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FI ELD OF THE | NVENTI ON 5 This invention relates to a process 9?o‘r t he
al kyl ati on of an aromatic hydrocarbon with an olefin alkylating .
agent. Specific enbodi nents rel ate to aqprocess for manufacturing,

et hyl benzene from a conposition cont ai ni ng benzene and anot her AN
conposi tion containing ethylene. Et hyl benzene is used comercially
primarily as a raw material Alkyldtiod ProcessUsingZeolite Béte ene. Another
enbodi nent relates to a process for manuf acturi ng cunmene froma
conposi tion containing benzene and anot her conp05|t|on cont ai ni ng
propyl ene. Cumene is used as a rg . he manuf acture of

phenol . 15 - 2 v NT| ON Thi s
invention is a process for the al kylation of an aromatic hydrocarbon

whi ch conprises contacting the aromati c hydrocarbon with a
st oi chi omet®i c bhiseinventionntalatesoto sa qirecess tfor ther akylatiohi of adrk ydroiatic

t d 20 f t lite bet Thi
e espoctal Ly  PycroSalian i G plebin Akilaling ASEK. ShecHc smborireents laiee
and di et hyl benzgneg prooes?.y féhedaﬁﬁféétﬂﬂnﬁf e eﬂéb%ﬁzﬁfeheyl’r&ﬂe a %ﬂééh’i&ﬁ

benzene. It can be carried In a actor or

preferably in acontainingi dbeozens | Iamdl oanother composmon Zfontalnmg Teth
processes for t nuf act ure of, et hyl benzene.use th | edel -Crafts
reaction of al kgﬁyﬁw e 5 H5EH C il ¥ rRrimayily; ?ﬁr?faw materlal in the

Friedel -Orafts mentfaciireobf 3tyrehal | dihoterP8MbRMNEN RISRY 1'% brodkidfdr®
manufacturing cumene from a composition containing benzene and
another composition containing propylene. Cumene is used as a raw

. material in the manufacture of phenol.

15 . BACKGROUND OF THE INVENTION

This invention is a process for the alkylation of an aromatic hydrocarbon
which comprises cbntactihg the aromatic hydrocarbon with a
stoichiometric or excess amount of a C, to C, olefin alkylating agent and

20 in the presence of a catalyst comprising zeolite beta. This is especially
useful for the production of a mixture of ethylbenzene and diethylbenzene
by the reaction of dilute ethylene with dilute benzene. It can be carried
out in a fixed bed reactor or more preferably in a catalytic distillation
reactor.

25
The known processes for the manufacture of ethylbenzene use the

. Friedel-Crafts reaction of alkylation of benzene by ethylene. Similarly,

Friedel-Crafts reaction of alkylation of benzene by propylene is used to
manufacture cumene.
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cat al yst sW98/a928 reaction are typically Bronsted or Lew $CABISTH15634 '

i ncl udi ng al um num chl ori de, boron trifluoride deposited on alum na, or

zeolites used in liquid or gas phase. 5 One of the difficulties
encountered in this reaction is for exanpl ewhen ethylene is used as
the al kyl ating agent that the ethyl benzene fornmed is nore reactive

t han benzene with respect to ethylene, which |eads to the production

of diethyl be nIEﬂe@atalMstSc Hfor thist f@aﬁ@wase rypisally Bransted fnLlewis acids,
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| ar ge excess péolitevuesd thb.d@.sgggphggethe ethylene at the entry of the
al kyl ation reactors. Thus, the benzene/ethylene nolar ratio is generally

between 2 and 2.5 for the processes using alum numchloride, and the
ool i toa Pt poecGE el diffeifies SriEiRugref i this FigeRi BRI StPEDER.

with respectefrfylerddis uséddscme alkglatiigragent ahat the e(h?lb’@iieﬁé fofthed is
pol yet hyl benzenes, such fornmation cannot be conpletely avoid

i's beconing i Mare Aeactive, thans beagene withheespectta ethylens wbighl |9adé tovbe20

et onvt r onrBradeB I SBhyIEERAsHes; Wi BLE ThepEaVES mare riRYs 4BAns
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reduci ng_the benzene contained in the gasoline by converting it to hi gher

boi I i ng APky| TRt teese pplyatiiation seartionse the prion @r-leaches dhe iusgsof a5
Therefore, t ojgiheHRBEL of théHYeRR with rb5ed o e"Giny il BF 1 8RRy ' th

alkylation reactors. Thus, the benzenelethylene molar ratio is generally
between 2 and 2.5 for the processes using aluminum chloride, and the
ratio may even reach a value between 8 and 16 for processes using
15 zeolites in the gas phase. In spite of the use of an excess of benzene
with respect to the ethylene to minimize the formation of
polyethylbenzenes, such formation cannot be completely avoided.

It is becoming increasingly desirable to be able to economically remove

20 the majority of the benzene from streams being blended into gasoline to
meet environmental regulations. Prior art describes means to accomplish
this by alkylating, the 'benzene. Such approaches while successfully
reducing the benzene contained in the gasoline by converting it to higher
boiling alkyl benzenes, typically do not remove the aromatic rings.

25  Therefore, total aromatic content in the gasoline remains essentially
unchanged. Environmental regulations for gasoline and distillate fuels are
increasingly limiting both the benzene and tota!l aromatic content.
Therefore from an environmental standpoint it is more desirable to remove
the benzene ring from the gasoline.
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unchanged Envi ronnental regulations for gasoline and distillate fuels are}
i ncr easi' nglyolobiddakNg both the benzene and total aromatic copbfRisonis
Therefore froman environnental standpoint it is nore desirable to renove
t he benzene ring fromthe gasoline. 30 WD 98/ 09928

PCT/ US97/ 15684 -3. - 3- It
al so economcally attractive to nake use of the benzene in such )
streans as a feedstock in processes that make hi gh-val ued

petrocheni cal s [iglalse ecohphiieatgeatiravtivectoriakel 086 eofithe bepgthé ﬂgs@ch
purified benzene streamas the_ feedstock, as is now practiced in the
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conprising zeolite beta. (colum 2, lines 33-39). This sane patent
further d|§bloé@QPS'TMhen alkylatlon is the process conducted
according to this invention, reaction conditions are as follows. The
aromati ¢ hydrocarbon feed shoul d be present in stoichionetric excess.
It is preferredq.t BatPatent m;ssn 458! discidsek> a proosss ifop the alk ?fdti&ﬁ of &

| east about four to one (4: to prevent rapid catal yst foul ing.

(colum 5, | i n&fomatigg) hydroparmns whichs 1 comprisgs  contagtingi rthat i aroratic

' di ol osed: - TWBEPEarBER] with & o EEDIenspuhaE" et TpEEE Parial gl CEhSTe, *
al kyl ati ngo a condltldnsdandeimatml presonce [ufna ecetalyst lcomphiding czedligé | beta.
stream The dilute enzene is first hydr o%ﬂtat ed in.order to renove

Clerr]-Clerr] deaiim 2,7ings 33-39). Thist same patants fugther ydigclosess éWhen a
sui tabl e cat al iy atfl)f il 8héprb8ids® c8hducted according to this invention, reaction

conditions are as follows. The aromatic hydrocarbon feed should be

| present in stoichiometric excess. It is preferred that the molar ratio of

15  aromatics to olefins be at least about four to one (4:1) to prevent rapid

catalyst fouling.” (column 5, lines 24-29). In U.S. 5,081,323, a

continuation of 4,891,458, feeding a part of the aromatic stream between
reactor beds is disclosed. |

20 Published EP-A-571,701 discloses a process for alkylating a
hydrogenated dilute benzene with a dilute olefin stream. The dilute
benzene is first hydrogenated in order to rerhove Cs-C; olefins. Zeolite
beta is specifically disclosed as a suitable catalyst. The molar ratio of
aromatics to olefins is required to be at least about three to. one (3:1).

25  Further, the aromatic hydrocarbon feed should be present in a
stoichimetric excess, and it is preferred that the molar ratio of aromatics to

~olefins be at least 3:1 to prevent catalyst fouling (page 6. lines 42-44).

~ In the prior art thus far discussed, a stoichimetric excess of benzene is
30 employed, this can easily be achieved when commercially pure benzene
is used as a feedstock. In this instance as is well known in the arts, the
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conversion of benzene. However, when the feed streamis
benzene, hi gheersipsi of benzene. hiowever; when the feedi styeamhisedilblee in

| at t '.
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omon. bes
ahi ch necessorefAiLby distindtion, S bteer8 oS el alchlis Bbe stream of t ne
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benzene 19 om 2pRrogsh te @void this:undeairable muﬂl is he poioge iansignificant fraoion  whi ch

t th t the u excess benzene, achi eves
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feedstream.

15 For the foregoing reasons there is a need for a process which is able to
remove the benzene from hydrocarbon streams in the gasoline boiling
range, which at the same time does not require the use of excess
benzene, achieves a high level of benzene removal, can use dilute
ethylene or propylene as an alkylating agent, and allows for the recovery

20  of high valued petrochemical products such as ethylbenzene or cumene.

SUMMARY OF THE INVENTION

The present invention is directed towards a process that satisfies the
25 need of being able to produce ethylbenzene from streams dilute in
benzene and dilute .in ethylene. Specifically, the present invention is
directed towards a process for the alkylation of an aromatic hydrocarbon
which comprises contacting the aromatic hydrocarbon with a stoichimetric
or excess amount of at least one olefin alkylating agent selected from the -
30  group consisting of ethylene, propylene or butylene, in the presence of a
catalyst comprising zeolite beta. '
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the aromatic hydrocarbon with a stoichinetric or excess amount of at

| east one ol efin al kylating agent selected fromthe 30 group consisting
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presence of a Sgﬁgﬁﬁcomr?gﬁﬁg zedlﬂiq?g%éﬁ%?%ﬁ%e‘?"&%“ﬁﬁﬁ@?&&%n
condi tions, sosuchthatfthermotan satio of said alefinitatsaid aromatit tsequal or greater

separating thej,onqg and,poly al kyl ated aromatics fqrned in_ the
al Il[<)yl ati og reayﬁ"bn"'f%ﬁ? eﬁﬁﬂé? P8 FIRIR SBRESing zeolite beta, under -

10  alkylation conditions, so as to form mono and polyalkylated aromatics:
and separating the mono and poly alkylated aromatics formed in the
alkylation reaction from the remaining hydrocarbons.

Another embodiment is a process for ethylating benzene contained in a

15  hydrocarbon stream comprising: processing the hydrocarbon stream to
remove substantially all aromatics other than benzene from the
hydrocafbon stream, treating the hydrocarbon stream to remove
essentially all olefinic compounds, contacting said hydrocarbon stream
with a stream comprising ethylené, the streams being contacted in a

20 proportion such that the molar ratio of ethylene to benzene is equal or
greater than 1, in the presence of a catalyst comprising zeolite beta under
alkylation conditions, so as' to form ethyl benzene and polyethyl
benzenes, and separating the ethyl benzene and polyethyl benzenes
formed in the alkylation reaction from the remaining hydrocarbons. The

25 product ethyl benzene can then be separated from the poly ethyl
benzenes.

In another embodiment the benzene contained in a reformate heartcut is
ethylated by freating the reformate with hydrogen to convert essentially all
30  olefinic compounds to paraffins, contacting the reformate heartcut with a
stream comprising ethylene and essentially no other olefin, the streams



Anot her enbodinment is a process for ethylating benzene contained in a 15
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hydr ocarbon stream treating the hydrocarbon streamto renove

essentially all olefinic conpounds, contacting said hydrocarbon stream
wWth a stream conprising ethylene, the stre@aqs being contacted in a 20
proportion such that the nolar ratio of ethylene to benzene is equal or
greater than 1, in the presence of a catalyst conprising zeolite beta under
al kyl ation cob@lngurmrﬁac&d msatpropourtmsmh trnnirmenmoﬁardranol glethylene to
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contacted in a proportion such that t he m)l ar ratio of ethylene to

benzene is greater..than sence of cat a] yst co rising zeolite
beta under al %FQPM% %@ﬁﬂp e§§ %th%de§ﬂ§tre 'to remove

pol yet hyl benzgasstantsaIRa ait a&smhﬁ& BSthyt tﬁgnzs&?zew Myﬁehm{ f‘%&?@ene

formed fromthe remai ni ng hydrocarbons and separating the e
from t helol ystreﬂ}mbh'aaung the hydrocarhoarstreiam tae nemdvermssephaﬂyeab iolefinibe
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compnsmg propylene, the streams being combined in a proportion such
that the molar ratio of propylene to benzene is equal to or greater than 1,
in the presence of a cat_alyst comprising zeolite beta under alkylation
15  conditions, so as to form mono and polyisopropyl-benzene; separating the

mono and polyisopropylbenzene formed from the remaining
hydrocarbons.

These and other features, aspects, and advantages of the present
20 invention will become better understood with reference to the following
drawings, description, and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1 shows an embodiment where the alkylation takes place in a fixed
bed or mm)ing bed reactor. Figure 2 shows an embodiment where the
alkylation takes place in a catalyst bed within a catalytic distillation
reactor. Additional distillations are required in either case to recover the
product alklybenzene.

30
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with a stroa conpri sing propylene, the streans being C 'n a
proportion such that the nolar ratio of propylene to benzene is equal
to or greater than 1, in the presence 9f a catal yst conprising
zeolite beta under alkylatlon 15 conditions, so as to form nono and
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required in either case to recover the product al kl ybenzene. 30
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-7- t wherein
the ar oy FecA R isHRg B A e blER o PChaR S RRANERS,, . “gent
S et hyl ene. 01e skilled |n the art will recognize that substantially

simlar fl owsheets wll ap to enmbodi nents wherein different
aromatic 5 Inkigged BBﬁ?eaHGV‘GIC@ﬂW'QB@}lm 6 ang the ethyleneseontaining

specific §'Ch stream (2) are fed to a fixed or moving bed alkylation reactor (3). The
unreacted low boiling materials such as ethylene, hydrogen, methane,
ethane, benzene, and Ce-C7 paraffins are removed in the overhead of a
first distillation column (4). The bottoms of that column contain the
product ethlybenzene and the polyalkylated benzene (5). The bottoms
15  stream containing the product ethlybenzene and the polyalkylated
benzene is separated by distillation in a second column (6).into product
ethylbenzene (7) which goes overhead and the poly alkylated benzenes
(8) which are in the bottoms. These polyalkylated benzenes can be
converted to additional ethylbenzene by transalkylation as discussed in

20 the detailed description of the invention.

The overhead from the first column is split into a liquid distillate (9) and a
vapor distillate (10). The vapor distillate contains the unreacted ethylene
from the ethylene-containing stream, which, if desired, may be recovered
25 by reaction with pure benzene in a second reactor or catalytic distillation
tower. The condensed overhead also called liquid distillate from the first
distillation column contains the unreacted Cs - C; paraffins and a small
amount of unreacted benzene. A special feature of this invention is that
use of a molar excess of ethylene results in very high conversion of
30  benzene such that a very small percentage of the benzene contained in
the benzene-containing feed stream is unreacted. This stream may be
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hydrocarbon is benzene and the olefin al kylating agent is propylene. . -«
I n Fi gur ewio 98992 nzene containing stream (1) and the et hylporeusooissds ni ng
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The unreacted |low boiling materials such as ethyl ene, hydrogen,
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tower. The condensed overhead also called liquid distillate fromthe first
distillation colum contains the unreacted C[err] - ([err] paraffins and a
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invention is that . use o ar exces e results In very
hi gh con@r si distifatidocolumm(d)wheredthetdatalyst (8)ig placed! Similaets tuecaset he

benzene contai,ned in \ th nzene-contaj ning feed streamis unreacted.
Thi's stream n3P%R I Flwgsfogsgsebo?toms streamg contalmsng the product
PCT/ US97/ 1568dthylbenzene and the polyalkylated i rated i -
advant ageousl y gdded to the gaso"?‘:l‘%et g(tﬁ, ?ﬁerﬁ‘gsbg@n'ﬁ §°8§F§‘egeb? e?ed
c_nstnllation column (5) into product ethylbenzene (6) which goes overhead
and the polyalkylated benzenes (7) which are in the bottoms. These
15  polyalkylated benzenes can be converted to additional ethylbenzene by

transalkylation as discussed in the detailed description of the invention.

The overhead of the first column (3) contains a vapor of distiliate (10) and
a liquid distillate (9). The vapor distillate contains the unreacted ethylene
20 from the ethylene-containing stream which, if desired may be recovered
by reaction with pure benzene in a second reactor or catalytic distillation
tower. The condensed overhead also called liquid distillate from the
catalytic distiliation column as the case may be contains the unreacted Cs
- C7 paraffins and the small amount of unreacted benzene. A special
25 feature of this invention is that use of a molar excess of ethylene results in
high conversion of benzene such that a very small percentage of the
benzene contained in the benzene-containing feed stream is unreacted.
This stream may be added advantageously to the gasoline pool. A small
stabilization tower may be required to strip off any remaining light
30  materials.



of benzene. A small stablllzatlon tower ‘may-be required to strip off any

renalnlng ﬁ@éerlals : In Figure 2, where the reacgfion
carried ou'ltwg%'g talytic di stl | lation colum, the P T’Us”"““
benzene-contai ning stream (1) and the ethyl ene-contai ning stream (2)

are fed directly to the catalytic dIStI||atl% col um. In this case
shown in Figure 2 the first separation takes place in the sane 10
distillation colum (3) where the catalyst (8) is placed. Sinilar to the
case shown in Figure 1. the bottons stream containing the product

et hyl benzene and the pol yal kyl ated benzenes (4) is separated in a

distillation colum (5) Dmmemoescmmwgﬁmefmvﬂwnbwoes over head
and the pol yal kyl at ed benzenes are 1n the ons. These 15

pol yal kyl at ed benzenes can be converted to additional ethy}beﬂzene by
transal kyl atio S scripption of. the, inv on
The over%ead o?hﬁgﬂ)ﬁ?‘i’gﬁ 'g% BEHF%%%EE% aﬁ%@g‘?w&tgﬁ ?fP"lﬁt'&hWTQF@

and 8 | i which dléﬁmbﬂts’ése cBhtacling vaRe" ditbmatic! aﬁ s \M}P a

unreact ed et hyl ene 20 fromthe ethylene-containing s ream | ch,
desired may bestaighipmetdc or excesy amountiof atvieast poe £htonCe olefi malky@myld

ca e 1 quid 380t incthd pregineRlor a catgl¥t bompRSIHE 2PSHaT Pafi coftimisss
the case may bespéﬁhﬂyrﬁséthfWIW%edu&icﬁf 'of a mixture 6l &% J} Qﬁ?éﬂef] dhd and

the small anount of unreacted benzene. ecial 25 f eat
i nvention i s t Higthylbengena hyothrI'QawOBsofcdl re}m)daeewetrudﬂuteu benzene. W gh

banyene. oaft ai REAE PRReriiste Adtie Smad, AfRkARRE PEtradf 16dd., oA, aretemred
This stream Wﬁbnﬂﬁdﬁdﬁﬂcéﬂmmﬁlﬁé%hméﬁ i B%dlél?ﬁé idistillBash- reéft%'im"l*he

stabilization tower nmay be required to strip off remai ni ng
material s. pragessg Wihegpearried out in a catalytic dlstnllatlon reactor, is mtended to

PCT/ US97/15684 cagit in a high conversion of both ethylene and benzene when they are
present in near stoichiometric amounts, and in a high conversion of
15  benzene when the ethylene is present in excess. The inert diluents in the
C. stream (e.g., hydrogen, methane, ethane, etc.) and in the Cs stream
(hexanes) are distiled away from the product ethylbenzene,
diethylbenzene, and the polyethyl benzene in the catalytic distillation
reactor. The product ethylbenzene is recovered by further distillation.
20 The diethylbenzene and other polyethyl benzenes can be converted to
ethylbenzene by transalkylation with additional benzene in a convantional
manner.

The prior art teaches that an excess of aromatic over olefin must be
25 present in order (1) to prevent excessive multiple alkylation of the
aromatic, and (2) to prevent the rapid fouling and deactivation of solid
catalysts. We have surprisingly foun_d that a zeolite beta catalyst shows
stable activity with stoichiometric or excess olefin and the zeolite beta
catalyst also limits the extent of the multiple alkylation. Naturally, with an
30 excess of olefin, some multiple alkylation is inevitable, but we also have
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Examples of suitable aromatic hydrocarbon feedstocks which may be

15  alkylated by the process of the invention are streams including aromatic
compounds such as benzene, toluene, xylene, and naphthalene. In each
case the hydrocarbon feedstream is processed so that essentially only
one of the aromatic compounds is present. A preferred aromatic
hydrocarbon feedstock contaihs benzene. |

20 .
The benzene feedstream may be pure benzene or diluted benzene
containing at least 10 wt % benzene. The stream preferably contains at
least 20 wt.% benzene and more preferably at least 30 wt.% benzene.
Advantageously, the alkylation reaction is industrially feasible with the

25 present invention with the use of a benzene feedstock stream also
containing saturated hydrocarbons diluting the benzene which is present.

Advantageously, the benzene feedstream containing diluted benzene in
saturated hydrocarbons is a light reformate coming from a crude oil
30 refinery. The possibility of using these generally abundant light
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primarily towa di et hyl benzene. Since the present Invention
is directed towards the production of high 5 val ued, high purity
products, it is especially inportant to process t he hydr ocar bon feed
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conpounds. This process e acco tiron o

hydr ocar bon f casadableggsolines whichpfulfili curtrent regufationsne di still ation
renovi ng | ower boiling conponents and anot her renoving hi gher boiling
conponents. This process is known in the art as making a heartcut.
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be pure benzene or di zene cont ai ni ng at
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support. Conditions typically employed for this purpose are known in the
art,

15 |
in one embodiment of the present invention, the Cs-C; olefins present in a
light reformate are hydrogenated in the presence of a hydrogenation
catalyst. Preferred catalysts include palladium catalysts deposited on
alumina. Preferred hydrogenation reaction conditions are as follows. The

20 hydrogen/Cs-C; olefins molar ratio is comprised between 1 and 4. The
reaction temperature is generally in the range of from 50°C to 150°C, and
preferably from 80°C to 120°C. The reaction pressure is typically about 1
MPa. Contact time may range from 10 s to 10 h but is usually from 1 min
to 1 h. The weight hourly space velocity (WHS.), in termé of grams of

25 reformate per gram of catalyst per hour, is generally in the range of from 1
to 50.

in another embodiment of the present invention, the Cs-C; olefins present
in pyrolysis gasoline are hydrogenated in the presence of a hydrogenation
30 catalyst. Preferred catalysts include cobait-molybdenum catalysts.
Preferred hydrogenation reaction conditions are as follows. The
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al um na. Pr efoffroml 1Hpd@genati on reaction conditions are as follows. The 20

hydrogen/ C(Jerr]-Cerr] olefins nolar ratio is conprised between 1 and 4.
The reaction tenperature is generally in the range of from50[err]C

to 150C andjn amrdlgrﬂew k%ea ;:féé(’)@r??%érﬁoﬁz%ﬁéﬁér (gﬁ)gegl?rr%ﬁé@gé ganessure

is typically about act tinme na m s to 10 h
but is dfual lufilizedfod the hydrogenationistep. For exaimyple, thehygrogenationatapci t y

(WHS.), in terns of grans Q 5  reformate pe ram of _catal yst per hour,
i s generally %cqrﬁ'@dr%l-ﬂgj’é acf;xeérl?ﬁﬁ Feactor in qrbggfﬁgvgor downflow mode.

Suitable olefins for the alkylation of the aromatic hydrocarbon are those
containing 2 to 4 carbon atoms,'such as ethylene, propylene, butene-1,

15  trans-butene-2 and cis-butene-2, or mixtures thereof. Preferred olefins are
ethylene and propylene. An éspecially preferred. olefin is ethylene. These
olefins may be present in admixture with hydrogen, methane, C; to C,
paraffins, but it is usually preferable to remove dienes, acetylenes,' sulfur
compounds or basic nitrogen compounds (NHé or amines) which may be

20 present in the olefin feedstock stfeam, to prevent rapid catalyst
deactivation.

The e{hylene feedstream may be a distillation fraction of the gas from a
fluid catalytic cracking unit or from a steam cracker containing
25 hydrocarbons having 2 or fewer carbons. The ethylene feedstream may'
be pure ethylene or diluted ethylene containing preferably at least 10 wt %
ethylene. The stream more preferably contains at least 20 wt.% ethylene
and most preferably at least 30 wt.% ethylene. A preferable source of
ethylene from a cat cracker is the deethanizer overhead, sometimes
30 called the "dry gas". A preferable source of ethylene from a steam
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mode. beengemovadet Thys; Hie' ahsensa pf propwlene, fanexamplia: simplifies
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et hyl ene, propylene, e-1, rans- ene-

m xt ures t her eits cofistifuents; particdlarip byrane or more distillation apérdtiongy! ene. An
especially preferred olefin is ethylene. These ol efins may be
present in adm xture with hydrogen, nethane, Cerr] to (err]

par af fi nsgabut yAghad S ARolg I e.di , 2 2GELY .
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may Ibe t20 pr aﬁmmtd no?bieionbeédendégmbédn@ls folloasMA ispebiat featureasf dthe -
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caralys preesae(;itI \ilc?veln?irc]m is that the olefinic feed should be present in

stoichiometric excess over the aromatic compound sought to be alkylated.

15  The molar ratio of .olefins to aromatics should be at least stoichiometric. It
is preferred that the molar ratio of olefins to aromatics be 1-5. More
preferably the molar ratio of olefins to aromatics is from 1.1 to 3. The -
reaction temperature may range from 38°C to 315°C (100° F to 600° F),
preferably, 120°C to 235°C (250° F to 450° F) In the case of cumene

20  production, a temperature range of 120°C to 190°C (250° F to 375°F) is
most preferred to reduce product impurities. The reaction pressure should
be sufficient to maintain at least a partial liquid phase in order to retard
catalyst fouling. This is typically 345 kPa to 6,900 kPa (50 to 1000 psig)
depending on the feedstock and reaction temperature. Contact time may

25 range from 10 seconds to 10 hours, but is usually from & minutes to an
hour. The weight hourly space velocity (WHSV), in terms of grams
(pounds) of aromatic hydrocarbon and olefin per gram (pound) of catalyst
per hour, is generally within the range of about 0.5 to 50.

30 Various types of reactors can be used in the alkylation process of this
invention. For example, the process can be carried out in batchwise
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olefin containing streams and interstage cooling. Interstage olefin addition
and more nearly isothermal operation enhance product quality and
catalyst life. A rrioving bed reactor makes possible the continuous
removal of spent catalyst for regeneration and replacement by fresh or
15 regenerated catalysts. |

A catalytic distillation column is an especially suitable device for carrying
out the alkylation process of this invention. It is especially preferred when
dilute olefin and dilute aromatic feedstreams are used.

20
The catalytic distillation structure provides both the catalytic sites and the
distillation sites. The alkylated benzene product is withdrawn from the
distillation column reactor at a point below the catalyst bed and the
unreacted aromatic feedstream compound may be taken off as an
25 overhead.

- More specifically the catalyst is contained in a packed bed of a nature as
to allow vapor flow through the béd, yet provide a sufficient surface area
for catalytic contact. Numerous examples of this type of packing are

30 known in the at. Some examples are United State Patent Numbers
4,443,559, 4,215,011, 4,302,356, 5,496,446, and 5,275,790 which are
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I nterstage cooling. Interstage olefin addition and nore nearly

i sot hermal operation enhance product quality and catalyst life. A
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catal ysts. the upper portion of the tower or to the reflux 'stream.
15 |
The alkylated product is the highest boiling material and is separated in-
the lower portion of the column, usually as bottoms. The non-aromatic
cémpounds present in the stream containing the benzene and the
unreacted components in the olefin feed leave overhead.
20
The use of a catalytic distillation apparatus offers several advantages in
the practice of the invention. First, because the reaction occurs
concurrently with distillation, the reaction product is removed from the
reaction zone as it is formed. The removal of the alkylation product helps
25 to minimize polyalkylation of the alkylation products. Second, because the
aromatic compound is boiling, the temperature of the reaction is controlled
by the boiling point of that component at the system pressure. The heat of
the reaction simply creates more vapor, but no increase in temperature.

30 A preferred catalyst for practicing the invention is_ zeolite beta. Zeolite
beta is a known synthetic crystalline aluminosilicate 6riginally described in
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10 d Values of Reflection in Zeolite Beta
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U.S. Pat. Nos. 3,308,069 and Re 28,341 describe the composition of
20 zeolite beta in its as-synthesized form as follows: '

[XNa(1.0 £ 0.1-X)TEAJAIO; » Y SiO; « W H,0

wherein X is less than 1, preferably less than 0.75, TEA represents

25 tetraethylammonium ion, Y is greater than 5 and less than 100, and W is
up to about 4, depending on the condition of dehydrétion and on the metal
cation present. These patents also téach that the sodium may be replaced
by another metal ion using ion exchange techniques.

30 Subsequent publications such as European Patent Applications Nos.
95,304, 159,846, 159,847, and 164,939 have broadened the definition of
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(X/n) M « (1.0 £ 0.1-X) Q » AIO, X Y SiO; » W H,0

wherein X is less than 1, preferably less than 0.75, Y is greater than 5 and
15 less than 100, W is up to about 4, M is a metal ion, n is the valence of M,

and Q is a hydrogen ion, an ammonium ion or an organic cation, or a

mixture thereof. For purposes of the present invention, Y is preferably

greater than 5 and less than about 50. Consequently, the silicon to

aluminum atomic ratio in the above formula is greater than 5:1 and less
20 than 100:1, and preferably greater than 5:1 and less than about 50:1.

It is also contemplated that other eleménts. such as gallium, boron and

iron, can be variably substituted for aluminum in the above formula.

Similarly, elements such as germanium and phosphorus can be variably
25  substituted for silicon. |

Suitable organic cations are those cations which are derived in aqueous
solution from tetraethylammonium bromide or hydroxide, dibenzyl-1,4-
diazabicyclo [2.2.2]Joctane chioride, dimethyldibenzyl ammonium chioride,

30  1,4-di(1-azonium' bicycio[2.2.2]octane)butane dibromide or dihydroxide,
- and the like. These organic cations are known in the art and are
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metal ion added by ion exchange techniques. Suitable metal ions include
those from Groups IA, HIA or HIA of the Periodic Table or a transition
metal. Examples of such ions include ions of lithium, potassium, calcium,
magnesium, barium, lanthanum, cerium, nickel, platinum, palladium, and
the like.

For high catalytic activity, the zeolite beta should be predominantly in its
hydrogen ion form. Generally, the zeolite is converted to its hydrogen form
by ammonium exchange followed by calcination. If the zeolite is
synthesized with a high enough ratio of organonitrogen cation to sodium
ion, calcination alone may be sufficient. It is preferred that,' after
calcination, a major portion of the cation sites are occupied by hydrogen
ions and/or rare earth ions. It is especially preferred that at least 80% of
the cation sites are occupied by hydrogen ions and/or rare earth ions.

The pure zeolite may be used as a catalyst, but generally it is preferred to
mix the zeolite powder with an inorganic oxide binder such as alumina,
silica, silicaialumina, or naturally occurring clays and form the mixture into
tablets or extrudates. The final catalyst may contain from 1 to 99 wt.%
zeolite beta. Usually the zeolite beta content will range from 10 to 90
wt.%, and more typically frbm 60 to 80 wt.%. The preferred inorganic
binder is alumina. The mixture may be formed into tablets or extrudates
having the desired shape by methods well known in the art. The
extrudates or tablets will usually be cylindrical in shape. Other shapes
with enhanced surface-to-volume ratios, such as fluted or polylobed



than tetraet hyI anmoni um hydroxi de and naterials having Si /EAI atom c t
rati os greaygy 100. Al'so, the zeolites described in Eur en
Appl i cations I\?os @%5 046 ("Nu-2") and 64,328 and British Pat gﬁﬁﬂ&ﬁ?&s
Application No. 2,024,790 ("Boralite B") have structures and X-ray

di ffraction patterns very simlar to that of jgeolite beta and are included
within the scope of the term"”zeolite beta", as used herein.. . The
forms of zeolite beta which are nost useful in the present invention 10
are crystal l'i n husrswéa IeABApIGYRE 6 drlftrRBPinass @éf“&% s,
(X/n) MJ[err] 0 err] 0.1- X?.B [err] AlQerr] x qua t%ferr‘].‘ Wu
Herr]O iciactivity.s 1 ess than 1, preferably less than 0.75,. Y is
greater than 5 and 15 | ess than 100, Wis up to about 4, Mis a met al

ion, nis the valence of M and Q.is a hydrogen ion, an arr::roni umion
or an organic @éélﬂé,bé?éh%sam rirg Striéterd WahGsbre 5

present invention, Y is preferab d;p grea'r%egr t %?’esg#}@z about
50. Conseqdient 1%6.4 Ae Zgalite beta i rs an intergrowth ofi lhreecdrstmct,amrdered) poligypésve

b eater thay oGl B3 Z8Rhaso B 48 rnééé? Theacy, et &l AVafire, ohids 24 ed
t hat ot her el er(qgag wﬁeﬁ%@‘gg ’m within gr‘ %|E°P§ @‘%e@m 2b| y

substituted for alumnumin t

such as ger nani aeohﬁmbqiabsaﬂmed;hemmbe varr ably 25 sobstltu_t ed for
silicon. Suitabl e organic cations are those cations which are
derived i n aqueous solution fromtetraethyl ammoni um brom de or

hydr oxi de,10di beyvhether the reaction Qél?éé‘gla?céclhoa fi gec? f%hot?rt MRGIng B réctor or

di et hyl di benzyl ammoni um chl ori d azoni um
bi cycl o[ 2. 2. 2] &Fataiysimmwﬂhirbamtab'tlordlslnlra}mnooea:tmr additionahdistiliatibhse.

These organi ¢ bl URirddto el the 'Hrodudt g]ﬂylbenzene. in the case where a
fixed or moving bed reactor is used and where the reactants are ethylene

'and benzene, the unreacted ethyléne, hydrogen, methane, ethane,

15 unreacted benzene, and C¢-C; paraffins are removed in the overhead of a
first distillation column. Thé bottoms of that column contain the product
ethylbenzene and the polyalkylated benzenes. When the reaction is
carried out in a catalytic distillation column, the above described
separation takes place in the same distillation column where the catalyst

20 is placed. In either case the following separations are carried out using
conventional distillation columns using techniques known in the art.
Several different arrangements of the subsequent distillation columns are

possible, and within knowledge of persons of ordinary skill in the art.

25 In a preferred embodiment the' bottoms stream containing the product
ethylbenzene and-the polyalkylated benzenes is separated by distillation
into product ethylbenzene which goes overhead and the polyalkylated
benzenes which are in the bottoms. | |

30  The vapor overhead contains unreacted ethylene and light paraffins. This
unreacted ethylene from the ethylene-containing stream, if desired may be



WD 98/ 09928

PCT/ US97/ 15684 - 18- .
descri bedwd es/0992:npl e, in European Patent Applicati ons No®CcTAis97/85584

and 159,847, and U S. Pat. No. 4,508,837. The preferred organic cation is
t he tetraethyl anmoni um i on. 5 Mis typically ‘a,sodiumion fromthe
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occupi ed by lopiwetsioni ohbeareriarsucir ¢hataat hig'l'nrpercéf}ﬁagedof tﬂ'élebwehezeOLi te
may be used as catalyst, but generally it _is, preferred to m x the
ze)cl)l ite pomdé’Pr\?\l?‘Pﬁdaﬁ i'&?&r ESHF%'%'?P “%f‘ﬁd@e%uﬁ'@% 9 Jeacted. This
silica, sili ' I C X : Xt ure
ht o ¢ SRrEete dénlofia Séainingy tRE Seft to Whe pdikting Koc e RBefd ' ¢
99 wt.%Mb ondylan insignificaritamdount ofrbenzemei toethecfimal qgasoting product. amge from

10 to 90 % .and. noye typically from60 to 80 wt.% The preferred
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or extrudat espaterials,Navi ng the desired shape by nethods well known in the

art. The extrudates or tablets will usually be cylindrical in shape.
Qt her shapes 30 ~w th enhanced surface-to-volunme ratios, such as fluted or

pol yl obed Additional monoalkylated product may be produced from the polyalkylated
15  material by transalkylation brocesses known in the art. The polyalkylated
products may be reacted with additional aromatic feed in a separate
reactor. In this embodiment, it is preferred to blend the bottoms from the
distillation of monoalkylated product with a stoichiometric excess of a
preferred aromatic feed, and react the mixture in a separate reactor over a
20  suitable transalkylation catalyst. Suitable transalkylation catalysts include
steam-stabilized Y zeolite and zeolite beta. The effluent from the
transalkylation reactor is blended with alkylation reactor effluent and the
combined stream distilled. A bleed may be taken from the polyalkylated
product stream to remove unreactive heavies from the loop, or the
25  polyalkylated product stream may be distilled to remove heavies prior to
transalkylation.

Cumene is produced analogously to ethylbenzene, i.e., by a Friedel-
Crafts alkylation of benzene with propylene. The present invention may
30 be used with a molar excess of propylene to benzene, both in dilute
streams. These dilute streams are reacted using a zeolite beta catalyst
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cylinders, can be enployed to enhance mass transfer rates and, thus,

catal ytic activity. ! eta has a 12 ring structure with pore
sizes of 5.5 x 5.5 A Hi§ SHEE AS Bﬁ%4 A Zgalite beta is an intergrpowh
of three distinct, o dered'iEBbA £ \ (Higgins; et al., Zeolites; 8,
446 (1988); Treacy, -, Nature, 332, 249 €;988). The pure.....4

pol ytypes are whetdifled Wikthre' dfheummemee @f ahbe tri SBpropyl berzsie Winbpea”
as used herein. 10 Whet her the reaction takes place in a fixed bed or

movi ng bed reserosiuced.  Diisopropyibangeme haad Wrilsopiopylbenzena i caniithenl bat i on
i Kyl benzone. - ranEslisaiad o Bunghe with adefibfal Saibdrs,; HieisiaaNt sobinig used
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et hyl ene, hydrogen, nethane, ethane, unr eact ed zene, an

Cerr]-Cer] mpentionedsfonthe rproduction roft athylhenzesed dheastream containing

distillati | urm.  Th ntain th d
et nyl benzene. SAPAUIRNG 5D % rEferably. ABRsaiC i, 466 HiEhe prpBy el Yioams
carried out inadaifitié! i réfirfbiris ahat tRemicl Usiaints. NeERBMPRsI RIANHE Sdilute

separation takes place in the sane distillation colum where the catalyst
20 is pl acedprapylena Heam ccatalytic ccrackinguniis sand rsiearoncrackers ar Anetharsut

art ] sovemBpalieRyayR inelBh 18R 4R SR Co MinGS cullriinPleRust Blineo, -
colums ajg atorm&w’eﬂo?ané%ﬂr%ymde)%nem@seoéomeéﬁons of ordinary
skill in the art. 25 n a preferfed enbodi nent the bottons stream

cont ai ni ng the product et hyl benzene and the pol yal kyl ated benzenes is

separat ed by bl Bl oxemples' Ae”pRAGLE to RN USRS BY EhehRB in

over head and _
accordance with the principles described, but are not to be construed as

limiting the invention in any way except as indicated by the claims.
15

Example 1

This Example shows the alkylation of benzene with a stoichiometric
quantity of ethylene in a continuous reaction over a zeolite beta catalyst.

- 20  Good catalyst activity maintenance is found compared to a prior art zeolite
catalyst (see Example 2). Also, good selectivity to ethylbenzene,
diethylbenzene, and triethylbenzene is fdund, with little tetraethylbenzene
and higher atkylate.

25 Dry benzene (54.6 g/h; 0.70 mole/h) and ethylene (0.24 std Limin; 0.64
mole/h) were fed to a 300 cc stirred (750 rpm) autoclave reactor held at
200° C. The solid catalyst (15.6 g) was held in a fixed basket formed of
two concentric cylinders of steel mesh (Robinson-Mahoney reactor). The
autoclave stirrer is designed to circulate both liquid and gas through the

30 catalyst basket. This results in isothermal reaction conditions with good
mass transfer to the catalyst particles. The liquid level in the reactor was
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benzenes which are in the bottons. 30 The vapor overhead contains
unreacted ethylene and |ight paraffins. This unreacted ethylene frem-
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recover ef M LEaCHHof=wi=ly pure benzene iin a second reactor or catalytic
di stilla} 1B® eoher P4FHEENOhdensed over head2ps oduct: commonty known as

a |iqui of di stiREPAABEDr om the first distilTdtion colum;-or the catal ytic
distillation colum @ ® case nmay be, contains the unreacted
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S il . ;
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per cent age Ofthéﬁggwﬁ??ack-pres%@%tz@ x g;; fhedttg%n@wwakg%awww eed

stream is reac e stream nmay be sent to the
gasol i ne poolreabtdrat 865 kida phagednid psig). nEhese liquid andges streamsoweateene t o

Fequi red & o HanBpaSR inud,sriallyeaselal 1Rk Buaus {20 regl Bressure. The

Addi ti onal I Ot eIV ToT i‘da%?al | K, ed 15
mat eri al by%ggﬁ?ﬁ gﬁlegﬂ?p%@c%tggvgggzn‘gé\g I'n ﬁ]é:ad ?katr e%%ﬁyéléﬁ at ed
products nay dwommtographwi tSampldist obthé liquidieproductc stream wese peoltected
reactor. In this enbodinent, it is preferred to blend the bottonms fromthe
G 01 11 at i on RAMQMARIN. Kgha: wers, ARR EalyAse &ns Bofes SHRMAGOTERBos S8 o
preferred ar ' t ) i Mﬁ r over a
20 sui tabl e pg%s&?ﬁ%%ﬁugﬁagﬁafy@. {%ﬁmgﬁ em!t‘feansa y tggi\g%@?gg)gl ysts -
include 10 liquid productiwas remdrded.col ite and zeolite beta. The effluent -

fromthe transal kyl ation reactor is blended with al kyl ati on reactor
ef fluent and the conbined streamdistilled. A bleed may be taken from

the polyal kyl #h&€atalyst used in this Example was zeolite beta, obtained from UOP in
the form of 1/16 inch extrudates. Content of the extrudates was 70%
zeolite beta and 30% inorganic binder. The catalyst was received in the

15  hydrogen form and confirmed as zeolite beta by x-ray diffraction. Before
use it was dried overnight under vacuum at 200° C. When the catalyst
was placed in the reactor it was covered with an initial charge of
ethylbenzene in order to keep' the catalyst wetted during heatup to
reaction temperature. After the reactor reached temperature, the flow of

20  both benzene and ethylene was started.

Results are shown in Table |, where the composition of the liquid product

~in weight % is shown as the run progressed. Note that the catalyst

maintained good activity during the 100 hour run, and was selective to a

25  mixture of ethylbenzene, diethylbenzene, and triethylbenzene. The spent
catalyst particles were a uniform light brown,; fresh catalyst is tan.

—_—
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product streamto renove unreactive heavies fromthe | oop, or the 25
potyal kyl a ct streamnmay be distilled to renove heavy ' to
t ransal kyl ﬁ%&wjg Curmene i s produced anal ogously to etj%@n@éﬁe,

i.e., by a Friedel- Crafts al kylati on of benzene with propyl ene. The
present invention may 30 be used with a rmé I excess of propyl ene” to
benzene, both in dilute streans. These d| lute streans are react ed
using a zeolite beta catal yst 96B058 .

-21- wherein a m xture of cunene, di and tri |sopropyl benzene wil |
be produced. Diisopropyl benzene and triisopropyl benzene can then be
transal kylated to cumene with additionalTdmesene. The stream contai ni ng
benzene will preferably be chosen from anpngst the same streans 5

mentioned for the producti onliquist Produst.Composition{wsh) cont ai ni ng
propyl ene can be preferably chosen fromthe dilute propyl ene streamns
available in refineries and chem cal plants. Exanples include dilute

propyl ene from cat al yfjRecracking units and steam crackqétsa- tdler other
embodi ment woul d | ” fleah'® UsEntdng® CEB' r]dlEF‘U%nEB (& heymEgCul Eﬁtylate
boiling 10 at or ropane and propyl ene) fromthese sources.
The fol |l ow ng ex '
accordance with the pr ﬁ10| pl es e Bre nstrue-
linmting the inventionifn any V\%@xceﬁd hs 198 ca?e"ﬁ by thé 4! ai ns. 0150
Exanpl e 1 Thi s28xanp Ws t(29.81 k184ti oB-bf benzd® with £.50
st oi chionetric 2Bt i ty of4Q39hyI A8%3 i n13.4c0n8131u0us rdaction 0080a
zeolite beta catal yst 38.5 40. 297 194 83 14 0.50
1 46.25 42.2 293 188 8.0 1.3 0.50
55 45.5 283 172 7.0 1.1 0.40
63 44.0 283 181 7.8 1.3 0.50
70.5 - 47.8 280 159 6.2 0.9 0.30
78 40.3 302 193 83 14 0.50
86 446 287 17.7 7.4 1.2 0.40
04 48.5 273 170 74 1.2 0.50
100 480 274 161 65 1.0 0.40
5

Comparative Example 2

This Example was conducted in exactly the same manner as Example 1,

except the catalyst used was a steam-stabilized Y zeolite. This is the
10  catalyst currently used in at least two commercially available technologies

for the reaction of ethylene with benzene to form ethylbenzene. However,

these technologies use a large molar excess of benzene over ethylene in

the feed to the reactor. This Comparative Example shows that this prior

art catalyst is not suitable for reaction of benzene with a stoichiometric or
15  excess molar quantity of ethylene.

The steam-stabilized Y zeolite catalyst was received from UOP, and is
designated LZY-84 (formerly designated LZY-82). The LZY-84 was in the
form of 1/16 inch extrudates, which contained 20% inorganic binder. The
20 base zeolite has a silica to alumina molar ratio of 5.3. The zeolite was



20 Good catal yst activity maintenance is found conpared to a prior art
zeolite catal yst (see Exanple 2). Also, good selectivity to .

et hyl benZ&p98/09928  di et hyI benzene and triethyl benzene i sptowsoi/isesd h
little tetraethyl benzene.. and hi gher al kyl ate. 25 Dry benzene
(54.6 g/ h; 07’0rmle/h) and ethylene (0.24 std 1/mn; 0.64 nol e/ h)
were fed tda 300 cmstirred (750 rpn) auteg¢have reactor held at

200[err] C. The soli d-cat al yst (15.6 g) was held in a fixed basket forned
of two concentric cylinders of steel nesh (Robi nson-Mahoney reactor).
- The aufereived xettherrydrogeueferrgnandtwas|drtad ahdemhvatudmaati 200M¢ gas
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condi i ons. wbrRMIBRBelcrs RS (B, in el orevicis Rxatplethercatabel 169 One

liquid level was éé\férée%ﬁtrpéthm
-22- hel d constant by a é'tzgﬂ ;thee" %t%at extggﬁ 'e‘é"'? react%rb "Pltorg%ove t he
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kPa) . These liquid and gas streans were separated in a small vessel at
138 kPa guage (20 psig) pressure. The gas stream (nearly all

et hyl ene) wadhenk@sulisdare: showncinl Tl'jlbllgl/ Il where the composnmhoﬁtt@ hqgmml es
O e o 0ot BB R oA e B 8 188 168 prooressBi T PR-tbbkt adbthr - o

wet test et gir pFaaualar o URALERESHS, WiethPlbarizBHbS I iginyiBnddor oo

The catal yst used in this Exanple was zeo :
the fordlof Iagiciy declinedicand the runtwas terminated fter fonlye)28 hoatses Tkrs 70%

zeolite beta oq.1 nor L c_bi nder e G st was received in the 15
hydr ogen for ﬁ&ﬁﬁﬁggt@hﬁ ﬁg'ﬁcqﬁé W?é%ﬂ'ﬁnédsgi z?“g?r-?{'f’%l? Oamaﬂail lagls fresdy or e
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Table il
15 Liquid Product Composition (wt %)
Time | o
onstream tetra-, penta- - other
(hours) Benzene EB diEB triEB- & hexaEB  alkylate
4.4 51.2 278 130 45 1.7 1.90
6.7 60.6 224 94 3.5 18 2.20
10.7 68.2 201 6.7 23 1.0 170
14.7 815 122 36 1.2 0.4 1.20
18.7 80.5 120 38 1.5 0.7 1.60
223 - 86.5 69 24 14 0.7 1.60
284 88.0 46 07 0.8 3.9 2.00
Example 3

20  This Example was conducted in the same manner as Example 1, except
the zeolite beta catalyst was from a different source. The benzene feed
rate was 54.6 g/h (0.70 mole/h) and the ethylene feed rate was 0.26 std
L/min (0.70 mole/h). The reaction temperature was 200 ° C and the total
pressure was 140 psig. The zeolite beta (12.9 g) was obtained from PQ
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Tahl e
Li qui d Productoet8nyeei $9:dn (Uhe geolite was redeived’ 0 the hydrogen form and

tetra-, penta-q
hexaEB alkylat

rifirfoel as zeolite tf]etacﬁfi-rrﬁf‘ Giffrachisi Z‘?lr\‘ﬁas %ﬁe&'ﬁ% 2\;%6%3 6

22.8 9.45 at208C overmgbtbefore use. 14 39.9 30.1 19.8

8.3 1.4 0.50 22 40. 7 29.7 19.4 8.1
1.3 0.50 30. 25 40. 9 29.3 19.4 8.3 1.4

0.50 50

AR 4The r@%ﬂt@ arelﬂm%ﬂﬁ’ Q@a'abfegu? Abgm‘1 go%d:’aq%tty mdintbnance w@g

45.5 28.3 Jféuﬂd dveér the 1001héur run. @Alst) good selectivity t63ethylbenzene}. 0

28.3 18.1 7.

c?iemyy:enlz'e%e, g_ngdrigth5yﬁ7enzene was;@ound?o >

47. 8

28.0

15.9 6.2 40. 3 30.2 19.3 8.3
1.4 1 50
Table lil.
Liquid Product Composition (wt %)
Time tetra-, other
onstream Benzene EB diEB IriEB penta-& alkylate
(hours) hexaEB

5.67 399 272 199 104 22 . 0.30

13.67 40.1 272 199 103 2.2 0.30

21.25 41.2 268 193 100 2.2 0.30

28.25 40,7 26.7 195 10.2 22 0.30

36.25 415 268 193 100 21 0.30

48.5 41.2 269 194 101 - 2.2 0.30

52.5 40.7 267 196 104 23 0.30

60.5 424 26.3 189 10.0 2.2 0.30

68.5 43.4 260 184 97 2.1 0.30

77 40.9 269 194 103 23 0.30

85 -43.3 259 186 98 21 0.30

63 43.1 256 186 1041 2.2 0.30

100 46.6 252 170 89 1.9 0.20

15 Example 4

This Examplé shows the reaétion of a stoichiometric amount of ethylene

with benzene at 180° C using the same charge of zeolite beta caialyst

used in Example 3. The benzene feed rate was 28.3 g/h (0.36 mole/h)
20 and the ethylene feed rate was 0.14 std L/min (0.38 mole/h). The total
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86 44. 6 28.7 17.7 7.4 1.2 0. 40 94

46.5 27.3 17.0 7.4 1.2 0.50 100 A48.0 .
27.4 16. WO@88499928 1.0 0.40 5 . PCT/US97/15684
Conpar agl - . This Exanpl e was conducted in exactly the sane

manner lS(SHﬁE@HI‘xS BEEN e>'<"fcept the catal yst used was a steamstabilized Y
zeolite Thr*sﬂim_ﬂtﬂtﬁ 10 _}cajal yst currentid8-used in at |east two
comer cibes-ry—arvaitabr e t echiipl ogl es for the reaction of ethylene with

benzene to*f orm et glbenzene t hese technol ogi es use a | arge

nol ar excess BFeSsure was H0Q psig. hW@ﬁEsﬁ"FF are shqvwe in dable V.t Goodeaativity. Thi s

For roact] on TEenencd Wag filind s el 10 hour gfih) ARbZGYSA selerity 355%??5

of ethyl ene. eth Ibenﬁna siiahytbahabnél Mtriétﬁ behiéne Was!fsehd VaIrhe' ??Itv
from UOP, and |sy nated LZY-84 (forﬁerl y desi gnated LZY- The

LZY- 84 was i nCai@lyst W85$ Qrftam/tnenthﬁ:free&pata!wa es, which contained 20%

i norgani cgbi nder. The 20 base zeolite has a silica to alumna nolar ratio
of 5.3. The zeolite was WD 98/ 09928

PCT/ US97/ 15684 Table IV. - 24-

received in the hydrogen form and was dried under vacuum at 200[err] C
overni ght before use. As i nLiquiddProduatLCamposition (we%)jat al yst (17.9 g)

was covered with ethyl benzene when it was | oaded in the reactor, in order
to keep it wetted during initial heatup to 200C at the inposed total 5

pressure of 965 Kfjmegguage (140 psig). . : The resul t@tl%[e sho%drn Tabl e

', where the cogiitiebh?" Of ddizenklUER diEB tiEB  penta-d  alkylate
{hours) : hexaEB
9.5 35.9 290 219 108 22 0.20
17.5 36.2 281 218 11.2 2.4 0.20
245 ' 37.5 276 211 10.9 2.4 0.20
29 37.0 276 212 11.2 2.5 0.20
37.5 37.5 274 211 112 25 0.20
455 37.1 268 213 117 2.7 0.20
5§3.5 36.2 268 217 120 2.7 0.20
62 35.9 279 221 115 2.5 - 0.20
69.7 39.2 271 204 107 2.3 0.20
77.5 379 = 267 210 114 2.6 0.20
85.7 39.9 269 199 105 24 -0.20
93.7 - 401 27.5 200 100 2.1 - 0.20
100 42.1 266 192 97 20 0.10

10 Example 5

This Example was conducted in the same manner as Example 1. The
zeolite beta catalyst (15.1 g) was from the same source. The benzene
feed rate was 54.6 g/h (0.70 mole/h) and the ethylene feed rate was 0.355

15 std L/min (0.95 mole/h). The reaction temperature was 200° C and the
total pressure was 170 psig. In this Exampie the catalyst was not covered
with an initial charge of ethylbenzene (as in Examples 1-4) since it had
already been run under a different set of conditions and remained wetted
during heatup.

20
This Sheet Has Been Re ﬂ
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product in weight %is shown as the run progressed. The catal yst activity
for produc t hyl benzene, diethyl benzene, and triet hyI

rapidly decﬁ'ﬁﬁg@;ﬂgnd the run was term nated after only 28 hours Qﬁ"r#&
spent catal yst particles were very dark, either purple or nearly- bl ack;
fresh catalyst is tan. Lo7. THI o e II.
15 Li qui d Product Conposi #on (Mt § S}L-‘;T HAS BE | Time
onstream ' tetra-, Yees ‘rﬁq}f@r '
(hours) Ben [ |

(ho Zﬁ@e?;ﬁ@s a{§ sﬁﬁwnt i Fable & 'G&@@%cﬂv@ K‘@éﬁbﬁance was: found

60.6  22. 4 9oaer i 85 hour runl. Good seleztl\ﬂty to ethylbenzene, digthylbenzene, 68 2

g.o'al ?. ; 5 a"déf'ﬁthy'benzeﬂezﬁas found. 18. 7 - 80.5 8%2?0 %.282
1.5 0.7 1.60 22.3 86.5 6.9 2.4 1.4

0.7 1.60 28. 4 88.0 4.6 0.7 0.8 3.9

2. 00 5 ' TableVWpl e 3 20 This Exanple was.
conducted in the sane manner as Exanple 1, except the zeolite beta

catal yst was from a differengj r W o rate was 54.6
g/h (0.70 nole/h) and the et uﬁf%% rat e was gﬁggﬁﬁ) L/mn (0. 70
nol e/ h). The reaci.t gn terrperature was 200 [err] a@grthe t.ot al

pressare v Ml Wl ' gt kd> Sugh TR IR

13.1 46.3 24. 163 105 30

21.1 50.0 236 139 90 2.3 0 7
29.1 48.6 234 144 99 2.8 0.9
371 49.8 228 140 97 2.8 0.8
45.1 52.1 226 131 88 2.5 0.7

10 Example®

This Example shows the use of both a dilute stream of benzene (5%
benzene in hexanes) and a '-dilute stream of ethylene (ethylene in
hydrogen). It was conducted in the same manner as Example 1, except

15 the catalyst was not covered with an initial charge of ethylbenzene. The
zoolite beta catalyst (15.5 g) was from the same source. The contained
benzene feed rate was initially 6.14 g/h (0.079 mole/h) and later increased
to 6.25 g/h (0.080 mole/h), while the contained hexanes feed rate was 112
g/h. The ethylene feed rate was 30.0 std cc/min (0.080 mole/h) while the

20 hydrogen feed rate was 70 std ce/min. The reaction temperature was
180° C and the total pressure was 250 psig.

The resuits are shown in Table VI. Good activity maintenance was found
over the 71 hour run. Good selectivity to ethylbenzene, diethylbenzene,
25  and triethylbenzene was found.
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Corporation in the formof 1.6m(I/16 inch)extrudates which were 80%

zeolite beta and 20% al um na bi nder. The silica to alum na rat. o..of.
the zeol i w©98/09928 bet a was 50: 1. The zeolite was received porhiseninégy ogen
form and confirmed as zeolite beta by x-ray diffraction. It was dried
under vacuum 5 at 200[err] C overni ght before use. The results
are- shown ' Sﬁgr good acti vi.pg-nai nt enance was f ound
over the % Cgood sel ectivity to ethyl benzene,

di et hyl benkgne tPet hvipenzene was found. 10 _

Table I11. Li quid Product Conposition (W %

Time . . i{tra ot her

onstream Benzene EB diEB triEB Tab!% al kyl ate

(hours) hexaEB 5. 67

39.9 27.2 19.9 10.4  Ligai®ProducOCotnposition (wt%) 13.67 40.1
27.2 19.® 10.3 2.2 0. 30 : 21. 2 41. 26. 8

2
19.3 10. 0 Tifhel 0. 30 28. 25¢etra- peﬁg e 19.5
10. 2 2 hours 3Qenzene EB ditB 2HriEB  2lhexaFRS: 8 alkvla 10 0
2.1 10.8 1 J. Zosdb 3

0.30 18.3 52.5 31 4q.. 23397 @56 10. 492 2.3 82 0

60. 5 42.424526.3 38 9 1Q.p 1. 0.30g9 0.3 68 5
43.4 26.0 1828 9.7 34 2. 45 g 30 02 77 40.9
26.9 19.4 10. 34 2.334 . 40 1 1 85 q. 43, 25.9
18.6 9.8 249 3430 45 1 d)g : 0%3._1 25. 18.6
10.1 2.2 45 0.30 3.4 1.5 1 0 ) 46.655 25.2 1H%H 8.9
1.9 0.20 149 1.5 Exanphg 4 Jhis
Exanpl e shows try,reactlg@ of a4sgoichy rretr amountgef et hyl e Wi th
benzene at 180 (gaising tRBe sanme igargel gf z g

ite bet ocat al yst used
%)2 and the

in Exanpl e 3. Thgy benzeng g eed rage /h (0. m)le/h)
et hyl ene feed rate was O. 1s;fstd1la§m 38 rrgle/h) e total

Example 7

This Example is identical to Example 6, except it uses a zeolite beta
10  catalyst (16.1 g) from the same source as in Example 3. The contained

benzene feed rate was initially 6.61 g/h (0.085 mole/h) and later increased

to 6.64 g/h (0.085 mole/h), while the contained hexanes feed rate was 111

g/h. The ethylene feed rate was 31.5 std cc/min {0.84 mole/h) while the

hydrogen feed rate was 70 std cc/min. The reaction temperature was
15 180°C and the total pressure was 250 psig.

The results are shown in Table VII. Good activity maintenance was found
over the 104 hour run. Good selectivity to ethylbenzene, diethylbenzene,
and triethylbenzene was found.
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96B058 - 26- pressure was 689 kPa guage or
790 kPaf 10Q The results are shown in Table |IV. Good ac

mai nt enanc& &é@’@%ﬁnd over the 100 hour run. Also, good sel e%ﬁl %(ms?%t
et hyl benzene, diethyl benzene, and triethyl benzene was found. The spent
catal yst was a darker tan than the fresh catglyst. 5

Tabl e | V. Li qui d Pr odi Corrp05|t|on (wt 99~
Ti me tetra-; ot her
onstream Benzene EB di EB tri EB penta-& al kyl at e (hours)
heaEB 9.5 35.9 29.0 21.9 10.8 2.2 0. 20
17.5 36. 2 28. 1 21 8 11. 2 ﬁme'vu 0. 20 | 24.5
37.5 27.6 21.1 10.9 ° 0. : 37.0
27.6 21.2 11.2 2.5 7. 27.4 21.1
11.2 2.5 0.20 "ﬂ"ﬁg %’°d"°tc°'§§°%'t'°“(‘%’§ 21.3 11.7 2.7
0.20 5 535 . 36.2 26.8 21.7 12.0 0.20
62 3slme 279 221 .11.5-_ 2.5 tetya 2(Penta- othar. 7
39. 2 27.1 _ofhoursio Benzene ' EB  ER  IriEB ML_M_
26.7 21.0 11. 46332 6 3.5 0.201.6 1.1 8507 .9 28620 19.9
10.5 2.4 14330 35 g3lp 1.0 4004 27052 20.0 1820 2.1
0. 20 10RR2.33 3.542.116 2618 1902 9.7 02 ¢ 0® 10 10
Exanmpl e 5 2%f5s Exa Te \Nas"-(?ondu&ﬂed |q t he sam@-4mnner asOZkanpl e
1. The 38.75 16 0.7 0.2 0.2
. 46,22 34 1.6 10 0.7 0.3 0.2
51.33 34 16 1.1 0.8 0.3 0.2
66.33 3.1 1.4 1.2 1.1 0.6 03
74 3.4 16 11 09 0.3 0.2
82 34 15 1.0 0.7 - 0.2 0.2
Q0 3.5 1.5 0.9 0.6 0.2 0.2
. 98 34 15 1.0 0.7 0.2 0.2
104 3.4 1.5 1.0 0.7 0.2 0.2
Example 8

This Example is a computer simulation that demonstrates the recovery of
10 benzene from a dilute stream as a mixture of ethylbenzene,
diethylbenzene, and triethylbenzene, by reaction with a molar excess of
ethylene contained in a dilute stréam, and using a zeolite beta catalyst.
Table Vil provides feed and product compositions for this example. The
benzéne-oontaining stream (9,000 kg/h total) is representative of a
15 reformate heartcut which is hydrogenated in order to remove the small
amount of olefins. It is 35.6% benzene by weight with the balance
predominantly Ce alkanes, and ié essentially free of toluene. The
ethylene-containing stream (9,100 kg/h total) is representative of what can
be obtained from a fluid catalytic cracking unit and additionally contains
20 ethane, methane, hydrogen, nitrogen, and other species lighter than
ethane and ethylene. The stream is purified to remove species such as
hydrogen sulfide, carbon dioxide, and ammonia. The stream contains



. zeolite beta catalyst (15.1 g) was fromthe sane source. The benzene
feed rate was 54.6 g/h (0.70 nole/h) and the ethylene feed rate was .0..355
15 std | wmoesiy®295 nol e/ h). The reaction tenperature was ptisdvisesy and

t he total pressure was 1172 kPa [err] (170 psig) In this Exanple the
catal yst was not covered with an initial charge of ethyl benzene (as in
Exanpl.es. 1-4) since it had al ready beap-run under a different set of
condi tions -and remai ned wetted during heatup. 20 96B058
-27- - . The results are-shown in Table V. Good activity mai ntenance was
f ound " 0V3T.8% etm&emmuhy weight @ndissedsertially freet of ptdpylléﬁe“l andther

di et hyl benzene, and triethyl benzene was found.

Tabl e V. species heav;erthan ethanequi d Product Corrp05|t|on (Wt %

Ti me tetra-, penta- other

(hours) Benzene EB diEB triEB & hexaEB al kyl ate 13.1

46.3 24.0 The 3eadfiord proceeds B1 a dlstxllatlon tbv&er that conta’ﬂﬂ;s 117 600y of 23.6

13.9 9. g 2b3( 3.4 14.4 9.9
5 8 Zeplite beta ce;elygt mcorggre;ed inoa Epacgmg) strgctpre The catalyst

gﬁ(grrpl e 6 %loPhaCﬁIExés ﬁ'e\?é?]ghvxga% 'éa'uggug?“oonotshaga ﬁ] urt‘% sé’PP%é‘ngo
benzene (5% The twe feedh streambeeﬁteletﬁe toner at the boktomtdfahecatalpstedction.
(ethylene in The molar ratio of ethyiene to benzene contained in the two feed streams
is 3.0. The imposed total pressure on the reactive distillation tower is 17.9
10 kg/lcm®. Experimentally derived kinetic constants for the reaction of
benzene with ethylene over a zeolite beta catalyst are used in the
simulation. The calculated temperature at the bottom of the zeolite
packing in the tower is 182‘0 and at the top is 185°C. Three theoretical
trays are present in the tower above the,'zeolite packing, and a molar
15  reflux ratio of 0.6 is used (defined as reflux/total distillate). Inert Cg
alkanes from the benzene stream are removed at the top of the tower, as
is the partially deplefed ethylene-containing stream. Benzene conversion
is 95.9%, as a mixture of ethylbenzene (40.4 wt. %), diethylbenzene (52.6
wt. %), triethylbenzene (5.3 wt. %), and tetraethylbenzene (1.7 wt. %) that
20 is removed at the bottom of the tower. - Additional distillation trays are
required below the catalyst section to “strip* benzene and other Cg's from
the bottoms product. The remainder of the ethylene in the ethylene-
containing stream can be recovered if desired by reaction with pure
benzene in a second catalytic distiliation tower. The ethylbenzene
25  product may be recovered by distillation, and the diethylbenzene,
triethylbenzene, and tetraethylbenzene may be converted to additional
eihylbenzene by transalkylation with excess benzene using processes
well known in the art.



hydr ogen) .

cat al-yst was not covered with an initial

zeolite beWéJ%séqg?%/
to 6.25 g/h (0.080 nole/h),

It was conducted in the sane manner as Exanple 1,

The reaction te
pressure was 1,724 kPa guase or
Good activity maintenance was found

charge of ethyl ben
st (15.5 g) was fromthe sanme source.
benzene feed rate was initially 6.14 g/h (0.079 nol e/ h) and | at er
while the contajfed hexaned®
g/ h. The ethylene feed rate was 30.0 std cc/mn (0.080
- hydrogen feed rate was 70 std cc/ mn.
180 C and the total
The results are shown in Table VI.

except 15

e Ol Sens

t he

i ncr eased

(kg/h)

Although the present invention has been described in considerable detail

with reference to certain preferred embodiments, other embodiments are

10

possible. Therefore, the spirit and scope of the appended claims should

- not be limited to the description of the preferred embodiments contained

herein.
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over the 71 hour run. Good selecthlty1Emﬂethlbenzene dlethylbenzeqe 25
and triethyl benzene was found. 968058
28- . Feed and Product Com for Example 8
Li quid Product Conmposition (\t %9 5 . . Tine _
tetra-, penta- ot her (hours) Benzene EB diEB triEB &
hexaEB  al kyl affe Co::mposttloé*’t0 3 Benzené’ Ethyléne | Ovethead’| ©verhead | Bottoms
0.2 0.3 wg/o (Eo it | Coptaifing - Vapdi ! Liquid y}’t'e
0.2 24.5 1 g vapor of 2.9 )
58 34 eed d, | Distillate;| Distillate | Broduct
3.4 1.6 14 JHﬂg_regen N 2 3:7 N - 4.7 e 2 2
1.5 1.1 0.6 Methang > 0l3 36.6 4547.1 3.4 1.5
1.0 0.6 Ethylene 0.2 3ud 202 4 1.5 1.0
0.6 0.3 - Ethane 0.2 5p 299 3J5 280 1j6 1.1 ] 0.6
0.2 0.2 Ces-C7 64.4 98.7
nonaromatics
Benzene 35.6 1.3
Ethylbenzene 40.4
Di- 52.6
ethylbenzene
Tri- 5.3
ethylbenzene
Tetra- 1.7
ethylbenzene
5  Total Flow Rate 9, 000 9, 100 8,285 5,942 5,023




63 3.5 1.6 1.0 0.6 0.2 0.2 71
3.5 1.6 1.1 0.6 0.2 0.2 Example 7, ..
Thi s Exanpyv@ss/ieosgientical to Exanple 6, except it uses a zemtmsmm 10
catalyst (1@.1.9) . fromthe same source as in Exanple 3. The contained _
benzeng feed. rate nas: |n|t|aIIy 6.61 g/h (0.085 nole/h) and | ater increased
to 6.64 g/h (O 085 ol ed h), while the conted2xed hexanes “f*eed—rate—was——l—l—l—

g/ h. The et hylene feeel —fate was 31.5 std cc/min (0.84 MOIRE Sleettll BE, elaced
hydr ogenf std cc/mn. The reaction terrper

180[ err] SH &l t@PaEﬁﬁM essure was 1CELAMBPa guase or mﬂnm

The resufts arfERASHR in

Table VII. Good activity mai nten

over the 104 hour run. d selectivity to ethyl benzene, dlethylbenzene
and triethyl benzene was found. WO 98/ 09928 _ '

PCT/ US97/ 15684 - - 29-

Table VII. 1. A process for the alkytation Gﬁanlatonﬁﬁcﬂwmctarbﬁbw&or&éin%

Ti me tra pent a- ot her

(hours) Eenzene Irkghydmbo?rs}regm m@pﬁﬁngB al kyl ate 6. 33
3.5 1.6 1.1 0.7 0.2 0.2 14. 33 3.5 1.5
1.0 0.7 0.2 0.2 22. 33 3.5 1.6 1.0 0.7
0.2 0.0 (a) processing the hydrocarbon stream to substantially remove

therefrom all but one aromatic compound;

10 (b) treating the hydrocarbon stream to remove essentially all
olefinic compounds; .

(c) contacting the thus treated hydrocarbon stream with a
stream comprising at least one olefin selected from ethylene,
15 propylene, and butylene, the streams being contacted in a
proportion such that the molar ratio of the olefin(é) to the
aromatic compound is not less than 1, in the presence of a
catalyst comprising zeolite beta, under alkylation conditions,
so as to form mono and polyalkylated aromatics; and

20
(d) separating the mono and polyalkylated aromatics formed in
(c) from the remaining hydrocarbons.
2 The process in Claim 1, wherein the aromatic hydrocarbon is a
25 single ring aromatic hydrocarbon.

3. The process in Claim 1 or 2, wherein the contacting is done in the
presence of both a liquid and a vapor phase.

30 4 The process in Claim 1, 2 or 3 wherein (c) takes place in a
distillation tower.

* C L M § *



9. 75 3.7 1 7 1.1 0.7 0.2
1.6 — 0.2
0.7 W° 51 33

A

0 2 ' as%e laced 23'

74 15“ ||WMH||\|\W om0
' ; 1

ms SHEET MAS BEEN
. _| REPLACED

0.7 . 04 B iy 5 1.0 0.7
0.2 0.2 Exéﬁﬁﬁe‘g Thi s
Exanpl e i s a cbnput dhesprosess nmanyrmecedmgr@lalmx nmerma thexiefim-containing
benzene from a diluyje stream. a e, of e | benz

i et hy! bensene. andSIBRE STBLRSS slhviBge AnBlSopNiefé, A7, aRgptialy e sthes

et hyl ene contai ned pfefinsdi | Ute stream and using a zeolite beta catal yst.
Table VI11 provides feed and product conpositions for this exanple. The
benzene- colt ai ni ng stream (9,000 kg/h total) is representative of a 15

ref ormat e hear cut ich is h dro enat e order, to.renove the s
ot of ol of o osss g BB ALRLSInb LR kA BTR Mol Bt S the

predoni nant | y C[errbuéfwﬁrtﬁéaramb HoSoRSaRtd B dreaferdRanh. t o uene The

et hyl ene-contai ning stream (9,100 kg/h total) Ts representative of what can
be obtained froma fluid catal ytic cracking un| t and additionally contains

et hane and et hii one TTRCEBRE I eNK AIBEFAPa IR Wibrsdl e Foser Eierbrd™

._‘_‘

2

3.
5

2
3.
1.
0.
0.
8
3. 0
1.

OU‘I OOOOOCD

hydr ogen | fide, ¢ cont ai ns WO
inogen 10! BldiRNMoth@drdfatit CorpamY & greBferthafam. S 7/ 15684
- 30-

8. The process in any preceding Claim, wherein the olefins are
removed in {b) by hydrogenation of the olefins to paraffins.

15 S A process according to any preceding claim for ethylating benzene
contained in a hydrocarbon stream comprising:

(a) processing the hydrocarbon stream to remove substantially
all aromatics other than benzene from said hydrocarbon
20 stream;

(b} ftreating the hydrocarbon stream to remove essentially all
olefinic compounds;

25 (c) contacting the thus treated hydrocarbon stream with a
stream comprising ethylene and essentially no other olefin,
the streams being contacted in a proportion such that the
molar ratio of ethylene to benzene is not less than 1, in the
presence of a catalyst comprising zeolite beta under

30 alkylation conditions, so as to form mono and polyethyl
benzenes; and

(T



37.8% et hyl ene by weight and is essentially free of propylene and ot her
speci es heavi er than ethane. The reaction proceeds in a .
distill atwonPsdNsdr t hat contains 17,600 kg of 5 zeol i tePO’BllleszGaI yst
i ncorporated.in a. packing structure. The catalyst
el even-theoretical - - di. Stl Ilation stages in the sinul at

feed streans enter he bottonBéf the cat eplac\é\é)
[e contained in th
the reactive di st

The nolar “rati-o of
derived kinetic constants for the

is 3.0. The inpose .
ised inthe  (OFmipelng o thons |a§tﬁeé°'?atﬁtbsb%wa%?orﬁéd’yﬁ%t&r of

17.9 10 kg/ cni er

the zeolite packlfr@nlmetrbmaimnglhyuﬁo%ﬁr]c and at the top is
185[err]C. Three theoretical trays are present in the tower above the
zeolite packing, and a nolar reflux ratio of 0.6 is used (defined as

reflux/tgfal 44 st 'fﬂ%b‘?%ceéts”ﬁ{ tc}laﬁt[nrﬁr Wherein g@n@tﬂ:es Jntbog]@gﬁg; ﬁoéﬁn%e/

stream are rem)ved tower,

depl et ed et hyl enemﬁﬁanlmmmremdrwmt&mdfsmllatton is 95.9% as

a mxture of ethylbenzene (40.4 w. 9%, diethyl benzene (52.6 w. %9,

triethyl benzene (5.3 wt. 9%, and tetraethyl benzene (1.7 wt. % that 20 S

eaui red bel o't net EAPErsase o AR ofFo. bRfin the biclaPlark ol ARl - ¢

from t he botw|wm|mewdbotlmgTbe|metﬁahnﬁ@rﬁzeﬁe thberizankereldsy tHan
et hyl ene- contalnln stream can be recovered if desired by reaction’
with purld beAARO.0h a second catalytic distillation tower. The
et hyl benzene 25 product may be recovered by distillation, and the
di et hyl benzene, triethyl benzene, and tetraethyl benzene may be
converted to 42idi tThptocess in OHIM bthoene, Whetd teseleliricoddrpounddlafxcess
benzene using processes known in the art. 96B058
-31- removed from the hydrocarbon stream by hydrogenation to form
parafins.
15

13. The process in claim 9, 10, 11 or 12 wherein the alkylation reaction
takes place at from about 100 degrees Centigrade to 300 degrees

Centigrade, and a pressure from about 205 kPa to about 3,450
kPa.

20
14. The process in any of Claims' 9 through 13, wherein the
hydrocarbon stream containing benzene is a light reformate, or a
pyrolysis gasoline.

25 15, The process in any of claims 9 through 14, wherein the stream
comprising ethylene is the dry gas from the overhead of a catalytic
cracker deethanizer, or the feed to a steam cracker
ethylenel/ethane splitter.

AR



Table VIII. ————Feed and Product Conpositions for Exanple 8
Conposi-t'i 0gyo o ihzengﬁ}ﬁegﬁagé@n ead Overhead Bott O”FCT/Ussmssu

wt % Cont al ni ng or Li qui d | kyl at
Feed Feed Di stijl ﬂ““‘“ﬂ“‘}! | at e ~ Product THIS SHEET HAS BElgrfogen
3.7

-35- t REPLAG’E?) 1

Et hyl ene 37.8 20. 2 .

21.9 28.0 Cerr] - C[err] 644

98. 7 16. nPherproetssdn any of Claims 9 trliteugbnes wheréih. the stream

1.3 Et hyl benzene .4
Di - et FOMPERING ethylene is a stream containing C; and lower bomng52 6
Tri - 5.3

et hyl benzene components. Tetra-

1.7 et hyl benzene 5 Total FI ow Rat e 9, 000 -

9, 100 8, 285 5, 942 5,023 96B058
-1- 5 17. The process in any of Cla@m Qsthrough 15, wherein p‘h@cess

for the alkylation gf %ﬁﬂéﬂeﬁgﬁé GeParataafof’ thepayBfIberzene and said” 2

hydr ocar bon stream co
polyethylbenzene is then transalkylated with benzene to form -

ethylbenzens.

10 18. A process for ethylating benzene contained in a reformate benzene
heartcut stream comprising:

(a) treating the reformate heartcut stream with hydrogen to
convert essentially all olefinic compounds to paraffins;
15
(b) contacting the reformate heartcut stream with a stream
 comprising ethylene and essentially no other olefins, the
streams being contacted in a proportion such that the molar
ratio of ethyle'ne to benzene is not less than 1, in the
20 presence of a catalyst comprising zeolite beta under
elkylation conditions, s0 as to form mono and polyethyl
benzene;

(c) separating the ethylbenzene and polyethyl benzene formed
25 in (b) from the remaining hydrocarbons; and

(d) separating the ethylbenzene from the polyethyl benzene

19. . The process in Claim 17, wherein (b) takes place in a catalytic
30 distillation tower.
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(a) processing the hydrocarbopess pst.antially renove
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hyd ' h
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22. The process in Claim 17, 18 or 19, wherein the molar ratio of said
olefin to said aromatic is greater than 1.1.
10 -
23. The process in any of Claims 17 through 22, wherein the alkylation
reaction takes place at a temperature from about 100 degrees
Centigrade to 300 degrees Centigrade, and a pressure from about
205 kPa to about 3,450 kPa.
15
24. The process in any of Claims 17 through 23, wherein the stream
comprising ethylene is the dry gas. from the overhead of a catalytic
cracker deethanizer, or the feed to a steam cracker
ethylene/ethane. '
20 |
25. The process in any of Claims 17 through 24, wherein the polyethyt
benzenes are then transalkylated with benzene to form
ethylbenzene.

25 26. A process for alkylating benzene contained in a hydrocarbon
stream comprising:

(a) processing the hydrocarbon stream to remove substantially

all aromatics other than benzene from the hydrocarbon
30 stream;
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5. The process in any preceding €ajm wherein the nolar ratio of the

ol efi*n*to- ti c conpound ‘i s greater -than 1. ocess
in any precedl ng aim wherein the m)l ar ratio of the 5 6rcrm§_4“lflsg4n to
the aromati c conpound Tiss: eala ee*! : : The process in any
preceding Caim \/\herel re -37- re :
hydr ogenati on of the oI | ns. 37 ’T’[_L e%gché%ggﬁﬁﬁ
to any of the preceding alnB mhereln the ro

conmpound i s benzene and the one olefin is ethylene and

et hyl benzene and pol yet hyl benzenes are formed i'n & The
process in d ai m 8, (Bher tienting dhe: hydrogarbon stiegme O FEMOVERy essentlally allpoi nt
t han benzene are renoved distillation. 10. The
process in any of C ains ?‘Eﬁég&&\bﬁgﬂé?h t he hydrocarbon stream
contai ning benzene is a light reformate, or a pyrolysis

gasoline. 20 11. The process in any of Clains 8 t hrough 10, wherein
the strear® (c) cenpiactingg the Hisn &reated Hydiegapes msiream heitv er head

racicer VS oy PURBRECHTRSER PBPYERe 8 sidind B8 SRR, | |

any of Claims 8 through Zlprgpertiohnstibls that the molar eidiiv! RENBRPYlerfe to
separated fromthe pol yethyl benzene and said pol yet hyl benzene

i s then transal kyl at ed” wPenzere 48 ot lessthan 1, in the presenas, pbhencatalyst3o
comprising zeolite beta under alkylation conditions, so as to
10 form mono and polyisopropyl-benzenes; and

(d) separating the mono and polyisopropylbenzenes formed in
(c) from the remaining hydrocarbons.

15 27. The process in Claim 26, wherein the contacting is done in the
presence of both a liquid and vapor phase.

28. The process in Claims 26 or 27, wherein the aromatics with other
than benzene are removed by fractional distillation.

20
29. The process in Claims 26 27 or 28 wherem the contacting is done
in the presence of both a liquid and a vapor phase
30. The process in Claims 26 through 29, wherein (c) takes place in a
25 distillation tower.

31.  The process in any of Claims 26 through 30, wherein the molar
ratio of said olefin to said aromatic is greater than 1.

30 32, The process in any of Claims 26 through 30, wherein the molar
ratio of said olefin to said aromatic is greater than 1.1.
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Clains 1 through 7 wherein the one

and t he o/WO88/899%% conpound is
pol yet hyl benzene are formed in (c).
14, wherein the stream conpri si ng

13. A process according to
aromati ¢ conpound i s benzene.
propyl ene and cURERIEGSHT16684
14. The process in any of Caim
propyl ene is the overhead of

5

- the feed to a
he process according
al kyl ati on reaction takes pl ace

to 315 degrees. Centi grade,

a cat alytic cr acker dep 2
: to any of

propane/ propyl ene split

the preceding d ains

at from about 38 degrees Cen

and a_pr essur g3f r-onhabgdcedd Gnk | hr

16. The process in Cains 159 gﬁ%tgrre? r?"? Puﬁn%tgpﬁﬁgl@ r@g#ra]rﬁ

conpri ses et hyl eneratinl qfr (anginatsesawlthetugi'l&rl bbllmgwcpmnthﬂnaml béhzene to
benzene is less than about 0.01. |

34. The process in any of Claims 26 through 33, wherein the olefins
are removed from said hydrocarbon stream by hydrogenation to
form paraffins.

10 35. The process in any of Claims 26 thrdugh 34, wherein the a!kylation
reaction takes place at a temperature from about 100 degrees
Centigrade to 300 degrees Centigrade, and a pressure from 205
kPa to about 3,450 kPa.

15

36. The process in any of Claims 26 through 35, wherein the

hydrocarbon stream containing benzene is a light reformate, or a
pyrolysis gasoline.
37. The process in any of Claims 26 through 36, wherein the stream
comprising propylene is the overhead of a catalytlc cracker
depropanizer, or the feedtoa propanelpropylene sp’l'tter e

20

38. The process in any of Claims 26 through 37, wherein the stream

comprising propylene is a stream containing C; and lower boiling

25 components.
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