10

15

20

.LS

AROVATI CS ALKYLATI ON BACKGROUND OF THE | NVENTI ON 5The
present invention relates to aromatics alkylation, and
in particular to the alkylation of benzene with

et hyl ene and propyl ene to produce ethyl benzene and
cunmene, respectively. In addition, the invention is
concerned with the alkyls-lion of aromatics with | ong
chain (C6+) al kylating agents fo produce | ong chain

al kyl benzenes. 30Et hyl benzene and cunene are val uabl e
commodi ty chem cals which are used industrially for the
production of styrene nnnoner and phenol, respectively.
In addition, |ong chARPMANCEHMIIATIIIN: ysef ul as

| ubri cant base stocks and as intermediates in the
production of detergents. Al kylation is one of the nost
i nportant and useBACKEROLINIyOFOTHE BIVENGHNbon. Lewi s
and Bronsted acids, including a variety of natural and
synthetic zeolites, have been used as al kyl ation

cat al ysTise pn&bkml isvdrtion edlaies ooatdmatity aielativhpand in particular to the

C 0 [ARY U fn d %,ﬂ?ﬁﬁﬁﬁt@g Ing %rquqﬁeS\lgL If: Iri13e 2ol d th:ﬁbenzene and

al dtmhe%té aé“spet:mw Z886dMbh hh@ﬁrh\bénﬁ@rﬁs@ﬁﬂc&h@ﬂydnﬁﬂﬁelé!kyiat:on of
the presence of zeolite catalysts represents the

pr'rgpmawé'awefblﬁwrc@?@ (Cr Bl RiNssa9eaHs PRECFHEIEBE FERINOS

etg]yylg,g{%ﬁgg and r.ornene. For exanple. U S.
Pat ent . 4,992,606 describes the use of MCM22 in the

aI kyl at E&wlb@naameaam sumerhpEIrRlebis cRmmagitheherisels whicthare
Jf%éc% fkf%néh%&l*ﬁ %WUEG%W &g%b‘?n&%%? gﬁﬂgh'é nbi, %s%ecﬁvezy

on a suc as et and propyl
s| i acmﬂoy, ionJg shalnaadl@ibﬁnmnemar%@eﬁﬂsas boseantimsershecksaod as

O MR e Ao TGl ar ot i © compounds

ents havin i phatic groups with at
| east 6 Adimabon 19&@@1@‘ the most lmpm@nng@ efefplTReaPnisit he

2! 3B 8001 AOERS BorRAIPAYAL Sty 00K Sh bR anc

I ng agents 1 s descri
5 mh@me@mea mevelbeph ased as etk yiatiomasietystsondbyiatien of arhmatic

ggg%w@b%ébg@f@gﬁgﬁ% %ehéan%%%géxgggz%ggs@hﬁgggsii% known in
t hiheadrkyIngterinias eledsinatd! beopenmuittsthyiend askigropyens i the

g! Eéé ggé E% gfafﬁ%%%f %éé}fs&sg ﬁsﬁﬁ%e%gtﬂerbrgeiﬁ% m@ﬁﬁ@rs:&fﬁghmquee for

-Pattenproblioctiob,of 20Be0zareagnd hinenkli t i on of phosphorus to

MCM 22 it %@ﬁ%{]%ﬁ%%‘?%%%z 6%621@ {ﬂjlgéé oy .%E%f MCM-22 in

resulting ca use in tat Ic crac
U. 8ie ﬂajfiemﬁn M@ro@amﬁmnmwssmhmmhaue tvith ahtdatmg)agents

t 0.5 w% r vin
o OREr PR ERE gt sigts 3P BB Borfe SE0H LL RN I oropyiene.
[ n@hemslegs LJ|t$1t€}?eSe|hte*?:t nﬁe&;%“@fdddugbmbé rgt@ of M(ii‘thE\Aaflm alkylation
e a ation ro .C r.ocar.bon ol e .
P AR Brcinat Bhirehads whL AR kTe BYehs wammf«a%s Pzt teast
rmcﬁ ddrb@t biomsof MCM
The use of MCM-42 in the alkyliation of aromatic compounds with short

chain alkylaling agents is described in U.S. Patent Na. 5,377,310 and in alkylation
of aromatic compounds with long chain slkylating agents is described in U.S.
Patent No. 5,401,886,
The use of MCM-56 in the alkylation of aromatic compounds with short
chain slkylating agents is described in U.S. Patent Nos. 5,453,554 and 5,557,024.
it is glso known from U.S. Paient No. 5,470,810 that the addition of
phosphorus to MCM—?E improves the hydrothermal stability of the resulting catalyst

35 for use in catalytic cracking.



22 and certain related nol ecul ar sieve catal ysts, such
as MCM 49 and MCM 56, with phosphorus increases the
activity of the catalyst for the alkylation of aromatic
conmpounds. In addition, the phosphorus nodification

i ncreases the selectivity of t e catal yst towards the
nmonoal kyl ated product and enhances its stability

agai nst 10t he hydrot hermal deactivati on which can occur

during regeneration.  SUMVARY OF THE | NVENII ON Accor dj o
fol the HradmiraHe e AT Gtran Besbbiogwres fezst b3t
Pr eEskphBEsaD Rt REL S HSHIRRIEA ST §OMITDIA shfigulkN2SM-5,
step of contacti ngy an al kyl at abl e aromati c conpound

wi ieregseatiiessesiviy aigeazeniadr thglviepraphase alievidion @somatc
the @}Egéggﬁgw Anal kylatiorr catalyst conprising

phoép orus and a porous crystalline irnorganic oxide

5 mat er i alAchandinigiodhe Xveayorditfhas saow mrergaute that inmedificgtiog of MCh-

and?5n3Rfe R s e Phint Sl cdna, Syl sg,Montaplond wss

pomdth phosptsiras Incresses tigadtivity oithd ezishisefor dhe elkyRtbe of &dmatic

NP0 W BRGBSAorbS ModHicatopy B 5AaER e $ajerihy o
al kind edtbRe tagents thasmadaRliapigirbéud adRnhaNEaitslsibBillg against
25car bon at ons eferably, the aromatic

. Pr ef
10 hy MoRUTBHRTTE! dedkbatien é[‘f‘\“{:!Frt‘F?é’ Ky PANGTEIRBEFION-

sel ected from et hyl ene and propyl ene.

Preferably, said alkylation conditions are such as to

mai ntain Shid al kyl SSUMMARY OFAIVE WNENGION
substantially in the |iquid phase. 30 DETAI LED

DESCRI PTI ON OF THE | NVENTION _The present _

i nvent i ohcgasfiapds thegngepiope Biese fsorrovied grrsegess ©n pefduging an
al 19 i Ny I : ,

G BT RN TomeRalh e R o oYty 2haRg duie
corgsBmEds cpmpplad Mahian Henzingecent bhoareligliryeraeenditions in the
ag r Lz r O unde
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20AngRirgHranT. The term"aromatic" in reference to

the al kyb%f@%hﬁﬁ?%&%ﬁ@'%@%ﬂ% iﬂ?@aHﬁ‘%ﬁBe Reh&d é%ﬁeléc‘?ed from

be understoo accordance wth S art-recogni z

scoje ahie honsistingod MaMka2, R&bSt $E4t4sd MiHd-36, MCM-49 and MCM-
unsgpstituted nono- and pol ynucl ear conpounds.

Conpounds of an aromatic character which possess a

het er o afosferatdy,dhs elkyistfie boertdes dedcliphelc doupdiaving 1 &sb

at isons under the reaction 10conditions
zs‘s:el géc%éh.ap(%é' Substituted aromati ¢ conpounds whi ch

can be alrkglesti®yl theemimetmisttraessesis banzémashd dmeaikylating sgent
hydr.ogen_.atom di.rect | aonded to the aromatic nucl eus.
Thersas%g%%?ﬁggrom %‘ég‘ee%é“g@%ﬁ}etertut ed with one or nore

al kyl , amBtkierathicarayd alkablaxyondiiopk exy sucy ek tahlaitain said

hal i de d/ or ot her groups [ do.,not i.nterfere with

F heciGia ) 2Pt Gt G B 4 Sl O SFBREL T

sfaiydr ocar bons i ncl ude benzene, naphthal ene, anthracene,

napht hacene, peryl ene, coronene, and phenanthrene, wth
benzene bei ng prEdtkER DESGRIPIION QRiHE RNVENTIEON,
whi ch can be present as substituents on the 20aromatic

conpound contain from1 to about 22 carbon atons and
usual | y frlenpresent invention relates to 2 process for the production of an

alkylaromatic compound, particularly ethylbenzene or cumene, by the alkylation

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



about Ito 8 carbon atons, and nost usually from about 1
to 4 carbon atons.. Sui tabl e al kyl substituted
aromati ¢ conmpounds include toluene, xylene,
i sopropyl benzene, normal propyl benzene,
al pha- net hyl napht hal ene, et hyl henzene, cunene,
" mesityl ene, durerie, p-cynene, butyl benzene,
25pseudocunene, o-di et hyl benzene, mdi et hyl benzene,
p- di et hyl benzene, isoarnyl benzene, isohexybenzene,
peg@@@t lﬁﬂﬁ@Qﬁﬁyeﬂﬁﬁﬁ@ﬂﬁ&&%bb@ﬂﬁﬁ%%yMUOncondmonsmmha
4- letraét hyl benzene; 5-tetramet hyl benzene;
1 thﬁpmfu@tqwlam@ng epeus Krestalive ineegane pede enterial having an X-
I y. e¢
™ A drEC e ifter® gt%wﬂﬁgg S;bﬁgﬁacw}gpﬁwa%% SY14.2161985% 010,15,
4- aﬁﬁyﬂﬂﬁmngmmﬂioﬂﬂmngmnnyjnaphthalene

5 :: Ezl gﬁp}ﬁégq?‘lgﬁgmrﬁgq%ﬁ]gﬁqg;ﬁrﬁpgc&&w qﬁﬁsmﬁlegéompounds which are

0- NESTOMheBhE RORNEIdeIstEBd iflbomirbxhaheran anea@ograﬁ@ti scope
| - phenanthrene. Hi gher npl ecul ar we

3- et rr11y Ig
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S Bgndéatfﬁfrh;%tﬁwdg%ﬂah %%MG@C a8t Grhi&h%&%éé@ﬁ%tero atom
such as are produced the al kyl ati on of aromatic

35R{RIFEe 4FHENROVPEH “‘tﬂ}’é?rq ROt g6 FRtedyst poisanpHBdercthe rapgion
10”%9!4&{?6 Ysdihgired toin 4 the art as al kylate and

i ncl'ude” hexyl benzene, nonyl benzene, dodecylbenzene .

pent adee%ubb‘@tn‘ze@rwomﬁmwmpu@ﬂfewhlﬁbm:@ntbelajleﬁ@ted herein must

%%‘F:é/ésfsoji &é%ﬁg?ﬁé‘ﬂrbédg@;}r?gﬁw lj*ré’z{)fgﬁ?;%eé’ fc,f %e"ér{:ﬁ{éi.\, nucleus,

ate 1s o action
thchh arpioatid tods @nmmmmwﬁh OnE e rra:rr@ﬁﬁwi @ryiuelkem‘. alkoxy,
var]j j i f apgy 512
c ur?léﬂéxs}o ?y%%%@! bﬂeaﬁgéene [ ér ?tﬁg%(m??g@ H%r oductt’m?’% e with the
15 pr edonetioprerntiss. produces acceptably little by-products

such as e j . [ . may
be Iess:$%%ﬁgg%%ﬂfmggé%%gﬁﬁéngﬁhﬁ@%ﬂﬁ%ﬁ%&%ﬁgghﬂﬂggﬁb’
comndtiraceTs, saiishacene aperyienet colossngfardaieeasihrend,ugiitebenzene
an constitutes a particularly useful feed
fo?lﬁﬁ%&%hﬁ%ﬁatlon process of this 10i nventi on. h
The al ky@atara!gf thgeikyiegrbiph vaiich apsdbaipres entt dsesirsdibesys of the
5ot hi nvent ener. ' + 3R

ar 0638%1 %{c 8?%@1%“% c'?)%[ % TX)H'! ﬂ‘fo ?‘%& an ca?érdrfr%?é'lsaangd’ \"Sl‘bai”g from
al katlcat # hgy8 abibph as&arns gamiupss taauahr,l faomfal:xoea&ttm ércar\bmrhatomc .

the al ky%@%a%ga' eﬁkﬁ%%@{ut%g%hgﬁ B0 mdSSRNRLBEE Youb A8 xyiene,

al kyl at i enpl oye I'eas
aI qudarapym@zahe phmﬂaebprgpgibpnmss emangeﬂwyMHpmmtﬁrﬁ?

to | kyl at t
R K e e
25t hepgenbanssie, aldgthgbend{gmee hHSnetr@rit@fmam@adﬂetmw@zene
di al cohg]gs and trial hoI % suc net hanol

|,
Chateeaakre, EhnShEeRRe Pk B et el M Erizene
20 dedy tesesnyitlanaend arap/sdetydeihyiaeiehdlehyderiethylbenzene;

B 2 g RaTEEnS OO IHet iy SE M ERF o Bty lbene; o
chl &hy\@tﬁmeﬁehE—dﬂf}ﬂl@wbn@%%rbSﬁﬁaluérﬁeﬂ@tﬁwm—&?ibﬁé* des and

t he pent lorid tures of |light olefins

30y gdi aphing eige Bl naphirlgneat iSngmeyuirrdhieRe -
al kéﬁh??‘h@ﬁ? Qf’fﬁ‘ﬁatrﬂﬁaﬁtm'%elwé‘vc?me% mrﬁ%&@ﬁ@“g‘%y '

m xtures of ethy propyl ene ut enes, and/ or
pentievedisylpttenehthzgre; aaq! 6fme’tbxylspm&naa@mrsn©f Hmhﬁamtéety.llaxfwezghi

LN SRR ol Ul 0% 00Dl BBl Ol e

of f z @asatic GNEREAIDOGS bi@his efeepiodscansly hefdlingationr@Grdhatic

35 hydrocarbons with olefin oligomers. Such products are frequently referred to in
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35 propane/ propyl ene streans, typical FCC light olefin
stream Et hane Et hyl ene Propane Propyl ene | sobut ane

n- But ane But enes Pentanes are useful alkylating agents
herei n. For exanple, a possesses the follow ng
conposition: W.%wle % 3.34.7 4.5 42.5 12.9 3.3

22.1 0.7 5.1 1.2 153 46.8 10.3 2.6 18.32 0.4 5

Reacti on products which nay be obtained fromthe

process of the invention using short chain (C, -05)

al thy et 2 gk dglerang intiedabiexdbenzepemosybenr i, deglecylbenzerie,

" SN A lenDENZ RAE eHBX}gt%m%necéﬂB%@ﬁl@@&% Lhg

i on ene ol uéneé from
t h&mamliyﬂtolnemé Velyudee amylditeﬂ djltytbmee as@y!mgim@saﬂﬂhgdmmbzem
' t ol ue

Al
SRR Blyiderafadiidngis BheEts nuBR s urres e sipgfrom sbout
N-DULsRHs Crp. When cumene or ethylbenzene is the desired product, the

presernt process produces acceptably little by—products such as xylenes. The
xylenes make in such instances may be less than about 500 ppm.

Reformate containing substantial quantities of benzene, toluene and/or
xylene constitutes & particularly useful feed for the alkylation process of this
invention.

The alkyiating agents,which are useful in the process of this invention
generally include any aliphatic-or aromatic organic compound having one or more
available slkylating aliphatic groups capabie of reaction with the alkylaizble
aromatic compound.

Preferably, the alkylating agent employed herein has at least one

.alkylating aliphatic group possessing from 1 1o 5 carbon atoms. Examples of
such alkylating agents are olefins such as ethylene, propylene, the butenes, and
the pentenes; alcohdls (inclusive of monoalcohols, dialcohols and trialcohols)
such as methanol, ethanol, the propanols, the butanols, and the pentanols;
aldehydes such es formaldehyde, acetzldehyde, propionaldehyde,
butyraldehyde, and n-valeraldehyde; and alky! halides such as methyl chioride,
ethyl chloride, thAe propyl chlorides, the butyl chlorides and the pentyl chlorides,

Mixtures of light olefins are especially useful es alkylating agents in the
alkylation process of this invention. Accordingly, mixtures of ethylene, propyiené,
bulenes, and/or pentenes which are major constituents of a variety of refinery
streams, e.g., fuel gas. gas plant ofl-ges containing ethyiene, propylene, etc.,
naphtha cracker off-gas containing light olefins and refinery FCC
propane/propylene streams, are useiu) alkylating agents herein. For example, a

typical FCC light olefin stream possesses the following composition:

Wi.% Mole %
Ethane 3.3 5.1
Eihylene 0.7 1.2
Propane 4.5 15:3
Propylene 42.5 46.8 .
isobutane 12.8 10.3
n-Butane 3.3 2.6
Butenes 22.1 18.32

Penianes 0.7 04
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Al ternatively, the al kylating agent used in the process
of the invention has one or nore aikylating aliphatic
groups with at /east about 6 carbon atoms, 10preferably
at | east about 8, and still nore preferably at | east
about 12 carbon atons. Exanplegs of suitable |ong chain
al kyl ati ng agents are ol efins such as hexenes,

hept enes, octenes, nonenes, decenes, undecenes and

"dodecenes; al cohols (inclusive of nobnoal cohol s,

di al cohol s, and trial cohols) such as hexanoi s,

- hept anORéaci&ﬁgﬂB@u@s whihane) Be clesmetdirem m@@e@@mlcﬁtﬁ@d

dodecanol s nd alk¥ halldes such as hex
chingeidasusiesiar eRiniGdes 2lgyrliseaceek @fziua@§thsdhanzene from

hi gherbapp cﬂ%.%n?%né \Qﬁh ERRRORI B eﬁﬁé ﬂf?ﬁhﬁl@ r@!aﬁ}’drﬁéf tﬂh’éuzene with

agents, especla ol g meri ze I NS SucC

tr prepyenet %yimrza?wm tiretRegtion of tohferiei with elbllehniensymenes from-

e R PRS0 RS B A RS MR Trfl B rosctomof

prbemacﬁndtmbuﬂenuantl on conprises . 20phosphorus and a

R L N R R S
12 oﬂ@ o?fnor@ 2Rlalifg afpHEN0 gl p@ﬂdﬂ@at“i@@st@ooﬁﬂ@ ShHR afbhts,
diffracti og%dat a use

th
Ut S eap ﬁB’g je gfegﬁr@ﬁ datt'%%ﬂ ARGk 32 carbon
USiafgnd. 8 kid Pbrasudamblieiy @ﬁaw QKRQI%fm@%gEH@ dr@‘é‘ltﬁﬁﬁ@tsuch as

radi ati on and a diffractoneter equippe
sc |hﬁ¥‘?ﬂﬂ3aﬁﬁ%iﬁ”%@&iﬁﬁ‘ﬁér”%ﬁd‘eﬁs@,@fﬁnﬁﬁe‘d’%ﬁﬁ%ﬁ @F‘d Sodegrnes;

coIalc%ﬁbﬂsqmcﬁaé%%mmonoamoho@ua.b&@h@sg@;ﬁ@&%léahb géluhh B8
i norgani ¢ oxide materials are describ U.

Pat8i#Nalp. hepiagsls, gotgnols pappasofsy @gé@n%dmdﬁcw@s apﬁtc@w@canois

6 (describ

'1% Nofané 4«3/9;151%%)5 suéﬁgs %5):)(1 @ﬁﬁﬁl(ﬂb? L)H '&hlén%es Pt%cfé@yl NMorides; and,
o 5 meziwrom@w ﬂgf*etﬁ@m b%r@npwctﬁlsylapa@ éa@mﬁoéspemaﬂy

30%’}1%&96@]@ oi@ﬂgs %Maa%(ihé Qﬁﬁ&rrs Redridis Ynd- peﬁ?atn%'rts HAight

bove U. Eatents ar e | ncor por at ed
heﬁéﬁnWSbyuq*eaSeq?‘féw@@e, propylene arrth Uiiekes adieds uselbykerein.

used | 0 FALaRfORGSEIAlei A8 L IHRLOR AR, SRR AR Bomprces

phosphor us phosphorus, as measured

20| mﬁpmmbaw €, POTRIE migﬁﬂmg@m@ gride. ro@eaﬁfdﬂeawmmn 1<e'ay

éﬁ/nrggﬂt'cﬁ'f SERPL ¥ c}:zﬁsrw Qo8R0 Indinks R 5148698! 62:411488 57:0.07

t ween ut 0.1 and abou
% amsﬁeeiziﬁoi ﬁegmr@hfhgﬁ e @ifrenidn dziealsyd throughout th:q
f L
SRR B PR SNES AT L b K0 gousie o
t he:oneeheﬂﬁwedesdxem‘rb@@!a‘iiw ande d#ﬁe@nmemsaqumesi%lﬁsa8cmm!a'non

25, ik A0, 8,21 e LhSnBLoflispasur s O

whi T I'ncor por at Tr eat ment
with pho§pmmsemoab@smllm@ inorganic oxide meterials are MCM-22

{described in U.S, Patent No. 4,954,325), PSH-3 (described in U.S. Patent No.
4,439,408), S8Z-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 5,236,575) and MCM-56 (described in U.S. Paiant No.'5,362,697). All the zbove

U.8. patents are incorporated herein by reference.

The alkylation catalyst 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 ebout 10 wi.%, preferably between about 0.1
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conmpounds can readily be acconplished by contacting the
porous crystalline material, either alone or in
conbination with a binder or matrix material, with a
sol ution of an appropriate ph%§phorus conpound

foll owed by drying and 10cal cining to convert the
phosphorus to its oxide form Contact with the
phosphor us- cont ai ni ng conpound is general ly conducted

a t 6
per e BT HBd Mo Bt b B pBh S o old .
c@aembm &t waight oftthe fiphlosgidigsius i n t he contact mni xture-

e between a t .30

mor o dneatenod Atk i BRs ARary PR dih shlabst o gjnventon
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by, PX3 X3P0; (X0)3P0, (X0)3P, R3R=0,

R§% 3%@2" W@a“q‘@?@? 5% Do esyieairppresis miigiosee

tﬁ reﬁp érﬁ?@ Zal re%é@@l% k%%éﬁ@@szcontamm
( RS) 2PSP§SR) 2 , IS an

o] I’CD&TQDIUH Sgem TQﬁJlm Qp Iﬁ!@ﬁgﬂn phﬁtﬁ%@{ Commg the Dﬁymsog'éﬁalhne
Rl Bakhig a5, SOTRARGR iRck BABEPEL FBEN mBRIY win &

ert
bmowtiopmgpmppmpr@mphcapﬂma@ccphmpm hﬁowmdbesiryiﬁgmﬁ

' t i gl . I [ .
oreiiiald LA e BARBG, R Brigk R Bibb e ane ane
s gemsgdhoys-deRR(ANH Xompbusp kaEneraly dededcel s tbepesee of
D RSB 1P oS PRy e Yooy e SR EEeBa B g and 550t 20
phaspionhe c@ﬁd:éﬂﬁraﬁbhﬁ?bf 1215 pﬂio@bkryﬂuspﬁ‘m%mum may be
Pé )H, dial phosphonat es, (R0)2P(0)R, and
altﬂé%ﬂ’v 7 2PRYY %%%%%F‘H%‘fté%g WERO) P(0) R2;  phosphi nous
aCI ds, R%E%%en@u@pﬁ%aﬂmﬂﬁd%rnm&@mdﬁmn@@I\ﬂwacmma eYsed
é % , .secondary, (R0)2 and terti ar)fzi 3@/ B
h‘B SHE @gvetaﬁa OéS@P%F%WFH%‘PtEGbefuﬁa RIS 2 heg b et S)9fiC:
o RIS R SRR 206 %%%*O?Fﬁﬁ@ﬁfzr RASRE02.
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( RZIRFSERSRER2d &iﬁ@)m (PR, BXenpRas aofallpm:smi tsgch as

esters include trineth hosphite trleth | phosphi te,

d| PRFPF GRAFPHRISNIS Bdr Wl%[%§ﬁh¢ft e! ompounds include
E@@Egﬁmmge%ewﬁﬂénaﬁ%m raﬁ*@tiaM’aWW%EB;bﬁlﬁes suUdteas butyl

groups in the nen i oned conmpounds 5preferably
conlnwph}mmehe wriay phwfmoadmgpo such e&thieutylsphdsabine
phosphor us- cont ai ni ng conpounds_i ncl ude amoni um

hy8¥‘€§eweﬁﬁ‘6'§m1%h°éPh‘f‘ﬁé“ Yi’8§p‘ﬁa‘:’§§hﬁé‘|ﬁmﬁé¥= REACh(@&)2, and

PROSPIRLUS i H8r oL o\ AN Gl tRe pRbHlonic ocic, he
O SO BSAISIOEN i Lo o R PO, s
of the phosphonic scids such as dialkyl phosphonate {RO)oP{O)H, dialkyl alkyi
phosphonates, (RO}P(O)R, and alkyi dialkylphosphinates, (RO)P(O)Rz;
phosphinous acids, RoPOX, such as diethylphosphinous acid, primary,
(RO)P{OX)», secondary, (RO)pPOX, and fertiary, (RO)3P, phoesphites, and
esters thereof such as the monopropyl esier, alkyl dizlkylphosphinites, (RO)PR5,
and diakky! alkyphosphinites, (RO)oPR. Coresponding sulfur derivatives may

also be employed including (RS)aP(S)H, (RS)zP(S)R, (RS)P(S)R2, RoPSX,



70al kyl phosphonochl oridates, (R0)(RYP(0)C, dialkyl
phosphi nochl ori dates, R2P(0)Cl, and RP(0)Cl2.

Appl i cabl e correspondi ng sul fur derivatives include
(RS)PA 2, (RS)2PCI, (RS)(RP(S)C1, and R2P(S)C .

RParti cul ar phosphorus-contai nijhpg conpounds i ncl ude
anmoni um phosphat e, ammoni um di hydr ogen phosphat e,

di anmoni um hydr ogen 35phosphat e, di pherryl phosphi ne
chloride, trinethyl phosphite, phosphorus trichloride,
PIBSIMED)g, (SEPSENEIPp RS nendXFehfRi daamples o
trinmet hi/l phosphat e, hen%g$ phosphi nous aci d,

dinpRepiyie eprsprline t,ﬂna%ihm!p ey N ETSERNBBhos ph ate.
e R e A M LR

phmsmibylpgmbnmmmm Mipecoinp gungs.it fiee cahtbyst c@apayndre
| ci ned to convert. the phosphorus to an
> ofr%%rﬁﬂg r?ieg]@?qqtg P BA B arried out in an inert
at nospheteretititle bh@sp@foﬂ&@ﬁ@rﬁaﬂﬁn@é@tﬂ;ﬁfhnﬁ@ﬁcl&ﬁ@ﬁﬁ’(rﬁomum
ir at a ternperature of about 15Q to 750

pﬂﬁ’g@%ﬁﬂ ofpgate. BHPHoSPBoEE hafiges gyc %’%\E’E‘DSP*}%% trichforide,
pr@éﬁf@@laﬁd%éd@%ﬁphaé”;ﬁm?@al%énﬁféést%}m oxi de

mat eri al' enployed:i'n the al kylation catalyst 25of the

Ny rm&hylpnnspsmyodﬂﬁormab,l (e RICH, ialkyl and spihijn owhichiditder RePCI, alkyl
matri x materials resistant to the tenperatures and

~ 10 ot@i*@ﬂpfe@ﬁmow@ﬂ@n@m SRR (@HE, @ﬁkk&lewwsm@ﬁhioridates
( SIS, ér{&cﬂz#ﬁgc&ﬁtﬁ% SicabR dd?-a%%bbk{&ﬁﬁ%ﬁuﬂ @érﬁ/aﬁ%@w%de

cI a‘ys silica a oxl des such™as al um na

| ARBPORYREG BT [RS)( mm(aycasl byd Ge£¥8Y0INg or in the form
of gelatinous precipitates or gels including m Xxtures

of sili Eartignter ppsphogoserisnind sunpfungs ipelees ammeiism

s R EEPhefE, SRy AT ORIAR SR RO iR Ren Bt Rirpgen
15 preffasphets, dipr&oyi F!}‘@Sﬁ*wuerchwﬂgesﬁmmiﬁwlw Fite, Rigosphorus
di fiufRESe ! &%cﬁsg%ﬁ d& Eﬁ‘%ﬁ%%% &!}Kﬁ]gﬁh@r‘(rih%tﬁrlgﬁé(s‘:p'ﬂaie

process So

ec@pbeaiy aalhoamjnwmlgmi ﬁlmﬁméphnwpthhntutaménqbletkwm@orotm@whosphate,
g@g%}gg&dﬁﬁgﬁg% an% 5th8r ai@Bﬁolgi;}z ?e%tch Ipar.?

I ncorporate 0 na

OCCurri ngee l:@dﬁéchr@ xﬁm th@%n{o@ﬁh&r@s%ﬁtéﬁﬂﬂ@ chmprnti NMPEQ@¢Eslyst
the crush strength of the cataly nder commer.ci al

20 o pBE e ecoR ‘E%“@ﬂ%d wsaqra@ﬁa?%&ﬂha% 0TS {9 an gxigg dorm.

OXCHR$nat®hGon HeldtehdOOutas shiindebind Phetdhér lﬁahélbyéiencébf
| is desirable to provide a catal yst having good crush

(\ st PEYEfTh rcmee«acr@é% imzie ghwrisepaipise @ aboyt 159 tadS0FahPeierably
- pr t
po%@g C@t% ma e?sl%all |E5&gh§é§aé¢e@&39wﬂ%wg% de binders
have beé&rmegnpboyegstaliinembddg maﬂeylaf@npibhm puthp adieyiatfon catalyst

25 NP LS T8 bt R cahaDRE Ml Ch ekl BEb Bbtpbameis mpteres
t heespn;ieo‘m; ine yehpdrbiunes st eﬁeatommnd)nsohanplbged in the process.
Ll t d k
TORHER Gt BT BT AL S Aka e SO TR B endlr

knovmalas-m@sxs@h d\smamae T@@aemranayl He Bltoerd slauedigyecoing orin
ot in which the m ner consti tuent

hat % ¥, O%BPP?IPEE'@’ F‘”E SGE ?5 RaPingdnixgy B%Hgﬁ&?‘f gnd metal

30 SUgRidekaY fel@ R r?§teH§l%:bH‘J id é&xvéaﬁé{nag & Endgeaht gﬂoﬁﬂéﬂs)bn and/or
mned or initial &Tgcte to cal cination, acid

t r salesdvity oirthe ne\@iy@‘a:{an engq iseperelly not preferred Inactive materials
suitably serve as diluents to control the amount of conversion in & given process

s0 that producis can be obtained in an economica! and orderly manner without

employing other means for controlling the rate of reaction. These materials may
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35In addition to the foregoing materials, the porous
crystalline material can be conposited with a porous
matrix material such as silica-alumna
silica-magnesia, silica-zirconja, silica-thoria,
silica-beryllia, silica-titania as well as ternary
conpositions such as silica-alum na-thori a,
silica-alum na-zirconia silicaal um na-nmagnesi a and

si.li.ca- magnesi a-ziyconia. .. 20 rel ati .pro i

o PeUSEPREED s Aeb e BouirBa g, bR B SR,

gh?/pr@gﬁtiﬁ@truf‘n smlmgrgﬁmmﬁé céﬁ;lmlgit Udérrmmalmmjﬂ oﬂ;%&@ingbﬁnﬁitions.
wei ght and nore usually,  particul ar en the . .

c%@%bgﬁyaé@a@g, ‘ﬁr'e%aa\’rseﬂx’gﬁ&t%%w?‘%lc IES hﬁ@&éﬁ’o%/ﬂ‘% frialyst. Htis

r ¥RER=19E 18R k@taﬁ@@ﬁéviﬁ@ owbe Yth s}iﬁéﬂgﬁ%dﬂ?;%%isé% ca_rﬁlﬁ]erciai

al kyl ation process of  this ravention is Conducted such
t hge it ipdesirgalpite presbibeatalystifraen braghingaiae iatappwder-like -

AL %’é@%‘é{bﬁr %%rltcEﬁeaﬂJiKMéi@tHaQ@ b‘égﬁ%?nrglgfe% _ trgﬁ@igbnly

into confact an a ation catalyst i Sui
r dacthiequrzostecimphovirgg thiecrugix singiashy of heacatdliysic r eact or

cont ai nj,n i xed. bed of 1.h I 0Si ti '
Coder oMM SRR SF bR kb BRRSTh i Porgus

I neystdiéina maepe iadludeethefmbmooriddratd afiddindgboby, VBReCiamilies
and pr.ef erabl etween oyt 3050C and, about 25Q0C

e B U e e A B3 Reglias g sl obe ais, MoNamee,
ant:.ée@rga tﬁrﬁ@Fic?idfa :rcquls@?@gilersa it @hi@?@h& mbﬂommerg@fdmeﬁmnt i@
nolar rati o Qr, a latabl e aronatl, C conpoun o, - .

o TP o tlies SRS, FGET 30 G P01 FOICHISRNE 050:b8 Usgtin the
priehesiall ¥s 6agind8 hineMor tikdlyGubjetiddoioal2@in=tibe; dcid areirent or
feed weight' " hourly space velocity (WHSV) of between

ab 162maAHCSF- hr - 1, preferably 35between 0.5 and

100 hrl jn zddition to thBGoreg8ggantierisiemhegdrdusetrli e ink Meaterial can
vapor phase or the liquid phase %nd can he neat,

A . , La,.
 r R CPiNBRRIeH Wit PAREIUSIBRI KR IEr Bl SUan g GA-ak T in o BHER-
Meinehhatie, Sicd-Hesont2Bilibs-ihs Rl aita iRk aMtagiantd &8 well@s
zeolite catal yst conposition with the aid of carrier
gal$EP Y COMNAFERNS SYtiehs adice-péiniBxAiRsice SRy @l ayBA2gFONie silica-
ni Elﬁﬁﬁ@@ma’ifn%_@fa%’r@i@iil&a-h@?n@éiéﬁﬁﬂr@dﬁi@.n. conditions are
such as_to maintain the al kyl atabl e aromatic co

. I : , [ ound
subst antlingl "Eletive Prapeniong il deplia g Myperg &ﬁﬁ‘ﬁe’?%ﬁ yery widely,

al kithaké epnterastheforhRR rbeuis@REncRS: BYo EBARIIOE by weight and
distillation. Wien benzene is al kylated with ethyl ene

t o"¥ e dEEe e PRYICEEY BEN bR ECHPRY I I FEcRABAITSe iPgn Of beads, in
PhawniogE ST ZRalf 2 BdV¥VEE 2120 ds flckodndds@p, reaction is

10preferably carried out in the |liquid phase. Suitable )
li qui d pHes@kdeiind Brreess ¢iibisdunendon enpedacigesuskihridhe orgenic

30 600F. - et
Sods- T edgBtonas: Qe el skahl g o

abSIRUEHGTO ponigcl BUBaS SkIIFHion spieh vt bk UlEiawRasigDBoRRECh
800 pi) (28808 P 000k ERhair RowPRER el 26 peen
abomsjt 6%1{‘@@%%0&%5%@\79 5[r)e$%)rlggl )9 et mﬁéeﬁi éf‘il%éﬁt%ﬁ%
VHSYMpeaiied, oncertedeetivieydienelidreediliong. Suchcpoditéng inelude a
ben t eI kx| af i t
PRG0S L0 2P S S, S Brd R0 byt ot
nmolS8F C arnid about 250°C, & pressure of from ebout 0.2 1o about 250 atmospheres,
end preferably from about 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 preferzbly can be from about 0.5:1 to aboul 10:1, and a feed weight -
hourly space velocity (WHSV) of between gbout 0.1 and 500 hr™", preferably

between 0.5 and 100 hr'.
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When benzene is al kylated with propyl ene to produce
cunene, the preferred catal yst i s phosphorus-nodified

MCM 49 or phosphorus-nodi fi ed 20MCM 56. The al kyl ati on
reaction is also preferably conducted under |iquid

phase conditions including a fgenperature of up to about
250C, e.g., urdo about 150C, e.g., fromabout 10C to

about 125C a pressure of about 250 at nospheres or

| ess, e.g., -fromabout 1 to about 30 atnospheres; and

an ar On‘ﬁb'reaax%%ﬁrb*m eﬁﬁérgt% vagélf;hiyas%&#@ﬁe V&§li@PHe¥e and
(WHSV) of from about hr to about

25 ¢ eeabli-g-. fireerfisn rmﬁentronai stmiture or dilutionwi piber greterial, or
t [

t A RROTRT IO ey W e 2B LB RRo RpBEA wRh the cid
aef cariietygadestdiailcantalkyst asyver exempldehydioge of niogemt i ¢

TSRy ofe PV a0 g o Shefes W st abe RPaiatie

| REdTRER] dign mﬁmrnlsmhglwa%é m?usﬂ pha3fadHbit éx@mple e alkylation
presence of the ﬁg{eaghor us. is_ found to increase the

s &8REPN Fep Pegiond Y apgaiverdrtileipr oduct i on of the

desi r edypABReahKHEAE BftyRESQANES eﬁﬂ%r@ecﬁrp@@(ﬁﬁse' étﬁylbenzene the
selectivit for t he pfaoduction of

| k
plﬂﬁ%f@(f\?@ ca nserph%pwugﬁmcﬁw M&I\E@au c%‘ﬂi’ﬁi@“rf&?c“o” is
Eﬁ @a%@y e@%@f f?ﬁﬂ@ﬂeﬁ@ ALaDI é})ﬁé’bl@flgﬁi@%h%@é ébH&Lcns include
er eby ‘en e

ancing Its nera |
alaxtyrr@ﬁainrer leeteesn 289 arechﬁ% Er(EEDlﬁis'l &0 asdc$SC), preferably

ar&é‘t{ﬁéér&iégﬁgand@db‘a? Sy Abeg: CPLR@H%%T)DQ g\‘é‘éé‘u}‘é ?ee G abgut

pr oduct's varl ou | rrpurl
r SO0 PSHD(APB78ikBe), InFefeiably betweer 608 lasd 806 rshp(2860 and 5600

a'r@éb aL J: gbd ARG rbew@f-f’éééﬁt% S8R bo %%9 ﬁ%fér%?%em&m 1

t he stre mtoe m nat e unreact |
f raowi & Hé-l$‘édmsem® the etrytemef feetn andea ea'nortﬁttmecbencene to the

CIoAEN 00 AL AT Lt 38PRAL S0y gy o

ot“haaﬂo héavmelar Addi ti onal nonoal kyI at ed product
b
ey e ISR s ARASEh S BBl e

urmefegmdlu‘}ﬁaiastsabhgdpabnmnmodl’r" itth MCM&*)Q dzrephoeamred -rapdifed

2, 882 IR o L 85 e SRR s prce

ftmnmlskryctlacﬂxegta ipmpelatre wi Uhicaalsmﬂlzﬂ@i”@ntegr |uo emesis150 C,

afo feed geact the ni .
cepbr el PRR By o3 Ero R e ot Pt vyt g fhoseheres o
Ca‘E%ryGS@ wﬁhﬁatﬁmﬁﬂﬁ@bkmhiam ﬂmoeahaleysﬁndmy atwgnadic hydrocarbon

o Bt SR B SERCAR ULt I 22 v,

ze@rlelférsbiy frcmeelﬁri‘ eo ﬂeh;a' or inordenite. Such
t ransal | ati o | ons overl.. Zeo
di scl osgﬁa |Lﬁet BWHISW& ’6‘9’@% é@?ah%{:atalyst of the

4, BREndrBis Talsh fd}érmbﬁdse BleChk isironsativyy aftthestaihsh BYetdwide
aci d deal um ni.zed nor deni 5 are disclose

NoT®N§eX] $ramglic geTpRHHEr 152 “tyi%fﬁﬁ&ﬁef“d?”ﬁ%aéfml‘?ﬁrg@ﬁ?ttyeﬁ owing
WhbgérsiBy a?_ﬁig%%ba%é v@!oﬁgfiu@@%@ﬁ‘ﬁéh@é IrPeasing production capacity. In

addition, the presence of the phosphorus is found 1o increase the selectivity of
the catalyst for the production of the desired monozalkytated product and
‘decre‘ase its selectivity for the produciion_of_pplyalky_l_gied 'products. Further, the
phosphorus modification may increase the hydrothermal siability of the catalyst,

thereby enhancing its regenerability.



20catal yst, is TEA nordenite, i.e., synthetic nordenite
prepared froma reaction m xture conprising a

tetraet hyl ammoni um directi ng agent. TEA nordenite is
disclosed in U S. Pat. Nos. 3,766,093 and 3, 894, 104.
The effluent fromthe transal K ation reactor is

bl ended with al kyl ation reactor effluent and the

conmbi ned streamdistilled. A bleed may be taken from

t he pol yal kyat ed product 25streamto renpve unreactive
heavi esThe elkyiekien ressporafiludn cpoleysl kg axeespeactaiic feed,

;AR B ofboti el IR <Y BRels Bl e

Fedrerretiodeddistrbenviendd oywiigtiidBoampidascycled 1o E»eaafrﬂllaxeh reactar.

TS BBl En HERT RETRRRY 550y T AL Btecuve
5 pr»erwmds ﬁ%m&h@%éﬁ B botehad Rodthe BSmutic %sm‘zfoﬁ%re further
stal with 35 wt% al um na. One gram of the cataly

15@#%*@@@@@?%mqngaﬂ<hl@wrod\A@fwﬂ]ﬂs@ef&"@éﬁt@d arlspﬁéeﬂsm.i ather

reﬁé‘g\g along wwth a m xture conprising of benzene (195

g) and et hyl ene (20 g). The reaction was carded out at_
428F 35&wdlti568l rpgncgaiﬁstb&tea prmmcg map henprioduseghpy transaliietion.

ProaLet) laY@otB% &d Iié"ihé eGiBY -?ea%% undergo
% y & # ? yS

ana gas r onrat
10 pevﬁmai’@na:tmnmghayswsmdebgted Mhrmditmr@te'rwhatyc feed & = separate

COPSINt L BARRL OGI ILSNE FARNERBL A A% DY ion o

“Denz en IS ['ene conversi
Th momeslklytased oodbdieviiti a eﬂoncrtucandatrm |eb<ypssamfethecaamtiatm fead,eand

0 Y U PP 15 BBl e SRR R B bty

f r ohe bmnzemﬁaﬁmdcablyyﬂ reng pe\aecrat;bmcz_ﬁnmmg b edolite sbch as MCM--
15 Do PR S B MER BE JRL e 2 S B et ZRlle ke poite

gr aam @f ]Ic rd:lr@érutlel Bch\Héﬁﬂa!!ty?ﬂdn&bd ’133r330$uﬂr:29nmefnew-hre Jisclosed

t

QR el Oy (1% BB SRR ha et

I\/CMsQ@ amécadi wstluuﬁrﬁzbd mokaenitp laee diaslayasaﬁ ith mcﬂsmanmo 5,243,118,

wet ne net.ho nat ed .cat al

PeGEChy Pos g e i TP e SReE T Hebes s  yangp Ryation
20t emspeznytm us 6 Eretnorinid 0. aaaﬂthb?osl:mﬂ}aehme bhﬁ)ﬂré\ﬂfr@hfa fe@ttion

ura. The  resultin hos orus we
O R sp P e A A R By b b i e et
eV@'lSOE?E%@ :{1 U?E&EﬂZﬁBQ sg’vwb%:a AN 3yagaah1 ®. gh@ﬁlﬁfuenli from the
accor al (0] roce es I N e .
et bt e B REUEE i Rl e r e Eriat CBefiaic the
Umﬂ@aﬂ#ﬂ' helstMavh 3R timfd. E‘»Xlﬁ@@di thal Heakaphom theaitthaleya8d product

npl e 3: Ethyl benzene synthesis from benzene and
256t h°‘)1/r E@ﬁbmd\‘?ﬁ]m’me?f”ﬁ%H??‘i’%ﬁjﬁwtihe PRISHHE Pma!kyated product

i rrryi;%@aaﬁngg b\é'cﬁst%@@@fé%n&@mvw@ R sp irahaiy b, 2HPO)
sol ution grans of (NH4)2HPO4 were dissol ved in

50 grans!of mrz@w W@@Wé?’b%’t"’ﬁh yelerenes g dne idipningrExgaples.
ranging from4.9 to 7.1. The resulting solution was
used

Example 1: Ethylbenzene synthesis from benzene and ethyiene over unmodified

30 MCM-22
An MCM-22 catalyst was prepared s a 65/35 extrudste with 65 wi.%
MCM-22 crystal with 35 wi% alumina. One gram of the catalyst was charged to
an isothermal, well-mixed Pan suloclave reactor along with a2 mixfure comprising
of benzene (195 g) and ethylene (20 g). The reaction weas carried out at 428°F

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

[
th
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to inpregnate fifty granms of a fresh sanple of the

MCM 22 catal yst used in Exanple 1 by an incipient

wet ness net hod. The inpregnated catal yst was dried at
250F for 12 hours in air followed by calcination at a
tenperature between 400 and 1200F in flowing air for 4
hours. The resulting phosphorus wei ght | oading 30varied
fromO0.5%to 5% One gram of the final catalyst was
eval uated for benzene al kylation with ethyl ene

aeEgoladimgrets ditee el geeidy gasdgrsonelrerapimy. Eﬂa&rpda‘@l)&i
BB 6R A oot LA NETS P R T ABI O R b8 opgtnyiene

Eﬁc&‘ﬂ@k@or‘ﬂan@%@ﬁﬁé bﬂﬁl’beﬂﬁer%eﬁé&i&i ty Beribora@ngiene conversicn.
The per f or manc MCM 22 nodified with

h
 EefvAE dor 1p 'r@ﬁ%w@ﬁiwjm eleasta 61e QU’@% aﬁi‘%ﬁ%i %ﬁ% fgrdhe
h hat NH4 2 HPO4
?2*“%@%?@*&’% e D P bl es 1 and 2

5bel ow. The data in Table 1 represent ‘kinetic rate

CRASHAN 3. g%g'm‘é%tgﬁe Eﬁﬁﬁ%r&ﬁﬁﬂ% ﬁé&%hg%%dcﬁw‘ﬁﬁé o9t ' n

accord e procedure © ned
Exéiga2 rhodifibd wiiihl prbep}mems mpepiatebesid phb\:a:thdnh@ctd
n?ggddfatl on of the MCM 22 with phosphorus increased
?/1 for benzene al kylation with ethyl ene by

27%in CEKa(mjr@m% oalﬁ’ng){wan'é%mﬁbI@tamirﬂCEgﬂams) ©F JéBlel viater to

anpl e J(e 3 Kineti
ColRGR Bapen 68 P ngHE TRt & Sfap| 6 FesUELaaion fas vsed o
emhweg,aaﬁeeﬁf@ @r@l’*%CdflantésY} @hpl@a%wb&ﬁcwtz,e @@te@mw@é@ ErQE:-'ample
accor groce ure_outlined in Exa]nE
wi | By %mmplent wetn ss method. The impregnated catalyst was drled at 250°F
for 12 hours in zir followed by celcination at a iemperaivre between 400 and
1200°F in flowing air for 4 hours. The resulting phosphorus weight loading varied
from 0.5% 0 5 %. One gram of the final catalyst was evaluated for benzene
alkylation with ethylene zccording 1o the procedure described in Examiple 1.
Catalyst performance is compared with that of the unmodified MCM-22 of

Example 1 in Tables 1 and 2.

Example 3: Ethylbenzene synthesis from benzene and ethylene over MOM-22 ..
modified with phosphorous impregnated via dibasic ammonium phosphate
({(NH4),HPO,) solution.

0.1-10 grams of (NH,4).HPO, were dissolved in 50 grams of distilled waier
to vield a solution of pH ranging from 4.8 10 7.1. The resulting solution was used
o impregnate fifty grams of a fresh sample of the MCM-22 catalyst used in
Example 1 by en incipient weiness method. The impregnated catalyst was dried
at 250°F for 12 hours in air followed by cealcingtion at a temperature between 400
and 1200°F in flowing air for 4 hours. The resulting phosphorus weight loading
varied from 0.5% 1o 5%. One gram of the final catalyst was evaluated for
benzene alkyletion with ethylene according 1o the procedure described in

Example 1. Catalyst periormance is compared with that of the unmodified MCM-
22 of Example 1 in Tebles 1 and 2.
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seen from Table 2 that the nodification of the MCM 22
W t h phosphorus increased its selectivity for

et hyl benzene production by decreasing.its selectivity
to di ethyl benzene (by 12%in Exanple 2 aw by 18%in
Exanpl e 3) and by decreesing 14s selectivity to
triethyl benzene (by 14%in Exanple 2 and by 29%in
20Exanpl e 3). TABLE 2 Catal yst Ethyl benzene (ES) wt. %

D'EEB/ EE& wt . % Tri EB/ EB wt %PReductJ ocn in DEB, wt.%

RESUOF B PRAMPENEE] W SGVELAMATES61. 9 8.5 0. 35

Exanpl eré % Brméneée 85 RCM-22 modified with phosphorous impregnated via
an anionic precurscr such as phosphoric acid (HzPQO,) or dibasic ammaonium
phosphate ((NH,):HPC,) is compared with unmodified MCM-22 in Tables 1 and 2
below. The daia in Table 1 represent kinetic rate constants evaluated based
upon ethylene conversion in the auvtoclave acgofdi-ng to the procedure outlined in
Example 1. 1t will be seen from Table 1 that the modification of the MCM-22 with
phosphorus increased its activity for benzene alkylation with ethyiene by 27%in
Example 2 and by 37% in Example 3.

TABLE 1

Cetalyst Example 1 Example 2 Example 3

Kinetic Rate Constant 1 52 56

The daia in Tsble 2 represent the ethylbenzene seleclivity at 100%
ethylene conversion according 1o 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
{o diethylbenzene {by 12% in Example 2 anc by 18% in Example 3‘) and by
decreesing its seleclivity 1o triethyibenzene (by 14% in Example ? and by 28% in
Exemple 3). |

TABLE 2
Ceatalyst Ethylbenzene | DIEB/EB | TriEB/EB | Reduction in | Reduction in
(EB)wt% |- wi% wi. % DIEB, wi.% | TrEB, wi.%
Example 1 91.8 8.5 0.35
Exampie 2 028 7.5 0.3 11.7 14.2
Example 3 83.3 7 0.25 7.6 285




10

15

20

25

30

35

11.7 14.2 Exanple 3 93.3 7 0.25 17.6 28.5 13 Exanple

5: Cunene synthesis from benzene and propyl ene over
unnodi fied MCM 56. MCM 56 catal yst was prepared as a

65/ 35 extrudate with 65 wt % MCM 56 crystal with 35 wt%
al um na. One gram of the catajyst was charged to an

5i sot hermal well-m xed Parr aut ocl ave reactor al ong

witth a m xture conprising of benzefie (156 g) and

propyl ene (28 g). The reaction was carried out at 266F
apgk Pk BS1 IChRENG sHAKESS rdmTEREENS BAR bPoifiertd 8vdpditiied
was W thdrawn at regular intervals and anal yzed by gas
cHtdir@bogr aphy. The cat al yst perforrrance was assessed

by a ki [ n R
Thconv NeVre BRRVE s bREE SRS BRbo ot gl Wi S a acH
cﬁ@xzmsﬁlomth Sﬁm%@mhma ame gameﬁ thencTablsbwas caxacgeﬁ o an

o@ef}%war@f g r‘FB‘é?‘F F PRl T ST 9506 S0G P Bl Eom g of
RGRai8d o gg@am 28 ACTHe Gé&lﬁ@ﬁ)wmlea 0@zt 266°F

grams of H3 were di ssolved in 50 grans of
d pgrﬂ PP axsianisar &rhoushdA sHell sespla ¢frige wcutqt wies\wigIdiawe at o

LRI PRY P R0PE0 B o LR GRIRE Phe PR T o

i npﬁ@@mmc@dweataaﬂse;s@ed \wﬁg matie@cté‘tltyzswcmmtamzaamdm repylene

ai.r_f ' j

FSonl b0 Bl el 9B PR Tt cors
oferd piwehiimadkbbeatiatnys4. was. eval uat ed for benzene

al kyl ation with propyl ene according to the procedure
described in Exanple 5. Catal yst performance is

cGixpargd 6M t Tutdeat sohtheseddinf Ibe&(iel’v@lﬂnﬂﬁ:rbpyi@xa@ loee3VICRB56
Exa _e- 7 ne synthesis fromb anzen ro
oSENE i S HRE, SHPRRERE Srbr SR T e B e R B LD
i mpieignat ed vi a phosphoric acid (1-13104) sol ution

S0

1.0 f 1- I
5 ot 2 T s ERRO e s AN ContTarr ot dbedgter ad the

‘ | npsegmaksiutibh s s Biprégiatesity sams ef ®frebh@ample of the

MCM-56 used in Example 5 by an incipient wetness method. The impregnated
catelyst was dried at 250°F for 12 hours in air followed by caicination at 400°F in
flowing air for 4 hours, resuliting in 0.7 wt.% P-ioading. One gram of the final
cetalyst was evatuated for benzene alkylation with propylene according to the
procedure descrfbe-d in Example 5. Cetelyst periormance is compared with that
of unmodified MCM-56 in Table 3.

Example 7. Cumene synthesis from benzene and propylene over MCV-56
modified with 0.5 wi.% phosphorus impregnated via phosphoric acid {(HsPO.)
solution i

1.0 grams of HzsPO, were dissolved in 50 grams of distilled water and the _
resulting solution was used to impregna‘te fitty grams of & fresh sample of the
MCM-56 used in Example 5 by an incipient wetness method. The impregnated
calalyst was dried at 250°F for 12 hours in zir 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 wes evaluzted for benzene alkylation with propylene according to the
procedure described in Example 5. Calalyst performance is compered with that
of unrnodified MCM-56 in Table 3.
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nmet hod. The inpregnated catal yst was dried at 250F for
12 hours in air followed by calcination at 400F in
flowng air for 4 hours, resulting in 0.5 wt.%

P-1 oadi ng. One gram of the fim&l catalyst was eval uated
for benzene al kylation with propyl ene according to the
procedure described in Exanple 5. Catal yst performance
is conpared with that 35of unnodified MCM 56 in Table
3. 14 Exanple 8: Cunene synthesis from benzene and
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gmasdifiaf with 1 3P Yweiiesptoss dhpegnetedddz ghasphoic acid (HaPO,)
distilled water, and the resulting solution was used to
i M9re'GHate fifty grans of a fresh sanple of MCOMZ 56

used i m Bk @f Bl.PY, @brd digddh R SURiragkSofRitined watéeand the
i npregnat ed catal yst was dried at 250F for 12 hours in

ai'BsYlBNg soliphyras ased thimmsecrate ip erams o aiierl sample gy MCM-
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4. Ghrab@ned PICr -8R zwer® di ssol ved in 50 grans of
distilled water, and the resulting solution was used to
i npregnate fifty grans of a fresh sanple of MCMb6 used

! NERXAPRY € S méie dyReiaRisefdm WehrGSarnite len&h®rer MCM-56
i npregnat ed cat alk%s 20was dried at 250 o‘; 12 hours
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i nMaFied g8 avily PERTRICAA IMhFeGia1adye RhPSPIGHG Agddi™O.)
f ogoidiidipurs, resulting in 2.0 wt % P-1oading. Ore gram

of the final catalyst was eval uated for benzene
al kyl at ﬁ&mgrwfﬂ'l‘" Eyl""@ﬁ%d@%@b‘?‘i’j%@o gE T hHe %?Té’@é’d’t’ﬂ’?@ﬂ and the

deglithgdoluo iR das irﬁﬁrbghaﬁétﬁ%ﬂg@a%shssam le of MCI-
conpared with that of unpodified 56 in Table 25

Ex8WBFed =X AR & PYseh NG PicchvinRSE BEPPEr AR dapregnated catalyst
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i mpregnated via an ani oni c precursor such as phosphoric
ac kB fqriePayy, Nesuidiogad 8dvivik fhoadinadiGricearamoni i5e Tinal catalyst was
Tapl,. o s | 1r G; r 5
const e MR S Py o SR S erk A rbE e piopedure
as desdribeddn Enammie SelCe@istpeyormeasaiedompareievidnihgho! of

di hbﬁi%ﬁfﬂ%BW@ﬁggﬁ?ﬂeTJb%md per unit anmount of cunene
pr o In

uced accor g to the procedure outlined in Exanple
5. It wll be seen from Table 3 that nodification of

e e N A A

and t hatThelferiormance of MCM-56 modified with phosphorus impregnated via
an anionic precursor such as phosphoric acid (HsPO4) is compared with
unmodified MCM-56 in Table 3 below. The data represent kinetic rate constanis
evaluaied based upon propyiene conversion as well as cumene selectivity
measured as the amount of di-isopropylbenzene formed per unit amount of
cumene produced according 1o the procedure oullined in Example 5. 1t will be
seen from Table 3 that modiﬁcaﬁon of MCM-56 with phosphorus {0.1-0.5 wi.%)

increased iis activity for the alkylalion of benzene with propylene and that



5
10.-
15
20

nodi fication of MCM56 wi th phosphorus (0.1-1 w.%
increases its selectivity to cunene rather than

di i sopropyl benzene (DI PS).
Rat e Constant Di PB/ Gunene (w .
Exanple 6 140 13.1 Exanple 7 185 13.1 Exanple 8 120
14.9 Exanple 9 95 17.5 Exanple 11: Cunene synthesis
from benzene and propyl ene over
hydr ot her mal

5TABLE 3 Catal yst Kinetic
% Exanple 5 128 16.0

MCM 56 pretreated under
condi tions

modification of MCM-56 with phosphorus {0.1-1 wi.%) increases its selectivity to
cumene rather than diisopropylbenzene (DIPB).

TABLE3
Catalyst Kinetic Rate Constant DiPB/Cumene
: {wt, %}

Exampie 5 128 16.0
Example & 140 13.1
Example 7 1565 131
Example 8 120 14.9

L Example 9 o5 175

Example 11: Cumene synthesis from benzene and propyiene aver
MCM-SG pretreated under hydrothermal conditions

25 g of the MCM-56 calalyst used in Example & were exposed to a 80/20
mixture of s1eém and air et @ GHSV of 300 h™ for 24 hours at 1000°F. One gram
oi the final caiéi&st was evalugied for benzene aikylation with propylene
according 1o the procedure described in Example 5, and calalyst performance is
described in Teble 4

Example 12: Cumene synthesis from benzene and propylene cver phosphorus-
modified MCM-56 pretrested under hydrothermal conditions

25 g of finished ca‘tafyst from Exemple 7 was exposed 1o a 80/20 mixture
of steamn and air at 2 GHSV of 300 h™ for 24 hours at 1000°F. One gram of the
final catelyst was evaluaied for benzene atkylation with propylene according io
the procedure described in Example 5, and calelyst performance is described in
Table 4.
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10259 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".1 for 24 hours at 1000F. One gram of the
final catalyst was evaluated for benzene aikyl ation

wi th propyl ene according to tHé& procedure described in
Exanpl e 5, and catal yst performance is described in
Table 4 15 Exanple 12: Cunene synthesis from benzene
and propyl ene over phosphorus-nodified MCM 56

prisergde 68: ubderpahyen ot Getelys! Pederdiariosns 259 of

finish cat al yst fr | e.4 exposed to_a .80/20 ..
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ad YRR e 5%5_@% 2lglserased e ErRyIF e Bonugteion s
catal a5turREd QEIRBIGS rhéadlRefEd PR hBuMaR RsdpropBenzene
Exanpl e 13: ConpariSon of Catalyst Performance

THEIPR)Y honediree Ui amovntel euaernel Rrgdugad2esesdipa de issprapgdure
ot P och it e . -~
Tl Ly B P Re MR, SR T oS FRIRE HidthRErlmaoited
c ovesdlpsited Feeaipie? edhibvied digniioanipy wghtrstebityreaaingt dyydenthermal
5 |l G LV [ t he anobunt of

ai Vv R O SR PRSP ER: "ot of
cumene produced according to the procedure outlined in
Exanple 5. It will be seen fia@nET4ble 4 that the
phosphorus-nodi fi ed catal yst of Exanple 7 exhibited

si gri fi canteyatbigher stialtinkdiy RaBRCBREtaMAr Ot NHPB) Cumene
deadtivation than the unnodified catalyst of Exanmplyg ¢f-

10 TABLE LAt ¥ST K etiC Rargpgonstant PI37 CYggne
(Ww.| %9 Exanple 5 128 16.0 Exanple 7 155 Fl

Example 7 155 13.1
Example 11 ' 10 268.0°
Example 12 75 18.5




13.1 Exanple -11 10 26.0 Exanple 12 75 18.5 35 17
Clains Claim1l: A process for producing cunene
conprising the steps of: (aﬁgprovi ding a reactor with

an al kyl ati on catal yst havi a first activity
conprising a porous crystalline inorganic oxide
material of MCM49; (b) contacting said al kyl ati on
catalyst with a solution of a phosphorus conpound,

foll owed by drying and calGlaimsg so that said

al kyl ation catalyst has 0 1 to about 0.5 wei ght percent
phosphorous and a second activity greater than said

Clhihd Bt act iavirb¥sss (E&‘)pﬁmglﬁﬁhgen%%bﬁlgi‘i@iﬁgtﬂ% st¥pstdr: benzene
and propyl ene to produce said cunene under al kyl ation
conditions. Claim2: A process for producing '

et hyl benzene conprising,.the ste f:.(a roviding a . .
(5 o0 FTTHIOE EROSHOGT My ALK RS Ry st e % A AP ising =
cr ygabfb'ukb talllTHY 19 'c%idé%ﬂ@ﬁﬁ%?&é[cﬂuw 49 and 0.5
to wel ghit per cent” phosphor ous; suppl yi ng said
reactor with benzene and ethyl ene to produce said
(b)et h%logtgafnegnsemd alkylation catalyst with a solution of a phosphorus compound,
followed by drying and calcining so that said alkylation catalyst has 0.1 to about
0.5 weight percent phosphorous and a second activity greater than said first

activity;

(c) supplying said reactor with benzene and propylene to produce said cumene under

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

(a)  providing a reactor with an alkylation catalyst comprising a porous crystalline

inorganic oxide material 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 unmodified by phosphorus under equivalént alkylation conditions.

Claim 3 : A process for producing a monoalkylaromatic compound comprising the

steps of:

(a) 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 phosphorous to produce a regenerated alkylation catalyst;



under al kyl ation conditions; and wherein said
al kyl ati on catal yst has a higher activity than said

al kyl ati on catal yst that is1 nnmodi fi ed by phosphorus

under equival ent al kylation conditions. Caim3: A

process for producing a nonoal kyl aromati ¢ conpound

conprising the steps of: (a)contacting an al kyl ation

catalyst with mxture of steamand air at a tenperature
(blof lappplsaingbomacma@ith: ap 58ylgyhlesmbwatad Ic'gnmgtnhrah anditaal aflsylating

conpri si.n a rous alline i,n ani ¢ oxj de .
Rl T e L IS s g

phomgmyﬁdr&aatm auh&9Q a%ﬁ%ﬁélﬁxh@tl on

cat al yst; Ysupplying a réactor with an

al kw}aralblsalchmgtmnatﬁdc oliplatiod catedysarhaal & yHigher n@tﬂ@gnﬁm said

in the prese of said regenerate | Kk Iat' cata
o BB e ey Pl G G odap bt prer clalvalent
alk$k§kmgﬂcs&ﬁ955gons wherein said regenerat ed

al I cylation catalyst has a higher activity than said

regenerated al kyl ation catalyst that is unnodified by
phosphorus under equival ent al kyl ation conditions.



