PF 55905 1 METHOD FOR PURI FYI NG SUPPLY FLOAS CONTAI NI NG AROVATES BY MEANS
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Various processes have been proposed for lengthening the life of zeolite catalysts for
alkylation reactions. WO 98/07673 describes the alkylation of benzene by means of, for
example, propylene. The benzene is pretreated by passing it over aluminum oxides,
silicates, aluminum silicates or acidic zeolites such as mordenites.
25
WO 00/35836 describes a method which comprises firstly alkylating an aromatic,
purifying the alkyl aromatic obtained by means of a molecular sieve and finally reacting
the purified alkyl aromatic with another aromatic in a transalkylation reaction to give a
monoalkylaromatic. Suitable molecular sieves are suitable zeolites and mixtures
30 thereof, with acidic zeolites such as MCM-22 being preferred. However, it has now
been found that the effectiveness of these acidic zeolites is unsatisfactory.

WO 01/07383 discloses the purification of feed streams comprising olefins in
polymerization or alkylation processes by passing the olefin, e.g. ethylene, over an

35 adsorption bed of carbon black, activated carbon, aluminum oxides, silicates, aluminum
silicates, various zeolites or molecular sieves. It is stated that the benzene or alkyl
benzene feed stream is advantageously passed over an appropriate adsorption bed
comprising the adsorbents mentioned; further details are not given.

40  The purifying action of these processes for aromatics is not satisfactory in all cases, or
expensive adsorbents are required.

It was an object of the invention to provide an improved process for purifying aromatics,



silicates, various zeolites or nolecular sieves. It is stated that the
benzene or P& $8805 benzene feed streamis advantageously passed over an
appropriate adsorption bed conprising the adsorbents nentioned; further
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25 toluene or ethylbenzene or polyalkylated aromatics such as xylenes. Preference is

given to using benzene as aromatic to be purified.

The aromatic is advantageously dewatered to a water content of less than 100 ppm by
weight, preferably less than 30 ppm by weight (measured by the Karl Fischer method in

30 accordance with DIN 51777), before being fed to the purification process. This is
achieved in a customary manner, for example by means of drying columns when the
process is carried out continuously.

According to the invention, the feed stream comprising aromatics is brought into

35 contact with the zeolites by passing the feed stream over at least two zeolites 1 and 2.
The terms zeolite 1 and zeolite 2 serve merely fo distinguish the two zeolites from one
another for making the text clearty understandable and do not imply any particular type
of zeolite structure.

40  Zeolite 1 has a mean pore size of from 0.3 to 0.5 nm (3 to 5 A}, and zeolite 2 has a
mean pore size of from 0.6 to 0.8 nm (6 to 8 A). Accordingly, zeolite 1 has fine pores
and zeolite 2 has medium to large pores.
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The zeolites 1 and 2 used are preferably not acidic or acid-activated zeolites. Particular
preference is given to using neutral zeolites 1 and 2.

25 It goes without saying that mixtures of a plurality of zeolites 1’, 1", etc., can also be
used as zeolite 1 and mixtures of various zeolites 2, 2”, etc., can alsc be used as
zeolite 2.

The zeolites mentioned are known and are commercially available. Structure,

30 properties and preparation of zeclites are described, for example, in Zeolite Molecular
Sieves, Donald W. Breck, John Wiley & Sons, 1974; in Atlas of Zeolite Framework
Types, Ch. Baerlocher/ W.M. Meier/D.H. Olson, 5th Ed., Elsevier 2001; or in Handbook
of Molecular Sieves, R. Szostak, Chapman & Hall, New York, 1992,

35 In general, the zeoclites are used in the form of spheres, rods or granules having an
external dimension of from 0.5 to 10 mm.

In the process of the invention, the zeolites can be present as a fixed, moving or
fluidized bed. The zeolites are preferably present as a fixed bed. The zeoclites 1 and 2
40 can be mixed and this mixture can be used as fixed, moving or fluidized bed, or, and
this is preferred, zeolite 1 and zeolite 2 can be arranged separately from one another in
different beds, with the beds being arranged one after the other (in series) and being
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25

If the zeolites 1 and 2 are not used as a homogeneous mixture but instead are used

separately from one another, the aromatic to be purified is preferably passed, viewed in

the flow direction, firstly over the coarse-pored zeolite 2 and then over the fine-pored

zeolite 1, i.e. the bed of zeolite 1 is arranged downstream of the bed of zeolite 2.

30 However, in particular cases, the reverse order can also be advantageous.

Zeolite 2 can be installed upstream of zeolite 1 in a fixed bed in a simple manner by
firstly introducing a layer of coarse-pored zeolite 2 into the adsorber and placing a
second layer of fine-pored zeolite 1 on top of this first layer. The feed stream

35 comprising impurities is then fed in at the bottom of the adsorber and taken off again in
purified form at the top. In the case of the reverse order of zeolite 1 before zeoclite 2, a
layer of zeolite 1 is naturally introduced first and a layer of zeolite 2 is introduced on top
of this.

40 The feed stream is preferably passed over the zeolites at a temperature of from 0 to
300°C, in particular from 50 to 200°C and particularly preferably from 100 to 150°C,
and a pressure of from 1 to 50 bar (absolute), in particular from 3 to 30 bar (absolute)
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purification process by means of which the starting materials have been purified

25 beforehand.

The catalysts used in alkylation reactions in particular bind impurities very strongly and
quickly become exhausted as a resuit of poisoning when the starting materials are not
purified adequately. In the alkylation reaction, which is usually operated continuously,

30 the catalyst is, for example, arranged as a fixed bed. In the case of a fresh catalyst, the
reactive zone, i.e. the region within which the exothermic reaction (e.g. of benzene with
ethylene to form ethylbenzene) occurs, is at the beginning of the fixed bed, viewed in
the fiow direction. As the period of operation increases, the reactive “hot” zone travels
further along in the flow direction, since the beginning of the catalyst bed becomes

35 increasingly laden with the impurities and thus deactivated, i.e. is no longer catalytically
effective. When the reactive zone finally arrives at the end (outlet) of the fixed bed, the
total amount of catalyst has become deactivated.

This effect can, for example, be measured by means of temperature measurements in
40 the fixed catalyst bed: temperature measurement points located in succession along

the fixed bed in the flow direction show the profile of the exothermic reaction over the

fixed bed. If the temperature at the beginning of the fixed bed rises shafply, based on
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If zeolites are used as catalysts in the alkylation process, these are preferably different
from the zeolites used in the purification process. Used catalysts can be employed as
30 “guard bed”.

In the alkylation of aromatics, it is advantageous to purify not only the aromatic feed
stream but ailso the feed stream comprising olefin (or, in the case of transalkylation,
other alkylaromatics). For example, both the benzene and the ethylene can be purified
35 in the preparation of ethylbenzene. For this purpose, the olefin feed stream can, for
example, be passed over a suitable adsorption bed as is described in WO 01/07383.

The process of the invention improves the purification of aromatics, in particular of
aromatics which are to be used in a polymerization or alkylation process. The process

40  prolongs the life of alkylation or transalkylation catalysts in the catalytic alkylation of
aromatics by means of olefins, in particular over zeolite catalysts, and reduces the
need for regeneration.



The invention further provides a process for preparing al kyl ated aromatics
(al kyl ati oRF 3988%ess) by reacting aromatics and ol efins over a catalyst,
wherein the feed stream conprising aromatics is pretreated by the process
of the invention according to any of 15.clainms 1 to 6 (purification
process). Suitable catalysts are, in particular, Lewis acids or zeolites.
Al kyl ati on includes transal kyl ati on. Such al kyl ati on processes are

descri bed, Ekgplexanpl e, in Ul mann, Encycl. of Industrial Chem stry, 5m Ed.
Vol Al10, pages 35 to 43. It is particularly preferably used in the 20
zeolite-catal yzed al kyl ati on or transal kyl ati on of benzene and et hyl ene.
Such procedbe®liowing siariinameterigisgrg #68d:are described, for exanple, in US
5,902,947, US 4,891, 448, US 5,081, 323, US 5, 198595, US 5,243,116 or WO

98/07673. bpykdr¢. al kééoﬁtrekg;%b E&-@ﬁ@%& %’%cichgﬁn, 5AUEHah@ N &HiRd ﬁé\@c neandi ven to
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the zeolites used in the purification process. Used catal ysts can be
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al kyl aromati cs). For2 gxanbuic ddeitih dboat dsowgmeé and the ethyl ene can be
purified 35 in the preparation of ethylbenzene. For this purpose, the olefin

feed streamcan, for exanple, be passed over a suitable adsorption bed as

i s descri bBenzeneno (PEngeBRRas dewateradrzegisorially e ajwalenmonisht phipsothas 3Phe

purificimtion of arorpmin bgweight @aedsuad By theKarl dHisahat methodin edtordamcko be used

in a polynerization [ [ cArd ess 40 prolongs the life
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of al kylation or transa ation catalysts e catalytic al kylation of
aromatics by nmeans of olefins, in particular over zeolite catalysts, and
reduces t hEthyleeed f drom thgertreaat ¢racker BFBASBObLIdwigStamm. es The f ol | owi ng
starting materials were used: 5 Zeolite 1: zeolite type Z4-04 from Zeochem
Swi tze% ang, a .z c@ te having a nmean pore size of 0.4 nm (4 A in the form
of spheres ’FP&W?\S FGPRRRTEM of from2 to 3 nm bul k densi ty: about 730
kg/ n8

20 t of the coarse-pored zeolite 2 were introduced into an adsorber tower having a

diameter of 200 cm and a volume of 35 m*® and distributed to form a fixed bed having a

height of 10 m. Benzene was introduced continuously at the bottom of the adsorber

25 tower and the purified benzene was taken off at the top of the tower. The mass flow of
the benzene was 60-70 t/h, corresponding to a volume flow of 2 h™'. The temperature of

the benzene fed in was about 130°C.

The purified benzene obtained was mixed with ethylene in a mass ratio of 55:1

30 (benzene excess) and the mixture was passed through a fixed-bed reactor comprising
a zeolite catalyst. The product obtained from this alkylation reaction was a mixture of
unreacted benzene, ethylbenzene and multiply alkylated benzenes.

Four temperature sensors x1 to x4 were installed along the fixed-bed reactor used for
35 the alkylation reaction, with x1 being located at the beginning of the fixed catalyst bed
(entry of the reactants) and x4 at the end of the fixed bed (product exit). The sensors
measured the increasing temperature AT of the reaction mixture in the fixed bed
caused by the exothermic reaction. AT is based on the temperature of the feed stream.

40  The experiment was stopped after 4 weeks because the temperature increase AT at
the beginning of the catalyst bed (x1) had decreased greatly and a drop in temperature
at the end of the catalyst bed indicated that reaction was no longer complete. This



10 Zeolite 2: zeolite type Z10-03 from Zeochem a zeolite having a nean pore
size of OPF5%80%7 A) in the formof spheres having a dianmeter of from1.6
to 2.3 mm bul k density: about 650 kg/nB Benzene: benzene was dewatered
azeotropically to a water content of egs than 30 15 ppm by wei ght
(measured by the Karl Fischer nethod |n accordance wth DIN 51777) in an
upstream din;iica@ddhﬁtdhmcﬁallwﬂradet:ecbmerueadefasetdr eam cracker of BASF in

Ludwi gshafen. 20 Exanple 1 (for conparison): 20 t of the coarse-pored
zeolite 2 roduced. | to anpﬁzg}asor ber tower having a dianeter of 200

re int
cmand a vorURREe gf(a%%or B e Buted to forma fixed bed havi ng a
hei ght of 10 m Benzene was introduced continuously at the bottom of the

adsor beg 2Bxdromen vadtttepéted Wt il edr th@raaﬁr@@ icpkrp wéie fRétytingoduzedof the
tower. The, [Batﬁé fﬁﬁ&yeroﬁme} %Wd &E{PIB m%f?] £9 bte/dh'favﬁ;ﬁ][arﬁﬁgg% Jpto a

vol ume fl o era was about 130C.
The puri fi 2 pepbaénepegdyes tadw&mp@@emﬁorwmﬁé@a@rand fisribsited igt j 0 of
55:1 30 (blennerfxedyeedayingadheigheod xtwire was passed through a fi xed- bed
reactor conprising a zeolite catalyst. The product obtained fromthis

al kyl ation reaction was a mxture of ~unreacted benzene, ethyl benzene and
mul ti plY aPigresedhe BICL_RIEE Wasds: etsérr'ﬁﬁgr’ﬁ?ﬁ?rép'§ém§"ﬁpéh"&fixefjﬂ’eﬂzfea%t% or

i nst al | ed thakathyldtibe rédackied ndtechily eamprisingl s éesh eeolit88athlyst. Ahddaatidronowléact i on,
with x1 bAdgartiof 8ide: f whiid REGLIRGRst bSrfihg adadib@byst bed - (entry of
the reactants) and x4 at the end of the Tixed bed (product exit). The
sensors neasured the increasing tenperature AT of the reaction mxture in
t he fi xed Dedtableauseoarizgs theereanttst her mi ¢ reaction. AT is based on the
tenperature of the feed stream 40 The experinment was stopped after 4 weeks
because the tenperature increase AT at the beginning of the catal yst bed
(x1) had decreased greatly and a drop in tenperature at the end of the
catal yst bed indicated that reaction was no | onger conplete. This PF 55905 8
i ndi cated that the catal yst had becone deactivated. Exanple 2 (according to
the invention): 5 Exanple 1 was repeated, but 14 t of the coarse-pored
zeolite 2 were firstly introduced into the adsorber tower and distributed
to forma fixed bed having a height of 6.9 m and 7t of the fine-pored
zeolite | were placed on top of this layer and distributed to forma fixed
bed having a height of 3.1 m



10 O herw se, the procedure was as described in exanple 1, with the
fixed-bed PE#SPBS for the alkylation reaction naturally comprising a fresh
zeolite catalyst. The reaction could be carried out for 10 weeks w t hout

t he catal yst becom ng deactivated. The {abl e summari zes the results. PF
55905 9 Table: Tenperature increase AT at the sensors x1 to x4, based on
the tenpef@®lere oferpprsaiuprincieapeAhal thageapersyd tosdtasedeAthsi nce t he

cat al yst was exhausingdratire iohthelfegd stréamg (-ofmebdfendrdasifémiensidde thel 12 3 4 5 6

LIPS e oA R 55 7' 6 AT (x2) B 1

22416111989--- - - Ex. 223823323227226225225224
22.4 22.3 Me@k AT (xB) Ex}21 2p38 2)241 1|959 1®%2 1772 |8 - |-9- M. 2 24.1
24-11- 241y = 424 AT (X4=end of t'e catatyst] bed
Ex. 1 23 225% @H@ﬁ‘ﬂhéﬁg@ﬁ’s{ﬁeﬁ S EX_2 244 244 24 4 2 .4y2 .4
24. 4 24.4 ZEI?SG,1 24 %02453 242§ 52 St ar”sng Poi Nt~ Thg "exanpl es {Show that |in
the case of conppratiye exanplel 1, the catal yst at |the |begi qnl ng [of the
1 xed cal arge DEYy (X WasTZE ARy etigy [0 3 PRYT % &1 8T lg o @lg 10
only 4 weeks, sipce vjrtually njo tenperatjure ijncrease AT was |nmeasurable in
this regijon. In!exanple 2 according to the inventijon, tlhe tenperature
i ncrease QtAT ) begi nning of the catal yst (xl) was still 40% of the

t enper at UrEgJ ICTESS & surepqatg ghegnd of theo 1§ catalyst (X&) [aften a
period of |operat]on of louE\eeks; the tenperatyre increage negsured at the
end of the catalyst (x4) il thel maxijnum possi bl e tenperature! increase| Even
at the neadsin @ren23.poj 23.3x223 AT| 2@m8 s23.6 | | B086|H2.3 he2raxiddhim| 22t €8sk | AT at
t he neasurlenment point| x4 after 10 weeks. .

AT (x3)
Ex. 1 | 22.8 1221 | 199 [182 [17.2 [— |- |- — - Z

Ex.2 241 |241 |241 | 241 (241 | 241 |24 24 24 24 24

AT (x4 = end of the catalyst bed
Ex. 1 232 1232 |232 | 232 [229 |- - - - — _

EX.2 | 244 (244 (244 (244 | 244 244 |244 243 | 243 243 | 243

") Starting point

The exampies show that in the case of comparative example 1, the catalyst at the
beginning of the fixed catalyst bed (x1) was exhausted after a period of operation of

10  only 4 weeks, since virtually no temperature increase AT was measurable in this
region.

In example 2 according to the invention, the temperature increase at the beginning of
the catalyst (x1) was still 40% of the temperature increase measured at the end of the

15  catalyst (x4} after a period of cperation of 10 weeks; the temperature increase
measured at the end of the catalyst (x4) is the maximum possible temperature
increase. Even at the measurement point x2, AT was still 90% of the maximum
increase AT at the measurement point x4 after 10 weeks..

20  The purification process of the invention increased the life of the catalyst considerably.



20 The purification process of the invention increased the life of the
catal yst cBFs88%ably. PF 55905 10 Cdaims 1. A process for purifying feed
streans conprising aromatics in polynerization or alkylation processes by
bringing theminto contact with zeolit whi ch conprises 5 passing the
feed streamover at least two zeolites 1 and 2, with zeolite 1 having a nmean
pore size &RMFom 0.3 to 0.5 nmand zeolite 2 having a nean pore size of
fromO0.6 to 0.8 nm 2. The process according to claim1l, wherein benzene is
ued as aropuati g. The: pr, i t i . her.ein,
based on tﬁ\r'g sﬁ] r%%gsig)cglpiu{'@mg fegcﬁ%aﬂgﬁcﬁ@r%?]gaj} o?‘ﬁg&rﬁr‘_}éeg()? Ee?%ao%\’%e(?rmi ght of
zeolite 1 and 38YBYORBAASSES PYLHRBRGCRENRONGCt Wil Epeldes, W ecoﬂé%ﬁ‘?s 4. The
pr ocessd accor dpasgingdhafegdstresinaives alllees 180 zewldese! and 2olitht zedlitehhbavangrean pore
size of from Om3gn bereQiAZMBn04 t8 8% hrh@nd zBale 2 h'é?iﬁ? aRfESh Sdré Qizeforf rom 0. 68
to 0.72 nm ZP 5. Them?rocess according to any of clains 1 to 4, wherein
the zeolites af%rnﬁe%Pra "M, e0lites. 6. The process according to any of
claime 1 to 5 wherein the zeolites are present 25 as a fixed bed. 7. The
process acgor drigprotesdBtcidir BidBmY, Whefbin Bheknt i ddttad fA6fhaté.r €am i s passed
over t zeolites at a tenperature of from50 to 200C and a pressure of from
1 to bar. 30 8. A process for preparing alkylated aromatics by reacting
aromati cs &nd Ohepriopess asgerding tesladmyisar 2, wheredn. pasebon Becbust efegglitechpri si ng
aromatics i s pamtzedffecry by the process according to any of clainms 1 to 7.
35 9. The process according to claim8, wherein benzene is used as aromatic
and ethylene or propgl ene i s used as ol efin.

a) from30 to 70% by weight of zeolite 1 and

15 b) from 30 to 70% by weight of zeolite 2, are used.

O

4. The process according to any of claims 1 to 3, wherein zeolite 1 has a mean pore
size of from 0.38 to 0.42 nm and zeolite 2 has a mean pore size of from 0.68 to
0.72 nm.
20
5.  The process according to any of claims 1 to 4, wherein the zeolites are neutral
zeolites.

6.  The process according to any of claims 1 to 5, wherein the zeolites are present
25 as a fixed bed.

7. The process according to any of claims 1 to 6, wherein the feed stream is passed
over the zeolites at a temperature of from 50 to 200°C and a pressure of from 1
to 50 bar.
30
8. A process for preparing alkylated aromatics by reacting aromatics and olefins
over a catalyst, wherein the feed stream comprising aromatics is pretreated by
the process according to any of claims 1 to 7.

35 9. The process according to claim 8, wherein benzene is used as aromatic and
ethylene or propylene is used as olefin.



