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I nvention This invention relates to catal yst regeneration. Mre
particularly, this invention relates to the in situ regeneration of solid

acid cawaossbed7d n a unified, continuous, pressurizegerifghdih¥e
distillation process for the alkylation of light .5 aromatic conpounds,

such as benzene and cunene. Background of the Invention The al kyl ati on of
aromati c conpounds with olefins is arl-established conmmercial technol ogy.
For exanple, benzene alkylated with short chain (typically 2 to about 6
car bons) hydrAREAGHYERISTVELAEON ABKYLATIGNRRACESSINCIAMING | ght 10

aromati ¢ conmpounds al ky INIStTUGATALYSTDREGENERATIONt s, having greater
than about 8 - 10 carbon atons) linear olefins are commonly sul fonated to

produce g}t nGention t able for use in detergent manufacture. The
al kyl ati on"of benzene and ot her | ight aromati ¢ conpounds has typically

been cartied il ifRbfrfela@E! WobkBarchderdlion?! bChacakd) als, |0 3

fixed bed, plug rocess 860, 173
di scl osedntentiongelaids ﬁ,\el incsifuhregpheratian at sdhdascd caalgstgSo o onifiethe
ntly, the

al kyl ation _pf benzene.w t ropyl eng, .0 duce c e

ise”or . FAoBRuOUE, Srpsultnd, BePle E8firBn, FHSESK o - ARHALHT B RRRG cer i ai n
nat ur gl zesmatiesorapslirglgNs et acberreneant@umeneves, as al kylation catal ysts,
has been taught. 20 Still nore recently, al kylation of benzene and I|i ght

aromatics with Cs-C30 olefin'co-fed wwth the aromatic over a solid
catal yst d&%ﬂgﬂoﬂn@ofﬁ@%béﬁﬁloﬁ' stillation colum has been proposed carried
out in a‘reactive distl on colum (U.S. Patent No. 5,770,782).
However, t her éhecalkylation 106 ayemptio oamrouads oditthtalefingi ish apoasteblsher
' commercial technology. Forexample, benzene alkylated with short chain (typtca}Iy

2 to about 6 carbons) hydrocarbons has value as gasoline octane enhancer. Light

10  aromatic compounds alkylated with longer chain {that is, having greater than about
8 - 10 carbon atorns} linear olefins are commonly sulfonated to produce surfactants
_suitable for use in detergent manufacture.

The alkylation of benzene and other light aromatic compounds has fypically
been carried out using hydrofluoric acid or a solid acid catalyst in a fixed bed, plug

15  flow process. For example, U.S. Patent No. 2,860,173 discloses the 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 'commércial sieves, as
alkylation catalysts, has been taught.

20 Still more recently, alkylation of benzene and light aromatics with Cg-Csg
olefin co-fed with the aromatic over a solid catalyst bed in a reactive distillation
column has been proposed carried out i‘n a reactive distillation 'col.umn (U.S. Patent
No. 5,770,782).

However, there continue to be problems associated with commercial

25  alkylation processes. For one thing, most of the above processes have practical



25 al kyl ati on processes. For one thing, nost of the above processes have
practical 28 August 2006 WD 03/076074 PCT/11S03/01432 - 28 Augwstt2)06n t he
anount of aromatic that can be econonmically co-fed with the olefins, thus
resulting in lowyields of the desired al kyl ated products. The typical
range fwooshewzene to olefin nole ratio using HF al kKyplgigs@miigchnol ogy is
4/1 to 8/ 1. The fixed bed, plug flow solid acid technology referred to
above is practiced using a 5 benzene/olefin nolar ratio of 15/1 to 30/1.
‘The exanpl es proposed for reactive -#&stillation in U'S. Patent No.
5,770,782 used a 5/1 to 20/1 benzen€/olefin nole ratio for the co-fed

m xt ur e dimitsioncthesreount nbawniadic thaicsarhececonamically coffed with theoolafing.  and

01yl o C R Bt o7 e B e RbYe] T hupRRYE rRLGBE BngRRyT o °
t endency bbﬁzéﬁeoldwi@fn meleyambeémg HlFesrkylatlmnnadsﬁnomyyas 4/1db 81k yiThei fixédar onat i cs.

Solid aC|d al kyl ation cat al o deactjvate nore pidly in the
pr esence P8¢ Bi'-é Hewa salid éP@n@FF‘E"‘BQY)dG 1ed to@&%%&c@fﬁggcﬁg 5%@ and heavy

OrgansCSbgﬁéﬁw@mwnmagawhmt toSau/h a%eéﬁé hi;brlesr %Hbéeanﬁor @@mﬁase in

cat al yst ectlveness an need to shut ocess down 15 to regenerate
t he cat aHistitationds U.SrPat¢ride. §,r7c'o’ll?@&s:sad35ﬂitpéat1l henzenelolglin mola nago

ar o1 oul 1o 8 eHgRg PopcEah Elcats pRl P B BT YR BB cr cne.
mai nt ai nafd iofefinhtsefbiedthieyl enfen disecatalyat bet ssasstrobdefiaiptorvepsiony aadd
t enperat.u cess of 250 C. It is clear that a need exists for a

met hod ngkgﬁsa[@,ylg con of light aromatics with 20 straight chain- ol efins

t hat ypas hi ghjnob@ditien canﬁ%rsélp?acé@b@anave @Is@lmf@ahtemhuyndyytof Produce
nono- substituted products, {()ro onged catal yst effectjveness. Reducing

the sevé@lvwbséftutgéefn@ﬁrtwglaé&m la@ﬁsarmah@ i FR¥A APl alidationicatal ¥&i8d of
achi evi ngy U6 e dchvitt hore 78pidly 9 Hhe 3&%@1‘;09 &f dialkylated aromatic products.

Carbonaceous deposits and heavy organics build up on the catalyst surface, with
resultant decrease in catalyst effectiveness and a need t6 shut the process down

15 to regenerate the catalyst. ‘Most of these problems are directly related to the -
~ exothermic nature of the reaction, which has a tendency to be severe and difficult
to control. Regeneration is typically provided using benzene maintained in the liquid

. phase at a pressure of 500 plus psig and femp’eratures in excess of 250° C.

It is clear that a need exists for a method of alkylation of light aromatics with
20 straig'ht chain olefins that has high olefin conversion r_atés, a high selectivity for
mono-substituted products, and prolonged catalyst effectiveness. - Reducing the
severity of operating conditions would imprové the likelihood of achieving such

results.



Summary of the Invention The present invention provides a process for the
regeneration of a solid acid alkylation catalyst in a rezAugeat2006
distillation al kylation process taking place in a pressurized distillation
colum including an internedi ate reactive catal yst zone having supported
therein a solid acid al kylation cataByst, a first rectification zone at

the top of the distillation columm and a second reactification zone

i ncl udi ngummargbothk BivebGdPW sai d reactive catal yst zone, wherein at |east a
portion of anaﬁl ef1n- containing feedstock is brought into contact with at

| east a porti Of°® BESEH BYLAHER Provdey & Rieerssder the eegenetation of 8 sakitt a¢id cur r ent
f1ow wi t hikplatidte caleaet inve ﬁ‘s’ébﬁslré’%ﬂstiﬁéﬁéﬂ,alkylﬁlﬁj'nebﬂ%cé&ftéﬂi’l’igﬁgmé iRrgssure in

the reactive catal %/tﬂlt .zone i s maintai ned above at nrosphere and the

t enper at BEESHge  diptilation colugm felusinds an dnigrediatecreagiiveo salabysh zoneedst ock

conpri si hgvindsupiprrtee theraihlaysdligasidaikjilton @itsIpAUE bisP RediifitRioh ¥ é“af“ I Tation
col um o{ {?he fo efin- %ﬁnt ai ni ng feedstock |'I_e conti nui ng t_Pue | ow of
ar omat i ¢y BPoRaMGoflistilialion ol ad; & sesentt rerstification tasaecioriuding an

ef f ecti vesbaimartlowbaia rpastiveidatalyst odRé, 0fferain & 104 B p S of Pﬁtq!éfih-e paraffin
f eedst ock | nt.erg‘%%ﬁmw goun er-current flowwth the refluxing unreacted
ar omat i cCHYYPBe Ie dR QEURK inkg; contast Wil at lepsts gartion of @ataipypstic t o renove

by- pr odulsydsodariosn fde@stosk ah olinteBourdst Y Withih Be rBAANE éa@él?stofon%ai d
aromatic %_%Ir@otgar.bon o achieve a desired tenperature in the catalyst

reaction” B dVEMaY, Bipssure8 dhe reactivg catalyshanealsi Mainiainesksahavewll t hin t he

range of atfrospheralafd thel @mplefatalearain@iiedistirsiuxGer saRRAGABIORydREtibdly - Product s
from sai raffin and aromatic hydrocarbon in said second rectification
oftoghs

zone; an RS 9sai d by- products fromsaid rectificati on zone. In one

enbodi ment, tAere i spatoditaleBeding ihkiiFbdueis invAthd idililiddot dinpbpCcess  and
system useful in the re@?r ation_ of nono-al kg! ated aromati c conpounds by
the solid acid-cat alihgze IhEQRigINg deedsiopkt Walle eantisuieg mifsuflew @& th | ow

nol ecul ar aromatic hydrocarbon feedstock and introducing into the column
an effective amount of a paraffin feedstock at a point such that the
paraffin feedstock intermixes in counter-current flow with the
refluxing unreacted aromatic hydrocarbon feedstock as it flows
through the catalyst to remove by-products from the catalyst;

B. adjusting the reflux rate of said aromatic hydrocarbon to achieve

a desired temperature in the catalyst reaction zone above about
175°C at a column operating pressure within the range of from
about 125 to about 370 psig.

C. separating said by-products from said paraffin and aromatic

hydrocarbon in said second rectification zone; and

D, removing said by-products from said rectification zone.

In one embodiment, there is provided a unified reactive distillation process
and system useful in the preparation of mono-alkylated aromatic compounds by the
solid acid-catalyzed reaction of light aromatic compounds with low molecular
weight, straight chain olefins, which allows for the periodic in situ regeneration of
the catalyst, i.e., in the distillation column.

The aromatic alkylation process disclosed can involve a reactive
distillation process and may comprise a continuous, pressurized process using
a distillation  column  configuration and system including a



wei ght, straight chain olefins, which allows for the periodic in situ
regeneration of the catalyst, i.e., in the distillation Z8Augst 200be
aromatic al kyl ation process disclosed can involve a reactive distillation
process and may conprise a continuous, pressurized process using a
distillation colum configuration affi-systemincluding a 28 August 2006 3a
reactive zone, a first rectification zone at the top of the distillation
colum for rectification and recovery of unreact e{ﬂ e\ ?_mati grlpcar bon

f eedst ockeaddine Zoneenrfisdl eacdification zene abie PR MR Hl [9 9| qogHm é

al kyl at i o ALALY Sh ARBYBryS6F AfbdcRsd iaFérfaté MdramAsésdstod drel ow and

comruni catl on Wt t e’reactive zone, where unreacted arorrg&f
hydrocar bdermegriateol ef i rfeﬁé@d?st ock P be sePHHAPEY fromT he al ation

pr oduct %gﬁ Ogﬁ;%% étQ dfahd a Betah |te|&ﬁf 6 28né PRkitibhedibelow anin can be

reboil er aw ng the al kylation product formthe col um.
Sui t abl ycmmncamed wnhltbeteawveragn%twl‘@iﬁ uweacteﬁar%ﬁﬂqlmdr%‘@fﬁ’%? uction of

aromatic droc i ve

distill aP{‘%Hf%ﬁ r%?%%é@i%"%@fg %La%‘éﬂ E‘?}g}r‘fta‘#&hwﬁ ??gﬁiﬂs ol efin

f eedst OCBelﬂiﬁlythb%ebMd m&iﬂ@auoatzoae mahrite & e¢huiienand endant domwithdrawindcat al yst
zone and_th ctific

sui t abl ethgrﬁlfﬂé)tl%@ 9{9‘39%53{% 2%%1?%'&3” %E}'Ohlgﬁﬁjoﬁuce %ltg fbg? fror

bet ween tHehfbnt:rﬁﬂeaillmsédmﬂmo@mdmtls Iap:tmchrbd:mmnpomnicandfofefmf%dﬁtmkne and t he

aromati ¢ hydrocarbon can be refl uxed upward t hr ou th st zone to
contact and Indhetreadiive dlmlaﬂ@%éﬂ‘bfmlﬁ@ PHICER$ ﬁhﬁ?@&@ ggl?nﬁaa il

condi t1 oRGTB fackstacBapavbie: Byrhesy i 2 phati FtuBRg) B efidial | o°
react i vecztangt izongeand alhéle.qbpéﬁ)nsttﬁmhtnamctoabp\aedahlolﬁast B abrioapbeare,
Ol of i - aRtiEhG RIS HhraeaaB s st rss, 1ere R HeEp B BAIRER s
refl ux suhchtagist tzoact sper sésond, iloweh eectifloatibrrzoseapmdbibleoaronidiie t her nal
degr adat lhoélrotcgl!g%%rc%tntgeeréﬂ%(eé r&%wglrchy k arE)Sg reogaL{a ySt %H {3 éo%tgg%lﬁh
react with the descending olefin feedstock in a counter—current, liquid phase
reaction. In such preferred system, the conditions of the reaction require that
the internal pressure in the reactive zone is maintained constant and above about
1 atmosphere, preferably between about 20 and about
200 psig, and the combination of olefin and aromatic hydrocarbon in the reboiler
maintained at or near reflux such that the temperature in the reboiler stays below

the thermal degradation temperature for the alkylated product, which is about



28 August 2006 WO 03/076074 PCT/US03/01432 -4- 265C, and the nolar ratio
of the aromatic hydrocarbon to the olefin in the liquid JIhassascz006be

mai nt ai ned between about 30/1 to about 100/1, preferably between about
40/ 1 to about 80/1. Regeneration of the catalyst in reactive distillation

al kyl at iw@ospraeess may be required as a result of a pdigsdssuason the
surface of the catalyst of reaction by- products that "poison" the

catal yst, lessening its effectivenessyand causing a |oss of conversion.
According to a preferred enbodi nent, periodic regeneration of the

al kyl ati catalyst can be.ace | ' St ' O A4

peri odi c%yebwg@'é%g\oﬂﬂ rﬁu%‘&f @g%{rhrzﬁggg& ?rr?E goé)g'stta gféébghg%?tnr%eé:Wg an

ef f ect i vehaseeah befmaintsiiddaidtweemabaiitf 3011 towatmout HO0Ho preferablystweemur rent " t
the flow of the aropmatic hydrocarbon feedstock and adjusting the internal
col um prabeutd¥1ipabodBiiature in the catalyst zone to achieve the
desired regengration.tenperature.which s.is well, .known in this art, is
Wit he'r aRGaeSTRtSER A Bl S ety Aplafe SR ResS THRER 70" abou
250C. Tymquinéd yas & hesutr &f 2buddlup egether sarfazs ofethb agitalyst of oeectionelnyei n
periodically injecgts th araffin into the distillation colu at. a point
bel ow t nerophetsdhat pdiser Tad Bridivet, Brtenity e s eriss 3y 2RyaRe dlerloy e
par af f i nconveesion. x&scovdihd) td 1ze prefatddiembgdinientapénndity chgeaaration dfetbdst ock in
counter-cIFrrent f

| pw t hrough the. catal yst .zane an I.n_conbi Lon with
Che sy onaEi, ahaBAl b e HbchBisrERi A R LSRGt Bilumb e PRRER by ona "ot her
mat eri al céarsmgldﬂldveof:ﬂufe&il@fﬁtfesdméda?mcﬂmbctihg anggffective drhountiobatsuétableboi |l er for
recovery_ang. di sal ., The use of a cgoupter-current flow of paraffin and
Lot 1 Lot IREP Byt eatitEr Sormehe A8 RS Tt o b8 Froinal biroBRRRR el onCi
t he requieeestodp@r?at iadijgstlmgemurneerha rr:]@odnhepneséth“e aleb iterapbrakgeriertati on
tenperature in the, catal yst zone. The process can erm regener,ati on at
| or - ORI TS topageve, e Samied regerlErali BHIRCAL BT Pon A R n & f 1 xed
bed pr oclkssvn ihhtRist SETe wathin e raygdof alshvesiteit U35 denbdally from about

175°C. to about 250°C.

Typically, the preferred regeneration method disclosed herein
periodically injects the paraffin into the distillation column at a point below the first
rectification zone and above the catalyst, whereby the paraffin intermixes with the
refluxing aromatic hydrocarbon feedstock in counter-current flow through the

‘catalyst zone and, in combination with the aromatic hydrocarbon, dilutes and
dissolves the by-products and other material from the catalyst surface and
transports it into the reboiler for recovery and disposal.

The use of a counter-current flow of paraffin and aromatic-hydrocarbon inthe
column can provide an unéxpected reduction in the required operaiing pressure to
achieve the desired regeneration temperature in the catalyst zone. The process can
permit regeneration at milder conditions, e.g., 175-250°C, than typicaily
environmental in a fixed bed process. The temperature may be adjusted using both
the internal pressure of the column and the reflux rate of the aromatic hydrocarbon.
For example, at a column pressure of 125 to 370 psig, a composition of 40-80 mole
% aromatic hydrocarbon with paraffin can be employed.



the internal pressure of the colum and the reflux rate of the aromatic
hydrocarbon. For exanple, at a columm pressure of 125 t @83Mizussifs a
conposition of 40-90 nole % aromatic hydrocarbon with paraffin can be

enpl oyed. 28 August 2006 "WDO 03/076074 PCT/ US03/01432 _5. Brief :
Descri pwodgsedord he Drawings Fig. | provides a schemabicgusgiigsent ati on of a
continuous reactive distillation alkylation systemusing the catal yst
regeneration process of the present invention. The depiction shows two.
separate and connected columms perforSang 5 as a single system Fig. 2 is
a graph show ng the regeneration tenperature profile throughout the

col um. Hiief DkscSotidn D ing experimental data on paraffin plus

benzene regeneration wth sicgul at.ed par aff{,n pl.us benzene regeneration. 10
Fig. 4 is a gFibnl SipYifes a schegatie rehwsenigion Rfi &: een P"é'@léﬁeﬁegf’ hs at

hi gher : J el ' ind EiRPdy b bk S o ' ures as a
functi On%%ﬁlﬁ%%rﬁéﬂéﬁ@c@esfy? Bé}(ﬁ Pg'{' gg ar@?ﬁe%g%g ri s a g?éaéﬁ)sﬁ&sﬂﬁg\?ﬁgﬁft he

r el at i onshventibet \Whe depicticresiowstwaseparate and egpnedtsd calupmsaerfprmingct i on of

t he mgl e %benzlene. 28 August 2006 WO 03/076074 PCT/ US03/01432 - 6-

Det ai I'ed %%’Pgﬁtsyﬁtﬁ%f Preferred Enbodi ments By |ight aromatics

oraromatic, WFigIR&n ragieshewing therkgendratiprtomperdtane prgfile threugtiouttiee ri ngs
and from 6-to about 20 carbon atons, that boil at or bel ow about 250C
under pr &M conditions typical in a commercial reactor-type distillation

5 colum. Therpy &f g'd §pRECHRIRE &MY expifetid dRAtRER PRAMR Mus behuare, Xyl ene,
'regeneration with simulated paraffin plus benzene regenerétion.
10 Fig. 4 is a graph similar to Fig. 3 shdwing simulated regenerations at higher
pressures. ' ' '
Fig. 5 is a graph showing regeneration temperatures as "a function- bf
benzene reflux rates; and | |
Fig.Bis a graph showing the relationship between benzene reflux at various

15 rates as a function of the mole % benzene.



styrene; phenol and cunene, with benzene being especially preferred. The
preferred ol efins include those straight chain. nono-unsatSukaegusid206bef i ns
having from 2 to about 30 carbon atons, preferably from about 8 to about 20
carbon atons and, nore preferably, from10 to 14 carbon atons. A

parti cux@yosrepisef erred 10 ol efin feedstock for deterggpysisange al kyl ate.
conprises a mxture of C Cl8 olefins with Cs C76 paratffins derived froma
comerci al paraffin dehydrogenation process. The preferred paraffins or
paraffin feedstock suitable for use-ign the al kyl ation catal yst regeneration
process of the present invention include paraffins having from C4to Cl6

car bon atDHlﬁIed'Eibéchﬁtii&ﬁéﬁ’l@ferEhﬁS@hBBﬁnfeﬂ&ge al kyl ation, paraffins of C4 to
ar |

15 Cl16 carbon_content, are preferre e ip the case of detergent range
al kyl ation, Pulighterematiss oparamaticrse Bab BRI TRMAIGFANRUINEFRURY The
catalyst ohEar Rt ihei ekl A58 Btolbolilfo IEaFMors R bLPE dr el R Nt | ¥
carried out ina u 'ed, continuous reactive alkylation process such as
that di 26086 enidenpreesyrenstindiioas typicain & coboeraial ractor-tynd distiletiorur rent | y

20 h i t d_entitled "A Reactiye.Distillatjon P for,th
A kyl 8 1 GAUBT. ATBRERTEISTer, BPBEATH Bha¥s TP Bl BFBATiee 0o RIFTES her eby
i ncor por ghpshd) pheRdYnAttPhene with denzétedssindespatidlly prefesed.t i ve distillation

configuration such as that disclosed in  acconpanying Fig. 1,. an _
ol ef i n/ par af f 1he prefertdoleling inplade ﬂ'@sﬂét@!ﬂﬁt "'b@'t?ﬁ@ﬁ’gsatf"&f?q}?'leg'&ﬁi on zone

at the tﬂﬁ\{)ﬂé frBHsztQia%hidcﬁédrBSh&B ”&efe%ﬁWﬁQﬁ‘é%ohf@to%ﬁﬁ{ Apdargérne. 25 The

aromati c, ocarbon 1's continuously injected at a point bel ow the solid
cat al yst atamesaand, veore qnefeeaidy, fioov 0 to t4carbon atomsrA parisulariypiierced i t can be

sepatated fromfihe : r : A e fin that
desciﬁdso‘e}‘lg%q#ﬁoc}(ﬁ%&%é@teﬁg%aﬁgg%ﬂ&?a{t%8%@1! {éc? r}:f @?é%ﬁgeﬁr‘? glsg'l]%ugust 2006
WO 03/ 07 6/t €. RS TpaSHdEdbAdet frdm alduemerkial prafiin dehgdiogenatioakescassace
primarily in the |Iiquid phase on the ,soljd _catalyst in.the reaetive zone.
Cat ol yst 3 t haleRip AR s e Msrtn fredsiorissATHERTET bk b sisveRiihcl g
zeol i ti ccamieiregbRerafionpréeesd éfthe BrebéntiRehtidfinciage gaaffinet@emgfem aci d
C,to C,, carbon atoms. In the case of gasoline range alkylation, paraffins of C, to
15 C,, carbori content, are preferred while in the case of dt_atergent range alkylation,

paraffins of C, to C, carbon content are preferred.

The catalyst regeneration process of the present invention is conveniently
carried out in a unified, continuous reactive élkylation process such as that
disclosed in co-pending application Serial No. _ , filed concurrently

20 herewith and entitled “A Reactive Distillation Process for the Alkylation of Aromatic
Hydrocarbons”, the disclosure of which is hereby incorporated by reference. In that
process, using a reactive distillation configuration such as that disciosed in
accompanying Fig. 1, an olefin/paraffin mixture is injected below the benzene

~ rectification zone at the top of the distillation column, but above the catalyst zone.

25 Thearomatic hydrocarbonis continuously injected ata point below the solid catalyst
reactive zone and above a rectification zone, in which it can be separated from the

alkylated product, paraffin and unreacted olefin that descends from the reactive

zone on its way to the reboiler.



clays; such as nontnorillonite and nmedi um pore zeolites such as ZSM 5,

ZSM 12, 5 ZSM 18, ZSM 20, MCM 22, and BETA, L, Y, nordeni28eAugust 286l as
rare earth exchanged fornms or de-alum nated forns of the |listed zeolites.
O her catalysts that nay be enployed in the practice of this invention are
the fl ugyg @gtover sions of the above-nentioned zeol i egpaidighum num
chloride i npregnated on alum na, clays and silica-alum na. The catal yst
can be maintained in place by supportlng it on 10 structured packing, such
as Koch-ditch KATAMAX brand catal yti’c structured packing, or
alternatively arranged in other ways famliar to those skilled in this art,
for exarrpl e, iThe alkyiattoeseantiobéai@smlaqﬁdwfmﬂr&\t iadhe fiquid phase on ieddlidosi t i oned

in the t t d
01 e RO, o b BB R R o vt o
t he evapﬂfoﬁjde(ﬁhcﬁﬁﬁdzéEIJtMﬁéiélHahsWZech!fte @emqullteﬂambtoamrdmimac@url ng the

al kyl ation process, as disclosed in.the refer nced a t th I
rati o of clays, sa&ca@ﬁtmwwyaﬂ%t&%ﬁ"%umwm 7Rl %%ﬁaéggghﬁ%w 4% hg oA

reactsvezg ZSFRA6, Z8MIB0 “M@hmgﬁ' Ahd BRI, ide%aﬁ@ﬁ[t@fasmeu a8lrdrEehsh er nal  back
pressure, aromat'i c I’OC&I’bOI’l ref' UX rate, t he en%agﬁy S&Q{i?@‘( into the
ly n

rﬁbm I Fr excHangadibarms Qiﬂemmmmfbﬁﬂﬁqfdhe)&%@%mht@rr&bﬂ t ai ni ng
the colu t ti
nydr ocar BB DecTpRIRS IS s ot inis n¥ahtti @ hiliide faicds M S 2VOTR Fe
r e: at I-VEkallycl:\}e?megﬁbrliédimﬁhtmnd alahdium chbhdarmpregnaied onldﬂmnmrabdays nto the
colum w end to, i ngreas e Co t f ti , b

ot | uxi ngnd G NS eAta Yrlocai B Ratne PR RS BY st Proid et s "

ﬁ.r ghm;;' fg@{cﬁm@:aprmg Osdcheas)lK%EhJGﬂtéh AT AN thiraned em@tw:mmed at a

that. canpmngg@m@namwu?EHEE@%%E%M%J?M"@BW Gos8 R GaE aBmace ol of i n
Seronas At g el BB ocIBN by B 698 i oty 9eC o heer
03/ 07607 lgurCdowsosmeiskia tr@ed dlstlllatton column. The structured can also be used
in the rectification zones, without catalyst, to improve the evaporation and
15 condensation efficiency in those zones. '
During the alkylation process, as disclosed in the referenced application, the
molar ratio of the aromatic hydrocarbon to the liquid phase olefin in the reactive
zone is maintained through adjustment of the column internal back pressure, the
aromatic hydrocarbon reflux rate, the energy input into the reboiler, the amount of
20 aromatic hydrocarbon removed while maintainiﬁg the column at or approaching total
reflux, and the input flow of aromatic hydrocarbon. Coupling the reflux rate of the
aromatic hydrocarbon with the relatively low introduction of additional aromatic
hydrocarbon into the column will tend to increase the composition of aromatic
hydrocarbon refluxing into the reactive zone and keep the molar ratio of the
25  aromatic hydrocarbon to the olefin in the reactive catalyst zone at a higher level..
The higher mole ratios of aromatic hydrocarbon to olefin that can be
generated with counter-current flow of the liquid phase olefin and the higher reflux

of aromatic compound into the reactive zone has been demonstrated to have

several unexpected advantages:



First, the higher aromatic conmpound to olefin nole ratios in the reactive
zone enables a larger catalyst zone, tending to stabili Z38 Adgmst2486ti on and
make it very isothermal in the distillation colum. Prior attenpts to keep
an isothermal process typically involved m xing the aronmati c hydrocarbon
with thgofspaenf the 5 olefin/paraffin mxture;, Secgp f'ms&'&?nﬁ@?r ener gy

i nput to the reboiler to produce the higher reflux rates be w t hout
the risk of exceeding the thernmal degradation tenperature that can occur
in the reboiler at tenperatures exceddi ng 265C. High aromatic hydrocarbon
reflux rates at constant energy input will tend to decrease the reboiler
temperature 1Flrﬁ$thbm@hefawmthmommmm[ef imyolecratiogio the reactivielzener eboi | er .
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to poly-al kyl gecerid, highecdnergy inpatto the rebodérto pradnse thedtighier aeflux ralekyl ation

catal ysts, requirin re freqyent t he et forth
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conti ”Uoﬁécﬁﬁﬁ%'réﬁolﬂl'@tttéﬂnbéidt@%s‘é&beé’&h j°Ct, ¢figh srofriatic hjdroé&bshown i n
Fig. 1, for conveni ence, two separate col umms were egp&gr ed an designed to

per f or m feflux retes gt eons&amtene@ydnsvﬁ will ianddn desfeas the; P%ﬂa Weessure
contg gpePg Eg?\?#dr(?@ﬁﬂré’ a&gl;.at d. ﬁyﬂﬁﬁ‘?ﬁérboﬁ‘?ﬁt%ﬁé‘ r%ﬂtﬂ& OY@Isiritihk ;6@%#”“ 1) and

t he l!l transport’ between upper segnments (columm
2) and Ipmsu%wﬁmgrthatmh.(rm)Icanrac:h)emablgha'n@atéldstbsea&ﬂ% patalurésw cont r ol

ror deni ¢ ey s Bt S GRb T o SRBRUMECS e Welueleh |,
- mesh si z@gmekraite Rithafelgfier.opri ate tenperature to activate it, and | oaded
'nto 54 KA M‘Iglzfrdc?rgealklgher a[orgg‘ll&lg%ygrocg?bonﬁo olefin molar ratios, as well as the
15 isothermal nature of the reaction zone, can help increase the usable life of the
“catalyst. This is the result of the higher selectivity of the process of this invention
for the mono-substltuted alkylation, as opposed to poly-alkylation, which is known
to poison most solid acid alkylation catalysts, requiring more frequent regeneration.
In the example setforth below, the regeneration process of this invention was
20 - carried out in a continuous reactive distillation column depicted in Fig. 1. As shown
in Fig. 1, for convenience, two separate columns were employed and designed to
perform-as a single reactive distillation column. Differential pressure control
established vapor transport between thie lower half (column 1) and the upper half
(column 2). Liquid transport between upper segments (column 2) and lower
25 segments (column 1) was hand led by a pump and fiow control from the base of
column 2. '
The catalysts employed were solid acid mordenite and Y zeolites. The
catalyst is granulated to a 16 x 40 U.S. mesh size, dried at an appropfiate

temperature to activate it, and loaded intc 54 KATAMAX catalyst packing elements.



28 August 2006 WO 03/076074 PCT/ US03/01432 -9- Each elenent has a 2 inch
outside dianeter and is 5.5 inches |long. The mass of cat28 Asgust 20@ded i nto
the columm will depend on its density. However, since each of the KATAMAX
el enments all had the sane - internal catalyst vol une (50 80c) the cat al yst
was equa,ld@é,ogid0§4tr| buted by using 9 KATAMAX el enents Sections 5
B, C D E F, and Gas shown in Fig. 1. Transition rom tergent range
al kylation to catalyst regeneration is nmade by stopping the injection of
the C,O -. Cl4 paraffin/olefin mxttre and replacing it with a C3-Cl6
paraffin, while maintaining the benzene flowrate and reflux rate at the
base of Ehehetzimenthata zunnhwmdaahametﬁnaedtls 55dnehas lang.omhé sassief eved by

i nt i eGSR BT b ol SyHePRRA o B3 o, Kl iee il ofcr 1 .
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15 dried, and then through preheater 6, where the temperature is adjusted tomatch the
“measured reflux temperature inside the column at the. point of injection. The
temperature is monitored and adjusted upward to match the reflux temperature as
the paraffin composition in the column increases. The point of paraffin injection is
conveniently the same point as the olefin feed, that is, juét above the KATAMAX
20  catalyst elements in Section B, which is just below Section A, the rectification zone
that separates and refluxes the aromatic hydrocarbon (which; in each of the
examples, is benzene). Benzene injection temperatures at the base of the column
and atthe benzene reflux injection pointare adjusted upward to match the increase
in the reflux temperature as the paraffin content increases. The regeneration inthis
25  counter-current manner is maintained for about 8 to about 36 hours, depending on

'such parameters as the fype of catalyst being used and the degree to which it .

became deactivated.

Following regeneration, transition back to the alkylation mode is achieved by
‘stopping the flow of paraffin while maintaining or adjusting the flow of fhe aromatic



becane deactivated. Follow ng regeneration, transition back to the

al kyl ati on node is achieved by stopping the flow of par affAwgushi(0é

mai ntai ning or adjusting the flow of the aromatic 28 August 2006 WO

03/ 076074 PCT/ US03/01432 -10- hydrocarbon at the base of the catal yst bed
to mai iRy PBpidisy aronatic hydrocarbon in reflux. The pepfggndgnperature is
all owed to cool back to alkylation reaction tenperature, while in aromatic
hydr ocarbon reflux condition. This is acconplished generally by gradually
decreasing the colum pressure back-t®-the pressure at 5 which the

al kyl ation reaction takes place. The refluxing of the aromatic hydrocarbon
acts to bydiocatboncdthmbasecifshe calalystiped ta maingin the aiphrtiphydeearbefper at ur e,

| ef f eedst b Kyl at i
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where the tenperature usted to match t nmeasured reflux tenperature
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is adjusted to match the measured reﬂux temperature inside the column at the point
of injection. The in;ecthn temperature is monitored and adjusted upward to match

15 the measured reflux temperature inside the distilation column at the point of .

- injection. The point of olefin feed injection 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 hydrocarbon (which, in each of the examples,
is benzene).

20 The aromatic hydrocarbon is pumped from storage tank 11 using pump 12,
with flow controlied by control valve 13 and monitored using mass flow meter 14,
Prior to injection, the aromatic hydrocarbon is also passed through a molecular
sieve dryer and is heated to about: 5-10°C. below its boiling point at the
experimental internal column pressure, Thus, itis injected as a liquid, but generally

25  will quickly flash due to the heat from the liquid and vapor rising out of the reboiler.
As depicted in Fig. 1, the injectiori 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 40. This is the primary injection point and sets up the



experinmental internal columm pressure. Thus, it is injected as a |iquid,
but generally 25 wll quickly flash due to the heat from28heudustdfiod and
vapor rising out of the reboiler. As depicted in Fig. 1, the injection
point 17 of the aromatic hydrocarbon is at the base of Section G but
above t fication zone (Section H) which is i above the
reboi | G%Z{)Bﬁ%iﬁ?l s is the primary injection point anggg'glps up‘%% he 28 August
2006 WD 03/076074 PCT/ US03/01432 -11- counter-current flow of aromatic
hydrocarbon with the olefin descendigg.as a liquid fromits injection
point 7 (above the catalyst in Sect i on B). The aromatic hydrocarbon
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appropri Qﬁf—‘ 5@%%@%@@@ anlarf@&ﬁwwomigrapmmf an el ectri cal ly heated
and contro ? vapor transPort i ne 26. - Benzene vapor.enters e base of

Sectil®n D of The desrechepelatingprassyre ig adiustedAnd maist 'Pﬁ%‘dfﬁ'?\g 9@ fits D, C
si ng. = LETe Y e e e et 3 psi o.
Unr eact edcmhmﬂiatordmk P The ltwp cabmmonﬁagra@ou@epmq/mdh% diaviagwmes any
also used in the example. The two columns were operated as one by means of
~ heaters and flow control valves. The benzene vapor, asit Ieaves_ Section E and
15 flows between the columns, is maintained at the apprdpriate temperature and -
‘pressure by means of an electrically heated and controlied vapor transport line 26.
Benzene vapor enters the base of Section D of the column at point 27 and
continues through segments D, C and B. The flow between the columns is

controlled ‘at control valve 23 using a relatively low differential pressure, usually

20 | about 2 psig.
Unreacted olefin and paraffin, as well as crude alkylate product, any
by-product and liquid phase benzene are accumulated in vessel 30, below Section
D, cooled at 35, and pumped to the top of SectionE on level control. The liquid from
pump 32 is reheated at 34 to precisely the requx temperature of the column at the
.25 injection point 35. The liquid then continues to descend through the catalyst zone
'(Sectioﬁs E, F and G into rectification zone H and reboiler 40. Crude linear alkyl
benzene product, paraffin, higher molecutarweight bottoms product and trace levels
of unreacted olefin, if present, removed through reboiler 40 on level control. and

pumped to storage in tank 45.



by- product and |liquid phase benzene are accunul ated in vessel 30, below
Section D, cooled at 35, and punped to the top of Secti 02 Eugust 2@6el
control. The liquid from punp 32 is reheated at 34 to precisely the reflux
tenperature of the colum at the 25 injection point 35. The liquid then

conti nueo éamrébescend t hrough the catal yst zone (Sectljcqu@uﬁmﬁ and Ginto
rectification zone H and reboiler 40. Crude |linear alky benzene product,

paraffin, higher nolecul arweight bottons product and trace |levels of
unreacted olefin, if present, renoved2through reboiler 40 on level control.
and punped to storage in tank 45. 28 August 2006 WO 03/076074
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r egener at2@. tThes cart bé ysed formeaswre benzersgpurity. r egener ati on conditi ons t hat
are 10 in general mlder then those required td regenerate a plug flow
fixed bed catalytic reactor. Typi-cally the fixed bed process calls for the

use of pure benzene to be nmaint @XpMPIM1the |iquid phase at 500 psig and
250C regeneration tenperature. catal yst deactivation and
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maintained in the liquid phase at 500 psig and 250°C regeneration temperature.

An example of catalyst deactivation and subsequent regeneration for the

reactive distiliation process was conducted as follows. A 1379.27 g of TOSOH

15 330Y was loaded into the 54 KATAMAX  structured packing‘eléments and pléced-
in the reactive distillation column shown in Fig. l1. The reboiler was charged with
benzene and the column was brought to reflux benzene at 50 - 52 psig column
pressure. Paraffin/olefin feed shown in Fig. 1 as feed to section B was initiated at

50 g/min. Benzene injection at the base of the column, section G, was maintained

20 at 10 g/min. The reactive distillation column was opefated at the conditions listed
in Table 2. Samples of liquid product were removed from two sample points.
Sample point A is cooled liguid product removed from the reboiler and represents

the total conversion in the reactive distillation column. Sample point B is a cooled
liquid sample removed from the intermediate accumutlator at the base of column,

25 section D. This sample point represents the conversion at 50% of the catalyst
volume. The TOSOH 330 Y zeolite solid acid catalyst was operated per the
condition shown in Table 2 for a total of 118.5 hours on stream. During this

| operating period the TOSOH 330 Y experlenced signiﬁcaht deactivation. The



I n. Benzene injection at the base of the colum, section G was
ﬁgi g{;nl Eed 20 at 10 Jg/ mn. The reactive distillation col dAugmst Zdér at ed at
the conditions listed in Table 2. Sanples of liquid product were renoved
fromtw sa oints. Sanple point Ais cooled |iquid :product renoved
fromthe WMHB’PTQ and represents the total conversionpenutdigidseactive
distillation colum. Sanple point Bis a cooled Iliquid sarr_pl e removed from
the intermedi ate accunul ator at the base of columm, 25 section D. This
sanpl e point represents the conversionldat 50% of the catalyst volune. The
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back pressure Paraffin injection’i
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packing.  gpgnig 4L 8755¢ " SBlieRd Jith 'banzene reflux at 125 psig back pressure,
15 Paraffin injection is initiated at 50 g/min through H101 at a point just above the first -

section containing the catalyst structured packing. The counter-current paraffin

injection alters the composition in the column which increases the reflux

temperature. The counter-current paraffin flow establishes a regeneration

temperature profile as shown in Fig. 2. This increases the column temperature

20 profile from the uniform 172-175°C with benzene reflux to the range of 187°-to

205°C. Additional heating was applied to the column through skin heaters in order

to reach the 200°C regeneration temperature at 125 psig. The additional heating

is required to achieve the regeneration'temperature due to the mechanical upper

pressure limit on the reactive distillation column: The regeneration conditions used

25  in this é)&émple are paraffin rate: 50 g/min, benzene rate 10 g/min, column back

pressure 125 psig, and benzene set on total reflux at the top of the column. This

counter-current paraffin regeneration was maintained for 24 hours. The number of

hours can vary from 8 to 36 hours depending on the degree of deactivation of the

~ catalyst. Following regeneration, the paraffin flow is stopped, the column is cooled



injection alters the conposition in the colum which increases the refl ux
tenperature. The counter-current paraffin flow establishés Augusigder ati on
tenperature profile as shown in Fig. 2. This increases the col um
tenperature 20 profile fromthe uniform 172-175C with benzene reflux to the
range 205 C. Additional heating was appli col um

t hr ougﬁ&gjk()?%mh@at ers in order to reach the 200C reggﬁlgpg‘l{#ﬂgﬁztemer ature
at 125 psig.. The additional heating 1is required to achieve the
regeneration 'tenperature due to theld4rechani cal upper pressure limt on
the reactive distillation colum. The regeneration conditions used 25 in

this exagppredsaraiebdjublcd t6 at}gsig?réa&?oﬁipresstﬁerbenzatea’eﬂiﬁk.gDmtie“thecoI um
back pressure 125 psi and benzene, set on { ot gl re{ﬁhu7q@1 %h top of the
col urm. FalugIn @@ﬁahleratgbrn%ﬁn%!ﬂﬁ%P?Meeséﬁ@xaﬂ?%na_ G/t HRd for 24
hours. TP@-ggfg\gFﬁ{edqtthmpro? se&bn@’ Thét‘éﬁﬁﬂﬁg? lbﬂiq%ﬁ_i SHAHPISs fleReMAg on the

degree o Ivatron of the <catalys OW Nng regenerat.ion, the

par af f i npbintsviiandst opfiends thatdhe chtalyst has besst eampletelyigdsreratede WD 03/ 076074
PCT/ US03/ 01432 -14- and pressure readjusted to 50 psig reaction pressure in
a benzene reflux. Once the colum is stable at 50 psig and under benzene
reflux, the paraffin/olefin feed is re-established at the top of section
G The analysis of liquid sanples fromsanple points A and B confirns that
the catal yst has been conpletely regenerated. 28 August 2006 WO 03/076074
PCT/ US03/ 01432 -15- Table 1 Capillary GC Anal sis of Paraffin/defin Feed
Feed A B Wight %Wight %< CO00 5 C0O1.53 1.98



Cl1 3.85 1 3.71 Cl2 3.83 3.83 Cl13 2.45 2:44 Cl14 0.33 0.36 10 C/5 0 O
Total Aefin 11.99 12.32 Linear Paraffin 4 C10 0.18 0.Z/AUSSCA®614. 42
19.09 Cl11 31.84 - 29.72. Cl2 26.43 24.88 Cl13 14.42 13.25" Cl4 0.62 0.48
20 C75 0.19 0.2 Total Paraffin 88.1 87.69 Avg MN(g/npble) 163.6 162.9

Br om ne )) I 10.8 10.4 28 August 2006 WO 03/ | USO3/ 01432
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100 0. 99.96 1.1 505 10.1_52 144 194" 57 7 09.94 42. .85.3 375 49.9 9.8 .52

144 192 54 Capillary GC Analysis of Paraffin/Olefin Feed] .
Feed A B
Welght % | Welight %
‘ . <Cyp o 0
5 ‘ Cio - 153 "~ 1.98
' Cn 385 | 37
Cy 3.83 3.83
Cia . 245 2:44
C.. [ 033 0.36
10 Cis 0 v}
Total Olefin 11.99 12.32
‘Linear
Paraffin . .
: <Cyo 0.18 0.07
15 Cu 14.42 19.09
Cun 31.84 2972,
Cqs 26.43 24.88
Cia i4.42 T 13.25
) " Cyy 0.62 0.48
20 ' Cis 0.18 0.2
Total Paraffin - 8841 87.69
Avg MW (g/mole) 163.6 162.9
Bromine No.(Ca/g)) 108 | 10.4




25 99.9 5 836 410 49.9 10.1 52 140 127 91 28 100 3 83.6 426 49.9 10.0 52
144 211 73 31 100 1 63.9 450 49.7. 9.8 52 1M 176 54 10 3R Adfust 20088. 9 2347
49.7 10.0 51 144 163 46 54 100 1 28.3 2151 49.5 10.0 51 141 146 53 84.5
95.6 309 18.9 2351 49.6 9.8 51 143 167 55 88.5 95.6 293 20.6 2222 49,5 9.8
51 144 89.5 96.5 116 12.0 2199 60.1 10.1 52 15 116.5
84.5 10é%ﬂﬁg%ﬂ680 50.1 10 52 144 177 62 118.5 88.8 éé@v%%%?a§185 50.1 9.8
52 1M 177 65 R enerallonfor24 howa at 187.205-C US Counteraunenl Paraffin
and Beozene one 8 100 1 100 1 49.7 10450 141 85 30 8 100 / 100 1 49.7 9.9
50 141 68 27 20 /0 100 1 98.3 27 49.6 9.8 60 141 61 25 28 August 2006 WO
03/ 076074 PCT/ US03/ 01432 -17- ExanmpggpigoThe injection of paraffin above the
catal yst is one neans of increasinjjg%é“ steady state regeneration
temperatyre ijn thd reacfive distil|méhopn. colum|akhils parfafkin|injection

provi des |a t gnper at ur e | rreriegds&mas| \oeh| | Beseaddi t i Bl washing™% action to
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i nj ects o Garnr O& [app! I €0eal [Nl GNE] I €S5Sl €] add| Wil T CRNTT|iUe tp achieve a
stepw se advagnka0€¢ Tor |reachi ng hl geer| regenesat ien;t eeriaturejat a given
distillatien|cesumm prefsemee.| «Bhils «f flectr cambe wodeled tio get ermine.the
extent of_thgq advant agel hesvond #che! 148 prevsure2| | nit | of 21t hat e¥peli ment al
reachve dilstli 1 ati o col Bfm sggyﬂ-iffFig§:l 333H§ 3 %?d Fi-§—B conpare
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te?(]geza[rzl 1o arat e p ot g, oA 145':! YT TR e i P Q‘]__e'ut i on above
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1185 808 820 243 2185 50.1 Y 52 1w |17 65
Regenaration for 24 hours at 187.205*C using Counter curment Paraffin and Benens _ !
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t he base of section Gwith distillation, sinulation using ASPEN Plus 10. 1.
The simulation conditions are identical to the experi nmer8AugmsEl(@bi ng

conditions with 15 n-dodecane used to sinmulate the injected paraffin. The
catal yst bed lies between' Stage 6 and 18 for the simulation. The 125 psig

: pressurg,ﬁ) 3@%# s within the nechanical limt of th?f“@ﬁ%@k d| stillation

col um Fig. 1. Fig. 3 shows a good correla

experinmental data and the sinmulation. The advant age of counter current
paraffin. injection and benzene at reflux can be shown by further 20
simul ations at higher colum back pressures. These higher pressure
sinmul ati ons wusing ASPEN Pl us 10. all conducted at 50 g/ mn

n- dodecane injection, 10 g/mn b%ﬁ%g%;%njectlon into Section G and at
total benzene ThefinjectionTigaraffia above e catalypids ope swansof oeasing bes are

That a r g, siFFopBRABPE temBerahits i tnd ot Blaalia Bart THELD P10"T e
pressur e gapafl®thjdctiop pravides bltememtmregmreasé aswellt wa@dmnai evashm@24c

| ncreasi ng the col um back pressur achj eve regeneration
t enpedat FeHORIO transport thedYHRANCS PR F?iﬁgﬁ'f'&r?’l‘%f?rst %rn t%@r%? Efon of a

count er - Gfd &l’?éct%rrﬂ;rééééd' I{égéﬁér‘aﬁéh Yérﬁﬁbrhﬂrrr@krvatlﬂ?ﬂrﬁﬂiﬂ ihBblidh cih b  achi eve

increases.in regeneration ténperature of degrees Centi grade whi | e
28 Augustapplisbat Mghagresanes ang@ill cuBue 1a 3ohieyg a stewusauadva@tagemr form

L eer Yl B b altaled PSS Pl BRIRRAT o Bitectfe. The total
concent r gthisoaffach cambe eaddaiatsio determindthenextentaf the gdvantage beycn'fd thexed bed
P SR o e Bt A e S0 bR 3, DO b L
rEi"Sg'; : \r/nea r?’lc%arﬁ lf;fg L?Egﬁﬂa@éﬁéﬂnﬁenﬁ[@a&h Bed 2 piig, 50 gfmaihwNT, SCiupatifian Bdonzene
injection above the catalyst bed, and 10 g/min. benzene injected below the bed at
the base of section G with distillation, simulation using ASPEN Plus 10.1. The
simulation conditions'are identical to the experimental operating conditions with
15 n-dodecane used to simulate the injected paraffin. The catalyst bed lies between
Stage 6 and 18 for the simulation. The 125 psig pressure range is within the
mechanical limit of the reactive distillation column shown in Fig: 1. Fig. 3 shows a
good correlation between experimental data and the simulation. The advantage of
counter-current paraffin injection and benzene at reflux can be shown by further
20 simulations at higher column back pressures. These higher pressure simulations
using ASPEN Plus 10.1, were all conducted at 50 g/min n-dodecane injection, 10
g/min benzene injection into Section G and at total benzene reflux. The data forthe
higher pressure simulations are shown in Table 4 and graphed in Fig. 4. The
simulation at 180 psig shows that a regeneration temperature of 200°C will be
25 achieved. .Increasing .the pressure to 260 psig can achieve a regeneration
temperature of 224°C. Increasing the column back pressure to 370°C will achieve
a regeneration temperature of 250°C. The simulations indicate that the
combination of a counter-current paraffin injection with total benzene reflux will

achieve increases in regeneration temperature of 8 to 12 degrees Centigrade while



Tenperature Stage Benzene Regeneration Benzene Regeneration Points Number

Sinulation Sinulation . Reflux Profile Profile VE ea Vapoi® Aegwst 200670. 379

170.379 .171.379 167.8276 3 --- M73M 170.38U 6 170, 388 DA-220-2 7 POEM

-26-;1T79. 'S7 113,355 179.8502 8 170.388 118.31/ 10 --- f MW 178.317 DA-2
-4 11 A1®74M --779.,5117 12 ---T7U. 78" 9 178. 31 13 f= 14

wa G184 : : 1

MtO 178.311 16 170.399- 178.315 21 ----2T- --T70-56 szuyiﬂ%ﬂ% 7 75.We o

er enp . 28 August 2006 WO 03/076074 PCT/US03/01432 -19- f! as r~ ooO ma
~ ~Im e(r)"D D eg9~-almaa=:~~sa@L nnnnNM EnmmnN omGFFJ5
F~Nr FFFFFF F, IFFFF9—~— umO mpp{~

maintaining a uniform temperature in the catalyst zone placed between stages 6
and 18. The total benzene reflux also provides the maximum liquid phase benzene
concentration in the catalyst zone. Commercial regeneration of fixed bed process
requires 500 psig reactor pressures to maintain the benzene in the liquid phase

5 inorder to achieve a 250°C regeneration temperature.

Table 3
Reaclive
Distillation Paraffin + Exp Paraffin +
Column - Simulation {Benzene Experimental |Benzene
Temperature Stage Benzene |RegenerationjBenzene Regeneration
Points Number |{Simulation |Slmulation . |Reflux Profile [Profile
Overhiead. : . )
Vapor Temp 1 170.379 170.379 171.378 167.8276
2 170.379 170.3/9 . '
3 170.3789 170.380
. 4 170.379 178,387
A-220-1 o 1T70.380| 170.634 173.439 173.3027
[¢] 170.388]  1/8.316
UA-220-2 7 170.388 178.317 173.359 178.8502
8 170.388 178.317
DA-220-3 2] 170.388 178.317 173.138 180.136
10 170.388 T76.317
DA-2204 i3] 170,388 178.317 170.337 178.9793
- 12 170.358 778.317
1215 13 170.388} - 178.31/ 174,791 181.7515
14 170.388 1/8.317
A-210-1 15 1/0.388 178.31/ 174.700 187.0356
16 T70.358[ 178.378
" [DAZA0-2 17 170.388 178.318 17/4./19 191.2620
' 18 170388 178,318
A-210-3 19 170.388 178,320 176.403 195.5427
20 170.388] .
21 170.388 179.122
22 170.388 1B7.080
DA-2104 73 170,383 230.409 176.306 - 2248719
[Reboner Temp . 170.567 291.900 175.140 265.1487|
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nN"g 6 Qpefsods 71 28 August 2006 WO 03/ 076074 PCT/ biSpa -20- The
data in '?aoél e 1 show that at hi gh benzene reflux rates V\ﬁg@ﬁgéchi eve

greater than 80 nol e % benzene conposition in the colum, the paraffin
injection provides an unexpected 7-3- 15C tenperature increase at all
pressures from 125 psig to 370 psig. This confirns the experi nental
results of Ex@heldatadindabizedshow that atdiglebenzereaafierateswbich @chigvde of

col umtm operation n gl gp, be used to achi. ' - i

t enper at @& e%\!ﬂ?ﬂ%ﬁt’"@?JﬁP?‘?@Jﬁtcﬂn?ﬂﬂsgggé@ﬁ%négé%ﬁﬁhs%?@@%Le%%i s node
of oper alffiged HPunEXPECtEQTTHd §5° Cuémpaiatirairtréase atrll peéssaresdtonm @5t op of the
10 catal yst bed and I njection of benzene bel Ol\éYtqur)] cat @I st but .mai nt ai ned

at ref | upsig ta 30gwis | Tinconfiies e exeerinenaias i4¥°SeAL" benzene
refl ux r a}.tagievg.t h

| Example 3
Another mode of column operation can also be used to achieve high

regeneration temperatures without significant increases in column pressure. This
mode of operation also uses countercurrent'parafﬁn injection at the top of the
10 | catalyst bed and injection of benzene below the catalyst but maintained at reflux.
A significant unexpected advantage from reducing the benzene reflux rate with
paraffin injection was observed through ASPEN Simulation. Target regeneration
temperatures in the range of 200° to 250°C could be achieved by reducing the
benzene reflux from 150 g/min down to 18 g/min while maintaining fiquid phase
15 benzene molarcompositions of 50% to 87% iri the catalyst zone. ASPEN Plus 10.1
using a RAD FRAC Model was used to determine the composition in the distillation
column and the temperature in the catalyst zone. Simulation data is summarized
in Table 5 and plotted in Fig. 5 and Fig. 6. The data shows that a steady state
regeneration temperature of 200°C within the catalyst bed (Stage 6 to Stage 18)
20  can be achieved while maintaining a benzene liquid phase mole fraction of 67 mole
%. This column composition and temperature is achieved at a reflux rate of 54
g/min of benzerie_ at the top of the column. Similarly, a regeneration temperature
of 223°C is achieved with a further reduction of benzene reflux to 18 g/min while still
maintaining a liquid phase molar benzene composition of 49 mole % in the catalyst
zone. These compositions can be maintained for the 8 to 36 hours required to

1~
wh

regenerate the catalyst.



paraffin injection was observed through ASPEN Si nul ati on. Target
regeneration tenperatures in the range of 200 to 250C cca§ Augyet 288i eved by
reducing the benzene reflux from 150 g/m n down to 18 g/mn while

mai nt ai ni ng I iqui d phase 15 benzene nol ar conpositions of 50%to 87%in the
catal ys SPEN Pius 10.1 wusing a RAD FRAC Mod gd to
determ%ve the ?:@nposmlon in the distillation colum % /WSD%O% t enperat ure
in the catal yst zone. Sinulation data is sutmmarized in Table 5 and plotted
in Fig. 5 and Fig. 6. The data shows2that a steady state regeneration
tenperature of 200C within the catalyst bed (Stage 6 to Stage 18) 20 can be
achi eved fwhite maintaining a benzeTable §jui d phase nmol e fraction of 67 nole
% This el ~a-Teftux rate of
54 g/ mi NASPEN Rles d04:RARFRAG Simulation of Gaintey (turcant 'd%d?"eﬂ'é%‘er ation
tenperat yre amd Btizefiel Refunhati25ipsig; 60 @/thin €N&; 10 gﬂnutBenzeme benzene

refl ux te—i8—gfntn wm e S| 1 rmtarmmg a T guid phnase nol ar ‘benzene
conposi t irefr—e+—49 et BoRzIne ReNu% Rate |B ns can be
mai nt ai ned for thgégt?ne’g ﬂHours requi égg} .0 regener a%g | yst. 28
August 2006 WD 03/ 076094 BET/ Usqa/ 014%09"9. - oL .. lus 1001 RAD

FRAC Si mlil ati on of Count er[BERAe Rt n-dodec&ﬁ'éz,e"&nd enz n & E‘ﬁx at 125
psi g, 50| §imulaticnl2, Integng)/ nftifuisenzentteritd 7 bimidef Ref | ux
Rat e Bengerfdageef | [Tamperahure/fig! in-T?f“B‘Zfatj’f‘hf“ﬁelB g/ Pr'i“ﬂmgé ﬁ Belhzene
Benzene { SNwmbettijon IR} e’rnﬁﬁ‘c'?;gm d 18 er nErcfiet i d | } er daf2'? i d St age
Tenper at ire Wbl e [Terdpepht ur T@ﬁ%@f‘r at|u! éq VOlle er! PEYrlaction (O
Fracti on| (G 2Fr adt i ORe-51L_117698% |- 73 1789944 d. 991 08 1 70829 luvoT4- 3
176. 52 1LL©_000 0 - -|779708 c.‘@ﬁ@@“‘-zjm%ﬁgl 989 17653 ] 0.59193

3 7653 | 0.99985 | 17848 | 0.06204 | 18208 | 0.00344
5 7687 | 099467 | 200,69 [ 067613 | 223.78 | 049139
6 —IeEBs | U767 | 20060 | 067613 | 223./8 | 049139
7
5
)

186.20 0.87018 200,69 Om 223.78 0.4913%
186.50 087618 200,68 0.67613 223.78 0.42140
186.50 0.87617 200,68 0.07613 | 22378 0.49141

10 186.50 0.87617 200.09 0.67615 223.0¢ 0.45147
1 ~186.05 0.87017 200.68 0.67623 | = 223./4 0.45764 |
12 188.55 | 0.87615 200.65 0.67657 223.66 0.45220
13 186.50 0.87618 200.62 ~0.67685 223.59 0.48264
14 186.95 0.87618 | 20062 | C. 22308 0.45269
18 186.55 0.87618 200.62 0.o768/ Z223.56 . | 0.49286
16 186.99 0.567018 200.61 U.6/0b4 223.48 048338
7 186.59 0.87/018 200.58 067724 223.22 0.48010
18 186.50 0.87g17 200.43 0.67865 222.3b 0.50088 |
19 186.00 ~ 0.57616 190.78 0.68514 218.41 0.52122
20 186.72 0.87450 199.87 0.68420 278,46 0.52064
21 188.48 0.85885 200.40 0.6/856 - 218,76 8.51876
22 201.14 0.700%0 203.30 0.65123 221.34 0.50780
23 250.36 0.49332 27720 | 0.53703 729.26 | 0.45651 |

24 306.20 0.30367 758,65 030356 |  258.66 0.30356




-176.53 O E)9985 17B. 38 0. 962U4 182.08 0.90344 186.55 0.67615 ZZj. f
U. 49141 ---- Tf- 0.67623 223.74 0,49164 ZUU.bb 223. 0 U.288&ghst 1086. 55
201. 14 098 U 0.45661 3ou.zu u. 30387 258.66 0.303b 258.66 0.3035.6 28
August 2006 WD 03/076074 PCTI USO3/ 01432 22- As seen in Table 5, at

oper at i R gRhReAUr€s as low as 125 psig and with suffi ﬁpﬁﬁ paraffin
i njection, one can achieve a significant increase in co regeneration

tenperature by reducing the benzene reflux rate but still nmaintain
significant and needed benzene concértration in the colum. Thus, as seen
from5 the data in T,abjsew\? a redu tion of the benzene concentration from
87 nole %to %% SGRM 15 bahle 5 agl‘l’PPf ing Pressuiatas yeas 126i peig esdpettat ure from

about 186:@fﬁc%rﬂ%ﬁéffn%ﬁf&§horﬁsoﬁ@§§ﬁt TCHiLe: ngs*%yﬁd&ﬁ?‘irf‘érea?éér {na?&gﬁ%r arfin

injection permts a selection an e regene condi tions
to suit.degenasatioatempesaturesbyreeduciag e denzene mﬂux eaimbu% stifl ghedmitalenzene

concentr rat hose condjtions can be
achi eved%varﬁwbagg%% ?Qéc}’e%;li n%?ﬁ%%ﬁﬁ%%ﬁ@ gftﬁ qul"h YehS afen h'?’é'fl ux rate.
Th_usi 5ondhedatade Nalse s, ammﬂombime Ueamwbd c]gutnmé?tr@:tonlf@ifm{s?h ﬁfo%.s%%%toa”d still
mai nt ai n_pr.oper . benzene conposi tion ifications o e appar at us

pr ocedur é&lﬁ%wgm&cﬁ?@r&? RgensEliondemparaturs fropnabayt | 1B6€ to sbeitbody t he
concept opoetbhe i nprovenents described should readily - suggest thenselves to

those skilled in the art, and are intended to be enconpassed- within the
spirit of theApRetedebeve thacosmtercuientpareti imestionpeasitsasdlectonahd scope of

tailoring of the regeneration conditions to suita given catalyst. Some catalysts may
10 require higher benzene concentrations at a given regeneration temperatUré. Those
conditions can be achieved with paraffin injection and by adjusting the benzene
reflux rate. Thus, oné can achieve regeneration temperature at Iower'-pressure and
still maintain proper benzene composition.
Modifications of the apparatus, procedures and conditions disclosed herein
15  that will still embody the concept of the-improvefnents described should readily -
suggest themselves to those skilled in the art, and are intended to be encompassed.
within the spirit of the invention presentiy disclosed herein as well as the scope of
the appended claims.



t he appended cl ai ns. 28 August 2006 WO 03/076074 PCT/US03/01432 -23- Wat
is claimed is: 1. A process for the regeneration of a sol28Aumbt208bkyl ati on
catalyst in a reactive distillation alkylation process taking place in a
pressurized distillation "columm including an internedi ate reactive

cat al ys{yo49@fofaavi ng supported therein 5 a solid aci depllpshpii on catal yst
a first rectl?lcatlon zone at the top of the disti IIatlon col um and

second rectification zone including ? reboil er bel ow said reactive
catal yst zone, wherein at |least a po $ron of an ol efin-contai ni ng feedstock

S broughE i.nto, contfact with at |east a portion of an aromatic hydrocarbon
f eedst oc f S:current flow within the reactive catal yst zone,

wherein the igterng grcﬂfe%%l’rtﬁe lrégdédé‘?atid?u 6%!!5‘6%1(?5!@5&'07{[0&3@& ih ér of | ux of

mai nt ai ned above | at nosphere tenperature I nt al ne
sai d ar orfeadiive rdistillation laﬂfy!a’teamge% taking placagn &\ pressuiizati dtatﬂl!gtnooeasu ng the

t eedst ookl B BehaRih R eiRle Pohets st vt i obBei8R ReBhctock and
i ntr ogucianglitl atid dikgatior! caalystpa arsteéétﬁﬂeammmmhe wp of tidigfilfationf eedst ock
at a point, such that th fﬁ(ﬁ&rg% ffin feedstock i m Xxes in. counter-current

f1ow wi t IFOMAW and.A SeePR negong ing &y <a PeoW $ald R3VR as it

flows tbéﬁ%hzddéewﬁé% é{ﬁéaétﬁ pbﬁiBhV@‘ahﬂéfﬁu%ﬁfélﬁmé féyahfoeﬁ.s% ntst; B
adj ustlng the reflux rate of said aromatic hydrocarbon to achieve .20 a

desired indppentactivith atieasha pedioniofan arsaatichydrocerhondsenatodkivoounta?sC at a
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A. penbdlcally ceasing the introduction into the distillation column of
the olefin-containing feedstock while continuing the flow of
aromatic hydrocarbon feedstock and introducing into the column
15 - an effective amount of a paraffin feedstock at a point such that the
paraffin feedstock intermixes in counter-current flow with the
refluxing unreacted aromatic hydrocarbon feedstock as it flows
through the catalyst to remove by-products from the catalyst;
B. adjusting the reflux rate of said aromatic hydrocarbon to achieve
20 a desired température in the catalyst reaction zoneé above about
175°C at a column operating pressure within the range of from

about 125 to about 370 psig.

C. separating said bprroducts from said paraffin and aromatic
hydrocarbon in said second rectification zone; and
25 D. removing said by-products from said rectification zone.
2. The process of Claim 1 where said second rectification zone includes

a reboiler and said by-products are removed from said reboiler.



2. The process of Caiml where said second rectification zone includes a
reboil er and said by-products are renoved from sai d reboi23ehugue@08agust

2006 WD 03/076074 PCT/ US03/01432 24- 3. The process of Claim1l wherein the
paraffin feedstock introduction is such that the nole percent of aromatic

hydr ocaglg,qﬁ, kdy;4 he catalyst zone is nmaintained at bepwesReMgut 40%to
about 90% 2 The process of Caiml wherein the regenerat{on is carried

out for a period of fromabout 8 to about 36 hours. 5. The process of
Claim1 wherein said paraffin feedst¥tk conprises C4  to Ct6paraffin. 6.
The process of Claim5 wherein said paraffin feedstock conprises C, to
d ., paraffin8. 7.Thehpropessof£dainf 1 ehateain thepiasaflin feeiatatk prdrodiittion iSeedst ock

conpri seg &y thittns P paldehf’ 3 aromatic hydrocarbon in the catalyst zone is
maintained at between about 40% to about 90%. '

- 4. The process of Claim 1 wherein the regeneration is carried out for a
pe.riod of from about 8 to about 36 hours,

5. The process of Claim 1 wherein said paraffin feedstock comprises C,
to C, paraffin.

6. The process of Claim 5 wherein said paraffin feedstock-gomprises C,
to C,, paraffins.

7. The process of Claim 6 wherein said paraffin feedstock comprises C,

to C,¢ paraffins.



