2005 PCT/ US02/ 13244 5 The present invention relates to aromat i csl

and in p&Fdiosdsag; to the alkylation of benzene with ethyl anerrapd/peopyl ene
to produce ethyl benzene and cunene, respectively. In addition, the
invention is concerned with the alkylation of aromatics with |ong chain
(C6+) al kyl ating agents to produce |ong thain al kyl benzenes. 10

Et hyl benzene and cunene are val uable commodity chem cals which are used
industrially for the production of styrene nononer and phenol, respectively.
In addi tion, long chain al kyl benzenes are useful as |ubricant base stocks
and as internmediates in the pABRRMATEIE 6t KNbAEHHMNts. Al kyl ation is one of
the nost inportant and useful reactions of 15 hydrocarbons. Lew s and
Bronsted acids, including a variety of natural and synthetic zeolites, have
been used as al kyl ati on cat BAZEKIGROBNEVOBRTHIINVENINOMat i ¢ hydr ocar bon
conpounds enploying certain crystalline zeolite catalysts is known in the
art. In particular, alkylation of benzene with ethyl ene and propylene in the

presence of zeol i Tigs pretahyeptisrepigssnt Srohhaﬁcmm)ﬂsttcrreéndwﬁ@ﬁic@w totigchni ques
for 2c the p

0 uctl of et hyl benzene and cunene. r e U S. Patent
N 4 005 GOMRAHER T beS e T e AR DRy NE [ a0tk FAb DRRESE nomet | ¢
conpounds, sgisReras ré@;@@@tﬁ:@%r w@@&lt[@i ety meﬁ@nag@@ﬁc%méwnmmeaéukM@hloﬁ groups

with 1 to 5 carbon afons, such_as et hyl ene and E Egl ene. Simlarly, US.
Pat ent No. 48@628“2%\8‘”6@98FPB‘@@%‘H@W@'”S@QW‘? € IR0 ation 25 of

aromatic corrg;qg,qag@e%g_h al kyl ati ng agents having aliphatic groups with at
| east 6 carbon atonms. The use of MCM49 in the al kylation of aromatic

conpoundd? wi t h sh&HtyibepreimAl JIeRE HE VAERESOMENYEY ChERE@!S Whith 8re Pat ent
No. 5,371, 31Qsanglalidtial kit b%@ucﬁgn ﬁrs%ﬂ‘@ﬁé %oﬁ&ﬂ&%ﬁ'ﬂjﬁ"iéﬂ%ﬁl hsgﬁ&%é?f'a' n

al kyl ating agents 1s déscribed in U Pat ent No The use of
MCM 56 in t h& gdddanalonsghan a&wbﬁﬁwr@&%ﬁyé@fﬁtﬁe IWpriaens hiave: Stogheand asi kyl ating

agents is deggg rh—%%tésqn%éprogeéhgﬂtofmgéﬂé53 554 and 5,557,024. It is also
known fromU.S. Pate ) 0,810 that the addition of phosphor us to

MCM 22 i nproves t %YWIF dﬂCPT@rQ*rme geabmeertgnigndiuseiul esagtiensne cat al yst
15  hydrocarbons. Lewis and Bronsted acids, including a variety of natural and

WO 02/ 088051 | AROVATI CS ALKYLATI ON BACKGROUND OF THE | NVENTI ON 2%8[;52@51-
1 on

synthetic zeoiites, have been used as alkylation catalysts. Alkylation of aromatic

hydrocarbon compounds employing ceriain crystalline zeolile catalysts is known in

the art. in particular, alkylation of benzene with ethylene and propylene in the

presence of zeolite catelysts represents the preferred commercial technigues for
2¢  the production of ethylbenzene and cumene.

For example, U.S. Patent No. 4,982,606 describes the use of MCM-22 in
the zlkylation of aromatic compounds, such as benzene, with alkylating agents
having aliphatic groups with 1 to & carbon atoms, such as ethylene and propyiene.
Similarly, U.S. Patent No. 4,862,256 describes the use of MCM-22 in the alkylation

25 of saromatic compounds with alkylating agents having gliphatic groups with at least
© carbon atoms. |

The use of MCM~-49 in the alkylation of aromatic compounds with short
chain alkylating agenis is described in U.S. Patent No. 5,371,310 and in alkylation
of aromatic compounds with long chain alkylating agents is described in U.S,

30  Patent No. 5,407,896.

The use of MCM-56 in the alkylzlion of aromatic compounds with short
chain alkylating agents is described in U.S. Patent Nos. 5,453,554 and 5,557,024.

It is also known from U.S. Palent No. 5,470,810 that the addition of
phosphorus to MCM—& improves the hydrothermal stability of the resulting catalyst

35 for use in catalytic cracking.



35 for use in catalytic cracking. 26 OCT 2005 WD 02/ 088051 PCT/ Us@2/13a34 2
U S. Patent No. 3,962,364 discloses that the addition of at least 0.5 w %
phosphorﬁ% £808895k0l i te having a constraint index of 1-12, PRTHSI¥ISEH ar
ZSM5, increases the selectivity of the zeolite in the vapor phase

al kyl ati on of aromatic hydrocarbons with olefins. 5 According to the
invention, it has now been, found that nodification of MCM 22 and certain
rel at ed nol ecul ar sieve catal ysts, such as MCM49 and MCM 56, wth

phosphor us i ncreasgsptfeat HEL U2 gamﬁlst:ib@eﬂataaﬂhys%tddftr@h dfbeieabtktyb atgon of

aromatic conpo Inadltlon t he S d|f| atio creases the
sel ecti vi ty Lﬁf%é“‘ Ot ¥ ’ésthff"éf‘v%?dgnsctﬁg'?ﬁgjﬁ E alleRP BrddetMand enhances

its stabili tiyragaisnss selé@tl\ﬁlg%f mécire@me% ﬂ‘@'va@@ﬁ@ﬁés\éﬁl}kﬂﬂid{’m{(‘a%rﬁﬁi& occur
during regeneration. SUMVARY OF THE | NVENTI ON According to the invention,

there is proUdRsatenpMEBedaintor producing an 15 al kyl aromati ¢ conpound
conprising the stgp.ofin ﬁf‘ﬁ\@%de'ﬂgoﬁ”t 's%we%wfeuﬁdmmo%fﬁawmﬁbwth an

al kyI ati ng agent under l'ation conditions in th resence

al kyl ation c wq@rtadbﬁeﬂﬁie@m@ecgmgﬁhgﬁ@@yaﬁdswfp@ﬁM@é\ﬂ—fierayldtm%ﬁﬁe

0" Spaci ng. e B p AR et Rl Bing sl lor % B e o B P om
Preferably, teppodeul aﬁcytmnathlelnﬁ@spiﬁmu@mﬁtﬁcab@rdecr@a5@$ thelselestiglglobct ed from
the a1 ouD CORsl st Al MM A ERtfch S n MM IR, 3l O 56

Preferably, atln agen an a hatic grou 5 25
car bon at(bnstherhryéfc@rea{meydeadhmt@morwmh mdw@uodmr@ngeserbbmene and the

al kylating agent is selected fromethylene and propyl ene. Preferably, said
al kyl ation conditions are such as to maintain said alkylatable aromatic
conmpound substantially in theSUMMARY@aTHE ISVEREFANLED DESCRI PTI ON OF THE
| NVENTI ON The present invention relates to a process for the production of
an al kylaromatic conmpound, particularly ethyl benzene or cunene, by the

al kyl ation 35 of @rcaldiy tattadIreeationtttdre icoopidedd, prpeess foubarduginhenzene,

W th an % kylaﬁ%;lia?cg'natic compound comprising the slep of contacting an alkylatable
aromatic compound with an alkylating agent under alkylation conditions in the
presence of an alkylation catalyst comprising phosphorus and a porous
crystalline inorganic oxide material having an X-ray diffraction pattern inciuding
the d-spacing maxima at 12.4+0.25, 6.9£0.15, 3.5710.07 and 3.42+0.07

20  Angstrom.
Preferably, the porous crystalline inorganic oxide material is selected from
the group congisting of MCM 22, PSH-3, 882Z-25, MCM-36, MCM-49 and MCM-
56.
Preferably, the alkylating agent has an aliphatic group having 110 5
25  carbon atoms.
Preferably, the aromatic hydrocarbon is benzene and the alkylating agent
is selected from ethylene and propylene.
Preferably, said alkylation conditions are such as to maintain said
atkylatable aromatic compound substantially in the liquid phase.
30
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a process for the production of an
alkylaromatic compound, particularly ethylbenzene or cumene, by the alkylation

35 of an alkylatable aromatic compound, particularly benzene, with an alkylating



2 6 OCT 1005 WD 02/ 088051 PCT/ US02/ 13244 3 agent, particularly eéﬁmh?qm5or
propyl ene, under al kylation conditions wth a phosphorus-contai nrng porous
crystal |l iwe azresigani c oxi de material having an X- ray diffrectasm/pai{ern

i ncluding the d-spacing maxi ma at 12.40.25, 6.90.15, 3.570.07 and 3.420.07
Angstrom 5 The term"aromatic" in reference to the al kyl at abl e conpounds
which are useful herein is to be understood in accordance with its
art-recogni zed scope which includes al kyl substituted and unsubstituted

mono- and  pol yikl Glea,ars UARALHAAS- RNEZ1ePL Qt‘@{&gfﬁfiﬁcﬁn ap@y act er which
possess a het%r dcdgtor%argr_e al'so L%rggﬂF‘ﬁr'OVFdedﬁt _rlley 0 _nots act as catal yst
poi sons undephashBoregeniabnng poogd Kaistsltsinegiesistaxiie Batssiel batiegiaaromat i ¢
conmpounds whj . . | | t a hydr ogen
atom directl @B’éﬁ%@@% t%oa{i‘tlte ﬁi*”g‘?@ﬂg? ﬁ%%né&g?@gsmaﬁ@aé?z?gﬁgtdlsg%f&%ir?g@e’can be
substituted BuSTh0.Onenol 4rabd7argetromaryl, al karyl, al koxy, aryl oxy,

cycloalkyl, halid nd/,.or ot.her groups ch.,do.not interfere with the 15
al kyl ati on reacti EH?? i F&Oﬁ?aeucafno%ﬁ rFE%%?‘B@QW%&%@‘? FH@PHH@g%‘é’P%fé%e,

napht hal ene, usefoitHeréin éne, benapletace reacopataynke néth is@rprrengnizeddcgenant hr ene,
w th benzene  Dbei.n referred.. neral ly the al kyl groups which can be
present as swﬁﬁi‘?‘glé@%ésa“%sEWF&‘“%%85188%%‘&‘?Sé'?%%WUHaa%‘gﬁ?'é{PHC“F?’om 1 to about
22 carbon at gsmipamisuDeadountis enan ahgbdticlcHzes deroitlo posledd® hae Amt

usual ly fromabout 1

to 4 carbon atons, Suitable al kyl substituted aromatic
conpounds i nElUBEC P%?fﬁletﬁ@,”g%‘%@ﬁéif’ ”q"%b?%wg]g@tﬁ?ésr?é‘?é YEERHIE 1526ERN benzene,
al pha- nethy| aaphtidral eneted. et hyl benzene, cunene, nesityl ene, durene,
p- cynmene, butyl berézen_e, %@ﬁeudocunene, nzene, mdi et hyl benzene,
I

-diethylb
p- di et hyl benzene, SUPgigy %@n%?mP%Wék%i I %’é‘%’é?'%ﬂ’@?ﬁda%?’ﬁﬂﬂ ‘Be#zene,

pent anet hyl belzene at lebsor® Kydr@idntatehiyitece BESRRS to Ih2 eforBati ey hy!
benzene; 1, -triethyl benzene; rimet hyl benzene, m butyltol uene;
I

2.4 : 1,2, 3-t]
p- but yI i ol uerl®@€ 280mBaYE iasPep SR FeRettUlEd Withge 81 maker kY. gvh ey yalkexy.

m propy! t ol ugn@sxy4 caiiduityl MaXed, eneiordhstigiel gy map bb mat pReieretdithapht hal ene;
2, 3-di net hyl ant hr acene;. 9- ethyl ant hracene; 2-net hyl ant hracene;
o- met hyl ant hiEy&ian repclign. i et hyl phenant hr ene; and 3- net hyl - phenant hr ene.

H gher nol ecul ar \wijitghle aréthkd Ride@ErbendmeLeE Behame, aaphibbieaebe used as
starting mat e:arnitﬁarlagenae?gaéhrtlkgalc%ﬂg, perylene, coronene, and phenanthrene, with benzene
being preferred.
Generelly the slkyl groups which can be present as substituents on the

20  aromatic compound contzin from 1 to about 22 carbon atoms and usually from
about11o 8 car'bon atoms, and most usually from about 1 to 4 carbon atoms,

Suitable alkyl substituted aromatic compounds include toluene, xylene,
isopropylbenzene, normal propylbenzene, alpha-methylnaphthalene,
ethylbenzene, cumene, mesitylene, durene, p-cymene, butylbenzene,

25  pseudocumene, o-dielhylbenzene, m-diethylbenzene, p-diethylbenzene,

| isoamylbenzene, isohexylbenzene, pentaethylbenzene, pentamethylberizene;
1,2,3,4-tetraethylbenzene; 1,2,3,5-tetramethylbenzene; 1,2,4-triethylbenzene;
1,2,3-trimethylbenzene, m-butylioluene; p-butyltoluene; 3,5-diethyltoluene; o-
ethyltoluene; p-ethyltoluene; m-propyitoluene; 4-ethyl-m-xyiene;

30 dimethylnaphthalene; ethyinaphthalene; 2,3-dimethylanthracene; 9-
ethylanthracene; 2-methylenthracene; o-methylanthracene; 9,10-
dimethylphenanthrene; and 3-methyl-phenanthrene. Higher molecular weight
alkylaromatic hydrocarbons can also be used as starting maierials and include
aromatic hydrocarbons such as are produced by the alkylation of aromatic

35 hydrocarbons with olefin oligomers. Such products are frequently referred to in



aromati ¢ hydrocarbons such as are produced by the al kyl ati on of 31O @ﬂt@ 35
hydrocarbons with ol efin oligomers. Such products are frequent| to
in WO 02/ 388G 3%1260C11005 PCT/ US02/ 3244 the art as al kyllé?yué?f’d} 3l ude
hexyl benzene, nonyl benzene, dodecyl benzene, pentadecyl benzene,

hexyl t ol uene, nonyl tol uene, dodecyltol uene and pentadecyltoluene. Very
often alkylale is obtained as a high boiling fraction in which the al kyl
group attached to the aromatic nucleus varies in size fromabout 5 C6 to
about C12. Memmahgaterandtiwmdﬁem@ﬁmniz@a mengesizead, pedehytienzehe present

e i n cuontnesRiasRhan Yaoiblie NaRMAHEE SoBBSRoRRR A B at ¢ cont alning.
substanti al perantedyitelsend. ‘b@r@zﬁne aldytdieisrebtainet! a¢ 2 hiofl lesikng bastidrtint es a
particularly ful ed for, the cess of .this 10 i ntion.
e il oyt | WHRE e el ot e Abnehe BOaR BB Bs 4b Bk o rBOE, o
general | ys i nC| wdehan e, 2l Wpbatigets oaémmaémzer@rlg&m&saedmmthaw ng one or
nore avail able alkglatln al i ph atmg&g}s caé)t%e ctlo with the

al kyl at abl e PEPBNERPEESE frl acﬁ%jtfﬂ?' F 2BTR O t enpl oyed
herein has akyib@ashald® sush istaiced thal bepbed trf;nwbeuuosmﬁ;smss' ng from 1to5
carbon atons. Exanples of such al kylating gentﬁgare ol efi ns such as

et hyl ene, propyl eﬁ@formﬁte R 5“5’??6““33 ﬂ%a’?} REEQ zeRee ke KR usi ve of

nmonoal cohol syyighatsghss apgrikhikal Godral feed fcw@alagarm{ brjzeks ofthizanol , the
propanol s, the but anol s, and the pentanols; 20 al dehydes such as :

f or mal deFR/de'”VaB‘é?tral dehyde pr opi onal dehyde but yr al dehyde, and

n-val eral dehyde; &ﬂgaﬁéylsxh B@éﬁtgeﬁuéﬂ% u@émmtthybrcrc@b@btqﬁs.nveﬁm chloride,
the propyl chlorides, %u | ori des and the pentyl chlorides. M xtures

of 1ight ol eBphrRy2ky @C'é'%éﬁi’ a!'nrgat'ta@éﬁmmaa@ ORPYF B9TPIYHELRAYIR PRe PREore

al kyl ation pé%%%f% &Eylétmgsen;any%rbeas cASBRS S B8N Withdher 8%y akbet hyl ene,
propyl ene, 25 butenes or pentenes which are major constituents of a

vari ety of ré'fqmréwomméa% e.g., fuel gas, gas plant off-gas containing

et hyl ene;s propyl ergefefibfy, the &@ﬁé\td@aeg‘ern@eﬂﬁgroy@é he@ashsont @bS gk | 1 ght ol efins
and refinery FCC propané/propyl ene streams, are useful alkylating agents

herein. For ekiipnealinpatic grupatosEessing horm 0P &r APt Ploat poxyerleesl’t he
fol I owi ng cogp@shiiigiig &Rnts are olefins such as sthylene, propylene, the butenes, and

the pentenes; aicohols (inclusive of moncalcchols, dialcohols and trialcohols)
such as methanol, ethanol, the propanols, the butanols, and the pentanocls;

20  eldehydes such as formaldehyde, acetaldehyde, propionaldehyde,
butyraldehyde, and n-valeraldehyde; and alkyl halides such as methyl chloride,
ethyl chioride, the propyl chiorides, the butyl chicrides and the penty! chiorides.

Mixtures of light olefins are especially useful as alkylating agents in the
alkylation process of this invention. Accordingly, mixtures of ethylene, propylene,

25  buienes, and/or pentenes which are major constituents of a variety of refinery
sireams, e.g., fuel gas, gas plant off-gas containing ethylene, propylene, etc.,
naphtha cracker off-gas containing light clefins and refinery FCC
propane/propyiene streams, are useful alkylating agents herein. For example, &

typical FCC light olefin stream possesses the following composition:

30 Wi.% Male %
Ethane 3.3 5.1
Ethylene 0.7 1.2
Propane 4.5 15.3
Propylene 42.5 46.8

35 Isobutane 12.9 10.3
n-Butane 3.3 2.8
Butenes 22.1 18.32

Pentanes 0.7 0.4



35 W. %Wl e % Et hane3. 35. 1 Et hyl ene0. 71. 2 Propane4. 515. 3 Propyl enﬁéﬁ F%ﬁ 8
i sobut anel2. 910. 3 n- But ane3. 32. 6 But enes22. 118. 32 Pent anes0. 70. 4 ApUCT 1003
02/ 08805tw6 0120®0CT 2005 PCTI US02/ 13244 Reacti on product s Réif/GR021ER440e
obtained fromthe process of the |nventé on using short chain (d-Cs)

al kyl ati ng agents include ethyl benzene from the reaction of benzene with

et hyl ene, cunene fromthe reaction of benzene with 5 propyl ene, ethyltoluene
fromthe reaction of toluene with ethylene, cynenes from the reaction of
toluene with propyl ene, and sec-butyl benzene fromthe reaction of benzene

and n-but enes. Al ket RkifEhtss mﬁ@ég@eﬁ%&gﬁeagw (HSFECE, biifePr ocess of

the invention has one nore a phatic dgroups with at | east
about 6 car bmeramrms,nngl@oﬂr@ﬁaér&ﬁb@s atkyletiag eoatisouncligle ethiibsni¢re ome

pref erabl v ahleanbo b il AANeo8 iR SUSRRER Blotu ballg g chain

al kyl ati ng agents are o ins suc enes enes nonenes,
decenes, undpoenese agthylthhadmedroesihe rahdeSolQem:Mlb |eVr3/leeﬁe rmm\eaéehbml S,

dlalcohols nd tr.ial ol s uc hex 0, ctan S
tonanal s, uelaTapbich i v BhaTRna ek r oSy BERAR Gy R e RR ot e e
hexyl chi or | dewxenecingln-oltkesd. des, dodecyl chlorides; and, higher honol ogs
of the foregoing. .Branched  al kyl at.i ng agent ecia oli o ri zed
ol efins sucﬁ asgt emaﬁypg}z,gﬁe ?%yl%g%ggergﬁaegghﬁvgﬁrgpgessocﬁ e JWEDUYN 99 s,
s:JEhl as et hybe@le; n@f@pﬂ(gemg amabmgr;dueaem;h amasabsmwrbbn b&:mes n. The
a ation cat ed int SS O e inyentj rises
phogphorh% aHEF?%i%EBr% SZ:F‘?/%‘PEP FFE') éﬁﬁﬁ‘BFeg%rﬁfeéa?}Xl X@ &qqﬁg&‘p R hg an X-ray
g' 1;3 f7 E) agt7 ion @aiéﬁﬁzﬂgcahmﬁswlsogamle s:rmgcnham amyxatiny adenladlefins £ucBslS,

an

strom diffraction d sed t hroughout
Chi's " spect f PERITo6nPGRF e E e Be" ST ARISFEF L BERT G0 E ARIRGoTHe K. al pha
doubl et of  aicohols (inclusive of monoalcohols, dialcohols, and trialcohols) such as
hexanols, heptanois, octanols, nonanols, decanols, undecanols and dodecanols;
15 and alkyl halides such as hexyl chlorides, oclyl chlorides, dodecyl chiorides; and,
~ higher homologs of the foregoing. Branched alkylating agents, especially
cligomerized olefins such as the trimers, tetramers and pentamers, of light
olefins, such as ethylene, propylene and butylenes, are also useful herein.
The alkylation catalyst used in the process of the invention comprises
20 phosphorus and a porous crystaliine inorganic oxide material having an X-ray
diffraction pattern including d-spacing maxirma at 12.4+0.25, 6.920.15, 3.57x0.07
and 3.42+0.07 Angstrom. The X-ray diffracticn data used throughout this
specification were obtzined by standard techniques using the K-alpha doublet of
copper as the incident radiation and a diffractometer equipped with a scintillation
25  counter and associated computer as the collection system.
Suitable porous crysialline inorganic oxide meterials are MCM-22
(described in U.S. Patent No. 4,954 ,325), PSH-3 (described in U.S. Patent No.
4,4389,409), SSZ-25 {described in U.S. Paient No. 4,826,667), MCM-36
{described in U.S. Patent No. 5,250,277), MCM-48 (described in U.S. Patent No.
30 5,235,575) and MCM-56 (described in U.S. Patent No. 5,362,697). All the above
U.S. patents are incorporated herein by reference.
The alkylation catatyst used in the process of the invention also contains
phosphorus. The amount of phosphorus, as measured on an elemental basis,

may be between about 0.05 and about 10 wt.%, preferably between about 0.1



-copper as the incident radiation and a diffractoneter equi pped "ziﬁt@C@'ZDDS
scintillation 25 counter and associated conputer as the col]lection’ System
Sui t abl e "pBPYE®Y ystal I ine inorganic oxide materials are MSWSP218dscri bed
in US. Patent No. 4,954,325), PSH 3 (described in U S. Patent No.

4,439, 409), SSZ-25 (described in U S. Patent No. 4,826,667), MM 36
(described in U S. Patent No. 5,250,277), MCM 49 (described in U S. Patent
No. 30 5,236,575) and MCM 56 (described in U S. Patent No. 5, 362,697). All
the above BnSabpaltewt % ,ane nmastpreperaatyetthesriboliy. T ef@ebagled.5 Wheal kyl ati on

catal yst usedcl oﬁh?e@é@ﬁ?&%hé’fin Qgtg%\{enti on al so contains phosphorus. The
anount of phosphorus, a measurec] on an el enental basis, my be between

about 0.05 and abourpd@lion pVhe pheserabd ydidtenedn thaboais!yst df thOin2NEB8051 6 2

5.0,° 7 1008 oESTLLSRPLISEA% Ve 30aHbo ol Sisiofngherably bet veen

about 0.1 and abou e I'nal catal yst.
| ncor por at i dn35,33% &, ploAishodus2 b b4 itee entiteadisdieswed al wiithafe t he i nventi on

is conveniently achieved the nethods described in U'S. Patent Nos. 5
4266, 338, - epretoeHTEnaY sSHRRR. PRAERT P PP e R B i o ar e

i ncor por at eccohgyovhis byn readity Beeecortpizat dvntconiccting hesphousisryerntihal ni ng
compounds can_readily be acconplished by,.contacting the rous .crystalline
materi al , eirPﬁt@F'glaF‘y}r/F’é ag‘?”eicﬁ‘ng‘?fﬂg'ﬁ‘ﬁﬁ?'b%(‘tﬁftrb‘\n%r&rg%?x B‘r%?‘?fﬁh{r"f'ﬁ“ terial,

Wi fj h 8 S|O| Wfoil iR @f aarap@mﬁ@@[]ﬂr@%ﬁhmﬁs:ph@rousd,qommmm%g; dr]fyﬁid@mﬁcg by dryi n%
and 10 calcining to convert the osphorus.to its oxide form ntact wt

t he pho@phoﬁaﬁg'%%ﬁ? ﬁ?r?ﬁeﬁldh%B'ﬁ%Wﬁﬁﬂjsi@ "G‘éﬁ‘é:]t'eafPW' %Bﬁaﬁtc"t"ghth&t a tenperature
of about 25hanHobaidhtaltcdmtound ik enbeliveen whaiibt slferperstugsofand about
20 hours. The concentration _of the phosphorus in the contact m xture may be

bet ween aboufPW! 62°@AR 8BSt 28T (it 2Bma Befugsnebent Ap myeutes and about 20

phosphor us- cigfrai hBgosQMRetES thBisBs R DR tHE @EntabN@lxusle misrperat i ves of
groups represented b RPX2, PX, R3P, X3PO, (XO) 3P0, (XO 3P, R3P=0

PX3
R3P=S, RP02, Pgpesn ah%ﬂ@c@)-@bo%bcmb(ﬁ‘ﬁ)\'(t% 2, R2P(O) OX, R2P(S)SX, RP(OX)2,
RP( SX) 2, 1:ROP( OX) 2ReRIREMSive pHd3PhaRSR-ARIRIng 30MpbRWLREGR: ARlybe Wigre R is an

al kyl or ary], such as. 20 phenyl radical a%d i s hydrogen, R, _or halide.
These conpoultd%oeserivrives gt ooups renprerted By bAaaRy X2 rBPRK Bal Xah®i ary, R3P,

phosphi nes sugh, 8% BbYlp rRiP=0, R3P=S, RPO,, RPS,, RP(O)(OX)s, RP(S)(SX)2,
RoP(0O)OX, RoP(S)SX, RP(OX)2, RP(SX)2, ROP(OX)2, RSP(SX)2,
‘ (R8)2PSP(SR)»2, and {(RO)sPOF(OR)s, where R is an alkyl or aryl, such as

20 phenyl radical, and X is hydrogen, R, or halide. These compounds include
primary, RPHo, secondary, R2PH, and lerliary, R3P, phosphines such as butyl

phosphine, the tertiary phosphine oxides, RaPO, such as tributyl phosphine
oxide, the tertiary phosphine sulfides, R3PS, the primary, RP(O)(OX)3, and
secondary, RoP(0)OX, phosphonic acids such as benzene phosphonic acid, the

25  corresponding sulfur derivatives such as RP(S)(SX)o and RoP(S)SX, the esters
of the phosphonic acids such as dialkyl phosphonate, (RO)oP(O)H, dialkyl alkyl
phosphonates, (RO)»P(O)R, and alkyl diglkylphosphinates, (RO)P(Q)Ro;
phosphinous acids, RoPOX, such as diethylphosphinous acid, primary,
(RO)P(OX)5, secondary, (RO)2POX, and tertiery, (RO)3P, phosphites, and

30 esters thereof such as the monopropy! ester, alkyi dialkylphosphinites, (RO)PRo,
and dialkyl alkyphosphinites, (RO)oPR. Corresponding sulfur derivatives may
also be employed including (RS)2P(S)H, (RS}P(SIR, (RS)P(S)R2, R_QPSX,



phosphi ne, the tertiary phosphine oxi des, R3PO, such as tributyl %BQ‘@WQ@E
oxide, the tertiary phosphine sulfides, R3PS, the primary, RP(O) ( ) d

secondar ywgRRBRkgakOX, phosphoni ¢ aci ds such as benzene phosphgphGoashds the
25 correspondi ng sul fur derivatives such as RP(S)(SX)2 and R2P(S) SX, the

esters of the phosphonic acids such as’di al kyl phosphonate, (RO 2P(O H,
di al kyl al kyl phosphonates, (RO 2P(O R, and al kyl di al kyl phosphi nat es,
(RO P(O R2; phosphinous acids, R2POX, such as di et hyl phosphi nous aci d,

. ’ 2. ) i hosphi ,
LT PO SRt R UL e g phosentics
di al kyl phos@hbéb'urfit]gserstegE%@)dﬂ% mrr@nﬁ%;sﬂo%gilﬁzé, 1dtkylpRoSMENi tes, (RO 2PR

i i be enpl oyed includi ng (RS)2P(S)H,
ODWNB

Correspondi ng s u erivatives y o] _
(RS) 2P( S) R, d{isesy ey sphitemkyphosghitsereons BeDVEOAS PCT/ US02/ 13244 7

, 3P, Bre f  phosphi
(RS) P(SX) 2 tét%%kr%ﬁ’%%@@ﬁé’. Tnﬁ@%?i?routeﬂ%tgg%ﬁ& Exappbasgof phosphite

esters include tri : osphite, "trie hosphite, diisopropyl phosphite,
but yl pho§phirfeierabhocgyeiophedp iy esrbonchionss. t et r aet hyl pyr ophosphite. The

al kyl groups int j L ; r : J to four
carbon atonms. O h@eg@%égﬁ]@gﬁgg@%# ﬂ%”@gﬁf gf“ﬁ?ﬁ’?%‘é‘%‘%%?&?“ ?ﬂgrlnude

ammoni um hygeéogen phlossipdiat ibe phhephpines phisiessubbkE ddospharhs dhiidsphor us

trichioride, i ; d _i,odi kehloridites, (RO PC 2,
di al kyl phospr%'ﬂ%‘%glﬁg‘?fol eéa!k?%%ﬁﬁ@lo&hfoﬁaﬁ%gBﬁ?ﬁ%ﬁ&noch| ori di teg, ?QZPCI,
al kyl 10 al kyd BRGhlwoitea Re) Obi ino€HIGidiek, RoPCH,

pho>s/phi noch:@érlga)gg?ggﬂ RSP(!O)T c R a%%m%%%ﬁ%%&%ﬁl cablt\tlaé cE?rgisSg%ddi ng

sul fur déri edtyipesphordanteidseRS)FQIR )P(CRS), ZRAGtY ph&$HiRdh(@)detes, and R2P(S) Cl .

P Ceul ) N . - h 1

mont um di T oneh SHH SRR P S APl BB et O BRRRR T ey

phosphi ne chRenPd ,.(msjzrmlmdsg(msmq,eandggﬁs@@t us trichloride, phosphoric
ri methy

aci d, phenyl phosphi ne oxychl ori de, phosphat e, di phenyl
phosphi nous aci d, Pditiphlenghogphossstiontainiag icdnpdivedshipcitide @monaniophosphat e,

cont act | ng v ERPPRE: Eroffel U PR R PO & 20 Ty be
dried anth capfcispbetet dipbenyiehositiee phoridphidmethyipbosphitexbtiesitorve  Cal ci nat i on
ooy e EFhRbe, A0S BIBRINEL e o B AR gy 0en. Tor
diphenyl phosphinous acid, diphenyl phosphinic acid, diethylchiorothiophosphzte,
methyl acid phosphate, and other alcohol-P»Og5 reaction products.
After contacling with the phosphorus-containing compound, the catalyst
20 may be dried and calcined to convert the phosphorus to an oxide form.
Calcination can be carried out in @n inert atmosphere or in the presence of
oxygen, for example, in air at a temperature of about 150 to 750°C, preferably
about 300 to 500°C, for at least 1 hour, preferably 3-5 hours.
The porous crystzliine oxide materigl employed in ihe alkylation catalyst
25 of the invention may be combined with a variety of binder or matrix materiats
resistant to the temperatures and other conditions employed in the process.
Such masterizls include active and inactive materials such as clays, silica and/or
melal oxides such as alumina. The latter may be either naturally occurring or in
the form of gelatinous precipitates or gels including mixtures of silica and metal
30 oxides. Use of @ material which is aclive, tends 1o change the conversion and/or
selectivity of the catalyst and hence is generally not preferred. Inactive materials
suitably serve as diluents to control the amount of conversion in & given process
so that products can be obtained in an economical and orderly manner without

employing other means for controlling the rate of reaction. These materizls may



about 300 to 500C, for at least 1 hour, preferably 3-5 hours. Tipef QQT?UBE
e

crystall '@% %’%&e mat eri al enployed in the al kyl ation cat al ¥é‘}lusa§139
i nvent i on' ey Be-tombi ned with a vari ety of binder or matriXx nmateri

resistant to the tenperatures and ot her &onditions enployed in the pr ocess.
Such materials include active and inactive materials such as clays, silica
and/or nmetal oxides such as alumna. The latter nay be either naturally

occurring or in the rm of gel ati nous preci ates_or eI s. i ncl udi ng
m xtures of %.'ﬂr%aoerﬁﬁo it BFIUB0Y BRSUTEES R Pog henGous paf Feflinefp i 5 acti ve,

tends to chamgevehge @Q&%@’r@h?ﬂﬁ M estzlysehreiel cviner@kl diieattirt @ngiiongnd hence
is generally not preferred nactive materials suitabl K serve as diluents
g

to control t3RF HIRNRIRS. €. S ePdieh eth. TaNgianeas birdwady the gatalst. Widucts can

be obt ai ned dediréfc86 QRS AL BRL! REASS %Nod@'ﬂ@ﬁ%tré‘hétﬁ%&aus%rfﬁ'c@bﬂn‘i@cr‘éi her
means for controlling the rate of reaction. These materials may WO 02/ 088051

8 2 6 OCf 2065 iPeTreesaRE 13pryendhe se ysolraredepking dawe imtareywdgedhie r i ng
clays, e.g. in%ﬂB%n'Tth%s@'&ﬂagka?ﬁ% drf&mdfecbrndc?@hw&béé%r%gréﬁgdﬁB nﬁ‘ﬁﬂgtdhryf the

catal yst under commerci al erating conditions Sai teria
cl ays, oxi deferthetmrrpow@fdmpmlrmhb|cnwéﬂrs§ren@rh ofitbe calelysyyst . It is desirabl e

to provide a catalysh, NGBS SpaNcSt EERGNDoLREAEE RFAIer ol al S use

it is desirable to pre vent -t down into powder-1like
mat eri al s. Melhoearyetem@l_ﬁrm%ucteﬂhdewwtmd@miih@m Haehmfaem:rl ohicH faoiigal |y only
Dot ur s R PBBInd BN el U ShU BB SRR kb lIF LE B ViaboiBE LT 21 1Y
occurring clays wh can be conposited with orous™ crystalline

mat eri al i nchadeia hred Frentdeolayk loonihiees mnehikathiei rnamemmblyil cowstident i lies 10

i nclude the - Lt a X McNanee,
Georgi a and I&#%R&g&a%%@% deﬁget 1i1g(r&:,ﬁléi% %#ﬁéﬁ@?ﬁ@%ﬁéﬁ ?ngwngggf%?én@{sr tuent is
hal | oysite, teaostets eeorigihalkimiepd paitizie suleciadduxeitieatiGueidiresimentor be used
in the raw ally mned or initially subjected to cal cination,
acid treat rre{ﬁsrﬁeq@%aﬁﬁﬁg%é}‘ ot nodi fication. 15 In addition to the foregoing

mat eri al 85 the potroegditeryitiak fdragoinpimeatérals, dam polves cospigiet watenak ¢ana por ous
TR X TRt el bakoB0uAR Rl bl AN Sl L6 oLRABS findidhicga- 21 reoni a.

silica-thori a, I ca- anra as we terna
conposi tions rr@aeh*:lassma zimnwl giitatharigosiiica- b%f‘YI“ECSb@I—UﬁWﬁ@SMEr“Cﬂﬁnl a silica-

al um na- ”agn?e'?hiﬁ"wor gﬂshfoﬁé‘sﬂ&%&%h@* ér'uﬁn‘ﬁ%‘{h%da sar?c% A0Ridzehidbhi&iREoPOr ti ons

of zeolite and c oxide matrix vary w
alumina-magnesia and silica-magnesiz-zirconia.

20 The relative proportions of zeolite and incrganic oxide matrix vary widely,
with the content of the former ranging from about 1 1o about 80% by weight and
more usually, parlicularly when the composite is prepared in the form of beads, in
the range of about 2 to about 80 wt.% of the composite.

The alkylation process of this invention is conducted such that the organic

25  reactanis, i.e., the a1kyletable aromatic compound and the alkylating agent, are
brought into contact with an zlkylation catalyst in a suitable reaction zone such
as, for example, in a flow reactor containing a fixed bed of the catalyst
composition, under efiective alkylation conditions. Such conditions include a
temperature of from about 0°C to about 500°C, and preferably between about

30 50°C and about 250°C, a pressure of from about 0.2 1o about 250 atmospheres,
and preferably from aboul 5 to about 100 atmospheres, & molar ratio of
alkylatable aromatic compound to alkylating agent of from about 0.1:1 to about
50:1, and preferably can be from about 0.5:1 to about 10:1, and a feed weight
hourly space velocity (WHSV) of between about 0.1 and 500 hr, preferably

35  between 0.5 and 100 hr'.



with the content of the fornmer ranging fromabout 1 to about 90% Ey[}(ﬁe?l @ht
and nore usually, particularly when the conposite is prepared i(z t 0Br m

of beadsWQ m/088¢d range of about 2 to about 80 wt. % of thePEAVi92i1884 The

al kyl ati on process of this invention is.conducted such that the organic 25
reactants, i.e., the alkylatable ar omat f'c conmpound and the al kyl ati ng agent,
are brought into contact with an al kylation catalyst in a suitable reaction
zone such as, for exanple, in a flowreactor containing a fixed bed of the

catal yst conposirhtQBaciHRE&hn 8EfieekhManal kydai=e8 of MdiduiPPRase i
conditions include a tenperature of fromabout 0OC to about 500C, and

pref erabl y Bbet keerakbsutresdrosnicteaignalsinixiegna digtigp sds ptleergnatei@nPabout 0. 2
to about 25 t : ; a :
9\92 d%ﬂ%@‘&%gﬁm lnﬁ%nfa%lfcﬁwg ?«géb eélaﬁ&&ta?%on%&s%%gﬂuﬁh%%iﬁ

at nospheres, nmol ar ratio of e aromati ¢ conpound to al kyl ating
agent of frehtaieugagesiordiuentaboch as,50r dxarepie, ndedganadsinjtragen. be f r om about

0.3 & L0s208plel P08 @A RO DoVEL Y SRR, ) SR oYY, o

bet ween about era ween 00 hr'. WO
02/ 088051 9 apréatCorRdbd RETabSAR/ it 32t iquld phasa dtarexsmpi) thealkyiai@ont her t he
vapor phaserg ui d

b0 B st BB B R BRI or i o “Chey can be

r
i ntenti onal '&d
br ought into contvabén wehieriche akelatdd witlc athgleystio porduos iethiyterzendy théne ai d  of

i : il h for, hyd it . b5
Dt oranly. FRETS kolthE B AR e ERl Rz 20Y BAOREPn PEadiob i "
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exa e, e a | ONn rea S C con I |V STI al | ONn.
Thon benzené BEERbSPenerr Sho B arlr (GO IRhEE =B TP 2o bt e
;1)(r)ef er ][ ed (t:)aieabl s@iéﬁ}@”%ﬁﬁ@tﬁf l(@bdmgbﬁ‘zj@d?]m%, @pcbglahﬁeyt!a;atoiamm eaction is
rerera arri | e ul . ab. ul se
Soni 11 ona” 0D Fhis C0efEiea sidlfebhdiEsd 86Tt S8roped et SBIES ang
316C), pref eanaBOl),Ia/spéx_fst v@@ﬂtz g;t@ml:esmmbcﬁﬂmf e(rab:wl Whﬂii).ﬁ@rafﬂgaotgﬁﬂﬂ?jmegggpr essure
t o ahqut [ refera et wee a Si
(Da6e and b e RSV SdedBhin e ienB Eet dalraf s 28nE S n st
preferably babhylesninlthteilandiot réiHdSEY, irdrageldiod: t helat prelfeallyffeedaband a ratio

of the benzepe.to.t.he . ethylene in the alkylation reactor from1:1 to 30:1
nol ar, pref e{rﬁfgls? §0f1rr831|a&bout 1:1 to 10:1 ol ar.

When benzene is alkylaled with propylene to produce cumene, the

preferred calalyst is phosphorus-modified MCM-4€ or phosphorus-modified

20 MCM-56. The alkylation reaction is also preferably conducted under liquid phase
conditions including & temperature of up to about 250°C, e.g., up to about 150°C,
e.g., from about 10°C to about 125°C; & pressure of about 250 atmospheres or
less, e.g., from about 1 to about 30 atmospheres; and an aromatic hydrocarbon
weight hourly space velocity (WHSV) of from about 5 hr' 1o about 250 hr”,

25 preferably from 5 hr' to 50 hr'.

The use of the phosphorus modiiier in the alkylation catalyst of the
invention is found to enhance the alkylation activity of the catalyst over a wide
range of aromatic compound io alkylating agent molar ratios, thereby allowing
operation at higher space velocities and herice increasing production capacity. In

30  addition, the presence of the phosphorus is found to increase the selectivity of
the catalyst for the production of the desired moncalkylated product and
decrease its selectivity for the production of polyalkylated products. Further, the
phosphorus modification may increase the hydrothermal stability of the catalyst,

thereby enhancing its regenerability.



When benzene is al kylated with propyl ene to produce cunene, the 2@(@3&@&
catal yst is phosphorus-nodi fied MCM 49 or phosphorus-nodified 20 The
al kyl ati o‘ﬁor"g/ ?’on is also preferably conducted under |iqdild/piageéd4
conditions including a tenperature of ugyto about 250C, e.g., up to about
150C, e.g., fromabout 10C to about 125C, a pressure of about 250

at nospheres or less, e.g., fromabout 1 to about 30 atnospheres; and an
aromati ¢ hydrocarbon weight hourly space velocity (WHSV) of from about 5
hr' to about 250 Te alkyi2npesetier ebhyntfooatairs thie'extesSorohretic fddde use of the
phosphor us nodi f| in_the al kyl ation catalyst of the ention is found to
enhance t he ”?ﬁW?ka eli%cﬂp@gf’i:tvp%sya@'mleﬁéjr% lfé%lyaﬁd V&/'@PSWWFMES ll]-g?‘uge of
aronmati c corpausit feedad Kebadred @y AEANLINTDIART relcatib0%o tHehakyeionabhawd. ng
operation at hi ﬁher Slﬂ&ﬁpe vel |t| es and h nce incre sln producti on
capacity. | YS3gMhasmaEl Sieed h %Pé"é’é%@ FSFth SUBHILP RS ‘émﬁﬁ?ﬂ‘(ﬁ to

i ncrease st hemé@ﬂlt%tﬂdﬂﬂ% l%p trhe begdmb Vst tﬁw@%rbﬂﬂ@h@ﬂ@dﬂ&’bhgf‘e fRththe desired
nonoal kyl at ed product and decrease its selectivity for the productl on of

pol yal kyl at &bt 1Hfa%mé%%nfatpdv@mlkwaﬁ%proﬁﬁefsfmmmefawiﬁ@q vREvgR aRaPieRcr ease
the hydrot hejamlesstability of the catalyst, thereby enhancing its
regenerability. WO 02/088051 10 2 6 OCT 2005 PCT/US02/ 13244 The al kyl ati on
reactor effluent ReFiNahgonRakEREELEOdDMAY ke Prosyced kyhergalyladieBd product ,

pol yal kyl at eﬂne%é?@él%h&ed%%u‘é%ﬁhé’}lﬁe 'réﬂ%’éfédttb@% ai?l%no@Fé%%ﬁntr't&uﬁc?é?So' S
recovered by distillation and recycled'to the alkylation reactor.”™ Usually a

smal | bl Wed transeliision poiney ey keckperiecsyiteagaiienab pramatisteed ifrcsritarsie 5
| mpuri ties fr(eQP{bF hembpae- préﬁ@ﬁe@@rtSiQHEF}(rfél%ﬂotrﬁ@fr%QH@Blsﬁll"#bﬁto:f| lation are

further distilled to separate nonoa | at ed product from pog/ al k Iated
product s andﬂéﬂ%}ﬁylatﬁ@md&@i W%Ié|°!ql@h%mpmr%§BWPfébé@TWW§€

produced by ieeenel kXL koflacpaldie ealabley LaknghiBtRAS o fmqvca%ygtecycl ed to

the al kylation reactor to un o transal kyl ati on or be reacted
wi th addi'ti ohf tramsaiedationfcetalyst ﬁraa beeheptalyat C%&r&'wazw“t@rﬁww MiCd-erred to

bl end the boig Q\W@MMQDTMGM%@WW&&#SQEB afsz- ﬁgn%hl‘é’kaie%ﬁtew odype With a
stoi chionetri ¢ excess of the aronmatic feed, react the mxture in a

separat e r ea?®!8ro'gverdenite HUCARIEEsE K YRR WFB‘?”%‘P\VE’&éﬁaﬁ'W@?‘a arggisclosed
transal kyl at i'nQHe %ﬁ)trérhn)éﬁﬁorfé@w @epa fiat @'%SMSQOHM fLﬁiH@ge@cth%Hs'afk?laﬁw as MoM
]5 36, MCM4 , PSH3, SSz-25. zeolite X zeolli zeolite
usmg an ac&d dealummxzed mordenite are disclosed in U.S. Pat. No. 5,243,116
Another particular form of mordenite, which may be used as a transalkylation
20  catalyst, is TEA mordeniie, i.e., synihetic mordenite prepared from & reaction
mixtura comprising a tetraethylammonium directing agent. TEA mordenite is
disclosed in U.S. Pat. Nos, 3,765,092 and 3,894,104, The effluent from the
iransalkylation reactor is blended with alkylation reactor effjuent and the
combined stream distilled. A bieed may be taken from the polyatkyated product
25  siream fo remove unreactive heavies from the loop or the polyalkyated product
siream may be distilled to remove heavies prior to transalkylation.

The invention will be described with reference to the following Exampies.

Example 1: Ethylbenzene synthesis from benzene and ethylene over unmedified
30 MCM-22
An MCM-22 catalyst was prepared as a 65/35 extrudate with 65 wt.%
MCM-22 crystal with 35 wi% alumina. One gram of the catalyst was charged to
an isothermal, well-mixed Parmr autoclave reactor along with @ mixiure comprising
of benzene (195 g) and ethylene (20 g). The reaction was carried out at 428°F

35 and 550 psig for 4 hours. A small sample of the product was withdrawn at



beta, or nordenite. Such transal kyl ation reactions over zeolite beta are
disclosed in the aforenentioned U.S. Pat. No. 4,891,458; and furkthegl 3ch
transal kMY @Ee1 usi ng an aci d deal um ni zed nordenite are PdiTgc$msed4in U. S
Pat. No. 5,243,116. Another particul ag4formof nordenite, which may be used
as a transal kylation 20 catalyst, is TEA nordenite, i.e., synthetic
nordenite prepared froma reaction mxture conprising a tetraethyl amoni um
directing agent. TEA nordenite is disclosed in U S. Pat. Nos. 3,766,093 and

3,894, 104. r'éb&laefnftérugl@tanfdré?félytzb@bﬁfgéﬁlﬁﬁﬁinkédbgﬁdp@u@. meaekeadlydis bl ended with
al kyl ation reactor effluent. and the conbiped streamdistilled. A bleed may
be taken frigiiARENFOIPAIARTEISEE DyrcotuRlc FBIVEY Fig RoPearkhrise UhelE%Ens ve

heavi es frogari/agidroomd 8Y tcn@npotyaink et viey 2o, etyi@rRR MY di still ed
to renmove heavies prior to transal kylation.” The invention will be described
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from benzengraRdnalfyd 888y Sfe Q,N,‘%:lﬂ)iqi']fébﬁféjz‘ 30 MCM 22 An MCM 22 catal yst was
prepared as a 65/35 extrudate with 65 w.% MOM 22 crystal with 35 wt %

al um na. One gram of the catalyst was charged to an isothermal, well-m xed

Parr autocl E)(%EBES?:F%ﬁlﬂgﬁ%e"!&”ﬁe@ism&ﬁ HEfz 4 éfh?%gggvggenzene (195 g)

and et hyl ene e reaction was carried out at and 550 psig
for 4 hour sMCM-@aahodiethylte pbeslvenysriogregnaieds viai thivdplaare adid WO 02/ 088051 11
26 0CT2 »@’0%%5!&%912/ 13244 regul ar intervals and anal yzed by gas

chr omat ogr a “The catal yst performance was assessed by a kinetic activity
rate congtant baded1dgrathyl B, veoavdassived bl doyms leédistitad batez ane
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benzene and | : Igg:M i fi i . ated via
phosphoric A;%&E% 'Eﬁgﬁ%ﬁ@e%ﬁ ut |e§)ﬁ0% WB%%‘E%@%&W&%?‘&E%@%%M ved in
50 grans of fai‘gthdureth siatcdowed by galeindtien sbé temperatifre peitweargdigadd om 3. 1 to
6.9. The.re d LUt : t LOpr (WA a fresh
campl 6 i ¢ neONEn 5P 4P Bt RS e RruldBPEROPIS elohs BT el

met hod. The ficnp® et £&k. c@bakyest olas fidel edalast R&OEvalbatied IO beoaesein air

fol I owed by a%laa(fiioﬂ%&iihoahﬁgn@aéc%%% %%@%rggéd’ﬁﬁg%eégr%e%qq Example 1.
Cetalyst performance is compared with that of the unmodified MCM-22 of
Example 1 in Tables 1 and 2.

20
Example 3: Ethy!benzene synthesis from benzene and ethylene over MCM-22
modified with phospheorous impregnated via dibasic ammonium phosphate
((NH,4):HPO,) solution.
0.1-10 grams of (NH,):HPO, were dissolved in 50 grams of distilled waier
25 10 yield a solution of pH ranging from 4.9 to 7.1. The resulting solution was used
to impregnate fifty grams of a fresh sample of the MCM-22 catalyst used in
Example 1 by an incipient wetness method. The impregnated catalyst was dried
al 250°F for 12 hours in air followed by calcination al a temperature between 400
and 1200°F in flowing air for 4 hours. The resulting phosphorus weight loading
30 varied from 0.5% 1o 5%. One gram of the fina! catalyst was evaluated for
benzene alkylation with ethylene according to the procedure described in
Example 1. Catalyst performance is compared with that of the unmodified MCM-
22 of Example 1 in Tables 1and 2.



15 1200F in flowng air for 4 hours. The resulting phosphorus Wellzﬁtq dﬂ |ng
varied fromO0.5%to 5 % One gramof the final catal yst was eva e
benzene WPRYPECTon with ethyl ene according to the procedurRCBE® PR in
Exanple 1. Catal yst performance is coApared with that of the unnodified
MCM 22 of Exanple 1 in Tables 1 and 2. 20 Exanple 3: Ethy!benzene synthesis
from benzene and et hyl ene over MCM 22 nodified with phosphorous i npregnated
vi a di basi ¢ amoni um phosphate ((NH4) 2HPO4) solution. 0.1-10 grans of
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eval uated for benzene. al kylation with ethylene according to the procedure
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precursor sgghrpfe PRASRYH7LLINAGIEh{58P04) or di basic ammoni um phosphat e
((NH4) 2HPO4) is conpared with unnodified MCM22 in Tables 1 and 2 5 bel ow
The data% n Table 1 represent kinetic rate constants eval uated based upon
et hyl ene conversion in the autocl ave 9gngtqi ng to the procedure outlined in
Exanple 1. It will be seen fromTable 1 that the nodification of the MoM 22
w th phosphorus i ncr eased its activity for benzene al kylation with ethyl ene

by 27%in BrampreZiq08 by 376y A e 3 AL iEABLE T at gt Exanpl e
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Kinetic Rate Constant 41 B2 56

The data in Table 2 represent the ethylbenzene selectivity at 100%

- 15 ethylene conversion according to the procedure outlined in Example 1.. It will be
seen from Table 2 that the modification of the MCM-22 with phosphorus
increased its selectivity for ethylbenzene production by decreasing its selectivity
to diethylbenzene (by 17.% in Exampie 2 and by 18% in Example 3) and by
decreasing its selectivity to triethylbenzene (by 14% in Example 2 and by 29% in

20 Example 3). '

TABLE 2
Catalyst Ethylbenzene | DIEB/EB | TriEB/EB | Reduction in | Reduction in
(EBYWL% |- wi% wi.% DiEB, wi.% | TriEB, wt.%
Example 1 91.8 8.5 0.35
Example 2 62.8 7.5 0.3 11.7 14.2
Exampie 3 93.3 7 0.25 17.6 28.5




The data in Table 2 represent the ethyl benzene selectivity at 10005) 15

et hyl ene conversion according to the procedure outlined in Exanpl 60CT 1085
will be wseenodsoom Table 2 that the nodification of the MCMERuWMA 13244
phosphorus increased its selectivity far ethyl benzene production by
decreasing its selectivity to diethyl Hénzene (by in Exanple 2 and by 18%in
Exanple 3) and by decreasing its selectivity to triethyl benzene (by 14%in
Exanpl e 2 and by 29%i n 20 Exanple 3). TABLE 2 Catal yst Et hyl benzene Di EB/ EB
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Tables 3 and 4 nene nthesi s from benzene and pr opél ene over
MCM 56 mdpﬁﬁ@dﬂwqeh’v@s 3ssRESeR Bh@#b’ﬁb@ advithpalegivasEat bpsedPivRioRBENrEe aci d
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distilled water
are given in Tables 3 and 4.

Example 6: Cumene synthesis from benzene and propylene over MCM-56
modified with 0.1 wt.% phosphorus impregnated via phosphoric acid (H;PO,)
15 solution
0.2 grams of H;PO, were dissolved in 50 grams of distilled water, and the
resulting sclution was used to impregnate fifty grams of a fresh sample of the
MCM-58 used in Example 5 by an incipient wetness method. The impregnated
catalyst was dried at 250°F for 12 hours in air followed by calcination at 400°F in
20 flowing air for 4 hours, resulting in 0.1 wt.% P-loading. One gram of the final
catalyst was evaluated for benzene alkylation with propylene according to the
procedure described in Example 5. Ceatalyst performance is compared with that
of unmodified MCM-56 in Table 3.

25 Example 7. Cumene synihesis from benzene and propylene over MCW-56
modified with 0.5 wi.% phosphorus impregnated via phosphoric acid (HsFPO4)
solution _

1.0 grams of HyPO, were dissolved in 50 grams of distilled water and the
resulting solution was used 1o impreanate fifty grams of a fresh sample of the

30 MCM-56 used in Example 5 by an incipient wetness method. The impregnated
catalyst was dried at 250°F for 12 hours in air followed by calcination at 400°F in
flowing air for 4 hours, resulting in 0.5 wi.% P-loading. One gram of the final
catalyst was evaluated for benzene aikylation with propylene according to the
procedure described in Example 5. Catalyst perdformance is compared with that

35 of unmodified MCM-56 in Table 3.



resulting sol ution was used to inpregnate fifty grams of a fresh Saﬁ)bﬁ]%ﬂﬁ
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P-1 oading. One gramof the final catalyst was eval uated for benzene

al kyl ation with propyl ene according to the procedure described in Exanple
5. Catal yst performance is conpared with that of unnodified MCM56 in Table
3. 25 Exanple 7: Cunmene synthesis from benzene and propyl ene over MM 56
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flowi ng ai rufroedidechdng-S6rieSabeidng in 1.0 w. % P—I oad| ng. One gram of the
final catal yst was 10 eval uated for benzene al kylation wth propyl ene
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4.0 grams of HaPO, were dissolved in 50 grams of distilled water, and the
resulting solution wes used to impregnate fifty grams of 2 fresh sample of MCM-
56 used in Example 5 by an incipient weiness method. The impregnated catalyst
20  was dried at 250°F for 12 hours in air followed by calcination at 400°F in flowing
air for 4 hours, resulting in 2.0 wt.% P-locding. One gram of the final catalyst was
evaluated for benzene alkylation with propylene according to the procedure
described in Example 5. Catalyst performance is compared with that of
unmodified MCM-56 in Table 3.
25
Example 10: Comparison of Catalyst Performance
The periormance of MCM-56 modified with phosphorus impregnated via
an anionic precursor such as phosphoric acid {HaPO4) is compared with
unmodified MCM-56 in Table 3 below. The daia represent kinetic rate constants
30  evaluated based upon propyiene conversion as well as cumene selectivity
measured as the amount of di-isopropylbenzene formed per unit amount of
curmene produced according to the procedure outlined in Example 5. 1t wili be
seen from Table 3 that modification of MCM-56 with phosphorus (0.1-0.5 wi.%)

increased its aclivity for the alkylation of benzene with propylene and that



4.0 granms of H3PO4 were dissolved in 50 grans of distilled water,s,gﬁ@ LE@
resulting solution was used to inpregnate fifty grans of a fresh f: 5
MCM 56 W4EeR/(880Fxanple 5 by an incipient wetness nmet hod. ThHaE/Usqrienat ed
catal yst 20 was dried at 250F for 12 howrs in air followed by cal cination at
400F in flowng air for 4 hours, resulting in 2.0 wt.%P-loai.:ing. One
gram of the final catalyst was evaluated for benzene al kylation with

propyl ene according to the procedure described in Exanple 5. Catal yst
per f or mancembgifiegmrasiedCi- b with phodhorunimodh i ed) iMeM 285 itd sEakligty3e 25
Exanpl e 10: Conpari son of Catal yst Perfornmance The perfornmance of MCM 56
modi fied wi BHNHHOEMIDRN Ligareemateadcs £21PB) ani oni ¢ precursor such as
phosphoric acid (H3PO4) is conpared with unnodified MCM56 in Table 3

bel ow. The data represent kinetic rate constants 30 eval uated based upon
propyl eng conversion as well as cumeRggigd gctivity neasured as the anmpunt
of d|-|sopropylbenzene f or med _per unit anount of cunene produced accordi ng
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di i sopropyl benzene PHMH 6 5 TABLE 3 Catdf§stKinetic Rate 191
Const ant Di PB/ Cuxene (JI\K Eynrml e 512816._0Q I:ynrml e 6140131 Fyarrpl e_715513. 1
Exanpl e 81201¢. 9 EXRMMEedo517. § Exanpl e 18%: Cumene |synt hesi&'f r om benzene

and propyl enel_aver MM 56 pretrleated under hydrothermal conditions 10 25 ¢
of the MCM 56| cat alxample&d i n Exanpl e 5WBre exposed to a 86820 i Nture of

steamand airlLat_a GHISV of 300 Kh-' for 24 hours at 1000F. One gram
Example © 95 17.5

Example 11: Cumene synthesis from benzene and propylene over
MCM-56 pretreatéd under hydrothermal conditions
10 25 g of the MCM-56 catalyst used in Example S were exposed to a 80/20
mixture of steam and air 2t @ GHSV of 300 h™’ for 24 hours at 1000°F. One gram
of the final catalyst was evaluated for benzene alkylation with propylene
according to the procedure described in Example 5, and catalyst performance is
described in Table 4,
15
Example 12: Cumene synthesis from benzene and propylene over phosphorus-
modified MCM-56 pretreated under hydrothermal conditions
25 g of finished catalyst from Example 7 was exposed to a 80/20 mixture
of steamn and air a1 a GHSV of 300 h™ jor 24 hours at 1000°F. One gram of the
20  final catalyst was evaluated for benzene slkyiation with propyiene according to
the procedure described in Exampie 5, and catalyst performance is described in
Tabie 4.
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is descrYbeY"P Tabl e 4. 15 Exanple 12: Cunene synthesis fPr%rrW fA7¥e and
propyl ene over phosphorus- nodified MCM&6 pretreated under hydrot hernal
conditions 25 g of finished catalyst from Exanple 7 was exposed to a 80/ 20
m xture of steamand air at a GHSV of 300 h-' for 24 hours at 1000F. One
gramof the 20 final catalyst was eval uated for benzene al kylation with
propyl ene aEsanglentBt é-arhparmodcd dintelysi&sdpirthantd n Exanpl e 5, and cat al yst
performance is desgri ] ) 1088 Q5
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Exanpl e 71553cthabxamurethtlipaiteduaaplief ERZHpRH 15 2 6 OCT 2005 O aim 1:
A pr ocesls6 for producing ethyl benzene conprising the steps of., (a)

TABLE 4
Catalyst Kinetic Rate Constant DiPB/ Cumene
(wt. %)
Example 5 128 : 16.0
Example 7 155 13.1
Example 11 10 26.0
Example 12 75 18.5

15



(b) providing a reactor with an alkylation catalyst conprising a porous
crystal line inorganic oxide material of MOM22 and 0.5 to 5 wei gif (ddriéBnt
phosphor ous; supplying said reactor wth benzene and ethyl ene to produce
sai d et hyl benzene under al kyl ati on conditions; and wherein said al kylation
catal yst has a higher selectivity towards sai d et hyl benzone than said

al kyl ation catalyst that is unnodi f@gl¢émBy phosphorus under equival ent

al kylation conditions. Claim2: A process for produci ng cunene conpri sing
the steps of: (a) providing a reactor with an al kyl ati on catal yst conpri sing
a porous crystalline inorganic oxide material of MCM56 and 0.1 to about
0.5 wei glitlaipdr sertesphosphoing ebylbdiizhe eumpdingitwgtesaifld reactor with benzene and
propyl eney af. PLAAMES ﬁ:@a&} mf@%yw&e&m@ktwnaﬁslnga pofogmwta!ug@snor@m@ oherein

sai d al ky on cata rgher selectivity towards said runmen than
sai d al kyl at i oFeteria & “22P‘F1169t5 ‘Pé“’El‘ﬁHﬁHF"PiF@EFPW“}Shosphor us under equi val ent

al kyl ati gg) congpfijianssid ot Wit berfen bRCAGEnS BIprqai@ANIE el Plbazdi® hoiad dylaas.0mat i
conmpound cop r| sing the steps of: (a) contacting an al kylation catalyst with
m xture &f% Cgnd air at a tenperature of up to about 1000 F (538 O,

sai d al ky!lf}ﬁieh‘onl&a]tﬂitiystatﬂﬂnba’siasﬂiﬂgr @lepivitp trovas yad ethilienend thar gainilicylaixd de

mat er i al M eg{tgpkﬁbotsp%oﬁp&% e%lélcmm?@onwd fGf phosphor ous 1t o

produce a ré'sgenera 1 on t supplying a reactor with an
al kyl at abl e al kyl aromatic compound and an al kyl ating agent in the presence

of said rgggnenatees & %h@tgogm&ag@,}pmﬁg theQiepd Hduce sai d nonoal kyl aromati e
conpound wunder al kyl ation conditions; wherein said regenerated al kx}l ation

catal yst Was apfﬂTlﬁ‘ﬁ%F r"é&‘?‘i T SR AHRCPORR (GHEF CRPEEIE AROFYS PRI iRy ©
nonoal kyl ar omainkteriaC GINOOME atid¥Ainto SiguiudD. fhezggnlemﬁt@bbsﬁiohyi ation catalyst that is

unmodi fi %g) by nggl%g 9{1&1 %ea& d@]th ge%yené/@ncp prtOpy?e ¥o| ?rtm'iu?é" atd QLQTIIC}‘IGI 91%%1‘ alkylation
conditions; and _
wherein said alkylation catalyst has a higher selectivity towards said cumene than said alkylation catalyst

that 1s unmedified by phosphorus under equivalent alkylation conditions.

Claim 3: A process for producing a menoalkylaromatic compound compnising the steps of:

{a) contacting an alkylation catalyst with ﬁ]ixnnc of steam and air at a temperature of up to about
1000 °F (538 °C), said alkylation catlyst comprising a porous erystalline inorganic oxide material
of MCM-356 and 0.1 to about 0.5 weight percent phosphomus to preduce a regenerated alkylation
catalyst; '

(b) supplying 2 reactor with an alkylatabl: alkylaromatic compound and an alkylating agent in the
presence of seid regenerated alkylation catalyst to produce said mo.:calkylaromatic compound
under alkylation conditions;

wherein said regenerated alkylaéon catalyst has a higher activity and higher selectivity towards said
monoalkylaromatic cempound than said regeverated allkylation catalyst that is unmodified by phosphorus

under equivalent alkylation conditions.



