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Abstract—The catalytic properties of zeolite NU-87 were investigated with respect to the disproportionation of 1,
2,4-trimethylbenzene and the results were compared to those obtained over H-beta and H-mordenite with 12-mem-
bered ring channel system. In the conversion of 1,2,4-trimethylbenzene, the disproportionation to xylene and tetra-
methylbenzene is preferred to the isomerization into 1,2,3- and 1,3,5-isomers over all the three zeolites, but this trend
is much more pronounced over HNU-87 owing to its peculiar pore structure. Disproportionation reaction is found
to proceed within the micropores of HNU-87, whereas isomerization occurs mainly on the external surface. The high
selectivity to disproportionation gives more xylenes and tetramethylbenzenes over HNU-87. The detailed descrip-
tions for the product distribution are also reported.
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INTRODUCTION EXPERIMENTAL

Disproportionation of trimethylbenzene (TMB) to xylene and 1. Catalysts Preparation
tetramethylbenzene (TeMB) is an important process for the indus- H-mordenite (Engelhard, SiAl,0,=45) and H-beta (PQ Corp.,
try, mainly due to the increasing demandpforylene to be used  SiOJ/Al,0,=22) used in this study were taken from commercial
for the production of polyester resins. Large pore zeolites such asamples. Zeolite NU-87 was synthesized according to the proce-
mordenite, zeolite beta and Y zeolite have been applied for thislure described previously [Shannon et al., 1991]. Colloidal silica
reaction to reduce the effect of steric hindrance against the bulkgol (Ludox, AS-40) and sodium aluminate were used as the Si and
reactant and intermediate species, but these catalysts are easily désources, respectively. As a template, decamethonium bromide
activated by coking [Das et al., 1994; Lee et al., 1998; Park et al(DecBs, Fluka,>99%) was used.
1999]. Although ZSM-5 with medium pore size can also catalyze The as-synthesized zeolite was transformed into the ammonium
this reaction, a rather high reaction temperature is needed to oveferm by ion exchange with 1 M NNO; solution at 80C for 12
come its pore size limitation [Roger et al., 1998]. h, which was repeated three times. It was then calcined in air at

Zeolite NU-87 is a high-silica zeolite which was first synthe- 500°C for 5 h to yield H-form zeolite.
sized by Casci and Stewart in 1990 [Casci and Stewart, 1990]. Th2. Catalysts Characterization
pore system of NU-87 is built from parallel 10-membered ring  The structure and crystallinity of NU-87 was confirmed by X-
(MR) channels with a diameter of £4%6.0A linked together by  ray powder diffraction analysis. The spectra were collected on a
12-MR cavities which are accessible only through the 10-MR win-Rigaku D/MAXT1-A instrument using Cu ¢ radiation. The mor-
dows of the channels [Shannon et al., 1991]. This peculiar porghology and crystal size was examined by scanning electron mi-
structure renders zeolite NU-87 attractive as a catalyst for reacroscopy (JEOL, JSM-T200, Scanning Micrograph). Thermal an-
tions in which the desired products are relatively slender and inalysis was conducted on a Perkin Elmer TGA instrument.
termediate species are rather bulky. In addition, NU-87 with 10- Infrared spectra were recorded on a Nicolet Impact 410 instru-
MR channel system may show higher thermal stability and resistment with a resolution of 4 ¢t The self-supporting wafers (20
ance to coke deposition than 12-MR zeolites such as mordeniteng) were activated under vacuum in the IR cell at’60f@r 5
and zeolite beta. h. After cooling down to 158C, the spectrum of the free surface

In this study, we synthesized zeolite NU-87 and applied this catwas obtained. The cell was then equilibrated with 5 Torr of pyri-
alyst to the disproportionation of 1,2,4-TMB. The results over NU- dine for 1 h and sufficiently evacuated to remove gaseous and phy-
87 were compared to those observed over zeolite beta and masisorbed pyridine. Desorption was continued at elevated temper-
denite with 12-MR channels. atures. Infrared spectra of samples were obtained at 150, 200, 300,

350 and 400C, respectively.
3. Reaction Experiment

To whom correspondence should be addressed. Reaction experiments were conducted in a fixed-bed flow re-
E-mail: hkrhee@snu.ac.kr actor under atmospheric pressure at 200035Blelium was used
This paper was presented at the 8th APCChE (Asia Pacific Confedera@S the carrier gas. In a typical experiment, catalyst was activated
tion of Chemical Engineering) Congress held at Seoul between Augusin a gas flow at 508C for 2 h and cooled down to the reaction
16 and 19, 1999. temperature, then 1,2,4-TMB with the partial pressure of 4.1 kPa
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was passed over catalyst bed. The WHSV was varied from 0.58
to 630.72 h* by changing both the feed flow rate and the catalyst I oA g mlngtfjemte
mass. Reaction products were collected and analyzed by an HP

5890 gas chromatograph equipped with FID and the capillary col-
umn HP-INNOWAX (60 m, 0.32 mm, ID 0.5@m).

¢ H-beta

RESULTS AND DISCUSSIONS

1. Physicochemical Properties of Catalysts

The XRD patterns of as-synthesized and the calcined NU-87
are shown in Fig. 1. The peak positions and the relative intensities
agree well with the published data [Shannon et al., 1991]. Fig. 2
presents the SEM photo of zeolite NU-87. The crystallites have c
a morphology of rectangular rods similar to those reported in the
literature [Glaser et al., 1998]. The crystal size is aboytrx
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occurs in three steps. The first step completed at abot€250  Fig- 3. IR spectra of various zeolites after adsorption and de-
assigned to the desorption of water and the two additional steps ~ SOrption of pyridine at 150°C.
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Fig. 1. XRD patterns of zeolite NU-87. . . . N .
g P tion of organic template. This observation indicates that the organic

template is present either in two different configurations or at two
different locations (10-MR channels and 12-MR cavities) [Glaser
et al., 1998]. From the above results, it is confirmed that zeolite
NU-87 was successfully synthesized.

FT-IR spectra of zeolite NU-87 and others in the region of the
ring vibrations (1,700-1,400 ci are presented in Figs. 3 and 4.
Signals of pyridinium ions formed on Bronsted acid sites (bands
at ca. 1,635 and 1,543 cinand those of pyridine coordinated to
Lewis acid sites (bands at ca. 1,620 and 1,453 eme observed.

The bands at ca. 1,490 Crare attributed to both types of species
[McQueen et al., 1996]. The integrated absorbances of the bands
at ca. 1,543 and 1,453 thiintegration regions approximately
1,515-1,565 cnt and 1,435-1,470 cif) respectively) were deter-

Fig. 2. SEM photograph of the as-synthesized NU-87. mined to measure the amount of pyridine adsorbed on Bronsted
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Table 1. Acidity of various zeolites measured in umol of adsorb- The total acidity (Brénsted and Lewis acidity) probed using pyri-
ed pyridine per g of the zeolite with increasing temper-  dine increases in the order of H-beta<HNU-87<H-mordenite as
ature shown in Table 1, but there is little difference in the total acidity

Bronsted acidity Lewis acidity among three zeolites.
150 200 300 350 400 150 200 300 350 400 2- Disprc_:portionation of 1,2,4-Trimethylbenzene _
Reaction results of 1,2,4-TMB over HNU-87 taken at different

HNU-87 ) 156 138 98 65 30 52 41 26 23 16 times on stream are presented in Table 2. Here the results are com-

H-mordenite 188 145 62 24 - 48 44 33 29 24 pared with those over H-beta and H-mordenite. Disproportionation

H-beta 9 59 18 4 - 100 79 48 37 22 of 1,2,4-TMB produces xylenes and TeMBs, whereas isomeriza-

tion gives 1,3,5- and 1,2,3-isomers. If there are no secondary re-

and Lewis acid sites, respectively. Extinction coefficients of theactions, the molar ratio of xylene to TeMB should be unity. Ben-
pyridine IR bands were taken from the literature [Emeis, 1993].zene, toluene and pentamethylbenzene (PtMB) are formed via se-

Quantitative results are given in Table 1. condary reactions such as disproportionation of xylene, transalky-

The distribution of Bronsted and Lewis acidity in HNU-87 is lation between xylene and TeMB, dealkylation of alkylbenzenes,
similar to that in H-mordenite. The amount of pyridine adsorbedetc. [Ko et al., 1994; Roger et al., 1998]. Under the present reaction
on Bronsted acid sites at 1%Dis a little bit higher over H-mor-  conditions the portion of these secondary reactions is very small
denite. However, the Bronsted acidity of H-mordenite decreasesind the xylene to TeMB ratio over all the catalysts turns out to be

rapidly with increasing desorption temperature compared to thatlose to unity as may be noticed in Table 2.

of HNU-87. In case of HNU-87, some amount of protonated pyri- Three zeolites show comparable initial activity for the reaction

dine is still retained after desorption at 40Qindicating the pre-  of 1,2,4-TMB but H-mordenite suffers from a relatively faster de-

sence of strong acid sites. As is well known, zeolite H-beta has activation as shown in Fig. 5. Zeolite beta with three dimensional

large number of Lewis acid sites instead of Bronsted acid siteschannel system was reported by Wang et al. [Wang et al., 1990]

Temp. (C)

Table 2. Results of reaction of 1,2,4-trimethylbenzene over HNU-87, H-beta and H-mordenite at 3&0with WHSV of 2.8 hr™

Thermodynamic

Zeolite HNU-87 H-beta H-mordenite Equilibriunt

Time on stream (hr) 1 5 1 5 1 5

Product Yields (wt%)
C-C, 0.31 0.26 0.18 0.13 0.21 0.15
benzene 0.09 0.08 0.09 0.07 0.09 0.08
toluene 2.64 211 257 1.35 2.19 0.69
xylene 21.04 19.8 20.92 18.12 18.17 9.72
1,3,5-trimethylbenzene 9.46 571 13.98 16.61 15.88 20.67
1,2,4-trimethylbenzene 35.42 41.41 31.75 37.07 35.47 50.08
1,2,3-trimethylbenzene 4.75 5.56 4.09 4.83 4.64 6.63
tetramethylbenzene 26.17 25.07 25.08 21.13 22.68 11.82
pentamethylbenzene 0.13 - 1.33 0.69 0.68 0.15

Xylene isomers (%)
p-xylene 24.33 24.34 23.71 22.18 23.56 2191 (24.2)
m-xylene 53.47 53.69 53.49 51.99 52.83 50.72 (51.4)
o-xylene 22.2 21.97 22.8 25.83 23.61 27.37 (24.5)

TeMB® isomers (%)
1,2,4,5-TeMB 40.47 43.64 39.99 40.08 40.08 40.44
1,2,3,5-TeMB 49.25 45.27 49.68 49.6 49.52 48.98
1,2,3,4-TeMB 10.28 11.09 10.33 10.32 10.4 10.58

Conversion (wt%) 64.58 58.59 68.25 62.93 64.53 49.92

Selectivity (mol/mol)
1,3,5-/1,2,3-TMB 1.99 1.03 3.42 3.44 3.42 3.12 (3.45)
p-/o-xylene 1.10 111 1.04 0.86 1.00 0.80 (0.98)
1,2,4,5-/1,2,3,5-TeMB 0.82 0.96 0.80 0.81 0.81 0.83 (0.74)
xylene / TeMB 1.02 1.00 1.05 1.08 1.01 1.04
S/SP 3.30 3.98 2.49 1.77 1.98 0.78

? tetramethylbenzene

2(moles of TeMB isomers)/(moles of 1,2,3- and 1,3,5-TMB)
‘referenced from [Earhart, 1982]
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Fig. 6. Product selectivities versus time on stream over various

Fig. 5. Conversion and xylene yield versus time on stream over catalysts at 350C. Dashed lines: equilibrium values.

various catalysts at 350C.

to be a good catalyst for the disproportionation of 1,2,4-TMB andindicates that the isomerization of 1,2,4-TMB over HNU-87 is ki-
far more active and stable than both zeolite Y and USY. The connetically controlled. The 1,3,5-TMB can be formed in 12-MR cav-
version and xylene yield over H-beta obtained in the present worlties of HNU-87 but may be prevented from diffusing out through
are similar to the results obtained by these authors. 10-MR channels. Nevertheless, the ratio of 1,3,5- to 1,2,3-TMB
HNU-87 exhibits a slightly lower activity than H-beta but the is considerably high in the beginning of reaction. As will be dis-
xylene yield is higher over HNU-87. On acid catalysts, dispropor-cussed later, this may be the result of isomerization of 1,2,4-TMB
tionation and isomerization reactions proceed at comparable raaking place on the external surface of HNU-87.
tes and thus it may be appropriate to define the apparent selectiv- In case of TeMB isomers, the isomer distribution is not ther-
ity ratio (S/S) between these reactions as given in Table 2. Themodynamically equilibrated over all the three catalysts as may be
S/S ratio over HNU-87 is the highest and increases with the timenoticed from Table 2. The smallest isomer, 1,2,4,5-TeMB, is form-
on stream unlike over H-beta and H-mordenite. Therefore, 1,2,4ed somewhat preferentially and this trend is much more pronounc-
TMB undergoes more preferentially disproportionation to isomer-ed over HNU-87 at a large time on stream.
ization over HNU-87 and this gives rise to the high xylene yield Thep-xyleneb-xylene ratio over HNU-87, as shown in Fig. 6
despite its somewhat lower conversion over HNU-87. (b), is a little higher than the equilibrium value and remains nearly
As shown in Fig. 5, the rate of deactivation of HNU-87 is simi- constant for a long reaction time, while this ratio over H-beta and
lar to that of H-beta, but the xylene yield decreases more slowl\H-mordenite decreases with the time on stream. As it was proven
over HNU-87. It can be seen from Table 2 that the deactivation obefore [Hall et al., 1988], when the active sites are partially block-
HNU-87 is caused largely by the decrease in the isomerization acd by coke or poisoned with ammonia, the rates of secondary re-
tivity of 1,2,4-TMB, while over H-beta or H-mordenite, dispropor- actions are more strongly affected than those of primary reactions.
tionation reaction is more strongly affected by catalytic deactiva-Among the xylene isomers;xylene is preferentially produced
tion than isomerization. Thus, it is evident that HNU-87 has a betby the disproportionation of 1,2,4-TMB in the beginning of reac-
ter catalytic capability in view of xylene yield. tion and consecutively isomerized im® andp-xylene [Wang et
When the minimum Van der Waals diameters are comparedal., 1990; Dumitriu et al., 1996]. This will be also shown in the
among the three isomers, the molecular size of 1,3,5-TMB is thdollowing section. Based on these arguments one can speculate
largest, followed successively by the 1,2,3- and 1,2,4-isomerghat as coking proceeds, the isomerizatioo-oflene intop- (or
[Roger et al., 1997]. In view of the shape selectivity, therefore,m-) xylene is suppressed more rapidly than the disproportionation
the formation of 1,2,3-TMB would be preferred to 1,3,5-isomer reaction producing-xylene, and thus thgxyleneb-xylene ratio
within the micropore system. However, the 1,3,5-TMB is ther- over H-beta or H-mordenite decreases with the time on stream.
modynamically favored over the 1,2,3-TMB [Earhart, 1982]. As For HNU-87,0-xylene formed within the 12-MR cavities could
shown in Fig. 6(a), the ratio of 1,3,5- to 1,2,3-TMB over H-beta be isomerized intp-xylene while passing through the 10-MR
and H-mordenite is nearly equal to the equilibrium value, whereaghannels. This suggests that the ratip-faF-xylene over HNU-
that over HNU-87 is far below the equilibrium value. This result 87 is less affected by coking than that over H-beta or H-mordenite

Korean J. Chem. Eng.(Vol. 17, No. 2)
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Table 3. Results of reaction of 1,2,4-trimethylbenzene over HNU-

87 at various residence times with reaction temperature L p-xylene @
of 350°C 12 +  m-xylene
= o-xylene
WHSV (hr?) 630.72 29.78 1050 2.10
Product yields (wt%)
C-C, 0.03 0.11 0.21 0.31
benzene 0.06 0.08 0.08 0.09
toluene 0.09 0.36 111 2.64
xylene 1.07 8.17 13.73 21.04
1,3,5-TMB 0.18 210 4.23 9.46
1,2,4-TMB 96.87 7531 5857 35.42 2 I« 1245Tems ® .
1,2,3-TMB 045 3580 513 475 T 12 * 1235TeMB
TeMB 125 1007 1721 26.17 2 v 1234-TeMB
PtMB - - 0.04 0.13 £
Xylene isomers (%) 2
pxylene 13.08 1995 22.65 24.33 !
m-xylene 4112 49.94 52.00 53.47 3
o-xylene 4579 30.11 2535 222 o
TeMB isomers (%)
1,2,4,5-TeMB 95.20 60.58 47.76  40.47 5 13.5.TMB ©
1,2,3,5-TeMB - 25.42  40.67 49.25 [+ 123TMB
1,2,3,4-TeMB 4.80 14.00 11.56 10.28 .
Conversion (wt%) 3.13 2469 41.74 64.58 9l
Selectivity (mol/mol)
xylene/TeMB 1.08 1.03 1.01 1.02 6r
S/S 3.55 3.06 3.30 3.30 3l
0 1 i i i 1 1
because 10-MR channels are generally more resistant to coke d 0 10 20 30 40 50 60 70
position than 12-MR channels. 1,2,4-TMB conversion (%)
3. Distribution and Selectivities of Product over HNU-87 Fig. 7. Product distribution versus conversion of 1,2,4-TMB over
Disproportionation of 1,2,4-TMB was conducted over HNU- HNU-87 at 350°C.

87 with various values of the residence time. Depending on the
flow rate, the time on stream at which the sample was taken varithe above discussion for other products, it is presumable that PtMB
ed from 1 min to 2 hr. The typical results are given in Table 3. is formed on the external surface of HNU-87.

All the xylene isomers are detected at a very low conversion of Fig. 7 presents the product distribution at different levels of con-
ca. 3%, so all of them may be primary products. Howevey; version. In general, there are six types of products in series reac-
lene is preferentially formed in comparisomteandp-xylene tions: primary stable (1S), primary unstable (1U), primary stable
with the initial distribution of about 46% of, 41%m and 13 plus secondary {#2)S}, secondary stable (2S), secondary un-
% of p-xylene. In addition, the selectivity to 1,2,4,5-TeMB amongst stable (2U) and primary unstable plus secondary produ@){(}

TeMB isomers is far above the thermodynamic equilibrium value.[Ko et al., 1994]. According to this criterion, xylene isomers are
The selective formation akxylene and 1,2,4,5-TeMB can be ex- classified as primary products:xylene (1S)p-xylene (1S) and
plained by the transition state shape selectivity. o-xylene (1U), as discussed previously. In case of TeMB isomers,

A generally accepted disproportionation mechanism of alkylaro-1,2,4,5- and 1,2,3,4-TeMB are observed as primary products (1U)
matics involves a biphenylic transition state intermediate [Csic-but 1,2,3,5-TeMB must be a secondary product (2S). From these
sery et al., 1984]. The intermediate, which prodoegdene and  observations, it may be concluded that 1,2,3,4-TeMB formed by
1,2,4,5-TeMB, is the most linear biphenylic one and followed by decomposition of biphenylic intermediate can diffuse out through
that formingm-xylene and 1,2,4,5-TeMB, so the former is prefer- 10-MR channels of HNU-87, but 1,2,3,5-TeMB cannot and is
entially formed. Similar result was also reported over zeolites betdormed mainly on the external surface by the isomerization of 1,
and Y [Wang et al., 1990; Dumitriu et al., 1996]. This indicates 2,4,5- and 1,2,3,4-TeMB.
that the disproportionation reaction of 1,2,4-TMB proceeds with-  1,2,4-TMB competitively isomerizes to 1,3,5- or 1,2,3-TMB.
in the micropores of HNU-87. With the increase in residence timelf there are no restrictions, 1,3,5-TMB is favored thermodynam-
the distributions of xylene and TeMB isomers approach their re4cally. As shown in Fig. 7(c), both isomers are produced primar-
spective equilibrium compositions by the consecutive reactions ofly. On the contrary, however, the rate of formation of 1,2,3-TMB
isomerization. At high conversion level, even PtMB which is the is faster than that of 1,3,5-TMB at relatively low conversion levels.
largest product is observed. If we consider its molecular size and similar conclusion can be drawn for the case of TeMB isomers;
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that is, 1,2,3-TMB can escape from the micropores of HNU-87in the selectivity between disproportionation and isomerization
but 1,3,5-TMB is prevented from diffusing out through those reactions. The isomerization of 1,2,4-TMB hardly proceeds at low
micropores. In fact, the 1,2,3- and 1,3,5-TMB have the same Vatemperatures, so theg/S ratio is very high. As the reaction tem-
der Waals diameters as 1,2,3,4- X)%and 1,2,3,5-TeMB (8.6  perature increases, this ratio decreases rapidly. This result may be
A), respectively [Roger et al., 1997]. The favorable formation of accounted for by the increased effective channel diameter. Larger
1,2,3-TMB is maintained to the high conversion of ca. 50%, andamounts of TMB isomers can be produced through micropores
as the conversion further increases, the yield of 1,2,3-TMB de-as the temperature increases because the channel diameter is gra-
creases showing a maximum yield. This indicates that this primarylually extended with increasing temperature.
product is consumed in consecutive reactions. However, the yield
of 1,3,5-TMB increases rapidly and thus the distribution of TMB CONCLUSIONS
isomers approaches the equilibrium composition. Therefore, the
formation of 1,3,5-TMB can be considered to occur mainly on the Zeolite NU-87 has a good catalytic activity for the reaction of
external surface, while the formation of 1,2,3-TMB proceeds to1,2,4-trimethylbenzene to produce xylene and tetramethylbenzene.
a significant extent within the micropores of HNU-87. Compared to zeolites H-beta and H-mordenite with comparable

The influence of the reaction temperature on the conversiorinitial activities, HNU-87 gives a higher and more stable xylene
and product yields after 1 hr of time on stream is shown in Tableyield. It is found that over HNU-87 the disproportionation to xy-
4. Similar effect to that of the residence tirok Table 3) is ob-  lene and tetramethylbenzene proceeds more preferentially to iso-
served when the reaction temperature is varied. At low reactiormerization than over the other zeolites. This result is elucidated
temperature of 20, o-xylene, 1,2,3-TMB and 1,2,4,5-TeMB in terms of the shape selectivity induced by the pore structure. In
are selectively formed amongst their respective isomers, whereasther words, disproportionation of 1,2,4-TMB takes place within
1,3,5-TMB and 1,2,3,5-TeMB are hardly produced. Upon increasthe micropores of HNU-87 while isomerization of 1,2,4-TMB
ing the reaction temperature, the distribution of isomers approinto TMB isomers, especially 1,3,5-TMB, occurs mainly on the
aches the equilibrium composition. These results are in accordan@xternal surface of HNU-87. In view of the xylene vyield, there-
with the previous discussion for the product selectivity. However,fore, HNU-87 is more favorable for the reaction of 1,2,4-TMB
if compared at the similar conversion level, e.g., at 24.69% inthan H-beta or H-mordenite.
Table 3 (WHS\£29.78 hi') and at 23.07% in Table 4 (220),
respectively, there are differences in the product yields. As clearly ACKNOWLEDGEMENT
seen in these tables, this result is mainly caused by the difference
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Table 4. Results of reaction of 1,2,4-trimethylbenzene over HNU- vided by the SK Corp.

87 at various reaction temperatures with WHSV of 2.1

hr™. The data were taken at 1 hr of time on stream REFERENCES

Reaction temp. 200 220 300 350 Casci, J. L. and Stewart, A., Eur. Patent Ai§d7,291, 1990.
Product yields (wt%) Csicsery, S. M., “Shape-selective Catalysis in Zeoligalites 4,

C-C, 0.02 0.05 0.13 0.31 202 (1984).

benzene - - 0.05 0.09 Das, J., Bhat, Y. S. and Halgeri, A. B., “Transalkylation and Dis-

toluene 0.12 0.42 1.88 2.64 proportionation of Toluene and Bromatics over Zeolite Beta;

xylene 2.34 9.13 1955 21.04 Catal. Lett, 23, 161 (1994).

1,3,5-TMB - 0.44 3.05 9.46 Dumitriu, E., Hulea, V., Kaliaguine, S. and Huang, M. M., “Transal-

1,2,4-TMB 94.37 76.93 4580 3542 kylation of the Alkylaromatic Hydrocarbons in the Presence of

1,2,3-TMB 0.20 1.65 4.45 4.75 Ultrastable Y Zeolites: Transalkylation of Toluene with Trimeth-

TeMB 295 1138 2504 26.17 ylbenzenesAppl. Catal. A135 57 (1996).

PtMB - - 0.05 0.13 Earhart, H. W., “Polymethylbenzenes; Kirk-Othmer Encyclopedia
Xylene isomers (%) of Chemical Technology, Wiley, New Yorkg, 882 (1982).

p-xylene 1752 1621 2343 2433 Em_ei_s, C. A, “Determination qf Integrated Molqr _Extinction Coef-

mxylene 3032 4414 5376 53.47 f|0|gnts fgr Infrared Absorption Bands of Pyridine Adsorbed on

oxylene 43.16 3965 2281 292 "SO|Id ACId. Catalystsy). Catal, 141, 347 (1993): “ .
TeMB isomers (%) Glaser, R, Li, R,, Hu.nger, M., Emst, S and Weltkamp, J., Ze_oht_e

HNU-87: Synthesis, Characterization and Catalytic Properties in
1,2,4,5-TeMB 96.27 71.35 48.12 40.47 . :
the Shape-selective Conversion of MethylnaphthaleGesal.

1,2,3,5-TeMB - 17.84 4197 49.25 Lett, 50, 141 (1998).

1,2,3,4.-TeMB 8r3 1081 991 1028 Hall, W. K., Engelhardt, J. and Still, G. A., “The Concentration of
Conve.rs.,|on (wt%) °63 2307 5420 64.58 Catalytically Active Bronsted Sites on Zeolites” (P. A. Jacobs and
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