ALKYLATI ON PROCESS FOR | NCREASED CONVERSI ON  AND
REDUCED CATALYST USE BACKGROUND OF THE | NVENTI ON

FI ELD OF THE | NVENTI ON [ 0001 ] The present invention
relates to an inproved catalytic distillation process
for the production of alkylated aromatics fromthe
al kyl ation reaction of olefin and aromatic conpounds.
DESCRI PTI ON OF THE RELATED ART [0002] The advant ages
of the catalytic distillation process over
conventional |iquid phase alkylation processes are
wel | recogni zed. See, for exanple, U S. Patent Nos.
4,307, 254, 4,443,559, 4,849,569, to Smith, Jr., U S
Patent No. 5,243,115 to Smth, Jr. et al., and U S
Patent No. 4,439,350 to Jones, Jr. et al. [0003] Sone

of the nbst conmmon aIk | ation_r

o) kyl AATBYIA TR PRRCESS HO i REASHE iV ERBIONS
propyl ene to produce eh Ibenzene o]

respectively. Eﬁﬂ?ﬂﬁ@ﬂﬁy $ﬁ3ﬂ§$ly i mpor t ant
for its use in the productlon of styrene, a precursor

to pol ystyrene, i 'y inportant
for its use |rl34%¥§9§§§ﬁgﬁqg%%gﬁqﬁéhgﬁgkﬁgnd acet one.

[0004] The catalytic distillation units thus far used
are not, by thensel ves, capable of the conplete

quDDV§F$HgnN®Emnh©hDIefln and aromatic reactants to
“alkylated aromatic products. Accordingly, the

catal ytic distillation process typical.ly. j.ncludes a
(0 Ak epentrntamtng oy Bbomprovesh Bretic il BFs g the
pr&nxgtcign f;ﬁ%ylgtg@ Y©hfakiROfraMhe SRR Badtdh TG il 28 afdntutic

an 9 aronati c conpounds to al kyl ated aromatic
copipodudst S Wi th nearly conpl ete conversion of the

ol efin. See published U S. Application Serial No.

4 P 0305] While the catalytic

D 10):g ¥ =1 SNt Eb yl ati on reacti ons has

provi ded many benefits, there remain several areas in
[00028 A hefadi4iipagey eMtha tatallytic dfsuhzrtmneprodebﬁeow g@resstwr@l liquid phase

known to suffer fron1a I E react foﬁ X30 254,
allgylation proqepsedi &g YBlldrragnizsHy 8PS fYrHFampls; ﬁjﬁ ance”o
4, 42!363‘5'9”4 S & St SJrPU SBatdny N6.2513£5]1 BByto@itt) abed dlf, ynd

“cohtrol” the requiréd
U.S. Patent No. 4, 439 350 to Jones, Jr. et al.

[0003] Some of the most common alkylation reactions include the alkylation of benzene
with either ethylene or propylene to produce ethylbenzene or cumene, respectively.
Ethylbenzene is particularly important for its use in the production of styrene, a precursor
to polystyrene, while cumene is particularly important for its use in the production of

phenol and acetone.

[0004] The catalytic distillation units thus far used are not, by themselves, capable of the
complete conversion of the olefin and aromatic reactants to alkylated aromatic products.
Accordingly, the catalytic distillation process typically includes an alkylation finishing

reactor, operated in the liquid phase, for converting any remaining unreacted olefin and
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olefin partial pressure in the alkylation unit. [0006]
In particular, the heat of reaction (the reaction
occurring in the liquid phase over the catalyst)
causes partial vaporization of aromatic conpounds, and
a significant increase in the vapor rate fromthe

| ower nost portion of the catalyst to the uppernost
portion. Gaseous ol efin, flomﬁng counter-currently

war ds thr reactor abso
ariifrearpniid A B SR Rarod s ERERAR chpfis goiFersion of
th&AER.YSde: publise@ V/SPAplichtidH StriabNu] 2oolamzsmmo Pohl.
approximately naintained, the result is a contlnuous

reduction in olefin partla%dpressure and
a

[0G05] Msijschepaig Ve i alizsion Frethaddar HkpAULIeattions hes provided many
bergeg{t l?ﬁgr% Pe%ﬂ ﬂpﬁgéﬁp&e&nﬁ nb VS IHA?%VCH& hd IR eﬁmﬁl@ &he process is

_ e uppernost port hi's reduction in
knbwa) to dlffep framen ladledfi reaction effivianay (e lm@edad&leﬁn conversmn) This

correspondlngly | ower reactlon tes a an .
imBeAlanca Ol i CORHBHIRE IoAEaitiy e P Shigens ( SORGS SbBauired

oléfagtaﬂtawteﬁtua@ 8hd D PRNEERL On as |t proceeds up the

?] Sincte the cost of the catalyst is
typically significant, |arger anpunts of catal yst can

[00063 In partieular, i featiof mntuorc@lpﬂ neagtionpgewting it the euid phase over

tl
the R0 s P ol oD e By api Aty iporense
in @k vhp# rite Goasthe Rywdr@Estipottiteh of thd caitzgﬁt taadhls )abpdrmﬁﬁt portion.
reactor for housing the catalyst. [0008] Sone

d
Gaggoug glefinoflovong @wﬁ‘trrpugamty wwasdethsqnel dhargarion, isalsorbed into
theelfcﬂn }é"klx Add i I@ tb% P&Etl(%rp ﬂ{%%\é% Ptsih Bleﬁlqﬂu@

ni ng sa ry o In conv SI on rates I n

equlibriurg & @pﬁimh&l@t&nmﬁﬁﬁw@,ﬁﬁmﬂsﬂt isiamontinehs oddatiion in olefin
conversi on rates haye '

. th hout , t h
Ak BFPRIeGn e SO B AT By IR PRE S OB R rom
theggxwgrfﬂ)})@t YR of tﬁ@ €ath1gdcto tHechprﬁn&ﬁ% 8?1 ofhik Rluction in liquid

tic distillation unit in conbination with
phase otefiolchicegtretive qauses eprrespodingly dovedrireaction cases ad resiingg an

evers \gé#t%%{x%ugt\tlvcﬁ rcatt Fyﬁttptg each, Itﬂé eCtelfl?l%e%%}rl]t\gfe?lgf‘_% (r:]onrvg sion asit

progédds up MeaLacdld sharply in the m ddl e to upper
catalyst beds. [0009] There is a need, therefore, for

nproved catal ytic distillation pr?cess for

L0047 1§ h ovt @A heicately SIS EYPigHY 5K th7R B PBIOEDIS 4f pafelyst can
reStI(ﬂErbnr %sggrgtgige{n% Qapltm%(fgstﬁténtqoxp!ﬂé btdctds?n a ff?&l £ %%rger amount of

| ] conversion rate of the o I N by better
catalpst frdhien exegerbatde thercapitad land Dp’eratlonal costs of the process by requiring a

larger alkylation reactor for housing the catalyst.

[0008] Some degree of control of olefin partial pressures have been achieved in the art,
but these have not resulted in maintaining satisfactory olefin conversion rates in all
catalyst beds. For example, improved olefin conversion rates have been achieved
throughout the catalytic distillation unit by employing an optimal benzene vapor feed rate

to the bottom of the catalytic distillation unit in combination with controlling the number
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partial pressure throughout the catal yst of the
catalytic distillation unit. Such an inprovenent
woul d all ow for the use of |esser anpbunts of catalyst,
and consequently, a reduction in size of the

al kyl ation reactor, and/or greater overall olefin
conversion across the al kylation reactor. SUMVARY OF
THE | NVENTI ON [ 0010] These and ot her objectives have

n .achi.eved,, firstl b rovi.di ng a pr.ocess. for .
ol R o= apd B Ao el stRiS oy e ven with
this@3fBlovementdbietih bbiletsith 1aRa GﬁlpﬁnoF\Mﬂﬁhﬁipﬂy inth¢ m@ddle@upber
vapor | oading and olefin partial pressures in the
catedishibedsi ¢ di stillation reactor are reduced and the
ef fective nunber of reaction stages can be increased.
C: e . i n
1008 THEE R heod MERGLRTR bl fnfibFRfeaRlylUKARHE BOOGS T
allgationGadctiyns whiaae thratel oohivasive aaté bfthe plefias Thereana particular
al kyl ati on unit under alk¥latio reaction conditions
nepdh 5 improyinghe sovgIsiondateof Bigolatin Ryhefter mainipining g dosigd olefin
. . ! Cl i i T St
Pl Blobuh ek ARBbNAN: SR OF PR P AR AR, S &
impeovemenicigoifld eliove ferithodsetofi éesser ameants of ¢atalystaand conssquently, a

at.al yti.c reactjan.zones are,contacted w a cool.in
refilinn It sife ¢gRcR ki e po Ry SRRt Pl olghntogfigsiof feross
th&/ ARALAYSredétTBL i ¢ conpounds; and wherein the olefin is

introduced into the at least first and second

catalytic reaction zones via respective first and

second ol efin f eSHMMARYGF IHE FIQN: ol efin feed

-3-0 rates such as to maintain olefin partia

[O(Zlg)? g‘?gge.eﬁxd Atnel BbfeLtivel Ra¥ibebE gﬁﬁevvfglri{/ fﬁ%t)l/ﬁ l'ESi pPSRE@REa process for

tic reaction zones whi ess than about
thd Erodyation efitlkyl H6hatic dompmusgdo iafcatalytividlotillatort readtére wherein
rocess conpri.ses: i nt roduci ng one or re.aromatic
ViR AP OB R 81 Pef PRa] P s o g bR FisR AR redetor
ardbe@ldel laAd {HRR Adbtive HABbeNSE Rictiof 3Gbes d4R bk YREasBE UBhe process
| ower nost bed, and an uppernost bed of a first

compiises dhe shepsedt al yst, the catalytic distillation unit
operated in a conbination |iquid phase-vapor phase

mode, iy She §ie %4 5@[1@8 @%E%dg ﬂ&? bt 1R Fird: Gnd QLGRS tically
a liqurd aftkylator bottons uent conpri si ng
spatkd yatalyticireactivivdones in@npatkyluion ani under alkylation reaction conditions

to provide an alkylated product, wherein said second catalytic reaction zone is positioned

above the first catalytic reaction zone;

wherein vaporous aromatic compounds from each of the at least first and second
catalytic reaction zones are contacted with a cooling means for condensing at least a

portion of said vaporous aromatic compounds;

and wherein the olefin is introduced into the at least first and second catalytic

reaction zones via respective first and second olefin feed streams at respective olefin feed



unreacted aromati c conpound di schargi ng bel ow t he

| oner nost bed, and an al kylator vapor overhead stream
conpri sing unreacted aromati c conpound and unreact ed

ol efin dischargi ng above the uppernost bed; b)
condensi ng the al kyl ator vapor overhead streamto form
a condensed al kyl ator overhead stream and directing
sai d condensed al kyl at or over head strean1into a

ol 3 e S B DRt SR Lo ok
caldfRIctrb QB of 9k RSy 6Y I%ki‘th%@odﬁﬂfeﬁ%k@ﬁ’t aromatic

compound and unreacted olefin in the alkylator

over head stream are converted to al kyl ated aromatic
[08bido asperifiv ernbaslimentathe ipricess coBwpbast e consunpti on of

t he unreacted olefln thereby produ0|ng a finishing

(r: gacgg{tﬁﬁﬁ&ég Sﬁ‘é or zﬂg B eac : gagd 8{1{)@{1{){% ole)ﬁns into a

essen |aI no un
cafae}ﬂié\dlﬁﬂglaﬁorsutbsﬁzﬁiﬁgt eﬁlleaplmwbl IOWerd:feda yloweaist bed, and an

npounds in_the finishing rea uent .to for
uw@mn%b'afdi of; .arﬁrgtmﬂ%atwe&étatyﬁt étferqa e dl%éla%%wlh@e{ﬂte na

cohﬁ)ﬁl%‘ﬁor@ llg\ﬂg tphs < f\%F)OE I;}Ese{ fnﬂiiec‘ttﬂ{dgg alk§186dPea&iohl BRAtioksQ0 @

nper at cient ow for tondensing at | east
pr@dqoe atiqoid atifylatamrttons eﬁﬂmractqmprrsmgpdiqdmgd ammatiecompounds and

R L s R

vaPor FefiRed {RAMS@hthrSing uPRAEked ARbnFR |c61§i?$dn@l| anfufkacted olefin
reactor effluent above at | east the wo | ower beds of

dischagingrabovedhk yprerinost bedt al yst duri ng operation of the
catalytic distillation wunit. [0012] In another

ngc&ﬁféﬁm r% €a H%Pa?tﬁ‘éﬂ%g%s&g{]ﬂg§@ Streafly to 't 26 feﬂ&d Qf§1ator

re aro one or nore o

ovéﬂh&:ﬁd Sreafiaind H}tédtmg(iaﬁtdoh&@%d:d)ﬂkjdmﬂot oveahviad gtredm Int@ s finishing
two | ower beds,_ a | ower nopst

) t .
reagtor Jaying g pecqneg 9tkatatlelﬁ C%tslef%ﬂapg opéraiie nz:%{]gwé i thder allfation
reaQL&'i Eddd@idn® 'av Wi the Bgfe%t@&i allofhaﬁc c&ﬁ Q3hé QRrehdt8bEfin in the

ase-vapor ase e under al kylation reaction
allqytath avexdiaad sttmampnr@cknm/ertai toi aljgildechdrkmhtic mmltmmdsnwﬁh

ef fl.uent r|S| alk at ed C co
susiUEY S e PRGN SR G R e A e BT B g & inishing
reacROVRIRA coﬁﬁﬂsﬁﬁ@ Qll@'lht&i dY¥mati®Eompound and essentlally no unreacted

olefin;

¢) removing a substantial portion of any volatile compounds in the finishing

reactor effluent to form a stripped finishing reactor effluent;

d) cooling at least a portion of the finishing reactor effluent to a temperature
sufficiently low for condensing at least a portion of vaporous aromatic compounds in the

catalytic distillation unit, thereby forming a stripped and cooled finishing reactor effluent;

and



vapor overhead stream conprising unreacted aromatic
conpound and unreacted ol efin dischargi ng above the
upper nost bed; b) substantially renoving any al kyl at ed
aromati ¢ conmpounds in the al kylator vapor overhead
stream by use of a suitabl e absorbent capabl e of

sel ectively renoving al kylated aronmatic conpounds in
the presence of unreacted aromatic conpound and

t ed. ol ef th
Al o disringsarinred e LAl ineinder GRURE Sheve bl the
twidl 16w keas opffl@ 'ﬁlﬂﬁ afkyBtibs affalyst dubhBopera@HISTIBEEhtANEE distillation

scrubbed al kyl at or “over head stream and directing said
ungiondensed and scrubbed al kyl ator overhead streaminto
a finishing reactor having a second al kyl ati on

[Oﬁﬁ%gﬁothgrnegnb erai'tqgear& onsgﬁg phase under

P'on T eact o1 co €rein the unreacted
aromati c conpound and unreacted olefin in the
scr uh hebdatiky bad @rmar¢ardieaid cotnpeamisané onoomveore@iefins dnto a
al ky Iated aromati ¢ conpounds with sulstanti

|1y
ca@bﬁ'm dastillationunihhavingrat dgast te Loy beds daweimest ved: fkate by
oA B NS AEREL e B IRAPA PRt in
combiration Hquidipbéservapol) phassmnodagnder slifplstiemieactionwonditions tof

PY%F%P ailh{%d{ab}?yﬂ%q?r %%gfefft}%ggpﬁéﬁsgliﬁs i rl‘z?tg%%rg%lgac compounds and
unffabiel @Rmatic omBodld diRBhigh Blovw BRISwENIHRY Bed@hd @h alkhRitor

stripped finishing reactor effluent to a tenperature
vamrfofvpdapedwtrem @mpﬂ“@mgcmmgﬁt?é aregnagic cowpayndand oprepeipd elefin

(hsﬁ§9f0u§ pratic ggounds in the catalytic
GrEEPIPaeY %o ?n1§ eby formng a stripped and
cool ed flnlshlng reactor effluent, and f) directing
sai ) sibsiapti€lty ramdving Ghy? dlkifiafddshbmglcroempbmdséﬂ fHewndinyiator
above at | east the I eds of
vapgrigyFriieachTiream by e of 3 wraﬁ%”%ﬁq?sm carolo tSﬁ'@C%VafﬁyalieWWg
alk§1add drbRhti CDmpdihds in [tﬂ)é)ﬂt%lenl:@oﬁﬁﬂ@&% RORAR BRipound 411
rocess conprises: Introduci ng one or nore aromatic

uneectpdaletis, thcxdb)opmdmlngrmsceubhedfailkyiatmrmverhaad gfecam; yt i C
distillation unit having a first alkylation catal yst

OB AU Bk AR Pl 35t Bt o
scribbiedl Y5latokbvierhead stream and directing said condensed and scrubbed alkylator
overhead stream into a finishing reactor having a second alkylation catalyst and operated
in a liquid phase under alkylation reaction conditions wherein the unreacted aromatic
compound and unreacted olefin in the scrubbed alkylator overhead stream are converted
to alkylated aromatic compounds with substantially complete consumption of the
unreacted olefin, thereby producing a finishing reactor effluent comprising alkylated

aromatic compound and essentially no unreacted olefin;

d) removing a substantial portion of any volatile compounds in the finishing

reactor effluent to form a stripped finishing reactor effluent;
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and an uppernost bal ed catal yst ‘unit, the catalytic
distillation unit operated in a conbination |liquid
phase- vapor phase node under al kyl ation reaction
conditions to produce a liquid al kylator bottons
effl uent conprising al kyl ated aromati c conpounds and
unreacted aromati c conpound di schargi ng bel ow t he

| ower nost bal ed catal yst unit and an alkylator vapor

and peineL i BPTR o CEREPOTEE 0o B e pRO Rt
teﬁﬁéﬁﬁu‘@ﬁﬁﬁ&%ﬁdy 189 fbr cd&‘ﬁ@ﬁsﬁlgyht a8 4 Portién bBFhpbROUL Hl%matlc

first alkylati'on catalyst by two to seven split olefin
cotrewedndis melg: datpdyticrdjstiliation umil, thexelyeforming alstrinpgd ead egojesit
f 'L O %%'éﬁr ortion of said vertical arrangenent
nB?‘T%?é% ke led catalyst units, wherein the
nunber of baled catalyst units is greater than the
n u nﬁ?ﬂlr@ilng s@il istnp@bd?iﬂ&boﬁ)%didléhﬁtfg&,eadt&edfﬂb@nt hlaamiantgasa he
paortion of baled catalyst units wthout

|
twpdewen hedwat the firs glkylatian Fatplyst querg opeigtionRf thy Iy Cgastﬂlaﬂon

lm@romatlc .compounds in the al kyl ator overhead stream
use of a suitabl e absorbent capable of selectively
rennving al kyl ated aromatic conpounds in the presence
[0Q¥3] Um pretbtred badimnat,ithe prorgse gomipased: unr eact ed ol ef i n,
t her eby producing a scrubbed alkylator over head

stre -6-.. 0 C condenS|n

overndrgafiingafd o iRRE ARAE chRBoBEh 4R Bhe &1 MG into a
caﬁlyﬁxéldadtmamﬁmﬁneadl ﬁx@edlkﬁaﬂoxﬂuamyst bdi’tgpﬁs’imgja caticnsed

and scrubbed ahbglator overhead streaminto

arrARgNEH ioh Breeda derobalorbaat tan%%eeﬁ@vegwpmwt *gaé%daq%st unit
an&‘gtg Ilpe%ggt%% d cgta si%ﬂg fg:(ﬂﬁﬁil%ﬁoxﬂugye ét&ﬁn a

reacti on con rern unr eact romati c

combmaﬁum Hquid @hm+‘mpmtp&1dsa)he<ﬂe umderlalkhleh&cread:thmcbondltlons to
tor % ad stream are conver to aIk | ate

al ky
it g fleTiadon e RS RIE T Tt jPats Yoriboinds and
umcé%}éél‘ BR8P cQhp&lif didtBaSREIHRIbWIHRIbWerniodEb AR catalyst unit and an

producing a finishing reactor effluent conprising
alkeylaeoyr] \ap@'obvedxeachatmam wlmxsmgdmmdteémucamwom and unreacted

ted ol efi ant i al [t 0
ol et R aere ST AT RRY R At FLafBRhe £ Sthe
first afkylioh chialybtdytwd 16 bévieRRpiet dlefii obd H@esrfgétﬁﬁg)zin equal number of
efflfuent; e) cooling at | east a portion of

baled eatplysidinits Af 2 loweg perige 0§ said vertigal rangenent p@&bﬁfért‘at%rt@bd
catglggtfdn(fts %eré’in ltlfevi!lufrr%er Splg]aquqéaltaﬂ%t ﬁlmg ﬁ%f‘éate? R0 thd A of

split olefin feed 11nes, thereby leaving an upper portion of baled catalyst units without

olefin feed lines;

b) substantially removing any alkylated aromatic compounds in the alkylator
overhead stream by use of a suitable absorbent capable of selectively removing alkylated
aromatic compounds in the presence of unreacted aromatic compound and unreacted

olefin, thereby producing a scrubbed alkylator overhead stream;
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conmpounds in the catalytic distillation unit, thereby
formng a stripped and cooled finishing reactor
effluent, and f) directing said stripped and cool ed
finishing reactor effluent to the first alkylation
catal yst during operation of the catalytic
distillation unit, wherein cooled finishing reactor
effluent is split into a nunber of split feed lines

SN C PN e O E R e
sc{l}ﬁgécfglkﬂgtof 8RGh&Id steirh kH@Bfredting 848 cHHcaRARd 8arabbedfalkylator

ower portion of baled catalyst units being fed by
ovethefd streafni0if o fifibleing reactor haoringalsicondalkylpijon ¢atalys ard eperated

. catalytic distill.ation arat.us f achi evj t .

i TR e AR RRAC 0 2 B8 A B

cotrlpBufiPdr uhrddeted iokifinl ih Md RAULHYS hiRYlatos ONThéiascard areconverted
catalytic distillation unit having a first alkylation

to elkykatedstromatis comppradsowith sbsteatiallyrgmplete persampon of the

| ower. t portion of. th h ISt y ' C
RS QR SiehY Prigind dFhiriseRu Rl PRt ekl
aréifatit) doylpatid avekditially nolhreictabslefin;an upper nost -7- 0
portion of the first al kylation catal yst for

di schargi ng an _al kyl ator vapor qverhead strea -
whe 9@ FQyiTEg R substap 1ipeﬂtﬂnﬁ%ia¥1¥ ﬁ‘i(?)lﬁ%‘ﬁ camPeuR %B%f%ﬁhaﬂg

redcfbr2eRAPIBih 9 Rtriph S fifisNiBp Maclb afRientinder al kyl ation
reaction and distrflation conditions; b) neans for
sel ectively and substantially renoving any al kyl at ed

ar oghtaading eblepss ampestianrofitheestapped| fmishing rapder lladnk i)

stream t roduce .a scru d.al kyl .
terRp A, Sugi&?{@gﬁgwff%rrcogg%nggﬁsaf %65 én‘%h? rans gé&:ﬁ%%%néﬁwd
compbuiia el thalcliplyaic Qistiueshaar) tirkdbydoimihg a trippad sid sogled

react or having a second al kyl ation catal yst and a

finishiiggractey sfidegat.@pdout | et for di schargi ng react ed
finishing reactor effluent, wherein said finishing

20 el AP e gt i o e

alkylatios hatalystrdyaiog operefidn ofghe catalytc distilbasiontunitewherein cooled

sufficientl ow f.or condensi l,east .a porti
iy RSO ST PP SIS 9 i ey € o Bl tan
thecuddtel bRbIeRA splitilfnes, @kh of the split feed lines of cooled finishing reactor

effluent injecting above each of the lower portion of baled catalyst units being fed by

olefin.

[0014] The invention additionally includes a catalytic distillation apparatus for achieving

~ the process described above. In a preferred embodiment, the catalytic distillation system

comprises:

a) a catalytic distillation unit having a first alkylation catalyst, an alkylator
bottoms outlet below a lowermost portion of the first alkylation catalyst for discharging a

liquid alkylator bottoms effluent, and an alkylator overhead outlet above an uppermost
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e) neans for directing cooled finishing reactor
effluent into the first alkylation catalyst. [0015]
The invention advantageously controls olefin partia
pressure by re-condensing the aromatics, nostly
aromatic reactant (e.g., benzene) and to a | esser
extent alkylated aromatics (e.g., diethylbenzene,
triethylbenzene etc.) vaporized fromthe exothermc

heat f |on C ens aromatic
o BRERRYHEoH SRY Ty TORGEE SOTa Y] grerteal Heam,
wﬁ#ﬁﬁ%ﬁﬁ%&aﬂﬂc eI VAL i 8PerfBlk WA corAbifation Iﬁ]uﬁdjvdﬂéf' phase

a more uni form optinmal/beneficial
undesdlkylaticni reactioh and distilatparconditiopy;essure feed to each

the catalyst beds and a nore uniform counter-current

vapqr-|i d fl e

v e S0 T B ko MGRB o
cohPBndsdh @t Altyl@C¥apondRehidadRirgdh B pradecenacribbedakylator

required to increase up the colum in order to

ovadeadtamy| ef i n partial pressure and reaction rate. 8
[0016] Furthernore, since the flow of aromatic vapor

n 0 | 211%% P&ﬁi@ﬁ%fﬁddﬁr&n@f&hﬁ?&s@ﬁi LRibbEN S Plator bdrRéad stream

e Initi aromati ¢ vapor feed at the bottom
to afﬁnidhmgahiqdra\iammg aabcdnd allgﬂagnnfcatabmltanﬂ alﬁtg*iemg reheior gutlet for

rior art |Ierra|nt d t
oy A R B B SETale Gppete
aﬁq%RPﬁhds@a&ieﬂglkﬁfau&h@or{dﬂn)n@f the al kylator allows for
a snmaller dianeter alkylator, since the hydraulic
| oading at the top of the al kyI ator is controllin
[ oom}nemm foneqalive éaldaﬁnmhgkgerﬁath efflygnt fq Higmperatiie ﬁ%%%lFl&nﬂy
IO\H onééns} %t F:Q%t agmrt?cgn o e &JOKQ/ Lu%%rﬁféc g%%q![)%ﬁr%ﬁ%f%e @atalrs]ne

her In at ed of t

dmﬁIHKtjd)raﬁrﬁf,an&\hl l e not exceeding any design olefin
partial pressure constraints. For exanple, four olefin

feed, in ect ons di s uted, fromhpotto S.18% /. ..
210F) msaitIpr dimglipge t‘?fi it ¢ a1 et A5 gl dration
ol efin injections distributed as 33% 26%/ 22%//

% [0018] The higher olefin flow to each of the

I ower catalyst beds (including fresh make-up olefin .
[0615¢ d'hp inveniin askyentageoysly cparelp alefia pritisl prgsups s ecsgudensing the

aro}?xfaq{cﬁqg&tl SRt qgac?ﬁng g&: n% 15 l?én%ﬂ an(fﬁrhvl@{lséf et ra\lk?@a@éﬂ

ese S SI I ncreases the catal
aroiaBidsl ¢, g.leétjdylbahzefle nnethplbmzrehe; ctgpevapuntaedrfeonnthe exotherrnlc heat

of geg};@l}% §y)r§ Iﬁgrt({qgseln;l; ?hVéBa;on?a?t}cgl t¥1e m?veo Sarorr-lrargcsvai)gr nonlonger
substantially increases up the alkylation column, and this in turn allows for more uniform,
optimal/beneficial distribution of olefin partial pressure feed to each the catalyst beds and
a more uniform counter-current vapor-liquid flow regime. Accordingly, in contrast to
what has been practiced in the prior art, the olefin feed rates at each injection point are no

Jonger required to increase up the column in order to maximize olefin partial pressure and

" reaction rate.



| ower but ever increasing flow of olefins and | ower
ol efin conversion of the prior art. [0019] Moreover,
a reduction in alkylator dianmeter with the sane

catal yst bed height results in even higher catalyst
productivity in the | ower catal yst beds since olefin
conversion increases and catal yst vol une decreases.
The resulting higher catalyst productivity has no

negati ye consequenc because catal yst pr t
(OB et ines Greiar Bhapypalo o gt sapi iy erélos up
Eﬂﬂgfa{dr Cafnn! ﬁi%tllgflall Ao A apst fe@&' Bt'th@ Béttdin 6f the fk§lator can be

ctancy. The amount of ol efin converted
s@nﬁmﬂy hfgdaeﬂ thmem dymits aftiwhile maihesingerdsduchngtthe eapsr leading at

thg P ARA BB A Rt R sk s kb Ehys for

a s@x‘fé’lf@?&afn'%%r bIRYBfor, itk tlEhydiraiHc IQREE dt hettop bf BE alylator is
process is typically 70% of the total olefin feed.

coftipldings in contrast to the present invention wherein
ol efin conversion is typically at |east 72% of the

[Oé %‘d gif]rt%%xﬁrt r%p{)h? r{?t&'zflys A (gf aﬁ‘&r{%tkce@l?)o?ztf{hlgés%&%)gl d%f tﬁ?I alelator

alldws figHa Higles Imiﬁalfﬂo&Sde dlefieatule Bdtin bed dfakeldlkyhtog while not
perform better. These catal yst beds further rgect

exbpding:py fesen @}P@P PWIMYF$SH'§’ copsEAitEERT FamRles o Rlgfin feed
1n g?ongglgg}?;u% v(\ﬁ@n 1@%9&'1% /GRBY LS B, Qf‘a brorart ﬁr@é’e%lx can

nls Ing reactor is enployed),
nopreviodieolefin alj écﬁmmmsmbuned asIB3 Yoo W 22Bd 180y st
ageing). First, the partial pressure of olefinis

i r,.eve i t,hout the d.njection e
(ol miEtet B oo e Bt SR et B R e
ol HnOfEEd HIGS unreIRPS166h that Exitstteprovio0s bel) andreswldag hlgher olefin
Secon there is now | ess unconverted olefin from Eﬁeﬁn

conysyrien teaaglh gEtheseeds SIst@thgn%m@emBﬁéatabé% PSSt lvmé
cogxpe%%g \Ntu{‘lg ?f {L?a}lgﬁc()' ()vep Efﬁglgs%%ed Thf'l‘ﬁéjr llfl Qéntltagleto the
BRoln

yst an i amet er

lo\aérlﬁak adep incrdakidp €lowsof] oebﬁ'ms @ad aiwertolefmcmhmmexﬂ of thetphier art.
| oner beds, and thus nore catalyst contained in the

[Oﬁ@iﬁor?ﬁvgz?,@ rgt]?lé:tl o e%kﬁat n )té'llfn%ﬁ @rth arrejeg%gaﬁy& Bed 1-1rehlgﬁc‘[
restfid # %ok h@ﬁgﬁca@flysk PR da&IBLA thd1BweNdatalph Bedshiitee dlefin

greater total upper bed héight available to contact
comusmmvr@ases ahdcashlpst |anunE€0¢FZEqasth dhe nesulsing dighsyeatalyst

o B RS i b
sufiRIMMAY Fdvosb dshot fbbed Kyifitait fawtdrhn t:i’t@lyﬁa'ﬁﬁ’rlength or life

expectancy.

[0020] The amount of olefin converted across the lower beds (i.e., those beds that receive
fresh make-up olefin feed) is now significantly higher than the prior art. For example, the
olefin converted across the lower four catalyst beds in a prior art process is typically 70%

of the total olefin feed. This is in contrast to the present invention wherein olefin

conversion is typically at least 72% of the total olefin feed, but with 40% less catalyst.
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anmount of catal yst conpared with the prior art process
(5% to 15% hi gher al kyl ator conversion, dependi ng on
the design run-length); or significantly |ess catal yst
(30%to 40% I ess catal yst, depending on run-1|ength
catal yst all owance) required to achieve the sane

ol efin conversion as conpared with the prior art
process. [0023] The higher ol efin conversion of the

r nt inventiqn.al.lo for [ 1er finishi
(0B g3 Fehresmgeimau s oo Hpons Orsdud B moftesriyt Beitpypotetn
fedd 4109 AFdrmBeRES T@éaﬂlﬁt bds ARSSedcdulBoRRYEbleas ekifing
the anlshlng reactor. 1f the ol efin conversion of the

thedpwselrds so thaethe owerall EDhakylater algfin converstonsigpileas 75 - 80%

0 red wwth prior.ar rocesses hi [
iy B e trodpbi B G, PATEPVER G Ok dp Skl catalys
agéi%%?‘ IF¥iSL, theFattla€ preSsComilEnt 1§ @sehes @panwithodv@rahjettion of fresh

[0024] Furthernore, since there can be nore total i
makeuplojein foesd bedansesofhagandensatiomel eporizediaperagtiss, qoEpRFeg With

t he sane anouynt aof .t of. ' t
L g

bed¥¥neering jtIRAIPpecaRdysh bedstconipagt rwithithe ptibreartpretdss. Thied] for the
-10- o anongst additional catalyst bed. For exaqg{e,
sampegpowit of fotal catakyst aad smallenrfiarpeter Ak lafor dherg 1sleihepghom
% 0, 49 79 i i . . lsb &@ n
coft Tudl the R beck ek bl o b S 506
corhpak&@Y/with 1&prior 24 YroceS0 Zhifis Mbans tixre angmiofvor greater number of upper

ctfg et he PERhod SEb. T R & HS ] IPPRCe I ailale to

corg LAd Eorbrt Meieff Oductivity, and 2) there are nore
eds operating at maxi mumolefin partial pressure.

This effectively increases the nunber of reaction
[0022 h§esimpraeddewencatalyst Bed enstation and fmpored wpeeeatalys ped

opelﬁ%\}’c\gxrre%u?t% %l} %grtu g?zgq%y gr?éh%g Hl%glh \ébﬁ%rs‘f ina(ilg ?lfcglgﬁﬁ’ Lfithitfe same

u C agrng and potenti onger
am6@it ¥ ¥ahlysticomphred glith. th¢ GGt prbeeas G &d K3fb higher dkylstont
maxi mum ol efin Fartial pressg&e res%Jts in still 08
coryexsiamy deneaive pa fsflesign sen-lengthy; sratenttisauily lss qefalyst 07yt
0 i / | 8%d fthieve th
A0% 388 Ly P BERTHE B bl R cota BPURNE D Rea el M fiicve e

samueolefin sonveigloaras compired prith seprioriantgotessn, and
therefore, the average reaction rate throughout the

[ooﬁ?f ﬂlé/ Itliigﬁer %&e%itni clolngetrjsigrrll of! {ﬁle tpresie:ﬁct 1@\'@%@18{1 allows for a smaller
finishing reactor and less finishing reactor catalyst than the prior art since less olefin
needs to be converted in the finishing reactor. If the olefin conversion of the present
invention is approximately the same as compared with prior art processes, this would still

allow for a smaller alkylator and less alkylator catalyst. Either case provides economic

benefits.

[0024] Furthermore, since there can be more total catalyst beds in a smaller diameter
alkylator having the same amount of total catalyst, in contrast to what has been practiced

in the prior art, there can now be more injection points to distribute the olefin feed

-10- o



[0027] In a particularly preferred enbodi nent, the

i nvention provides the above advantages by i ncl uding
a process for cooling the effluent froma finishing
reactor and feeding the cooled finishing reactor
effluent to the al kylation catal yst during an

al kyl ation reaction. The cool ed finishing reactor

ef fl uent advant ageously hel ps maintain a desired

argpectiignal crebkioner srmme s ikl Birp g i
(ﬁgﬁ%hﬁ abY8% 9D ey 0179 tn 4 RoraktPiBlesEcan Moo iy frersefin

or an Inproved conversion of olefm(e.g., 90%
injectins dostrifutBIOHP 8UM ABYr/ 18% et ¥k in the anount of
required catalyst and a reduction in the size of the
ation and/ or. f.inkshi r T 1
rofaf o e p BRI sk Y dfeny BB S UBRE mems: ) more

beBelet &ive REDUHale-Up @tfitsfeed aiid épeeatpatdigis prodiifivif; and 2) there are
DESCRI PTI ON OF THE DRAWNGS | 11- O [%ﬂ}%g}ff VarLo.us
masprbed aperting ak B QlBERIPAER I TSt fertbirbeinergasen the
dr aw ; | A i iott of | bed
bR IEER, e et il ik of Sy KAt @lonr catelyst
prodiicgvity @in;alsoresult ifi @8O finG. catlyssaging arelpaténtially longer catalyst
preferred distillation systemcoupled to el enent 106
fm%ﬁﬁﬂ?ing the al kyl ator bottons stream ine. DETAILED
DESCRI PTI ON OF PREFERRED EMBODI MENTS [ 0031 ] As used

[06%%] Ridte ARSI beddla0 Makinfim bIRGh aieial pregsurd destllts in still higher
group-containing aromatic conpounds, such as benzene
comvesiomptstaad &vesr reguingd fipishing s¢aRipr comiersethi Avrall Hippverase

ounds, sugch as t.q]uepg, . Xy . k
ol B pryrat Br Eahdes Gyt fn TBE i o pledtu
invekii6d) a0d EhefifordDihe avdiaic reatiah rat kirbughooiths catalgtiadistliied unit
by the aromatic al kylation process described bel ow
ishiglkg?] Referring to Fig. 1, the process of the
i nvention requires an al kylation unit corresponding

[0602? 1 ?rAng gﬁgth%x?}E])pre?e?rea REWBdindeRt, kit Adntivh Pkdvades e dbovene

conpounds and one or nore aronatic
ademtgesibylsichidmgiarproassfoe dodlimgdheeflnenigrom gfnishing reactor and

b SRS ESORG) shSoh bl RASSTAGRESA GRS on
reJtcﬁgn. ?iﬁ?eg{b@le@%ﬁﬂhﬁig fadt@aElican adanfgéGusURIPsinetisdinalteyieed
olefin partial pressure in the alkylation catalyst by effecting a reduction in the vapor
pressure of the aromatic by condensation of the aromatic. The process allows for an
improved conversion of olefin (e.g., 90% instead of 80%) and/or a reduction in the
amount of required catalyst and a reduction in the size of the alkylation and/or finishing

reactor. These improvements also allow for a reduction in costs and better product yields

for the process.

BRIEF DESCRIPTION OF THE DRAWINGS

-11- o



catal ytic reaction zone. During operation of the

al kylation unit, the olefin and aromatic conpounds

react on contact with the catalyst in each of the

reacti on zones to produce one or nore al kyl ated

aromati ¢ conmpounds. [0033] The al kylation unit 100 is

typically a catalytic distillation unit that operates

in a conbination |iquid phase-vapor phase node and

under suitabl e alkylaéio. reaction %pnditi ns, a3
[0RABINasiqys embodientisrodssPapAierqih uil i tp the dravines
Wﬁ&gﬁﬁllation unit 100 is operated at a pressure of

rom about 270 psig to about 550 prig and a

tenperature of from about 365F to about 482F (185C to
[08RRIUFIG2 50C) viewiof la paefermedentalyticsdistdlatiprpiogessof Bistinyeatipy; and,

in the preferred range of about 2.0 to about 3.5. A

. own cat al Vi ot L Lt . _

OB UICE 2R R Pl GeiPh Ay oy 238 el cRREN106 carying

thé afk§ R ®9ttbras SrdatrllineJr . - 12- 0 [0034] The al kyl ati on
catal yst can be any suitable al kylati on catal yst known

in the art. _The_ pr [ L. of
such iRyt AIED DESEEISRDR of PR R BvR s
described in detail in US. Patent Nos. 4,849,569 and

[063 A48s 8 hbRinotelthhm Hromati?tificl@des néhalky]l @08p-containing aromatic

i ncorporated herein by reference in their entirety. A
comyiotnds, suchlak perzenoand raphtialese, as pie jag alkyheapiaiging peomatic

abili to catalvze.an al kyl afi Ct i »
s S RS, A PR SR RO st o
coblpohddto aEdh dre or aforélgdditiortabalkylrgraipS ardRataehrtd byths aromatic

5,243,115 to Smth Jr., et al., and 4, 215,011 and

alkylgipn mewsy desaiedtbelp.  al | of which are incorporated
by reference herein in their entirety. [0035] The

[083 3R ALHAP 1S REA ,?ﬂ% pljoé%s_Q E)?fh% hRhNorfreqitirdsal aBcyiior uit

cat'al yst. ~Sui tabl e aci di cat al ysts 'i ncl ude nol ecul ar
costiespopding o tlemsitehPdsys shnwnc I the alkylasina nyié ane o mere glefin
descri be in the patent references.cited.
CORZDRRA G PG Ormae AT e P TogRgss MupEd JABRY fast WP,
firdeRlist&nd) vekE&ilytsPaded cdithtikdat@dn ZoRes ulet! glRiation reaction
anor phous” silica-alumna, zeolite BEA,(betg%@ero i§e

comiivipnavmihersirt the yesond gafalytie saptien 9mais Pasiongd

. al kyl at | on 1S d : S :
R
cofipo@hdsTtach 66l6orict with thdreatdlgstin edchpf theagmtiot zomes to produce one

bal ed) catalyst. units vertically arranged in the
or gngre plylated gromatic|compewndsni t . More preferably, an
appropriate spacing is provided between each of the

(o8] e allyYatiBh LA 966! isApbiesl ySAdadiyi! distatiSn uki®that operates in a
combination liquid phase-vapor phase mode and under suitable alkylation reaction
conditions, as known in the art. Preferably, the catalytic distillation unit 100 is operated at
a pressure of from about 270 psig to about 550 psig and a temperature of from about
365°F to about 482°F (185°C to about 250°C), with an aromatics to olefin weight ratio in
the preferred range of about 2.0 to about 3.5. A prior known catalytic distillation unit has
been previously described in detail in U.S. Patent No. 4,849,569 to Smith, Jr.
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exanple, in a particularly preferred enbodi nent, the
al kyl ation catalyst contains a plurality of
vertically arranged bal ed catal yst units wherein each
bal ed catalyst unit is limted to approximtely six
feet in height with a spacing of 18 to 30 inches.
[0037] In a particular enbodi nent, the al kylation
catal yst conprises at |least two, nore preferably

o4 35 aRpfept P g ey s P alBlhl SBhBiokRhe Bl e

Thelpkatéradd dhpesitidhyfid 6P stetpalkildor @tdl@ss Iﬁab Bébn previously
cat al ySt uni ts in a vertical arrangenent.

dessrapbinetoiahis (i atea Now 43953695 defd3 S5in Swihelr, both of
rii f fi. . . f
G PRI Pl o B£8R

e prere

cat@lysiB&kides hoviag #3B)lity feoaeilydeah atkykuaiba keastion)shdudd hzmei ang
some spaci ng %etmeen each baled catalyst unit. -

ApProprEY surfrge sﬁeé@@%ll% ¥&nor etow pygeehyt.¢f é?%EBPS‘ﬂ indy- §h%ﬁient
NoS§ ‘%’{é F8%o R pfiln M S B 47! 9@&4’9‘2‘15361 124 3008 6th §h§t§']ﬂ9all of which

Or ‘reacts ‘uhreatted ardmatic ¢onpound

arelincozpartied boreférience lepsip duthdir entietyt he al kyl at or over head
streamto al kylated aromatic conpounds in a highly

fficient |iqui hase cess
o efsRvaie] hed FERE RSPl hdieaig ol diaic
cat@ly&f hﬁiudém&@w gieyes @IeatVe) And dafonlBichasdeaekif, 8f ddicribed
rémains after the finishing process. [0039] Since the

in the patenti m@rqne@ccnf@d abpusr Soars mrcellaélb'fnrﬁﬁm qajalystfeifclude zeolite

tio vanor,- i e .
x, Beafls 1M ic INIR IR, s t%@m?rﬂ#.%gﬁmg’a?%%ﬁ e
BEtAy(pbt@;ilzlame VEWRW,INBEI da€fst, C‘a&ti&bdl&é BERan the cat al ytl C
distillation unit. Finishing reactor 119 preferably

erates at_a nperature of fr ut 392F t o, about
003 Refreut theetkyioun G s (D88 S AseSHE b Bl o
pre%‘gg Rb3dinRnd %’éat%%g bOR age indRE R AR géd:(fi el Qa@%ﬁa’tdl‘yst

rati o bout 2.0 to about 1
unit’éh@ﬂa:laliy higwrigod ircthe abtylytic distitlateonfinifi Mom g»rqferabhy om ammpnate

spagiip &1 WA RBLTGAS™ TRART MrereHiayy At Bara ot gy e
exa?dp‘fé/ li2h pfcultily fvrefén%d RIbBlintedt dhfﬁilk)}’l&ibnsd&tdlﬁecdﬂMns a

y ati on cat Ssts ereaflnlshlng reactor 1s
Plumbédof vemvellmmgngad baJad e%talwstym@ts whereinecagh Rgled eatefist wmitds

i 5 APl S B SRR Rl e 3R 0 0 By o

the finishing reactor as the ' second
[0037] In a particular embodiment, the alkylation catalyst comprises at least two, more

preferably three, and more preferably four baled catalyst units in a vertical arrangement.
In another embodiment, the alkylation catalyst comprises five to ten baled catalyst units
in a vertical arrangement. For example, the alkylation catalyst can comprise a vertical
arrangement of five, more preferably six, and even more preferably, as shown in Fig. 1

(i.e., elements 103a-103g), seven baled catalyst units having some spacing between each

baled catalyst unit.
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al kyl ati on catal yst." [00411 Whereas the the first

al kyl ation catalyst is preferably in the form of
packaged bales, the second al kyl ation catalyst is
preferably in the formof a fixed bed of |oose

catal yst having any of the suitable conpositions for
al kyl ation catal ysts as described above for the first
al kyl ation catal yst. The conposition of the second

[@égﬁ/{’l?egr&?es; %s&l-l eZit aégkg ?x%ge{r%ly 5 e{ ?o?@/q@%e %,ﬁgltsﬁgg ;eragtrg)} 119.
TADHASAS RactoPfead ineadtéd ¥dhatié O8HpdundGes@ tnteded Qlefide

I nvention, vaporous aromatic conpounds from each of
canywuad froineths alk/latos overheadsstrsamdo slkylatedtarematisaomipownds in a

.zones. i.s contacted with cooljn ns r_...condensjng

nigfH e Biciche R Re G e W s B M hilinie B BRRIEGS.

c T U RAYRd blefin1 Accorifi@lyd edsetilly @@ Qntdagted alefih emains
used for the cooling nmeans. For exanple, the cooling

aftep thedingsing precess.cool i ng el ement to indirectly renmove
heat fromthe catalytic distillation unit to a colder
cadlol bf 43k coRTP hax AlafiSn B the mixed
o35SR SRR Qe bhbbs [ SORF AR e i
vapor-li@dd phaxs bithg eatalytie distillationtuné, the finisBmgeeavtor éypically

i cumb e B S B G b Bt gprreatly
op_%f!a@ég%g%g)e&ﬁu& of ikt dbobif$20P & A¥ut 4R EIHGO LU lﬁb&it d80°C), a

inserted between the catal yst beds and externa i
predsatelof fiod dhobes Hamig toaboutA0§esig, swrkbancaromatics| tk plefin gpole ratio

xture.i.s forced to circulate through the

i.nter-be '
OQﬁWHbdngggq%Fb?ﬂioﬂeat exchanger (e.g., with the
cool ant on the shell side). [0044] The cooling neans
[0040] TaleSikyReion caaRkES thd BiiBlihg reaoit sdnbd e Sdnieardififrenth
is preferably at a tenperature sufficgiently |

f .
(cerarosgtipnalinand/orgn physisad desigm) dhanghs alkyation et he 3? &‘/6 ﬁﬁ(rY!?Fwn

un@d! Il (ﬁ‘&&tto aisﬂﬁglfi%xotﬂe tv%’ﬁlﬁ?d@fi&{ ga{tﬁgété/ whterdB) fHishRQY feh @8k is used,
of the vaporized aromatic conpounds. For exanple, a
the alkyletioracateipdt bf the atkykation funio will edinstter twerefer@d tmasl thie “first

SR el S At 19 RS o B BT i 5 U “B5oP

au?,@ﬁfohicgtglygga the cooled finishing reactor effluent.
0045] More preferably, the cooling nmeans is cool ed

effluent froma finishing reactor. For exan‘plg@pin a

[0Qs1d Mehareas tearthe dirshalaylation sntplysf ip preferaldliyn the e ohpackagsd
barce':ts,rthtgJ Eeichgd attlﬁ}glation catalyst is preferably in the form of a fixed bed of loose
catalyst having any of the suitable compositions for alkylation catalysts as described
above for the first alkylation catalyst. The composition of the second alkylation catalyst

is more preferably selected from zeolite Y, zeolite BEA (beta), zeolite MWW, Mordenite,
or MFI catalyst.

[0042] According to the invention, vaporous aromatic compounds from each of the at
least first and second catalytic reaction zones is contacted with cooling means for

condensing at least a portion of the vaporous aromatic compounds. Any means known in

~14- ©



finishing reactor effluent of volatile conpounds
(e.g., in alights stripper 102) before cooling the
finishing reactor effluent, and then directing the
stripped and cooled finishing reactor effluent above
at |l east two | ower catal yst beds. [0046] The cool ed
finishing reactor effluent advantageously hel ps
naintain a desired olefin partial pressure in the

al k atlon cat al reduct.i in.th

ffect
th s S SO0 08 W o e EPafisa s dr Sx gl et Fygans can

beaahcobﬁ%&leﬁeﬁ@b HdireHy deRfdvE Bedl fronPliE @lltalyﬁc Qistill&ioadinRto a
of the aromatics vaporized fromthe

cokkophemmmﬁmhmaIMdﬁyreact|on The inprovenent allows
for an inproved conversion rate of the olefin in the

ss, which .all.ows, for I
OB GR gE pLBlLE Bh  IhEro e BPUR B
excHdnper® kbW irdthe kR ESahkinbad Jpecifit extilés of CoekEs elements include
i mprovenents allow for a reduction in costs and

pub@taremndfﬁoetﬁ%@dwaé?@geﬁme ‘tjﬁ%beﬂ%fcf‘éﬁ%angf‘l@é%} with ghe coolant
on'thd e %&%%@ %th\%fge teSbaech st PR LAY BRtbshal %gg%gg i3 Helte

Vi Clni on o
exchiabpérs hWaikieahe alkyatot ﬁﬁer-ﬂﬁrrmxmrefsdombdl 10, cimubatef thiomile tite tube

space is provided bel ow the | owe S tion of the
sidejof ghe heptexrchangs(cgat il be Cf’%‘l"‘”t%é*"?ﬁ?héﬁ%&t ion and
accunul ation of aromatic and/or ol efinic vapors or

[0844 ?tﬁhg %oolr?l 'Hléaﬁﬁ l:éh alsd bd £tV &f RbhEt-cInfdhing BReam which is
al ytic |st| [ation unit 100 include a sufficient

prcsfprabler apb tenpetdtere gpifisienty low fmirtlnq eondesfsatiieg nfore preferably re-

corec%: 5at1%tn,ll %t??l/%) 1;1%{{c (r)r{ %ﬁ% era l¥| B%lfor%()rtﬁ)?lsgf t?xg%ponzed
arcD@tie cin Ni}idé NFétleRadlploca cdel arﬁmﬁtllkfstsheim detnfced balr@y¥-3 Aould
space geIOM/the | ower nost and/ or above .t he upper.nost

be gend fonerndensingeapprous erogIakigs H the ﬁat%lé{ttl%?h?%lllauot‘}éﬁltf clibgiein place
hal f th
of B HuGh R TRy AR VBRI SRR O g [ gt ven

for purposes of illustration and is not to be
[0046]1 SMorequefersbly, thiewbolatg roeansfis caoked eftugmé from 2 figishing reactor.

|nven i on. utside of..this range can sed
AR 7 BT ooy Gest cOpline e ardoRr s . St Bine e
ﬁnﬁﬁfﬁg&&dcfo? effiRdt 5t Rl Ecdrmpdundy@ad ih atliphatstripRs 10%) bete
second catal ytic reaction zones of an al kyl ation

coqlmgtthebﬁmsm:xg wdgrier efflupntnantbiemdisiting e stringd and proded finishing
i.e | efin n ti c-containing
reagttoi: ngwﬁl;‘)t.a%@ée :ﬁq E 9 ‘ﬁ'gr %aat\%ysg%&ﬁ?ndependent ly split
or unsplit and connected to the al kylation unit
[00db] h¢ Eopled finisting mattbyeﬁlnentladva]gagehlﬁslwhcﬂps maintain a desired
aromatjcs feed jn _contact

olefp th&{ prsﬁugealpéb?%l{(ylat%catalyst |lqay Q‘fectmg a re&ucllon in the vapor

pressure of the aromatic by re-condensation of at least a major portion (e.g., equal to or
greater than 90%) of the aromatics vaporized from the exothermic heat of reaction. The
improvement allows for an improved conversion rate of the olefin in the process, which

allows for, inter alia, a reduction in the amount of required catalyst and a reduction in the
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olefin feed and aromatics feed can be introduced into
the al kylation unit separately in the form of
separate olefin and aronatic feed |ines, or
alternatively, as a conbined olefin- aromatics m xture
in one or nore feed |ines. [0049] In one enbodi nent,
olefinis fed to the first alkylation catalyst at two
or nore |locations of the catalyst by use of two or

.nore streans of olefin.. For exa
sifaQ S BPIRISLe (T oG BIo o ugtgndp i dha
be&glllgrgd@te{eldgf&e{ﬁg }dceks, either of which feed into a
verti cal arrangenent of two to ten or four to eight
bal ed catal yst units of the first alkylation

[0?%7[] aihgdirst aile/éq@emcmab/ws praferpkly dosaled Ueﬁk?W“éP’é)f frthe loxter
d
pogidordhd AR Uit loh B0 NRRE freREBLE AR RELAN i

préxﬂ@éii beléw tH2 lbmeapuimu bt fiodt alkglaion camgktyfsf thel inittogluction

are i ndependent of each other provided, tha ere are
ang pequations! pepmptisand/ar elgtiicyrapors AF Hquids Stlﬂlélﬁgy’d?‘é preferred

that 't n%ef é(jl@a n%&ecﬁst lfaﬂg un1E 9|6b5 %lu’é@ b f&ffi@[m# Sracd dboRe RISIPEMRFA

I'n feed F-17is
post&intoftiine ﬁﬂSEalkylatﬁdn catatyst &dri miumu afl apsbsarbent 4e1g.0l @f)iand/or a
feed. line 104, which is s into.fou r.ea
lights AHiPPSU(S. & <02 cagh oyiush g@é%%“@f*%f‘% fither detaiBeiv.c 4 gpace
el & l&z@érﬁﬁloytsa'hd}é? bibsvelthe ermésQ PBrtidhs Of tha fik® Eﬂdylaﬁfm catalyst

seven vertically arrange ba ed catalﬁst units (i.e
carl ©ge §pm, fdr exateples @@-twehigeth nQOmmhai%téq elghteofimmalk}dquemlt

di vided int

h
TH e S PB g s o g st ot & B Sha 3R ifitaion of

thd?RbSlo Bt alvistiond WiatueBaksiab OF giidr n%tﬁd’aﬁ bRfuSed Rherk app‘rbpnate
flve si X, seven, or a higher nunber of vertically

ranged bal ed catalyst units. 0051 referab
[OGHS6 ARPIeTn Erg Bt ) oL doghF- BRerBoAUSeel fit B firt and

se%?g %atagpg [ od dftﬁl\é Ban ARRan R duftaBle olefin afid ardmaBEs feed

yst an upper portion of catalyst beds
lined (.29 uteﬁnehonmnﬁngﬂmlfammﬁnaeebntéﬂmeg sfrefms) Eachnfiedeline can be

refer . ed bel ow each, ¢ | yst bed of the,.
indepaen fonl BF P AP RTEEa S Heleity iy ety o
bnﬁg MO NHEorURRAEL IR $Eedqh SbhiBcthvaABAG. eomé) thé amglratw@wtapéty The

advantageous I n that these upper catalyst beds react

olefindeasi aelﬂlamma‘tre:ﬁﬁ@edlcalg b¢ intredueed intatthd glkylatierunibipparateliein the

rnDst f eed. 2
rortROETRa oEEHAPS ahtl Seb S hORE A R AR Bl
arodais Albit@re in 63 & nisle 180 linkg. t 0 seven split olefin feed
lines feeding an equal nunber of bal ed catalyst units

of a |lower portion of a ver { Qgeneht of three
[0048] pbﬂlm@élw,éﬂ% is dfed % ﬁ]gy ationl catalyst at two or more

locations of the catalyst by use of two or more streams of olefin. For example, the olefin

feed line can be split into two to ten, or four to eight split olefin feed lines, either of
which feed into a vertical arrangement of two to ten or four to eight baled catalyst units of
the first alkylation catalyst, respectively. Preferably, each olefin feed line directs olefin to
(and more preferably below) a single baled catalyst unit. The number of split olefin feed
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first allcylation catalyst, wherein the nunber of

bal ed catal yst units is greater than the nunber of
split olefin feed lines, thereby |eaving an upper
portion of baled catalyst units wthout olefin feed
l'ines. [0053] In another enbodinment, olefinis fed to
the first alkylation catalyst by three to five split
olefin feed |ines feeding an equal nunber of bal ed

catal yst. units of a | ower ion of a.vertica
ings FahyBTRR O bAied SRV M R ETSHPEE A Sher i Ydodpt there

%&qe%{ 555413:@ ﬂ%?édacra{a%t uARtRYSRE are WML 28 number  of

unit's I's greater than the nunber of
split olefln feed lines, thereby |eaving an‘%p
[Oqg] tHoo examiplé dh etprafa’mil epstiodiméntsasyshewo it Fig| bfoleiin fﬁ@fb&l is

R S SR g Bt S LIRSy

strdirsd 1 0422104826 bt whieR focdB 8REina6 Bachlof Yduel®dlcll estalylaumits (i.e.,
olefin or aromatic to be distributed onto (or jnto

1084€) ofe tla) of sevahwertieallyarfangeddhaled qalist wejtst(he » bﬁ)?@fg)n)%r

deglttfghn&g g?eg%lgt?afjlﬁrbe 4 ché ﬁl td%/ki)(]ie%l F@gg%] 5%1%%6& gr {1) E&hé&r tumber of

ol iRhM S, GEHPOMVIIES dir&t%l@ﬁiﬁtd Lhdlebchtdlyst aniFad wherein there are
referably introduced via a_single feed | i

| i 105 into
at {epss fivat sik.ypeven, o shigheraupbir ehvarticaly argnesdi el |CétaFYSt units.

| ocation thereon. In a preferred enbodi nent, as shown

[O(I?S;;lé 'f‘ilr%s\%%l?{b&gﬁn iRl nth § 86w & portich of 'cﬂfaf}@ﬂ%a@ dh&rebPMaving

st portion of the first alkylation
one at mloyes(b,g d, B, 3, obé) catalpsabeds ofcatupbgryrortiom af ca@hyst beds without

MR SIC I RN T

loN&%ﬁlganﬂEhtam%e@E QIBRAAESat BY S bﬁdﬁb@f&@ihbylppéﬁrfo@mléﬁldfeed
into the |ovwernost portion of the catal ytic

potiit stpamcarllarb'radumt@gemwnﬁba\téwsp wépma@bﬁ%ﬂdar%& the glefin
103 | ved
i o s AR i bt g ol ve

catalyst is wetted in the liquid phase and the .
A et ot oot OET L The. o 6f 1t bed cap..
y u ce. |. e olefin fe

catalyek 3 o4 e eaP B TSR it b 915 ppe S pfied catalys

91' Plo 4 %ﬁa:%rﬂeﬁt 8 thRW6 A ®ARU catalyefunits of the
unﬁ§ g@bﬁﬁgegeﬁgggﬁ%r 209 vol une, wei ght, 09@ nol e
ﬁrst atkyta,tlon catalystpebersinethe onmbmcrfdualed watalysiqmits s5grpatgrihgn the

0 0
numge/g ot5581{c olgtrm c(‘im }%%re%y leaving an upper portion of baled catalyst units

without olefin feed lines.

[0053] In another embodiment, olefin is fed to the first alkylation catalyst by three to five
split olefin feed lines feeding an equal number of baled catalyst units of a lower portion
of a vertical arrangement of four to eight baled catalyst units of the first alkylation
catalyst, wherein the number of baled catalyst units is greater than the number of split

olefin feed lines, thereby leaving an upper portion of baled catalyst units without olefin

feed lines.
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the present invention is especially advantageous for

hi gher concentration of olefin feeds, e.g., 70% 80%
90% 95% 98% or higher by volune, weight, or nole
rati o. [0058] The source of olefin can be any suitable
source. For exanple, the olefin can be of high
purity, such as polynmer grade ethyl ene or propyl ene.
Alternatively, the olefin can be |ess pure, such as

froman offgas.froma, refinery operation e.qg., from.a
[0634] e einig vhess sk iOff‘éfn(aﬁééjmﬁ%@?‘%?‘f‘B}? rigehs o pRgatc
distRUAGEwR! 1R Beh@NRe RRNide8 Rdrdhdolefif br S¥AAAL & be distributed onto

approxi mately 10% to about 30% by vol unme of ethyl ene

(owinth) dppratkyshelle mede ortdistiipeingrthe plgfin ona@mialie eBRAANY 4 s
wel |l as mnor .appunts of other |ight .hydrocarbon

SUAL B Rt ,‘)W“é‘bg% ALl gﬁ%ﬁ%ﬂ%ﬂ%obg%%"én 5. Cther |ight
conmponents can i nclude carbon nonoxi de, -18- 0 carbon

[08559Xihe @ne 8MEbRIardthitica@@ipouddGh Afonddie fedddiriert-2 aterprefenbly
via olefin feed line 104 needs to be capable o

| f :
intgadweedyip Aginglerfeed lga WSitnia theertalyimdigiliatiop Hait af anyspiable
loc%{igﬁra’{e%egm.c %E%?fé@l%d%ﬁ@g&t egg, 61% gl?&\ﬁ?inmigcl?% ®bmatid¥Bed F-2 is

i nven n. exanp I'n can be one or nore
intFoduit atissl oo thed owpraostigortibavt the firstalkylativneathlystcaghbelow baled

atons .and at | east one doubl e bond. Sone exanpl es of
catglyst umh 9381 ef i ns i ncl ude et hyl ene, propyl ene,

| - but ene, 1, 3-butadi ene, 2-butene, 1-pentene,

[0056] ThE BRAfin FeddGH POLand b B6Riabc fedif PLEER belintsduead,
I -nonene, 1-decene, ethyl benzene, styrene, and the

indgperideyilhmrazlived or {2osImET isdrematiesre prebghls pirogpesd into the

0% Ao A 5 Piaf 0RO L i 103
ThB@R%EBRECIERN [KRKGrigited @risdissoWed i theTtigii phabey/of thparotmatie

endpr oduct s, ethyl benzene and cunene, respectively.
coppoe Tieeatalye ivvettadia terdigvid phase s be ﬁﬁ‘gpaitlﬁil F %‘aﬁ%‘bfakes
' [ f ' eed to be capable of
Pla\éﬁg‘et?‘%g‘gﬁ%‘ pgﬁseﬁ%ﬁg? %{t&lEl Srﬁ‘?@%%ti on (i.e., alkylatable)
with one or nore olefin conpounds according to the
[0Q5r7p Tls sletih feddean norgainiaoy suiBbleeconsentnation obgleidn Feriskample, the

| kyl at abl e aromati ¢ co o ful o/ f .
o B A B ot S B S o P e gt o
mdBEREEI G a thOderRB Bonchittation] £RES5%E3 Bh, 40%,, 509, or 60%. However,

p- xyl ene), napht hal ene, bi phenyl, and their

thegesentinysnsion iSspedaly adyanfageops fir fighyr peneeriratien of plsfip Keds,
The, i Do t i i d
e R8s BRSO RBPHY Mlah S AR OL

[0058] The source of olefin can be any suitable source. For example, the olefin can be of
high purity, such as polymer grade ethylene or propylene. Alternatively, the olefin can be
less pure, such as from an offgas from a refinery operation, e.g., from a fluid catalytic
cracking (FCC) operation. An offgas source of ethylene can contain, for example,
approximately 10% to about 30% by volume of ethylene and approximately 50% to 70%
methane and hydrogen, as well as minor amounts of other light hydrocarbon components,

such as ethane and propane. Other light components can include carbon monoxide,
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al kyl ati on catal yst, reacts with the aromati c conpound

to formal kyl ated aromatic conpounds, e.g.,

nonoal kyl ated aromati c conpound (e.g., ethyl benzene or

cunene) along with a portion of polyal kyl at ed

aromati ¢ conpounds. The nonoal kyl ated aromati c

conpound is typically the desired product. [0063]

Al kyl at or bottons effluent 106, which preferably

di scharges bel qw the | owernost portion of the first
caghopydionide, ANKeR HIT9E8™. | ncl udes these al kyl ated aromatic

products along wth sonme unreacted aromatic, such as
[0?593 el dinNBREAIREd vilvEerRl ko [teib4aicadtb ibe capabRbfthdergoing

rom al kyl ator bottons effluent 106 can be separated

anfallgateactactomwith and of mora arqrgaticrommorads asgordigriathegrocess of

accordi ng, to an i t.abl e processes 0t
i fpmi ot St Q1P erlle P BT R kel BffoPllas
hak RQ8¢b tThenssRRsIRaIdESs &Hidse lasaRd dotisly Boid) eSanppemmptis of
portion of the first aIkYIatlon cat al yst (elg., ahove
sufatile dleng iachude cthyiiene, posryleand -Priers, 3rRHtadige, HPaleRs dgpentene,

108)_ .i de, i ia, LSrene
BREER S8k SELICRch Tl LABKAE R ORDh e

f . an angdun

stydéey hiitf 186l diryiBRiizénesonpounds. Al kyl ated aromatics, if
not excluded fromthe alicylator overhead stream 108,

R AT T TR R
pr%%éﬂl igﬂé%\'tiefli’ tsxﬁ@é el b gé’al%(ﬂatg@%@bgﬂieﬁé Bfimally AWt twioS

I's preferabl’e that such al kyl ated aromatic
comargpaialiydisnpoetantsntprodwdts, athylbenzank aué eurhengnyegpaelivey-or
over head stream 108 prior to processing the alkylator

rhead streamin the finishi 1
o e LTl P DA ARG ER GG a0 ne
to BOSdpabRME dndhgoigy kb alkylppar racionf(e.| alkylatable) tvith bhe et more
al kyl ati on catalyst and bel ow where t%ﬁ alké%a%or itabl
olefinctompetndstacerifing o Hegkorgrgidhe MyBHIR- PREcABAYPIE At suitable
alléri)a%aﬂlf abARAY l:cﬁno}gc;u ALY Bled bAPBYEnAGn RhéYb&isedescribed
romat I ¢~ conpounds In the presence of unreacted

hefeioiRlude bareng kalfidne, the xplenesds.g., andn-pawt exylshs), naphthalene,
includes.a trayed or_ packed section capahl e of
bigheayl; %ﬂdntbeléflerf‘éﬂg‘?s' AsggmedsRArtigley @S%P‘Fg-e oretical
stages of renopval with the aid of a suitable

[06¥2$ ThBBRfin, SHicelohtakby with iR aramaty daiound irpthe ipgpsertte of the first
aromati c whi ch absorbs the al kyl ated aronmmatic

allgtﬁﬁipo lgafalyst;mcts mi@h@argmﬁca@qrgpqugdﬁ g}r@raél@flfsyted aromatic
colv.gé&r? s,ue(.:g ,d mbx%a?k);lﬂgd HRR&lc Q&ﬁﬁéuﬂﬁ (2&., Eﬂﬂ?lb@ﬁ’z%ﬁé Bteafmelig)l

along with a portion of polyalkylated aromatic compounds. The monoalkylated aromatic

compound is typically the desired product.

[0063] Alkylator bottoms effluent 106, which preferably discharges below the lowermost
portion of the first alkylation catalyst, includes these alkylated aromatic products along
with some unreacted aromatic, such as unreacted benzene. The alkylated aromatic

products from alkylator bottoms effluent 106 can be separated from each other and from
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line 125a in order to produce a downward flow of the
liquid aromati c agai nst the conponents exiting the
upper nost catal yst bed 103g. [0066] The source of the
liquid aromatic absorbent, i.e., liquid aromatics feed
line 125a, is preferably split froma main |liquid
aromatics feed line 125, which is connected to a
liquid aromatics feed source F-3. The liquid aromatics

source can be recycled arqmatic yel ed
unprapied ARatis ea%ff eé tq WW&%P%PW&‘@@?WB% ﬁ’e‘*far"r SRS e
dlsl?%laHér?.aQF@@rd1§t91§§é&me'lcﬁ\?.e. distillation system such as

, as described bel ow. Mre preferably,

t he absorbent is fresh aromatic reactant, e.
[OQﬁelrj A ebmsonmE daschargedh abqyle @hmmpenwup@‘eowf rhe 8t @Wﬁmon

e % S Y IRl ab 00

maﬁm&ér%a 18R 1dd dr&nétho ﬁﬁrfe@cftécﬁéieﬁrﬂbﬁdi typixally, dnefrmmt of
bei ng fed into the frnrshrng reactor 119 via

alklyiaﬁ@i FUBatic ¢RmpRuRYs. A splatod aromeatigs.dt not geludel from e alytator
ovsrgr nt | al'O%ywﬁleﬂggé{?rg h%g'mls% ljeéctt&q@rvﬁgpcﬁéfﬁ% t@qu)duce

g non-a tics, ole and | i ght

po@@l?&wﬂr&r@natlds S A@(‘mdﬂig@e d/hert maximiziog kelektivitp temonoalkylated
preterably not sub-cool ed) or nore COO||§?
i ng

préchhie ferei b aapRBPE Br SUNIRMSIER GoiHP GrmBuies
sub%fb%rtlg 5&% ?ﬁ)frﬁﬁﬁ{l&&?o eH&d seoi ‘F@@ﬁﬁ’oﬂ%ﬂ 'p%%%sﬁ'% the

7aromati cs s ean1 ine 111 i s then accunul at ed
alliyhit@r ovefhicad stieamgn theefidstong fee@dr Hi9u by, fqroexamm hegr ¢fa@cpuitable

ab:%/qirl?ﬁng Mf) ]ﬁgrg: ar 3?] B(?Sl St hg g cp ﬁ@%r:l“h:;’%s& 3018 eql%et oall'I ation
cat%ig% SARRW KRG Ble d‘ﬂ%@&{om‘aaﬂi ktpcabiais @%chzir@&i 113 to a

exchanger 114 where the condensed al kyl at or
overhead streamis pre-heated by flnlsﬂa %(éyactor
[0Q5] The Absorhent10l10iy ca &eqfrs@lﬁeateéforeepwga fatedAFRmAle;

cox%rél?t}% 5 éle lpg%g‘]nce%?ufur gﬁ&(%gg(ﬂer 1c;|r%rpAOuY1H§ ahd 1%ferably

I'ng reac for fur her
ind\@RE blﬁ@yedl-drq;utkédaéamtdapﬂ)lé ofprowding aclehst 3bautéwo hethree

B B b
abs%?&gfn? s d lg{ﬁ}/d:érgﬁirﬁ %))SJI‘QS the Qﬁ(&ﬁkedtali’&né’dc(}ﬂﬁ{ﬁoﬁnd OThe

er formng the finishing
liquidaedmatici is pteferaiily aﬁmdmd_@l infoitbdunppsnpertiog ofithgabsproent 101 via

| ef f
ing ) 1B 2005 £ BAAeAE e AR naar teoRmld Eyicrtathlle,
cothpHBnts' RRink 2buppen6ht eRbIyeRU193g. SO |i ght s.

[0066] The source of the liquid aromatic absorbent, i.e., liquid aromatics feed line 125a,
is preferably split from a main liquid aromatics feed line 125, which is connected to a
liquid aromatics feed source F-3. The liquid aromatics source can be recycled aromatic
(e.g., recycled benzene) recovered from alkylator bottoms effluent 106 by use of an
appropriate distillation system, such as shown in Fig. 2, as described below. More
preferably, the absorbent is fresh aromatic reactant, e.g., fresh benzene, since a fresh

aromatic source will contain little or no alkylated aromatic compounds, and will thus,
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[0068] The finishing reactor effluent stream 120
i ncl udes, predom nantly, nonoal kyl ated aromatic,
pol yal kyl ated aromatic, and unreacted aromatic
conmpounds, al ong with gaseous conponents (i.e.,
l'ights), which includes such gaseous species as
nmet hane, ethane, hydrogen, carbon nonoxi de, carbon
di oxi de, propane and/or nitrogen. In a preferred
enbodi ment, at ] east a_portion of the finishing

morg gHicEmtlR FemeNg fhe f‘?’létgﬂwa%t‘l"% first cooled (e.g., by
cooled streamline 113 in exchanger 114, as shown in

[06879 In a heferRid@hfioaidheht,tHefirk Beinf Balih® thofinibhihg raaewal 19 da
cofresponding to the pressure top of the strlppe%% ¢
(&)

strbazh ine 1 Heitheplkylatocevsslegd steam 108 Rey sybstanyiilnermay]

102.. The lights strippin | nel de
i 5o i BRSO SR B Mhoncs
is &dnldkiRE br KibooWdlddTmoReprafeiabl wapatib-eodéd) is eheatharelcyoling
renovi ng gaseous conponents, _as descri bed 3bove, 6gcﬁy
elemeatst j09icepablrpfrcondensing and/op qubepelingdhg oviesigpad sieagy V8. The

condGb& &Réa%tedtoﬁle%nlf%%gt‘f’cs%ﬁ&kﬁ RLO91 ZRMenHurh PR U6 finfhing
P Ion of the

e upper nost por catalytic distillation
reddtvr tfeedaliein i ef dschllgyd viacl faetbdruondischargt line 113 toyane oampre

f bly, t to f t o LELT
finiflnggSatqy Ted RS 1d &, andrpumpes Ahighey frishivsieaciey fecdpyme
disgg%}g«? i1 B0 a%%%x@ﬁz\%%& leWﬁlYe@é’th@fcoﬁdeh%HQMatblﬁ@veﬂfea@

ani zer, as kno in the art. The separated
strédng st ge-heatedley finighing reattor pifiuen lingr 80.10% peeheatsd alkylator

rel eased gs_overheads thrqugh t vent J1.,n ; f
overBer T oh 0o FONEEh Bt SBR OB daaba irid B8 e gor feed
heRECHUTUHbAfuPther hERENG. i[_Q(%lﬁd adhiatipPfroid s@0eFBlZe e cambided with

stand al one along with suitable bottonségunps.,LOO;Qé
theTheatedtfinishjpgdedotarifedsi vig splis deaddined2pb (rapferablyrcontaintng ire

ecei ved,.as hotions.fr.om . i rij -
an G ERATERTP AR o Wb BT aldifitic'ed OHER obtol R RerlBning the
ﬁnlshﬁxfg&bzicitdiﬁﬁét stiehmii 19 6iwtich @aediny heafell hneatted dlefiaand &¢miatics

preferably heated in a lights stripper. reboiler 126
froy e plke ok avehend stivem a5t 3 gdigiond lidderomys "éﬁne 125b,

m“fgtF%gﬁigdmé%ﬁﬁw-[007l ] In prior art processes, it is

r ufcool ed and unstri pped finishing reactor
effluent to be sent back to the t;ggof the catal ytic
[008i8% TThe Finishing reactor effhentestich 120 praludsspredomingnjly; mpaepligdated

e R P b S0 S 1 fscons
copGRARL. L. NEK)] RRicRiRAdES Such JAEQLUE Secivh as plethahé, Ritmhe,ng
hydrogen, carbon monoxide, carbon dioxide, propane and/or nitrogen. Ina preferred
embodiment, at least a portion of the finishing reactor effluent stream 120 is first cooled
(e.g., by cooled stream line 113 in exchanger 114, as shown in Fig. 1), preferably to its
bubble point temperature corresponding to the pressure top of the stripper, before being -
processed in a lights stripping zone 102. The lights stripping zone includes at least one
lights stripper, which can be any suitable lights stripper known in the art, capable of

selectively removing gaseous components, as described above, from the finishing reactor

-21- ©



reactor effluent 124 is stripped of lights in the
stripper 102 and then cool ed, and nore preferably
sub-cool ed, by cooler(s) 123 before bei ng divided
anongst the beds (preferably, the | ower beds) of the
first alkylation catalyst. Preferably, cooled stream
124 is divided in approxi mately equal parts anongst
the | ower beds of the first alkylation catalyst to
ich.olefinis being fed, and nore preferably, above

efifuch I#hd of the lower beds of the first alkylation
catal yst. The cooled stream 124 is nore preferably

[006Y] FeéfedblyPRe WRRR strippingalont Y62 ishRdsed ip el pbatrlogt pistiorgof the
an i nt er nal pi pe distributor such as a "ladder type"

catalytigidistipiaiien wiiit end prgfessbly fnolywes onprie five fraysandmoyegreferably,
cool.ed.to enper at - f 15 Ci - I

o 5 e T4 D POty B et T E bl sKi RO et can also be

sephRiely réfotddefetiand i e dfiasleictianidenas known inRhedrer Bt separated
the stream 124 is cooled to a tenpera

lightsfin ithei lights siripring Fape B2 eamirivlasedas |°<¥afil¥*{d_§ thrgyely the 3ot line
128 Bkl 1 ighlltaR bOPRdefiscAAR QUR U5 o ARAARS. e iighe

reaction 1n the catalytic stillation unit,
striip@tgetone 202 cmy abso rardtal@r aling vitledwtable bpttemns poast
approximately ninety percent of the aronmatic

c unds vapori.zed in t cat al bed. .] 007
roBERGE Feped Frtehibg ester fefetant g Mt Poudt Bom te
ligh®¥REpRt He T @kth¥Upkithize 188 Stibping pesvREks B portign b thesaipped
amount of aromatic that is vaporized in the catalyst
finfsbihg roasitereffisng straam 124 is preferalpheaied ip a lights ssaprepRooiler 126

ld b l.ed. i, il.er f BE
e BRUPURRAGNY St s ovier PRy S sphABE R0 cSire ()

steam which could result in streamtenperatures
[0@EMY M pricr 4t proeeRse8fit tsay 64 For whepelad andjumstrippeé fnishimg epastor

Heat integration, in ich the. streamis exchanged
cffyehioditen Rarblas ot S iy B b pve W A Eayost
catly8Cte dlal feth TR gf&ﬁdéf RvatwatdBqR@ tratfid if thd\®itC BbMeVe:r] @nlike

’stillation unit at which cooled liquidis fed s
whiayisiknath yn the pribeart, dheperessit RESRianPra@des a propgsg whereby finishing

havi at . W t.hi . _bel '
A TR L b O
preté"ﬁgbly%{llﬂ%&l&ﬂ by cb&ler(4)] 125%&%(?%“3% @ivided athopge tiertedsl

odi ment, the stripped and . ed finishing rgfctor
(prefetdbly the lowet badslefuleetinst alkatioecataly s Rrefesablyy. §99leq sfreapnl24

. unit at a tenpefat Rt 3y 86
is dif0ed BarPrcy TPRED R et pRBAL 0 1 bep@5Ee B S L6
catiliybd to twhdhCalfinyis being fed, and more preferably, above each bed of the lower
beds of the first alkylation catalyst. The cooled stream 124 is more preferably injected
between the catalyst beds, preferably using an internal pipe distributor such as a “ladder

type” liquid pipe distributor.

[0072] The stream 124 is cooled to a temperature sufficiently low for condensing at least
a portion of vaporous aromatic vapor in the catalytic distillation unit. Preferably, the

stream 124 is cooled to a temperature sufficiently low to re-condense at least a major
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result in an al kylator bottons tenperature (106
strean) of about 430F to about 436F. [0075] The

cool ed finishing reactor effluent streamre-condenses
aromati c vapor (e.g., benzene vapor) that was
generated by the heat of reaction produced in the
first alkylation catalyst. As a result of the
condensati on of aromatic, desired olefin partia

ssures_ ar nor e _easi : fd 0 St
pim b Rroptate SOPPITE S phR e P i dhdcdsdlyi
digthilaYiba uh®Wwikedia b Y fiajor podionB istprefdtadlyl af lea@ﬁ appluirhatblgtirtety
at | east the fast and second catal ytic_ reaction
pezesmbef the @OweTic Timpeunds veparizedin e caplystigdpart i al
pressures is particularly inportant for the | ower
i
BB ARl SRR SRl 418 Lol AfAlE oo
reficia cofiddnbiag tipsamepatounsf apdmatheethdtiis sapoaizéd/inghé catalyst bed

talyst. which d t h t feed. '
ei?vé b bted. dYBRE, e Ao BEcpl S ER AL Wl
GLiaf: b%gﬂv Ifxgéasure]z@,?) Br ﬁb&lﬁ&tﬂr%m‘éf(l\/ﬁm @tthBP@hi@EH gbuld result

cat ar yst For exanpl'e, in a preferred
in etrtnl temgrtaturehanywdrereftoro asow to I3é0‘iFn dependinglonstcamdevelss Heat

at the .inlets of |ower ds being fed.o
infiton R WRLGBE-EEL e KO NP e RS B SR posibl.
In'tRE sYtﬁz'é'tﬁé t!eﬁ’l‘ilel‘aﬂlr@ hiahé ﬁo@ﬁ'iltth@éatdlytﬁﬁ(ﬁbtﬂfaﬁoﬂhnﬂt htewhlch cooled

inlets of |ower catalyst beds does not exceed about

hq‘mdns febisdgmcallyam theaoege qféééPFptp éB3a B liguidigning aderaperature
05{}?18?{ t]ix%fosqggﬁrgﬁérﬁgé ragé e&‘ﬁ%ﬁﬂt ﬁrggf?@énﬁg itvgqc{rl;l?the

essures 1s essen
algpsent, i.e., less than one percent, in the | ower
portion of catalyst beds (e.g., in olefin feed

[08%{] teﬁ%éngmégég, 1%%,%?% g‘ﬁg di erg?rlstgtgte ntélgggé %{?iecoggeg zﬁtsﬁt&gl reactor
efﬁtgéﬁf?‘ s 1@! gchtg@d th@‘éﬁta%k Qwa Lot dt @lterRpRSER T aBdut 289°F

In contrast to prior art
bapsdaneasm@mproantrteqhn LR stsarp (c@smrateﬂewf @V 4t erhiowak ltynwally

I

catal ytic distillation col um, the process of the
[007R S@Rtcobley BRishdg r@a%fbr@ﬂidéhﬁdtﬂ:amﬁﬁ%bﬁﬂmal wtﬁmattcpatpd)n @lg.,

i S R Euk S e
ca%ﬁ%f eﬁf ) i’ Sty oﬂh? Iagﬁdeh%tﬁﬁ Sk hilo tlk rheﬁ @ﬁ@bﬁlhl‘:pressures are

I'on colum. For exanple efln feed rate
ma@t easily@h#ihtained estlolsfin sanomfevaﬂy éxsmbdtteddhtoaglscmt the first

aﬂéliq?%tnlgg&yétg Qraeﬂ éag’pgpl?ré)é gt glngetatg atb [east %Perfotrsxt n%tSCCCdetCQt%IyUC
reaction zones.

[0076] The equalization of olefin partial pressures is particularly important for the lower
portion of catalyst beds in the first alkylation catalyst to which olefin is being fed. The

catalyst beds in the upper portion of the first alkylation catalyst which do not have a direct

feed of olefin are subject to olefin partial pressures which continue to decline in the
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of an olefin feed streamof a first catalytic reaction
zone (e.qg., 104a), which is positioned below 104b of
the second catal ytic reaction zone. Likew se, the
olefin feed rate of olefin feed stream 104c can be
approximately the same as the olefin feed rate of
olefin feed stream 104b, which is at a position in
the catalystic distillation colum bel ow 104c, and so
.0 for olefin fee cessively higher up in the
dlr@%ﬂ‘l‘ﬂ'ﬁ‘fr the ERPEEOS ?/tj%‘eg the olefin feed streans at
hi gher positions |n the columm can have olefin feed

[0678] Sfor'RifiPle AhQ grofdREd EBAiBR, BleSbtiftionar dldfiatpasiaDpressures
olefin feed streans which are at |ower positions in

at thhenlctapﬁ lopter cateliysittieds b@n@ fedcdefindnes Fefrexesesrabpe tey pracent.

efin feed rat of
Mt e e o T b Bt BB B LB R By
bed RO hoteixBeR dbber fivapepdeanBnd evdnl mooys pMér&bly,Sdbout one percent In
efficiency to be nmaintained at a hjgh IeveI
a pegiisulsely petfersnd ambgiaRetathe yarajiopr olchp prﬁﬁStlf?ae&essenﬂally

abstS ﬁ Eaﬂetsé él ogfﬁer?%né,clﬁwor 4 ﬁébrhor?éf y%? B&fs% g] kY olef;n feed

ﬁprove use o ess cat
stré&mpEddad Ot d), ampl the ekfiapaktiad pressunestih ¢hedower paaition of[da@»Bﬁt beds

Preferably the stri pped, and coole finis r.e or
arecsanijaliy ehe} with maxipumplgwabje Pﬁlﬂé RrpisyEe OEJ aE&r s
catal yst at two or nore |ocations by use of two or

[007RY ﬁl &ﬂlltt‘a§t tb ARGk drt PESessds WIRLIS FgRREubebssivii Reater oleﬁn feed

preferably, stream 124 is split into two to ten and
ratesdp enginteingnaxiinym dlefinr pmbalenrqmre@pmpteam@za highgreentalyst beds in

a.ver |caI arr angenen
thei gyt ARG § iy R P o prent i Fere P i iy
mak{durh iofefitn patie) bbduedwah bpprySimatdip it sampk blefmtfbeﬁhme@in oleﬁn
cooled finishing reactor effluent is directed to,(
feeghsireansy @f2erl @1y 04 ovhich agg sucesasively Hghginaesitign & (s fatalytlc

ol 5P L0 638 O s e
catgiyti tedetbri Zoae €e.@y B04b), dards hpproxireataly glsere ag tiealofsifeed rate
bR i —
bel6WN04h BBME sedo§ c§t98z|t1€ dedction sdeNOikERREBE oRfih Ifée@Rhte of olefin

streami1s | nj ect ed Vi a separate strearrs to onl Yy t hose
feed atredny $04clvenl e approkimatdytire spmetas the obdlin faed faitg @ftoleﬁn feed

al k ti tal yst to. whi feed, is I
strqam 1&4? ﬁlc'&bsrzﬁ g n §’§ C %&Rﬁ &lﬁ%ﬂ%ﬂ&n c&l COO w 9040 and
so &, %x&h&ﬁ}gfeé&as%wss@afvlh@ﬁi up B theBdluing. t he first

al’kyl ation catal yst via stream 124, which is split

into four streans 124a-124d, each of which feeds
[00Z8lMeeoven hsialelin feedistregmsatt higherosttigns in the column can have

olefin feed rates which are lower than the olefin feed rates of olefin feed streams which

are at lower positions in the catalytic distillation column. For example, the olefin feed rate

of 104a can be one to five percent lower for 104a as compared to 104b, 104c, or 104d.

[0080] Since the improvement allows catalyst efficiency to be maintained at a high level,

olefin can be fed at higher rates to the catalyst without substantial loss of conversion.
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each of four baled catalyst units (I. e., 103a-d) in a
| ower portion of the catalyst beds to which olefin
feed is being injected, out of a total of seven
vertically arranged baled catalyst units (i.e.,
103a-g) in the catalytic distillation unit 100. If
desired, the cooled finishing reactor effluent 124
can be divided into five, six, seven, or a higher

nunper . Streans ach. of, which is d,to a ba
AR the OGP AR To? ek Sieh el i eoupfiato
pﬁ%d&eskgﬁﬁmﬁ”gépﬁoﬁ&gher nunber of vertically arranged
bal ed catal yst "units. [0083] It may al so be preferred
i n_sone enbodinents to inject the cooled stream 124
[0@8d Pscferablye theatripped prctieooles! fishine fracten efipent seagp tyls fed to
. rti : 1 )
d B8 D R R sl BB pr S WP s
fronh sttdam (e Idore preferablgt stredect2das sply istbwio tstealandgovd prbferably
an ever decreasing reaction rate, as the uppernpst
fowrdp sightsplit fired lings Whish desdrinig 2 Yasicet pprngeent 0@ SR inenfpd
o _ ‘
e piip A 25 1 Eighfbl R Bis STHAIPALNEAS calii! BRD
splitratreamntof doalbd finishing recton fluestas dizected?®-(amd morei prefexablysabove)

ti t b t t | if th
ot % o AL i3 B g B B 4F AP et e @B dgbited
cataJ98Hits ARYinBER&t Bf cde R BB PROViasdthere apdiatilédsBdsymany baled

i
conponents can be included in the process described
catalystunits @5 thereearersplitffeeddines nf canldtbiinighiegreactor effluent.
optim zation of the process. For exanple, in a

[O%th?é ﬁl%?erpe%%%iom%t tfi@cgpoMJuQ{l{?g {eg@fﬂ erﬁfsfr%:éﬂ? pst irrllj ected

urther procéssed via a s e distillatio
viguepararStrtansSwpalyathesciacalyt bedsrie tieflotvhieporfisroofithe &irst alkylation

the al kyl ator bottaons effluent (e.g., nopoal kylated o
catalyptytq wtighlefin fegd Wq&lg)eCFﬁg?HfS?FPrgPlec%frngWB H%/ L’lgo f ; Cpﬂféd
ﬁnﬁiﬁ lr@a{cﬁg PRlchPRBerfRid HeSEe alBfatRl dataBit {8 sfr@ﬁl‘i"‘l%f 5vvhich is

reéacted aromatic (e.g., recycled bénzene). [0 g5] A
splisrigtb dourestteatns 1 24al 12l orack p§ whivhifeeds lhoelnd finisking reggtor effluent to

eferring to Fig. .2,.the alkylator bottons effluent

cachi o SRl it & e Aoty 8 B SalaP s o
whithléfid REd {%rbel?n%' iigi@&eé-,%t of a 1018 of 9veh iveltiRhllPairanged baled

shown. Columm 160 separates unreacted aronmatic from
catatystomitk (ilearl@fae) in thaertplyts sl lativapwid #Ps If desireds therpepled

cpl umm 160.can par . .pe fL.
LA e e R S P
stra@msfed¢BROWhithds fed to b BhkH @alyst it knkdivettbrdity tHees arg asleaxt five,

~via line_ 161 to condenser_162. The )

six, seven, or a higher number of vertically arranged baled catalyst units.
- [0083] It may also be preferred in some embodiments to inject the cooled stream 124
above the catalyst beds to which no olefin is being fed. In the upper portion of catalyst
beds in which no olefin is being fed, there is still unreacted olefin present in ever
decreasing amounts along with an ever decreasing reaction rate, as the uppermost catalyst

bed is approached. Nevertheless, condensing of the aromatic in these upper catalyst beds

has the benefit of increasing the partial pressure of the unreacted olefin, and thus, serves
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liquified aromatic can then be held in an accunul at or
163, if desired. Liquified aromatic from accunul ator
163 can then be sent via line 164 back to colum 160
as a reflux. A portion of the aromatic can be drawn
off fromline 164 as liquid aromatic feed Iine 125
(as also shown in Fig. 1) and sent back to the

al kylator 100 via split line 125a either directly or

o R BLEENSf FIBRL B BB gon o
ar&RhHIn #RG LW edyst eboi | er 168. [0086] A bottom
stream 166 from columm 160 is preferably sent to

distillation colum 170 for separation of the

[00%] osiyiaypmhen bt ampl PR b O AUl ygncppgonents can be included in the
ol kyl ar ' t ; |
RGBTSR B SOTRORGP ol TSR MBI,

preueky ot ek anplepih iagsefemed énisddident, themlkglatorbotoms effluent 106 is
di et hyl benzenes, triethyl benzenes,

fugtlaqr paesesiptt Bidriowpae detllshagrspias i sasals one or more of the
pr%ﬁysl in ﬂie%]%ﬁ%h%ﬁﬁ%g%ugnﬁéy | SRR PG HoBARS ated

I'1sopropylbenzenes, 17 sopr opyl benzenes. "Bott om
arcrhateafrorh dther somppafeets alfthe allgdatochdtmimscifhsank as well as to recover

distillation colu ﬁ?O t htough reboiler 178. -26- o
unF@@@?F“Wﬁﬁcz%%rﬁﬁﬁ © A%yl aromati ¢ vapor stream 171

fromcolum 170 is preferably liquified in condenser

[00853 opfeei@n distiNatRsiCdyiiemat SHowhyia. Fig) 20 Rieten@iy ©fFig. 129 the alkylator
overhead is preferably returned to col um

170 as
botters giflugital Opjisprefierably fgsbfedeiia pomnp il 8 tagdistilatian glumrd 4§ of the

VAR fera i.a i :

ikt $o8° okl 1B o S pbhRom ey
mddoelityiatontitic[200 8€dvidBebinponeity. daimetaifiple osolwmiumn i 6hcan separate

pol yal kyl ated aromatics is preferaﬁ%y further . . d
begene Eericaifenaena 4od bseyienFormOnsHs-1 8bF aremaleissisiied Avghea

| Wt . . i néénser 162. The

os § 0 AT ch ik oy KSR oMl vip PRESOT Rloondeset |
ligsitficé aroniz8i6 carrthex behtld it gpacainatoroki3aifidssired. Liquified aromatic

di pheny]| et e, tetraethyl hen . and ot he i ah
fof e R ABHED b SVed e 8 PG aptp o fedfenux. A
pofiofl of RSrénitRadan be ARMIASEE from 1the f4els liguld L6ma@M feed line 125
absorbent. [0089] The bottom stream 187 is preferably

(asrabsoi showh dnt Big. beand sens back torthe alkglatarrl@0 yie sphbbis 125p cithg’
A ' f the bott : i sty llati ,
e

recé@hiea dackooltvaddiythal e0ithasuplatbsikr tapor stream 181 is
preferably liquified in condenser 182 and sent to

[00a8c6:]c xr{)b(l)lttggnosrtre%nsmgl'66 %ro?nogghingrrll 185 ist ;prgferably sent to distillation column
170 for separation of the monoalkylaromatic component from the polyalkylaromatics
component. The monoalkylaromatic can include, for example, ethylbenzene or cumene.
The polyalkylaromatics can include, for example, diethylbenzenes, triethylbenzenes,
tetraethylbenzenes, di-n-propylbenzenes, ethyl-n-propylbenzenes,
ethylisopropylbenzenes, diisopropylbenzenes, and triisopropylbenzenes. Bottom stream

177 is preferably recirculated back to distillation column 170 through reboiler 178.
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over head can be returned to columm 180 via line 184 as
a reflux. [0090] In a further enbodi nent, a
transal kyl ator can be included in the process. A
transal kyl ator reacts pol yal kyl ated aronmati c product
wi th non-al kyl ated aromatic to produce,

predom nantly, nonoal kyl ated product. For exanple, a
transal kyl ator can be included in the process to

OB g S BERAID B B PRE B A e S 1701
préfefeBiAldustibdtif condchi? 12 hacdckivlotk o @B 3. C& poitioRdiNthe

185 can be directly fed into a transal kylator, or
overidad is@réforablydetumed ty¢oluhn 1 7@ surefle viading 194. Awpdierpgition of

stri r.s, or_vent.absorbers. .10 The .
S oisBERITH Rt ERERAERRERES T edi7E of mhfiSaigrd pomstc 2.
etlMeakatlor sutbbned prode@i p.t e beta, zeolite Y or other
suitable zeolite, and is operated under suitable

transal kyl ati on reaction _cgnditjons known in thﬁH&%t.
(0G5 Bogtapstirsam e containing nedyabieyiated-arpmptcsds prefarahly r

. : b

RS L e A0 00 LB G DAL B oty
bepsing), avowpmrad streano t3 1, Yroof {ldx aib(Bihauttot®nbstteams.80. W\l

and a -27- 0 nolar ratio of phenyl to.eth of. from
iy ronage e s SR SE o S Mt i S boncnts,
andl P98 dibdar 2Bt 1§dd, A8PEEE heat REnIFGVRIM, 188 oilSor @h hBrRSL.E O

an apparatus for practicing any of ‘the alkylation

processes described above. The apparatus preferably

[0Q889tThe bettom afyeam 1&7his arsferelly agcitcplatesttiaghy to golumm 380 thgough

firs I kyl at i ' .
rebplEhtes” W Bbn BEEBURNE by RS bRy T30 ¥En bebitudrown
viadlkideyll8atag thedhugrail B C Thoovehad polyalkiytated adiyticgtvaporsapan 181 is

over head, streamto produce a scrubbed a | at or,
preferablydiguified ireondenser 1§eandsentdp a ey lﬁéy £hgortion of the
ovbhEBRRGRBE Kbl SHHPPATiRLiY 184 8L REKNeEAd. Stream to

a I nishing reactor having a second al kyl ation

catal yst, as described above, the finishing reactor
[0G98Y imgfuather emigidimenty aatselkylotor can be included mhe giogess. A

reacted finishi reactor .effl uent. d ns for .
ot BRI T DA RG e PBAE Bl g RRR lobface o
prod96a) preabmiRng i fthorfoaRdlated gréct. OFor xOMERNS irigalklyldk@aah be
~a portion of vaporous aromatic conmpounds in the
mclmigé iy the pragessttp reagt diethylbervcpe anthbengsnea ghtai ghylbenzene as the

. : o ot | .
BRSPS bl A S e
direstliyded feod trarishikyRpirpordndisectly fadteroughdbriekampieg ans of more vent

renmoving a
strippers or vent absorbers.

[0091] The transalkylator contains a suitable transalkylation catalyst such as zeolite beta,
zeolite Y or other suitable zeolite, and is operated under suitable transalkylation reaction
conditions known in the art. For example, the transalkylator can be operated in a
temperature of from 365°F to about 482°F (185°C to about 250°C), a pressure of from
about 350 psig to about 600 psig, a space velocity of from about 3.5 to 5.0 WHSV, and a
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substantial portion of any volatile conpounds in the
finishing reactor effluent before cooling step (d) to
forma stripped and cool ed finishing reactor effl uent.
In anot her enbodinment, the first al kylation catal yst
conprises at |least two | ower beds, a | owernost bed,
and an uppernost bed. In yet another enbodi nent, neans
are provided for directing the stripped and cool ed

melegiafo pEdenshio bt o BEbayeh ePS S ouffll 0 iSeblffed

Thus, whereas there have been descri bed what are

[06929 98 RhdtierRSHdcE VRt éntide id difectedte i fippRchteyion piattiifigaryfof
thé present invention, those skilled in the art, wll

the ellylatien prieassesaiesrsibed AbpvEUF e rPaiais FERfFraNY SOBRRASHE?) 2
G L RO AR L bt ) men

n, | o) u a suc

foff $eldchiesly BRDivbbtaaiidlgnsmanidg ahpalkglsted sronmtireompoiids irt the
true scope of the clains _set forth herein. -

28-
alkylaspripor averhgag pieraEs o Frefuce AEcHPRAG A1 Siertept et o)
m?%h? Hﬁ%b&deﬁgﬂg QUSSR 8 sLbbddBilkyHiERV effead Skeam to a

roducing one or nore aronatic conpounds and one or
finfiehirgy rohdtdri Hasinigatsecand atigfaioy tcatalyst, 8t ddstricdahova ithte finishing

reqgfor BTG & GO GRINBEPLOAT R IF TP TiocHerg R Bsting sact figuen
d) p«l%ggél ﬁg} %(?;oéigg i fikiihOReabtol LEAROR 1A Behpefutire sGARRINTIAIGWO for

vapor phase node under alkylation
condeasing ehleasdagttionnd vaporoyraseinatis eomipogudsdn dhagataytisrdistillation

bot t ff t I Si | kyl | .
B

catdBsOW the | owernost bed, and an al kylator vapor
over head stream conprising unreacted aronmati c conpound
and unreacted ol efin_ discharging above the ﬁgpernnst

[0093¢ In p furthsrerabrdimgnt; the appargins fusthes mpyesFPeans A JeReYng i
suPantQ Brfort GG TSRE Aot hlohdl in IRRHIEALALOFAMEN efore
codlitigtstep (£) toi foith agtripped atdooteahMimshig readtonrefiladntyih apother
at al yst d rated in . a |liquid,phase unde
emBpgigIelt st ARAFT O PN TS HHERL TP IONST Brdealopsgmost
bed lragﬁ% LiFperRBRYEA dn earndiHep aabEHmehS iehng dte pro@ided for directing
a

yl at over head "stream are converted to allyl ated
thesstrippeetliand comtpbiimislingidaptor effluent to above at least the two lower beds of

the first alkylation catalyst.

[0094] Thus, whereas there have been described what are presently believed to be the
preferred embodiments of the present invention, those skilled in the art will realize that
other and further embodiments can be made without departing from the spirit of the
invention, and it is intended to include all such further modifications and changes as

come within the true scope of the claims set forth herein.
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substantially conpl ete consunption of the unreacted
ol efin, thereby producing a finishing reactor
ef fl uent conprising al kyl ated aromati c conmpound and
essentially no unreacted olefin; c) renoving a
substantial portion of any volatile conpounds in the
finishing reactor effluent to forma stripped
finishing reactor effluent; d) cooling at |east a
portion of the finishing reactor effluent to a
t rature sufficiently |ow for condensing at | east
gléﬁggition of vaporous aromati c conpounds in the
catalytic distillation unit, thereby formng a
1.str ipp%a@desalﬁd teOrogektion v aitylagdreanitiorcoafpbindscomprising the
-29- e) directing said stripped and cool ed finishing
stepg@fit or ef fl uent above at |east the two | ower beds of
the first alkylation catal yst during operation of the
cat %?ﬂtﬂoﬁu&%&dé Jr@hdr Gronthit tomPhEIas bild &¥orahdsy bRFigSlinto a
aronatic co ounés In the al kyl ator overhead stream
caalyéic distiisticninitdavingrae leastéo fowabeds atowermostrhed) and agf

DS L S8 TR oy R
combindliéd B5hid bRIBasor phasiiRbddmdesalkylatidd restios Comfitions to

unreacted aromatic conpound and unreacted olefin. 2.
proftuce pliguid sikybtordotioms efflughtesoaipisingallekabedearpmaticrpspynds and

i s benzen 3. The,.ptoce f elai rel
unffla‘étfaﬁ? Ao ISPWP%WQ dbs:%hf’)rlgg%%eg)r%&w ?.’vmﬁlw}'gﬁpr o’c@é1 gn f)a lator
vapdrdivBihdad MRBh&ompsiging vatdstb@ninatio térapaundfahd usmbcted olefin

_conprises ethyl benzene or cunene. 5. The process of

dischaxging abovsibe wpnermest®edil kyl at or bottons ef f | uent

further conprises polyal kyl ated benzenes and

unr BT ks dondeiet Qikiglator

thesgﬁ%@ﬁ%tlong?%gggrg%ﬁggﬁgﬁgﬁgﬁgﬁgﬁg{he cata]ytic%@.
ovethedd stleahiand direriting caidporindamsedmalkylatosoneghead streaghinkhd finishing

270 psig to about. 550 g and a . tenpgra r .
reagiop b nga ociopt abaton s i rtuet ETEAR BhSe Bhargfflason
reabBbInditiodt Whefeth thB Gnfeddt8®ardinafd Bothpolind ah@ uaeadtéd Slefin in the

7. The process according to claim11, wherein said

alkglatayrovenead greposgive tanvedediv@lieylatedbaromaticeamraundywith on

sulfy dn'}'?lgf %4,&@%;8 ?'%ri%%x%%r‘? 0r 624 RSt 810n NELENY WOBEEN D Enishing
reactor effluent comprising alkylated aromatic compound and essentially no unreacted

olefin;

¢) removing a substantial portion of any volatile compounds in the finishing

reactor effluent to form a stripped finishing reactor effluent;

d) cooling at least a portion of the finishing reactor effluent to a temperature
sufficiently low for condensing at least a portion of vaporous aromatic compounds in the

catalytic distillation unit, thereby forming a stripped and cooled finishing reactor effluent;

and
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streamis discharged. 8. The process according to
claim1, wherein the first alkylation catalyst
conprises a vertical arrangenent of two or nore bal ed
units of a suitable acidic catalyst having a suitable
spaci ng between each baled catal yst unit. 9. The
process according to claim@8, wherein the first

al kyl ation catal yst conprises a vertical arrangenent

of five to ten baled cata ynits. -30 . Ih
pr o&éég@%@g é?laisﬁ‘g)pﬁfgargf OHd?Hu%lfg r%fuﬁort uqn]%? qve a? least the
mz%'lwé?&ehggfgﬁgi&?s‘égt 1aﬁeﬂmt£1§§%uﬁxﬁgﬁér£ﬁ&1aiftmdaedn;@wmmaﬁon

of seven l'yst units. 11." The process
unitc wherdinrey tabkytatel aroBatiovveneiunds inghedlisylptar pwerlicad strepm #e

i rst al kylatian  catalyst by two.t.o sey '
subHET Y ey gk B greron ot e SR ng o stp ©)
byQRE 8F ¥ Sitablétbictb&it capadbRVSTsclBOelyRmoVing alk§tatdde@bmatic

arrangenment of three to ten baled catalyst units of

cotripeundsiin gite ra¢sendeatfivoreactad atopatic compewidring yarcaciabelelipg
bal ed catal yst units is greater than the nunber of
split ol efingeed .| ; - j : r

2 por tits R B 1 WBFSin O ElopRc SRR ShapBRel
lines. 12. The process according to claim8, wherein

3.t he Te@kdcass of cfaird 1t ovhedem the pkfinad &thylend arpropydanal yst by
three to five split olefin feed Iines feeding an equa

f baled.catalyst units of a | i an_of
4. e rise i anane b wli RS

ethyMehserRflor cliignd I st al kyl ation catal yst, wherein the
nunber of baled catalyst units is greater than the

nunber of split olefin feed |jnes,. there | eaving an .
5.1 e patceseaH clsimba BT JEHSHp IO A YR ey prises

po\il‘)%g&(leatltéﬁeeﬁzenégandTlltﬂ'lﬁezf&Ee(a%%ﬁzcengpCor ding to claiml,

e aromat1c compound is introduced below the
| onernost portion of the first alkylation catalyst as |
6.a vapeproctss.of thim s whesh the ellyldtion reaetian conditions ¢fithe patalytic

.conpri si. i ) condensi t he, al at.

aigaben gttt ep vt danee dod ofp Biglo ABUrHiAt and

teriperRRIB of Fh AHoul 14528tth ABoE 250°C.CR1IE e aehatitddyloddfiar weight
over head stream before introducing the al kyl ator

ratipvigrtherdzsefrabanh 2.9 fr @ouhd 5 i ni shing reactor. 15. The
process according to claiml, wherein the renoving of

7. vol %thle 'pFoch%'EQQ&&ﬂg to claim 1, wherein said absorbent is positioned above the

uppermost portion of the first alkylation catalyst and below where the alkylator overhead

stream is discharged.

8. The process according to claim 1, wherein the first alkylation catalyst comprises a
vertical arrangement of two or more baled units of a suitable acidic catalyst having a

suitable spacing between each baled catalyst unit.

9. The process according to claim 8, wherein the first alkylation catalyst comprises a

vertical arrangement of five to ten baled catalyst units.
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step (c) is by a lights stripping zone capabl e of

sel ectively renovi ng gaseous conponents fromthe
finishing reactor effluent to forma stripped
finishing reactor effluent wherein gaseous conponents
have been substantially renoved. 16. The process
according to claim15, wherein said lights stripping
zone is housed in the uppernost portion of the

t di sti
1050 ereraceri S e e Dabfit i B RReaprises o
veRRAPArFinBEM M oF k¥Rn b&lkd bgaly&fuhet ed by one or nore
cool ers or condensers. 18. The process accordlng to

claimil, mhereln the cool ed finishing rea nt
1js Thearopess 9@?@ e toplain §ap‘\"]i1<trelf‘é]é’o°1F1ig hbdet s E‘hgrSF ?lﬁg‘f’twn
caf%}}}é’y Wé)qg Pﬂtsc%l%ﬁr}%ec% isﬂt?&afP{(&{II‘gg it éﬁ‘i@g{ngdeggf Beed catalyst

unit© 694 lo%ﬁporaon/ of 4 verdtal anmag&gxeneasﬁthmé td ten baled catalyst units of the
bal ed cat al nlts and é Iefln s fed.t

firstjaflgatiogcp yatt, Bereisihg pyperinf Dalsel el lssgﬁtﬁt‘fﬁhan the
1QN gl A r@SHHbalel ARGt unit
e Sl RE [ it PR | AN e Mgl DR units
withent olefuh fead fiaemyenent of three to ten bal ed catalyst
units of the first aIkyIation catalyst wherein the
r of baled.. cat nit.s
£ pacess&wctrdlgg 2? 1?1 g elrelﬂ éhe Ol?tlﬁtne 1r%tef§{ toI tg%rs{ Qﬁ%latlon
caﬂd@@ﬂfy thRekd e st olefih Febddmiea feeding Un et sal \ﬁulfnbémif baleéfcatalyst
feed |ines, wherein cooled finishing reactar effluent

unitsofplowver partion af aiverhesl atsﬁngsfmept offawrdocightaled catalyst ynits of
o 05 MTRER B Bl Sl bt L Ebalc RAGR Ponil AL peAL dan the
numBpesiisplitplefit feed Hids, thierebh &aving\m ruppardorttm affbaled lcatdlyst units
catal yst units belng fed by olefin. 20. The process
withoinlefimised 4¢s ai m 18, wherein the first al kyl ation
catal yst conprises a vertical arrangement of four to
1381 9hthe BR-EY a@éﬂr@h%% clHiR 1 Swiiéln iearOh@dd donipduh@ld ihittoduced
the first alk i on catalyst by three to five split
belowethe lowesmdst Ipmt@@ of é@ﬁmfgﬂlbﬂ@fanpat?@sﬁ%ﬁ EHRET- nunber
of bal ed catalyst units of a |ower portion of said

4Ver

Vo Sl A SERIBHE Ly ol b atl o Kb
ovérhéddastresrth t(bpnloddcecatcmﬂmtad allgpliatos onv&hgard%nean, 4ridg(ii) hdaging said

nunber of split olefin feed |lines, there eavin
confe opa e ersha BB pEar R e e
unéﬁ%qq Mherein cool ed finishing reactor effluent

I's spli to a nunber of split feed lines equal to

t he nunber of olefin split Iines, each of
15.  The process according to claim 1, wherein the removing of volatile compounds

step (c) is by a lights stripping zone capable of selectively removing gaseous components
from the finishing reactor effluent to form a stripped finishing reactor effluent wherein

gaseous components have been substantially removed.
16.  The process according to claim 15, wherein said lights stripping zone is housed in

the uppermost portion of the catalytic distillation unit.
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the split feed Iines of cooled finishing reactor
effluent injecting into each of the Iower portion of
bal ed catal yst units being fed by olefin. 21. The
process according to claim1, further conprising
processing the al kylator bottons effluent by a
distillation process capable of separating a desired
al kyl ated aromatic conmpound from ot her conponents of

4 he.al kyl ator batt ffl - - 1 ! .

17 or TieeRsicreriie WFiath gy Vil 6ot Sep aleoRifE @ ep () s

ffeOlEB bl 8h@r thbR coblefXs cohdensdrs.i Nt r oduci ng one or nore
aromati ¢ conpounds and one or nore olefins into a

catalytic distillation unit havipg a ast. two | ower .
18pedsl hegrocssiachordinepediaimn dwg?{em&E%féioﬁeéJ_s’fmﬂ%s ing:d e_%em '8
fed VaShe 8t ﬂ%@s&ﬂipfée& &had ¥ e filstBIcAM G bdlyse di sti | T ation

unit operated 1n a conbination Iiquid phase-vapor

phase node under al kylation reaction conditions to ‘
19pr odibe @raxeds agodrding|th plaim B, whsreio the &t alkpdationcatapist gmpgises

| kyl at ed ' '
o B e b R PR Sl R BEOPLOER o
alldhdtiohh@lyst BRI to Q¥ RN RERICHISHH RadTifTR¢disd slefint Magusd

aromati ¢ conpound and unreacted ol efin dischargin

nugibevef taked catafist wnjtstin b dewerpprtinniod said (vERICRAATTABAIAT @P thgp to
| d ' 1ds | .
e B PO RIS b A e YR

caafyss@lig 64 grée@bythagtie\iufiper 6ff split clefil foad dined, therebyrigavingds upper
in the presence of unreacted arqmati coqﬁpggg aﬂd
porfiane beled ceiplys ywits prgPRIRJeH et Enggwhersiroglsd ginishing reactor
eﬂﬂ.}eEV 18% W inRVARRART oB {i# U 1ihds SRAASML AnbDof SKefik SR Yines,
al kyl'ator overhead streamto forma condensed and
cactcofithdsplit &dekd flinad off cooledfinéshihgstactamafBuwmit thjecting intgeashiof the
condense scrubbed. al kyl at or .overhead streaminto
lo‘ﬁerfﬂoﬁi%‘iﬂ%ﬁgp éé‘é{yétrmﬁté\l}’ieﬁé}f cUEHR al kyl ation
catal yst and operated in a liquid phase under
208l KythapidRBssla8astling o Elaisl18,ivheseinhier frsralkfisticntamiet @ehprises
aromatic conpound and unreacted olefin _in the

a vericabidgemnelohfayr tasishithaled catabshiiapd dsrRlelin s ded todhe first
al kvl a [ LC i i ical
IS S0 AT SRR AR e BT gty
of paledlttalng uaité ofMd hienportienmof aid edrfital antngeorept ofowgo eight
al kyl ated. aromatic_conpound and esseﬂtiang ne
balgd eatalystamits pEthe r{L’rst alkylation catalyst, wherein the number of baled catalyst

units is greater than the number of split olefin feed lines, thereby leaving an upper portion

of baled catalyst units without olefin feed lines, wherein cooled finishing reactor effluent
is split into a number of split feed lines equal to the number of olefin split lines, each of
the split feed lines of cooled finishing reactor effluent injecting into each of the lower

-portion of baled catalyst units being fed by olefin.

21.  The process according to claim 1, further comprising processing the alkylator
bottoms effluent by a distillation process capable of separating a desired alkylated

aromatic compound from other components of the alkylator bottoms effluent.
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d) renoving a substantial portion of any volatile
conpounds in the finishing reactor effluent to forma
stripped finishing reactor effluent; e) cooling at

| east a portion of the stripped finishing reactor
effluent to a tenperature sufficiently |ow for
condensing at |east a portion of vaporous aronmatic
-33- 0 conpounds in the catalytic distillation unit,

t hereby form a.strippe i shi .
2, g oot i irarSedign iy A R EidonbbdE oBrsing e
s&?ggﬁed finishing reactor effluent above at |east the
wo | ower beds of the first al kylation catal yst during
operation of the catalytic_distillatign unit. %%. A
pr o@BEFOfysing ORe G5 RRTE ATOTRC GPMAPYAAS 3REANSHTJRYE ofetins mto a

catglsfﬂp QARG ﬂa@ingglt ja& &w%tl@\pér pRlis, addwiriHokstdCaiGnONe
0 ic C I

nore arona npounds and one or nore 0.e Ins
uppetin0sttbed ofih dirst talkylatiios catalyat, thercatahyitic distillatin wnif ¢pegated in a

compImgHTLAS bbase Har S STe OB eSO B ome 1
prcléig%‘,%? ; ift 233286 HoRtbk )éﬁ}ueﬂf‘dotm ARG a8 HAPLERREE cdhddcREds and

t un't, the catalytic distillation unit
unepeedbethatio campowdtiischetigmg telayuthe Iprramesiheg epd pmakkplator
node under al kyl ation reaction condition [
vagpR OV SeRPIHTB BB POAE - AP G £o bR L npfth SN G
disBhdtYind bBSVeahOFRehfiot®EROUNds and unreacted aromatic
conpound di schargi ng bel ow t he | owernost bal ed

catal yst unit and an al kyl ator vapor over eaﬂgggéram
conp) substantialiyremeyiag apy alidaicd aEMAIG FABPIIRISIR or

ol ef i _di rgi : .
vae Sble i SENAT P 0B AaplciBodtBRRL APl FRCRHNG RintEing
alkghtedl aydhathycompouhds inehepresate of wirekcted afepatic dompeund and

f eedi ng _an_equal nunber of al.ed catalyst units of a
unteacied Olﬁg’f”tth?f%bb?mg‘é“i“ég ¥ é‘?ri‘li’li?glah‘é'?ait%{rf’d 8’?%?\4 S hree to
ten baled catalyst units, wherein the nunber of bal ed

cat g ﬁhe&fﬂg{t_ﬁe §ctulc8 A8 atd i tRrHe A streae fordh a coplehded and
ol efin feed an upper portiqn o[

ines, thereby |leavin
scriystiedcilkydater orsthead s@w@%@p‘ungﬂ;a@? ¢qndensed apd %gl?beg)alky ator

oA T SR R AT g
in ﬁlli%—/iid g?iéﬁg RnadrSUeivh reapioh tendifiors etteedin thelupraaeted wrangatic
compotnd and unreacted olefin in the scrubbed alkylator overhead stream are converted
to alkylated aromatic compounds with substantially complete consumption of the
unreacted olefin, thereby producing a finishing reactor effluent comprising alkylated

aromatic compound and essentially no unreacted olefin;

d) removing a substantial portion of any volatile compounds in the finishing

reactor effluent to form a stripped finishing reactor effluent;

e) cooling at least a portion of the stripped finishing reactor effluent to a

temperature sufficiently low for condensing at least a portion of vaporous aromatic
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aromati c conpounds in the presence of unreacted
aromati ¢ conpound and unreacted. olefin, thereby
produci ng a scrubbed al kyl ator overhead stream -34- 0
c) condensing the scrubbed al kyl at or overhead stream
to forma condensed and scrubbed al kyl at or over head
stream and directing said condensed and scrubbed
alkylator overhead streaminto a finishing reactor

cof RSB G, BB P ool 2

finWh B g&@ﬁ&nghﬁﬂf@ﬁ@ted aromati ¢ conpound and unreacted
ol efin in the scrubbed al kyl at or over head strean1are

converted to alkylated aronatic co u

s ubdrdirveiieg 180 S den coeled TRt InesIor € nlghogs gt the
twc? lo%&f'ér 'gedst(;ﬁljiﬁ IE% ﬁ{cﬁgﬂf&{a%ga ngst Ehﬁﬁg@p 105%@9{e‘lrataﬁftfc|d1’s@11ﬂhtlon

npri sing tic compound and
n@ssentlally no unreacted ol efin; renovi ng a
substanti al portion of any volatlle conmpounds in the

finishin reactor effl for a stri . :
2341 Pt R ipoutn oAkl gl bRE b pogsing the
stepOs£ i on of the stripped finishing reactor effluent to
tenperature sufficiently | ow for condensing at
| east a portion of vaporous aromatic _conpounds. in the
cat &) iptrpeuciigsqnie|or S1Are AOmaHE compads png @%Crﬁrﬁlgors olefins into a

cat?ly[lcd Hi? g @%tf%nqmﬁ%‘oilr% a/ Irét%%ﬁétﬂ% c%gigg mpls] rlsgﬁﬂaguca@n d

arrfiPREIN06f tﬁfe‘ek@l edntbated chh@sf lhrrls;tand ahh;ag aﬂovmrmsﬁttaleﬁwtalyst unit
during operation of the cat

glstll ation unit,
andAEWRICHIESS blgg|catplyst;uatf; the élfsu QM HY OHegatﬁg‘f‘lat

I of It
R 82 g ok i
profalpbe 4 lifaé diklylatoe botvdms eifluent donmrsmgm@(yiaéqbargmatlce¢qmmﬂs and

n t|n above each of Ih orti

e e r e e pisang ey B rers bR ARBE i and an
alkPGER VIR DvEBesd ﬁfeﬁin%%mp%&?@infba@de&%fdmdﬁa fcbin@bund and unreacted

ressures throughout t he ower portion of bale

olefauzchagingabes tHoupparmostbaledcatpbistutity SACELRICTR iSvféd to the
firs? gfkc}:'ﬁlﬂ})ﬁ cétgl?fs_t by two to seven split olefin feed lines feeding an equal number of
baled catalyst units of a lower portion of said vertical arrangement of three to ten baled
catalyst units, wherein the number of baled catalyst units is greater than the number of

split olefin feed lines, thereby leaving an upper portion of baled catalyst units without

olefin feed lines;

b) substantially removing any alkylated aromatic compounds in the alkylator
overhead stream by use of a suitable absorbent capable of selectively removing alkylated
aromatic compounds in the presence of unreacted aromatic compound and unreacted.

olefin, thereby producing a scrubbed alkylator overhead stream;
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¢) condensing the scrubbed alkylator overhead stream to form a condensed and
scrubbed alkylator overhead stream and directing said condensed and scrubbed alkylator
overhead stream into a finishing reactor having a second alkylation catalyst and operated
in a liquid phase under alkylation reaction conditions wherein the unreacted aromatic
compound and unreacted olefin in the scrubbed alkylator overhead stream are converted
to alkylated aromatic compounds with substantially complete consumption of the
unreacted olefin, thereby producing a finishing reactor effluent comprising alkylated

aromatic compound and essentially no unreacted olefin;

d) removing a substantial portion of any volatile compounds in the finishing

reactor effluent to form a stripped finishing reactor effluent;

e) cooling at least a portion of the stripped finishing reactor effluent to a
temperature sufficiently low for condensing at least a portion of vaporous aromatic
compounds in the catalytic distillation unit, thereby forming a stripped and cooled

finishing reactor effluent, and

f) directing said stripped and cooled finishing reactor effluent to the first
alkylation catalyst during operation of the catalytic distillation unit, wherein cooled
finishing reactor effluent is split into a number of split feed lines equal to or greater than
the number of olefin split lines, each of the split feed lines of cooled finishing reactor

effluent injecting above each of the lower portion of baled catalyst units being fed by

olefin.

24.  The process according to claim 23, wherein olefin partial pressures throughout the

lower portion of baled catalyst units do not vary by more than about five percent.

-35—





