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particular, an aromatic al kil ati on process for the

production of ethyl benzene and cunene. BACKGROUND

[ 0002] Et hyl be AROMAMIE 4 ARIQNEROQEGESS commodity

chem cals that are wused industrially for the

production of styrene nononmers and co-production of

pFEBDD and acetone respectively. Ethyl benzene may be

pr ed a nunber of i fferent chem cal .processes, .
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benzene wth ethylene in the presence of a solid,

acuere. zeol ite catal yst, such as ZSM5. Exanpl es of

such et hyl benzene production processes are descri bed

in US Patents 3,751,504, 4,547,605, and 4,016, 218.
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to result in lower yields of by-products. For example, U.S. Patent 4,891,458
describes the liquid phase synthesis of ethylbenzene with zeolite beta, whereas
U.S. Patent 5,334,795 describes the use of MCM-22 in fhe liquid phase synthesis
of ethylbenzene.

[0004] Existing processes for producing ethylbenzene, however, inherently
produce polyalkylated species as well as the desired monoalkyated product. It is
therefore normal to transalkylate the polyalkylated species with benzene to produce
additional ethylbenzene either by recycling the polyalkylated species to the
alkylation reactor or by feeding the polyalkylated species to a separate
transalkylation réactor. The conversion of polyalkylated back to monoalkylated

product is therefore an additional step that that adds complexity and cost to the
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cation is selected from Goups 1-4 and 12-16 of the
PeFFSH-c Tabl e of Elements. In another embodi ment, the
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[0008] In one embodiment, the molecular sieve is selected from MCM-22,
PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49 and MCM-56.
[0009] In one embodiment, the metal cation is selected from Groups 1-4 and
12-16 of the Periodic Table of Elements. In another embodiment, the metal cation
is selected from Groups 7-11 of the Periodic Table of Elements.
[0010] The aromatic feed may comprise benzene and the alkylating agent may
comprise ethylene or propylene.

DESCRIPTION

[0011] The present invention is directed to a process for producing a
monoalkylated aromatic compound in high concentration, such as ethylbenzene or

cumene, by reacting an aromatic feedstock, such as benzene, with an alkylating



conprise ethylene or propylene. DESCRI PTION [0011]

The present invention is directed to a process for
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reacting an aromatic feedstock h b
RS iLh L g VB 00 AR oBIeTFD Tty DPews 0587 04CME22 iy
agﬁ%ﬂmg’ﬁ% £ Pé’slt W‘Sﬁ%gcf y REQRY b8Ne ledsD ohd endICSRBE efrom

cat al'yst containing at |east 0.5%
bﬁrmﬁnsgﬂm of ”aﬂ6lc»:-faﬁte Besodiet Bdble aifi the Eteorentsc{WeqysIUPAC

1-4 or of. the Peri T he. Ne
I 6?5%@&“8’%% givEbeb ﬂ?feg%?? %[ézﬂggcf?%t ?(Eecéﬂ@ El‘érﬁzgfgoo}asof’ Fén
Chaffont CRCanessPBYSd Raton, 8iia (Ed91)).on, CRC Press, Boca
Raton, Florida’ (1997)) [0012] The term "aronmatic"
r 69032k n c éTheotomn dargmiaij' tna@feéer@@ﬁgélamakywwonaﬁpends which
useful r

e Uus {ul? ?18156(1)1{] 1S t‘;e O%rgigrs%q mksdtcﬁ&g%dé‘,lg ggﬁ% ?@Qf&)gﬂfzw‘ scope
SWI’@&H tindledbs aﬁlldyu m&bbbﬁlited Ldneld unsubstitutedd npoby ramdl palynuclear
conpounds. Conpounds_ of an aro racter

h at
p6YBpQunds. fomuoyaioAl 4 aromfic & ﬁfé&%fh EPWFﬁ@dfl‘%?f%ma’om
NQfs0 A AASproGidal Wady R8I S@Nsct Udedtalyfe pbia! lifddbr the reaction
condi tions sel ect eoy [0013] Suitable aromatl c
hydadigenselestednc| ude benzene napht hal ene,

O PR SR SRS 0 SUfen depipe

t Rpthddckid, HpRthASens) ipelylda) chengies sait plraathiens, witk rlieazene
on the aromatic conpound contain from1l to about

cézpmmreﬁeeﬁ% Geaerall; e 3y R enps A oan POPISSER A5 Stituents
al,0NRe afYM u”?t']%fr? {: 'Tufl 'Y 38 Ubodk 22%'&%&@&9191@ and usually
at ons he a

at1 ng agents which are useful
i rfromin equt b¢e8 sabbn Iaturm; amlenstivewallydfesre aboutyl th dokthge atoms.

ot ™ e st SR SeRh RN par PR Tgpeag bt 5 BRfagion

Ofgeflé‘rﬁlﬂr iR gy ahg ah{lﬁhtl@'ok Yot atil loRgands €U@oued GEVIRG Uﬁﬁor more
exanple wit al kyl ati ng group possessing f

1 atvellz!:ble @ﬁwﬂ%mgaﬂmhﬁtlc Exeups| eapable afyraaghone “athk%eaﬂlkﬁlﬁfable
t

315 B0 0 B 1 5

mﬂﬁnm@é SExan¢léd df(sbn)eilﬂe alkylatihg agemkssare etefing swhals ethylene,

met hanol , ethanol, the propanols, t : .
propylene, th Eutenes and theP pexﬁenes; afcohoqse (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 alkyl halides such as
methyl chloride, ethyl chloride, the propyl chlorides, the butyl chlorides, and the
pentyl chlorides, and so forth.

[0015] Mixtures of light olefins are 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
refinery strearﬁs, e.g., fuel gas, gas plant off-gas containing ethylene, propylene,

etc., naphtha cracker off-gas containing light olefins, refinery FCC



but anol s, and the pentanol s; al dehydes such as

for mal dehyde, acet al dehyde, propi onal dehyde,
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such as nethyl chloride et hyl chloride, the propyl
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al kyl'ation process of this invention. Accordingly,
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st reansy are useful alkylati agents her
lﬁ}t a typical FCC light lrklggefl n stream%rj

For exa

possess%n% ME fol | owi ng conpositior> W % Mol e% Efhane
3.3 5. 1Butepdsy| ene 0.7 1.2 Propan622415 15.3 Prdpylene
42.5 46Ppéhtanlesobut ane 12.9 10.3 n-Butane 3.3 2.604
Butenes 22.1 18.32 Pentanes 0.7 0.4 [0016] Reaction
products which may be obtained fromthe process of the

i NPOM6]i on Reactiandprodtdty IWilecir ey be obtaitded fremcthe cpnocm%s of the

benzeevvit et hyl.ene cunene fromthe.reaction.
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al ol a} abl”[éleaullqrtmompmoeqsau rdndurted hirhathktyfhatdrpghic reactants
agent into conc{ act wth an alkylatio

catS %@ﬁwﬂﬁtéﬁg 8‘?"(‘%‘1" Sompgund Fil he Akylating agent, 415 brought into

eXggMRdce with an alkylation catalyst in a suitable reaction zone such as, for example,
in a flow reactor containing a fixed bed of the catalyst composition, under
effective alkylation conditions. Such conditions include a temperature of from
about 0°C to about 500°C, for example between about 50°C and about 350°C, a
pressure of from about 0.2 to about 250 atmospheres (20 to 25250 kPa), for
example from about 5 to about 100 atmospheres (50 to 10100 kPa), a molar ratio
of alkylatable aromatic compound to an alkylating agent of from about 0.1:1 to
about 50:1, for example from about 0.5:1 to about 10:1, and a feed weight hourly
space velocity of between about 0.1 and 500 hr’', for example between 0.5 and
100 hr™*.
[0018] The reactants can be in either the vapor phase or partially or
completely in the liquid phase and can be neat, i.e., free from intentional
admixture or dilution with other matenal or they can be brought into contact with
the zeohte catalyst composition w1th the aid of carrier gases or diluents such as,

for example, hydrogen or nitrogen.



in a flow reactor containing a fixed bed of the

catal yst conposition, under effective al kylation
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catalyst of the invention are obtained by standard techniques using the K-alpha

doublet of copper as the incident radiation and a diffractometer equipped with a
scintillation counter and associated computer as the collection system.

[0022] Materials having the required X-ray diffraction pattern are sometimes
referred to as molecular sieves of the MCM-22 family and include MCM-22
(described in U.S. Patent 4,954,325), PSH-3 (described in U.S. Patent 4,439,409),
SSZ-25 (described in U.S. Patent 4,826,667), ERB-1 is described in European
Patent 0293032, ITQ-1 is described in U.S. Patent 6,077,498, ITQ-2 is described in
International Patent Publication W097/ 17290, MCM-36 (deécﬂbed in U.S. Patent
5,250,277), MCM-49 (described in U.S. Patent 5,236,575) and MCM-56
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[0025] In one embodiment, the metal cation is selected from Groups 1-4 and
12-16, in which case typical cations include K, Mg, Ca, Ba, B, Al, Ga, Sn, Zn, La,
Ce, Ti, Zr, V, Mo, and W. In another embodiment, the metal cation is selected
from Groups 7-11, in which case typical cations include Mn, Re, Fe, Ru, Co, Pd,
Pt, Cu,‘ and Ag.
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possible to obviate the need for a separate transalkylation step. In any event, the
amount polyalkylated product requiring transalkylation is significantly reduced
using the catalyst of the invention as compared with a conventional catalyst
without the metal cation addition.
[0029] Where the polyalkylated products separated from the alkylation reactor
effluent are transalkylated with additional aromatic feed, this is typically effected
in a transalkylation reactor, separate from the alkylation reactor, over a suitable
trénsalkylation catalyst, such as an MCM-22 family catalyst, zeolite beta, zeolite

Y, or mordenite. The transalkylation reaction is typically conducted under at least
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hourly space velocity 1 to 15 on total
extrudate. One gram of the catalyst was charged to an isothermal well-mixed Parr

autoclave reactor along with a mixture of benzene (195g) and ethylene (20g). The
reaction was carried out at 220°C (428°F) and 3890 kPa (550 psig) for 4 hours. A
small sample of the product was withdrawn at regular intervals and analyzed by
gas chromatography. The catalyst performance was assessed by a kinetic activity
second order rate constant based on ethylene conversion and ethylbenzene

selectivity at 100% ethylene conversion (shown in Table 2).
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polyalkylated species in the reaction product.

Table 2
Sample Activity | DiEB/EB | TriEB/EB | Reduction | Reduction
Parameter (wt %) (wt %) in DIEB in TriEB
(wt %) (wt %)
Base 41 8.5 0.35 - -
1 (K) 20 4.6 0.1 45.8 71.4
2 (Mg) 17 4.6 0.1 45.8 71.4
3 (Ga) 40 6.8 0.22 20.0 37.1
4 (A 36 7.0 0.25 17.6 28.5
5 (Zn) 30 5 0.1 41.1 71.4
6 (Ce) 30 5.6 0.15 = 34.1 57.1
7 (La) 34 5.1 0.1 - 40.0 - 71.4
8 (Zr) 30 6 0.16 29.4 54.2
9 (Mo) 5 5 0.1 41.1 714
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Table 3 ¢
Sample | Metal Containing Salt | Amount used Metal Cation
in Grams (wt % of Catayst)
1 CuNO; 1.9 1.0
2 AgNO; 0.63 0.8
3 Mn(NO3),.6H,0 ' 1.65 0.8
4 NH4ReOy 0.58 0.8
5 Fe(NO3); 3.62 1.0
6 CO(NO3)2 1.98 0.8
7 (NH'_;)GPt(NOB)Z 12.6 1.0

[0041] One gram of the final catalyst was evaluated for benzene alkylation
with ethylene according to the procedure described in the MCM-22 base
preparation. Catalyst performance is compared with unmodified MCM-22 in
Table 4. As in the case of Example 1, it will be seen that the metal modification

decreased the amount of polyalkylated species in the reaction product.
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catalyst with copper in varying amounts.

[0043] The MCM-22 catalyst used as the base comparison was prepared in the
same way as the base sample in Example 1.
[0044] An impregnated sample was prepared by taking measured amounts of

copper nitrate (amounts depending on example are given in Table 5) that was
dissolved in approximately 50 grams of distilled water to yield a solution of
variable pH. The resulting solution was used to impregnate 50 grams of a fresh
sample of MCM-22 using a wet impregnation method. The impregnated catalyst
was dried at 120°C (250°F) for 12 hours in air followed by calcination at 360°C
(680°F) in flowing air for 4 hours.

Table 5
Sample Metal Containing Salt Amount used Metal Cation
in Grams (wt % of Catayst)
1 CuNO; 0.38 0.2
2 CuNO; 0.95 0.5
3 CuNO; 1.52 0.8
4 CuNO; 1.9 1.0
5 CuNO; 3.8 2.0
6 CuNOs 9.5 5.0
7 CuNO; 19.0 10.0

[0045] One gram of the final catalyst was evaluated for benzene alkylation

with ethylene according to the procedure described in the MCM-22 base
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catalyst, whereas the catalyst containing 0.5 wt% copper produced 41 wt% less

D

diethylbenzene and 66 wt% less triethylbenzene than the unmodified catalyst. It
will also be seen that increasing the copper level above 5 wit% produced little
further improvement in monoselectivity and was accompanied by a significant

decline in the activity of the catalyst.

Example 4
[0047] One gram each of six representative metal-impregnated MCM-22
catalyst samples, selected from those described in Examples 1 and 2, were
evaluated for benzene alkylation with propylene to cumene according to a
procedure described below.

One gram of the catalyst was charged to an isothermal well-mixed
Parr autoclave reactor along with a mixture of benzene (156g) and propylene
(28g). The reaction was carried out at 130°C (266°F) and 2070 kPa (300 psig) for
4 hours. A small sample of the product was withdrawn at regular intervals and
analyzed by gas chromatography. The catalyst performance was assessed by a
kinetic activity second order rate constant based on propylene conversion and

cumene selectivity at 100% cumene conversion (shown in Table 7).
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Paramster (wt % (Wt %9 in DEBin TriEB (W % (wt

% Base 80 17.1 6- - 1 (Cu) 65 13.1 0.9 23.4 43.8
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4, The method of claim 1, 2, or 3, wherein the metal cation is selected from

Groups 1-4 and 12-16 of the Periodic Table of Elements.

5. The method of claim 4, wherein the metal cation is selected from K, Mg,
Ca, Ba, B, Al, Ga, Sn, Zn, La, Ce, Ti, Zr, V, Mo, and W.

6. The method of claim 1, 2, or 3, wherein the metal cation is selected from

Groups 7-11 of the Periodic Table of Elements.

7. The method of claim 6, wherein the metal cation is selected from Mn, Re,

Fe, Ru, Co, Pd, Pt, Cu, and Ag.
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benzene.

12. The method of any preceding claim, wherein said alkylating agent is

ethylene or propylene.

13, The method of any of claims 1 through 8, wherein said aromatic feed
comprises benzene, said alkylating agent is ethylene and said contacting is
conducted at a temperature between about 300° and about 600°F (about 150° and
316°C), a pressure up to about 200 atmospheres (20875 kPa), a feed weight hourly
space velocity between about 0.1 and about 20 hr’', based on the ethylene feed,

and a molar ratio of the benzene to the ethylene of from about 1:1 to about 30:1.
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to about 100 atnospheres (50 to 10100 kPa), a nol ar

r afoithe popxlennaf fremfabew 1t bto ahpuy1%ti ng agent of about
0.5:1 to about 10:1, and a feed wei ght hourly space

vel ocity of between about 0.5 and about 100 hr-1. 11.
The nmet hod of any preceding claim wherein said
aromatic feed conprises benzene. 12. The nethod of
any preceding claim wherein said al kylating agent is
et hyl ene or propylene. 13. The nethod of any of clains
1 through 8, wherein said aromatic feed conprises
benzene, said al kylating agent is ethylene and said
contacting is conducted at a tenperature between
about 300 and about 600F (about 150 and 316C), a
pressure up to about 200 at nospheres (20875 kPa), a
feed wei ght hourly space velocity between about 0.1
and about 20 hr"1l, based on the ethylene feed, and a
nol ar ratio of the benzene to the ethylene of from
about 1:1 to about 30:1. WD 2004/ 052810

PCT/ US2003/ 038709 16 14. The nethod of any of clains
1 through 8, wherein said aronmatic feed conprises
benzene, said al kyl ating agent is propyl ene and said
contacting is conducted at a tenperature of about 10C
to about 125C, a pressure of about | to about 30

at nrospheres (100 to 3000 kPa), a feed weight hourly
space velocity of about 5 to about 50 hfi, based on
benzene feed, and a nolar ratio of the benzene to the
propyl ene of fromabout 1:1 to about 10:1.



