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Effects of the thermal and hydrothermal treatments on the
structural stability and physical properties (viz., surface concen-
trations of Mg, Al and P-, N,-sorption capacity) of MAPO-36
have been studied. MAPO-36 has a higher thermal stability and
a lower hydrothermal stability. MAPO-36 structure is thermally
stable up to 823 K, and above the calcination temperature of
908 K, tridymite phase formation was observed. The partial
conversion of MAPO-36 to amorphous material occurs due to
the hydrothermal treatment at 398 K. The surface concentration
of Mg decreases with the calcination temperature and also due
to the hydrothermal treatment; however, the decrease is more
significant with the latter. Changes in the lattice vibration region
are observed due to the thermal and the hydrothermal treatments.
In situ IR spectroscopic investigations of chemisorbed pyridine
on the MAPQO-36 catalysts revealed that the concentration of
Brgnsted and Lewis acid sites are strongly affected by the Mg-
content in the AIPO,-36 framework, thermal and hydrothermal
treatments. The ratio of Brgnsted to Lewis acid sites decreases
with the decrease in the concentration of framework-substituted
Mg and also by the thermal and hydrothermal treatments.
MAPO-36 materials with different Mg-content and the hydrother-
mally treated MAPO-36 possesses a broad array of acid strength
distributions. The number of weak and strong acid sites are
influenced by the concentration of framework-substituted Mg in
the AIPO,-36 and by the thermal and the hydrothermal treat-
ments. The catalytic activities of MAPO-36 (with different Mg/
P ratios) and the thermally and hydrothermally treated MAPO-
36 catalysts in n-hexane, isooctane, and toluene conversion
reactions were studied. In n-hexane and isooctane reactions, the
conversion and the aromatic formation decrease with the decrease
in the Mg-content in the AIPO-36 framework. This is in
agreement with the increase in the strong acid sites with frame-
work Mg-concentration. The thermal treatment causes a pro-
nounced decrease in the catalytic activity of MAPO-36 in these
reactions than does the hydrothermal treatment. The aliphatic
and aromatic distributions are different in these reactions over
the MAPO-36 materials. The toluene disproportionation activity
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of the MAPO-36 is affected by the Mg-content and the thermal
and hydrothermal treatments. © 1994 Academic Press, Inc.

INTRODUCTION

The magnesium aluminophosphate of type 36 (MAPO-
36) molecular sieve reported by Flanigen et al. (1) has a
unique three-dimensional structure with monoclinic sym-
metry and cell parameters a = 13.148 A, b =21.577 A,
c = 5.164 A, and B = 91.84°. MAPO-36 has the 4.6.12
two-dimensional net similar with annular side pockets
(unlike cancrinite). The channels are elliptical (10.1 by
9.2 A across in projection), parallel to the c-axis, and
have a pore opening of 7.4 by 6.5 A (2, 3). In our earlier
investigations (4-6), the preparation, characterization,
acidity and site energy distribution of MAPO-36 are al-
ready reported. MAPQO-36 contains both Brgnsted and
Lewis acid sites (1, 5). MAPO-36 shows considerable
catalytic activity in linear- (7), branched-, and cycloal-
kanes, aromatic hydrocarbons, and the alcohol-to-
aromatics conversion reactions (6). In the present study,
the thermal and hydrothermal structural stability of
MAPO-36 and the influence of the magnesium content
(Mg/P ratios) and the thermal and hydrothérmal treat-
ments on the Ny-sorption capacity, surface composition,
acidity, and catalytic properties of the magnesium alumi-
nophosphate of type 36 are investigated.

EXPERIMENTAL

Pr;N-MAPO-36 catalysts were synthesized by the hy-
drothermal procedures reported earlier (4, 7). Pr;N-—
MAPO-36 materials with different Mg-content designated
as Pr;N-MAPO-36[A], Pr;N-MAPO-36[B], and Pr;N-—
MAPO-36[C] were obtained by crystallizing the respec-
tive gel of composition {Pr;N-MAPO-36[A]: 1.8 Pr;N -
0.176 MgO - 0.912 Al,O; - 1.00 P,0Os - 40 H,0 - 0.34 HOAC;
Pr;N-MAPO-36[B]: 1.8 Pr;N - 0.142 MgO - 0.931
Al 0O, - 1.01 P,05- 40 H,0 - 0.28 HOACc; and Pr,N-MAPO-
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36[C]: 1.8 Pr;N - 0.112 MgO - 0.945 AL, O, - 1.01 P,O5 -
40 H,0 - 0.22 HOAc} initially at 378 K for 50 h and further
at 423 K for 24 h in a teflon-coated autoclave. The MAPO-
36 crystallization was carried out without stirring. The
crystals of the magnesium aluminophosphate were
washed thoroughly with deionised water, filtered, and
dried in an air oven at 373 K for 16 h. The organic template
was removed by calcination in the presence of air at 823
K for 18 h. The details of preparation and characterization
of the MAPO-36 catalyst are given elsewhere (4).

The procedures used for the thermal and hydrothermal
treatment of MAPO-36 are as follows. Thermal treatment:
MAPO-36[A] (3 g) was calcined at different temperatures
in the range 823-1173 K for 18 h in an muffle furnace.
Hydrothermal treatment: MAPO-36[A] (3 g) particles
were placed in a stainless-steel wire mesh basket and
suspended in a stainless-steel pressure bomb containing
water at the bottom. The distance between the wire mesh
basket and water level was maintained so that the
material is only in contact with water vapours. The
closed bomb was then heated in an air oven at 398 K
for 72 h. The hydrothermally treated material was dried
in an vacuum oven at 373 K for 16 h and then calcined
at 823 K for 5 h.

The synthesized materials and the thermally and hydro-
thermally treated materials were characterized as follows:
The X-ray powder diffraction spectra were obtained by
a Holland Philips PW/1730 X-ray generator with an Ni-
filtered CuKe« radiation source and a scintillation counter.
Atmoic absorption spectroscopy and gravimetric and C,
H, N analysis were used for elemental analysis. The N»-
sorption capacity data of the materials were obtained by
N, adsorption/desorption technique (p/p, = 0.3) using
a Quantasorb unit (Quantachrome Corp., U.S.A.). XPS
measurements were conducted for determining the sur-
face concentration and binding energy of O,;, Mg,,, Al,,,
and P,,. A V.G. Scientific Escalab Mark II system with
a hemispherical analyzer operated in the constant pass
energy mode (20 eV) was employed. An MgKa X-ray
source (hv = 1253.6 eV) was operated at 20 mA and 15
kV. The intensity of XPS band was determined using
linear background subtraction and integration of peak
areas. IR spectra of the untreated and treated MAPO-36
materials in the lattice vibration range (1250-400 cm™')
were obtained with 2 cm™' resolution using a Digilab-
FTS-60 spectrometer. The procedures for the in situ IR
acidity, the strong acid sites and the site energy distribu-
tion measurements were reported earlier (4, 8, 9).

The catalytic activities of the catalysts in n-hexane,
isooctane, and toluene conversion reactions were deter-
mined in a pulse microreactor (i.d. 4mm) connected to a
gas chromatograph. The reaction conditions are men-
tioned in the respective tables. Before the activity was
measured, the catalyst was heated at 673 K for | hin a flow
of helium. The details of the microreactor, the product

analysis conditions, and the procedure of measuring the
activity of the catalyst are given elsewhere (9).

RESULTS AND DISCUSSION

Thermal and Hydrothermal Stability of MAPO-36

The properties of MAPO-36 materials are presented in
Table 1. The crystallinity (obtained from XRD data) and
N,-sorption capacity measurements show the high crys-
talline nature of the MAPO-36[A-C] materials. The data
(Table 1) indicated that the increase in the calcination
temperature of MAPO-36[A] from 823 to 1173 K results
a significant decrease in its crystallinity and N,-sorption
capacity. At the calcination temperature of 873 K, the
crystallinity and N,-sorption capacity of MAPO-36[A]
were decreased by 19 and 26%, respectively. The forma-
tion of tridymite phase was observed at the calcination
temperature of 908 K. The amount of tridymite phase
formed at this calcination temperature was 30%. The ex-
tent of tridymite formation increases with the calcination
temperature. The decrease in the crystallinity and N,-
sorption capacity of MAPO-36[A] is more pronounced
in the calcination temperature range of 873-973 K. The
results lead to the conclusion that unlike zeolites (9) and
AIPO,-5 (10), MAPO-36 has a low thermal stability. The
decrease in the crystallinity (by 77%) and N,-sorption
capacity (by 78%) of MAPO-36[A] was observed after
the hydrothermal treatment. The hydrothermal treatment
causes the partial degradation of MAPO-36[A] to amor-
phous material (67%). This shows that MAPO-36 has very
poor hydrothermal stability compared with ZSM-5 zeo-
lite (11).

Composition of MAPO-36

The surface and bulk composition of the thermally and
hydrothermally treated MAPO-36[A] are presented in Ta-
ble 2. Examination of the bulk and surface composition
results of the thermally treated MAPO-36[A] revealed that
the concentration of magnesium is higher on the surface
than in the bulk. The surface concentration of magnesium
decreases with the calcination temperature. It seems thus
that the structural collapse associated with increasingly
higher calcination temperature is accompanied by Mg-
extraction from the AIPO,-36 framework. The concentra-
tion of phosphorus increases on the surface with the
calcination temperature above 823 K. The trend is re-
versed for the surface concentration of Al. The hydrother-
mal treatment drastically affects the surface composition
of MAPO-36[A] (Table 2). The Mg-concentration is de-
creased by 60% on the surface of the hydrothermally
treated MAPO-36[A3]. The higher AL/P ratio on the sur-
face of MAPO-36[A3] indicates that the concentration of
aluminium increases on the surface after the hydrothermal
treatment. The increase in the Al-concentration is due to
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TABLE 1

Properties of Magnesium Aluminophosphate (Type 36) Catalysts

Strong
Calcination N,-sorption acid sites
temperature Crystalline Crystallinity Capacity g{673 K)
Catalyst Molar chemical composition (K) phases(s) (%) (mmol - g7h (umol - g™1)
MAPO-36[A] 0.18 MgO - 0.911 AL,O; - 1.0 P,O;s 823 MAPO-36 100 5.60 43.5
MAPO-36{B] 0.14 MgO - 0.930 Al,O5 - 1.0 P,0O4 823 MAPO-36 100 5.45 34.6
MAPO-36[C] 0.11 MgO - 0.945 ALO; - 1.0 P,O, 823 MAPO-36 98 5.41 25.0
MAPO-36[A1]° 0.18 MgO - 0.911 Al,O; - 1.0 P,O4 973 MAPO-36 23 0.30 <0.5
Tridymite (77%)
MAPO-36[A2]° 0.18 MgO - 0.911 ALO; - 1.0 P,O;s 1173 MAPO-36 10 0.15 —
Tridymite (30%)
MAPO-36[A3]* 0.18 MgO - 0.911 ALO; - 1.0 P,04 823 MAPO-36 33 1.24 8.0

Amorph. (67%)

Note. Amorph., amorphous phase.
9 Thermally treated.

b Hydrothermally treated.

¢ Crystallinity of MAPO-36 phase.

the hydrolysis of framework Al and the structural collapse
of MAPO-36[A].

Infrared Examination of MAPO-36

Changes in the lattice vibration region (1200-400 cm™")
of the uncalcined, thermally and hydrothermally treated
MAPO-36[A] materials are shown in Fig. 1. The bands
between 1000 and 1200 cm ™! are assigned to the asymmet-
ric stretch of TO, tetrahedra and these are characteristic
of all zeolites and zeolite-like materials (12). The absorp-
tion in the region 500-600 cm™! has been assigned to
vibrations in the double ring region. Other bands in the
spectra of Pr;N-MAPO-36[A]//MAPO-36[A] between 650
and 750 cm~! and between 450 and 490 cm ™! are assigned
to symmetric stretches and to the T-O bend, respectively.
After the thermal and hydrothermal treatments of MAPO-
36[A], the bands in the region 400—1200 cm~! are shifted to

higher frequency. In the thermally treated MAPO-36{A1]
and MAPO-36[A2], additional bands at 626, 713, and 730
cm™! are observed. Comparison of the lattice vibration
region of MAPO-36[A], MAPO-36[Al], and MAPO-
36[A3] indicatesc that the changes in the lattice have oc-
curred due to the thermal treatments at the elevated tem-
peratures. The higher temperature treatments causes
structural collapse and transformations to the tridymite
and amorphous phases. The IR spectrum of the hydrother-
mally treated MAPO-36[A3] in the lattice vibration region
is similar to that of MAPO-36[A], which is consistent
with the decrease in the crystallinity and the formation of
amorphous material during the hydrothermal treatment.
. IR spectra after the desorption of pyridine at 463 K
from the MAPO-36 catalysts are shown in Fig. 2. The
bands at 1447 and 1545 cm™' ascribed to Lewis and
Brgnsted acid sites, respectively, are close to their usual
values (13). The results of the changes in the absorbance

TABLE 2

Surface and Bulk Composition of the Untreated and Thermally and Hydrothermally Treated
MAPO-36[A] Catalysts

Atomic ratio
Surface concentration
(Atomic%) Mg/P Al/P

Catalyst Al Mg, Py, Oy, Surface Bulk Surface Bulk
MAPO-36[A] 16.0 3.6 18.0 62.4 0.200 0.080 0.920 0.915
MAPO-36[A1] 15.1 3.0 '17.6 64.3 0.172 0.085 0.888 0.915
MAPO-36[A2] 15.4 1.9 17.9 64.8 0.110 0.085 0.855 0.915
18.2 1.4 16.0 64.4 0.086 0.085 1.139 0.195

MAPO-36[A3]}
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FIG. 1. Mid-FTIR spectra of Pr;N-MAPO-36[A], MAPO-36[A],
MAPO-36[A1], MAPO-36[A2], and MAPO-36[A3].

(1447 and 1545 cm™") for the catalysts (Table 3) indicate
that the concentration of Brgnsted and Lewis acid sites
.are affected by the framework Mg-content and the thermal
and hydrothermal treatments. The concentration of
Bregnsted acid sites and the ratio of Brgnsted to Lewis
acid sites decreases with the decrease in Mg-content in
the aluminophosphate framework and by the thermal and
hydrothermal treatments. Further, the decrease in the
concentration of Lewis acid sites is also observed with
the Mg-content in the aluminophosphate and with the
calcination temperature. The high-temperature treatment
(>973 K) of MAPO-36[A] causes the structural collapse,
owing to its low structural stability at the elevated temper-
atures. Thus, markedly affecting the concentrations of
Lewis and Brgnsted acid sites. The concentration of
Brgnsted and Lewis acid sites on MAPO-36[A3] is lower
than that on MAPO-36[A], which is due to the partial
transformation (67%) of the crystalline material to amor-
phous material during the hydrothermal treatment. The
order of the density of Brgnsted acid sites over the
catalysts is as follows: MAPO-36[A] > MAPO-36[B] >

TABLE 3

Data on Brgnsted and Lewis Acid Sites of Magnesium
Aluminophosphate (Type 36) Catalysts

Absorbance of pyridine

(AU
Brgnsted acid Lewis acid
Catalyst sites (B) sites (L) B/L
MAPO-36[A] 0.29 0.37 0.78
MAPO-36[B} 0.20 0.40 0.49
MAPO-36[C} 0.09 0.52 0.39
MAPO-36[A1] — 0.06 —
MAPO-36[A2)] —_ 0.03 —
MAPO-36{A3) 0.01 0.09 0.11

1491 1447
\\L\ | |

’ M MAPO-36[A3]
—1 T ~—wro-selz]

g | | MAPO-36{A1]

ABSORBANCE
Q

! \ t MAPO-36[C]
| l ‘ MAPO-36(B]
I
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FIG. 2. In sin infrared spectra of chemisorbed pyridine on the mag-
nesium aluminophosphate of type-36 catalysts (pyridine chemisorbed
at 463 K).

MAPO-36[C] >>> MAPO-36[A3] >>>> MAPO-36[Al]
and MAPO-36[A2].

Site Energy Distributions and Strong Acid Site Results
for MAPO-36

The site energy distribution obtained from the stepwise
thermal desorption (STD) of pyridine on MAPO-36[A-C]
and MAPO-36[A3] are shown in Fig. 3. The strength of the
site involved in the pyridine chemisorption is expressed in
terms of the desorption temperature (T,), which lies in the
range of temperature in which the chemisorbed pyridine is
desorbed. Here, T} is the measure of the maximum
strength possessed by the site and corresponds to the
temperature at which the pyridine chemisorbed on the
strongest sites is desorbed. The columns in the figure
show the strength distribution of the sites (equivalent to
0.10 mmol - g~! {for MAPO-36[A]}, 0.24 mmol - g~! {for
MAPO-36[B]}, 0.156 mmol - g~! {for MAPO-36[C]}, and
0.045 mmol - g~! {for MAPO-36[A3]}) involved in the

0.08 |

C3 MAPO-36 [A] &Y MAPO-38 [C]
mE MAPO-38 [B] (X MAPO-36 [A3]

0.06 |

0.04 |

a.02

AMOUNT DESORED, qq {mmol.g—1)

0.00

0 1 2

FIG. 3. Site energy distribution on MAPO-36[A), MAPO-36[B],
MAPO-36[C], and MAPO-36[A3]): (1) 323 K < T, < 373 K; (2) 373
K < T, < 473 K; (3 473 K < T, < 573 K; (4 573
K<T;<673K;(5)673 K <Ty=T}.
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FIG. 4. Temperature dependence of the chemisorption of pyridine
on: O, MAPO-36[A]; ®, MAPO-36{B]; A, MAPO-36[C]; and A,
MAPO-36[A3].

chemisorption at the lowest temperature of the STD (i.e.,
323 K). The sites of strength 673 K < Ty < T¥ were
obtained from the amount of pyridine chemisorbed at 673
K. On the other hand, the number of sites of strength T,
< T; = T, was obtained from the amount of pyridine
which was initially chemisorbed at 7| but desorbed by
increasing the temperature to T,. Figure 4 shows the tem-
perature dependence of the chemisorption of pyridine on
MAPOQ-36[A-C] and MAPO-36[A3] obtained from the
STD data. The chemisorption of pyridine at higher tem-
peratures points to the involvement of the stronger sites.
The g; vs T curve, therefore, presents a type of site energy
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distribution in which the number of sites is expressed in
terms of the amount of pyridine chemisorbed as a function
of the desorption temperature.

The results of the STD of pyridine have clearly shown
that a broad site energy distribution exists on the MAPO-
36 catalysts containing the different concentration of mag-
nesium. The distribution of weak and strong acid sites
are affected by the Mg content in the AIPO,-36 framework
and the hydrothermal treatment. MAPO-36[B] and
MAPO-36[C] (both containing lower Mg content than
MAPO-36[A]) possesses a greater number of weak acid
sites than MAPO-36[A]. The number of strong acid sites
(measured in terms of the chemisorption of pyridine at
673 K) (Table 1) on the magnesium aluminophosphate
catalysts is strongly influenced by the Mg-content and
thermal and hydrothermal treatments. The order of the

‘strong acid sites follows the order of the density of

Brgnsted acid sites over the catalysts. The changes in the
acid strength distribution and the decrease in the number
of strong acid sites over the thermally and hydrothermally
treated MAPO-36 are caused by the partial/complete
structural collapse of MAPO-36 during the respective
treatments.

Catalytic Activity of MAPO-36

The influence of Mg/P ratios and thermal and hydrother-
mal treatments on the catalytic activity and aromatic se-
lectivity of MAPO-36 catalysts in n-hexane, isooctane,
and toluene conversion reactions are presented in Tables
4 and 5. The catalytic activity and aromatic selectivity

TABLE 4
Conversion of n-Hexane over Magnesium Aluminophosphate (Type 36) Catalysts
Catalyst MAPO-36{A] MAPO-36[B] MAPO-36[C] MAPO-36[A1] MAPO-36[A2] MAPO-Q{AH
Conversion (%) 90.0 ‘ 79.5 65.6 0.6 <0.1 43.2
Aromatic concentration (wt%) 25.2 16.8 7.8 — — : 2.3
Product distribution (wt%)
CH, 2.8 1.2 0.3 0.1
C,-aliphatics 25.6 35.1 36.4 38.0
C;-aliphatics 16.0 18.2 25.0 28.0
C,-aliphatics 12.5 18.3 23.9 26.5
C;.-aliphatics 15.1 6.1 2.6 2.1
Aromatics 28.0 21.1 11.8 5.3
. Total 100 100 100 100
- Aromatics distribution (wt%)
Benzene 1.6 23 4.9 8.7
Toluene 9.5 13.2 26.2 304
Ethylbenzene —_ 0.4 1.6 —
Xylenes 26.2 34.5 42.7 34.8
Trimethylbenzenes 19.4 15.1 9.8 8.7
Other Cy,-aromatics 43.3 34.5 14.8 17.4
Total 100 100 100 100

Note. Reaction conditions: Amount of catalyst, 0.100 g; He flow rate, 30 cm® -

!; pulse size, 1 ul; temperature, 673 K.
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TABLE §

Conversion of Isooctane over Magnesium Aluminophosphate (Type 36) Catalysts

Catalyst MAPQO-36[A] MAPO-36(B] MAPO-36[C] MAPO-36{Al]} MAPO-36[A2] MAPO-36[A3]
Conversion (%) 74.4 66.1 58.4 1.1 <0.4 56.4
Aromatic concentration (w19%) 16.5 11.5 8.4 <0.1 4.5
Product distribution (wt%)

CH, 1.8 0.7 0.1 0.3
Cs-aliphatics 22.0 19.5 18.0 332
C;-aliphatics 27.0 40.6 64.7 34.4
C,-aliphatics 13.0 16.5 8.3 21.0
C;.-aliphatics 14.0 5.3 0.5 3.3
Aromatics 22.2 17.4 8.4 8.0
Total 100 100 100 100
Aromatics distribution {(wi%)

Benzene 3.6 2.5 4.8 4.4
Toluene 16.3 12.8 35.7 8.9
Ethylbenzene — — 1.2 —

Xylenes 35.2 32.8 25.0 31.1
Trimethylbenzenes 17.6 219 7.1 8.9
Other C,, -aromatics 27.3 30.0 26.2 46.7
Total 100 100 100 100

Note. Reaction conditions: amount of catalyst, 0.100 g: He flow rate. 30 cm’ - min™! pulse size, 5 ul; temperature, 673 K.

increases with the Mg content in the AIPO,-36 framework.
Current acidity investigations on the MAPO-36 catalysts
revealed that the number of strong acid sites, and the
density of Brgnsted acid sites are increased with the Mg
content in the AIPO,-36 framework. MAPO-36[A] pos-
sesses a greater number of strong acid sites among the
catalysts. The thermally treated MAPO-36[Al] and
MAPO-36[A2] showed lower n-hexane and isooctane con-
version than MAPO-36[A]. The large decrease in the cata-
lytic activities of the thermally treated MAPO-36 catalysts
is consistent with the presence of very few acid sites.
The hydrothermally treated MAPO-36[A3] showed higher
catalytic activity and aromatics formation than the ther-

mally treated MAPO-36[A1, A2] catalysts but lower than
MAPO-36[A]. The results of in situ IR acidity measure-
ments and the STD of pyridine showed that the number
of strong acid sites is decreased after the hydrothermal
treatment. Further the number of strong acid sites on the
hydrothermally treated MAPO-36[A3] are more than that
on the thermally treated MAPO-36[A1, A2] catalysts. The
aliphatic and aromatic distribution in n-hexane and isooc-
tane conversion reactions over the magnesium alumino-
phosphate catalysts are different. The formation of C,-
and C;-aliphatics decreases and that of the Cs-aliphatics
and aromatics increases with the Mg content in the cata-
lysts.

TABLE 6

Product Distribution in Toluene Disproportionation over Magnesium Aluminophosphate (Type 36) Catalysts

Catalyst MAPO-36[A] MAPO-36[B] MAPO-36[C] MAPO-36[A1] MAPO-36[A2] MAPO-36[A3]
Conversion (%) 52.4 40.1 323 1.3 <0.6 19.7
Product distribution [Hydrocarbons (wt%)]
Aliphatics 1.5 1.8 0.4 0.1 2.0
Benzene 23.5 16.0 12.0 0.2 8.3
Toluene 47.6 59.9 67.7 98.7 80.3
p-Xylene 7.5 5.9 4.5 0.1 2.0
m-Xylene 9.0 7.2 6.6 0.2 3.8
o-Xylene 5.1 6.6 5.3 0.1 3.2
Cy.-aromatics 5.3 2.6 3.5 0.6 0.4
Total 100 100 100 100 100

Note. Reaction conditions: amount of catalyst, 0.100%; He flow rate, 30 cm® - min~

!, pulse size, | ul; temperature, 673 K.
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The product distribution in toluene disproportionation
on the magnesium aluminophosphate catalysts at 673 K
are given in Table 6. MAPO-36[A] exhibited higher cata-
lytic activity and the formation of more benzene, xylenes,
and C,,-aromatics than MAPO-36[B], MAPO-36[C], and
the thermally and hydrothermally treated MAPO-36[A]
catalysts. The high toluene disproportionation activity of
MAPO-36[A] as compared with the other untreated and
treated MAPO-36 catalysts is due to the presence of a
higher number of strong acid sites.

CONCLUSIONS

Calcination of MAPO-36 at higher temperatures (>823
K) results in a decrease in the crystallinity and N,-sorption
capacity. Above the calcination temperature of 908 K, a
phase transformation to tridymite was observed. The ex-
tent of phase transformation to tridymite increase with
the calcination temperature. The hydrothermal treatment
causes a significant decrease in the crystallinity and
MAPO-36. The results of bulk and surface composition
indicate that the concentration of Mg, Al, and P on the
surface of MAPQO-36 are strongly affected by the thermal
and hydrothermal treatments.

The Mg-content in the AIPO,-36 framework and the
thermal and hydrothermal treatments, all show a strong
influence on the concentration of Brgnsted and Lewis
acid sites, the ratio of Brgnsted to Lewis acid sites, strong
acid sites, and acid strength distribution of the magnesium
aluminophosphate of type-36 catalysts.

The catalytic properties of the magnesium aluminopho-
sphate of type-36 catalysts are also significantly affected

by the Mg/P ratios in the MAPO-36 and by the thermal
and hydrothermal treatments.
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