29 August 2006 WD 03/076369 PCTI US03/ 01437 A REACTI VE DI STI LLATI ON PROCESS
FOR THE ALKYLATI ON OF AROVATI C HYDROCARBONS Fi el d of th@%lAmgesitZ0bm Thi s

i nvention relates to an al kyl ation process. Mre particularly, this
inventigon relates to the al kylation of aromati c hydrocarbons with ol efins
ina cBRPAUHs, pressurized, reactive distillati onPETHEBHEnpl oying a
solid alkylation 5 catalyst system Background of the Invention Linear

al kyl ated aromati c conpounds have many uses of significaht commerci al

val ue. For exanple, alkylated |ight aromatic conmpounds, such as benzene

and cumene, AIRBACTIVEBISTILOATION PROCESS FOHTAR RNSrLAYIONBDEC 10 conpounds
al kylated with | ong chai N‘\(GMNTI(FHYm?(?CﬂQB% ter than about 10 carbon
y sul

atons) linear olefins are common onated to produce surfactants

sui t abl g: P8¢ th einﬂoﬁjet ergent manufacture. The chem cal reactions

i nvol vin‘g—asli‘ky%—on—of aromatics with olefins have been studied fora |ong
tinme. For e l. e LS. t ent No. 60,173 disgloses. the .use of a

Sol 14 phosprily dNectaT (el C R A% akdRT pFcest s el BRrEA e tBisne. wi t h

propyl ene to produce cunene. Mre recently, the use of Friedel Crafts
cat al ysi¥entiogs P%E{PfHﬁlé]ﬁY’ﬁmﬁ Ohia5Pmake ﬁ%fo%ﬁb?% Wihablgfing I @ol i tes and

synthetic comercial sieves, as al kylation catal ysts, has been taught. -

_______ contmggusa\@g@@uantaactive distillation process employing a solid alkytation

5 catalyst system.

Backaround of the Invention

Linear alkylated aromatic compounds have many uses of significant
commercial value. For example, alkylated light aromatic compotnds, such as
‘benzene 'and cumene, have value as gasoline octane enhancers. Aromatic

10 compounds alkylated with long chain (that is, having greater than about 10 carbon
atoms) linear olefins are commonly sulfonated to produce surfactants suitable for
use in detergent manufacture.

The chemical reactions involving alkylation of aromatics with olefins have
been studied for a long time. For example, U.S. Patent No. 2,860,173 discloses the

15 use of a solid phosphoric acid as a catalyst for the alkylation of benzene with
propylene to produce cumene. More recently, the use of Friedel Crafts catalysts,
especially aluminum chloride and certain natural zeolites and synthetic commercial

sieves, as alkylation catalysts, has been taught.




WD 03/ 076369 PCT/ US03/ 01437 -2- Commercially, alkylation of aromatics is
frequently carried out in reactive distillation process2s Angsg@lated wth
the refornul ati on of gasoline. However, there continue to be problens
associated wth commercial al kylation processes. These include |ow yields
of the WOMBPEH %l kyl ated products, a tendency to pro8GBESEEI475 substituted
aromatics, and catal yst"coking”, that is, the building up of carbonaceous
deposits and heavy organics on the-xatal yst surface, with resultant
decrease in catalyst effectiveness and a need to shut the process down to

regener ate. (dinefiiallyt BRyRLOH QP hrimatRs ds flegashtly carfibdioedintreattive exot hermic
nature of the reaction, which has a tendency to be difficult to control.

As a r.e&ieﬂryagw@fo%eeée% R6EA i RYGmiatRRAMgAsdling] HowévertRe@mount  of

aromatic ocarbon that can be practically Tntroduced into the system
even wh = ] L0 i ) MRt rE al kyl ation
usi ng @é’ﬁ%ﬁ‘gﬁ? @t]otb,tlb e@%ﬁ%@ggyé%hﬁ%l?%@ﬂ@%?%élgeﬂk t’ I C H{?/%%g%%r.@o%et o olefin
nole ratio.in the . ra f 4/1 - 8/ 1. rere t it n proposed
"o t1 e ke it e Berindaiured ntick S EERLY mdRE ARG b 1o
30/1. 15 The ability to adjust this nmolar ratio.over i der range w t hout
i ncrieassuhgtiuted EffPE‘ﬁrzc%ﬁ” F%‘ﬁ@ﬂ eomw%gméﬁbﬁﬂ'@ﬂ E’ﬂ’]%facﬁ%%%%m@an provi de
significant advantage in _enabling the se|lective production of,
nono- al dgposite ane heavi eraghicsppn thecatalysturtace, withyesapt decserra in which is
known to cause nore rapid deactivation of solid acid catalysts. M nim zing
t he anteatalystiefioclivenabkgnhdeageptoshut therberpsrdawn teirggrneratel Mosbaf rati os of
aromati c hydrocarbon to olefin in the reaction zone holds the potential of
hel pi nghesppebntadre diectefdated totbe lexbihiermie. nad@eAd thestea@ddowhich

has a tendency to be difficulf to control. As a result there has appeared to have

10 been a limit to the amount of aromatic hydrocarbon that can be practically

introduced into the system, even when co-fed with the olefin introduction. Most

commercial alkylation using HF alkylation technology employ an aromatic

hydrocarbon to olefin mole ratio in the range of 4/1 - 8/1. More recently, it has been

proposed in fixed bed solid acid alkylation processes to use molar ratios up to 30/1.

15 The ability to adjust this molar ratic over a wider range without increasing the flow

of aromatic hydrocarbon into the process can provide significant advantage in

enabling the selective production of mono-alkylated product as opposed to the di-

alkylated product, which is known to cause more rapid deactivation of solid acid

catalysts. Minimizing the amount of poly-alkylated product using much higher molar

20 ratios of arofnatic hydrocarbon to olefin in the reaction zone holds the potential of

helping improve catalyst effective lifetime.




-3 1t is clear that a need exists for a method of al kylation of aromatics
with olefins, particularly straight chain ol efins, that282sighstgi906] efi n
conversion rates, a high selectivityfor nono-substituted products and

prol onged catal yst effectiveness. Summary of the Invention One aspect of
the present invention provides a process for the continuous preparation of
nono- al kyl ated aronmati c conpounds i a reactive distillation colum
including a reactive zone, a first “Péctification zone at the top of the
distillation,colum nd a second rectifi gati n zone bel ow sai d reactive
zone and f ur tfRFlegb ian'i‘ﬁ"@dsﬁx‘%lfpﬁa methad of @hyiation pf asermalies withpported in
the reactive zone, said process conprising: A introducing into the

di sti | | elefis Rasicuiatly sitaight shaintolefing that bas higteolefimcanyassion salesaad bel ow
said first rectification zone at |east a portion of an olefin feedstock
sel ect ehighiselectivity fonroeno-subrstitided produéts @ad pricdongedfcatalysheffieciive @8s<C18

ol efins/paraffin mxture; B. introducing into the distillation colum, at a
poi nt bel ow the catalyst zone but above said second rectification zone, an
anount of aromatic hydrocarbon having fromabout 6 to about 30 carbon

atons, suhmahéfthé MenfidrPmati ¢ hydrocarbon flows upward and contacts the
olefin feedstock i'n the liquid phase as it descends and flows through the
catal yst zon@ne $8p&ctSstIRE HresbRCIVEMRA! prBRadL BSrbaGsYE! B rlifbAls 7 C
mai ntai ning an internal pressure in the reactive zone and the ~Conbi nation

of ol efprapdrassis bPslonaatky RIS XIRPEAROR Rleabfld Willlod Byfima ePO | o7

such that the tenperature in the reboiler staysab ow a ¢, and
wher ei rintlbdingral rasctivatzofe, & firbi Y@ cRIcRHIGH kénd Wdh® G W bigtillalin 8oBRInN 1N the

" and a second rectification zone below said reactive zone and further containing a solid
| acid alkyfation catalyst supported in the reactive zone, said process comprising:
A.  introducing into the distillation column, at a point just above the
catalyst zone and below said first rectification zone at least a portion of an
olefin feedstock selected from the group consisting of C,-C,, olefins and a
Ce-Cys oleﬁnslparafﬁns mixture;
B. introducing into the distillation column, at a point below the catalyst
zone but above said second rectification zone, an amount of aromatic
hydrocarbon having from about 6 to about 30 carbon atoms, such that the
aromatic hydrocarbon flows upward and contacts the olefin feedstock in the
liquid phase as it descends and flows through the catalyst zone, said second
rectification zone including a reboiler;
C.  maintaining an internal pressure in the reactive zone and the
combination of olefin feedstock and aromatic hydrocarbon at reflux in said
reboiler such that the temperature in the reboiler stays below about 265°C,
'and wherein the molar ratio of the aromatic hydrocarbon to the olefin in the

liquid phase is between about 20/1 to about 100/1.




i quid phase is between about 20/1 to about 100/1. 29 August 2006 <3a
Anot her aspect of the present invention provides a proceg8 Augusit2066
continuous preparation of al kylated aromati ¢ conpounds conpri si ng:

i ntroducing at | east a portion of %2 ol efin containing feedstock at a point

between an internedi ate catal yst zOne and an upper rectification zone;

I ntroduci ng an aronmati ¢ conpound having from6 to 30 carbon. atons at a

poi nt between said catal yst zone and a | ower rectification zone; refluxing
said aromati ¢ conpound upwardly through said catal yst zone to react, in
the liquid pfhaelker dspectdet dbadpragenl diventioredusvidek a rproegss det dhg/st zone to
produce al kyl ated aromatic conpounds, the internal pressure. in said .
cat al ys®onfigHeus prepaigtiamehalviaied aromaficrespeunds comnsisingt i ng sai d aromatic
conpound from said ol efin feedstock and al kyl ated aromatic conpounds in
sai d | over rigiedydingel leastapertioneof ax iolefin odtaining feadstarksati al peindat i ¢
conpound in said upper rectification zone; and recovering an al kyl ated

ar onat i befpeedFatinterrediate catalpstizone gindldaypptetctifdstionzogeconpounds unr eact ed
ol efin feedstock and by-product as a bottom stream from said | ower

rectificati dniradusing mﬁmhﬁﬁtﬁgiohpcﬁinaﬁaﬁ?ﬁg%dﬂ%% B0icarforsQlotis &k L0 one or
nore of the problens described above. re particularly, a process and a

ha! SR HIf cgRRLatd s SMueERIBLI ARF OISO
olefins, parkfifdHPédil atoMatitPt&Hpb@d Ukl through said catalyst zone to
- react, in the liquid phase, with descending olefin feedstock in said catalyst zone to
‘produce alkylated aromatic compounds, the; internal pressure in said catalyst zone
being above about 1 atmosphere; |
separating said aromatic compound from said olefin feedstock and alkylated
aromatic 'compounds in said lower rectification zone;
refluxing and separating said aromatic compound in said upper rectification
zone; and
recovering an alkylated aromatic product mixture comprising alkylated

aromatic compounds unreacted olefin feedstock and by-product as a bottom stream

from said lower rectification zone.

Accordingly, disclosed herein is a solution to one or more of the problems
described above. More particularly, a process and a system useful in the preparation
of mono-alkylated aromatic compounds by the solid acid-catalyzed reaction of
aromatic hydrocarbons compounds with olefins, particularly low molecular weight,

straight chain olefins are disclosed.




straight chain olefins are disclosed. 29 August 2006 3b In one enbodi nent,
there is provided a systemconprising a reactive distil [28tAugustc20amm
including a reactive zone, a first rectification zone at the top of the
distillation colum and a second rectification zone bel ow said reactive
zone and further containing a solgw acid al kylation catal yst supported in
the reactive zone. Positioned below and in communication with the reactive
zone through the second rectification zone can be a reboiler and neans for
wi t hdr awi ng Malogg| embedimeatethere isc orqvisied da fevstem empsising| arreadtiviet abl y
positioned injectors may allow for the controlled introduction of aromatic
hydr oc disHétion salugindnelydipg a deagtive apre, iarfiret restificaticraenne\as theotop oftheh t hat t he
reactants flow counter-currently to each other in the |[|iquid phase. In
anot heFisEiAbeR;iGorIAN apg & seondestification Zorshelowusaid reaciiveizppe dindti | | ati on
proces LgHe]at co_n*ﬁ{ginses Jdntroducing into a reactive zone, at a point in the
di stil bRoRIgINGgNna jSqlY agishalkylatinn eafalystysuppepae imdbe peactve zone.r st

recti fbcah[iion zeg$e-, at least a portion 29 August 2006 WO 03/076369

PCT/ Ush87Hanes2eiew and i cemmynicatisnawiih He reastive: zane tarmughiibe seedidng an anount
of ar Orms'ﬁ%w h\égr ocarbons into the reactive zone, at a point below the

cat al ySCUGHRN BAPe SRBPE @ sekaliehard megns fercwithdsawipg kyigted aramatigay be
refluxed int }he eacti ve zgn_?%iych that the aromatic hydrocarbon fl ows
upwar d°URPES D the fePalpes PHitaRly Resttigned jinjertopmirea)s ajpustor #88cends and

fl ows thro“gh.the cat al }/st in the reactive, zone, whereby the
controlled introduction of aromatic hydrocarbon and olefin' feed streams into the

reactive zone such that the reactants flow counter-currently to each other in the
liquid phase.

In another embodiment, there is provided a continuous reactive distillation
process that comprises introducing into a reactive zone, at a point in the

distillation column just above the catalyst zone and below a first rectification zone,

at least a portion




ol efin and aromatic hydrocarbon react, in the liquid phase, to form an
al kylated aromatic conmpound. Brief Description of the D2aviuggst F0gure 1
provi des a schematic representation of the continuous reactive 10

distill i09)§76§3/stem of the invention as two separate and connected col ums
perfor m'ng-as~% single system Detailed Description S8ETVPSEAY ed
Enbodi nents By "light aromatic" or "aromatic", we nmean organic aronatic

conpounds having one or nore ringsgand from6 to about 30 carbon atons,
preferably 6-20 15 carbon atons, that boil at or bel ow about 250C under

pressuref_tendiiéfiroontaiilhg dbedstock SRATRIGUAING SAF (oY RSE Slchhdtld at i on
colum. The preferred nenbers of this group are benzene, toluene, xylene,

St cnaymbasng i SWTBRSYe 48 TR RCARARCAAL U BT 5, T,

preferred ol efins useful 1n this i

and/ or : | ef i.ns_havin rome6 to

about 098 g et BR e A B D s aeste 2 LA ot o

pref er m about te about 20 carbon, ato nd, nmore preferably,

P om 101 5rh SR AFHbarbal o iverdandtoiptss bR e e ng Sloin 63ud: &
araffin, C6-Cl8 olefin, mxture that is derived froma comerci al

Bar f f iH‘.’.ase&’@ﬁwcg'g«@?Fg 9"@%&‘-’68&% catglyshin themerative aenewhenebysingj ect

“reactive distillation process require that the internal pressure in the

r eact i Wefioard gEomalic hydreeaiben rrachrnithe liguid phesento fam an alkylated

‘aromatic compound.

Brief Description of the Drawings

Figure 1 provides a schematic representation of the continuous reactive
10  distillation system of the invention as two separate and connected columns

performing as a single system.

Detailed Description of Preferred Embodiments

By “light aromatic” or “aromatic”, we mean organic aromatic compounds

having one or more rings and from 6 to about 30 carbon atoms, preferably 6-20

15 carbon atoms, that boil at or below about 250°C under pressure conditions typical

in & commercial reactor-type distillation column. The preferred members of this

group are benzene, toluene, xylene, styrene, phenol and cumene, with benzene
being especially preferred.

The preferred olefins useful in this invention include those straight-chain

20  and/or mono methyl branched, mono-unsaturated olefins having from 6 to about 30




above about 1 atnosphere, preferably between about 20 and about 200 psig.
In addition, the conbination of aromatic hydrocarbon, uPcagusg®ifbefin

al kylated aromatics and other by-products, in the reboiler, is maintained
at or near total reflux, 10 such that the tenperature in the reboiler stays
bel ow t W& P& el degradation tenperature of the al PEFABEPIH oduct, whi ch
Is about 265 C., and the nolar ratio of the aronmatic hydrocarbon to the
olefinin the liquid phase is betwegn about 2011 to about 100/1,
preferably between about 3011 to about 80/ 1. Under these conditions, the

reboi | ercattioguatdime) réfdrabie frohrlabyutoe HaibBiRR0ehbéh GRIMSLRd Anokeast 2% by

wei ght 15 aromatic hydrocarbon and the introduction of the aromatic

hydr ocapksiarablyt, o0 tei &4 Ebtlb%hié%&inﬁmﬁi@"'p r;{ e 'Olgﬁu‘?féaéd ?eaI Iﬁe‘é rate which

i s between about 1/6 to about % e fee the o A -i'hto t he

react i vERTTRY - Pr S SistE (RREER! YRR R A B B e B PR 1 W h

reactive di st on tonfigura |

ref eren | : e olefin 20 feed is injected bel ow t he benzene
BEn} oS tbR ploceks

rectificat Z “top of the distillation columm, but above the
catalyst zo erred enbodinents illustrated in the exanples

. Ir1¢he pqu nes | .
bel oW, the ol 8 FNGRng ofdng subjest reachive distifationiprecass raauire/that theom t he 29
August 2006 WO 03/ 076369 PCT/ US03/ 01437 -6- dehydrogenation of paraffins.
The ar offtRN2! HEESWE 4 Ham reactive izone be MAimARad substardialie dorstant ard nt  bel ow
the sol.id catal yst reactive zone and above the second rectification which
keeps t#eove abauhi @tmpspheie. prefasably bativeen about 80 ant abott 200wyt inve  zone.
The second rectification zone is in comunication with and above a
r eboi | eadditionTitke sombindtior affidromatic typdmoarborn unresctéd alefih NglkhrigRt | C
hydrocarbon can be '
aromatics and other by-products, in the reboiler, is maintained at or near total reflux,
10 such that the temperature in the reboiler stays below the thermal degradation
temperature of the alkylated product, which is about 265°C., and the molar ratio of
the aromatic hydrocarbon to the olefin in the fiquid phase is between about 20/1 to
about 100/1, preferably between about 30/1 to about 80/1. Under these conditions,
the reboiler liquid should preferably be maintained to contain at least 2% by weight
15  aromatic hydrocarbon and the introduction of the aromatic hydrocarbon into the
distillation column maintained at a feed rate which is between about 1/6 to about %
the feed rate of the olefin into the distillation column.
The invention involves a continuous process using a reactive distillation
configuration such as depicted in Figure 1. With reference to Figure 1, the olefin
20 feed is injected below the benzene rectification zone at the top of the distillation
column, but above the catalyst zone. In the preferred embodiments illustrated in the

examples below, the olefin feed is an olefinfparaffin mixture derived from the




separated fromthe al kyl ated product, paraffin and unreacted ol efin that
descends fromthe reactive zone on its way to the reboi 28rAugikte208bky| at i on
reaction takes place primarily in the liquid phase on the solid catalyst
in the reactlve zone of the distillation colum. Non-limting exanpl es of
10 cat aMfSPd™®fat may be enployed for this inventionPCRUSERIZuch wel |
known acid zeolitic materials as beta-zeolite, acidic nordenite, acid
clays, such as nontnorillonite and-fredi um pore zeolites such as ZSM 5,

ZSM 12, ZSM1 8, ZSM 20, MCM 22, and Beta, L, Y, as well as rare earth
exchangetehysiregengtion @f paraffing aflde ammahcdfydrdnarborsfem iz amintinesushyOt her

catal ysts that maybe enployed in the 15 practice of this invention include

the fl uoinjestat stea poiohbelotv theesolid @atalyst meadive tongenidi 4rve ang! sabétd NUM
chloride inpregnated on alum na, clays and silica-alum na. The catalyst

can be nectification dhich kekps theikyiated prdduadfrbrh taHIS] fots PRG such as
Koch-d itch KATAMAX braﬁg cat al?ayttlg structured "Eéac |Iﬁ3f§§? al Fftla%atlvel y

ar r angedzdne. qhEeecoMechifistibh 26nd 8 it APSRuRKLS rérf&t}tﬁhdé £Bcﬁreac|rr%b aeg.r _exanpl e,

in a series 20 of beds on perforatedtrasor i'tro in the

0116 T s hES TR B i‘ﬂ'?"t%‘%e%é t'h%‘ta‘@boﬁgﬁ%gﬂ?w%f@ugg% B8 ar omat ) o
ol ani f1 CSRPrAEL R Fe B “e;%téd"fe*ﬁﬁﬁ% R At B SRedte? e i desse i | mpor t ant
mat ntai 108 M BB Forp AYeHh W8 ta MeTeheToper at i n at teady state S at or
APProaching Rk Bllafion Kection tkes place primariy in the liquid pass on the soid
catalyst in the reactive zone of the distillation column. Non-limiting examples of
10 catalysts that may be employed for this invention include such well known acid
zeolitic materials as beta-zeolite, acidic mordenite,‘ acid clays, such as
montmorilionite and medium pore zeolites such as ZSM-5, ZSM-12, ZSM-1 8, ZSM-
20, MCM-22, and Beta, L, Y, as well as rare earth exchanged forms or de-
aluminated forms of the listed zeolites. Other catalysts that may be employed inthe
15 practice of this invention include the fluorided versions of the above-mentioned
zeolites and aluminum chloride impregnated on alumina, clays and silica-alumina.
The catalyst can be maintained in place by supporting it on structured packing, such
as Koch-Glitch KATAMAX brand catalytic structured packing, or aftematively
arranged in other ways familiar to those skilled in this art, for example, in a series

20  of beds on perforated trays or in beds positioned in the liquid down comers of a

trayed distillation column.




pressure, the aromatic hydrocarbon reflux rate, the energy input into the
reboiler, the anmount of aromatic hydrocarbon separated R2f Augost 2086tifier,
t he amount of al kyl ated aromati c hydrocarbon renoved, and the input flow
of aromatic drocarbon. 10 Coupling the reflux rate of the aromatic
hydrocaWB&F(“W%‘h the relatively low rate of introduBCHESN3®OA3Rew ar omatic
hydr ocarbon into the colum will tend to increase the conposition of
aromati c hydrocarbon refluxing intosihe reactive zone. Together with
counter current flow of the Iliquid phase olefin, generating and

mai nt ai i ng NiéRtdifd e Bl rdtd!ditfe 9&@5&%@%&{@%@ BRAinRyp efin in the

reactive 15 zone has been denonstrated to‘have sever unexpect ed
advant atios tend
o al | Qe piFlsEHtherBscidegic oty FRARRK S 2&%%@{1%3@ whi oh, in
turn, s lLi.ze t e action.and senlallylsothermal
in the lﬁ?'grlﬁ %(I%Qt @ﬁrtgrgl Q{tﬁg,pr%ﬁqn&lﬂypgparb Eb ai‘ﬁtcﬁg process
20 typi i nvol ved. mi xi ng the aromatic hy drocarbon with the feed of the
ol ef i n/ﬁfﬁ 85¥¢ ?Hg malptaingd, \vﬁ@ﬂ & gyistei of thervism gperatingat goadestats t he
present invention, it is less critical 29 August 2006 WO 03/076369
PCT/AUSHH/ @ 1aprroaghingséatahtefiug, igrrugheadiusynant plithe goluma inkeroal backso as to
produce the higher reflux rates will be w thout the risk of exceeding the
hi gher pressyserthe arematitiydrecanbarcrafiuxirate; the enengy input inta the, rebeifger at ur es
exceedi ng 265C., at which thermal degradation of the al kyl ated
the amount of aromatic hydrocarbon separated in_ the rectifier, the amount of
alkylated aromatic hydrocarbon removed, and the input flow of aromatic
hydrocarbon.
10 Coupling the reflux rate of the aromatic hydrocarbon with the relatively low
rate of infroduction of new aromatic hydrocarbon into the column will tend to
~ increase the composition of aromatic hydrocarbon refluxing into the reactive zone.
Together with counter current flow of the liquid phase olefin, generating and
mainiaining the higher mole ratios of aromatic hydrocarbon to olefin in the reactive
15 zone has been demonstrated fo have several unexpected advantages:
First, the higher aromatic compound to olefin mole ratios tend to allow
for a larger reactive zone with more exposed catalyst, which, in turn,
tends to stabilize the reaction and make it essentially isothermal in the
distillation column. Prior attempts to keep an isothermal process
- 20 typically involved mixing the aromatic hydrocarbon with the feed ofthe

olefin/paraffin mixture. While this may be done in the system of the

present invention, it is less critical.




5 products begins to take place. H gh aromatic hydrocarbon reflux rates at
constant energy input will tend to decrease the reboil er 20ehnemstalllite as
they force nore aromatic hydrocarbon into the reboiler. Raising the

i nternal pressure within the colum can then achieve higher catalyst
reacti OW({) B4786%¢t ur es, thereby increasing yield, witREHUSII3IO0 risk of
exceedi ng a thernal degradation tenperature in the reboiler. Third, the

hi gher aromatic hydrocarbon to ol ef® nolar ratios, as well as the

i sothermal nature of the reaction zone, can help increase the wusable life
of the cat al PEEONd;HHgharegnargy élpet o the sebofler s aprtoqesducefthehi s | nvent i on
for the nono-substituted al kyl ati on, as opposed to poly 15 al kyl ati on,

which is knohigheorefbixsatesmiitbeswithalt aisé dslebkgkadadiny thedHighersts, will
require less frequent catal yst regeneration. Description of Apparatus,

Procedures athgerattids ¢ng: cam dober #X 3P| reSoiRe! 1.6.0Mtbin Ql%ltlﬂ'gls the process of
this invention was carried out 1in a continuous reac Ive distillation

col umm as degxddedifhg Eeﬁcguéﬁmﬂmch%ehﬂalt Jlﬁr'?prgdéifdéeof tﬁg a}ky?é)rgé' guration, for

conveni ence, two separate colums were enployed and -=--""-------- 29 August

eactive di 2‘5’99P§‘f?%”“yéf*@“‘gf’%égf@853&9?%3@85@5@@;3 SBHBET Csianti shed
(colum 2y & %aﬁ&%“feﬁ%ﬁé% *%@aﬂ&ﬁ%&%%eﬁ%gﬁé'}ﬁari‘é’mé%ﬁ "3} and | over

t dl e flow control fromthe base of
Segment-s (COA #tgy%c))rce moreaarll'oma cgydrocéjrggx m?o the rebg\{ler. Raising

the internal pressure within the column can then achieve higher
catalyst reaction temperatures, thereby increasing yield, without the

10 risk of exceeding a thermal degradation temperature in the rebaiter.

Third, the higher aromatic hydrocarbon to olefin molar ratios, as wall
as the isothermal nature of the reaction zone, can help increase the
usable life of the catalyst. The higher selectivity of the process of this
invention for the mono-substituted alkylation, as opposed to poly-
alkylation, which is known to poison most solid acid alkylation

catalysts, will require less frequent catalyst regeneration.

Description of Apparatus, Procedures and Conditions;

In the examples set forth below, the process of this invention was carried out

in & cantinuous reactive distillation column as depicted in Figure 1. As in the Figure

20 1 configuration, for convenience, two separate columns were employed and




5 colum 2. The catal ysts enployed were a solid acid zeolites, of acidic
nordenite and Y The catalyst is granulated to a 16 x 40 29./8iguste2ii6si ze,
dried at an appropriate tenperature to activate it, and | oaded into 54
KATAMAX cat al yst packi ng el ements. Each packing el ement has a 2 inch

out si deW@Y%44¥P& and is 5.5 inches |ong. The 10 mass P6N/USEB0a43¢st | oaded
into the colum will depend on its density. However, since the KATAMAX
el enents all had the sane internal .gatal yst volune (50.8 cc each), the
catal yst was equally distributed in the colum reactive zone by using 9

KATANA)@@i@MSpeirf@rrﬁ@%fa sihgleashttadidhillation édluhn. Biffetdfliapredife

paraffin/olefin feed, as described in Exanple 1, below, was derived froma

ffi ' (ol lefin feed
paraffigy éxéﬁsmghgggg%ﬂetfythgﬁﬁﬁgmen&%lmlﬂ@u&mﬁwm&he E:('S)lﬁr olefin fee

i's punped from usi ng punp 2. ow i's contr ed by
control By b@ﬂé or [ M FI ow sensor
4. The %ééf{ﬁﬁﬁrﬁn} gﬁg‘r"ﬁﬁﬁ%ré)ds@r%ét passéens"”:ﬁ%rr o%%'ﬂeyszli&%%(ﬁgggﬁ%r Sieve bed 5
prior to pr at er The olefin injection.tenperature.is adjuysted to
ot on (HRENTREER Gifn 3wt i 2 i e A BBRA PTG Ao he por nt of
i njection. Tge point of injection 7 is just above the KATAMAX cat al yst
el ement®HMNGection B, which is just below Section A the rectification
zone that separates and refluxes the aromatic 29 August 2006 WO 03/076369
PCTI US03/ 0143 catalysts gandevedprere @alid iacid zpoliigs nofacidigmoeleaipred, is
benzene). It will be understood that in addition to injection of olefin
f eedst 0tk The catalyst isairanulated to anl@re40 b S duesh size, sied ot an apprepdatedi t i onal
points into the catalyst zone and in any event above the point at
temperature to activate it, and loaded into 54 KATAMAX catalyst packing elements.
Each packing element has a 2 inch outside diameter and is 5.5 inches long. The
10  mass of catalyst loaded into the column will depend on its density. However, since
the KATAMAX elements all had the same internal catalyst volume (50.8 cc each),
the catalyst was equally distributed in the column reactive zone by using 9
KATAMAX elements in each of Sections B, C, D, E, F, and G. The paraffin/olefin
feed, as described in Example 1, ‘below, was derived from a paraffin
15 dehydrogenation process. As shown in Figure 1, that olefin feed is pumped from
a storage tank 1 using pump 2. Flow is controlled by control valve 3 and mass flow
monitored by a Micro Motion Mass Flow sensor 4.
The paraffin/olefin mixture passes through a 4A molecular sieve bed 5 prior
to preheater 6. The ofefin injection temperature is adjusted to match the measured
20 reflux temperature inside the column at the point of injection. The point of injection

7 is just above the KATAMAX catalyst elements in Section B, which is just below

Section A, the rectification zone that separates and refluxes the aromatic




whi ch the benzene is injected. This is particularly advantageous when the
olefin 5 feedstock is essentially pure ol efin. The aromafiZugoytd¥d®6ar bon i s
punped froma storage tank 11 using punp 12, wth flow controlled by
control valve 13 and nass flow nonitored using sensor 14. Prior to

i nj ect i BR,%PHé®ar omati ¢ hydrocarbon is al so passed t REBUHHO3AD| ecul ar
sieve dryer 15 and is heated at 16 to about 5-10C. below its boiling point
at the 10 internal columm pressure;10hus, it is injected as a liquid, but
generally will quickly flash due to the heat fromthe liquid and vapor

ri si ng bydrosérbondwhiehadn bach of fiee edegpnpies,ds bénrehel Utvill Be uideestotd gt | on poi nt
17 of the aromatic hydrocarbon is at the base of Section G but above the

rect i f i meddditiorziorinjetacos alsfinHoetdtosh at thid HOTRE itabs b :r?@éi&? at b of eboi l er.

This is the primary injection point and sets up the unt er - current flow 15

of ar oniicks alliMbeAoRAS irith e datenyel AlrhaleRoaR LAy Qﬁo\@)thé%h‘? ghrom 1ts

I njection point (at 7, above th cat al yst ction omati c
hydrocay t he i ve zone and
cont i manaef the ‘E‘éﬁ%%‘fe 8 Hea%0, TR PRI B B b Bbeo s, D 15, “ Ar e
conden accunul ati on in vessel 20, the aronatic 20
hyd(r%gcz?‘rg g%tlalcté%r%% ]‘@%’Wﬁ’%@ﬁgﬂ inrectifier Section A The desired
~operating PHESSUL €.l ted and i ntai ned usi n cascade control with
nitrogen i I’lj JﬁquWat'filfc%%?ﬁE?%'ﬁ PyAIRRS a?’??"%ﬂ?st% Y RWeR 12he reheating
and re| tlon of the aromatic 29 August 2006 WO 03/076369 PCT/ US03/01437
. hyd’l’ Q‘BSH“WQ*‘?Q reonteh @l i sadmass flow meniieored uslap sensohddvapor phase

heat i n i f necessary, and flow between colum | to colum 2 using a
d| ffer é’rﬂqrgp injection, the aromatic hydrocarbon is also passed through a molecular

sieve dryer 15 and is heated at 16 {o about 5-10°C. below its bailing point at the

10  internal column pressure. Thus, it is injected as a liquid, but generally will quickly

flash due to the heat from the liquid and vapor rising out of the reboiler. As depicted

-in Figure 1, the injection point 17 of the aromatic hydrocarbon is at the base of

.Section G, but above the rectification zone (Section H) which is immediately above

the reboiler. This is the primary injection point and sets up the counter-current flow

15 of aromatic hydrocarbon with the olefin descending as a liquid from its injection
point (at 7, above the catalyst in Section B).

The aromatic hydrocarbon flows as a vapor through the catalyst in the

reactive zone and continues fo the top of Section A, where it exits the column at 18.

After condensation in Cooler 19, and accumulation in vesse! 20, the aromatic

20  hydrocarbon is reinjected at 21, in rectifier Section A. The desired operating

pressure is adjusted and maintained using cascade control with nitrogen injection

(at control valve 22) in association with the reheating and reinjection of the aromatic




pressure, usually no nore than about 2 psig, and is controlled by control
val ve 23. Paraffin, unreacted ol efin, crude al kyl ated pr @@usiguariz006

equi li brium phase 5 aromatic hydrocarbon are renoved after passing through
Section D to an accunulator 30. Fromthere, the accunulated liquid is
punped W& BA&3¥¢%p of Section E, 35, where it conti nP€IUSBHY#IG t hr ough t he
reactive zone. Care should be taken here to assure that the liquid from
Section Dis returned to the sane r¢flux tenperature at the injection
point at the top of Section E. After passing through 10 Sections, F, G and

H, i nto hydeooadini. | The avomeltic Hyiscaien Rraamtdited P HeClapdrmkbigy  hi gh
nol ecul ar wei ght bottons and unreacted olefin, if present, are renoved

- through Heating,dbrddesard Oad bR \bRlwdRNddighn j”cg cBgfﬁrﬂrf;g utsﬁpsat aFadpuLn ough

cool er 41, using punp 42, control valve 43 an S ow sensor 44. As
depi ct egyreddifd sk m ' for, kyl ation,product. 15
Sanmpl e g)oi ntA'is t eﬁ%ﬁa pb%ggg{@b%ﬁi %’Ld Iﬁggn%é%%y%qﬁrgﬁ%v%? * catal yst
sections. S i i n_inter late product, representing
appr oxi mat el 5%'0 rﬁcégd 8%@! 9@?6%@?%8&@@0@%?8@qf‘ﬂ‘gﬁﬂ“s%ﬂ?&?e poi nt ,
not sho be used to check urjty of the aromati ¢ hydrocarbon from
“accu Ig?%rpg%.hyﬁogﬁ'%of‘naﬁé'eg‘%‘?cgrﬂﬁ@ée‘EPSSF’Sr teh"ﬂ@'éx%ﬁﬁip'és? than
rectificatio‘@ (20385 aboye tiheﬁcat al yst in Section B and above 20 the
r eboi | ePCPERYRIOS A0 frog)iaerg, fie ansumuilated qvidkiaprmmediatheitogotSentiont s, but
cont ai ni ng no catalyst. This was to assure efficient ,
evapor afs 3h/VEsHa ESeBlNUss Nassing dhrougl thefreadliveaoneg o Fase sikildbg taken2006 WO
03/076369 PC1/US03/ 01437 -12- The reactive distillation process of the
acconpaf§ientp essirplthat theefigwidfrom Section D is returned to the same reflux
temperature at the injection point at the top of Section E. After passing through
10 Sections, F, G, and H, into the reboiler, crude alkylated aromatic product, paraffin,
high molecular weight bottoms and unreacted olefin, if present, are removed
- through the reboiler 40 on level control and pumped to storage through cooler 41,
using pump 42, control valve 43 and mass flow sensor 44.
As depicted, there are two sample points for the crude alkylation product.
15 Sample point A is the final product, which has passed through all catalyst sections.
Sampie point B is an intermediate product, representing approximately 50% of the
catalyst residence time. A third sample point, not shown, may be used to check
purity of the aromatic hydrocarbon from accumulator 20. Also, in the system used
for the examples, the rectification zones above the catalyst in Section B and above
20 the reboiler (Section H) are also packed with KATAMAX packing elements, but

containing no catalyst. This was to assure efficient evaporation/condensation in the

rectification zones.




using a counter-current flow of benzene injected at the base of the
reactive distillation colum, a mixture of paraffin and28i/efgust 20pect ed
above the catal yst zone, variabl e benzene reflux rat es, and vari abl e
reboil er ener g/ i nput. Very high 5 (between about 30 to about 80)
benzeneW&"éWﬁg %ol ar ratios in the reactive catal yst PCEgA®/0MITe achi eved by
adjusting the reflux rates and the energy input to the reboiler. At the
same time, the reboller tenperature?-emai ned bel ow that at which product
degradati on begl ns to occur. The higher reflux rates and increased

benzene/ ol ef The Aeackive distillationaprocessiaf the aceerspanying exsmples opataady St

al kyl ation tenperature range in the reactive zone from 80C. at atnospheric

pr essur &sing 4 8®anteatudéntpiiovy .of Temzeds liijdoted @t aHp Usdset dethePrizeanse/ ol ef in
nolar ratio in the reaction zone inparts a significant and unexpected

f1 exi bi Histifation colimm a niiktaresfyapaffimand SN injeRhsd 5oVRSE ot solid acid
al kyl ation catalyst being enployed. 15 E)JN\/PLE Thi sc Ithzlbhg'i | lustrates

pr OCesSvaiabié hehiéne réTuke/ats, Ofnd! Dicbi5hciBF ehBfeyREE eg}trﬁgﬁet veen the

aromati ¢ hydrocarbon and the olefin't can be syst em of

%gﬁf?grgﬁ?%tiwo%ﬂs{%m orth &Jt%éf 6%’?%“%}0\%35%‘%; r%ﬂ%‘gd es;sl Y%FaC{E{XFT ent flow of
mthZEPe c(?)r% par aﬁ:l n %’ uk%ﬁ%ﬁg&% r{]gﬂ@t rr@gesgtﬁlaégh? @teizai& g"‘ipbggo?g%ngmcoﬁpl ed
ust 2006 . WO 03/ 07

\IIDVICEI' /h U\égrrfﬁgq ERan Eﬁ'“@a&'éé%&é leF o qﬁéﬁfﬁ‘éﬁ@?@g@eq below thatat whishoyed. The

poi nt Ofroggcr:tegegrarya?oﬁ Legms to occur.

The higher reflux rates and increased benzene/olefin molar ratios also

10 increased the usable catalyst alkylation temperature range in the reactive zone from
80°C. at atmospheﬁc pressure to 165°C. at 90 psig. The ability to adjust the
benzene/olefin molar ratio in the reaction zone imparts a significantand unexpected
flexibility to tailor the operating conditions to best suit the solid acid alkylation

catalyst being employed.

15 EXAMPLE 1
This example illustrates process flexibility in terms of the range for the motar
ratio between the aromatic hydrocarbon and the olefin that can be achieved in the
system of the present invention. A reactive distillation process using the
configuration set forth in Figure 1 was utilized. A counter-current flow of benzene
20  injected at the base of the reactive distillation column, a mixture of paraffin plus

olefin injected above the catalyst zone, coupled with variable benzene reflux rates




injection is at the top of section B just above the catal yst zone as
depicted in Figure 1, at 7. Benzene is injected bel ow t B8 Asgusti3086 zone
(Sections B, C, Db E, F and §G. Benzene reflux is also injected at the top
of the colum in Section A, above the 5 catalyst zone. Energy input into
the rebBPI%P7%€ froman electric stab-in heater. Hi B6BUS®OIERat ts i ndi cate
hi gher energy required to increase the reflux rate. Reboiler tenperature
was neasured by a stab-in thernocougl-e positioned in the reboiler [|iquid.
At a 50 psig columm pressure and a constant 2.85 kilowatt energy input, the

reflux ggd @a'riablée:@be@eéhérg?p nplR Qv einplolved.1 Thepominof pemaffiniehefinl er
tenperature-10 rises rapidly and exceeds the 265 degree C. tenperature for

the O“Sﬁgﬁcgﬁrﬁi{ﬁg@@{gg ASSERAT jusabolBehd bAlatyst zBRABE ARG MEFigareol ef in ratio

in the c creases ‘as does the béenzene content in the reboiler.
Reduci n sl ' Eﬁ# bhe ¢ shocher
t enper a?'uértltza}"'3 i éﬂ%ﬁe‘: 'ﬁ?%ﬁ?’%’g"ﬁﬁé cggdrlésg%@é[(geo e ?ﬁé’ rrbIE’aF; ratG!)o in the
reactiog zone of the_ col t . L 1, ' d 15 at 35
psig co ﬁ?&?"&@ggﬁﬂ%a%ﬁg&?ﬁ@t?@%gqﬂ @rtﬁéﬁh‘ug{p ’bnsgeu or\néégé’&fegfﬁ%e reduced to
1.98 kilowatts while still nmajntaining a liquid phase benzene/aolefin nole
a1 L ZON, EREaITBYIBIO i tEboter ' fedban JREE SIRTL BPRET: hat ¢ he
benzene/ol efin nole ratio can be adjusted, from 27/13[ to 7%%)?eft 50 psig
col unn HigbexiGlowalis indicalghigheranesgicenuired lafnsmase tiarervgals 8715 degr ees
C. and simlarly at 35 p%g from26/1 to 77/1 at a uniformreaction
t enper demperattre 3as deepsveed by amtab-iretheonosavpls rasifiongad instheyepeliRied to 75
psig, even at total reflux rates of 209 g/nmin., the reboiler tenperature
exceedsliquite 2Ga B gsigtcoRBUtprev¥lire 3ho aenstant SLkisyatteremy-ingut, the
reflux rate is decreased from 196 g/min to 112 g/min. The reboiler temperature
10 rises rapidly and exceeds the 265 degree C. tsmperature for the onset of thermal
degradation. The liquid phase benzene to olefin ratio in the column also decreases
as does the benzene content in the reboiler. Reducing the energy input to 2.34
kilowatts reduces the reboiler temperature while maintaining the benzene to olefin
molar ratio in the reaction zone of the column at 46/1. A similar trend is observed
15 at 35 psig column pressure where the reboiler energy input needs to be reduced {o
1.98 kilowatts while still maintaining a liquid phase benzene/olefin mole ratio of 41/1
in the catalyst zone.
This experiment indicates that the benzene/olefin mole ratio can be adjusted
from 27/1 to 76/1 at 50 psig column pressure and a uniform reaction temperature
20 of 142-145 degrees C. and similarly at 35 psig from 26/1 to 77/1 at a uniform

reaction temperature of 134 degrees C. As the column pressure is increased to 75

psig, even at total reflux rates of 209 g/min., the reboiler temperature exceeds the




t hermal degradation tenperature of the al kyl ated product. Energy i nput
needs to be reduced, which begins to limt the |iquid pR&segueiib@ne/ ol efin
nole ratio in the colum. At 75 psig, the reboiler tenperature can be
brought back into an acceptable range when the colum benzene/ol efin nole
ratio | WOrlAWE®d. 5 Increasing the reaction tenperat BEBUSH/08432 cat al yst
zone above 160 degrees Cwll require further increases in columm pressure
and further reduce the maxinum attBsable |iquid phase benzene%l efin nole
rati o. Decreasing the operating pressure will further decrease the

cat al ystherma¢degrapetiat iengerdtute 6fttRe tilkylatedpoduct Eddrgiinfutitass to
benzene/olefin nole ratios remai ns possible since there is no risk of 10

exceedi g redcdd) #hivhlbedRi ta it tAd lig GHPABSE BERzeneRleiAOB ritio iRlth€> PSig in a
relatively high reboiler energy input of 2.34 kilowatts, a benzenel nol e

rati o ogoRRinl AVeEs %w'%gdreﬁgg&%%@g@@nr@??ﬁﬂ Ebﬁg}p%tgt yre. Tables |

and 2, set forth belo provi . develop I's ‘exanple. Table
vei o Brbdgitle FopfRclth 08 coRIRARLRAERT RO RS efegtll L Y,
2. 445 Cﬁn%ré)as?’n?’g {ﬂe??gaction temperature in the catalyst zone above 160 degrees C will
require further increases in column pressure and further reduce the maximum
attainable liquid phase benzenefolefin mole ratio. Decreasing the operating
pressure will further decrease the catalyst zone temperature, but the full range of
liquid phase benzene/olefin mole ratios remains possible since there is no risk of
10 exceeding the thermal degradation temperature. For example, at 25 psig in a
relatively high reboiler energy input of 2.34 kilowatts, a benzene/mole ratio of 55/1

was achieved at an acceptable reboiler temperature.,

Tables 1 and 2, set forth below, provide the data developed in this example.

Table 1
15 Capiliary GC Analysis of
Paraffin/Olefin Feed _
Feed A B
Weight % Weight %
<C10 0 0
c10 1.53 1.88
20 ci 385 3.71
c12 3.83 3.83
c13 2.45 2.44
C14 0.33 0.36
C15 0 0
25 Total Olefin 11.99 12.32




Cl5 0 0 25 Total Aefin 11.99 12.32 29 August 2006 WO 03/076369

PCT/ US03/ 01437 -15- Capillary GC Anal ysis of Paraffin/ O @Pidmgesid®0beed A B
Wi ght % Wei ght % Linear Paraffin C10 0.18 0.07 010 14.42 19.09 5 C11
31.84 29.72 Cl2 26.43 24.88 C13 14.42 13.25 Cl4 0.62 0.48 C15 0.19 0.2
10 Tot alvO®3P%P4% n 88.1, 87.69 Avg MW (g/ npl e) 163. 6 PEHFSHO1I43 onri ne No.
(Cg/g) 10.8 10.4 Table 2 Lower Paraffin Colum Average Rebol |l er Reboil er
Refl ux Liquid Benzene 15 Benzene -H@-efin Pressure Catal yst Energy Tenp
Benzene Phase in

Capillary GC Analysis of
Paraffin/Olefin Feed
Feed A B
Weight % Weight %
Linear
Paraffin )
Ci1o 0.18 0.07
. c10 14.42 19.08
5 c11 31.84 29.72
c12 2643 24.88
C13 14.42 13.25
C14 062 0.48
C15 0.19 02
i0 Tolal Paraffin B8.1 87.69
Avg MW (g/mole)} 163.6 {629
Bromine No. (Cg/g) 10.8 104
Table 2
Lower Paraffin Column Average Reboller Reboiler Reflux Liguid Benzene
15 Benzene +0lefin Pressure Catalyst Energy Temp Benzene Phase in
: Injection Injection {psig) Zone Input {C) Injection | Benzene [ Reboiler
Rate Rate Temp. (C) {KW) Rate Olefin wi%
g/min o/min gfmin Mole
‘ Rativ
10 50 75 157 2.88 306 205 63 39
20 20 50 75 157 224 262 115 23 19.2
10 50 80 145 2.85 253 196 76 17
10 50 50 145 285 275 149 58 - 123
10 50 50 145 2.85 200 112 42 47
10 50 50 145 2.34 251 113 46 214
25 10 50 50 143 1.08 248 65 27 18.2
| IET 50 35 134 2.88 251 199 77 18.7
10 50 35 134 234 275 104 32 5.8
10 50 35 134 1.98 236 137 41 38
10 §0 35 134 1.8 248 51 26 16.2
30 10 50 25 122 234 236 167 55 26




I njection Injection (psig) Zone Input (C) Injection Benzene Reboiler Rate
Rate Tenp. (C) (KW Rate Oefin w% g/mn g/mn g/mn M?A&uRasti?806 10 50 75
157 2.88 306 209 63 3.9 20 20 50 75 157 2.24 262 115 23 19.2 10 50 50 145
2.85 253 196 76 17 10 50 50 145 2.85 275 149 58 12.3 10 50 50 145 2.85
290 112W@P3A76369 10 50 50 145 2.34 251 113 46 21.4 25PGDUSBNLH7 143 1. 98 246
65 27 18.2 10 50 35 134 2.88 251 199 77 18.7 10 50 35 134 2.34 275 104 32
5.9 10 50 35 134 1.98 236 137 41.38- 10 50 35 134 1.98 248 51 26 16.2 30
10 50 25 122 2.34 236 167 55 26 29 August 2006 WO 03/076369 PCT/ US03/ 01437
-16- Exanple 2 Varying the |iquigkapipks2 benzene/olefin nole ratio can

I nfl uence the anount of |ess desirable bottons products that wll be

created for @ar?ﬂné%mgﬁ(@fa%@b%n Shrbishi moleThES BaPRfilieEe (s aduaits can be

di -al kyl ated © ate enzene, olefin dinmers 5 and pol yners as

well as gled J1e%ﬂ¥i)le%lo’ﬁ%§f)rodm& 1R5EMMDe SeafdQlb A Gvel SAH R catalyst.
These bottoms products can be di-alkylated or poly-alkylated benzene, olefin dimefs

5 and polymers as well as di-phenyl alkanes. The amount of bottoms products
created is somewhat dependent on the nature of the solid acid catalyst, but can be
‘significantly influenced by the liquid phase benzene/folefin mole ratio in the reactive
catalyst zone, as demonstrated in Example 1. The reactive distillation column
alkylation system of the present invention can generate awide range of liquid phase

10 benzene/olefin molar ratios. This can be seen in Table 3, which shows that as the
liquid phase benzene/olefin mole ratio is decreased, the amount of boftoms
_increases. This is shown as the decreasing ratio of alkylated product yield divided

by the bottoms yield. This same trend is observed for two different catalysts and at

two different reaction temperatures. CBV-20A is a commercial acidic mordenite and

15 TOSOH 330 is an acid Y-zeolite. Both catalysts were chopped and screened to a
© 16 x 40 mesh size for loading into the KATAMAX structured catalytic distillation
packing elements. The amount of CBV-20A loaded into 54 KATAMAX elements

was 1721.26 g. The amount of the TOSOH 330 Y catalyst loaded into an equal
number of elements was 1379.27 g. Paraffin/olefin Feed A from Table 1 was used

20  in the investigation of the CBV-20A and paraffin/olefin Feed B was used for the

TOSOH Y zeolite.




created i s sonewhat dependent on the nature of the solid acid catal yst, but
can be significantly influenced by the |iquid phase benzgdalustéldd nol e
ratio in the reactive catalyst zone, as denonstrated in Exanple 1. The
reactive distillation colum alkylation systemof the present invention
can gen®PAR6H%\ de range of |iquid phase 10 benzenePETESISRI43D| ar rati os.
This can be seen in Table 3, which shows that as the 1iquid phase
benzene/ol efin nole ratio is decreagrd, the amount of bottons increases.
This is shown as the decreasing ratio of al kylated product yield divided
by the bottons yield. This sanme trggdsis observed for two different

catal ysts.and at _t different reaction tenperatures. CBV-20A is a
commer cifalaRe) “umpy e 'i’aﬁfﬁa 24158 9@ (JOlefig {2 henlclingtr Y-Pr@wl i|t e. Bot h
catal ysts wer e [GREPDSbhe AN SiefiC| ‘ﬁ,eaﬂ,fft‘éb G B HELRRROHYRS] A | oadi ng

i nto thg KATA st medpuf edte ct al Vitisin) dli ki 1jl @t | on'  {packil ngaeel énents. The
anount @f CBV- 20A | pa®kd] @Rib] 54 K Qs| dnent s s 1721.26}g. The

L laVaVWal

eoba A 7 DSl MR AT il ? b I O AT P A 5 vioa ]

\!\l&S 137 e 0], | Py TRg1 P T T8 8 qCh18 5 LR ?%‘%2?;}‘&3%82?9 in the

I nvesti gatron )T‘r‘;j(ew~4u1-\ mdarar frrofetrr-fFegd—1B pd for the
TOSGH Y |[&pkak €. 329 ARgUS Us, s 0 839% C?Tﬁgﬁéﬁffﬁ #3317 Table 3
Cat al ys{Toégndsorh $5at|alysi] Hay aff Tdsn |BedsZENe: B ner L1080 Oske T 2- Phenyl

Li near Product]| Pressure Reactionl& Raje Retlux{ Phage Copy ATKyl ate

Al kyt at (osak33¢Y h1 8/ | (S| igy¥e.Zanasollefsnl (7as mi #83 |Rat®e |BeazEnet (VW (/a) (N

Bot t om s Se¥h Ratle 15y/Ini %) IQeaf 1sqRal 83 |95 | 217 | e10 €8
Tosoh 330-Y'| &0 146 49.7 8.9 111.8 42 98.2 | 222 888 | 45

10 Tosoh 330-Y | 50 150 99.7 9.8 150.8 22.9 100 | 21.5 £8.0 29.5
Tosoh 330-Y] 35 129 49.8 9.9 137.3 38.5 100 | 20.8 8g.5 33

Modifications of the apparatus, procedures and conditions disclosed herein

that will still embody the concept of the improvements described should readity

- suggest themseives to those skilled in the art, and are intended o be encompassed

15 within the spirit of the invention presently disclosed herein as well as the scope of

the appended claims.

H -t - f-a—a—edual Atybet of el ement s




(O (g/mn) Mole Ratio CBV-20A 35 134 49.4 14.7 146.7 56 90 75.5 89.5 78.5
CBV-20A 35 136 49.1 29.8 215.3 116.5 89.1 77.5 91.4 132. 29%pustad®0830. Y 35
135 49.8 9.9 199 77.5 98 21.1 M 29 Tosoh 330.Y 35 135 49.9 9.8 104.5 32
98.6 21 6 I@sg@ 330-Y 50 144 49.2 9.9 196 76,3 98.3 21.5 Tosoh 330-Y 50
145 50 $O4°4%¥% 58.3 98.5 21.7 Tosoh 330-Y 50 146 HGIY¥¥43% 11 g 42 98,2
22.2 10 Tasoh 330-Y 50 150 99.7 9.8 150.6 22.9 100 21.5 Tos8 9.9 137.3
38.5 20.9 89.5 33 Modifications of-18hRe apparatus, procedures and conditions
di scl osed herein that will still enbody the concept of the inprovenents
descri bpmasizadighetidgndi | y suggest thenselves to those skilled in the art,
and are intended to be enconpassed 15 within the spirit of the invention

present|y digcl og oE@és&bﬂh@%oHﬁMou@?ré atifrdTendro-alkfigted pRnatRd cl ai ns. 29
August 2006 WD 037076369 PCT/US03/ 01437 -18- What is clained is: 1. A

ool B30 LRI IRIRRSE KO ol PLlgds Shog e
eon BEBDETIR oG Bhgkhahes BhublsodsSaiaReR e 10 0
a Sosl | %e?gvi\.r%a? Fégcﬁ\tré 9ons %tnﬁl fﬁﬁﬁer containing a solid acid alkylation catalyst
supported in the réactive zone, said process comprising:
A. introducing into the distillation column, at a point just above the
catalyst zone and below sald first rectification zone at least a portion of an
olefin feedstock selected from the group consisting of C¢-Cy, olefins and a
10 Ce-C,, Olefinsfparaffins mixture;
B. introducing into the distillation column, at a ﬁoint below the catalyst
zone but aboﬁe said second rectification zone, an amount of aromatic
‘hydrocarbon having from about 6 to about 30 carbon atoms, such that the
aromatic hydrocarbon flows upward and contacts the olefin feedstock in the
15 liquid phase as it descends and flows through the catalyst zone, said second
rectification zone including é reboiler;
C.  maintaining an internal pressure in the reactive zone and the
combination of olefin feedstock and aromatic hydrocarbon at reflux in said
reboiler such that the temperature in the reboiler stays below about 265°C,

20 and wherein the molar ratio of the aromatic hydrocarbon to the olefin inthe

liquid phase is between about 20/1 to about 100/1.




supported in the reactive zone, said process conprising: A introducing
into the distillation colum, at a point just above the 28&wenst2006one and
bel ow said first rectification -zone at |east a portion of an olefin
feedstock selected fromthe group consisting of C6 C13 olefins and a 10 C6
Cl, ol eWOfSHaPaffins mixture; B. introducing into t RETYS&43 ati on col um,
at a point below the catalyst zone but above said second rectification
zone, an anount of aromatic hydrockrbon having fromabout 6 to about 30
“carbon atonms, such that the aromatic hydrocarbon flows upward and contacts
the ol efi n f2edstTheprocessioéclaiin 1,iwharein firearsboites liguid dentemsddleasi®% | ows

t hrough the catal yst zone, said second rectification zone including a

reboi | ebyv@igmmmﬁdﬂyﬂg:@fb&mternal pressure in the reactive zone and the
conbi nat1 on of olefin feedstock and aromati ¢ hydrocarbon at reflux in said

reboil er such that the tenperature in the reboiler stays bel ow about 265C,
20 and wherein the nolar ratio of the aromatic hydrocarbon to the olefin in

e sidul d ghasericsrhelueauidion yrehld idpRbalte i 8 beckR Mgt 2006 VO

03/ 076369 PCT/ USO rocess claim1l, wherein the

reboile [ QLU ' I ¢ Lght aromati c hydrocarbon. 3.
The pro%lééést&maﬁ%?gﬁﬁgyy%roglg%ﬁ%é{ﬁ@%%ﬁ%&i n the reactive zone is
substantially constant and above about 1 atnosphere. 5 4. The process of
claim1l1, wherein the columm pressure, as neasured

5 4, The process of claim 1, wherein the column pressure, as measured

below the reactive zone, is between about 20 and about 200 psig.

5. The process of claim 1, wherein the molar ratio of the aromatic

hydrocarbon to the olefin in the liquid phase is between about 30/1 to about 80/1.

6. The process of claim 1, wherein introduction of the aromatic
10 hydrocarbon into the distillation column is maintained at a feed rate which is

between about 1/6 to about ¥ the feed rate of the olefin into the distillation column.

7. The process of Claim 1, wherein said aromatic hydrocarbon contain

from about 6 to 20 carbon atoms.

8. The process of Claim 1, wherein a portion of the olefin feedstock is

15 injected into the catalyst zone.




bel ow the reactive zone, is between about 20 and about 200 psig. 5. The
process of claim1, wherein the nmolar ratio of the aromai2Pdughstd086ar bon to
the olefin in the liquid phase is between about 30/1 to about 80/1. 6. The

pr ocessw&&%&%m 1, wherein introduction of the ar orr%jlg?%}]j&m}}%ﬂr ocar bon
St is

into the di | ation colum is maintained at a feed bet ween
about 1/6 to about %the feed rate of the olefininto the distillation
colum. 7. The process of C aim 1;28verein said aromati c hydrocarbon
contain fromabout 6 to 20 carbon atons. 8. The process of Claiml1,

wherei n a pofi onAoProchEs dprethien cortindous prepasatilt of rglkyteted! dromatid he cat al yst
zone. 29 August 2006 WD 03/076369 PCT/US03/01437 -20- 9. A process for the

cont i nusasipeusgacemprsingf al kyl ated aromatic conpounds conpri sing:
introducing at |least a portion of an olefin containing feedstock at a point

between an i intredueirg att deastiagportion aPas ofufifl coNtAiAG feddRedokldt@Ppdipn zone; 5
i ntroduci ng an aromati c conpound having from6 to 30 carbon atons at a

DO Nt._DebHRRM drPinterAiihy edtaR S on Uhdar IYBF rdcifiédtbhBhbon zone; ref | uxi ng
g [ a

said aromati c conpound upwardly throu d catalyst zone to react, in

pradhce. al kyl ray iy B AERER T fg R B cahadfubaSTHA L, <" 1

produce al kyl at ed onmatic conp _ . said .
o o o PSSO A o5 08 ol ALERRBG] gipaior ot 0 sl o aromatic
refluxing said aromatic compound upwardly through said catalyst zone to
react, in the liquid phase, with descending olefin feedstock in said catalyst zone to
produce alkylated aromatic compounds, the internal pressure in said catalyst zone
10  being above about 1 atmosphere;
separating said aromatic compound from said olefin feedstock and alkylated
aromatic compounds in said lower rectification zone;
refluxing and separating said aromatic compound in said upper rectification
zone; and
15 - recovering an alkylated aromatic product mixture comprising alkyiated

-aromatic compounds unreacted olefin feedstock and by-product as a bottomn stream

from said lower rectification zone.

10.  The process of Claim 9, wherein said olefin-containing feedstock

‘comprises Cg-Cy, olefins.




aromati c conpounds in said |ower rectification zone; refluxing and
separating said aromatic conpound in said upper rectifica®?Asgust28de; and 15
recovering an al kyl ated aromati c product m xture conprising al kyl at ed
aromati ¢ conpounds unreacted ol efin feedstock and by-product as a bottom
st ream WPOHPH68%i d | ower rectification zone. 10. The BrHEEBHIGBY O aim 9,
wherein said ol efin-containing feedstock conprises C6-Cl18 ol efins. 29
August 2006 WD 03/076369 PCT/ US03L@4437 -21- 11. The process of C aim 10,
wherein said ol efin-containing feedstock conprises a CB-C13

ol ef i n/ paraf1in nThe proeesd 3f CHI® 10,00058inaidCbRFiMc8ataltiiRy ReAstdak d | over
rectification zone includes a reboiler. 5 13. The process of Caim9,

wher ei negrapfisdd ag(@ﬁﬁ@g}gfﬁ-, rpageered fromsaid reboiler. 14. The
process of Claim 13, wherein the tenperature in said reboiler is

stabilized below a tenperature at which thermal degradation of said
al kyl ated aromatic conpounds occurs. 10 15. The process of Caim§9,

The process o O ERRCIRIERME RhefinSlERRe Binalental biuds ne-

cat al yst rezb%rﬁgf.i S between about 20 and about 200 psig.

5 13.  The process of Claim 9, wherein said bottoms stream is recovered

from said reboiler.

14.  The process of Claim 13, wherein the temperature in said reboiler is
stabilized below a temperature at which thermal degradation of said alkylated

aromatic compaounds occurs.

10 15.  The process of Claim 9, wherein said catalyst zone contains a

supported, solid acid catalyst,

16.  The process of Claim 9, wherein the pressure, as measurad below the

catalyst zone is between about 20 and about 200 psig.

17.  Theprocess of Claim 9, wherein the molar ratio of aromatic compound

15 to olefin in said liquid phase is between about 20/1 to about 100/1.




17. The process of Claim9, wherein the nolarratio of aromatic conpound 15
to olefin in said liquid phase is between about 20/1 to aboueustéépa. 29
August 2006 WD 03/076369 PCT/ US03/01437 -22- 18. The process of Claim9, }
wherein the introduction of said aromatic conpound is naintained at a feed
rate wh"ONE3@et ween about 1/6 to about %the feedPEHUBHI43The ol efin
present in the olefin feedstock.

-22-

18.  The process of Claim 9, wherein the introduction of said aromatic
-compound is maintained at a feed rate which is between about 1/6 to about % the

feed rate of the olefin present in the olefin feedstock.




