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Abslract-An MCM-22 zeolite with an Si/A1 ratio 13 was found to exhibit higher selectivity to [3,[3-diisopropylna- 
phthalene in the al!cylation of isopropylnaphthalene with isopropylalcohol, as compared with other zeolites such as 
mordenite, Y and beta having similar Si/A1 ratios. This high selectivity is ascribed to the specific pore shape of MCM- 
22 zeolite. Tile gradual increase in the selectivity with reaction time is clue to its pore modificalion by coke deposit. 
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INTRODUCTION 

Zeolites are the most prolnising microporous crystalline mate- 
rials for achieving highly shape-selective catalysis. Recently, much 
attention has been paid to tile shape-selectivity for tile alkylation 
of polyaromatic compounds, such as the methylation and the iso- 
propylation of naphthalene using zeolites in order to produce high- 
valued chemicals selectively. However, it is difficult to obtain a 
high yield of 2,6-dialkylnaphthalene using a continuous flow-type 
reactor over zeolite catalysts due to their low selectivity and fast 
deactivation by carbon deposit 

The MCM-22 (1VDVW) zeolite is composed of  two channel 
systems, both of which are accessed thi-ough 10-1nembered (10- 
MR) windows [Leonowicz et al., 1994]. One system consists of 
two-dimensional, sinusoidal channels with 10-MR pore openings, 
while tile other contains large cages consisting of 10-MR and 12- 
MR, with an internal space of 0.71 • • The large 
cages may be shared by only one aromatic molecule, thus pre- 
venting the polymerization of aromatic molecules. Due to its spe- 
cific pore shape, the MWW zeolite shows high stability and se- 
lectivity to tile catalytic reactions involving aromatic compounds 
such as the disproportionation of toluene or ethylbenzene and the 
aromatization of  n-butane [Corma et al., 1995a; Asensi et al., 
1996; Ktnnar and Lindfors, 1996; Wu et al., 1998]. 

We examine here the shape-selective allcylation of 2-isopropyl- 
naphthalene (2-IPN) using isopropylalcohol (IPA) over tile MWWr 
zeolite. The differences in the conversions of 2-IPN, the yields of 
diisopropylnaphthalene (DIPN) and the selectivities to 2,6-DIPN 
and [3,[3-DIPN of MWVV, ZSM-5 (MFI), mordenite (MOR), Y 
(FAU) and beta (BEA) zeolites are discussed renting to their pore 
shapes. 

EXPERIMENTAL 

1. Sample 
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The hydrothermal synthesis of MWW zeolite was carried out 
in a stainless-steel autoclave over 65 h at 150 ~ using hexame- 
thyleneimine as a template, according to the reported procedure 
[Corma et al., 1995b]. The template was removed by calcination 
in air for 16 h at 550 ~ The calcined sample was icxl-exchanged 
with 0.5 N NH4NO3 solution at 60 ~ for 5 h to form the NH 4- 
MWW sample. The proton type of MWW zeolite was obtained 
by the calcination in air at 550 ~ for 16 h. Zeolite samples with 
different pore shapes were selected to compare their conversions 
and selectivities. MFI (PQ Corp.), MOR (JRC-Z-HM20), FAU 
(PQ Corp.) and BEA (PQ Corp.) zeolites having similar Si/A1 
molar ratios were used in order to eliminate the effects of acidic 
properties. 
2. Characterization 

The Si/A1 molar ratio of the synthesized 1VDVW zeolite was 
determined by ICP (Inductively Coupled Plasma, Jobin Yvcxl 
Co., JY 38 plus) after digestion of the sample using aqueous hy- 
drofluoric acid. Tile Si/A1 molar ratio of  MVCW zeolite was 13. 
The Si/A1 molar ratios of MFI, MOR, FAU and BEA zeolites 
were 13, 10, 14 and 13, respectively. 

Tile X-iay diffi-action pattern of tile calcined MWW zeolite was 
recorded by using an X-ray diffractometer (Rigaku, D/MAX- 
1200) with ~tKc( X-ray andNi filter at 35 kV and 15 mA. The ni- 
trogen adsorption isofflenn on tile MVV~r zeolite was obtained by 
using a conventional volumetric adsorption system at liquid ni- 
trogen temperature after evacuation at 300 oC for 2 h under vac- 
HUlTI. 

The tempem~are programmed desorption (TPD) profiles of 
ammonia fi-om zeolites were recorded froln 80 ~ to 650 ~ with 

a ramping rate of  10 ~ under an He flow of 200 ml/min 
after activation in an He stream at 550 ~ for 2 11 Ammonia was 
fully adsorbed on the sample at 80 ~ by adding pulses of am- 
monia. The sample was then ptrged in an He stream at the same 
temperature for 2 h in order to remove physisorbed alrmlonia. 
Tile alnotmt of alrmlonia desorbed fiOln tile sample was deter- 
mined with a thermal conductivity detector. 

Tile uptake of o-xylene was ineasured by a quartz-spiJng gra- 
vimetlJc adsorption system. Samples were dehydt-ated at 300 ~ 
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under 1.33 • 10 -4 Pa for 2 h. o-Xylene (Hayashi Chemical, 99%) 
vapor was in~-oduced into the salnple at 120 ~ and an increase 
in the mass was recorded for 180 min. 

Thermogravimetric analyses of the zeolites after the isopropy- 
lation were perfomled on a DuPont 950 themlogravimetric an- 
alyzer. Approximately 20 mg of  sample was heated in air to 800 
~ with a ramping rate of  5 ~ 
3. React ion 

The alkylation of 2-IPN was carried out at 275 ~ W/F of 0.37 
g.  i f  tool, 2-IPN/IPA of 0.25 by using a cc~l~mous flow-tyl:e reac- 
tor under a vapor phase. The products were analyzed by GC 
with a TC-17 capillary column at 170 ~ 
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R E S U L T S  A N D  D I S C U S S I O N  

1. Character izat ion of  M W W ( 1 3 )  Zeol i te  

The X-ray diffraction pattern of the calcined M W W  sample 
was consistent with that previously reported [Comla et al., 1995b]. 
The BET surface area of IVI~VW zeolite obtained from the N 2 
adsorption isotherm is 420 m2/g. 

Fig. 1 shows the result of the ammonia TPD obtained from 
the MWW, MFI, MOP,, FAU and BEA zeolites. The TPD curve 
of  MVV~ ~ zeolite is characterized by two desorption peaks with 
maxima in the temperature regions of 210 ~ and 450 ~ which 
correspond to weak and strong acid sites, respectively. Total areas 
of alrmlonia desorption fi-om all zeolites used here are almost the 
same. The tempera~re atthe maximum of the second desorption 
peak fi-om the M W W  zeolite is similar to that fiom the MFI zeo- 
lite. From the findings of the difference in the temperan]res at the 
maxima, the order of  acidic strength is obtained as MOR>MFI= 
MWW>BEA>FAU.  

The uptake curves of o-xylene on the various zeolites are 
shown in Fig. 2. The uptake rate at the initial stage on the BEA 
or FAU zeolite is faster and the amount of o-xylene adsorbed at 
180 min is also larger than those of the other zeolites. The uptake 
rates at the initial stage on MVV'W, MFI and MOR zeolites are 
slow. Since the adsorbed amount of o-xylene corresponds to the 
pore volume of zeolite, it is clear that the effective pore volume 

Fig. 2. Uptake curves of  o-xylene on various zeolite catalysts at 
120 ~ 

of the BEA Ol- FAU zeolite is significantly larger than the other 
zeolites. The order of the effective pore volume of zeolite is found 
to be BEA> FAU> IVI~VW: M F I :  MOR. 
2. Isopropylat ion of  2 - IPN over Various Zeol i tes  

The isopropylation of 2-IPN was investigated on the IVI~VW, 
MFI, MOP,, FAU and BEA zeolites by a flow method. Fig. 3 
shows the changes in the conversion of 2-IPN, the yield of DIPN, 
and the selectivities to 2,6-DIPN and [3,[3-DIPN as a fimction of  
time on stream. The conversion of 2-IPN and the yield of DIPN 
were highest over FAU zeolite, while a very low conversion was 
obtained over MOR zeolite. The FAU zeolite has supercages 
fonning large intemlediates as well as actfieving fast diff~ion, re- 
sulting in the highest conversion. The large cavity may be effec- 
tive in the reaction of polyaromatic compounds due to low restric- 
tion. On the other hand, the MOR zeolite has linear pores, which 
can be blocked easily with large polyaromatic molecules. The MFI 
zeolite with a narrow pore stmc~ue did not extfibit the activity 
for the isopropylation of  2-IPN under these reaction conditions. 

Fig. 1. A m m o n i a  TPD profiles from various zeolite catalysts. 
Fig. 3. Isopropylation of  2-IPN over zeolite catalysts wRh vari- 

ous pore steucture as a function of t ime on stream. 
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Table 1. Catalytic properties of various zeolites at 105 rain of reaction time 

Cony. Yield (%) 

Catalyst (%) DIPN Naphthalene poly-IPN 

Distributions o f DI PN isomers 

c~,c~- c~,~- ~,[~- 

BEA(13) 15.6 12.9 0.4 2.3 9.3 17.6 73.1 
FAU(14) 28.0 22.3 1.2 4.5 5.9 21.4 72.7 
MOR(10) 3.9 3.3 0.3 0.3 10.2 25.1 64.7 
MWW(13) 13.8 12.0 1.3 0.5 6.2 5.7 88.1 
MFI(13) 0 

The selectivity to 2,6-DIPN at an early stage was high over 
the MOR zeolite, and that of the 1V~VW zeolite increased with 
the lapse of reaction time. The selectivity to [3,[3-DIPN at an 
early stage was almost the same value of 75-79% on both ca- 
talysts. The selectivity to [3,[3-DIPN of MOR zeolite decreased 
with the stream of reaction time, while that of lVl~\rw zeolite in- 
creased with the reaction time, achieving 90% at 120 min. This 
selectivity of MVvTW zeolite was the tfighest value in ffzis study. 
The enhancement of  the shape-selectivity of M W W  zeolite with 
the lapse of reaction time can be explained in temls of its pore 
modification by coke deposit. 

The conversion of 2-IPN, yields of  products and the distribu- 
tions of DIPN isonlers at 105 rain of reaction time are stmmra- 
rized in Table 1. Generally, catalytic properties on zeolites vary 

with their acidity and stmc~lre. The concentration of acid sites of 
zeolites cannot be concemed with in the activity for this reaction, 
due to their similar Si/A1 molar ratios of  zeolites used here. The 
FAU and BEA zeolites with a large pore vohane exhibit the tfigh- 
est conversion of 2-IPN, the highest yields of poly-IPN and DIPN 
isomers including ~isopropyl group. The M W W  zeolite shows 
high selectivity to [3,[3-DIPN. The low selectivities to [3,[3-DIPN 
on the BEA and FAU zeolites compared to that of 1VI~VW zeolite 
under these conditions suggest that the non-shape selective alky- 
lation occurs at the large inner cavity. Furthermore, the low se- 

lectivity of  the MOR zeolite is due to non-selective catalysis at 
the acid sites on the extemal surfaces [Kira et al., 1995]. These 
facts indicate that if this alkylation occurs inside the zeolite pore, 

the selectivity for the [3-position may be significantly higher than 
that of  the ct-posilion. Furthelmore, the fomration of  DIPN iso- 
mers with ~isopropyl group in the zeolite pore is prevented be- 
cause the corresponding transition state has a bulky coiffomration. 
The high selectivity to [3,[3-DIPN on M W W  zeolite reveals that 
its pillow-type pore prefers to form the long linear-shape prod- 
ucts of alkylation. 

Fig. 4 shows the TG profiles of the catalysts used in the iso- 
propylation of 2-IPN. The amount of coke deposited on MFI or 
MOR zeolite with low conversions for the alkylation, was very 
small as compared with other zeolites. On the other hand, a high 
level of the coke was fomled on the M ~ r  zeolite, wtfich showed 
a high selectivity to [3,[3-DIPN. Since the extent of alkylation is 
small on MFI and MOR zeolites due to their pore shape, the 
amount of  carbon deposited on the catalyst is small. The tugh 
extent of the allcylation on FAU and lVl~VW zeolites brings about 
a large amount of coke deposition. The increased spatial con- 
straints of the M W W  zeolite by coke deposition may be respon- 

sible for the enhancement of  the selectivity to [3,[3-DIPN with 
the lapse of reaction time. 

Ju~,  2000 

Fig. 4. TG profiles of the catalysts used for the isopropylation 
of 2-IPN. 

In conclusion, a pillow-type pore of MVV~r zeolite prefers to 
form linear-shaped reaction intermediates and to keep only one 
aromatic molecule per a cage, resulting in the high yield of [3,[3- 
DIPN. In addition, the lVl~VW zeolite shows a noticeable increase 
in [3,[3-DIPN selectivity during the reaction time, which can be 
a~-ibuted to the increased spatial constraints inside the pores by 
coke deposition. These findings show that lVl~\rw zeolite has a 
great potential as a catalyst for the shape-selective reaction in- 
volving aromatic molecules. 
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