AROVATI CS ALKYLATI ON BACKGROUND OF THE | NVENTION 5 The present invention
relates to aromatics alkylation, and in particular to the alkylation of
benzene with ethyl ene and propyl ene to produce ethyl benzene and curnene,
respectively. In addition, the invention is concerned with the al kyl ati on of
aromatics with long chain (C6+) al kylating agents to produce |ong chain

al kyl benzenes. 30 Et hyl benzene and cumeng& are val uabl e commodity chemnicals
whi ch are used industrially for the production of styrene nonomer and
phenol, respectively. In addition, |long chain al kyl benzenes are useful as

| ubri cant base stocks and as E&gghgighggﬁighgghﬁﬁ production of detergents.
Al kyl ation is one of the nost reactions of 15

hydr ocarbons. Lewis and Bronsted acids, including a variety of natural and
synthetic zeolites, have been used as al kylation catalysts. Al kylation of
aromati ¢ hydrocarbon conpo&f RO g e Bt al 1 ine zeolite
catalysts is known in the art. in particular, alkylation of benzene with

et hyl ene and prop¥lene in the presence of zeolite catalysts represents the
preferred commer ci B8 PESERNMEN feirten (o eHENgcs alivielion 10 isnayiaeneive and

o oumene. POl gonthne witAlRDlendRng bR 00 ARRREIMAAMRNUSR O MM 22
in the alkylation of aromatic conpounds, 'such as benzene, wth alkylating
agents havi @gnens. prreerevedr dopgdiipr.Hng invenBorciacooerraee mith teetkviatiorehy| ene
and propyl e .M , ; ihes the use of
VoM 22 hECaTE T e g R e RS KTt ng agent <
havi ng al i phalkylbergenaps with at |least 6 carbon atons. The use of MCM49 in

t he al kylation of i i Fﬁp : j ; I; gents is
descri besd@i n U S Eg{a}t ent%rﬁ%.g E 37%?% %Errl}u |j néééPTg{?@t ‘Fho%hlk%l qIE";IHr'&(y?rae{t@i c
conpounds wi t$ed pAgstadlyifer k RHcNCiPYClaeivns MasodEs ene IpBENPinragpsctivey. Pat ent
No. 5,401, 894, e U | L i i ounds
wih short  prerner B e M e oAt BB R R AR

5, 453, 554 anili&EEREIEDA the prodpdgion) & geleidwiss rom U. S. Patent No. 5,470, 810

that the addition Mfiation is one of the most important and useful reactions of

15 hydrocarbons. Lewis and Bronsted acids, including & variety of natural and
synthetic zeolites, have been used as alkylation catalysts. Alkylation of aromatic
hydrocarbon compounds employing cerizin crysialline zeolite catalysts is known in
the art. in parlicular, elkylation of benzene with ethylene and prepylene in the
presence of zeclite catelysts represents the preferred commercial technigues for

2¢  the production of ethylbenzene and r.umene.

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 atkytating agents
having aliphatic groups with 1 1o 5 carbon aloms, such as ethylene and propytene.
Simitarly, U.S. Patent No. 4,862,256 describes the use of MCM-22 in the alkylation

25  of aromatic compeunds with alkylating egents having aliphatic groups with at least

6 carbon stoms. .

The use of MCM-~49 in the slkylation of aromalic compounds with short
chain alkylating agents is described in U.S. Patent No. 5,371,310 and in alkylation
of sromatic compounds with long chain alkylating agents is described in U.S.
Patent No, 5,401,886.

The vse 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. Peient No. 5,470,810 that the addition of
phosphorus 1o MCM-22 improves the hydrothermal stability of the resulting catalyst
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35 for use in catalytic cracking.



phosphorus to MCM 22 inproves the hydrothermal stability of the resulting
catalyst 35 for use in catalytic cracking. 2 U. S. Patent No. 3,962, 364
di scl oses that the addition of at least 0.5 w % phosphorus to a zeolite
‘having a constraint index of 1-12, in particular ZSM5, increases the
selectivity of the zeolite in the vapor phase al kyl ation of aromatic

hydr ocarbons with olefins. 5 According to the invention, it has now been.
found that nodification of MCM 22 and certain related nol ecul ar sieve
catal ysts, such a&! $0r&idd IAnE, MM GOiscivsdhihphos phditios df aCiceas®Es wthe
activity of the catalyst f the al kyl ation of arqmatic . .c s. In
26a1 i on, t hENSRBBRAb e IR A bR BeBesT Prig. Cerateg st 1 he
cat al yst t owacelsskhenanmneallty bahedepie ek vaper gidvangegatidnsoisr@hitd ty

agai nst 10 the hydrot hernmal_ deactivation which can occur during

regener at i on."YEORMRRYS BiH TENENVENTI ON According to the invention, there is
provi ded a processd-afsify fE:Glrl% gn\ch", it fr2s Ao eRGBBd ﬁwaﬁ%&&ﬁﬁ@@o&&mrms' ng

the step of contacting an a at e aromatic conmpound with an al kylating
agent under &RIefKLEIBM retetel mpigaglar BevieatalypissayrheasoMCifrdl akg MEMES, cat al yst
conprising p A LRl ! | ge.pmter i al
havi ng. an X Ty PACTProEE TeRlt Mactf B B o) RPROO G S IR

12. 40. 25, 6. 90mMpHUNGs. SNEM@Ricante PhagpitroymR0inpalipstineerses theeasdsiivity of he

porous cryst j ' i ' ' iy S, fram.;: gr.oup
Consi ot  ny or e CRERRL e RE PSR R A BpRRhBEAGE std B e B .

t he al kylat i ne agénthelas! deectivatiphathich gmapuhdwimgegeterabon.25 car bon at ons.
Preferably, the aromatic hydrocarbon is benzene and the al kylating agent is

sel ected from ethyl ene and propyl ene. Preferably, said al kylation conditions

are such as to maintain said SUKMERAGIETIAEMUENTI@N®NPound substantially in
the liquid phase. 30

According to the inventicn, there is provided a process for progucing an
15  alkylaromatic compound comprising the step of contacting an alkylatable
aromatic compound with an alkylating agent under alkylation conditions in the
presence of an elkylation catalyst comprising phosphorus and a porous
crystaliine inorganic oxide material having an X-ray diffraction pattern including
the d-spacing maxima at 12.420.25, 6.920.15, 3.57+0.07 and 3.42:0.07
20 Angstrom.
Freferably, the porous crystslline inorganic oxide materigt is selecied from
the group consisting of MCM-22, PEH-3, SSZ-25, MCM-36, MCM-4¢ and MCM-
56.
Preferably, the alkviating agent has an eliphatic group having 1105
25 carbon atoms.
Preferably, the arometic hydrocarbon is benzene and the alkylating agent
is selected from ethylene and propylene.
Preferably, said atkylztion conditions are such as to mainiain said

alkylateble arometic compound substantially in the liquid phase.

DETAILED DESCRIPTION OF THE INVENTION

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

25  of an elkyleteble aromatic compound, particularly benzene, with an alkylating



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention relates to a
process for the production of an al kylaromatic conpound, particularly

et hyl benzene or cunene, by the alkylation 35 of an al kyl atable aromatic
compound, particularly benzene, with an gl kylatino agent, particularly

et hyl ene or propyl ene, under alkylation tonditions with a

phosphor us-cont ai ni ng porous crystalline inorganic oxide material having an
X- ray diffraction pattern including the d-spacing maxi ma at 12.4; 0. 25,

6. 90. 15, 5@% ?rﬁﬂﬂ ta%ﬁggn%r @‘%Mm‘%%n%r%wl%%h@ I ?ﬁ%ﬁgtw:ﬁ;{'a' :

reference to s which are use herein is to be
under st ood |phautondanw@ﬂwmgmomngcay&zheeogmga@doﬁdem@ﬂeWMHEannmhKdes al kyl

an aromat | o CROTHERLR weth TR S B M s 2R e B8P b ovi ded

t hey do not 3ci7+a97caided 4/&i0. @bAsgma::mnder the reaction 10 condi tions

sel ected. Substit arpmatic CO ounds e al k at ed .herei n nust
possess at | east %Qq?f%%%@ﬁ“%t% ﬁfer’"@éttng %M 4D Ccfrﬂ% URGSHRIER Bfficl eus.

The aromati ¢ yk&fdBeredns hﬁbéubcsetrstb@beﬁ 20tdriz MRewit itdBfiSedbdiited 8édde al karyl,
al koxy, aryloxy, cyclo hal i de, andl| or ot her groups which do not
interfere w W'Qm‘édﬁgesa"l”@Isﬁbﬁiﬁ‘h‘ef‘j@é@tLﬂr@h’bs"ﬁﬁ'iefjdb‘l’@ FErRAYHI8AIr ocar bons

i ncl ude benzegg, onﬁfﬁsﬁt@@h%ﬁms ABhIHr8SRHE chilBBRE DR ssBEE ¥l iRAGo A@Ronene,
and phenanthrene, wth benzene being preferred. Generally the alkyl groups

whi ch can be 357 85erseklPioNISsE ithayesR 803t ERE21D! APISRES PBOBIIBSEAEICoNt ai n

from1 tgegabeyhaddnEad by atons and usually from about 1 to 8 carbon atons,
and nost usually fromabout 1 to 4 carbon atons, Suitable al kyl substituted

aromatic compoundsSybsEiviptearoBEElie REMPRYNENYNICHiCaR PecH I BHEr Neran Mt mal
pr 0P| benzenGocal fic EPhhy b RABBLABI ARSI cRlSHoBE R BREs o ATRNR, ARSI Ly ene,

durene, p-cynmene, butyl benzene, ?seu ocunene, o-di et hyl benzene,

m di et hyl benzEearomati; @mmmwn utpg WamEN e Feaie 2Kys ey gika amh Akmy,
pent aet hyl benzene, cQ@BéiﬁyWeﬁQMEbﬁﬁdléﬁ@ﬁer gr]s’u%s Surfenl & hAGhIRHPE RRE B

, 2,3, 5-tetranet hyl benzene; 1,2, 4-triethylbenzene;

15 alkyletion reaction.

Suiteble aromgetic hydrocarbons include benzene, naphthalene,
anthracene, nephthacene, perylene, coronene, end phenanthrene, with benzene
being preferrec.

Generelly the alkyl groups which can be present as substituents on the

20  aromatic compound contsin from 1 to 2bout 22 carbon atoms and usually from
sbout1i08 (,-ar.bon stoms, and most usually irom about 1 1o 4 carbon atoms..

Suitable alkyl subslituted aromatic coimpounds include toluene, xyvlene,
iscpropylbenzene, normel propylbenzene, alpha-methylnaphthzlene,
ethylbenzene, cumene, mesitylene, durene, p-cymene, butylberzene,

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

| isoamylbenzene, isohexylbenzene, peniaethylbenzene, pentamethvlbenzene;
1,2,3,4etraethylbenzeneg; 1,2,3,5-tetremethylbenzene; 1,2, 4-riethylbenzene;
1,2,3-rimethylbenzene, m-butylioluene; p-butyiicluene; 3,5-diethyltoluene; o-
ethylioluene; p-ethyltoluene; m-propyltoluene; 4-ethyi-m-xylene;

30 dimethyinaphthalene; ethyinaphthalene; 2,3-dimethylanthiracene; 9-
ethylenthracene; 2-methylenthracene; o-methylanthracene; 2,10-
dimethylphenanthrene; and 3-methyl-phenanthrene. Higher molecular weight
alkylaromatic hydrocarbons can also be used as starling matenals and include
aromatic hydrocarbons such gs are produced by the alkylation of aromatic

35 hydrocarbons with olefin oligomers. Such products are frequently referred 1o in



1,2,3-trinethyl benzene, m butyltol uene; p-butyltoluene; 3,5-diethyltoluene;
o- ethyitoluene; p-ethyltoluene; mpropyltol uene; 4-ethyl-mxylene; 30

di met hyi napht hal ene; et hyl napht hal ene; 2, 3-di net hyl ent hracene; 9-

et hyl ant hr acene; 2-nethyl ant hracene; o-ngt hyl ant hracene; 9, 10-

di met hyl phenant hr ene; and 3-net hyl - phenant hrene. Hi gher nol ecul ar wei ght

al kyl aromati ¢ hydrocarbons can al so be used as starting materials and

i nclude aromatic hydrocarbons such as are produced by the al kyl ati on of
aromatic 35 tydirogasliohs amid:hclohehbmytbém@ogm®yib8uzénmrctmdﬂecptstaaz@ef requently
referred toin 4 thﬁ art aﬁﬁ te an |nc uﬁe hexyl benzene, nonyl benzene,
Godecy! henseHEectaaERS sl RRR I B Ee ey Pe O fne.

dodecyl tol ueﬁ@n@aélcyn@@@h@da@w didnuarRgaieVebhtapktier hiky bafiegifracabt @ ned as a
hi gh boiling fractlon in which the alkylzgroup attached to the aromatic
nucl eus vari ¥8icnihg byl roBRPRBEIRC '8 e atanaiis sE ees o4 Brsize freReataut

et hyl benzf,enec% & EPSLARS] WWednRUREME or dififhenRERSRMRe Béél?e%ﬁﬁrd%@ﬂ%fees
acceptably little by-products such as Xylenes. The yl enes nake in such

i nst ances mafeseN! ROseIHAAIWRSRCCEDG@DPIIHE %P@ﬂﬁﬁﬁéu%ﬁﬁa‘i}'ﬁ“ﬁg JhBst ant i al
quantities 0? Qﬁ 2% .rF dHQMaﬁégyrﬂé)ébé¥’és§q}'?“§96bﬁ}t'5bU a particularly

useful feed or t e a ation proces his 10 i nvention. The al kyl ating
agents which are M@ﬂ[ﬂﬁ?& ﬁomﬂlélr}gr%tb@wtléﬁqttalﬁiltsea ¢f\neneenm toyeneratioy i ncl ude

any al i phati FdQﬁe ALRURLLE 5 PeARY)| v gﬁﬂ%@ fBPMla%%fcﬂ;%n&froE% v 1y ai | abl e

al kyl ati ng al phat1c groups capa action w atabl e
aromat i ciConpwentien.15 Pref erabl y, the alkylating agent enpl oyed herei n has

at |east one al k»ﬁ%@én@@aﬁpf@p |\Grigh QHPLRASSE IR B gcégs%ﬂ‘ﬁ ;Rve‘%t.gﬁr bon

atons. Exanpl es of ing agents are ol‘efins such as ethyl ene,
propyl ene, t bendateitesideamy aliphaicpararemetc ogkloisrepolhd davgigveneodr more

e v

propanol s, Ut ano evpe s Su¢
fornaldehyde@ﬂﬂﬂ&ﬁ%ﬂqnmmwdé pr opi onal dehyde, butyraldehyde and

rualenaltenioe, AR ioel et 36 SRRSO dgg s ool o
alkyleting aliphatic group possessing from 110 5 r‘arbﬂn atoms Examples of
such alkyleting agents are olefins such as ethylene, propylene, the butenes, and
the pentenes; elcohols (inclusive of monoalcohols, dialcohols and trialcchols)
such as methanol, ethanaol, the propancls, the butanols, and the pentanols;

20 eldehydes such as formzicehyde, acetzldehyde, propionzldehyde,
butyraldehyde, and n-veleraldehyde; and alky! halides such as methyl chioride,
ethyl chioride, the propyl chlorides, the butyl chiorides and the pentyl chiorides.

Mixtures of light olefins are especizlly useful s elkylating agents in the
aikylation process of this invention. Accordingly, mixtures of ethylene, propylene,

25 butenes, and/or penienes which are major constituents of & variety of refinery
streams, e.q., fuel gas, gas piant off-gas containing ethvlene, propylene, elc.,
nzphtha cracker off-gas containing light olefins and refinery FCC
propane/propylene streams, are useful alkylsting egents herein. For example, a

typical FCC light olefin stream possesses the following composition:

30 V% Mole %
Ethane 3.3 51
Ethylene 0.7 1.2
FPropane 45 15.3
Fropylene 425 46.8

35 isobutzane 12.8 10.3
n-Butane 3.3 2.6
Butenes 221 18.32

FPentanes 0.7 0.4



M xtures of light olefins are especially useful as al kylating agents in the
al kyl ati on process of this invention. Accordingly, mxtures of ethylene,
propyl ene, 25 butenes, and/or pentenes which are major constituents of a
variety of refinery streanms, e.g., fuel gas, gas plant oft-gas containing

et hyl ene, propylene, etc., naphtha cracker off-gas containing |ight olefins
and refinery FCC propane/propyl ene streans; are useful alkylating agents
herein. For exanple, a typical FCC light olefin stream possesses the

fol |l ow ng conposition 30 35 W.%wle @6Ethane3 35.1 Ethyl ene0. 71. 2

I b
But ongs22. 115, 32 PEREGREB0H0L 1T RORLPF Gl DA S Ry e ob ai ned

from the progessidefudifeshdristent (@ACYSIEisRedenehiatindé €lniBgnzank\iaat | ng
agents include ethyl benzene from t he reaction of benzene W|th et hyl ene,

cunene from PEECPSIRT FIRENEENGHWRD ERWISRE FuBent BRY BRdcadiamAlRsngeRe Wi om t he
reacti on 0f bokyene uhy el enee RUERNES! LM: WieefRAL Ondfed plene

wi th propyl ene, "and set-butyl benzene fromthe reaction of benzene and
n- but enes. AlftEerﬁﬁratmw@tyiueﬂwﬂmpk@rJYémEn@n%éﬁbumzr%ﬂetfrﬁl@ predeastiongt! t he

i nvention hagenQRe Bhenas kyl ating aliphatic groups with at |east about 6
carbon atons, 10 pre era% at |l east about 8, and still nore preferably at

| east about 12 car%*@ﬁ?aﬂa@lmﬁbe abioylaNpD @9e 6t usadi ip Albe eracesg Of sl inventioylhasi ng
agents are Ogﬁé bpﬁwcﬁ‘é’%my%ﬁn Q@ﬁ%ﬂ@@o%@%;ﬁp%ea CIROES cagl%?w 851’5' decenes,

undecenes and dodecenes: | usi ve o noncal ¢ ‘alcohols,
and tri alTohojegrabiycd l%t about 8, end sm! more preferably at least about 12 carbon

aioms. Examples of suitable long chain alkyiating agents are ciefins such as
hexenes, heptenes, octenes, nonenes, decenes, undecenes and dodecenes;
slcohols (inclusive of monoealcohols, dialcohols, end trialcohols) such as
hexanols, heptanols, octanols, nonenols, decanols, undecanols and dodecanols;
15 and alkyl halides such s hexyl chlorides, octyt chlorides, dodecy! chlorides; and,
" higher homologs of the foregoing. Branched elkylating agents, especially.
oligomerized olefins such as the trimers, letramers and pentamers, of light
olefins, such as ethvlene, propviene and butvlenes, are also useful herein.
The etkylation catalyst used in the process of the invention comprises
20 phosphorus and g porous crysielline inorganic oxide material having an X-ray
difiraction pettern including d-spacing maxima &t 12.4+£0.25, €.920.15, 3.5720.07
and 3.42+0.07 Angstrom. The X-ray diffraction dzts used throughout this
specification were obteined by stendard lechnigues using the K-alpha doublet of
copper as the incident rediation and & diffractometer equipped with a scintiliation
25  counier and essociated compuier as the collection system.
Suiieble porous crysiglline inorgenic oxide materials are MCM-22
{described in U.S. Patent No. 4,054 ,325), PSH-3 (described in U.S. Patent No.
4,438 £09), SSZ-25 (described in U.S. Patent No. 4,826,667), MCM-36
(described in U.S. Patent No. 5,250,277}, MCM-49 {described in U.S. Patent No,
30 5,238,575) and MCM-56 (described in U.S. Patent No. 5,362,697). Allthe above
LS. patents are incorporgted herein by reference.
The alkylation catelyst used in the process of the invention also contains
phosphorus. The amount of phosphorus, s measured on an elemental basis,

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



hexanol s, heptanols, octanols, nonanols, decanols, undecanols and
dodecanol s; 15 and al kyl halides such as hexyl chlorides, octyl chlorides,
dodecyl chlorides; and, higher honol ogs of the foregoing. Branched

al kyl ati ng agents, especially oligoneriged olefins such as the triners,
tetraners and pentaners, of light olefins, such as ethylene, propylene and
butyl enes, are al so useful herein. The al kyl ation catal yst used in the
process of the invention conprises 20 phosphorus and a porous crystalline
i nor gani ¢ oxindeatwat Bmidh, dravinog mafe)@hrlﬁyewﬁefnfartam Conempbtiiant.g welxdi ng

d- spaci ng ; 57=0.07 and 3.420.07 Angstrom The
X-ray di ffrac?tsrgr?ndg‘f?ﬁ‘etfggaﬁthﬁq@&gﬁ% yS1rh speci fication were obtai ned by

standard techni quﬁﬁoﬂ{b&tzﬂ@'ﬂd‘ﬂ@héﬁsf@d%@nﬂ%bhlﬂér iafo th@mwct@tﬁdhavmrahdent
radi ation and a diffractopeter equi pﬁn with a scintillation 25 counter and

associ at ed d%ﬁﬁﬂ‘feé?e"&@ atql?@v‘é'ﬁlbb’é'ﬁ %%?sqeéﬁ{'b%hi”tléﬁ EBRNES- crystal | i ne

i nor gani ¢ ox4 des nBE & h &b $7AER MO Ak, (ileseint @%‘éldsﬂréé S-wiieh et No.
4,954, 325), PSH3 (described in U S _Patent No. 4, 4309, 409), SSZ 25

(descri bed i RCRIPEEIEPRIGHN NoeTeleBO®, BEAIMENONIBBIOSRIEE¢BkeNiNG U S. Pat ent

No. 5, 250, 27g0mn Vi P d
MCM 56 (desc%?rrt‘)ed in%n%@@@%{dgﬁoh@h%é} oy @érﬁﬂ&tlr%)lhe% %%gﬂgﬁﬁé o patents

are i ncor por @gktdish&iteehalpye iaémeqoémréamvh@ﬂaa @wdaf Pomed it apiesiel, M@téda in the
rocess of t Y/
p S8utidh e r@ﬂ;rﬁ% Herrentgﬁ c@hg§mqé{%weg%b@w\gen about O D5

phosphorus, as measured on an
and about0 10Caiginmg tprﬁ@ﬂeer‘albleyahbépmﬁkabmtud@fqrrrs cvatitthe wt . % and nost

preferably b?ﬁﬁf%:%@r&b%algmgja“ oﬁn ﬁl Sp%%]cte%aa?%q]eg@e;en@rev@' ght of

t he final I ncor po orus no Into the
catal yst of ebeutiddiersrdaiout ‘$2566rf0eammﬁtbe;xwaelrn|eevetd1 Doyirtutes amst diowlg 28escri bed

in US Pat en :%)unNo%‘he contg’r%pa’t%%%f th5€ ;ghl%’péZﬁquH Cgr% ct%ﬁfuré he %ntl re

di scl osures o I'ncorp y reference. eat ment with
phosphor us- cbﬁmnwenlah@ut OJ@rrmndrthUta@]M gadi | y be acconplished by contacting

the poroys crystaldd P@sen@RSrp'hﬁépho%é PS&JH rP%for%odersQ&ﬂB{ Fﬁ%& g@n,uth a

bi nder or” matrix mat ropria phosphor us
conpound, f olfchwedidrivativas vigreupd represented by PXa, RPXQ, RZPX RaP, X3POy

(XO)3PO, (XO)3P, R3P=0, RgP=S, RPOy, RPSy, RP(O)(OX)2, RP{S)(SX)s,
RoP(O)0OX, RoP(S)SX, RP{OX)p, RP(SX)s, ROP(OX)o, RSP(SX)s,
| (R8)2PSP(SR)p, and (RO)},POP(OR)5, where R is an alkyl or aryl, such as

20 phenyl radical, and X is hydrogen, R, or halide. These compounds include
primary, RPH», secondary, RoPH, and terliary, RzP. phosphines such as butyi
phesphineg, the feniary phosphine oxides, R3PO, such as tributy! phosphine
oxide, the teriary phosphine sulfides, R3PS, the primary, RP(C){OX}9, and
secondary, RoP{O)OX, phosphonic gcids such es benzene phosphonic acid, the

25 corresponding sulfur derivatives such as RP{S}(SX)2 and RoP{S)SX, the esters
of the phosphonic ecids such es dislkyt phosphonate, (RO)oP(O)H, dialkyl alkyl
phosphonates, (RO);P({O)R, and alkyl dialkylphosphinates, (RO)P(O)Ry;
phosphinous acids, RoPOX, such as diethylphosphinous acid, primary.,
{RO)P(CX)», secondary, (RO)2POX, and tertiery, (RO)3P, phosphites, and

30  eslers thereof such as the monopropyl ester, gikyl dizlkylphosphinites, (RO)PRo,
and diatky! alkyphosphinites, (RO)oPR. Correspending sulfur derivetives may
also be employed including (RS)2F{S)H, (RS}2P(S)R, (RE)P(S)R2, RZPSX,



10 calcining to convert the phosphorus to its oxide form Contact with the
phosphor us-cont ai ni ng conpound is generally conducted at .a tenperature of
about 25C and about 125C for a tinme between about 15 m nutes and about 20
hours. The concentration of the phosphorus in the contact m xture may be

bet vveen about 0.01 and about 30 wt.% 15 Representative

phosphor us-cont ai ni ng conpounds whi ch may be used include derivatives of
groups represented by PX3, RPX2, P,2PX, R3P, X3POy (XO 3P0, (XO 3P, R3P=0,

R3P=S, RP02, K %) 2; 1 RPE % RP(OX) 2,

RP( SX) 2, R%%X g%&%? }( RF@? %22 ‘"4 EQ%ZE%R@% 28<r where R is an
al kyl or arydaoqgm@ea@rs u%@lu@@%wéth%gﬁb%ne grehybHicschydr ogen, R or hal i de.
These conpounds i ncl ude PI’I mar secondary PH and terti ary, R3P,

phosphi nes <liePPEsYBHEFRhiep Ry IphPsRIIte; ﬁ@dpémhaﬂiﬁ ishosishiase oxi des, RSPO,
such as triQugydin O?i?%@*&b@&m O’ﬁ'h@eall#l 'a?on%ruﬁ'tr?é eRhOSRNENBpeMdd des, R3PS,

the primary, secordary, R2P(0O OX phosphonlc aci ds such as
benzene éhos&iﬁf@m@ya@m@m @m%iozgurdtﬂfb@sﬁ@mﬁ ng sul fur derivatives such as

RP(S) (SX)2 and R2 &Eg%:m di al kyl
phgsi)gon;t e?n(RC))gg?) }ta@PEPEﬁh%g%{y&ta%ﬂ@sp onat gigl,"q?@%g (%Jrﬁ%h}ng?\d Ia?ky?/
di al kyl phos phidnegesphdsROpR( QeRZiosppbius jielides sudce ishosR2POX trsbbhidas

di et hy! phosplieagle A6l thiaBr AREKecol FARIGI R, pesRTY. (RO 2POX and

tertiary, osp h| es; FSot K as the nmonopr opyl

ester, al ky| d;gwip'ﬁ&sk@rm@@hbmnws RCﬁ)B@tP%kkvlﬁﬁ&p@irﬁﬂc'ﬁ)ﬂrld%gymfﬁm@lpBFKW tes,

(RO)ZPR Correspondi ng sul fur der| vatives nay also be enployed including
(RS) 2P(S)H, é*@SPB%@ﬁRpCW'R@WS)(R@) FZEGX;], ¢IRBYR{ISXpRINCCKE)iIZPSX, (RS) 3P,
(RS) PR2, and %B@)%DF\% G e 1(,‘? > R;fa%hcpgf%sc%h eS oﬁt%% ﬁlflﬁﬂférl\!'gﬁves include

trlrrethylphos diTsopro

but yl phosphi Q:Qg)p@g pm mﬁswcen@gzpt(g;m aet hyI pyrophosphite. The
al kyl groups in the nen i oned conpounds 5 preferably contain one to four
carbon atons. O héerguiaraircephes phoengocertpduticagncogpammiziimc| ude

T chi ort de, R 2R RIAL B o ol AR, DR R 8ol PRy Pox 2,
15 phosphate, diphenyl pho':phmb chloride, trimethylphosphite, phosphorus
trichloride, phosphoric acid, phenyl phosphine cxychloride, trimethylphosphaie,
dipheny! phosphinous acid, diphenyl phosphinic acid, diethylchlorothiophesphaie,
methy! acid phospheie, and other sicohol-P,0g reaction products.
Afier coniacling with the phosphorus-containing compound, the catalyst
20 may be dried and ceicined 1o convert the phosphorus e an oxide form.
Celcination con be cerried out in an inert atmosphere or in the presence of
oxygen, for example, in air &t & iemperature of about 150 to 750°C, preferzbly
egbout 300 1o 500°C, for &t least 1 hour, preferably 3-5 hours.
The porous crystzliine cxide material empioyved in the alkylation catalyst
25 of the invention may be combined with a variety of binder cr matrix materials
resistant to the lemperatures end other conditions employed in the process.
Such msterials include active and inactive materials such as clays, silice and/or
metal oxides such as slumina. The latler may be elther naturally occuring orin
the form of geletinous precipitales or gels including mixtures of sitica and metal
30 oxides. Use of 2 material which is ective, tends {o change the conversion and/or
selectivity of the catalyst and hence is generally not preferred. Inactive materials
suitzbly serve as diluents to control the amount of conversion in & given process
so that producis can be oblained in &n economical and orderly manner without

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



di al kyl phosphorochl oridites, (RO 2PCl, dial kyl phosphi nochl oridites, R2PC,

al kyl 10 al kyl phosphonochl oridates, (RO (R P(O Cl, dialkyl

phosphi nochl oridates, RIP(O C, and RP(O Cl 2. Applicable corresponding

sul fur derivatives include (RS)PC2, (R®2PCI, (RS)(RP(S)C, and RP(S)Cl.
Parti cul ar phosphorus-contai ni ng conpounds i nclude amoni um phosphat e,
anmoni um di hydrogen phosphate, di anmmoni um hydrogen 15 phosphate, Bi phenyl
phosphi na chl oride, trimethyl phosphite, phosphorus trich|oride, phosphoric
aci d, phenyl &IRERPRIFHES 3G ORIVGHIYRECUETTICRI Y B sho2tritie a7 idiRyIe phosphi nous
aci d, di phemyhrRROSERMICs1AGIgh odhetdBEhLABE! L ARBRSADAERtingBRhBYbn&ci d

phosphate, and other al cohol -P205 reaction products. After contacting w th

t he phosphorkrid Ewieas ai iy, dermpoudes, elne lwalian gsbindees fvajhoestalvredt knd

cal cined to &é%ﬂléﬁfe_ttoéﬂ?@vi@%%%@ﬁ}}ét‘%amg%o%r&% SR b u%b’?ff‘kb:%ef&&i be
carried out in an inert atnosphere or “i'n the preserice of ~ oxygen, for

exanpl e, 3i n eHerit wtdasireblepenat wnbtief caablysit! o OraakingsdEyn ptepewddtike about 300

to 500C, for |_ea ef e | - rS. rystalline
oxi de mat erirggegrar%' 3@%%% r_lé&{%ned%jarl ixs{ﬁ%&né%%cavg?d&g? e”ﬁg%%oéﬁﬁnﬁy}é tion may
be conbi ned far the purpact ef ynrobvitid trdecrush smangthof thee aatalpdts resi stant to the
t enper at ures and

ther conditions enployed,in the proc . ..Such materials
i ncl ude active ang‘ldi“hré@f P?/Cé”%&(g? SaTr"’TB'CE&EH bgscoﬂ%%g?gyﬁﬁﬁ%%pgwa'ﬁor net al
oxi des such egstlimg materidhieciLed frermoaynddioeiid Sed kasindsmitl ywidck tarniligg or i n
the formof ge]atipous preci.pitat or_ gels including m xture silica and
net al 3g]ooxi g’é@%eﬁgﬁ SBPQ%I%WHFE&?%‘f%}V Ny gogﬁqr\%’e!fnq%éh%%bfxbe' % he
conver si on agebaliz aselreatidavildy @fotitidre iatrhyié rane msrglecdrstigeneisal |y not
preferred. | tive material.s. suitably serv %iluents to control the
amount of co ?a/l PE[1enaq ”'ée’(fi’%‘gﬁ' ’barcélieeé% an%x'{%h:t?“ F TG %eaﬂs‘?#;”(yﬁ? ai ned in
an econom calavantt®ederibyaimamred aMitibolit subgddin cadciodther soedrestrhent or
controlling th rct of, reaction. These materials nmay 8 be incorporated into
natural |y oc&trFIFGTOPIFE™ % g, bentonite and kaolin, to inprove the crush

Sl Tenot hi1®f the catabysibnunderfocgome oeglizeptegtdarags coadiiheonsterial Sand
materials, i ug%j on.as b for.the catal yst.

. Ry clays i ! deosr eLe fu chd ”icn(_tla fhine Silica : :
It is desirabl gnfpéjsﬁ?%w ﬁé’a RO rE;TIa;}rg(th*law n 80(?05 EFIREATEY r‘eng? h because in
commer ci al magnesiz, silica-zirconia, silica-thorig, silica-beryllia, silica-iitania gs well as
ternary compositions such as silica-glumina-thoria, silica-elumina-zirconia silica-
elumina-magnesia and silica-magnesiz-zirconia. .

20 The relative proporiions of zeolite and inorganic oxide matrix vary widely,
with the content of the former renging from about 1 1o ebout €0% by weight and
more usueally, perlicularly when the composite is prepared in the form of beads, in
the reange of about 2 1o ebout 80 wit.% of the composite.

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

25 reacianis, i.e., the alkylateble arcmatic compound and the alkyisting agent, are
brought into contact with an slkylation catalyst in & suileble reaction zone such
as, for example, in 2 flow reactor containing a fixed bed of the catalyst
composition, under effective slkylation condilions. Such conditions include 2
lemperature of from about 0°C 1o gbout $00°C, and preferably between about

30  50°C and about 250°C, & pressure of from about 0.2 to sbout 250 atmospheres,
and preferably from ebout 5 to about 100 atmospheres, & molar ratio of
alkyiateble aromatic compound tc alkylating agent of from ebout 0.1:1 to about
50:1, and preierably can be from about 0.5:7 1o ebout 10:1, and & feed weight
hourly space velocity (WHSV) of between bout 0.1 and 500 hr', preferably

35  between 0.5 and 100 hr'.



5 use it is desirable to prevent the cakal yst from breaki ng down into
powder-like materials. These clay and/ or oxi de binders have been enpl oyed
normally only for the purpose of inproving the crush strength of the
catalyst. Naturally occurring clays mhigh can be conposited with the porous
crystalline material include the nontnorillonile and kaolin Jam |y, which
famlies 10 include the subbentonites, and the kaolins comonly known as

Di xi e, McNanee, Georcia and Florida clays or others in which the main

mneral constituept |5 mﬁ‘xg c%%%drﬁ Enhéﬁﬂé \fnﬁcgrepha@}e%lfilﬁeelici’l{?%pﬁj%%ﬁeancpr

anauxite. Such clays can be use raw stale as o y m ned or
initially sobjeened, t.e., dakdiomainisoicnalcddinixiveaondihticowithalibend malerial, or

modi fi cat i Otk cém b B”}gggﬁt lﬁ‘&% (:toﬂiat{:rI \%it{" egeodil?%cﬁagg{ écﬁ%éosn Jhewiag %uaﬁd
crystalli ne Rt eri gl comnposi &F V't or ous ma X material such
as Sil! Ca- 2dlcarner, gasdsi atiluemignesh as, 11 eiaraple] ncoogen orsilrogen.t hori a,

silica-berylli.a ilic ani a rnar ns such as
silica-a unfL'lﬁ%{ '{EII?B'P ihe g‘g}’*ﬁf%c%dﬁmnﬁf”iﬂi@bﬁ?% rﬁ@g%@?%m{ %leﬂagnem a and
si | i ca- magr B&gnﬂrcﬂ:tdr@;ﬁlfﬂr@ su%@taﬂff@iyﬁﬁh!@é l;dr(],ed ﬁh@MfEmrﬁé’)@rr?ﬂe ﬁa@blky%na:md

i norgani ¢ oxi matri x va ely, th the content of the -tornmer rancing
f rom about iecho%ﬁéﬂtbem@%j%dﬁké %ﬁ’fﬁ‘vﬁﬁéf“”m usual |y, particularly when
the conposite is\Wwhepaeetkbrens blh?iaféﬁrmrﬁéth?%@dao prcmuctefwm@ér%n@fmabout 2 to
about 80 VA %of the conmposite. The al kyl'ation pm:aﬁ(y this invention is

conducted s lﬁ’éﬂe?ﬁ%f:a’taﬁ’é’ BrRjsPRorusEN Qs M <2 end akYialign AFRSHCRISbI e

aromat i go cowu%aﬁwnwguﬁhkr\é i@ ghage g uitabeliqlid gugdnat cd>rmmbr@oma@@et Wi t h.
an al ky~ation cataly in a suitable reactl on zone SH or exanple, "in
a flow reactedF”\PSFﬁ%’ientP%eén PRYERIERPGI (Rt d20aY w8 31@0‘%@&‘?‘(9""%’ under

effective aldewladr o00-cangi sooomabo'ﬁwgba@@m fzs@r@ b@eés‘édﬁé@p td gdmer ature of
fromabout Q C to about 500 referab en, about 3% 5D C and

Lbout 520 3000 G eUBLs BPe) Piricap i e (80 aBaGP0 28t GeHbERRREe. and

preferably furemabeste @Ié&y%@&h&en%u@bw PRISA preledsbly Bkinenl
al kyl atabl e aromati c o al kyl atin gent Og]{rtfromabout 0.1:1to

about  50: 1“”Erﬁj\W%Yeqaéﬁgf”é%%e*ﬁé“ep?éﬁ?ddﬁ%ﬂ R EPEBEUE ABe1, and a
feed wei ght ethoeiid i the am@@loﬁeéélﬁcbrtfbbrﬁwa\dﬁmf nizgdrveeferab@utor®zdo@nd 500

hr", prefer a,P:I1 Yo 3130'3 1bnejgi\é/reen 0,5 and 100 hr-

When benzene is alkylated with propylene to produce cumene, the

preferred catalyst is phosphorus-modified MCM-48 or phesphorus-modified

20 MCM-58. The alkylation reaciion is also preferably conducted under liquid phase
conditions including e temperature of up 1o ebout 256°C, e.g., uj» 1o about 150°C,
e.g., from about 10°C ‘0 ebout 125°C; & pressure of about 250 stmespheres or
less, e.q., from about 1 to ebout 30 ztmospheres; and an aromatic hydrocarbon
weight hourly space velocity (WHSV) of from about 5 hr" 10 about 250 hr',

25 preferably frem 5 hr' to 50 hr™.

The use of the phosphorus modiiier in the alkylation catalyst of the
invention is found to enhance the slkylalion activity of the caialyst over & wide
range of aromatic compound 1o alkylating agent molar retics, thereby allowing
operglion &t higher space velocities and hence increasing production capacity. in

30 addition, the presence of the phosphorus is found 1o increase the selectivity of
the catalyst for the production of the desired monoalkylated product end
decrezse its selectivity for the produciion cf polyalkylated products. Further, the
phosphorus modification may increase the hydrothermal stability of the catalyst,

thereby enhancing its regenerability.



9 The reactants can be in either the vapor phase or the liquid phase and

can be neat, i.e., free fromintentional adm xture or dilution with other
material, or they can be brought into contact with the zeolite catal yst
conposition with the aid of carrier gasgs or diluents such as, for exanple,
hydrogen or nitrogen. 5 Preferably, the alkylation conditions are such as to
mai ntain the al kyl atable aromatic conpound substantially in the liquid
phase- For exanple, the alkylation reaction can be conducted by reactive

distillation. V\hel’[hb%ﬂ@%‘menireacad)rl@;ﬂllaéred:ovﬂatdis ieeWbeﬁmamanmeietﬁe
et hyl benzene, the

eferre sphor us- no 22 and
Sl e e o e Rl S SIS g o R S B o PR Tl e Th aae
Sui t abl e |i quicthphased rsqed@\te!recmay dRElaRe =rdl leehpes &b meealk)ﬁétmerea&@% and

600F (about 150C and 3160 r ef er abl bet ween 400F 500F (about 205C
and 2600C), EJBV@E’S%F@“UB}@FS g%ﬁ'f‘ ”05'0%@ rBeYTE Eﬁ@%‘?éoﬁgﬁy”m%\ﬂ’@ (”FTé‘Eﬁ y bet ween

400 and 890 pghgitied8omh #RAoH0Phe Kitdms ﬁ:oﬁmeermbﬁgutsyméiieh\wemrﬁﬁeut 0.1
and 20 WHSV, preferably between 1 15 and 6 WHSV, based on the ethyl ene feed,

and a ratio 6stitebtorwpzere mayoekylates prpPusidram peh@liylalse afocyatsescteRr from
1:1 to 30:1 ppL@Ls preferably fromabout 1:1 to 10:1 nolar. Wen benzene is
al kyl ated with propyl ene to produce cunene, the preferred catal yst is
phosphor us- nodi f i dddiitnelgopealnieisp mopdust s 16 BE@ORoed/onireBsalRyvetio) kyI ation

reaction is %ké%oﬂfe‘%@i@@k%dﬁ@t@% gd, é&%@%ﬁ h 'ﬂ%‘bﬂy%h@ﬁ?eac&gqghhb

i ncluding a tenperature o to about bout 50 e.g.
from abodf 10ensexabbrn orltzsr:maa qﬁregeﬁﬁerﬂemtwu%mnal zweﬁtq{@e@)m gepapie | ess

e 9. T rom aholod e B bterdk b IERNBIEaS: oG AE OBIBrfy dr ocar bon

wei ght hourly space vel oc from about hr to about 250 hr'', 25
preferably fremihateg @rmcﬁw”haﬂwu@met”@fevﬁ@ phiosstiepaly igedignder in the

al kyl ation catalysd gf?)fturtehﬁ a ée’ﬂﬂé?é‘i'é déghdrsovfepﬁ%%ltEBqumgﬁglaﬂ&?cﬁhﬁrﬂ ation

acti vi ty of the cat st over ran aromati c ound
al kyl atino ad@ﬁtiramlaéswlcﬁiem petehfst ﬁev bB\e @fﬂe!wﬁ FRINPHeY atZﬁ@*ﬁe aecthegMéMspace
velocitigsg ang hﬁﬂ%d Nl m@r@QQdﬁghlfﬂrss:zaQe%édme knzéc‘ﬁtead%ohfén the

presence of the phosphorus is found to increase the select|V|ty of
beta, or mordenite. Such transalkylation reactions over zeolite beta are disclosed

in the sforementioned U.S. Pat. No. 4,891 ,458; and further such transalkylations
using an acid dealuminized mordenite are disclosed in U.S. Pat. No. 5,243,116.
Ancther particular form of mordenite, which may be used as e transelkylation

20 cetelyst, is TEA mordenite, i.e., synthetic mordenite prepared from e reaction
mixture comprising a tetreethylammonium directing agent. TEA mordenite is
disclosed in U.S. Pat. Nos. 3,766,083 and 3,894,104, The effluent from the
transalkylation reactor is blended with alkylation reactor efiluent and the
combined stream distilled. A bleed may be taken from the polyatkvated produci

25  streamto remove unresclive hesvies from the loop or the polyzlkyeted 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 unmodified
30 MCM-22
An MCM-22 catalyst was prepared as a 65/35 extrudate with €5 wi.%
MCM-22 crystal with 35 wi% glumina. One gram of the catalyst was charged to
an isothermal, well-mixed Parr autoclave reactor along with & mixture comprising

of benzene (185 g) and ethylene {20 g). The reaction was carried out at 428°F

w
th

and 550 psig for 4 hours. A smali sample cf the product was withdrawn at



the catal yst for the production of the desired nonoal kyl ated product and
decrease its selectivity for the production of polyal kyl ated products.
Further, the phosphorus nodification may increase the hydrothernal
stability of the catalyst, thereby enhgpcing its regenerability. 10 The
al kyl ati on reactor effluent contains the excess aromatic feed,
nonoal kyl at ed product, polyal kyl ated products, and various inpurities. The
aromatic feed is recovered by distillation and recycled to the al kyl ation

reactor. Ussrhd¥n@radi@kbh Bheegkd sy g%@ﬂoh{a@@grtabayrr eRyeh&igireamto
elimnate unreactive 5 inpurities Tromthe | oop. The bottons fromthe

aromatic di SETPIERNCEHVaF BsTaspehay @ kinedieiactely 1B sepupatReses iRy FaR ed
product f ro@bﬁ@éré’igh i%Ynlda}ﬁyetﬂeFéﬁ%tzﬁn@Q%egﬁﬁ Mot 1Wbﬁ§+er@%ﬂkér‘%%l.

monoal kyl at ed product nmay be produced by transal kylation. The polyalkyl at ed
product s mayhgdesdisyier 8y tioeticretivhkiplatdrsianteas orend Tahtet god farghe

t ransal kgl atek%ég{zﬁbg%glergggmggr\rgr%%tiﬁq?ge?[q additional aromatic feed in a

separate reactor. erred end the bottonms fromthe
distillation of nonoal kyl ated product with a stoichionetric excess of the

aromatic fe and act the mxture.in ar over a suitable
transal kyl aﬁ:'lc;(()aﬁng’éﬁtzaﬁhssﬁ?emfﬂg Syrﬁﬁhﬁ%gfrf?{ﬂ %‘?’i%o ecagr[c}:?tbglgﬁ%;%&e%e a catal yst
conpri si ng aveeeri tredfischviaspidsivhdous 6mpidoie e, vidpPhb§hordi?2, PSH- 3,

SSzZ- 25, zeol('&_‘t‘go;f @?ol ite Y, zeolite beta, or nordenite. Such

transal kyl at'8n% 83¢fP8ns over zeolite beta are disclosed in the

af or ementoi oned U. &1-Regrami¥oo! HiP8Q hiedbBissained frusd heams utdistifeainsatekid at i cns
R b e e e e o P R T T
transal kyl atirpregite 8fabists of sirddiieampld entieliOM@2, casyipdthaet on Epsdgai t e
A R L s L e T
3,894, 104. Tioe1phblrantzifivnmddisy caicinstinl &y mimmateadbtorednsidll @nded wi t h
LY 201 R0 CEAREET B en! PRl oBo0El DR SAN ELa Lol ™
heavi es fronirethed.3%ap 50%. tee gohyallthy Bt@ dapy pd weds exstivaadniarenenbenali stil | ed
to renove heg\égfl%ﬁorpxrrvinﬁreﬂ%y er;[eréacrég%irlfgltloq}wé %pdcedure described in Example 1.

Catalyst performeance is compeared with that of the unmodified MCM-22 of

Example 1 in Tables 1 and 2.

20

Example 3: Ethylbenzene synthesis from benzene and ethylene over MICM-22

modified with phospherous impregnated vis dibasic ammonium phosphate

((NH;):HPO,) solution.

0.1-10 grems of {(NH,);HPC, were dissolved in 50 grams of distilled waler

| ]
th

io vield a solution of pH renging from 4.8 1o 7.1. The resulting solution was used
1o impregnale fifty grems of & fresh sample of the MCM-22 catalyst used in
Example 1 by en incipient weiness method. The impregnated catalyst was dried
et 250°F for 12 hours in air followed by calcinetion &t a temperature between 400
and 1Z00°F in flowing &ir for 4 hours. The resulling phosphorus weight loeding
30 veried from 0.5% 1o 5%. One gram of the final cetalyst was evalualed for
benzere alkylation with ethylene according to the procedure described in
Example 1. Cetalyst performnance is compared with that of the unmodifiec MCM-
22 of Example 1 in Tebles 1 and 2.



The invention will be described with reference to the foll ow ng Exanpl es.
Exanpl e 1: Ethyl benzene synthesis from benzene and et hyl ene over unnodified
30 MCM 22 An MCM 22 catal yst was prepared as a 65/35 extrudate with 65 wt.%
MCM- 22 crystal with 35 w % al um na. One;gram of the catal yst was charged to
an isothermal, well-m xed Parr autoclave reactor along with a m xture
conprising of benzene (195 g) and ethylene (20 g). The reaction was carried
out at 428F 35 and 550 psis for 4 hours. A small sanple of the product was
wi t hdrawn atximpiegutampantert madzéxaa@dpemmmed by gas chronmat ography. The
catal yst perfor r’%ance was assessed kinetic activity rate conat ant based

on ethyl ene conVEERBIPERICHE' Mivd! @f H}ﬂdﬁ%‘@‘%p%?@ﬂ’?% ¥Pragnaledifet hyl ene

conver si on. ar%meﬁmwﬁreucm be pkbfeblic et (HPtY) sadis=&eRdmeHiumr € given in
Table 1 and for the 5 QXI benzene sel ectivity ar GM%I ven |n TabI e 2. Exanple

2. Ethyl beniﬂ@ﬁepwm(ﬁﬁ\&éq) FPdie pempERe Wi drsidiieh PR f i ed

wi th phospherpus *rﬁepgﬁﬁﬂﬂtﬁ%ﬁi %ﬁ@%?ﬂ%h&rﬁ@'s@ns%ﬁ@&@lué@é HéééH‘ 10 0.1-10
grans of H3PO4 were dissol ve grans of di st | water to vyield a

sol ution of YsPnEsmdenmcenrvensian D the egloglavErpscpeing td thg rreredurenuilingd ised to

| mpregnat e fEth?’Ft@ﬁa“‘BwfﬂfbeaseeHﬁﬁn ?atBTB'ﬁHQtfuPh*}ﬁo&Y%t%% ShaMGH-4SEE 1 0
Exanple 1 I nci pi ent wet ness net hod. regnat ed cat al yst was
dried at ZSGFJOSmerUQZTdeﬁ@ itneciivity foo beoamng aﬂwle’afbrtwﬁaﬁmﬂﬁwb)aﬁ%merature
bet ween 400 @n f. r for 4 hours. The resulting

phosphor us wel g’ﬁ%’él %é@grﬁe%ﬂﬂeﬁm 0.5%to 5 % One gram of the final

cat al ystidbwas eval uat ed for benzene al kylation with ethylene according to

t he procedure described in Exanple 1 &Ea{ yst performance is conpared with
that of the unnodified MCM 22 of Exarrp € 1 in Tables 1 and 2. 20 Exanple 3:
Et hyl berene synthesi s from benzene and et hyI ene over MCM 22 nodified with
phosphor ous i#pf cgn@atchr’siu a—ch HQQE)EJBIT?DIVH’IHH |||Ep||uadf||§L € (EW

sol uti on.

Kinetic Rate Constant 47 52 56

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

.15 ethylene conversion according to the procedure outlined in Example 1.. )t will be
seen from Teble 2 that the modification of the MCM-22 with phosphorus
increased its selectivity ior eihyibenzene production by decreasing iis selechivity
o diethylbenzene (by 12% in Example 2 ana by 18% in Example 3) and by
decreesing ils selectivity 1o iriethylbenzene (by 14% in Exemple ? and by 28% in

20  Example 3).

TABLE 2
Cetalyst Ethylbenzene | DIEB/EB | TriEB/EB | Reduction in | Reduction in
(EBYwt% |- wi% wit.% DIEB, w.% | TAEB, wt.%
Example 1 81.8 8.5 0.35
Exezmple 2 92.8 7.5 0.2 11.7 14.2
Exampie 3 3.3 7 J 0.25 17.6 28.5




0.1-10 cranms of (NH4)2HPO4were dissolved in 50 grans of distilled water 25
to yield a solution of pHranging from4.9 to 7.1. The resulting solution
was used to inpregnate fifty grans of a fresh sanple of the MCM 22 cat al yst
used in Exanple 1 by an incipient wetness nethod. The inpregnated catal yst
was dried at 250F for 12 hours in air f%llowed by calcination at a
tenperature between 400 and 1200F in flowing air for 4 hours. The resulting
phosphorus wei ght | oading 30 varied fromO0.5%to 5% One gram of the final

cat al yst wa t ed~f.Qr e | at.i i rding to
the pr ocedu%égﬁggg?ﬁ' be(c?il‘l%r?neEﬁ@ﬁ%ﬁgh%k%é?féb%g?&nﬁtér ﬁ%%#\gﬁqﬁ@%ﬁﬁ%’ar ed with
that of theMOvddi.fied MCM 22 of Exanple 1 in Tables 1 and 2. 12 Exanpl e 4:

phosphor ous | mpr dFEE CoIa S REC GTHRGH L Er EaUP T LRt 4E CBOLERGM e acid
(H3P04) or dichagite] WRAMBRIVAMN 2!PRPSP ateegrafNMh e st s sabaRRsdad an t h

unnodi fied MCM 22 in Tables 1 and%ci 5 bel ow.. The data.in Table.1l represent
ki netic rat &SCHHERINE-BYEL FRf B d 2 tipbA'0RE MYieh B PEHIR e BREINT & t he

autocl ave a%ﬁﬁ@%é‘%é@g%\f‘d RoOAEsRIS g}!ﬁf’hierﬂéﬁktidﬂl wiX8amPka olt of d664F! | be seen
fromTable. 1 that the nodification of"'the MCM 22 wth phosphorus increased

its activitEnPciO0rsia&rret Aoy atsrea semile etthy nspuayesrvghdiewErhnpl'e 2 and
by 37%in ExgnpLe; L ﬁ%ﬁ@?@ér‘éﬂ aAp !5 anple 3 Kinetic
Rat e Constantg%BSZIS er'\l"%g a}@%’éay%e%%%eé/% repre eﬁtﬁ(hgpecth benzene

sel ecti vi t y rerfolnessd Bastdsyeened ydnkieglisiashivieede dbngatidades girrieryane
outlinedyi n | i ; of I T td lLfication
of the %CI\AZCIZE%\?\AQEH&p %%B rtgre ﬁésgélﬁﬁgrngggg@%tp ngB e‘?’?c??rﬁjietﬁa@'o?ng{ﬁﬂ enzene
product i on e @ireasiabdes 2 engél ectivity to diethyl benzene (by 1.-'i6 in
Exanple 2 and by 18% in Exanple 3) and by decreasing its selectivity to

triethyl benzene (by 14110 in Exanple 2 and by 29%in 20 Exanple 3).
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 grems of H:PO, were dissolved in 50 grams of distilled water, and the
resulting solution wes used 1o impregnele fifty grams of a fresh sample of the
MCM-56 used in Example 5 by an incipient wetness method. The impregnzated
catalyst was dried at 250°F jor 12 hours in air jollowed by calcination at 400°F in
20  flowing air for 4 hours, resulling in 0.1 wi.% P-loading. One gram of the final
cetalyst was evalueted for benzene zlkylation with propylene according 1o the
procedure described in Example 5. Cetalyst performance is compared with that
of unmodified MCM-56 in Table 3.

25  Example7: Cumene synthesis from benzene and propylene over MCM-56
rodified with 0.5 wt.% phosphorus impregneted via phosphoric acid (HiP04)
solution A

1.0 grams of H:PO, were dissolved in 50 grams of distilled water end the _
resulting solution was used 1o impregnate fifty grams of & fresh sample of the

30 MCM-56 used in Example 5 by an incipient wetness method. The impregnaied
celzlyst was dried et 250°F for 12 hours in zir foliowed by calcination st 400°F in

flowing air {or 4 hours, resulting in 0.5 wi.% P-loading. One gram of the final

caialyst wes evalualed for benzene aikylation with propylene according to the
procedure described in Example 5. Catzlyst performance is compared with that

35 of unmaodified MCHM-56 in Table 2.



TABLE 2 Catal yst | Ethyl benzene D EB/ EB Tri EB/ EB Reduction in Reduction in
(EB) wt.o%nt.%u.% EB, wt.%riEB, wt.% Exanple 191.98.50. 35 Exanpl e
292.87.50. 311. 714. 2 Exanpl e 393.3 70.2517.628.5 1 25 13 Exanple 5: Cunene
synthesis from benzene and propyl ene ovey unnodi fied MM56. MCM 56

catal yst was prepared as a 65135 extrudate with 65 wt% MCM 56 crystal with
35 wt % al um na. One gram of the catal yst was charged to an 5 i sot her mal

wel | -m xed Parr autoclave reactor along with a m xture conprising of
benzene (156 g) and propylene (28 g). The reaction was carried out at 266F

and 300 p5| for 4 hours. A smm of the roduct was hdrawn at
regul ar inte \‘FJPBIG rd &H&“%%JHWS&Q?%E? %Bwyle?ﬁ@vgéwr@%[ﬁ

per f or mance M@Slsl@@&&t&%@vh}%@ra&mﬁ)msqr@ﬁégdéiédlwééﬁkﬁ)sﬁw ant (hasegd on

propyl ene 10 éonver sion and cunene selectivity at 100% pr opyl ene conversi on.

The results ® rbl ven in Tables 3 and 4. Exanple 6: Cunene synthesis from

benzene and pr ODYDQTI@aﬁh\éecEf H\ER, 5@:re ma%mé@m 50 ]C;rb.aan & Métxlf’étiﬂbéiép%ﬂqﬁe
i npregnated via Z;,QQJO“C ama 15 solution 0.2 grans of H3PO4 were
di ssol ved i anE?G“'@E tigp vraﬁSslﬁemt@dﬂw&eeate Ty @reme of ﬁé@‘fhtﬁwlgm MGMmM was

used to inpregpateid tidipRrPaPfnchidd %hwe%@rmétﬁogf Thb%pwaﬁ.@ &a8dst n

Exanpl e 5 by an incipi ent wet'ness met hod. The i npregnated
was dried at 250°F for 12 hours in air followed by calcination at 400°F in flowing

air for 4 hours, resulling in 1.0 wi.% P-loading. One gram of the final catalyst wes

10 evalualed for benzene alkylation with propylene according to the procedure
described in Exampie 5. Catalyst performance is compared with that of
unmodified MCM-56 in Table 3.

Example 9: Cumene synthesis from benzene anc propylene over MCM-56
15 modified with 2.0 wi.% phosphorus impregnated via phosphoric acid (HsPO,)
solution
4.0 grems of HiPQ, were dissolved in 50 grems of distilled water, and the
resulting sclution was used to impregnale {ifty grams of a fresh sample of MCM-
56 used in Example 5 by an incipient weiness method. The impregnaied catalyst
20 was dried st 250°F for 12 hours in eir Toliowed by calcingiion at 400°F in flowing
air for 4 hours, resulting in 2.0 wt.% P-lozding. Orie gram of the final catalyst was
eveluated for benzene alkylation with propvlene according to the procedure
described in Example 5. Cezialyst performance is compared with that of
unmodified MCM-58 in Table 3.

bk
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Example 10: Comparison of Catalyst Periormance

The perormance of MCM-56 modified with phosphorus impregnated via
an anionic precursor such as phosphoric acid (HzPO,) is compared with
unmodified MCM-56 in Table 3 below. The data represent kinetic rate constants

30  evelusied besed upon propylene conversion s well as cumene selectivity

measured as the amount of di-iscpropylbenzene formed per unit amount of
cumene produced according to the procedure outlined in Example 5. |t will be
seen from Tabie 3 that modification of MCM-56 with phosphorus (0.1-0.5 wi.%)

increased its eclivity for the elkylation of benzene with propvlene and that
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Example 11:. Cumene synthesis from benzene and propylene cver

MCM-56 pretreated under hydrothermal conditions

10

25 g of the MCM-56 catalyst used in Example 5 were exposed to a 80/20

mixiure of steam and air at 2 GHSV of 300 h™" for 24 hours at 1000°F. One gram

oi the final catelvst was evalusted for benzene glkylation with propylene

according 1o the procedure described in Example 5, and catalyst performance is

de
15

scribed in Teble 4

Example 12: Cumene synihesis from benzene and propylene over phosphorus-

modified MCM-56 pretrezted under hydrcthermal conditions

20

25 g of finished cetalyst from Example 7 was exposed 1o a 80/20 mixiure
of steam and air at a GHSV of 300 h ior 24 hours a1 1000°F. One gram of the

finzl catelyst wes evaluated for benzene slkyiation with propylene according to

the procedure described in Example 5, and catelyst performance is described in
Table 4.



4.0 granms of H3PO4 were dissolved in 50 grans of distilled water, and the
resulting solution was used to inpregnate fifty grans of a fresh sanple of
MCM 56 used in Exanple 5 by an incipient wetness nmethod. The inpregnated
catal yst 20 was dried at 250F for 12 hoyss in air followed by cal cination at
400F in flowng air for 4 hours, resulting in 2.Dv/t.% P-loading. O;a
gram of the final catalyst was evaluated for benzene al kylation with

propyl ene according to the procedure described in Exanple 5. Catalyst
per f or mance Bxsngoepar e@omﬁahsmmat Ceﬂvnuﬁe{mﬁfﬁdm MCM 56 in Table 3. 25

Exanpl e 10: Conp S0 rfor. The for ce

nodi fied with ph?;&%% rma% egén N J“%mp%%""éﬂl prPg %’Egé‘:’r? grlﬁec N
phosphoric mcéwwmpnmcnfmmeemewmcm “@nrmrdabfe edel\dﬁMﬁﬁ data Tabl e 3

bel ow. The data re@H eient ki netic ratle g staBts 30 eval uat ed based upon
propyl ene cdfV¥EFEY & TRLY PO UG FYALR 08 BEER HPPY) PrRRaeil EMEES'PhES amount

of di -i sapr opy enzpase fa@ﬂéﬁii,\dtypﬁéawﬂéd a@ﬂ‘iétmﬁo@rﬁt of@ugemeppbeﬁmed according
to the procedure outlined in It wil éelenfromTabIeSthat

modi f i cat i on(UHFENERIPES PRI HAT EH'tS’é’gEBfr%ﬁE(r@ 9106‘"59%“%’ NG i FEAFeEeT e
activity forohirdahleseMiion. of wierzars fr\Mﬁ faBleapybene @phbis-Adified

nodi fi cati on of MCM 56 wi th phosphorus % ..increases its

sel ectivity SRS RIENETIS H@ﬁ htbﬂfsﬁ Sw”if%?} dejgh%réﬂaehaf E(aevrrﬁeﬁyd@thﬁﬂeet 3

Cat al yst Ki negdLriRai t6BARADh A BBeSUERAREo( MamBi¥aTPl € 512816. 0 Exanpl e
614013. 1 Exanple 715513.1 Exanpl e 812014.9 Exanple 99517.5 Exanple 11:
Currene s¥hthesis from benzene and prop Iene over MCM 56 pretreated under
hydr ot her mal condi ti ons BLE4

Catalyst Kinetic Rate Constant DiPB/ Cumene
{wt. %)
Example 5 128 : 16.0
Example 7 185 13.1
Example i1 ' 10 26.0
Example 12 75 18.5




10 25 g of the MCM 56 catal yst used in Exanple 5 were exposed to a 80/20

m xture of steamand air at a GHSV of 300 h-' for 24 hours at 1000F. One
gram of the final catalyst was eval uated for benzene alkylation with

propyl ene according to the procedure described in Exanple 5, and catal yst
performance is described in Table 4 15 Exanpl e 12: Cunene synthesis from
benzene and propyl ene over phosphor Wlaiedi fied MCM 56 pretreated under
hydr ot hermal 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 gram of ,t he 2(} finsl .cat al gst was.%uated or benzene

al kyl &'B8R %ith pr SPRFPETRS IRIGFEAIRg S LB RO TRTS P& H&8tri bed i n Exanpl e 5,
and catal yst performance is described in Table 4. 16 Exanple 13: Comparison
of Catal yst Performance The perfornmance of MCM 56 nodified with phosphorous
and st(eamedpriovidingapaaedr withhanuakyldiifn estalyteanephsiigk pérous cTystdlbne imved o
The data represent kinetic rate constants eval uated based upon propyl ene

conver si on @%ids m@erialef MGMAR a8 OddpabputP. et Bercsat RIREPREEOS L of

di i sopropyl benzene (DIPB) formed per unit ampount of cunene produced
according to the procedure outlined in Exanple 5. It will be seen from
Tabl e (8) t haguppiginghss@ heattsr noith fegtenecaidipygiyiaie foxprpluee 7sagk kubriehe dinder
significantly higher stability against hydrothermal deactivation than the
unnodi fi ed é‘iwbatwtw@fiﬂmamde 5. 10 TABLE 4 Catal ystKinetic Rate

Const ant Df PBL QUIER {ifhroo 2e: RA2PAGHS, FIRNY) furf 100 iy hah MBS 11026 O

Exanpl e 127
unmodified by phosphorus under equivalent alkylation conditions.

Claim 2 : A process for producing ethylbenzene comprising the steps of:

(a) providing a reactor with an alkylation catalyst compnsing a porous crystalline incrganic

oxide mnaterial of MCM-49 and 0.5 to 5 weight percent phosphorous;

(b) supplying said reactor with benzene and ethylene to produce said ethylbenzene under
alkylation conditions; and
wherein said alkylation catalyst has a higher activity than said alkylation catalyst that is

unmedified by phosphorus under equivalent alkyletion conditions.

Claim 3 : A process for producing a monoalkylaromatic compound comprising the steps
of: | |
(2) contacting an alkylation catalyst with mixture of steam and air at a temperature of up to

about 1000 °F (538 °C), said alkylation catalyst comprising a porous crystalline inorganic
oxide material of MCM-49 and 0.1 to about 0.5 weight percent phospherous to produce 2
regenerated alkylation catalyst;



15 17 Cainms Claiml : A process for produci ng cunene conprising the steps
of (a) providing a reactor with an al kyl ati on catal yst conprising a porous
crystalline inorganic oxide nmateri al MCM 49 and 0.1 to about 0.5 wei ght
per cent phosphorous; (b) supplying said reactor with benzene and propyl ene
to produce said cunene under alkylation conditions; and wherein said

al kyl ati on catal yst has a higher activity than said al kylation catal yst that
is u di fj e [ ' i,% , im?2
' prBCes< Pl BIEARE MR o WG G w0 E0naf BR80Tl e
provi di ng anrBagtaentd éhsabhreabioritad blkylarbakiedfst GOpRELS $19d mddeLRYRromatic
crystalline inorganic oxide material of MCM49 and 0,5 to 5 wei ght percent
phosphor ouseongpyunsiupysiey phiylasan gordtenssr with benzene and et hyl ene to produce
said ethyl bepnzene under_ al kyl ation conditions;..and wherein sai.d al kyl atj on
catalyst naSngen sHEreREErrY s IrRn SRS Par BN oy e Pl tpttld
unnodi fied DyyRABEPDARNSt YRACTs QG 0GHERN byabk¥ipRbhaN w8t dichuRaknt QiRNBc © A
process for producing a nonoal kyl aromati c”conpound conprisi'ng the steps of
(a) cont actéangitaensal . kyl ation catalyst with mxture of steamand air at a
tenperature of up to about 1000 OF (538 C), said al kylation catal yst
conprising a porous crystalline inorganic oxide material of MCM49 and 0.1
to about 0.5 wei ght percent phosphorous to produce a regenerated al kyl ation
catal yst;





