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 common al kyl ation reactions include the
al kyl ati on of benzene wth either ethylene or-
propyl ene to produce ethyl benzene or cunene,
I es pe ANKELATION FROOESSFOR INCREASEDICONWERSION t ant
for its use in the production of styrene, a precursor
to pol ystyrene, AND REDUOED'CATAINST USE! arly i nportant
for its use in the production of phenol and acetone.
[0004] The catalytic distillation units thus far used:
are not, by t hBACKIGRGUNDAAEBHE INWENTEONconpl et e
conversion of the olefin and aromatic reactants to
al kyl ated aromatic products. Accordingly, the
Fﬂﬁﬂﬁgkwﬁp%D@VENiﬁ$@t'on process typically includes an
rnrshing reactor, operated in the liquid
hase, for converting any remai ning unreacted ol efin
[OQ%hhThe mresgnbinuention seatpviona dmpioved sajalyicadistilabprprogess for the

prof ATl iclled ERILCY SGRTR, AiARRHi3h O Bhn pld fomatc
cor2bd254412 to Pohl. [0005] Wiile the catalytic
distillation nmethod for al kylation reactions has

fed S here remain several areas in
Dgﬁgg%éf P#qgﬁﬁg%ggggighéggéxanple the process is
known to suffer froma lack of reaction efficiency
[0002] Bhe advamagte df the ebthlytic distiiéation process Diveisconventional liquid phase
alkylation processes are well recognized. See, for example, U.S. Patent Nos. 4,307,254,
4,443,559, 4,849,569, to Smith, Jr., U.S. Patent No. 5,243,115 to Smith, Jr. et al., and

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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i npedance of olefin conversion is primarily caused by
an inability to control the required olefin partia
pressure in the alkylation unit. [0006] In particular,
the heat of reaction (the reaction occurring in the
liquid phase over the catalyst) causes partia

vapori zation of aromatic conpounds, and a significant
increase in the vapor rate fromthe | owernost portion
of the catalyst to the uppernost portion. Gaseous
olefin, flowng counter-currently upwards through the
reactor, is absorbed into the liquid phase and is
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pnmaﬁahyﬂmrhadﬁ [ 0009] There is a need, therefore, for
an inproved catalytic distillation process for

[0007] Since the cost of the catalyst is typically significant, larger amounts of catalyst can
result in a significant capital investment for the process. In addition, a larger amount of
catalyst further exacerbates the capital and operational 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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al kyl ati on reactions with an inproved conversion rate
of the olefin. There is a particular need for

i mprovi ng the conversion rate of the olefin by better
mai ntaining a desired olefin partial pressure

t hroughout the catalyst of the catalytic distillation
unit. Such an inprovenent would allow for the use of
| esser amounts of catal yst, and consequently, a
reduction in size of the al kylation reactor, and/or
greater overal |l olefin conversion across the

ation reactor. SUVMARY OF THE | NVENTI ON [ 0010]
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nmeans for condensing at least a portion of said
vaporous aromati c_conmpounds; and wherein the olefin is

i nt roduced i nt o SURAMMARY OHFHE INGENEIQN second

catalytic reaction zones via respective first and
003 6T Dhesd @ﬁdeéth&cfb LR n feed
[ - Pratgs such ﬁﬁ?géﬁglnta?%&%%gggﬁai ?PR*?H#EQ§BF§§ﬁ”
the produgtion ef afky! aromatie sompfounds in armdtalytic dmdllatmatrechIJ Wherein

r ess.t bou
o b O g Sl B reeeBies st hm ey ot et e exsstor
are cashuped s she effectivd nosbiee bM@adlios s@besTaA Be HoRIRM Q“he 1ocess
nds a one or nore olefins into a catalytic
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| ower nost bed, and an
introducing olefin and aromatic compounds into at least first and second vertically

spaced catalytic reaction zones in an alkylation unit 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



uppernost bed of a first alkylation catal yst, the
catalytic distillation unit operated in a conbination
i quid phase-vapor phase node under al kyl ation
reaction conditions to produce a liquid alkylator

bottons effluent conprising al kylated aromatic
conpounds and wunreacted aromati c conpound di schar gi ng

bel ow t he | owernost bed, and an al kyl ator vapor
over head stream conprising unreacted aronatic conmpound
and unreacted olefin discharging above the uppernost
bed; b) condensing the al kyl ator vapor overhead stream
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sai d _condensed al kyl ator overhead stream
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[0al Kylhatspenific enstadin@if, tBOpYbdst &{g?ryygﬁr ein the unreacted
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alkylator o rliead 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;

¢) 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



uppernost bed of a first alkylation catal yst, the
catalytic distillation unit operated in a conbination
i qui d phase-vapor phase node under allcylation
reaction conditions to produce a liquid alkylator
bottons effluent conprising al kylated aromatic
conpounds and wunreacted aromati c conpound di schar gi ng
bel ow t he | owernost bed and an al kyl ator vapor
over head stream conprising unreacted aronatic conmpound
and unreacted olefin discharging above the uppernost
bed; b) substantially renoving any al kyl ated aromatic
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cqndensing the scrubbed al kyl at or over head
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stripped finishing reattor effluent; -5 e) cooling at
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ef f PLivhtantiglly remesingomytialiy ltedufdmaticentnpyurde i fhe blkylator
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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;



unit. [0013] In another enbodi nent, the process
conprises: a) introducing one or nore aromatic
conmpounds and one or nore olefins into a catalytic
distiltation unit having a first al kylation catal yst
conprising a vertical arrangnent of three to ten
bal ed catal yst units and having a | owernost bal ed
catal yst unit and an uppernost bal ed catal yst unit,
the catalytic distillation unit operated in a

conmbi nation |iquid phase-vapor phase node under

al kyl ation reaction conditions to produce a liquid
al ky leptoolingattleasnmpeartibn fthé steippearfinsshig radckor efhRsk to a
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firgs alkylatipn casalysiby thi@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;



unreacted ol efin, thereby producing a finishing
reactor effluent conprising alkylated aromatic
conmpound and essentially no unreacted ol efin; d)
removing a substantial portion of any volatile
conmpounds 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 aromatic
conpounds in the catalytic distillation unit, thereby
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process described ab In"a pret’erred enbodi nent,
the catalytic distillation system conprises: a) a
cat Q) fFovingiasubstangie] pastiemefanyi yolatilg campounds irethk fihishingn
redef 8F0Sht to 2t 4 Lot below a
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ﬁnishmg 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.

[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



c) neans for condensing and transferring said scrubbed
al kyl ator overhead stream to a finishing reactor
having a second al kyl ation catal yst and a fini shing
reactor outlet for discharging reacted finishing
reactor effluent, wherein said finishing reactor is
operable in a liquid phase under al kyl ation
conditions; d) means for cooling said finishing
reactor effluent to a tenperature sufficiently |ow
for condensing at |east a portion of vaporous aromatic
conpounds in the catalytic distillation unit; and e)
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a
d‘%%’&‘%&?"é’?d ni eacigreséivents wheer saisk fEnishing teanteyds operable in
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maxim ze olefin partia pfessure and reaction rate.
-$ [0016] Furthernore, since the flow of aromatic
vapd msans| ferrpeting said ﬁmmnerelagtor ﬁﬂuMQEStenmeramesufﬁcmnﬂy

ar ona
lof FEXCRIEng B 42 Do oo HBERS LR e G
digtillgffoavunithamd i n a prior art while maintaining or
reduci ng the vapor |loading at the top of the
of

alk .reduct i n.va | oadi ng at the top
rﬁéa%% r@rlrecgtmgog?gl%? 6J shing eﬁtﬁor uaqtg%tﬂéq,ﬁrst alkylatxon
cﬁd@kylator since the hydraulic |oading at the top of
the alkylator is controlling. [0017] Furthernore, a

initia ow of aromat vapor at the bottom of
{0(? EEJP% lﬂy?nélpg Iaclvantageous[y controls ofcﬁn parrt)lal pressure by re-condensing the

aromatics, mostly aromatic reactant (e.g., benzene) and to a lesser extent alkylated

aromatics (e.g., diethylbenzene, triethylbenzene, etc.) vaporized from the exothermic heat
of reaction. By re-condensing the aromatics, the flow of aromatic vapor no longer
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
longer required to increase up the column in order to maximize olefin partial pressure and

reaction rate.



allows for a higher initial flow of olefin at the
bott om bed of the alkylator, while not exceeding any
design olefin partial pressure constraints. For
exanpl e, four olefin feed injections distributed,
frombottom as 18%/ 21% 24%/ 37%in a prior art
process can now be four olefin injections distributed
as 33% 26%/ 22%/ 19% [0018] The higher olefin flow
to each of the | ower catal yst beds (including fresh
make-up olefin feed plus unreacted olefin that exits
the previous bed) and resulting higher olefin

[Oﬂmﬁﬂ\/ﬁﬁ‘ﬁlbﬂﬁbrb Ria e Mw s18&RatR8MForS oAk del Etﬁa@{a}lﬁfall mcreas%s up

@gfes t he catalyst productivity g@ efin converte
r Galmg; the ikl pramaticryapdrdedd@iiie botteriof the abiotisor can be

ver jncrea
R e
thp tqpcgf theralkylat$i0 04 Sduditomein vagror ldading dtihie kaprofitie dikKatbedldivs for

' er wth the sa st hed height results.in
= QA lialoet Ayt B8 TredatBndbedio o e 0p o e itator i
conttblbihy.st beds since olefin conversion increases and

cat al yst vol une decreases. The resulting higher

[0@@73 }I&ééérglgf) g:é.t | vl g\? gf ngngﬁcg%ﬁiééé@t%ﬁgff%f zfikylator
allowh FirGitesHet Mitlad wo%fa&ﬁn Qf thk gotlaﬁn Be SR 51@9:% 5‘%@% B&L

in catalyst run-length or life expectancy
exggedingany, flesignarefin naginl ereseme enpwsivaists.t Rer dxample, foedslefin feed

g 4 ke-up ol efin
iy astB058, RSk 85 10y OB o con
nowde fewralgfinanjettivais dmtr&i‘utdd 28 0B%L26%d22%1709%. t he | ower

four catalyst beds in a prior art process Is typically
s, in coptrast to

t | ef d. Thi
R rPhighit 14 By 550l bRt o G i ey
oldﬁmfeadqildswnadactleeaﬁﬁn_t’l?a‘i’@ﬁfs thé" ehaﬁsed Tﬁﬁrﬁfﬂeﬁmﬁ %hep biefin

W th O@bless cataly er ca
°°rB’é’E?é°“(‘f‘ egeho #I*?é“s%edé é’c&gl tcwéﬁy la@efﬁeft the é@@lw@nfdue@hty (oleﬁn

corlVBHEd pHp v@iuﬁfe'o@ catfal?ﬁfjl)n i ﬁ)‘%/epge{tilgsrt B'&Ee%%rls -ercfr(];% &t to the

cat al yst beds f react un-tonverte
lowey but; ey ingresinigdfigar ofdefinssind {dvedr olefie canmversidr of @ prior art.
al kyl ator olefin conversion is at least 75 - 80%

OOQggfm | ed).. and de an
[0 vr, Pleadd i SROLAE alodie P PARHRC b IR bt
res‘glﬁgn peanthigier patal s progluctivityl mfheﬂowa' chﬂa@bﬁfeds sivegolvird hout

Jiely of fres in.feed, because
conlkéich B Fls e S Bl erersrb T mmlinecashes SRppiod
proictilrity has no negative consequences because catalyst productivity in both cases is
sufficiently low so as not to be a significant factor in catalyst run-length 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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the prior art process. Second, there is now | ess
unconverted olefin fromthe | ower catalyst beds
entering the upper catal yst beds conpared with the
prior art process. Third, for the sane anount of
total catalyst and smaller dianeter alkylator, there
is less catalyst contained in the | ower beds, and
thus nore catal yst contained in the upper beds,
conpared with the prior art process. This neans there
are now a greater nunber of upper catalyst beds of
the sane bed height, and thus a greater total upper

[do2] Ties iper Givayst Bétlsqi.d. Ghose®RAARAL dBHEt fé@éiV@ﬁ‘éshtr}i‘ﬁce-up olefin
ol ef i n 0022] The i roved | ower catal yst bed

fegtealsn Resiorma Reftermpbhesy éﬁaluﬁﬁéﬁs fugthenrgast ubeenvenigskelefin exiting

the ?&wrtbédﬁ b Rt U JveRAItiD Xmgfg%? Slefiflc @Ide.%m%‘%%‘ thelé%k 8. k¥
ylator wth the s anount of catalys

(Vd@npaﬁrmihmg redvtarfieerpployed),and povilees allc(vﬁe%cé for Hafdehgty ieatalyst

al C ersion, en on t desi gn .
odtieh) Bt SEBHIBLRuRP pf LERE s Sveoy HhepE e fersion g fresh
mékap 6188n feall Heydise ofthe EhideRNatiaof vdporiZ28 aiohqaﬁag dbMPdred with
al | onwance) reqw red to achieve the sanme olefin

the BHOTATSRIBYFSH sSCaTh Aiatis P wHess HBcqpv it odghin fnme thedawer catalyst
bddB3ling/ A€ uﬁ?eg BRI &lb@(fisj &H%beﬁ%lﬁyftﬂ r?t{] r aht ModRbS S, for the
er and

i nvention a reactor
sam@@mofunmfsmmtaﬂ}samtdcsmaﬂat dahrgeter dllydatort thereps less cavalyst
converted.in th

fl
ooplafte it 8 o Tl and O Ratehelst Bl At L ot Pesie
compafaamlth thepiettartQRodess. AN M¥AngBicd e hHW a EAaRr aﬁmber of upper
h prior_ art processes, this would still

calyob 5 G the SSEpF<Ciciath g e EGiS 1 9t pyd e ght avalable (o

cogﬁgtagnﬂggnveﬁltgg]@lgﬁlgase provi des econom c benefits.
[0024] Furthernore, since there can be nore total
catal yst beds in a smaller dianeter alkylator having
[0037d T irepramiesinwersatalyst bed apsratipy end lmpnm@d wppeasatalyst betat
] can. new be
opBafolPREMAA & f%ﬁﬂlﬁ/t Qitef glgﬁﬁ) génq'r rs%'ﬁtn% H1 g{y?aftor Wi ee?j sanie

more i njecti
amotift ofivetalyst coa@dreti ivdthahe wradraktypsdcelsad% tEd 5%chighiep bkylafo@ ur

cogGig, rping PhTe dsral Fip-EHEPY B Sep f B e e (B

400eleds catalyel, @épending 6h Gl lcRNB cﬁ*hl%trall@\h'&ﬁ:g) Ruircd b adiddPe/the
19%/ 16%/ 14% [0025] The nore uniformdistribution

sargg olsfin conyersipnias cemparediwith thensigs atipegaess. 1) nor e

[0023] The higher olefin conversion of the present invention 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
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beds receive fresh make-up olefin feed and operate at
hi gh productivity; and 2) there are nore beds
operating at maxi mum ol efin partial pressure. This
effectively increases the nunber of reaction stages.
The greater distribution of olefin feed and | ower
catal yst bed productivity can also result in nore

uni form catal yst aging and potentially |onger catalyst
run | ength. [0026] More CD al kyl ator beds at maxi num
olefin partial pressure results in still higher
conversion rates and |l ower required finishing reactor

26 OAYE bdditidhal @mysabéd Ro exanf2é, 368 oldhingEddinfeatidns Alstributed
ressure throughout the catalytlc distillation unit is

( pryhattompstlfed /ldaedt’s / 3100 Bhe PraeT artnseresyrap apwrbe five iqlefin
igUSHoRd stHE@EA hOFRo% 3%, | 190 PWF%«%M catal ytic

I st atiron unit 1s highe In a particularly
referred enbodi ment, the invention provides the above
[ hﬁh%@e@ upifornn élsmnh@p ef beftnde oaoré eatalysh bedsoeangid ) more

f.eedi
o P B 83 RSN T e
n}mds bbddy sperniufglanglaﬂimﬂ Jlﬂktﬁﬁi%)arﬁﬁl préste@cet This effa'?ﬁlekyﬁﬁdr&es the
i react or_ef fluent advan el ps
oLt s, CEhe SEF s ioh & Slgiib eed e o er salyst bed
pRIdsthvRy eaTalsA RV iRmdY uStdRiCdaiafigt ﬁlﬁgeﬂlﬁg%ieﬁﬂaﬂgﬁ éé? gﬁaelyst

vapor “~pressure of the aromatiC by condénsati
ngylepgthi c. The process allows for an inproved
conversion of olefin (e.g., 90%instead of 80% and/or

[@28 fEl Qlk& Jr BEds a@ﬂﬁ?ﬁ] Lw%lefﬁ g 1t51‘iiges§ﬁ’e %}s}iﬁé in30f hfher

eduction e Sl ze n and/ or
convaisohiraigs andémetraeqmr‘é& é@sishingpeactoecetsioal Ovemll] thevateage

e tion | ts .and oduc for
of8 i oo re b 0B B RS iR e hpsen
inyORE] andlalidrefbre, hEodhgrBictiontRe tesghol ek dARlyricisikion unit
reference to t he draw ngs wherein: [0029] FIG 1 is a

isHEhGF-of a preferred catalytic distillation process of
the invention; and, [0030] FIG 2 is a view of a

[ooLE | &;&mlcahﬁ& plleke%teu RRibSYifeRIMHe ARh&sh n#x@vi@é@tﬂ@ Aovi06
ad%gxgtggels 23 mc}ulzi?ngaa prgcl:eilst g)i' cc?ocl)ltnfg ?hrgseffgi’ttlernte i@mmI anﬁemshmg reactor and
feeding the cooled finishing reactor effluent to the alkylation catalyst during an alkylation
reaction. The cooled ﬁnishing reactor effluent advantageously helps maintain a desired
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
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DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS [ 0031]
As used herein, the term"aromatic" includes non-al kyl
group-contai ning aromati ¢ conpounds, such as benzene
and napht hal ene, as well as al kyl-containing aromatic
conmpounds, such as toluene, xylene, and the Iike. The
term"al kyl ated aromatic" refers to conpounds to
whi ch one or nore additional al kyl groups are attached
by the aromatic al kylati on process descri bed bel ow.
[0032] Referring to Fig. 1, the process of the
invention requires an al kylation unit correspondi ng
[0028 16V £155 EmBSines atieWWRibed Rerdih il rkfstontd BAhd drawingdne
or nore olefin conpounds and one or nore aromaticC
whesgiBounds are introduced into at |east two (i.e.,
first and second) vertically spaced catalytic reaction
u
oG DG iy 87y Pl EARGhL ARHEBR Pl R e MRS oad
the first catalytlc reacti on zone. During operation
[0830]tHE- Aislamiew pHmprgfered disildationsystem genpleskto gletient 106 carrying
th&?ﬂ?ﬁ&@g&nkﬁﬂ&%mﬁﬂn contact with the catalyst in each
0 reaction zones to produce one or nore
al kyl ated aromati c conpounds. [0033] The al kyl ati on
uni t 1D0ETAILED@ESCTRIYTEON OF RRERERRE EMBCGRIMENTS t
that operates in a conbination I|qU|d phase- vapor
fe bl k
(oSt B A S RE i Sthal S B i B, P 854
com@baﬂlcyct such ds Isdnizéreaind asphttaldne, 143 Wvells aligl- a:tn&ﬁhxﬁg arofatic

ressure of from about 2 Si 0 ab 550 .
cofop et e Blre Ry S 25 e ks cee ey otriedpaparty G o
colrfpoRiBYS whiGhe oMhbr@ additianp BRSII &ﬁs%&itﬁf:}ieﬂ bYRh&bmatic

1—9-

.'Hgmg aromatic

ratio in the preferred range of about 2.0 to about
alig/lagion prosesssiesapivedibelet al ytic distillation unit has
been previously descrlbed in detail in US. Patent No.

[0632? al yst ctg 2?1%2] glﬁ S uslstog elﬁ\%ﬁﬁéi {ftaﬁiger? %E&F‘i&lgg GII?n own
corrf:spohd;namelemém &0Gy aeihewme dn the mj:zykambn omi$ oae dr thorermdeff
su ch | ation catal ysts hav been

cof iR i ot or G B Bt ag ot e HrBieSY e Bgbass o

firdt add Secbind) vericaNy dphced-batalytib @dabtictf zonediBr slk@ation reaction
i ncorporated herein by reference in their_ entiret

A
conditiqnspVaerain iy seeondreatalyiie seption Zame &5 Reskionl AbRYe thRdirst
catﬁg'ejé ifetg%tu;r&oﬁ@.t]ﬂrﬁﬁé Spétic SOt ARidnSRAG! the Blefif RO kidmatic

compounds react on contact with the catalyst in each of the reaction zones to produce one

or more alkylated aromatic compounds.

[0033] The alkylation unit 100 is typically a catalytic distillation unit 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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appropriate surface area and all ow vapor to fl ow
through it, as described in U S. Patent Nos.
5,243,115 to Smith Jr., et al., and 4,215,011 and
4,302,356 to Smith Jr., all of which are incorporated
by reference herein in their entirety. [0035] The

al kyl ation catalyst is preferably a suitable acidic
catalyst. Suitable acidic catalysts include nol ecul ar
sieves (nole sieves) and cation exchange resins, as
described in the patent references cited above. Sone
particularly preferred catal ysts include zeolite X
[(mew] TheealRlatioR@atatyet dan bE MRy §ithb18 iklyRitionBtAlest khéwn in the art.

hous silica-alumna, zeolite BEA (beta), zeolite
lv\?e rigfl qompagitiony and fopmeofeueh plcdatgmpeatalystydeye been previously

dgsEﬁl;e%rlﬁlﬁétXﬂ i ?% tﬂtf)e éi’cfs f§4§§6‘9%¥ 9445356 I_%Iglgl frp! rﬂ&}%f

screte cat referred e
which an’a'n@drycs'ate&b hctsinduyeeferend;dm ﬂianrantmdty pasma@bchll(ylatmn

o R AR o e R BPA RRE fnld v an
apRgPriaRy sufth& ar@ama langw ivapd2 @ HbW @do@;tlmweseﬁ&la iRU.3. Patent
arranged bal ed catal yst units.

|1
Nas SR A 15 fo St et @umwlq@mfa@ﬂﬂé@wﬁ@mma alljpé which
ar® ¥ C}%tﬁbyqéfe?én}{ec‘%er aI e R%nt?f typl urality of

verti arrange catalyst units wherein each
bal ed catalyst unit is |limted to approximtely six

(0P Therglipylatign catplysthis prefmbly migpiteble 2gdicsatalyst Auitable acidic
caﬂa@%%ﬁ]lclﬁ& rﬁolgaﬁ&:] s‘fe%la%{woé{??&tsﬁq B.tlgn e%ccﬁelng%( Le%}nls Ol described

yst conprises a
inttirer paent seficterons eitedrabbed; Holne pﬁﬂlﬂ:ﬁlaﬁﬁ b&ﬂer&dtcaﬂam md:hidb geolite

i n rti rr nent I n anot her embodi nent, the
X’aﬁe&z@‘ﬁﬁf F%ﬁ@tm&&iﬁm’é’@%ﬂ% ?WE’PP‘B“StSé‘FFa ja, zeolite
Bmtwta;szeouwmww'mﬁcamys& 'aﬁékeéﬁéﬂﬂﬂenﬁm For

exanple t he alky ation catal yst can conprise a

vertical _arrangement of five, nore preferably six,
[0030d Prcferablyoihe alkylahien eatalyst is4s therfamm of disqrstey cat@llyst bpdse In
pr&t RSB dRRSR tﬁ@gﬂal%st HEUGR: i@ﬁ]ee%nﬁ aF c)@ tedxpé tbsaléai‘ga{tﬁgst

sone spaci ng betweeh each cat
unjto 03 allylaeranged de s caebtic istintinhouis. Moed pmfcbalbjly f apipinepriate

fini Shl eactor,, 119,
B AR T O Rl et i A0S, o
exmple,aﬁhepdrtinil.xlsﬂjly prefmma@tnfeﬁ@ tﬁetah@lagxbk )tiltal@ﬁrcoﬂt‘dﬁﬁ aead
strea at aronatlc conpounds _i.n
ey B ool §itbed Raled SpruR St WhTE cagh i coighiuets i
linfiteB 93 Aprd:BinhidlyBIRESH Reight with a spacing of 18 to 30 inches.

[0037] In a particular embodiment, the alkylation catalyst comprises at least two, rr.mre
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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consunption of unreacted ol efin. Accordingly,
essentially no unreacted olefin remains after the
finishing process. [0039] Since the finishing reactor
operates nore efficiently than alkylation in the m xed
vapor -1iquid phases of the catalytic distillation
unit, the finishing reactor typically requires |ess
catal yst than the catalytic distillation unit.

Fi ni shing reactor 119 preferably operates at a
tenperature of from about 392F to about 446F (200C to
about 230C), a pressure of from about 550 psig to
BLThAROchSdBerirA dbev famglf&ﬂle&@o Bhriks £finBhifg FeabtoP119.
[of fréﬁ?about 2.0to aggi . 0040% The alkélatlon
Thefinisking reggtor nsects yraeasted srprpatis sprmpound 4n émte#éeds@?@l or

ol B R R PO At RS o)

highlyeffibéent tiquid pbdse prpeess hvlﬂdiﬂllbws fax tkqsluhstamrally atraplyist s
where. a f nis eact or sed the a Lon
eyttt e At e iy apfenky Pl fapains

aftee iy firdhidgpradesd, he "first allcylation catalyst” and
t he alkylatlon catal yst of the flnlshlng reactor as

twg secong al kyl ation cataly 0041]. Whereas, the
[00RY ipgedhe mkly%rteﬁﬁﬂr Qp&faaqsy%qre Pféicml @\a%hky atiop inflae mixed
vap®f- Rk %Mﬁ@catﬁ%]c@ﬁstdlﬁhﬁl Lﬁﬁtcﬁ{éqin ré‘cfc{o?%g) glly

catalys Is prefera Int form of fixed
refjgepsdess eafelydt fiwn tltmatah)glcahghlletﬁomhet Emstlmglr@ctor 119 preferably

orePRRAR QR l:0k %ltn%éjp ;298GR LR g%@g;'ﬁoo?ﬁ Sl RE500C), a

pressnmmﬁbnmbomfsso peigse emd 960 peyd, ahd aar6@bids ¥ blefih foldxato
rabéé %pected fromzeolite Y, zeolite BEA

out 2.0 49 ahout 130w Mordenite, or M catal yst.
[0042] According to the invention, vaporous aromatic

[0040YI ATk 1atib 0 Eat A Bf Bk ﬁﬂ'&ﬁm@treacioﬁi@éibécthé SimeARQiffe&RNd
catalytic reaction zones is contacted with coolin

(corapasitionally andorinahyriael desisndban thaalbblﬁwbwtaéwst pfibe alkylation
unYtaB(Hr@éﬁo aisHBRish TSRO on ceﬁ%_yy?tg?ﬁ%}% ath %o girbacior & used,

the art for cooling can’be use ’ng mean

fhfF@ikyleimqataé/st ¢fitiee dkgbtiongmitodt heimtetie refeaebiol asghe “ﬁrst
» f h
PR Rabtho Ry Ekvitiof SRy e BE o b e e aihg heon

allldtioh tatalyst.”

-
puod
r—t

[0041] Whereas the the first alkylation catalyst is preferably in the form of packaged
bales, the second alkylation 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
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[0043] Sone exanpl es of cooling el enents include any
of the suitable coolers or heat exchangers known in
the art. Sone nore specific exanples of cooling

el enents include punp-around cool ers and
bayonette-type U tube heat exchangers (e.g., with the
coolant on the tube side) inserted between the
cat al yst beds and external shell-and-tube heat
exchangers where the al kylator inter-bed mxture is
forced to circulate through the tube side of the heat
exchanger (e.g., with the coolant on the shell side).

tHeOiPdeot cobllifg Szﬁﬂié uied f8 teo 1A, FR eRantd8 iRkoolin means catt

aronatlc cont ai ning stream which is preferably a

be a gplingelamentigfindiracdymempve beet fiom theeatalptirodistiliatipopnit o
c&ﬁéﬁpr&fe?g ﬁ{e'ﬁ‘lﬂlo}‘uﬁgtg. condensation, of at |east a

portion, nore preferably a major portion, of the

vaporlzed aromati ¢ conmpounds. For exanple, a cool ed
(048 hEerhe examplesafcéolivgeicarts smﬂudyem}toethc emtable coelexsse dieat

chPlpder] SIRNR IR fhe PSRy ot PNt lmlhsto? ook Bekihts inghpae
ptfiplatetnd oadlérsl aid buysibtie gypedaaitehestlecktiapdrs (e )04t thd/bssant
pr.ef er abl means 1 s cool ed effl uent from

h I
o e A ysrebateDreen 1 sApRchpgh and Preriel Shelk Sgee hea
[ WRibre the QiR 1dt§r-lﬁg?x?%é is q’(grge&*’% c rhfl?tte b gﬂé ﬁ‘lge

the finishing feactor e uent of vol a e co
sifeoffhe heat exchangeh (esg.owith fhp epolard 2) thyeshol side)c ool i ng the
finishing reactor effluent, and then directing the

RN PR ERRLS L P o SRE eSS0 e
preferabdinatagempaattuersufficientie fotw fod Mmbmwmh,ymhe h:pei'er?]bly re-
r essure_l.n the

intain red. olefin
°°g‘?ﬁ‘§f|a§?‘1 sﬁafg é\ for}, ozg I?rsfefﬁ%ﬁv a0k BRIELEH O e yaparized
argRREE conifoRB&UF6r xhmplREa &fowm&dtﬁatféy st QN RGH 223 AbkrBEF Bl could

at | east a mmjor ortlon qual to -or greater
b ypgeh fag Gopdepting H§’°&W§ AERmaties mglm@fabétf digtidjatiemimnit, either in place

oieo’f‘?ﬁ RREBnGo 'ﬂf%%goﬁfi fh&AGRE kBror Jﬁ’ﬁer};t' mprovenent al | ows

for an 1 nproved conversifon rate of the olefin in the
OBrocess which allows for, inter alia, a reduction in
Hd Mentpreforsbly, dqurpvlmz m@naiswgoleé aiflugntrfegiy g finishing reatton

For%?ar@él% Qu Q retfg'? daeI l%%%l ent, g:%cg?%(it %c(rsj‘omgp @lczgpy nggﬂﬁﬁﬁg he
ﬁrysiﬁﬁgj&acftm‘refﬂtkmt ﬁf mconi@ﬁﬂ%] (e-Bhén 4 liglas steipgey ha!)lb@fbre
copg {hg %tmsh ra%tfo? ggltl)ler}/t an(()i e({j relctrl]ngt tr}]lg st\xfllpgelzdnalnzi cooled %mshmg

reactor effluent above at least two lower catalyst beds.

[0046] The cooled finishing reactor effluent advantageously helps maintain a desired
olefin partial pressure in the alkylation catalyst by effecting a reduction 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

~15-



portion of the catalytic distillation unit 100. More
preferably, a sufficient space is provided bel ow the
| oner nost portion of the first al kylation catalyst for
the introduction and accunul ation of aromatic and/or
olefinic vapors or liquids. Simlarly, it is preferred
that the catalytic distillation unit 100 include a
sufficient space above the uppernost portion of the
first alkylation catalyst for inclusion of an
absorbent (e.g., 101) and/or a |ights stripper (e.g.,
102), each of which are described in further detai
s2€bPifle atﬁ?rﬁ B&CRactbe | 10kd iprdvRRRAET BB w 1Y reducAbPifolts 8nd
uppernost portions of the first alkylation catalyst
bettan prasinefevidldsdny the groceséanpl e, one-twentieth to one-hal f
the height of the alkylation unit. This range is

(G T B SUIRRRRaRt b pIASIUIPICRRY e ERGIoL 8 180er
potivr of fho catalyt¢ dietillation sinitl #0& fMbiei mefemhbfea sifficibnd space ds

t 048 d .
Pl Bied oY Eloy Brost porlon it 6 BC e S 2 R i flion
asbcuf B8 a6 o fGadAdtitlang/of BREAIL ipozOBEiquitds. Siniddrigyit & préferred
unit by suitable olefin and aromatics feed |ines

that the catalytiedistilation uait ADhigckide 2 sHERERY SPceRPYs the Hgpermost
péxrtlfn? @Pﬁ} fi Qﬂ\zglafl&?gateh%'s@ garmsabg'x aIaE QF atﬁ?kgﬁ(é L#nyloﬁ’iridyor a

unspl i connected to t
hgnts staippey (@g , 1020 eaele of whitloare idedcried lhd’umweeﬁetaxl below. A space

t f eed h
o R TRloF amaLel e B Ao iS4 s Bion gt
cdrBflgetfedin, F6r dxain E&gb&feadvehmmtd die-ralfiyd g of theialkylation unit.

separately int form of separate olefin and

This sange iscsifader pyrpesss ofgHusiiation ﬁaitlﬁ pel tg be gansiuedsAss pgitption of
r

OB PRIt e TR U Bl g

ation catalyst at two or nore |locations of the
[Q@é&ﬁm seifeeifel td angeomation ed Fea are inrodatediniem lgast et and
{
set%gxﬁf& a(fytl ggllrx E(%ﬂgg gf %% gllit ‘?mgc?)g fsﬁﬁab?egéelgﬁxf énr(}i a?orﬁMs feed
limst(m,role:ﬁn-comtanﬁhg ﬁr&ieaﬂomaﬁcxacoatmng stecamsprEaah @@rhime cafbe

in%‘?“{%ﬂ%é)qﬂtgg&g%& y{ﬁgkl { g}@o@%%fr{?gg ﬁle?@gﬁa@i@? luéxi Flggcnf.yt& in%fucctly to
britigeth€ biRRh ¥r arbetics TRt th Bort@R Withi (&, i€ltd) ﬁfetaﬂqul tohicitalyet. The
C

(and nore preferably below) a sin Ie bal at al yst

olgfin feed mpbarpmptinsfeedicas pe introgpest finfo J%nwmﬁ ePagiely in the
fo%%??é'paﬁie &%ﬁxﬁ&nd%xﬁﬂt ngedblmeg dr Qﬁ&Péetgzg@Pbe i fafh

provi ere "are at as many bale
aromhtadsymktumntose asmbhedeal linee ol efin feed |ines.

[0049] In one embodiment, olefin is fed to the first alkylation 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



[ 0050] For exanple, in a preferred enbodi nent, as
shown in Fig. 1, olefin feed F-1 is sent to the first
al kyl ation catalyst via an olefin feed |line 104, which
is split into four streans 104a-104d, each of which
feeds olefin to each of four baled catalyst units
(i.e., 103a-d) of a total of seven vertically
arranged bal ed catal yst units (i.e., 103a-g). If
desired, the olefin feed |line 104 can be divided into
five, six, seven, or a higher nunber of olefin
streans, each of which directs olefin to a baled

llr?egtaﬂél X&rﬁb&%&'f;al@c{]&hﬁ’lp{ {Iﬁ'tsnar nﬁﬁéﬁen 1% of &ch bRSprolid¥Ethat there

SI' X, seven vertlcally arranged
arbat leakt aamaﬂl)yMedmatal)st mﬁ[s@@ﬁmiemdﬁﬁn &stlyinesol efin is
injected into a | ower portion of cat aI yst beds,

vi.n or
AT B SH 8 fgte f Fa  1
sent oltReifirst dlicylaidn catabst via beeldfin Teed Imb 604 lwhuﬂl isgpli into four
preferably i

i d bel h d of the .
sthee 0o ot Bhich et olSBE Samat M bl Hiiggie-
1@3%2%&'&%1‘6@9&%5’9 1caﬁity%§1'aﬂ é‘d%%fédeah tdn§ts (ﬁr tiogalpart y

nt ageous 1 n t per yst béds reéact
destred, (bllxeecﬂcﬁn feedling 104regn be dmdeﬂ ente ﬁvalsycs sevepr &ibimher augeber of

rmost s ce of. o
AT L e L LT
atabdsyfiad, biRsevebaa igherhymbeooftvertivellearanped talel w@falyst dréed
lines feeding an equal nunber of baled catalyst units

I t f t I
G M G SER R Y e i R
orfeddr Aot fe.g. 1) Qf BloR 4} Cealyst bERIOf & ufgek p&ﬁGﬁlbﬁéaYaﬂj'st bds twsithout
reater than the nunber of split olefin

‘dquch%§ﬁn quérﬁwlqﬁ@a%mge ATl eﬁsil pslgyy cagh q&ga?@abed of the
t |

5 st 00 BLE B S5 it

pcﬂhtldg/pa‘tibldulmmtggcbusti}a thet theee tppef wzdyst bpisireachthefoiafin

f eed | I’Tb I
refgag S0 el GOt Ao i e prtibE bo e GGG S VSt

four to ei ght bal ed catalyst units of the first
[0ab Ny oatkanple,dah phyisilar emtitexd@hent,tobefinris fddao ﬂmfﬁrhrazlllemhtxon

cataj yst units i nthe nu
caalys L%%f@&ewnﬁaﬁt oq?lﬁb%fﬂynqs %f\slr%gangﬂ"% Befp@?? e eyt
uli@ o€ 8 1d%ak Bbivioh o dricalhdrii@einem oF ftirfe tofteebhidd daesyst urlité of the
[0054] In"the vicinity of where each olefin and

firsy aliadetion opiabst, whersinfbe numbesof balediajalyss units is greater than the
number of split olefin feed lines, thereby 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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distillation unit 100, neans are provided for the
olefin or aromatic to be distributed onto (or into)
the catalyst. The nmeans for distributing the olefin or
aromatic can be any suitable neans known in the art,
such as sparging or spraying. [0055] The one or nore
aromati ¢ conpounds in aronmatic feed line F-2 are
preferably introduced via a single feed line 105 into
the catalytic distillation unit at any suitable

| ocation thereon. In a preferred enbodi nent, as shown
in Fig. 1, the aromatic feed F-2 is introduced bel ow

[G0B8] InQAHEVIBRRY oPRhérk eRhlefinh8d hiduflic féehyﬁxahie@@ the catalytic
catal yst, e.g., below baled catalyst unit 103a.

distidasien us 40 mesansare peayiderh fax.the elpfin wwéomatmfabp distributedionto
(o n?tgftﬁ{ %yét.rﬁhé)%&%‘} r d&ﬁﬁ%&g% 168 ol % r{ &ﬂé fe 8:[
aYOITHICS are-pre eraly I n uce

suliable nidass kdoownen thedrt, pechtad gpargifig drsprayiigal yti
distillation unit 100 bel ow the bal ed catal yst unit

Th | ef di str di | ved
(PR e e e D s rieRends A e M g e Rty
infrefhiell $ia ad singlefeb®lind 105G thd dtlicrlistisiatiiehit 46 @ny sultable
al kyl ation _reaction takes lace in the liquid P
losﬁlmﬁ’éereoale dp wfef%r{ﬁdfea@edlrr{eeg as7§hovmdn Eiged i the peEg %@ﬁd F-2is

m?r@ﬁ\fc@ii Bel@?ﬁ%ﬁ?ﬂ\g‘% s p&'ﬁ&?ﬁﬂﬁé fitst QFyIQtﬁoxPJa%fl)‘sf‘ e.g, Below baled

exanpl e, In can be in a |ow concentration,
caéalzftums%MlO% 15% or 20% by vol urre \NEI ght, or mol e

ratl 0, a noderate concentration, 25% 35%
8;’ %ﬁ%fm% daﬁ%* 1 HVRY E{Qmau%fé%%ﬁ{ 1%%% bé {ﬁ‘t‘r‘s degn IS
vantageous concentration of

1ndd:peﬁdamt1§/ m‘:‘d Bquid er Yappr 789 400 Tl&()ﬂémz&&%are&ﬁ@fpraBﬁ%trmhced into the

e, Wei .0r _ no rati 9. . [0058], The,
o ebogton Pt ey Atz wilf | Aol B aed Setyet ot 1032,
@%aa%hemeﬁh & QstAbitsd SRidR6Ived in tHé Béuid thésb B the dfdhafis
mer grade ethyl ene or propyl ene. ternatively,

comi)@u@fl dihp ratelast ipwettaddn dedigpid, phmdalse arlkséq\ﬁoarﬁqufwrgages
p]gée(?ﬁr}}@ Hofld JRG5e nqggéﬁ%%%rfa%eg , froma fluid

talyti'c crack Oopérati on. An of fgas source
of ethylene can contain, for exanple, approximately
[09%5%oThe okdfiofecdzosbrytain ehysritable condeytration ofplefin. For example, the

ol@fﬂf’:{ag ’Hi& Folvyco%g on7 %% SthBQop 9?:,?(9' ﬂag ol %;‘elght or

as m nor anDun
male mpionend ioderstel célxce:araabm&rge 2504 3;5%9 p@%esc%adm O%L HgtWever,
onents. can i n¢l ude carbon
the prrgy nt ﬁwentlonai's espec(%aliJ advantageous tglp l!;llg?l( er concentrauon of olefin feeds,

e.g., 710%, 80%, 90%, 95%, 98%, or higher by volume, weight, or mole ratio.

[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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car bon di oxi de, and/or nitrogen. [0059] The olefin
introduced via olefin feed |ine 104 needs to be
capabl e of undergoing an al kylation reaction with one
or nore aromatic conpounds according to the process of
the invention. For exanple, the olefin can be one or
nmor e hydrocarbon conpounds having two to twenty
carbon atons and at | east one doubl e bond. Sone
exanpl es of suitable olefins include ethylene,

propyl ene, 1-butene, 1, 3-butadiene, 2-butane,

| -pentene, 1-hexene, 2-hexene, 3-hexene, 1-heptene,

- OCt: ] 1-decenc, ethyl benzene, styrene,
Cagébno ‘{’?‘?@‘%f“@}{’%ﬁ%‘:&%nes_ [ 0060] Et hyl ene and propyl ene
are anong the nost significant ol efins according to .
[005% Therodefmrintroduvestia olefin ifasd dine @4/ nagdntode capibls %t?@éergomg

ith b t ke at | east. 1
B0 o s B SR e s o
thé ﬁﬁ@@tﬁ‘dnid \Fort b’xan{p(i@d ﬁﬂe}joléﬂiﬂ:aﬁ) be ong ormusre hﬁcfjmfmbdrmi)énéaounds

(040 ounds | ntroduce \A romati ¢s e ne ee
e EREE d BB AIOn SRR 0 G RSO ot SP S B BlES o
sufthbI8 og,ﬁﬁé %ﬁ%fiua% ﬁtg!ﬂgﬁe, Wobpleﬁl? ¢-HRkenB 0N, Rbutatiehd, D-baRAB,auBdtne,

according to rocess of the invention. Some
1-beocenp | 2ekexere, Siexcal) eheptdngy1-estens t-nanesgnl-ecepd shylbsazene,

usef uldﬁs feed components in the process described
styfpe, ARd R VI eE&S%ne, tol uene, the xylenes (e.g.

o-, m, and p-xylene), naphthal ene, biphenyl, and
[0066G3i Bthylene and propgkne Be amengthic sngstsigiificdnt plefingacesrdingde) the

[ 0062] The olefin nc tacted with t [ i C
pbSGUEoT Aet et A T LS ried rieE AL RTRId
conBh@tiiy impofastichdpbiilttd, Bifiylber2eRd dnd cumena uespedtivelyor m

al kyl ated aromati c conpounds, e.g., nonoal kyl ated

B e SOOI BRSPS BpeSHTRS e 105 v

Q'EE’;%B[EQ& dhsoim@ LA ALreLtiah QB hikglatbM) R e bSmore
toEbypi cal | yu{lhegoollggs)i red pr oéuctl. FOOGSI’? Al kyl at or

olbiot cammpoundstacersding 1OBe prderssief frednvention. ySameendaiplys of suitable

| i ' ' Kxlaadchindy
o1 e i WAl R b R Hrmichnt b 86 pielet aBlckiBg
hedip h@ludebtizess) tartuane) tharyletks & g @ ine, and petylas), naphdmbamed
.benzene, The al kyl ated aromat.ic roducts from
biphqpy} 2R heip ?’?Véﬁ%esehf’f’{ﬁ?ﬁfs Pegicular] pf)e(éie%e barat ed from
each other and from-19
[0062] The olefin, once contacted with the aromatic compound in the presence of the first

=

alkylation catalyst, reacts with the aromatic compound to form alkylated aromatic
compounds, e.g., monoalkylated aromatic compound (e.g., ethylbenzene or cumene)
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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unreacted aromati c according to any suitable processes
known in the art, such as by distillation, as further
di scussed bel ow. [0064] The conponents di scharged
above the uppernost portion of the first al kylation
catal yst (e.g., above baled catal yst unit 103g and
into al kyl ator overhead stream 108) include, inter
alia, unreacted aromatic, unreacted ol efin, and
typically, an anount of al kylated aromatic conpounds.
Al kyl ated aromatics, if not excluded fromthe
al kyl ator overhead stream 108, will react in the
 uhreldt&ddragatiCeording 1d Shyvsuithblepetdstss knowh iV thd @&, such as by
pal yal kyl ated aromatics. Accordingly, when maxim zing
distiflatiop; 45 fuspher disgwssesheld-at ed  product is desired, it
is preferable that such al kyl ated aronmati ¢c conpounds

[0084] Wﬁé@é di¥crarped WtRe the WRbRldsyportion oQME iReARYylation

stream 108 prior to processing. the alkylator overhead

cafplyst dag-i spovpbaled eatalygt wait | intq abirylatpy overheadesizaam [1@3)

_ . afhl q

il e Pl uhi B rBNEAY, REhesdKhorBl EnE BNy B bl SF

alkplatet yeomatio dompdunds. whkkyiatetd eonadtics; i Briod ex chvded fmariths hkghator
i s di.scharged. .[ 0065] The.absorbent 101 is capabl e of

ORGSR (0% WL TRCHIh oA B e aRi R g Pt ofesies BLATagcp

pdIPAKNLEE RBRRALHES ALB5RAGHE hal ABBiAn koY RY {0 monoalkylated
conmpounds, and preferabfy i ncludes™ a frayed or packed

produdt isolesiceth #b¢ prefsrably thatisuehajkdated aramatiaganpoundibe o
t td v | ' f a
s oy RO TR et SEUURY Rs sl T BB
alkylagor ovestieadnatréam inlthefinishisgrebaon 116, By, Kotleatraplearse obi suitable
conpo . _Th l'iquid omatic is preferab .
oS RERG 00 BEPLY s PP B gt pran Bt i aksbe st o g
ca¥dlgst and Bifowt ABareithl ARG SvRrIREPHHER i@dﬁ&i‘é{ﬂ%’é@f d flow of
the liquid aromati c agai nst the conponents exiting
- th pper npst cataly bed 103g. [0Q66] _The source of
[P ﬁeqﬁmb%t ks gcepaiffsféﬁﬂ@qﬁ&VPWir?réevns Plkulp§d aroBIREE | cs
confiRtindsiif e bdBnce df SnRhGELLaRANC R oldfinl doRiFo@ndiBdn preferably
li'quid aromatics feed |line 125, which is connected to

ingludgsjagrayer] ennapkadiseeionsapibirmnipoayidingat lqasbatioutyywodo three

i spurce .ca e .r.ecvcl. atonati.c e..q.
GO 4f% B E0 S BE al BEY SUiBRITH BBG Cprefiafh e
abedrbémt é9d lidudbarloshatic @hich absorbsalxpaliopitedibrentis torhpouhi 0The

.system .such as sho in.Fig. 2, as described bel ow, .
leR} OB BrefBRYY Ingucsd dtp gwpp?@om@sq# the Brerpent 101 via
1ifeQ284 Arder %o Produde 28RMMRBREZAENEof thE NGHA Brofia8ie Bgainst the

components exiting the uppermost catalyst bed 103g.

[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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aromatic source will contain little or no al kyl at ed
aromati ¢ conpounds, and wll thus, -20 nore
efficiently renove the al kyl ated aromatics. [0067] In
a preferred enbodi nent, before being fed into the
finishing reactor 119 via streamline 116, the

al kyl at or overhead stream 108, now substantially
renoved of al kylated aromati cs and contai ni ng
non- al kyl ated aromatics, olefin, and |ight conponents,
i s condensed or sub-cooled (nore preferably not
sub-cooled) in one or nore cooling elenents 109

. f r i ggéﬁ- ubcool i ng the overhead
n@ﬁﬁ%@%&%@é@ﬁﬁﬁgﬁg%%g@gﬁse Bﬁ?eacted ol efin/aromatics
streamline 111 is then accunulated into a finishing
[006Ecn@préfomet anbadimen befirebding f5d intg the finishinggeastqihld Via

di sch . iy
A A By B, T8 e pbisndr
alkgladd promaticslind@bataiging ionalkl/laBedtavoraative, atlefiny elbligt coronents,
i PR e 08 Sl P 0P P eI PO bt STl oR BOTATOlir
clﬁré@xﬁ? ?(Sﬁ%gﬁhg ¥F n@énsin@\URl/BLRBcsling ¥ dverheitPdtrehad 08.r T

at exchanger 114 via line 113 to finishing reactor |
cdnderdhed hrreaotad alafin/dromatiagistréran likehltljis then pecyoiudnted iniewt finishing

¢ - ) h.
repf R AD: Gotafhl H: LR bt tine 19 156 o
fifigHing ﬁﬁabxll ﬁéedr:]pmﬁ;sﬂ mar@dfpu&@bcll thamxghf ; carﬁn_ishixggcrﬁ&ﬂbr lf?dpemp)
to control _the aronptic tq qlefin ratio, eafter
cifpigprige § Fbto heat Siernger Bdothsre hepationst aleiks Yoty
stfe%tiqn@éhea%@w Enidhin 8 AabBFerah&d like B2 TAE BrtRédt&alkyldiem
the al kyl at or” overhead stream as wel|l as additiona

overhgad siraamosihended framhpatisachnnsss 114 viading pi3 @rfinishing reaster feed

¥ SRR .
nbB 1) Py RBRPLlE AR Bcd RAEL R LS W bt
thp béayad finistad edacoobat vie spli fiebd dine ¢26 (eckf@atdyratntaining fresh

conmpound al o wi th gaseous , c onent Iy €y
R0 bt fo i Ee SaEH e DU Lp dapreae] fimine the
fiBliNARStoSh kAR Ram N HIRALRNtakR MBAET ARBRIIddefinCRE Ratics
di oxi de, propane and/or nitrogen. In a preferre

d
framithscilirdater, ovathepdsirermens ishltah additignat hquid remehe fgm line 125b,
anrdeogﬁ&gﬁl eJoHe‘iFgIﬂ{s stream 120 is first cooled (e.g., by

coole gt [

reamT1he 113 in exchanger 114, as shown in

Fig. 1), preferably to its bubble point tenperature
[006%] s gminilinggeactorefBiept sirsam 120 insprded, predemianily geonoalkylated

ar(k))xggt?cr, Sol?'aﬁmgted aromatic, and unreacted aromatic compounds, along with gaseous
components (i.e., lights), which includes such gaseous species as methane, ethane,
hydrogen, carbon monoxide, carbon dioxide, propane and/or nitrogen. In a 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
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processed in a lights stripping zone 102. The |ights
stripping zone includes at |east one |ights stripper,
whi ch can be any suitable lights stripper known in the
art, capable of selectively renoving gaseous
conponents, as descri bed above, fromthe finishing
reactor -21 effluent 120. [0069] Preferably, the
lights stripping zone 102 is housed in the uppernost
portion of the catalytic distillation unit, and
preferably includes one to five trays, and nore
preferably, two to four trays. |If found necessary or
fggsirgd, the finishing reactor effluent can also be

e tely removed of ethane by use of a de-ethanizer
as known in the art. The separated |ights in the

[0060D PieFerstily, itielights snmpmglz@,ae w:ms ﬂneuseé hredas sppeamoshpertivaaf the

t hrough t he vent 128 t
oot SHONASB I BTG TR Pt G e Bheferi
ng:'r 8/ brAbsRdthe i mh RRctat effigenticihalso b
twitolrff)a %gb%tﬁ{ﬁg(rir%&%s rrps.r%[ 0070] Th; S?I‘I ?Jped f?nl shi g

sepasdely tamaykd bwmne by meefiartzeetasizer sknas® 1 dhedt ( R sepatated
i g@tﬁ }r}% Fl ﬁléts E’tPg Igerl i) %gtg P%%%g?e-ﬁ(%ﬁ E%rﬁé&ﬁg th?&lgh MheZRent B

e stri pped
124.i Wideditetigthe Bt am tefcbhdeamd antl se m drxtcirsulptop The dighty
heatedlnall hts trlqp eboi. 1% and
strwewerzemg%ecanﬁ ? sfap %!OIP % t5@8P° BY R PS5l i t

line 124e. [0071] In prior art processes, it is
[Odrmr Teastribd finhaR! redttcreefludhsdirear pedlisfreseivelian gottomsc&cmm the
| uent to be sent back to the top of t%? caétsl
lights stripperaH02 o Ko Sither onfisviee RSB PFRSST 2 BUTIR § Hepeds
' flfghts tslhx@bcum 126
i e e P
angreeisariited imcethe lights pripperd 82 via splitdinedg4eher eby fi ni Shl ng
reactor effluent 124 is stripped of lights in the
(0G4 LE3ETat ProsBREs I By Sinep BB PR RmpEE BESAR, eactor
effRiEDINgG St sérh Badk&d the topothe c:aidw; dlstﬁlatxbxo\mt atiperel e vpperrigat

catlybop §5 i ko gt e By e A HEV bR

whaf'8 khOWE In tﬁ@ﬁﬁo&ﬁ fhe 9refsb1{t Sﬁveﬁﬁdﬁw]raﬁdm prﬁtﬁa%ﬁwyﬁ'tby finishing
Ich olefin is bein nor e pref erab bove

reagtec hfflveet 13 is sﬁ@neé\ﬂégghtw&he SFPRoR 407 ddhen goplizandanore

t e I §
kS, P i gy
(preferabiy, eéterlawerfbiefs) oflthstfirst lalkytanos gataiys;.sPrgferqbb{;j g@qled stream 124

is divided in approximately equal parts amongst the lower beds of the first alkylation

catalyst to which olefin is 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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type" liquid pipe distributor. [0072] The stream 124
is cooled to a tenperature sufficiently |ow for
condensing at |east a portion of vaporous aromatic
vapor in the catalytic distillation unit. Preferably,
the stream 124 is cooled to a tenperature
sufficiently low to re-condense at |east a nmajor _22
portion of the aromatic conmpounds vaporized by the
heat of reaction in the catalytic distillation unit,
wherein a "major portion" is preferably at |east
approxinately ninety percent of the aromatic
R S A R L e
dxstdhmen anity mélerdnaa “magon piamcmé’swmferabbcaj tepetapproyimately sinety
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pefient b iy camaepgeparieet 3B sARDY Rina s rean
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steam which could resul in sé‘r eam t errg 3& ?
regiilipiseRdentipg te same-ameunt sbgromatin BAS Keposk Lindag st bed
beﬁ'&ﬂvhlchnttlg aat{Rbally] the Whahl\wéili® bS EdtAghimstbeRBRREEWater

ot her proCess streans is also possible. 1In fact,
(Bfwmncthg lowrEesanrg (TeP)aJtr nteﬁ@mpmﬁmlreu (V) lsteamayhich pould result

PRy B gD EOE5, A ST e

infeghatiog, iR whithlies tichids exshangediwith othei' pmcéshl strdaorségasampssible.

tenperature range will res co
Inii STRP R DRA A BEPOG o L5 SHPES SRRToR R Brpiigh toole
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fluent Ts introducéd into the catal ytic distillation

wunn pr below thednrseping tampersture roge wilbgsult mtyas@easwa vgger wghe
u&;ﬁ?{)oach to the LP steamtenperature of 271 F. This
typically result in an al kylator bottons
tenperature (106 stream) of about 430F to about 436F.
[00 DY) Fst exfmple ook pufeied emhodigentethe swipped 4rid popled inishingreactor

ondenses, .a t Nnze o
e BB AL IR ek By JERRSRES IR 2o
babddion| dnf ISPF afbﬁfydcatw e LPcsml tyBperatice of 27 EFU I'mummttmcany
condensation of aromatic, desired oleflqﬁp %W o
regyitan ap plkylator bottoppy temparature (10¢streamm) AEPoRHEPUGF La gbquy 436°F.
nore evenly distributed throughout the first

[O@') 5} e tbSBd fAikahyY fhctoPdTHudEtrdatibedbhdensé@tardthici vap&i(e £

| east the first and second catal ytic
benzene vapor) that was generated by the heat of reaction produced in the first alkylation

catalyst. As a result of the condensation of aromatic, desired olefin partial pressures are
more easily maintained and olefin is more evenly distributed throughout the first
alkylation catalyst, and particularly, at the inlet to at least the first and second catalytic

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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reacti on zones. [0076] The equalization of olefin
partial pressures is particularly inportant for the

| oner portion of catalyst beds in the first

al kyl ati on catalyst to which olefin is being fed. The
catal yst beds in the upper portion of the first

al kyl ati on catal yst which do not have a direct feed
of olefin are subject to olefin partial pressures

whi ch continue to decline in the -23 direction of the
upper nost catal yst bed. [0077] For exanple, in a
preferred enbodi nent, the variation in olefin partia

] of | ower catal yst beds being
dl? cgéﬁf}ftﬁ %hgégﬁgtth&%et?gged about ten percent. More
preferably, the variation in olefin partial pressures
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which is at a position in the catal stic distillation
feedbdtrgam 194¢ crw br@nproxmaﬂely the same ag the olsfinffiged rate efielefin feed

strezlljrﬁ(isl?bs Iw\ﬁ is at ho%lrtlonl?n 8 c&tg‘ﬁ'st? dxé‘mﬂtlon column below 104c¢, and

so on, for olefin feeds successively higher up in the column.

Das

[0079] Moreover, the olefin feed streams at higher pdsitions 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.

—24—



[0079] Moreover, the olefin feed streans at higher

positions in the colum can have olefmfeed rates

which are lower than the olefin feed rates of olefin

feed streans which are at |ower positions in the

catal ytic distillation colum. For exanple, the olefin

feed rate of 104a can be one to five percent |ower

for 104a as conpared to 104b, 104c, or 104d. [0080]

Since the inprovenent allows catalyst efficiency to be
mai ntained at a high level, olefin can be fed at

hi gher rates to the catal yst w thout substantial |oss

A%or@&%’l’;ﬁ iR i8Proverddnt ARGRE ok Bidlu¥e of 188 cafiBkOARBRPhredtd OWs
for the use of |ess catal yst as conpared to processes

plasesses knovwnrie themrior adr t . [ 0081] Preferably, the

strlpped and cool ed finishing reactor effluent stream
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luent. [0082] In a preferred enbodi nent, the cool ed
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whi'ch olefin feed is being injected exa as
catdlpsito whickiolgfin feeddpbgingiinjectedi |ehgnm1@,afé ﬁhnwremfﬂlaén@oqlesi
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sphit intdn fdue ettkauns A B4 @ t24d, edchlof wglch deads coolaf ﬁlhshéng rehaior effasnt to
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SI X, Sseven,
streams, each of which is fed to a baled catalyst unit and wherein there are at least five,

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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streans, each of which is fed to a bal ed catal yst unit
and wherein there are at |least five, six, seven, or a
hi gher nunber of vertically arranged bal ed catal yst
units. [0083] It may al so be preferred in sone
enbodi nents to inject the cooled stream 124 above the
catal yst beds to which no olefin is being fed. In the
upper portion of catalyst beds in which no olefinis
being fed, there is still unreacted olefin present in
ever decreasing anounts along with an ever decreasing
reaction rate, as the uppernost catalyst bed is
to3RRERB tiBFon ARV SEVB HEERey GOMABE T thte Verd fcoRd @R IO f
in these upper catal yst beds has the benefit of
atometiesds thege catalysbbedsi al pressure of the unreacted
ol efin, and thus, serves -25 to increase reaction
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upescied laloniaic €elg. , ecyoat beasgnef.r om ot her conponents of the
al kyl ator bottons effluent, as well as to recover
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G AP RPr60 Rt g oS SEBT A Bt A ek fo s, 160 Rireli A
postitof hefarbh iR cJaﬁﬂe B@% JEPRER THEM6 A AQiqaid Romid feXd lidd 125
portion of the aromatic can be drawn off fromline 164

(aspadsa hqerndn Bigeo heand serft back tpithpcallgylagor 100 via split line 125a either
directly or through any preferred intermediary steps. Bottom stream 167 is preferably

recirculated back to the column 160 through reboiler 168.

[0086] A bottom stream 166.from column 160 is preferably 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.

26—



(as also shown in Fig. 1) and sent back to the
al kyl ator 100 via split line 125a either directly or
through any preferred intermediary steps. Bottom
stream 167 is preferably recirculated back to the
colum 160 through reboiler 168. [0086] A bottom
stream 166. fromcolum 160 is preferably sent to
distillation colum 170 for separation of the
nonoal kyl aromati ¢ conponent fromthe
pol yal kyl aromati cs conmponent. The nonoal kyl aromatic
can include, for exanple, ethyl benzene or cunene. The
i et is
(OB AR R il Sy Bt Eyhf Brech 71T R61Rmn 170
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distillation colum 170 through reboiler 178. -26
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°V,&S’§6‘$ tFndi r?)'?m’teﬁgo ol %ﬁ%&?f‘ s g%é%alr?g‘pﬁ' on col unm 180
can be wiwthdrawn via line 186 as the flux oil B. The
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preferably liquified,in condenser . a n .
trapselkylptonieasts a@zﬂf(ﬁatﬁ% AoTBRC BTG ltl"d%'r’ﬂ%'éag"%caé%m%‘é to
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n a

art her énbodi nent, a transal kyl ator can
intledédriu thedmocesntotrpast giedybenzengand benzene to obtain ethylbenzene as the

predominant product. To accomplish this, the polyalkylated aromatics stream 185 can be

directly fed into a transalkylator, or indirectly fed through, for example, one or more vent

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 kndwn 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 WHSYV, and a
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transal kyl ator reacts pol yal kyl ated aromati c product
W 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
react diethyl benzene and benzene to obtain
et hyl benzene as the predom nant product. To
acconplish this, the polyal kyl ated aronmati cs stream
185 can be directly fed into a transal kyl ator, or
indirectly fed through, for exanple, one or nore vent
strippers or vent absorbers. [0091] The transal kyl at or
.8, . d.
g B o R o Pt

and is operated under suitable transal kylation .
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cafil S{i ni shing reactor having a second al kyl ati on

céfalyst, as descri bed above, the finishing reactor
having a finishing reactor outlet for discharging .
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[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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cooling step (d) to forma stripped and cool ed
finishing reactor effluent. In another enbodi nent,
the first alkylation catal yst conprises at |east two
| oner beds, a | owernost - bed, and an uppernost bed. In
yet anot her enbodi nent, neans are provided for
directing the stripped and cool ed finishing reactor
effluent to above at | east the two | ower beds of the
first alkylation catalyst. [0094] Thus, whereas there
have been descri bed what are presently believed to be
the preferred enbodi nents of the present invention,
those skilled in the art will realize that other and
further enbodi nents can be nmade w thout departing from
the spirit of the invention, and it is intended to

ncl ude all such further nodifications and changes as

within the true scope of the clains set forth

herein. -28 Clains 1. An apparatus for the production
of al kylated aromati c conpounds conprising: a) a
catalytic distillation unit having a first al kylation
dat al yst ,Areappabtoy foa theprdsioetionmd alkyltaled tironiatit enmnpunds comprising:
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stre uce a scru over
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scruhb leky
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finishi [ f t
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al kyl avparbleinrdiquidphsse udjer plkalatiof omdiions;i ng sai d

fini r f t

L PR 535 B S, L GO ety iy o
vapor ou@damsmmau Isast Arportion] of | Wpoﬂoes @mrratlytcpmpounds in the catalytic

distillation unit; and

€) means for directing cooled finishing reactor effluent into the first alkylation catalyst.
2. The apparatus according to claim 1, further comprising means for removing a
substantial portion of any volatile compounds in the finishing reactor effluent before cooling step
(d) to form a stripped and cooled finishing reactor effluent.
3. The apparatus according to claim 2, wherein said first alkylation catalyst

comprises at least two lower beds, a lowermost bed, and an uppermost bed.
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distillation unit; and e) nmeans for directing cool ed
finishing reactor effluent into the first al kylation
catal yst. 2. The apparatus according to claim1,
f-urther conprising neans for renoving a substantia
portion of any volatile conmpounds in the finishing
reactor effluent before cooling step (d) to forma
stripped and cool ed finishing reactor effluent. 3. The
apparatus according to claim2, wherein said first

al kyl ation catal yst conprises at |east two | ower

beds, a | owernost bed, and an uppernost bed. - 29 4.
The apparatus according to claim 3, wherein nmeans are
provided for directing the stripped and cool ed
finishing reactor effluent to above at |east the two
'4|. owe ' be’lghse aglf)argtﬂse acfc(l)rEh%tg to a!airx}/ | ftwlhgr%incn%a%!‘; eretp'rov13d%d for directing the

stripped and cooled finishing reactor effluent to above at least the two lower beds of the first

alkylation catalyst.
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