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Abstract

A catalyst has been designed to optimize the dealkylation of ethyl and propyl aromatics while producing the transalkylation of tri- and
tetramethylbenzene with toluene in order to maximize xylenes and benzene when processing heavy reformate. Conversion of model ethyl-
aromatics under realistic transalkylation cdimhs has been studied over two reface catalysts and seven dii€nt acid zeolites including
topologies with channel systems containing 10 MR, 12 MR, and-1@ MR. Catalytic testing was accomplished by means of a high-
throughput reactor system. It has bdennd that zeolite structure has a direct influence endthyl dealkylation/tragalkylation activity,
increasing the ethylbenzene conversion and dealkylation selectivity when decreasing the zeolite pore volume. Moreover, Re/IM-5 and,
specially, Re/ZSM-5 zeolites show an excellelgalkylation activity. Ethylbenzene undergodifferent bimolecular reactions giving as
primary products either benzene and diethylbenzene or toluene and ethyltoluene, each reaction involving a different biphenylic intermediate
and the selectivity toward each mechanism is directly influenced by the zeolite pore size and geometry.

0 2004 Elsevier Inc. All rights reserved.

Keywords:Ethylbenzene; Transalkylation; Dealkylation; Zeolites; Heavy reformate

1. Introduction lower amounts, are in strongly growing demand. Thus, dif-
ferent industrial processes (Xylene-P|@s3], Tatoray[4,5],

Aromatics are an important raw material for the produc- &nd TrinsPIus[G]) transalkylate toluene with less valu-
tion of monomer for polyesters and phthalates, engineering@Pleé G" aromatics derived from heavy reformate stream,
plastics, detergents, pharmatieals, etc. Among them, eth- {0 Produce preferentially xylenes. Heavy reformate con-
ylbenzene, and benzeptoluene, and xylenes (BTX) are the tains not only poly-methyl-aromatics like trimethylbenzene
three basic aromatistarting reactants. and tetramethylbenzene, useful for producing xylenes di-

Catalytic reforming of naphtha and naphtha pyrolysis are rectly by trans'alkylation with 'Foluene, bu't also ethyl- and
the main sources of BTX. The yields obtained from the Propyl-aromatics, that can yield undesired heavy;'C
above processes are normally controlled by thermodynam-&Kyl-aromatics during the pcess. Therefore, an optimized
ics, and this produces a substantial mismatch between thgransalkylation process designed to maximize xylenes wil
supply and the market demaft for the different aromat- involve transalkylation of methyl groups and dealkylation of
ics. Indeed, toluene which has the lowest market demandem}r/I and Ip;(rolpi/llgrm;psli( | tics i ied out usi
always comes in surplus from the reformate and gasoline py- ransaikylation ot alkyl-aromatics Is carried out using

rolysis, whereas benzene andenes, which are produced in agld zeohtes. as catalyst; under hydrogen pressure. For
this process it would be highly desirable to develop tailor-

made catalysts with improved methyl-transalkylation activ-

* Corresponding author. Fax: +34 96 3877809. ity, while giving ethyl and propyl dealkylation. This type
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and xylenes but also the catalyst lifé,8] by decreasing  2.2. Characterization
the yield of A o™ and A1t products that can produce coke
which will result in pore blocking. Therefore, a successful A Nicolet 710 FTIR spectrometer was used to follow
dealkylation—transalkylatiocatalyst should accomplish the the pyridine adsorbed on the acid sites. For doing this, self-
following specific functions: supported wafers with 10 nigm? were pretreated overnight
under vacuum at 673 K and cooled down to room tempera-
(i) Capable of processing feeds with high contents of ture. After acquisition of the spectrum in the OH stretching

heavy reformate; region, pyridine vapor (6.6 kPa) was admitted to the cell
(i) Avoid the formation of undesirable 4™ products from until equilibrium was reached. The samples were then des-
disproportionation of A" products; orbed under vacuum (18 mbar) at 250 and 350C with

(iii) Selective dealkylation of A and Ajg reactants and spe-  spectra acquisition at room temperature after each desorp-
cially deethylation of ethiyoluenes and ethylxylenes tion treatment. All the spexd were scaled according to the

that represent about 40 wt% of heavy reformate; sample weight. Absorption coefficients calculated by Emeis
(iv) Avoid the formation of naphthenes and paraffins from [14] were used. The pore volume and microporous surface
hydrogenation of aromatic rings and cracking. area of the samples were obtained with an ASAP 2000 ap-

paratus. Calculations were performed following the method
In the present work, the mechanism of different reactions developed by De Boer et dl13] using the N absorption

occurring during the dealkylation—transalkylation of ethyl- isotherms at 77 K.
benzene has been studied. Taking into account the charac- A 2910 Micromeritics system was used to carry out
teristics of the transition states for the different reactions, it temperature-programmeddction of metal incorporated
is predicted that molecular sieve catalysts with medium and catalysts. Thus, 100 mg of calcined sample was degassed
large pores within the same structure should be more ad-under Ar flow for 1 h and then was subjected to reduction
equate than the actual large-pore molecular sieves used irunder k/Ar (1/9) flow, and heating rate of 1€ /min till
industry. This has been proven by studying a series of mole-850°C. The H consumption was measured by a TCD.
cular sieve structures with medium, large, and medium plus
large pores, together with two reference catalysts. 2.3. Catalytic studies

High-throughput testing was accomplished using a sys-

2. Experimental tem[15,16] of 16 continuous fixed-bed parallel microreac-
tors, able to work up to 80 bar and up to 7@ (Spider
2.1. Catalyst preparation reactor). Each reactor is fed and the flow measured inde-

pendently by means of one liquid and one gas mass-flow
controller, being possible to operate with this feeding system
in a wide range of contact times and hydrogen to hydrocar-
bon ratios. The amount of catalyst can be varied from 50
to 1000 mg catalyst. Temperature and pressure were mea-
sured in each catalyst bed. The hydrocarbon used as model
feed was ethylbenzene 99% (Fluka) gméthyltoluene 90%
(Aldrich).

The simultaneous catalytic experiments were carried out
25 bar total pressure, temperature 2400 hydrogen to
hydrocarbon ratio of 8.5 mholmo}, and the WHSV was
varied between 4 and 14001 The amount of catalyst (par-

for 2 h, and pelletized. Finally, they were reduced in hydro- ticle size 0.4-0.6 mm) in each fixed-bed microrgact(t?r was

gen flow at 450C for 1 h in the same catalytic testing rig. 200 mg. Reaction products were analyzed on line by us-

Reference catalysts were prepared by IFP. The characterising a gas chromatograph (Varian 3800GC) equipped with a

tics of th_e two reference catquas:omposed ofdealumlnated diphenyldimethylpolysiloxane capillary column. The dura-
mqrdemte, an amorphous binder, and a metallic componentyjo of the experiments was longer than 10 h and the results
(Nior Re) are given infable 1 given below were obtained for a TOS of 8 h. Dealkylation

selectivity and transalkylatio(to form diethylbenzene) se-
Table 1 lectivity were calculated considering the molar composition
Composition of three transalkylation industrial catalysts used as reference of the product stream:

Beta, mordenite, and ZSM-5 zeolites were commercial
samples supplied by PQ (CP811, CBV30A, and CBV3020
products). Zeolite NU-87, IM-5, mazzite, and ITQ-23 sam-
ples were synthesized in our laboratory following the proce-
dures reported if9—12].

Na zeolites were converted into the acid form by ion ex-
change with ammonium chloride for 2 h at 8D and ulterior
calcination at 580C for 5 h. The acid samples were impreg- at
nated with an aqueous solution of perrhenic acid (Acros Or-
ganics, 76.5%), dried at 10C overnight, calcined at 50@C

Catalyst Zeolite Metal Preparation Binder %Ethane

Ni/MOR  Mordenite  Ni (1%) lon exchange  20%Al,03 Sealkylation= %Ethanet %dEB
Re/MOR  Mordenite  Re (0.3%) Impregnation 30%4A1,03 . (%Bz+ %Ethaner %dEB)
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Fig. 1. Catalytic performance of two reference catalysts: EB conversion and molar yields. (Reaction conditions: 2588V 8 ™1, and H,/EB
8.5, TOS~8h.)
%dEB

STransaIkyIation= %Ethaner %dEB
- (%Bz + %Ethaner %dEB).

WHSYV 8 h1. The low yield of naphthenes observed with
this Re catalyst can be due to a low activity of the metal
for hydrogenation of the aromatic ring and/or to a cracking
of the naphthenes formed by hydrogenation ing4€Cy
products §cheme 1 The yields of G + C4 obtained with
the Re-beta (6.8% at 50%pg) are slightly higher than those
obtained with Re-free beta (4.5% at 58%g). These results
indicate that (0.3 wt%) Re has a low activity for aromat-

Catalytic conversion of ethylbenzene (EB) with two ref- ics hydrogenatio.n under the rgaction.conditions givenin this
erence catalysts supplied by IFP are displayedip 1 yvork. However, it must be said that if the amount of Re is
Both catalysts gave high levels of conversion, with the increased to 1 wi%, then the amount of € C4 strongly
Re/mordenite the most active one. The major products ob-Ncreases (12.2% at 50%s) and methane is also formed
tained during the conversion of EB were benzene, ethane,(0.6%).

3. Resultsand discussion

3.1. Reference catalysts

and diethylbenzene, while taue, ethyltoluene, xylenes,
naphthenes, and cracking productg,(Cs, and G) were

Re/mordenite catalyst exhibits the highest EB conver-
sion (~ 95%) with a very high yield of ethane~(45%)

obtained in much lower amounts. Ethane yield can be used(dealkylation) and benzene-45%) while the yield to poly-

as a tracer for the ethyl-deallagion reaction, while the yield
of diethylbenzene () defines the ethyl-transalkylation ac-
tivity, and benzene is a product formed in both reactions.

alkylbenzenes (diethylbenzenel%), cracking (5%), and
toluene (4%) is low. The Ni/mordenite catalyst shows lower
EB conversion and ethyl-dealkylation selectivity, with a

Olefins produced by dealkylation and acid cracking were higher selectivity to transalkylation products (dEB). Besides,
totally and rapidly hydrogenated over both catalysts, since after the stabilization of the reaction process using both cata-
their presence was not detected in the reaction products.lysts, significant catalyst deaztion during the experiment
Then, dealkylation over acid Brgnsted sitds’] should (10 h) was not observed. In conclusion, the reference cat-
be followed by rapid olefin hydrogenation over adjacent alysts based on Re/mordenjieesents the best EB dealky-
metals sites, in order to reduce catalyst deactivation by
olefin oligomerization and coke formation within the micro-
pores. Therefore, a good dealkylation—transalkylation cat-
alyst should have a good balance and proximity between
acid sites and selective hydrogenation metal sites. Regard-
ing the formation of other lightlkanes, methane is detected
in very low concentrations while propane and butanes are
detected in higher concentrations (up to 5% molar yield).

~

Re Cracking

_

H' Gr G

The selected content of rhemn allows minimization of the

cracking and hydrogenation of aromatics but maintained the .
olefin hydrogenation activity and, then, the catalyst life. In- L

deed for 0.3 wt% content of Re 0.1 mol%, naphthenes (ethyl-

cyclohexane and cyclohexane) were observed at@tind Scheme 1.
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Fig. 2. Evolution of molar product yield with the EB convensitor two reference catalysts. (Reaction conditions: 25 bar®@®HSV 4 to 1400 h'l, and
H,/EB 8.5, TOS~ 8 h.)

lation performance under rkstic reaction conditions, and  fore, it can be said that the ethyl group dealkylation rate

will be used as a reference catalyst. is lower than the transalkylation rate under these reaction
_ . conditions. At higher conversions (50%), the yield of poly-
3.2. Reaction mechanism alkyl-aromatics goes through a maximum (10%) conversion,

and then starts to decrease while the yield of ethane increases

et maate v ot s b o g xponetly.Tisbehavior can be oxlanedconsderng
. . . ) ) “that the complete dealkylation of poly-alkyl-aromatics pro-
ing EB. Then, in order to disrss the reaction mechanisms, a P Y poly-aly P

detailed reaction network should be constructed. To do this duces, at least, two moleculesathane per molecule con-
and to find which products are primary, secondary, stable, Orv'erted.Scheme.ZShows a prop.osed reaction scheme 'for
unstable, we need to consider the yields of products at differ- smglg dealkylatl.on.—transalkylano.n of ethyl groups, which
ent levels of conversion. Thus, the space velocity was varied cOnstitute the principal reactions in the process.

in a wide range (4 to 14001) achieving conversions from The initial selectivities to different reaction products are
5 to 90%. The vyields of the different products versus total displayed inTable 2 It can be seen there that depending on
conversion are plotted iRig. 2 At low EB conversions, the  the catalyst the rate of ethyl-transalkylation is from two to
main products are poly-alkyl-aromatics, specially diethyl- seven times faster than the rate of ethyl dealkylation. Dur-
benzene (dEB), while the yield of ethane is lower than the ing the initial reaction events, the EB mainly undergoes
dEB yield even for conversions in the order of 50%. There- disproportionation yielding poly-alkylbenzenes. Therefore,
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Table 2
Initial selectivities for the reference catalysts

EB X% Dealkylation Transalkylation £+ Cy Toluene ET Xylenes Naphtenes Methane
Ni/MOR 39 111 845 0.84 35 0.72 00 0.0 00
Re/MOR 79 206 762 144 171 053 00 0.0 00

Reaction conditions: 25 bar, 40C, WHSV = 1400 b1, and H/EB ratio 8.5, TOS~ 8 h.

x
| + ] — +  GH,
/ +EB —
+ CH
. © !
Scheme 3.

Scheme 2.

the initial selectivities for ttuene and ethyltoluene should

an improved catalyst for toluene/heavy reformate upgrad- be one or higher than one depending if ethyltoluene does
ing should reverse the relative order of activities observed or does not dealkylate before diffusing out of the pores and
above by increasing strongly the dealkylation, and avoiding desorbing into the gas stream. The results fii@ile 2show
the early formation of poly-alkylbenzenes that can produce that ethyltoluene is indeed formed as a primary product and
catalyst deactivation by porddzking and coke formation. the ratio of toluene to ethyltoluene when conversion tends

Fig. 2 shows also the evolution of minor products, to zero (initial selectivity) is higher than one, indicating that
i.e., toluene, ethyltoluenenethane, and xylenes, with EB  dealkylation of ethyltoluea has already occurred at those
conversion. It is remarkable the relatively high toluene levels of conversion. Thenf, e assume that the bimolecu-
(9%) yield obtained at high conversions (80%) with the lar mechanism (ii) is the only one responsible for formation
Ni/mordenite catalyst. The formation of toluene from EB of toluene and ethyltoluene at low levels of conversion, it
involves the cracking of the C—C bond of the ethyl group is possible from the initial selectivities to calculate the frac-
in the EB molecule. Two mechanisms can be proposed fortion of ethyltoluene that has been dealkylated to produce
explaining the formation of toluene from EEB¢heme 3 toluene by means of E¢l). Considering the initial selectiv-
(i) the monomolecular cracking of the C—C bond of the ities of Table 2 this ratio is 66 and 53% for Ni/mordenite and
ethyl group to yield toluene and methane and (ii) a bimole- Re/mordenite, respectively, which is higher than the fraction
cular reaction, in which the terminal methyl is transferred of EB dealkylated.
from one EB molecule to another producing toluene and
ethyltoluene through a bipheligtype transition state (see ETOLDeaIkylatedz 1ST01 = ISETO'. (1)
Scheme % If the monomolecular mechanism will be the ETOLrormed  IStol + 1SeTol
preferred one, then the ratio of the initial selectivities for ~ From the above results, it is clear that dealkylation is
methane and toluene should be close to one. However, adaster for ET than for EB. In order to further check this, we
can be seen iffable 2 this is not the case, since methane have fed pure ET under the same reaction conditions, and the
is not detected as a primary product. On the other hand, if initial rate for dealkylation was.Q90 mol ir* gz, while for
the main mechanism for toluene formation involves the bi- EB was 0107 mol gz} using Re/mordenite-based cata-
molecular reaction depicted cheme 4then the ratio of lysts. From these results, we can conclude that, indeed, the

A
aS RS olte

Scheme 4.
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initial rate of dealkylation of ET is about two times higher high levels of conversion = 80%). Thus, xylenes should
than EB and consequently the bimolecular mechanisms (ii) be formed, under our reaction conditions, through the sec-
is feasible. A mechanism of this type involves necessarily the ondary disproportionation of toluene and not through the
formation of a “primary” carbocation that will perform an  direct EB isomerizatiorj18,19] It is important to remark
electrophilic attack to another molecule of EB, forming the that these reference catalydtsnot show a significant activ-
possible intermediates shown$theme 58-Scission of in- ity either for the aromatic ring hydrogenation or for methane
termediates A and C rases the reactants, whifg-scission formation (hydrogenolysis).
of D will produce toluene plus ET. We have said before that ~ While alkyl-aromatic dealkylation is a monomolecular
a successful catalyst for treating heavy naphtha reformatereaction, it is accepte{R0] that transalkylation reactions
should favor dealkylation of the heavier alkyl-aromatics, in- require the close interaction between two alkyl-aromatic
stead of transalkylation, as was observed to occur with EB. molecules. This, in a Langmuir—Hinshelwood formalism,
When comparing both reference catalysts, they show aimplies that an adsorbed and activated molecule on an
similar behavior in ethyl dealkylation and transalkylation acid site reacts with another adsorbed molecule to yield a
to form dEB. However, the Ni-MOR catalyst shows a little biphenylic intermediat¢21-25] inside the zeolite channel
higher selectivity to toluene and ET. This selectivity toward system. More specifically, in the EB transalkylation to give
toluene and ET formation through a bimolecular mecha- benzene plus dEB, a secondary carbenium ion formed on
nism was reproduced using beta zeolite, and this can bethe alkyl chain would be the alkylating agent to form a se-
explained by considering that nickel species inside the zeo-ries of biphenylethane carbocatioiBcheme B Among the
lite porous system contribute to the stabilization of transition different carbocations, the’» the most stable one and con-
states and/or directs the rupture of the biphenylic state in thesequently its surface concentration should be higher. The
adequate C-C bon&¢hemes 4 and)5 B-scission of carbocation (Aand (C) restores the original
Table 2also shows that the desired xylenes are not pro- reactants, while thg-scission of the most stable (Dwill
duced directly from EB under our reaction conditions, and yield benzene and dEB as final products. While this is what
they are detected in very low amounts (0.5 to 1%) even at carbocation chemistry will predict, in the case of reactions
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occurring in confined spacede type of biphenylic inter- Catalytic results at two levels of conversions are dis-
mediate and the scission type will also be determined by theplayed inTable 4 A general trend can be observed from
size and geometry of the intrazeolitic pores in which the re- results presented iflables 3 and 4Regardless of the acid-
action occurs. In any case, we should take into account thatity measured by pyridine, the higher the pore diameter of the
the size of the intermediates involved in transalkylation reac- studied zeolites the lower the EB conversion. More specif-
tions are much larger than the one involved in dealkylation. ically, four types of catalytic behavior can be distinguished
Therefore, the zeolite pore topology should determine the se-depending on zeolite topolodyalues for WHSV 14 h'):
lectivity to transalkylation versus dealkylation reactions by

restricting the formation of bulkier transition states, some- 1. Zeolites ZSM-429] and IM-5, with 10-MR pores, show

thing that has also been proposed previously for the alky- high EB conversion (90%), very high dealkylation selec-
lation of tolueng26] and isomerization of xylend27]. In tivity (90%), and avery low transalkylatiorselectivity.

the next part of the work, seven zeolites with different pore 2. Zeolite mordenite and mazzite, monodimensional 12-
topologies including 10-, 12-, and 2012-MR pores will be MR zeolites, show a lower EB conversion (75%) with
tested for EB conversion with the aim of determining the in- high dealkylation selectivity (75%) and low transalkyla-
fluence of the structure on: (i) activity ratio between ethyl tion selectivity.

transalkylation and dealkylatid28], and (ii) selectivity of 3. Zeolites NU-87 and ITQ-23, with intercrossing 10-MR
the two transalkylation reactions showed abdsehemes 5 and 12-MR pores, show a high conversion (85%) with
and 9. medium dealkylation selectivity (50%) and medium

transalkylation selectivity.

4. Beta, a tridimensional 12-MR pore zeolite, shows a
medium EB conversion (75%) with low dealkylation
selectivity (32%) and medium to high transalkylation se-
In Table 3the composition, the BET surface area, and lectivity.

acidity of the seven Re zeolites used in this study are given.

TPR experiments of the impregnated samples (Re 0.3%) These trends have been summarizedrigs. 3 and 4

showed a similar profile for all samples, with a single hydro- where EB conversion and dealkylation selectivity for a rep-

gen consumption peak centered at 430 Hence, rhenium  resentative zeolite of each group have been plotted. The most
is in reduced form under reaction conditions. This point was interesting aspect is that EB dealkylation activity increases
confirmed by XPS measurements (VG-Escalab 210) with a when decreasing the zeolite pore size. The high dealkylation

3.3. Influence of zeolite structure

Re/beta sample reduced in situdifferent temperatures. activity and selectivity shown by 10-MR zeolites, specially
Table 3
Composition and physicochemical characterization of zeolitic samples (0.3% Re)
Zeolite Code Channels Micropore Sppore Si/Al Acidity (umol pyr/gr)
volume2279) (m?/g) Brgnsted Lewis
250°C 350°C 250°C 350°C
ZSM-5 MFI 10x10 MR 012 228 18 44 25 9 6
IM-5 - 10x10 MR * 0.13 300 15 29 17 7 6
Mazzite MAZ 12 MR 014 310 14 45 27 9 9
Mordenite MOR 12 MR as 339 18 79 37 25 24
NU-87 NES 1612 MR 016 331 16 70 48 26 24
ITQ-23 - 10x12x12 MR 018 370 15 49 29 37 31
Beta BEA 112 MR 020 325 13 31 15 53 42
Table 4
Catalytic performance of six different zeolites: EB conversion and molar selectivity
WHSV 14 11 WHSV 4 b1
EB X%  Dealkylation  Transalkylation  Toluene 38-C; EBX%  Dealkylation  Transalkylation  Toluene 3G C4
Beta 740 345 186 201 268 873 361 43 295 301
ITQ-23 853 530 28 245 197 974 453 0.8 296 243
NU-87 837 503 172 138 187 917 559 5.6 216 168
Mordenite 684 755 7.0 5.9 116 764 754 32 9.8 115
Mazzite 761 744 5.0 7.9 126 935 69.0 0.8 117 186
IM-5 931 894 13 21 7.2 954 831 0.8 32 129
ZSM-5 909 924 0.9 13 53 924 86.7 0.7 22 104

Reaction conditions: 25 bar, 40C, WHSV 4-14 bl and H/EB 8.5, TOS~ 8 h.



466 J.M. Serra et al. / Journal of Catalysis 227 (2004) 459-469

—@— EB Conversion % —{1— Dealkylation %S Table 5

100 Catalytic performance of six different zeolites: ethyltoluene conversion and

Q\ molar selectivity

80 \ /’\. ET X% C25% BS% Tol$% Xil. $% EBS% Ajg*S%
Beta 893 208 68 232 160 72 84

80 - Mordenite 742 204 40 265 135 105 140
ITQ-23 947 317 100 224 147 43 36
NU-87 534

40 272 29 287 117 101 135
ZSM-5 956 418 67 363 7.8 13 14

d

20 1 Reaction conditions: 25 bar, 40C, WHSV 8 h1, and H/ET 8.5, TOS

~7h.
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Fig. 3. Exemplified catalytic behaviefor different zeolite structures under
industrial-practiced reaction conditions.
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Toluene %S

IM-5
ZSM-5, is not only due to the total number of acid sites, but o : ; . i
can be related to the high confinement of the EB molecule 10 30 50 ™ 90
within the pores. This restricts the competitive transalkyla- Deellyleton 58
tion reaction by avoiding the formatioS¢heme Jof bulky (b)

intermediates-¢ 10.5 A) and bulky final products like dEB,  Fig. 5. Influence of zeolite structure in toluene and dealkylation selectivity.

whose diffusion through 10-MR channels is hindered. This (Reaction conditions 25 bar, 40€, WHSV 8 %, and +/EB 8.5, TOS

behavior is independent of the level of conversibig( 6). ~8h)

This catalytic behavior observed above has been confirmed

by using ethyltoluene as reactant under the same reactiorselectivity can be seen, in such a way that the higher the pore

conditions Table 5. size the higher the toluene selectiviig. 5. More specifi-
Regarding the bimolecular toluene formation, a direct re- cally, three types of behavior can be distinguished consid-

lationship between microporowslume and initial toluene  ering toluene selectivity: (1) 10-MR zeolites show a very

Table 6
Initial selectivities for five different zeolites
EB X% Dealkylation Transalkylation £+ Cy Toluene ET Xylenes Methane

Beta 26 0.0 955 0.0 45 4.4 0.0 0.0

NU-87 54 301 634 35 16 10 0.0 0.0
Mordenite 63 24.0 705 24 17 15 0.0 0.0

IM-5 6.1 516 459 0.0 12 0.8 0.0 0.0
ZSM-5 64 500 470 0.8 11 0.9 0.0 0.0

Reaction conditions: 25 bar, 40C, WHSV = 1400 b1, and H/EB ratio 8.5, TOS~ 8 h.
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Scheme 7.

low (< 3%) toluene selectivity, (2) monodimensional 12- 4. Conclusions

MR zeolites show a medium-logelectivity (5—10%) and (3)

tridimensional 12-MR and 10-MR- 12-MR zeolites show During transalkylation of streams containing ethyl groups

a relatively high selectity going from 20% for NU-87 to like heavy reformate, ethyl transalkylation reactions giving

28% for ITQ-23. The highest toluene selectivity is obtained Undesired poly-alkyl-aromatics occur at early rt_aaction steps.
over ITQ-23 zeolite, which contains the largest intrazeolitic AN OPtimized catalyst should have a very active dealkyla-

cavity of all tested zeolites, although the cage windows are tion function in OTder to minimize the formatloq of bulky

smaller than those contained in beta zeolite. Therefore betapoly—glky!-aromatlcs that producg the progressive catalyst

and ITQ-23 zeolite may have adequate cage geometries ar]éieactlvatlon by coking and reducing the diffusion rate of re-
. : . o actants, like toluene or trimethylbenzene.

sizes in order to allow the formation and stabilization of

| - iShenvic | . | Ethylbenzene undergoes diféat bimolecular reactions
toluene-driving biphenylic intermediates. We can conclude giving as primary products either benzene and diethylben-

that toluene formation is principally determined by zeolite ;o o toluene and ethyitane, each reaction involving a
structure, as can be concluded from the initial selectivities gitferent biphenylic intermediat&cheme % The selectivity
obtained at very short contact timeEaple § WHSV 1400 toward toluene formation is directly influenced by the zeo-
h~=1). For all zeolites, toluene and ethyltoluene are formed in |ite pore size and geometry, with the highest toluene yield
similar concentrations as primary reaction products whereasobtained with beta and 1TQ-23. Catalytic results evidence
methane formation is not observed, confirming again that that toluene formation from EB is a primary product that
toluene is indeed formed via anholecular mechanism. The  can be attributed to a bimolecular mechanism and not to the
selectivity of five selected zeolites can be observeidgn 6, monomolecular hydrogenolysis of the terminal EB methyl
where the molar yields for major and minor reaction prod- group.

ucts versus EB conversion have been plotted. All zeolites ~ Zeolite pore structure has a direct influence on the
show the same evolution for major reaction products as those€thyl dealkylation activity. The EB dealkylation selectivity
observed for the reference catalystig( 2): in the early re- strongly increases when decr'easmg the zeolite pore volume.
action steps the main reaction is the transalkylation of the Moreover, Re/IM-5 and specially, Re/ZSM-5 zeolites show

ethyl group yielding poly-alkyl-aromatics that are progres- an excellent.dealkylatlon activity, gllowmg total and selec-
. . . tive conversion of ethylbenzene into benzene and ethane
sively dealkylated. In all cases, a maximum in the poly-

kvl tics vield i &d. and th | fth . under industrially practiced transalkylation reaction condi-
alkyl-aromatics yield IS rea@t, and the vaiue otthis maxi- o ‘Erom our results, it appears that NU-87 and mordenite
mum depends on the zeolite structure.

) . would be the preferred zeolites, since they combine at a good
Results fromFig. 6 show the effect of zeolite structure

) ) i ) level dealkylation and transalkylation activities.
on toluene yield, being four times higher for beta and NU-
87 than for IM-5 and mordenite. At low EB conversions,
toluene and ethyltoluene are formed in equal amounts andAcknowledgments
very rapidly the yield of dtyltoluene starts to decrease.
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