2 2 F EB 2005 1 PROCESS FOR ALKYLATI NG AROVATICS Field of the Invention The
present invention relates to a process for alkylating aromatics. 5 77 FgB 005
Background of the Invention The present invention is directed to a process
for aromatics al kylation and in partiéular the al kyl ati on of benzene with
ethyl ene to provide ethyl benzene. Existing processes for producing

et hyl benzene i nherently produce' pol yal kyl ated 10 species as well as the
desired nonoal kyat ed JPROGESS FOR ALKYLATING AROMATICS transal kylate the
pol yal kyl ated species with benzene to produce additional ethyl benzene
either by recycling the polyal kyl ated species to the al kylation reactor or

by feeding ﬂ%ﬁj ﬂﬁ@hﬁ% ed species to a separate transal kylation reactor,

it is, ho -rat par a- di et hyl benzene (p-DEB) is easier to

transal kyl at o t e pibskionvhliborolagch IdodsP RFRIG TR SR mthst Ner ef o7 e @

continuing need for an aromatics on process~in Ich the
pol yal kA at ed by--products are rich in the para dialkyl conponent. Such a
process would be particularly useful where it enploys a catalyst which
exhibits b fithe,Inv ransal kylation activity under simlar

and tr.an st eps

operating conditipns inasmuch as the glkylatio | kyl ation

coul d be 20 car r?.ggp{?ﬁ?n i‘%"eang? chﬁr(?c'reaé?:gmmﬁstr}ﬂ’ romape gﬂa aM| benzene,
U. S. Patent; i ; t 751,506 to
Burress deslélm&\}%ggﬁ 5%21&?8“5?%%}5%%% Sﬁgerq(%#a iC féhr)g%élfg'%)ehs W th

ol efins, eExistingprozesses for prodating lehydbenzenct inkeremlyeodiee pblydMatedz ol i t e.

U S. Patent No, 4, OSﬁ, 2&% tqeﬁaedi gﬁ;ﬂ et al. discloses a nethod for 25
sel ect i\l ySReEisy p Ve 8s ths deuiredymongalicyatad proguct, s thereforeyiormalite t i t ut ed

benzenes, ﬁ%i'&gll:g =i US| et.hyl ene as..al kyl aLi ng agent,
over a zeolite- %ﬁf‘%‘?H?fﬁgﬁ‘%@ﬁﬁﬁ&%@@g‘gMﬁ%ﬁ %cf’fh be incorporated
in a Malri Xedyibbnhe et by rédybiiahe BOIGAIRY R splojes o R By AR refely| Le MRy De
modi fied by incorporating a difficulfly redum%l e oxi such as oxides of
phosphor us, ordut fseding the/poryalkylated species to a separate transaliylation reactor, It is,

however, found that para-diethylbenzene (p-DEB) is easier to transalkylate than’

i

15 the ortho and meta isomers. There is therefore a continuing need for an aromatics
alkylation process in which the polyalkylated by-products are rich in the para
dialkyl component. Such a process would be particularly useful where it employs
a catalyst which exhibits both alkylation and transalkylation activity under similar
operating conditions inasmuch as the alkylation and transalkylation steps could be

20  carried out in a single reactor with recycle of diethylbenzene,

U.S. Patent No, 3,751,504 to Keown et al. and U.S. Pat. No. 3,751,506 to
Burress describe vapor phase alkylation of aromatic hydrocarbons with olefins,
¢.g., benzene with ethylene, in the presence of ZSM-S zeolite.

U.S. Patent No. 4,086,287 to Kaeding et al. discloses a method for

25  sclectively ethylating monoalkyl benzenes to para-dialkyl substituted benzenes,
such as para-diethylbenzene using ethylene as alkylating agent, over a zeolite-
containing catalyst, e.g., ZSM-5, which may be incorporated in a matrix such as
clay, silica, and/or metal oxides. The zeolite may be modified by incorporating a
difficultly reducible oxide such as oxides of phosphorus, boron, and/or

30  magnesium.




30 magnesium 2 2 F E6 2005 2 U. S. Patent No. 4,117,026 to Haag et al

di scl oses a nethod for selectively producing para-dial kyl substitut %a FEB 2005

benzenes from nonoal kyl substituted benzenes, e.g., toluene and C2-Cl15

ol efin, over a zeolite-containing cat aP'yst, e.g., ZSM5, which may be

incorporated in a matri x such as clay, silica, and/or netal 5 oxides. The

reference further teaches enhanced para-xylene selectivity wth |arge

crystal ZSm 5 ( 1UrS.dlateny Noodda?,825 todimget bl. disslosesia malbd fdr@eRativeler on) . U. S.
ht teaches a nethod for Eroduci n et hyl benzene

Patent No. 4,169,111 to. W ,
b? glnkyl at im%“%asfem&ﬂ\%gswwm&@uweﬁ fempenpafiod ssstitatedht al yst, e.g.,
ZSM 5 whi i i l. oxi de bi.nd .g., al um | 10
20N oa s odEndd e B e Anf LTS DiRneiNe? § 2Boilfgonsabit AR B Bacs . AL

| east ' i B - O : kyl at i
Looot ani [ Z8Ms, WhioHnBiy B IRGRERAGA b &l buchl of CBY.HRG, bubIRAL V| 2| O

transal Kyl atxides. The hefeteace fumher 1aghics Snlpcaldshird-icplent sedddiivit) SARA U.S.
Patent No. 5,243,117 to Chang et al. discloses a nmethod for 15 selectively

produci ng pVeabitaMk (1 mugsen) comperedie smalh crystas ZEY(-5 (@08 mierortpdi f i ed

Dhenyl ot hyl o1 1t D stephBo 41871 ooty BAus Aot kot Prodiingoar ont No.
5, 530, 170 @tfiSereetl bg kil henife SaflRkilAthe! e BRIMEELE fgaBlgY! Denzene

with ethylene to sel ectively producepara- a 20 ZSM5

zeol i te catepyZSMuivdiichem becennd elithahineal edde bihdﬁl;'e.tg'.,lfﬂlﬁxdx{a%f@ie”t-s with a
siliceaqys eri ?I e.qg., dinethylsilicone. The catalyst nay be
si | i ca-MWourtica gl SThepreesss preguces, slndbeazene and psiysayibenzenest Adleastdi scl oses a

aromat i ¢ BAR BF MBS BRI AR B I ARy RBE 08 whls U8 1T ca bound
i nt er medi atremaitfdeptiepcofiphe tieRighérdolyliylhaschiaar eals8kylad §fn Summary of
the Invention According to the invention it has now beén found that a silica
bound, smalYenzene to produce additional ethyibenzene.
U.S. Patent No. 5,243,117 to Chang et al. discloses a method for
15 selectively producing para-dialkyl substituted benzenes using a silica-modified
non-organic ZSM-$ catalyst treated with an organosilicon compound, e.g.,
phenylmethylsilicone, The catalyst may be silica-bound.
U.S. Patent No. 5,530,170 to Beck et al, discloses a method for alkylating
ethylbenzene with ethylene to selectively produce para-diethylbenzene using a
20  ZSM-$5 zeolite catalyst which has been selectivated by muitiple treatments with &
siliceous material, e.g., dimethylsilicone, The catalyst may be silica-bound.
U.S. Patent No, 5,689,027 to Abichandani et al. discloses a method for
converting ethylbenzene to compounds that may be removed from an aromatic
hydrocarbon stream with minimal xylene loss using a silica bound intermediate
25  pore size zeolite that has been selectivated,

Summary of the Invention
According to the invention it has now been found that a silica bound, small
crystal ZSM-5 zeolite catalyst provides a higher p-DEB content in total DEB
30 when used in the ethylation of benzene, thereby facilitating subsequent DEB

conversion to ethylbenzene (EB). The novel catalyst also allows reduced



crystal ZSM5 zeolite catal yst provides a higherp-DEB content in toézl @55
30 when used in the ethylation of benzene, thereby facilitating sub cf 05
DEB conversion to ethyl benzene (EB). The novel catalyst also allows reduced
22 FEB201J5 3 al kyl ation tenperature ahd | ower xyl ene nmake as conpared to
conventional <catalysts. In one aspect,, the present invention relates to a
process for alkylating aromati cs which conprises contacting an

ar omat i c- caigdatmmigmperséiroandhloatek xylene mgke & compatedito comeentioralence of a
silica-bound, ZSM5 zeolite catal yst, wherein the ZSM5 has a crystal size no
greater thdd ’$$5 i cron, e.g., 0.02 to 0.05 mcron, said contacting being

conduct ed under @l kyl at) Y ‘ ' roduct, .containing a
nonoal kyl at ed ar[gr?lé%‘iagﬁ%cg'g%:ﬁcﬁg%hgwggémbﬁf@gﬁg&/ggfogaﬁ fglf @%ﬁkﬂ}lﬁg fraction,

wher ei n t hargabtic whibiRt @flprides eBiith Qirg' A G omiti CQUMAMNE fld withalythlnyt - % of 10
t he para-di akyl aromatic species. In another aspect, the present Tnvention

r el at es 5t o ageptrindhspreseance pf 2 pitica-houed ZSMrozdolise catalykt, wheremttheZSMpound whi ch

conpri ses: gnﬁ cont %gt .ng an ar Oqgﬂt i c-cant aini n8 feed in an al kyl atiog

reactor wi thlas3qy§ tﬁ’??%“’a%’éﬁ?’ #n P08 mreset o007 10005 misrpnpsaidd ZSM 5

zeolite al i : nekn the. 5h a crystal size of no

greater thaééﬁk%gﬁ’?lég Sﬁﬁugleé%dery@%@ ???glé‘%ﬁ%r%ﬂ’:a’“ﬁgaip&"ﬁlﬁ tacting being

conduct ed uhadREniAg Khﬁ@bhﬂtﬂlaﬁ;&rﬁbﬁ)mﬁcﬂﬁ'aﬂioﬁ%&%E:\S}yq.tﬂggﬂt&[ &dHfatic contai ning a
yl"a

nonoal kyl at ed aronatic fraction and a polyal aromatic fraction,
wher ei n t hdiastipy.avhereintthelpelyalkplated afomatic foaction cotains at Rastl40aati% 4 W %0 of

Lhepar gy ol ARGl Cgbctes: 20 110 separating the polyalkylated
L £ Lt b EpR OB Ao A RO o
nonoal kyl atreshoaikybaied srofriadib coinpedid wkich comprsest hyl benzene-rich stream 25
The reference in the present specification to the ZSM5 having a "crystal
1) contacting an aromatic-containing feed in an alkylating reactor with
alkylating agent in the presence of a silica-bound ZSM-$ zeolite alkylation
15 catalyst, wherein the ZSM-5 has a crystal size of no greater than 0.05 micron, ¢.g.,
0.02 to 0.05 micron, said contacting being conducted under alkylating conditions
to provide a product containing a monoalkylated aromatic fraction and a
polyalkylated aromatic fraction, wherein the polyalkylated aromatic fraction
contains at least 40 wt% of the para-dialkylaromatic species;
20 ii) separating the polyalkylated aromatic fraction from the product, and
i1} contacting the polyalkylated aromatic fraction in the presence of
unsubstituted aromatic and a transalkylation catalyst under transalkylating
conditions to provide a monoalkylated aromatic-rich stream, ¢.g., an
ethylbenzene-rich stream,
25 The reference in the present specification to the ZSM-5 having a “crystal
size” of no greater than 0.05 micron is used to mean that the maximum dimension
of the crystals in any direction is no greater than 0.05 micron.
The above and other objects, features and advantages of the present
invention will be better understood from the following detailed descriptions, taken
30 in conjunction with the accompanying drawings, all of which are given by

illustration only, and are not limitative of the present invention.
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size" of no greater than 0.05 mcron is used to nean that the maxi num
dimension of the crystals in any direction is no greater than 0.05 I EFBHI0Y
The above and other objects, features gnd advantages of the present
invention will be better understood fromthe follow ng detailed
descriptions, taken 30 in conjunction with the acconpanyi ng draw ngs, all
of which are given by illustration only, and are not limtative of the
present invention. 22 FEB2005 4 Brief Description of the Drawings Figure 1

conpar es CaBaLBéscAtiow ofithe THEw yl benzene production (% ethyl ene
conversion over days on stream %or a silica-bound catal yst of the present .
5 invention and Elguml\/mmm!esadataijmmgmgdhnnmdhymbﬁemF)rodﬁbﬂé}r[ @,2 conpares

xyl ene make ring ethyl benzen e production (% ethylene conversion over
days on st r%gylif’“f EROVETSIGN m@admmamhfe;@tsﬂm-homd patabemf the preseriti on and a

par a- i & h%géﬁr#?nﬁ?t Sa%ﬁggmﬁ?%fﬂmm@ﬂér . %yéﬁ?"?&?ét 10 temerature (F)
for a silica-boupy @&%ﬁﬁ, %ﬂ&qﬁﬁ% grbf?ﬂ%flﬁg,ﬁ onvent i onal

al um na bound cat aI yst 4 conpar es s ene

conver si onsethjdcmnm;smmmver daysaavsticarm) forai silidﬁ&:daﬁdl ostaly8 6¥ thé preQéntt he
present invention aHd a convent ional al um na-bound catal yst. 15 Detail ed

Descri pti oanB‘F“t’Pﬁém WV@WW Iwnmadeund easelyisti on is directed to a process

for producing a articularl,

et hyl benzene, reac &Xnéﬁ&ﬂargﬁ%%é?gﬁ%%%gb%ﬂg HEEREYITENS Pebenzene,

wi th alloyl akin aaae ford silicatbaiddycatdlyse biNhe R&ent gence of a
silica-bound ZSM 5 zegl ite al kyl atloﬁa@%ata y? en\kﬁﬁl‘érel n%ﬁe ZSM5 has a
crystal si z@nﬁtnﬂwabalmbmmdmtalysfm mcron, e.g., 0.02 to 0.05 micron.
Preferably, the ata st contamg %5 ﬁ’gst 70 wt. % zeolite. The resultant
product contain ¢ompatesimtar ity W&Fwﬂﬁﬁmﬁmend and

Stream for a silica-bound catalyst of the present invention and a conventional
alumina-bound catalyst.

15
Detailed Description of the Invention

The present invention is directed to a process for producing a

monoalkylated aromatic compound, particularly ethylbenzene, by reacting an
aromatic feedstock, particularly benzene, with alkylating agent, particularly

20 ethylene, in the presence of a silica-bound ZSM-5 zeolite alkylation catalyst,
wherein the ZSM-5 has a crystal size of no greater than, 0.05 micron, e.g., 0.02 to
0.05 micron. Preferably, the catalyst contains at least 70 wt.% zeolite, The
resultant product contains both the desired monoalkylated aromatic compound and
polyalkylated aromatic compounds rich in the pera-dialkylaromatic species. The

25 polyalkylated aromatic compounds are separated from the alkylation product and
reacted with further aromatic feedstock in the presence of a transalkylation
catalyst to produce additional monoalkylated product.

Alkvlation and Transalkylation Catalys
30 The alkylation catalyst used in the present invention comprises the zeolite

ZSM-5 having a crystal size (maximum dimension in any direction) of no greater



pol yal kyl ated aromatic conmpounds rich in the para-dial kyl aromati c speci es.

The 25 pol yal kyl ated aromati c conpounds are separated fromthe al kylzale)NUJS

product and reacted with further aromatic feedstock in the presence of a |

transal kyl ati on catal yst to produce additional nonoal kyl ated pr.oduct.

Al kyl ation and Transal ati on Catal ysts 30 The al kyl ati on catal yst used in
ZSM 5 having a crystal size

the present.in ti.on conprjse he . zeqljte, Vi r [

(maxi mum di%é-ﬁgﬂuwnaﬁ“g"&b?‘gad%g)ab%t O RHEaR: @SMﬂ@;¥b®r¢m ga_n 0. ?JSS i
m cron, e.gq: . ron i s, disclosed in . S.

Pat ent No. %5785‘95@%961%0%&5&% s Q%g{ﬂsegﬁﬁe Ns: , aPcesfelocess for . |
malting s 1 RVZSM-3 164 ' 114, 060, 568, U. S,
Patent No. 5,24 ,y:gg%hgﬁd U. lgSFlgdthgﬂ%’&amﬂUS?‘sﬁgé@b%ﬁgﬁ%sgﬁééf'uét eis

conposi t ed PatenitNo. §,240/892 ant UnS\dratenp Nef £,86,01. ST wdolitt is ch@padited! at i on

catal yst. containg. at.least 70 w.%zeolite, nore preferably 70-90 wt.% and
nost prgfer‘ﬁ'éh?s’i‘fiagH‘WnP%f%Hﬁ“Pb!haf&e aipdationea corg@inset leastd6l it e. The

Tore pref erdaeplistiRE: drsflfbly 2030 SR ok e L PeedimtischsWER S0 W Chough ¢
i s known t habligeriek@mpRIBLYSHEWER LebRteS %@2‘5}\1{3%&%%%{‘% Wi th

sel ectivati n% a(%ents such as coke or organosilicon S

preferred & Alzé)gaﬂlkkakmiocgleatatthmy‘m,sln@m?fafmﬂyiﬁfomBeupsesa@at i nvention
not be so treated. In particular, it is preferred that the ZSM 5 catal yst

enpl oyed i mostprefetakly about?). step of the invention has a Diffusion
Parameter, D/ (rzx106), . for 2,2 15 di net hyl butane of at |east 500, and nore
preferéﬁl y from‘é@ﬁ?%@@%@?%@ ze%agﬂaﬁr@samhes@mm@dwmmoc and a
2, 2-di net hyld . D f rr Ra wherei,n.D i s the, diffusion
coeffi ci enﬁ‘%ﬁéﬁ‘gg{é@ %Hg&rﬁfg ggﬁ&e &F ;%é%"léﬁ&@ ?Pé"p(t“@fj{i’.'aﬂ?éetlmﬁﬂn red

Di f f usi on Rhataheskkyhtiondatalyseekipl@ediin &Y frevent ndEntiRARN bE I Bbste®’ OVi ded t he

assunption is nmade that the plane 'sheet nodel 20 describes the diffusion
process. THRPariulag, igispafemed that thel Z8Mi eptadystemployedie the@¥latider e Q i s the

equi 11 br i U GAUhRS FiveRRSH A a DRRIRh HERA SR D164 2s 3 4.0

15 dimethylbutane of at Ieast 500, and more preferably from 700 to 2000, when
measured at a temperature of 120°C and a 2,2-dimethylbutane pressure of 60 torr
(8 kPg), wherein D is the diffusion coefficient (cm*/sec) and r is the crystal radius
(cm). The required Diffusion Parameters can be derived from sorption
measurements provided the assumption is made that the plane sheet model

20 describes the diffusion process. Thus for a given sorbate loading Q, the value
Q/Qw, where Quis the equilibrium sorbate loading, is mathematically refated to
(DUT%)'? where t is the time (sec) required to reach the sorbate loéding Q.
Graphical solutions for the plane sheet model are given by J. Crank in “The
Mathematics of Diffusion”, Oxford University Press, Ely House, London, 1957.

25 The transalkylation catalyst used in the process of the invention is
preferably ZSM-5 and most preferably the same silica-bound, small crystal ZSM-
5 used as the alkylation catalyst. Alternative transalkylation catalysts include
other medium pore zeolites having a Constraint Index of 2-12 (as defined in U S.
Patent No. 4,016,218), such as ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, and

30  ZS5M-48. ZSM-11 is described in detail in U.S. Patent No.3,709,979, ZSM-12 is
described in U.S. Patent No. 3,832,449, ZSM-22 is described in U.S. Patent No.




(Dt/r2)sn wheret is the tinme (sec) required to reach the sorbate | oading
Q Gaphical solutions for the plane sheet nodel are given by J. CrhdkEBRI0
"The WMathematics of Diffusion", Oxford University Press, Ely House, London,
1957. 25 The transal kyl ation catal yst used in the process of the invention
Is preferably ZSM5 and nost preferably the sanme silica-bound, small

tal ZS he, al kyl at ] t t. Al tive t | kyl ati
catal yst s Prispdia 2hhas wasteiie B S pede il dons i ARG ot i ndlex of
2-12 dati [ s 18 - .. ZSM 12,
ZSM 2(2?825 Egﬁ’@%@r@s&‘&%@%@é‘éﬁ%&@sﬁ‘%ﬁ%pﬁgﬁﬁ%{i&ﬁé@t ail inUS,
Pat ent No. 379 QhtéhtNo.4 25232 is described in U S Patent No. 3,832, 449.
ZSM 22 is described in U'S. Patent No. 22 FEB 2005 6 4,556,477. ZSM 23 is
descri bed i n U. $nadditientlaroport z63lteS 4R Indi@haE zediteckeving HEohstraint). S.  Pat ent

No, 4,016,245. ZSM48 is pore _particularly described in U S. Patent
No. 4, 234, 23ndex less ,ﬂ%iwtablaﬁgélsffawge traspikylation catalystdm the prersseofzeol it es

havi L rai than. 2 Suk t.abl e..f th
raneal oyl I bl sPeinte R nlupf Lo Bod ettt ¥, Waalls ¢ o ge

* ; ; . ) | USY) |
Doal uni ni zad %Y%ag%ﬁ?édngﬁgﬁ??é@zsm ézsysﬁﬂ%mg%}aﬁ%g and (2% 20.
Zeol i t e ZSHISM-20s Zdelite ZiSHE-d4 isdestribed BaUdh Patent 190.9,923,636 Zeoftol ite ZSM 20 is
descri bed i

.S. Patent, No 3,972,983 . Zeolite Beta.is described in U S 10
Pat ont - Nos Z8Mal ib9erioeta - Paiast Nog 72585, G5slue el drsernaindls. v

5. a0, 080, PRisE ot 8060 Jng B30 B v paii SR BRE Y Bolalar "ot nod
found in UsiSve (BSYPRidebifibedintI3, Pitint News 20313 e Jeagrordescr i bed in U

Pat ent No. 4, 401, 556. “Qther acidic solid oxid whi ch may be used to

catal yze t Meajyminiaed Yisolite {Beal yhayt beprepareshioyt tho mettioddbundin VL8t 22, PSH- 3,
Sz 20 R ClAAes FGUTHAY NELEE B S LgEtel 1 1T
L SR SR e 1 11 U
15  transalkylation reaction, include MCM-22, PSH-3, SSZ.25, MCM-36, MCM-49
and MCM-56. MCM-22 and its use to catalyze the synthesis of alkylaromatics,
including ethylbenzene, is described in U.S. Patent Nos. 4,992,606; 5,077,44S; and
5,334,795. PSH-3 is described in U.S Patent No. 4,439,409, SSZ-25 and its use in
aromatics alkylation are described in U.S. Patent No. 5,149,894, MCM-36 is
20  described in U.S. Patent Nos, 5,250,277 and 5,292,698. U.S. Patent No. 5,258,565
describes the synthesis of alkylaromatics, including ethylbenzene, using a catalyst
comprising MCM-36. MCM-49 is described in U.S Patent No. 5,236,575. The use
of MCM-49 to catalyze the synthesis of alkylaromatics, including ethylbenzene, is
described in U.S. Patent Nos. 5,493,065 and 5,371,310, MCM-56 is described in
25  U.S. Patent No. 5,362,697, The use of MCM-56 to catalyze the synthesis of
alkylaromatics including ethylbenzene is described in U.S. Patent Nos. 5,557,024
and 5,453,554,

Reactants
30 . The reactants used in the process of the invention include an alkylatable

arommatic compound and an alkylating agent.



aromatics aikylation are described in U S. Patent No. 5,149,894. MCM 36 is
20 described in U S. Patent Nos. 5,250,277 and 5,292,698. U. S. Paten}?RpB 2005
5,258,565 describes the synthesis of allglaromatics, including

et hyl benzene, using a catal yst conpr?sing MCM 36. MCM 49 is described in
U S Patent No. 5,236,575. The use of MCM 49 to catalyze the synthesis of

al kyl aromatics , including ethyl benzenne , is described in U S. Patent Nos.
5, 493, 065 and 5, BitltefinJaronakit'5h referetes oo thb atkylambleSompdundPahivhtardlo,
5,362,697, Th se, of 56 to catalyze the synthesis of alkylaromatics

i ncl udi ng é’cng*ﬂ E%fﬁt‘bﬁé" & updarstpodiacporordence withaitscait-raqognizel 88p¢ 024  and

ncluie.an ARy PR sk R RS s P SR pPAPRIgRngent . 22
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which are wuséful herei'h is to be understoo cordance w

ar t - r ec6gniasecissfid peovidid thay doabritess altdlyst peisbsd uridet &d réqttiofnsubst i t ut ed
nono- and pol ynucl ear onpounds. Conpounds of an aromatic character which
possess a Wé’f’é\"&ﬂ ¢tet.e 5 al so useful provided they do not act as catal yst

. q ) diti dq . q .
Pomounds whi ch SRIREd el BehicuRS whithEan B suhee berih el one. hyar ogen
at om di r ectgdo¥sele mdesgkt bfe hy&ogémgﬁliﬁger@gfb%d id. 91% argf, oxydﬁel‘%j Hgs can be

substituted with one or nore-al kyl, kar aryl oxy,
cycl oal kyl arorhatid degs cndecnbsiitited withame or nivire ilkglp anybtalkaryiealicoxp, Wi th the

al kyl ation reacti on ui tahl. e aromatic hydrocarbons |nclude benzene,

napht haPen&?y Oéht%l?é@?@mﬁ%&ﬁ@fﬁaeéﬁwow yhish do nebinteréare withthe

phenant hr e tdnreR@pgene being preferred. 15 Generally the alkyl groups
whi ch can %gqggkgght as substituents on the aromatic conpound contain from

about 1 to 22 céaSupmbleairomaticlirociddrls indlid Benzene, naphthalene, anthracene,
naphthacene, perylene, coronene, and phenanthrene, with benzene being

preferred.

15 Generally the alkyl groups which can be present as substituents on the
aromatic compound contain from about 1 to 22 carbon atoms and usually from
about 1 to 8 carbon atoms, and most usually from about | to 4 carbon atoms.

Suitable alky] substituted aromatic compounds include toluene, xylene,
isopropylbenzene, normal propylbenzene, alpha-methylnaphthalene,

20  ethylbenzene, mesitylene, durene, cymenes, butylbenzene, pseudocumene, o-
dicthylbenzene, m-diethylbenzene, p-diethylbenzene, isoamylbenzene,
isohexylbenzene, pentaethylbenzene, pentamethylbenzene; 1,2,3,4-
tetracthylbenzene; 1,2,3,5-tetramethylbenzene; 1,2, 4-triethylbenzene; 1,2,3+
timethylbenzene, m-butyltoluene; p—butyltoiuene; 3,5-diethyltoluene; o-

25  cthyltoluene; p-ethyltoluene; m-propyltoluene; 4-ethyl-m-xylene;
dimethylnaphthalenes; ethylnaphthalene; 2,3-dimethylanthracene; 9-
ethylanthracene; 2-methylanthracene; o-methylanthracene; 9,10-
dimethylphenanthrene; and 3-methyl-phenanthrene. Higher‘molecular weight
alkylaromatic hydrocarbons can also be used as starting materials and include

30  aromatic hydrocarbons such as are produced by the alkylation of aromatic

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



about 1 to 8 carbon atons, and nost usually fromabout | to 4 carbon_atons.
Suitabl e al kyl substituted aromati c conpounds incl ude toluene, xyleng! EB 2005
i sopropyl benzene, normal propyl benzeneg al pha-met hyl napht hal ene, 20

et hyl benzene, nesityl ene, durene, cynenes, butylbenzene, pseudocunene , o-
di et hyl benzene, mdi et hyl benzene, p-diethyl benzene, i soanyl benzene,

Lot act hy! B8% B8 A B isto el wegE PerdblzFive o %ﬁ?v%?lég&%mém%ﬁbé"nzene;
1,2, 3- [ 1 - ;
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4- et hyl - m >penidecytohiens ehy Iveel-?ﬁhlhgh??ﬁ& is oBfathedas mﬁ%@mﬂmﬁon in

2, 3-di net hyl ant hrucene;  9- racene; 2-neth cene,
o- et hy| antwiigk thecalkyl group aftachedipl the ervamatib mecleys vasieslirRsizefrwmilabplienant hr ene.
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i ncl ude hemmﬂmﬁgceswwtemmbmﬁgd@gyﬁabenzene, pent adecyl benzene,
hexyl t ol uene, nonyltol uene, dodecyltoluehe, pentadecytoluene, etc. Very

often al kyl at e iRefonmate nentaimingssubstghtidl quinititigs bf bertzews) toloenevdnidadt t he al kyl
group attached to %‘gﬁ aronaf i nuclgxge vgries In size from about 5 C6 to
about C12, et @%P%"Hfﬂ“é’&?i ef Sor;the allgylatin proseescnfdhis ¢ he present
procesgopr Gerggenacceptably little by-products such as xylenes. The xyl enes
make in such instances nmay be | ess than about 500 ppm Refornmate
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constitutes articularly useful feed for the alkylation process of this
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generally i -al | | r i G i ound havi ng one or
nore avail a eitﬁgﬁ%ﬂg?‘?#ga Eg%ﬁgﬁ °ﬁéﬁ%§§{b¥"‘$‘%§%ﬁ@?§”§3@?ﬂsn with the
al kyl at abl eompound,ipseferably with the alkylating group possessing from 1 to 5 carbon

15  atoms. Examples of suitable alkylating agents are olefins such as ethylene,

propylene, the butenes, and the pentenes; alcohols (inclusive of monoalcohols,
dialcohols, trialcohols, etc.) such as methanol, ethanol, the propanols, the
butanols, and the pentanols; aldehydes such as formaldehyde, acetaldehyde,
propionaldehyde, butyraldehyde, and n-valeraldehyde; and atkyl halides such as

20  methyl chloride, ethyl chloride, the propyl chlorides, the butyl chlorides, and the
pentyl chlorides, and se forth.

Mixtures of light olefins are especially useful as alkylating agents in the
alkylation process of this invention. Accordingly, mixtures of ethylene,
propylene, butenes, and/or pentenes which are major constituents of a variety of

25  refinery streams, e.g., fuel gas, gas plant off-gas containing ethylene, prbpylene,
etc,, naphtha cracker off-gas containing light olefins, refinery FCC
propane/propylene streams, etc., are useful alkylating agents herein. For example,

a typical FCC light olefin stream possesses the following composition:



conpound, preferably with the al kylating group possessing from1l to 5 ?fr?%?
15 atons. Exanples of suitable al kylating agents are ol efins such ad 2tEB 20
et hyl ene, propyl ene, the butenes, andbthe pent enes; al cohols (inclusive of
nonoal cohol s, dialcohols, trialcohols, etc,) such as nethanol, ethanol, the
propanol s, the butanols, and the pentanols; al dehydes such as fornal dehyde,
acet al dehyde, propional dehyde, butyral dehyde, and n-vaIeraLdehyde; and

al kyl halides such as 20 nethyl chloride, ﬁ&%f chloridéﬁﬂﬁﬁé propyl

chl ori des, Bthanebutyl chlorides, and the peddI| chloridesS.land so forth

M xt ures ofBEthylgm¢ ol efins are especially usd®l as al kyl alli2ng agents in the

al kyl ati on ppogetiess of this invention. Accordiqgly, m xtuneg of ethylene,
propyl ege, ¢y , and/or pentenes which gfes maj or cons%tsuents of a

vari ety of I nery streans, e.g., fuel gas, gas plant .Qf f gas containing
et hyl ene, go @gne, etc., naphtha crackerﬁ?f-gas cont ;gﬁl ng |ight
a

ol efins, rdfr géP?/ FCC propane/ propyl ene st r3e?arrs, etc., usef ul

al kyl ati ng Bigeness herein. For exanple, a td2lcal FCC |idRB32ol efin stream
possesses tHenatahed | owi ng conposition: 22 FEB®DO5 9 5 10 YWable %

Et hane3(¢35.1 Et hyl ene0. 71. 2 Propane4. 515. 3 Propyl ene42. 5-46. 8 | sobut ane

12.910. 3 n- But angafeddiy @fﬁ&ﬁg@& é‘*ﬁ’{%ﬁf‘gﬁ%@@gﬁﬁéﬁﬂgﬁgﬁé‘?ﬁl y, the

reactants in the process of t I nve ene and the
desired r eathylene andableidésired resictipn prodactieethylbenzene.

Reaction Conditions
15 The alkylation and transalkylation reactions may take place under liquid
phase conditions or vapor phase conditions or mixed liquid/vapor phase conditions,
For example, one of these reactions may take place under liquid phase or mixed
liquid/vapor phase conditions, while the other reaction takes place under vapor
phase conditions, However, both reactions preferably take place under vapor phase
20 conditions.

Particular conditions for carrying out the vapor phase alkylation of benzene
with ethylene may include a temperature of from about 650 to 900°F (343 to
482°C), e.g., from about 700 to 850°F (371 to 454°C), a pressure of about
atmosj:heric to about 3000 psig, e.g., from about 25 psig to about 450 psig, a WHSV

25  based on ethylene of from about 0.5 to about 10.0 hr', e.g., about 0.5 to about 2.0
hr''and 2 mole ratio of benzene to ethylene of from 1:1 to 30:1,

Liquid phase alkylation of benzene with cthylene may be carried out at
temperatures between 300 and 650°F (150 to 340°C.) usually in the range of 400 to
520°F (205 to 270°C), Pressures during the liquid phase alkylation of benzene with

30  ethylene may be as high as about 3000 psig (20875 kPa) although generally will not
exceed 1000 psig (7000 kPa). The reaction may be carried out in the absence of
hydrogen and accordingly the prevailing pressures are those of the reactant species,
The space velocity may be from about 0.1 to 20 WHSV, based on the ethylene feed.
Preferred space velocities for the liquid phase alkylation of benzene with ethylene



Reaction Conditions 15 The al kyl ati on and transal kyl ati on reactions nay take
pl ace under liquid phase conditions or vapor phase conditions or mi k&dEB 2005
| i qui d/ vapor phase conditions. For exanple, one of these reactions nay take
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ot her reaction t akes pl ace under vapor phase conditions, However, both
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at mospher i total tiquid feed to the reaction zone of from about 0.5 to about 2.0 hr” and a mole

15  ratio of benzene to polyethylbenzene of from 1:1 to 30:1.

The process of the present invention, which employs silica-bound ZSM-3
zeolite catalyst composite of no greater than 0.05 micron, e.g., 0.02-0.05 micron,
zeolite crystal size, as the alicylation catalyst, provides certain advantages over
prior art processes. In particular, the polyalkylated fraction of the alkylation’

20 product contains at least 40 wt.% of the para-dialkylaromatic species. Moreover,
the para-dicthylbenzene content of the alicylation product is greater than 45 wt.%,
preferably greater than 50 wt.% of the total diethylbenzene in the product, The
high pora-diethylbenzene content facilitates subsequent transalkylation,

The alkylation step of the process of the invention may be effected st s

25 start of cycle temperature 20-30°F lower, ¢.g., well below 750°F, than
conventional vapor phase EB processes possibly owing to enhanced coke
resistance of the silica-bound catalyst as compared to comparable alumina-bound
catalyst composite, The lower start of cycle temperature provides longer cycle
lengths, - ‘

30 Moreover, the silica-bound ZSM-5 used as the alkylation catalyst in the

process of the invention provides lower xylene make, with the xylene content of



about 3000 psig, e.g., fromabout 50 to about 500 psig, a WHSV based on the
wei ght of the total vapor feed to the reaction zone of from about | t ot &b 8t
50 hr z 10 and a nole ratio of benzenglrto pol yet hyl beri zene of from about 1
to about 50. Particular conditions f carrying out the liquid phase
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xyl enes/ EB, after o
15  transalkylation activity. Alternatively, the ransalkylating step can be casried out

in a transalkylating reactor separate from the alkylating reactor. In such instances
each reactor may employ the same or different catalyst composites in their
respective catalyst beds. A particularly preferred embodiment employs an
alkylating and/or transalkylating reactor having four to six catalyst beds.

20 The following examples will serve to further illustraté processes and some
advantages of the present invention.

Example 1 _Preparation of ZSM-$ Catalysts
Silica Bound ZSM.5 Catalyst

25 A silica bound catalyst of the present invention was formulated by the
following procedure: 178 parts of a small crystal ZSM-5 (0.02 - 0.05 micron size)
drycake was added to a muller mixer along with 22 parts of a precipitated silica.
The powders were mixed and then 50 parts of Ludox HS-40 colloidal silica was
a&dcd along with 12 parts of a 50% caustic/water solution and 76 parts of water.

30  Mixing was done to ensure uniformity of the mull mix and then the sample was

extruded through a 1/16""cylindrical die plate, The material was dried and then



5 4 days on stream at ethylene WHSV of 4, aromatics/ethylene ratio of 50
and Met tenperatures of 7501F. Furthernore, residue production can?ef£B 2005
limted by using the present process yhich can provide an ethyl benzene
-rich product stream containing no greater than 0.4 w.% preferably no
greater than 0.3, wt.% C11. residue. 10 I n one enbodi nent of the

I nventi on, dtra alk ] at,in be carried out
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wher ei n t hecahgnedatci0 ﬁm3 hoamparsi then airplas slosIitiioduded dndthe @tﬂﬁtat ion and
15 transal k% | on, .acti y. Alternatively, the transal kylating step can
be carried Bt Ouppd fee Pﬁ priat 1900 for fdigutso Steaapwasithen introdutedatal kyl at i ng

reactor.g | nyfgge each reactor may enpl oy the sane or different
cat al yst corrp05| tf%éw#ﬂﬂghel r respective catal yst beds. A particularly

preferred enbodi nent enpl oys an al kyl ati ng and/ or transal kyl ati ng reactor
having four to six catal yst beds, .20 The foll ow ng exanples will serve to
further i||wmw sone advant ages of the present invention.

Examle | Preparation of, ZS Catalysts Silica Bound 2 M5 Catal yst 25 A
silica bound cat&ISTPZRLvER F%E%‘th anﬂlEﬁﬁ“é@M“@d)b}’ﬂh%fﬂﬂdWhg t he

(01004 70, BRSNS ol (P cg 00 T
preci pilidat e\dassaddedao a midlier ROXE AIChgWRHE] 69 et Uig%édﬁﬁ& ooﬂﬁ;%@a()f Ludox
0

HS- 40 col | oj_dal lica was., added along with 1 arts causti c/ wat er
sol ution anFBR?mJ wsm:xwémmemmaxpmwm wlmmidb(h Miging evasidoher m ty of

the mull m Was ded through a 1/ 16" "cylindrical
die pl ate. %ﬁg%ﬁg?@%éﬁgﬁmqﬁ H’? Jrssriradedtbsongha nitrat e
exchanged ty16'¢guiafiricAbdie témTB@f{ﬁ{e \Qﬁsr@f‘i’élfﬁ tic, to less
t han 500 ppm A?jtder excha(r?éue t he capg yst was ﬁl%‘%@gtﬁgﬁl 5%’%
nitrogen pre-calcined at 900°F for 3 hours and then air was slowly introduced and
15 the catalyst was bumed free of carbon at 1000°F for 6 hours. Steam was then

introduced at 1000°F for 4 hours.

Determination of Crystal Size
The crystal size of the ZSM-5 is measured to be small crystal (0.02 to 0.05
20  micron) by the use of Transmission Electron Microscopy (TEM).

Determination of Diffusion Barrier, D/r2
By selecting appropriate probe molecules with known molecular
dimensions (in the range of —4 to 10 angstroms), it is possible to investipate
25  shapes and sizes of pore openings in molecular sieves. From among linear,
branched, and cyclic paraffins, as well as substituted benzene, molecules are
selected to probe small, intermediate, and large-pore zeolites. Data are collected
using & TA 2950 TGA. About 30 mg are loaded into the TGA. After pretreating
in helium at 500°C, the sample is cooled to sorption temperature, e.g., 120°C for
30 2,2-Dimethylbutane, and the hydrocarbon is introduced. The raw data obtained
are weight vs. time, In addition to total hydrocarbon sorption capacity, uptake



calcined at 900F for 3 hours and then air was slowy introduced and the
catal yst was burned free of carbon at 1000F for 6 hours. Steam was thEr 2005
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The catalyst in Example 1 was employed for the alkylation of benzene
with ethylene under conditions comprising an ethylene WHSYV of from 2 to 4 hr!,
benzene to ethylene weight ratio of 50, pressure of 250 psig, and temperature of

15  from 730° to 780°F. The catalyst was tested in a simulation of a top catalyst bed in
a 4 to 6 bed reactor.

As shown in Figure 1, catalyst stability for the silica-bound catalyst was
greater than that of the comparative alumina-bound catalyst at inlet temperatures
of 750°F as measured by ethylene converﬁion over days_on stream at an ethylene

20 'WHSYV of 4, aromatic/ethylene weight ratio of about 50.

Xylenes make for the two catalysts were compared at operating conditions
that offer stable operation, i.e., 750°F for the silica-bound catalyst and 780°F for
the alumina-bound catalyst. Figure 2 shows a significant reduction in xylene
make for the new catalyst.

25 Diethylbenzene (DEB) make from the elkylating reactor is the major by-
product of ethylbenzene production. The DEBs are reacted with benzene to be
converted back to ethylbenzene in a transalkylating reactor. Figure 3 depicts a
significant increase in para-diethylbenzene / total DEB for the present invention
at varying inlet temperatures compared to the alurnina-bound catalyst. para-

30  Dicthylbenzene is more readily converted back to ethylbenzene by



rates are also obtained fromthe linear portion of the initial uptake vs.
square root of tine plot. Using the Crank equation [Crank, "The Mat hgagilfis
of Diffusion", Oxford University Presg Ely House, London, 19571 for flat
pl ate geonetry, the follow ng equation is derived for ZSM5: D'r2 (x10-6)
=40834.5 x (S/Q2 where Sis the slope and Qis the capacity for n-C6. The
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reactor is the nmajor by- product of ethylbenzene production. The DEBs are
reacted with benzene to be converted back to ethyl benzene in a

transal kylating reactor. Figure 3 depicts a significant increase in

par a- di et hyl benzene / "total DEB for the present invention at varying inlet
tenperatures conpared to the alum na-bound catal yst. para 30 D ethyl benzene
is nore readily converted back to ethyl benzene by 2 2 FEB 2005 14



transal kyl ati on. The catal ysts are tested under conparable conditions

(ethyl ene WHSV of 2, benzene/ethyl ene weight ratio of about 50 and 2 hFEB 2005
tenperatures of 730-780F for silica-bound and 750-780F for al um na-bound
catal ysts), Data are also provided for silica-bound catal yst at WHSV of

2.4, 5 DEB conversion for both catalysts indicated simlar activity for DEB
conversion as depicted in Figure 4 under conparable conditions (ethylene
VWHSV of 2, benzene/ethylene weight ratio of about 50 and inlet tenperatures
of 750F vﬁgfwg |JC% bound and 780F for al um na-bound catal ysts). Thus the
silica bound ca al'yst can be useful in both polyal kyl ati ng and

transal kylating reactions. 2 2 FEB 2005 15 What we claimis: 1. A process
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3. The process of claim1l wherein said catalyst contains from70-90 wt. %

zeolite &mdes.said zeolite has a Si 02/ Al 203 nolar ratio rangi ng from about
60 to about 80. 4. The process of claim| wherein said catal yst contains
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3. The process of claim 1 wherein said catalyst contains from 70-90 wt. % zeolite and

said zeolite has a SiO,/Al,O; molar ratio ranging from about 60 to about 80.

4. The process of claim 1 wherein said catalyst contains 75-85 wt. % zeolite and said

zeolite has a Si0»/Al,O; molar ratio of about 70.

5. The process of ¢laim 1 wherein said aromatic-containing feed comprises benzene,
said alkylating agent comprises ethylene and said para-dialkylaromatic is para-

diethylbenzene.

6. The process of claim 5 wherein said alkylating conditions include a temperature of
from about 650 to 900° F(343 to 482° C), a pressure of about atmospheric to about 3000 psig,
a WHSV based on ethylene of from about 0.5 to about 10.0 hr"' and a mole ratio of benzene
to ethylene of from 1:1 to 30:1.

7. The process of claim 5 which provides ethylene conversion of at Jeast 96 wt. %
ethylene conversion after 4 days on stream at ethylene WHSV of 4, aromatics/ethylene weight
ratio feed of 50 and inlet temperature of 750° F.; and makes para-diethylbenzene/total
diethylbenzene greater than 45 wt. % at ethylene WHSV of 2, aromatics/ethylene weight ratio
feed of 50 and inlet temperature of 750° F.
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ii) separating the polyalkylated aromatic fraction from the product, and

iii) contacting the polyalkylated aromatic fraction in the presence of unsubstituted

aromatic and a transalkylation catalyst under transalkylating conditions to provide a mono-

alkylated aromatic-rich stream.

11. The process of claim 10 wherein said zeolite has a SiO,/AlL,O; molar ratio ranging

from 60 to 80 and a crystal size of 0.02 to 0.05 micron.

12. The process of claim 10 wherein step iii) is carried out in a transalkylating reactor

separate from said alkylating reactor.

13. The process of claim 10 wherein step iii) is carried out by recycling said para-

dialkylaromatic-rich stream to said alkylating reactor.

14. The process of claim 10 wherein said transalkylation catalyst is a silica-bound ZSM-5

zeolite catalyst composite having a crystal size no greater than 0.05 micron.

15. The process of claim 10 wherein said mono-alkylated aromatic comprises




from60 to 80 and a crystal size of 0.02 to 0.05 mcron. 12. The process of
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separate fromsaid al kylating reactor. 13. The process of claim 10 wherein
step iii) is carried out by recycling said para- dial kylaromatic-rich stream

to said alkylating reactor. 14. The ocess of claim 10 wherein said

transal kylation catalyst is a silica-bound ZSM5 zeolite catal yst conposite
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19. A process for preparing a monoalkylated aromatic compound which comprises:

i} contacting an aromatic-containing feed in an alkylating reactor with alkylating
agent in the presence of a silica-bound ZSM-5 zeolite alkylation catalyst cntaining at least 70
wt. % zeolite, wherein the ZSM-5 has a crystal size no greater than 0.05 micron, and said
catalyst has a Diffusion Parameter, D/r’, for 2,2-dimethylbutane of at least 500, when
measured at a temperature of 120° C. and a 2,2-dimethylbutane pressure of 60 torr (8 kPa),
said contacting being conducted under alkylating conditions to provide a product containing a
monoalkylated aromatic fraction and a polyalkylated aromatic fraction, wherein the
polyalkylated aromatic fraction contains at least 40 wt. % of the para-dialkylaromatic species;

ii) separating the polyalkylated aromatic fraction from the product, and

iii) contacting the polyalkylated aromatic fraction in the presence of unsubstituted
aromatic and a transalkylation catalyst comprising a silica-bound ZSM-5 zeolite catalyst
composite having a crystal size no greater than 0.05 micron, under transalkylating conditions

to provide a mono-alkylated aromatic-rich stream.

20. The process of claim 19 wherein said transalkylation catalyst is a silica-bound ZSM-5




nonoal kyl ated aromatic fraction and a pol yal kyl ated aromatic fraction
wherein the polyalkylated aromatic fraction contains at |east 40 wt 2 2 6 BH005
t he para-dial kyl aromatic species; ii) separating the polyal kyl ated aromati c
fraction fromthe product, and iii) contacting the polyal kyl ated aromatic
fraction in the presence of unsubstigﬁxed aromatic and a transal kyl ati on
catal yst conprising a silica-bound Z 5 zeolite catal yst conposite having
a crystal size no greater than 0. 05 nicron under transal kyl ati ng conditions
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