re3eV~*V{&&' | (@ f"*6X*T*NX ; 889 3 0 MAY 2003 | MVPROVED ARQVATI C
ALKYLATI ON PROCESS WO 00l 358% l tion relates to a process for
renoving inpurities from an atlon process, 5 10 15 and also relates

*

~fo the inproved al kyl ation procef¥¥®8sulting therefrom In '
al kyl ati onWR QB8 | kyl at ed aromati c conpounds asewpr epar (aaﬁ‘:ﬁyg%éﬂgati ng

an aromati c conpound with an al kyl ati ng agent. The al kyl ati on process is

typically carried out in the presence ofjan amﬂmmmmmwmrugg kﬁgﬁ\' mm
LATION

of either a liquid or a solid. Exanples of su
' e they

and zeolites. Zeolit - f 2! GRS, RECH
el i m nate probl ens ammm s INARE=ERS The particul ar
al kyl ated aromatic product that is desired is often a nonoal kyl at ed

-aromatic conpound such as ethyl benzene or cunene (isopropyl benzene).
Pol yal kyl at ed Fhipinweitionoslatesitndproeeps foe rempving impurities fiomvam glkylafion process,

f i h .kyl d d d eith d
onver t ecRd AR A0 0 HProY BRI r A el EYERL o conver t e
pol yalgcy! at edyAiQpBhhite A1Rylbién ﬁ%aess,eﬂkﬁma%xitﬁstc%ﬂxp%ﬂa@k@a pRgynd.  For

exanple, in a process schenme to produce ethyl benzene, unwant
di et hyl beslkyatingancatiometic compdundabithydredlkylatirg sgent. sTheoatkydatimrdpriooesstiswypisallyz ene

in a transal kyl ati qn step. Thus, , ransal kyl ation stfep i s often an,

i nt egr at e el putdn the w&jﬁc@?&mﬁ%ﬁa wfnc P%L}e tym%eé@@? Jﬁ@% liguidiay ja-sokid)
aronatic : I aj .l 2actar: NcH

ororm | © ERGH 3 ARG ERIOL U LAORAIRAC A TR R
RO s St mrkyrag s g auslipate et g
corrpo%dsl’”é'ﬂﬁlﬂa"a*’gl%P Waé‘ﬁé’?ocg\ﬁgﬁ'éb _eﬁié‘i 1§/pdtep H@P@Gﬁikymﬂa@aﬁ‘épor
phase ”aEbﬁf'?ﬁé%h%]EélP&.egﬂ &&@ﬁéo%uﬁmefui@?&aﬂogil Hefizéng). %1y&19y1mg ragéxﬁftr%”ce of

such inmpurities, Tiquid- phase transa processes” are v

suscept i btempoundsimay Be formedtiathiemabiess of niemefactusihg the, mgrioatkylared produéthend i ke
by virtue of contact wit‘P a&%/ or CFH of these transal kyl ation_ feed

cont ami naﬁpgt.bwﬁw rgmeued ereonyeded. LAdyantageqpsly.gransalkylationsis emiployer 3¢ convett s
in an ovepal £ :
appar at uo FeLPH Bl A8 BeSfen oo M el oAt Eop ORI Mo Milimple it
met hots aagroweissschahestopredudecshylbenaares anwhnted disthyllsenmeng! profucedin e nant s 30
from hydrocarhon streans. U S. Patent No. 2,778,863 describes a fti-step
clay t reaﬂﬁ@ﬁ@%m@&nvme%ép&m?he&eﬂeaﬁ?éﬁ%ﬁﬂ’gylgqqne%% Thpso sResiiiatng
clay foul i{Bg; I Is ' ks | ay treatnent
processes#te%rsg‘g/ﬁs}hgﬁgﬁe%?&g ntoniatq{ég*ogugﬁlﬂllgtlﬁﬁ}gl&ﬁﬁ na WD 00/ 35836 2
PCT/ US99/ 25889 The polydlkylated arematicdeedsirearn 4o thmtransalkylgtiorateacionimayrcentdits c| osed
in US. Patent. No.,h6 3,835, 037 %ﬁ)r u'selei(ﬁ;x a Iow.terrFleratur.e ocess for

ol i gorrer i YRRUTSSH BishyAvarqmatic; g aliphatic lefinss 35paHg op plihatie diolsHns, SEYERS i n an
aro 4 CS : ' | dyha o a silica
aI'um% c‘r”?t ‘ﬁ’ga 8 a'?l gﬁ:?g@o?ﬂ&%%ﬁkﬁlrr fﬁﬁ%ﬁn@?@%ﬁ@%ﬁﬂ gor%h pdg?qulrrlgr ze ol efins
and di ol etompounds suchtasollidines kligbntericaphploands suehas pelysiyrenesad dombihatiGns

Pat ent No. 3,400,169. The proponents, Qf the process .disclqsed in U S.

Pat ent Nothereofo¥Whereas yaparqihase wansalkylapemprncessse aretypisally Jenstantjarthe presancen
processes : QAL s .50 | di um
Conpr o ng L AbARARS AN PHE i Pln R BARRAPE R llebitifle BT )

r ef r act or gomamihation) desoiivaiton) plupgingrand ehe kilee by eiitusiof commeswith a8y érralinof these
aromati cs containing streans. W99/ 38%33% I scl gses_a, 10, process wherein an

ar ome#d cstransaiariaties Iosed contagypants. (Manxaoriagtars faver liavid phase tragsalloriatinnunits ¢ h
an acid_agl i Serdtliton FHbELS Hnelfd] &b hEFERES HRBEA BhPAppak i dtddfively

reactive rocar bo
remove such contamination would be desirable.

Many methods and materials have been proposed for the removal of contaminants
from hydrocarbon streams. U.S. Patent No. 2,778,863 describes a multi-step clay treatment
30 process for aromatics containing streams to overcome the clay fouling problems caused by

diolefins in other clay treatment processes. Clays such as bentonite or synthetic alumina
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enough to reduce olefin polymerization reactions is proposed in U.S. Patent No. 4,501,652.

It would be desirable to have a simple, single step process suitable for removing and/or
converting most or all of the various different types of organic and inorganic contaminants

25  which may be present in an alkylation/transalkylation process unit such that the valuable liquid

phase transalkylation catalyst material will not be deactivated and/or plugged by these
contaminants, thus reducing downtime and capital costs, while improving yields and material
costs.

According to the invention, there is provided an alkylation process comprising the

30 steps of:
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) presence of a catalyst to convert at least a portion of said at least one polyalkylated aromatic
compound into a monoalkylated aromatic compound.
The term "aromatic” in reference to the alkylatable compouncis which are useful herein
30 is to be understood in accordance with its art-recognized scope which includes alkyl

substituted and unsubstituted mono- and polynuclear compounds. Compounds of an aromatic
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a temper athlfr{‘heoc%;bolﬂ? sich asza%: produced by the alkylation of aromatic hydrocarbons with olefin
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hexylbenzene, nonylbenzene, dodecylbenzene, pentadecylbenzene, hexyltoluene, nonyltoluene,
25 dodecyltoluene, pentadecytoluene, etc. Very often alkylate is obtained as a high boiling
fraction in which the alkyl group attached to the aromatic nucleus varies in size from Cs to
Cia.
The alkylating agents which are useful in the process of this invention generally include
any organic compound having at least one available alkylating group capable of reaction with
30 the alkylatable aromatic compound. Preferably, the alkylating group possesses from 1to 5

carbon atoms. Examples of suitable alkylating agents are olefins such as ethylene, propylene,
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um. The removal of these impurities extends the cycle length of the transalkylation

reactor by preventing poisoning and potential plugging of the valuable transalkylation catalyst.
The operating conditions of the pre-reactor are such that the feed is in the liquid phase and at
sufficient temperature to react the olefins, diolefins, and styrene and other highly reactive

30  molecules to form heavy alkylaromatics.



may be used where a hydrogenati on-dehydrogenation function is to be
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aromatic Conppwmtaﬂy acur . tgusyé whic cﬁi Bér&mﬁ?mmmﬁle nev c.ggﬁl Rengear of

claim1 wherein the es” are sel ected om the group ¢onsisting of
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puri fi cat jierdPindtfulest i hﬂﬁ’&ﬁﬁéﬁ lk@blinite, dickite, nacrite, or anauxite. Such clays can be used

in the raw state as originally mined or initially subjected to calcination, acid treatment or

chemical modification. Binders useful for compositing with the molecular sieve catalyst also
25 include porous high surface area oxides such as silica, alumina, zirconia, titania or another
include porous high surface area inorganic oxide.

In addition to the foregoing materials, the molecular sieve catalyst serving as a
purification medium can be composited with a porous matrix material such as silica-alumina,
silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-titania as well as ternary

30 compositions such as silica-alumina-thoria, silica-alumina-zirconia silica-alumina-magnesia,

and silica-magnesia-zirconia.



sieve catalyst. 4. The process of claim3 wherein the nol ecul ar sieve

catalyst is selectcc3 from MCM 22) MCM 36, MCM 49, MCM SG and conbi nati ons

thereof. 5. The process of claim3 wherein the nolecular sieve catalyst is
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The improved alkylation process described herein, specifically the pre-reaction step
20 carried out in the presence of a purification medium, can be carried out as a batch-type, semi-
continuous or continuous operation utilizing a fixed or moving bed catalyst system. In
embodiments of the invention, two pre-reactors may be situated in parallel, so that they can be
operated in a swing mode. The location of the pre-reactor can be located directly upstream of
the transalklyator or in the distillation section used to separate the monoalkylated product and
25  the unreacted alkylatable aromatic compound from the alkylation effluent. The latter
arrangement is employed in the ethylbenzene process illustrated in the accompanying drawing.
Referring to the drawing, ethylene and recycle benzene flow through line 11 into an
alkylation reactor 12 and alkylation effluent (including unreacted benzene, ethylbenzene and
polyethylated benzenes) are fed from the reactor through line 13 to a benzene column 14,
30 Unreacted benzene is removed from the alkylation effluent in column 14 and is fed, together

with fresh benzene, through recycle line 15 to the feed line 11. The residue from the column
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&3f 109k () - 6dmor@rwp(|p1m@b§phgggtggq the catalyst bed, the pre-reactor bed optionally may be

‘graded’ by structunng the bed so that larger catalyst particles are placed at the entrance to the
bed. In this manner, the interstitial volume between the particles is larger at the entrance, for
example the top of the bed, thereby allowing a greater amount of contaminant residue to build
up on the catalyst before the bed begins to constrict flow. This will have the effect of

20 extending the life of the bed.

In the process of the invention, the purified stream is contacted under liquid phase
conditions in a transalkylation section in the presence of a catalyst to convert at least a portion
of the at least one polyalkylated aromatic compound to a monoalkylated aromatic compound.
It is generally known to improve the yield of monoalkylated product by producing additional

25 monoalkylated product by transalkylation. The polyalkylated products may be recycled to the
alkylation reactor to undergo transalkylation or they may be reacted with additional aromatic
feed in a separate reactor. It may be preferred to blend the bottoms from the distillation of
monoalkylated product with a stoichiometric excess of the aromatic feed, and react the
mixture in a separate reactor over a suitable transalkylation catalyst. The transalkylation

30 catalyst may be a catalyst comprising a zeolite such as MCM-49, MCM-22, MCM-56, PSH-3,

SSZ-25, zeolite X, zeolite Y, zeolite beta, or mordenite. Such transalkylation reactions over
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using an acid dealuminized mordenite are disclosed in U.S. Patent No. 5,243,116. The
effluent from the transalkylation reactor is blended with alkylation reactor effluent and the
combined stream distilled. A bleed may be taken from the polyalkyated product stream to
remove unreactive heavies from the loop or the polyalkylated product stream may be distilled
to remove heavies prior to transalkylation.

The pre-reactor of the invention is of particular value where the alkylation step is
effected in the vapor phase using “dirty” feedstocks such as dilute ethylene sourced from FCC
offgas. Polyethylbenzene (PEB) from such alkylation units is likely to be contaminated with
impurities, such as those cited above which may cause deactivation and/or plugging of the
liquid phase transalkylation reactor.

The process of the invention allows a revamp of older alkylation process units with a
liquid phase transalkylator at a significantly lower capital cost. Use of liquid phase
transalkylator instead of a vapor phase transalkylator will also produce significantly higher
product purity, specifically xylene impurities in the case of ethylbenzene production. Capacity
expansion is achieved by incorporation of liquid phase transalkylator at facilities that did not
previously have transalkylation capability and makes it possible to debottleneck the alkylation
unit. The present invention may obtain incremental improvement in the overall yield and
feedstock utilization efficiency. The present invention may also be used in units where, for
whatever reason, the polyethylbenzene stream has a high level of olefins and styrene or other

impurities that can deactivate transalkylation catalysts.
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| 1 94 0%ERSE' () - at least one monoalkylated aromatic compound and at least one polyalkylated aromatic
compound;
(b)  contacting at least a portion of the alkylation product with a purification
™, medium in a liquid phase pre-reaction step to remove unpurities and form a puritied
stream comprising at least one polyalkylated aromatic compound;
{c) contacting the purified stream with at least one alkylatable aromatic
compound under liquid phase conditions in a transalkylation section in the presence of a
catalyst to convert at least a portion of said at least one polyalkylated aromatic compound

to a monoalkylatcd aromatic compound.

2. The process of claim 1 wherein the impurities are selected from the group
copsisting of olefins, diolefins, styrene, oxygenated organic compounds, sulfur containing
compounds, nitrogen containing compounds, oligomeric compounds, and combinations

thereof.

()

3 The process of claim 1 wherein the purification medium is a molecular

sieve catalyst.

4. The process of claim 3 wherein the molecular sieve catalyst is selected

from MCM-22, MCM-36, MCM-49, MCM-56 and combinations thereof.

5. The process of cleim 3 wherein the molecular sieve catalyst is MCM-22.
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pre-reactor located directly upstream of the transalkylation section.

9. The process of claim | wherein the purification medium is contained in a

pre-reactor located in a distillation section of the alkylation process.

10.  The process of claim 1 wherein the alkylatable aromatic compound is

benzene and the alkylating agent is ethylene or propylene.
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49, MCM-56 and combinations thereof in a liquid phasc pre-reaction step to remove

impurities and form a purified stream comprising at least one polyalkylated aromatic
compound;

(c)  before or after step (b}, separating said at lcast one monoalkylated
aromatic compound from the alkylation product; and

(d)  after steps (b) and (c), contacting the purified stream with ul least one
alkylatable aromatic compound under liquid phase conditions in a transalkylation section
n the presence of a catalyst to convert at least a portion of said at least one polyalkylated

aromatic compound to a monoalkylated aromatic compound.
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