kyl g'ééegﬁ? T{SI@?@’%S' H;Elg@y,gﬁetat;{aromdrwei S
enpl oyed in t heaffdidyicnpamture tqpred ed i the acconpanying
drawi ng. Referring to ;he dr awlp-ﬁam%@%! ene and recycl e benzene fl ow
t hrough |i3fe 1melepylesdo rmbaayy 4FPER Feact or 12 and al kyl ation ef fI uent
(i ncludi ng unreacted benzene, ethyl benzene and



pol yet hyl ated benzenes) are fed fromthe reactor through Iine 13 40 WY 2004
benzene colum 14. 30 Unreacted benzene is renoved fromthe al kyl tg
efficient in colum 14 and is fed; together with fresh benzene) through
recycle line 15 to the feed line 7 J . The residue fromthe col um 20
MAY 2004 WD 00/ 35836 10 fC rNS9912b889 |4 then passes to an&%&ég%@zene
colum 7 6 fromwhich the desired ethyl benzene product is A as
over head. TH¥OP¥EEHue from the colum 16 then passes to a pol yet hyl benzene
colum 17 fromwhich the pol yethyl benzengs are renpoved as overhead ad fed
to a transal kylator 18. The effluent fromthe transakylator | 8 is fed to
line 3 for conbination 5 with the allrylation effluent .%%diﬁago%%z{o t he
benzene col um Memf}@@ﬁaeﬂkagmtbavtdﬁen,iihvefmﬂabw?m”?’ﬁéogf' BERLS shibwn 1 n the
drawi ng includes a pre-reactor |9.which_i. : YA shitreaepohf daitien
et hy) benzeruﬂrm':cmlrta,}r)nnfl?’xe@bta\f@or‘3‘{%“%’i_""rde"QIW’f}i‘es’s1 gllogg}ﬁ?/@tgﬁg?benxeneggol um 1?2, The
pre-reactor a shown.iagle Pﬁe-reqaﬁﬁwzg&-d;“& ghe Sorgranble,on HBOWYPRESY CAVRHER & he
catal yst is” WRED 7 .%o ymer formati on causes eﬁcezﬁ tWeQEﬁ r&,ag op. The
| 01ocati og,@fpeh la@m?,ﬁﬁ:grteapmdfrcatﬁm rogding FPRSGR BHETSEEET on o rit hhet; mpr. oved
al kyl ati on process of the inventi.an. . P Pand P @ dstirptipnodn tigecase O
i mpuri tys! ocdnditicapta/etEct e Wc’ﬁ‘?é’aln‘gj er’%&n%ptﬁib??%s to be re ﬂj‘\jltg)d ar %n%&gﬂgi ve
ol ef i ns Sucg,eaoégygénﬂe? e coFRuidas el as irthheast SlEEaEr gﬁ%‘%’?e@&rﬁ of the
et hyl benzene "cof dm w sh hydr ogen c.o-feeg } BefRELIes tORsdraaive hadved
mol ecul es t eudhhse pslystyreat,oul additias 18 FOPVERIESP™ Bor exarrEI e,rrrglt' r%\q%@\goeé#g‘lwybe
convened to ethy| bepzeng. 15 : Oasd @endeedp Thg gorgti e st
leghé Bateafih i £« Y

bed, the préﬂor‘%%! lonally may be ', gr d' oSl i tre bed
so chat | ar gersCalRlsis indie itehgsarare of b‘l’%"dééb(%ﬁgﬁe‘oéggr@h{éntebcér%%fabg ltlged. I n

i VBRI

this manner,” the interstitial volume bet : ncares] is2dodrgend at t he

entrance,0 f ao 59&%5%&2@"@@6Vﬁfgk’ﬁf?@rlbé&f)\é@?ﬂgé by al | ‘owi g}g 2 great er anount
%

of contam nant_ resi ol 5sBfe df Bebizat 12498 psiB &8P Phe bed begins to
constri ct flgﬁe@ﬁﬁ@% f@kﬁa\%‘g%ﬁg ef f ect of1 20, ttﬁ?s iieh hdwetd, ME€Med2, t he
bed. In the proceRg mffithmnnmdamparbe A AYHH) eﬁ str'eam i séﬁconi ?Ei%Ed
under 1iquid phase ¢ it i LS sAkdei e, at o epite t MEA2A: presence
of a catal ysﬁ%’%o?@?fgaﬁ%gg’tﬁg%orti én of the at |east one

pol yal kyl at egcanompisdMCMAP6 arecspegialy PefsH5Pkyl at ed ar omat i c conmpound. It is
general ly known to.inpr O%’(%é‘g-@%’ Vicsh5b, @ha NEcatisleyd apedaliyreSucise lbyer?ﬁv&g'}g} hg
additi ondf. 2~ not r product by trani‘ﬁ{tc%%rl ait E%}ns %')h,eeaag,lg;{ﬁénkw at ed
product s myoggn;ggwadsmmmwmacp%w A *UndeT go

transal kyl ation or they may be r;@c\}i@&a\é\gg RGicbhdinals uang NEM22, 8eMrIP a
separ at e r eaprashce heavyafyBEeRNEY ¢7¥'ed t o bl end t he bottc\))?@a]ferl%t@ewﬁsv,
distillation &w%‘mﬁtmmmmmfwd For-pbAE R TEY YT & “excess of t he
aromatic feed, and’react the m'oxturg Qp @éﬁﬁﬁ@%% 1 ERGPaY. PIM-23, MIGM-3b| e
transal kyl at i290° cad KPH €130° Tha 1 CELRHEAPRIT 415 0 catal yst may be]éigimgg‘t1 yst
conpri si % a I\;@SJU %)eanﬁ'ﬁ a5¢ MaMsd Gena dibaidy RisoDivregen spies SIChEEFOETE Zeol i t e
X, xeolit® Y) 'I‘1 t'e beta, or nordeni '(,e1 S cr]1ﬁtmr]mggggwe@,b@m}raeamﬁxisdnse
over 2 ~ M%%nmtawmxﬂm}&se@@dﬁ@%'ﬁ”l‘ai?”i PSRl 1T zeolite betaa are
disclosed in the U S. ,Pat egé l\k;%e g‘f&%}&&&; NEOM- 36 AMA9 sangMCM-56 under the
transal kyl at i H& PIRPERYY AR OB deal um ni zed nor dﬁni te ﬁgfno%cﬁﬁﬁ gsgd in US.
Pat ent No. S,Q?A},ﬁc,;,p‘qated Lidie pledst corlittons. r Brese Heq 3t utgh RUPR 0N reactor js

bl ended. wi th alkylation reactor, efflu gt}u NdadiiRy ﬁem&lﬁms{ﬂ}sﬁmdﬁtmﬂoploéd“
A bl eed may bpurﬁfaiaéw.mﬁéjhmtqféhedmeﬂ?‘é‘?’]sl [ pr oduct 'Sjtfe'amdﬁ.o 5 LENDVE 1.
unreactive,_heavi es fr@g@éag@ dtﬁ%@n EHmﬁobﬁdspﬁhW@DW@?@d“tbf% Iepmglizalion, ey be
distilled??o PRRERVSRERI"8s prior to transal k) I}at]i ONrer L8 Gs PHEAfRA6H fedioh
the i nventi onnigmei2, PACH-6)NEMr4R, aeMiesp pf‘ﬁ’\éu &Y "ati on s?ep is effected
in the vapor phase using "dirty" t s ofuBbineentobnl ut e et hyl ene sourced
from FCC . of ﬁg&@?“%f%g}t’wpﬁ%‘%’fé@g )Ggef%r om such ,al kﬁ .at i.gF léggc{ﬂ%_r didve
likely to be cont arﬂ;'&ﬁ:‘o@ﬂm\é\{&%fﬁ@iﬂvamimmiwlieest,hew%ﬁf%\%"’E“ W g PEd above

when Causceata(lj)ii(;: \rln;/yatgé ((i)ers]irgdng/ir?crcwp%lral{9g’xler})%n(ﬁf:aurbn%edmm with another matena

30  resistant to the temperatures and other conditions employe !
and inactive materials and synthetic or naturally occurnn

d in the purification step. Such

i g zeolites as
matenals include active



liqui.d phase transal kyl ation reactor. The process of the invention alj W 2004
revanp of ol der alkylation process units with a liquid phase transal kyl at or
at a significantly lower capital cost. Use of liquid phase transal kyl at or
i nstead of a vapor phase transal kylator will al so produce significantly
hi gher 7 5 product purity, specifically xylene inpurities PRTARYEYe of
et hyl benzensv@poi8¥t i on. Capacity expansion is achieved by incorporation of
| i qui d phase transal kylator at facilities that did not previously have
transal kyl ati on capability and nmakes it ®ossible to debottl eneck the
al kyl ation unit. The present invention may obtain increnental inprqvenent
in the overal|l }{,ioe' d. and " f eadst ack (il bidathen aids sickaeyumipael i 8dEnt
i nvention B POEEAS TR S B uni 18 ‘where, for, 20 V\hatte%/erréquﬁgmd;néhe
pol yet hyl bmﬁed}eeitggrrﬁaﬁmba&c\ﬁﬁhg oyfin trevem of 2etiBPYSREENG 2 O ene or a&o't her
inmpurities that can_deactivate, transalk {01 1At wsth the rvOcIVAM, PB04 | z
CLALMS: 1. nAnmmScﬂféthF%mb@ITR%};é’B‘idﬁ% ?’Bé)ég)sﬂsa%é{gprr%rcﬁ??ﬁdg: ,ag,conta ting at
| east one al Eﬁ’l atabl e, ar &?‘}Eéeﬁt Rempomndsinbf the aew lcasiah Which e HY %y faf i 'ng
agent under*°Zf9 ¢l ent redction conditions a@n o nnBFgr esenemief a
cat al ysts t Qhphgiheeomrsion zablioy beirctityH Shfeet e *pPadlict - conpri si fng at ligggrfr;
‘one nonoal kyl ated aromatic ¢ Q g at afd captyel tpodmpaink o1 eareers tic
conpound; (Mpcessest dBAHMGMAL" gg’étwgsportsﬁ)lﬁ&gf sai dp@r oguFt .TAAOEJF&@?] ing
purificatiopn -gsg%%qma j Jagciacamle@biaings eeanepicalyend GFee Y MRPSEt ETP FY o
MCM 22, NCI\ﬁ%’, : 56 and conbi.nat i H &8 Hay bl irtofpottedinghase
. H 10 ction. ITBQE% €l Gay!

pre-react i osthet mpartsdor eomtyoling Hsiate P1 EEUShd *f'orm a pur | fied st rg}:ﬁa "
conpri sing said., atmjrrg)z%‘t_]a ng P@Jnﬁﬁtkﬂ«ﬂt@dm”mmm%w%ﬂmg 4" (¢)
contacti ng SHPEEBEFF Tté&mwi th at | east oaqgﬁ%](‘%/lggﬁ,m,@ea’raaﬁti c
conpoungly ungdaalysi wdedcqphes € alopardi Ry eWALPRE- o Y BNE A kyl“at i"lon sectjon jn the
presence of a cat al gsé t&) oenc\égi_[ i 8t islsedsbledo pmvtdeama@ystggmggpoql RS e
pol yal ky| at 8PHPBARPPEESpound "t o a nonoal kyl at ed. .ar 0,'3@%9%&91@954 dowmr .
The process sQEn@h%éﬂ:ﬂeM’rﬂ&mﬁiemiakaﬂedti'ﬁﬁ?ﬁﬂ?‘?‘??%&”&‘?"é“&?@?e ed fromthe group
consi sting of ofefl nsﬁ%ﬁ mdi Ol'ﬁfi'ﬂf céyarn%?oﬁ%ﬁﬂe&@heﬁbeemlwedm@ﬁéﬂhds,
sul fur cont aiteipeydet FEE31S %3 n containi ngggor%ou dsévegl‘jl\%)f Lde St
conmpounds, %@%@9@@ AbiseBinigieviRahe cdsh teagProd CesS f" el 1 rein said
purification Ium'conprises particl es ag@%ehﬁg nhyPe @dan improee Bei t i al 4
vol ume het weentedifithe mventnasig PSS Ar a4 por t I on, . conpar ed 198 such
interstitial_vol C%{-m] nﬁp%ggcmg,mamtmmamm. tespgtely,PISEE @Y SR redi um
The process Ry erein the nol ecul ar -ﬁjzseyg g@alﬂsggﬁvbmwc@zsscﬁ
The process tht tegidomot W%‘%‘“é@’&mmﬂ?f’ﬁm&apl oh nediumis contained in a
pre-reactor th?cateeﬁmgi rectly upstream of said transal kyl ati on section. 6.
The process YL 1 wherein sai d puri Ei cat | on  Ned} Hines i dichadthen a
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The molecular sieve purification medium can also contain a metal function such that
unsaturated compounds are converted to saturated compounds in the presence of a hydrogen -
co-feed. For example, a hydrogenéﬁng component such as tungsten, vanadium, molybdenum,

10  rhenium, nickel, cobalt, chromium, manganese, or noble metal such as platinum or palladium
may be used where a hydrogenation-dehydrogenaﬁon function is to be performed. Such
component can be in the purification medium composition by way of co-crys;tallizaﬁon,
exchanged into the composition to the extent a Group TIA element, e.g., aluminum, is in the
structure, impregnated therein or intimately physically admixed therewith. Such component

15 canbe impregnated in or on to it such as, for example, by, in the case of platinum, treating the
silicate with a solution containing 2 platinum metal- containing jon. Thus, suitable p]atiﬁum
compounds for this purpose include chloroplatinic acid, platinous chloride and various
compounds containing the platinum amine complex.

The improved alkylation process described herein, specifically the pre-reaction step

20 caried out in the presence of 8 purification medium, can be carried out as a batch-type, semi-

) continuous or continuous operation utilizing a fixed or moving bed catalyst system. In
embodiments of the invention, two pre-reactors may be situated in parallel, so that they can be
operated in a swing mode. The Jocation of the pre-reactor can be Jocated directly upstream of

~the transalklyator or in the distillétéqn Section used 10' scparaté the mqn_oalkylatcd product and

25 the unreacted 'aikyidtable aromatic compound from the aikylﬁion efﬂuénf. The latter

arrangement is employed in the ethylbenzene process Mustrated in the accompanying drawing.
Referring to the drawing, ethylene and recycle benzene flow through line 11 into an
alkylation reactor 12 and alkylation effluent (including unreacted benzene, ethylbenzene and
polyethylated benzenes) are fed from the reactor through line 13 to 2 benzene column 14.
30 Unreacted benzene is removed from the alkylation effluent in column 14 and is fed, together

with fresh benzene, through recycle line 15 to the feed line 11, The residue from the column
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atalyst is spent or if polymer fornation causes excess pressure drop. The

bypassed when the ¢
kylation process of the

)
10 location of the pre-reactor in the distillation section of the improved al

invention can be changed depending on the impurity to be removed, If the major impurities 10

be removed are reactive olefins such as styrene, the pre-reactor can be located upstream of the

ethylbenzene column 16 with hydrogen co-feed to convert the unsaturated molecules to the

or example, styrene would be converted to ethylbenzene.

saturated version thereof. F
.reactor bed optionally may be

15 In order to preciude plugging of the catalyst bed, the pre

‘graded’ by structuring the bed so that larger catalyst particles are placed at the entrance to the

bed. In this manner, the interstitial volume between the particles is Jarger at the entrance, for
example the top of the bed, thereby allowing 2 greater amount O

up on the catalyst before the bed begins to constrict flow. This will have the effect of

f contaminant residue to build

20 extending the life of the bed.

In the process of the invention, the purified stream is contacted under liquid phase

catalyst 1o convert a1 least a portion

conditions in a transalkylation section in the presence of a
alkylated aromatic compound.

of the at Jeast one polyalkylated aromatic compound to 2 mono
" R is generally known to improve the yield of monoalkylated product by producing additional
25 monoalkylated product by transa\kylatlon The polyalkylated producis may be recycled 1o the

alkylation reactor to undergo transalkylation or they may be reacte
d the bottoms from the distillation of

act the

g with additional aromatic

feed in a separate reactor. It may be preferred 10 blen
monoalkylated product with a stoichiometric excess of the aromatic feed, and re
or over a suitable transalkylanon catalyst. The transalkylation

mixture in a separate yeact
49, MCM-22, MCM-36, PSH-3,

| 30  catalyst may be a catalyst comprising & zeolite such as MCM-

$SZ-25, zeolite X, zeolite Y, zeolite beta, or mordenite. Such transalkylation reactions over
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. combined stream disiilled. A bleed may be taken from the polyalkyated product stream 10
5 remove unreactive heavies from the Joop or the polyalkylated product siream may be distilled
10 remove heavies prior to transalkylation.
The pre-reactor of the invention is of particular value where the alkylation step is
effected in the vapor phase using “dirty” feedstocks such as dilute ethylene sourced from FCC
. offgas. Polyethylbenzene (PEB) from such a]}cylaﬁon units is likely to be'contaminated with
) 10  impurities, such as those cited above which may cause deactivation and/or plugging of the
liquid phase transalkylation reactor.

The process of the invention allows a revamp of older alkylation process units with 8
liquid phase transalkylator at 2 significantly Jower capital cost. Use of liquid phase
transalkylator instead of a vapor phase transalkylator will elso produce significantly higher

15  product purity, specifically xylene impurities in the case of ethylbenzene production. Capacity
expansion is achieved by incorporation of .liqu'{d phase transalkylator at facilities that did not
previously have transalkylation capability and makes it possible 10 debottleneck the alkylation
unit. The present invention may obtain incremental improvement in the overall yield and
feedstock utilization efficiency. The present invention may also be used in vnits where, for

70  whatever reason, the polyethylbenzene stream has 2 high level of olefins and styrene or other

impurities that can deactivate transalkylation catalysts.
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olefins, diolefins, styrene, oxygenated organic compounds, sulfur containing compounds,
nitrogen containing compounds, aligomeric compgunds. and combinations thereof.

3. The process of claim 1 wherein said purification medium comprises particles and has a
greater interstitial volume between said particles at an upstream portion, compared to an
interstitial volume of a downstream portion of said purification medium,

4. The process of claim 1 wherein the molecular sieve catalyst is MCM-22.

5 The process of claim 1 wherein said purification medium is tontained in a pre-reactor
located directly upstream of said transalkylation section.

8. The process of claim 1 whersin said purification medium is contained in a pre-reactor
located in a distillation section of said alkylation process.

7. The process of claim 1 wherein said alkylatable aromatic compound is benzene and said
alkylating agent is ethylene or propylene.

' 8. The process of claim 1 wherein sald purificaion ‘medium futther comprises a metal
function such that unsaturated compounds are converted to saturated compounds in the
presence of a hydrogen co-feed. :

9. The process of claim 1 further comprising a step, before or after step (b), of separating
said at |east one monoalkylated aromatic compound from the alkylated aromatic product.

10. The process of claim 1 further comprising a step, after steps (b) and (c), of contacting
the-purified stream with at [east one alkylatable aromatic compound under liquid phase
conditions in a transalkylation section in the presence of a catalyst to convert at least a
portion of said at least one polyalkylated aromatic compound to a monoalkylated
aromatic compound.



