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Preparation of acidic or bifunctional catalysts by means
of straightforward calcination of as-synthesized
[Ga]-ZSM-5 zeolites obtained from alkali-free media.
Propane aromatization

G. Giannetto !, G. Leén, J. Papa

Universidad Central de Venezuela, Facultad de Ingenieria, Apartado 47100,
Los Chaguaramos, Caracas, Venezuela

R. Monque, R. Galiasso
Intevep, SA, PO Box 76343, Caracas 1070 A, Venezuela

and

Z. Gabelica
Departement de Chimie, Université de Namur, B-5000 Namur, Belgium

Received 14 May 1993; accepted 6 August 1993

Propane aromatization (530°C, 1 atm) was used as a reaction model to evaluate the effect
of the calcination temperature on the catalytic properties of an as-synthesized [Ga; 3]-ZSM-5
zeolite obtained from alkali-free media and calcined at two different temperatures: 530°C
(C-530) and 750°C (C-750). Results show that in spite of its lower acidity, C-750 is more active
and selective toward aromatics than C-530. This is probably due to the fact that at higher tem-
perature the decomposition of organic compounds used during the zeolite synthesis is accompa-
nied by a partial degalliation of the zeolitic support leading to the production of a
bifunctional x*“Ga, 03" /H-[Ga,]-ZSM-5 (2x + y = 1.3) catalyst.
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1. Introduction

Gallium exchange and/or impregnation of H-[Al]-ZSM-5 zeolite leads to Ga/
H-[Al]-ZSM-5 catalysts which are more active and selective in aromatization of
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light paraffins C;—C4 than the purely acidic support [1,2]. This is due to the fact
that gallium extraframework species catalyze the dehydrogenation reactions of
alkane reactants to alkenes and of naphthenic intermediates to aromatics [3-10].
Nevertheless, the conventional preparation of these catalysts involves (i) calcina-
tion of TPA-Na-zeolite to obtain H-Na-zeolite, (ii) ammonium exchange to pro-
duce the NHa-zeolite, (iii) calcination to form the H-[AI]-ZSM-5 and (iv) exchange
and/or impregnation of the protonic zeolite with Ga* ions to obtain the bifunc-
tional Ga/H-[Al]-ZSM-5 catalyst. This catalyst can also be produced by degallia-
tion of NH4-[Ga]-ZSM-5 [9-14], but, here again, steps (1) and (ii) are necessary for
its preparation. In this paper, we show that pure acidic H-[Ga, 3]-ZSM-5 catalyst
or bifunctional Ga-acidic-MFI-type catalyst could be directly prepared through
straightforward calcination of as-synthesized [Ga]-ZSM-5 obtained from alkali-
free media [15]. The bifunctional catalyst obtained behaves as a conventional
bifunctional catalyst for propane aromatization.

2.Experimental

Two samples of as-synthesized alkali-free [Ga; 3]-ZSM-5 (Si/Ga = 72.8) zeolite
[15] were calcined under dry air at 530°C (C-530) and 750°C (C-750). Addition-
ally, 1% Ga/C-530 catalyst was prepared by conventional impregnation of the
zeolite calcined at 530°C. Samples were characterized by XRD, FT-IR, N, adsorp-
tion, flame-atomic absorption spectroscopy, and XPS (table 1).

n-heptane cracking (7 = 350°C; p = 1 atm; N,/hydrocarbon = 4) was used as
a reaction model to characterize the acidity of catalysts. Propane aromatization
(530°C; p = 1 atm) was used as a reaction model to evaluate the acidic or the bifunc-
tional behavior of the solids. Catalytic tests were conducted in a fixed-bed micro-
reactor, under dynamic flow conditions. Activities were calculated for conversion
below 20%. Different degrees of propane conversion were obtained by changing
space velocity.

Table 1

Characterization of the solids

Sample Cxrp * (%) TR 140/ 1150 b S¢(m2g™1) (Si/Ga) (Si/Ga)xps ©
bulk ¢

as-synthesized

(Ga13)-ZSM-5 100 0.82 - 72.8 75

C-530 99 0.82 400 73.3 72

C-750 85 0.80 382 72.0 90

1% Ga/C-530 105 0.80 390 - 7

 Relative crystallinity determined by XRD [16].
® Optical density ratio (Isso [uso) [17].

¢ BET surface determination (N3, —196°C).

4 Flame-atomic absorption spectroscopy [18].

¢ Surface chemical composition by XPS.



G. Giannetto et al. / Direct preparation of acidic or bifunctional catalysts 383
3. Results and discussion

Table 1 clearly shows that direct calcination of as-synthesized alkali-free
[Ga; 3]-ZSM-5 does not produce important changes in the crystallinity of C-530
and C-750. As a matter of fact, the relative crystallinity determined by XRD [16],
Cxrp, the optical density ratios of the IR bands occurring at 550 and 450 cm 1 [17],
Isso/I450, and the specific surface area, S, are very similar for all the solids. More-
over, bulk Si/Ga ratios, obtained by flame-atomic absorption spectroscopy [18],
are practically the same for the three samples (table 1). This indicates that no loss of
gallium has occurred from the sieve. Nevertheless, XPS shows that whereas C-530
presents almost the same surface chemical composition as as-synthesized zeolite,
thesample calcined at higher temperature, C-750, shows changesinits surface chem-
ical composition, which is richer in silicon than the pattern sample. This change in
surface chemical composition without any change in the bulk Si/Ga ratio, suggests
that a partial degalliation of the zeolite was produced. Unlike the dealumination
process occurring on [All-zeolites, in which extraframework aluminum species
migrate to the outer surface of the zeolite crystallites [19,20], extraframework
gallium species, EFGS, apparently migrate into the zeolite channels. This partic-
ular migration of EFGS was recently reported for catalysts prepared by mixture of
H-[Al]-ZSM-5 and a-Ga;03 and activated under reducing conditions [21].

1% Ga/C-530 also shows a similar degree of crystallinity as the pattern zeolite,
but in this case, almost all of the impregnated gallium is deposited in the outer sur-
face of the zeolite crystallites, as its low Si/ Ga surface ratio indicates (table 1).

The acidities of the catalysts, determined using the n-heptane cracking as a reac-
tion model (table 2) show that C-750 is less active than C-530, and 1% Ga/C-530
(table 2), both solids presenting almost the same activity for n-heptane cracking as
it has been previously reported by other authors [1,3,22]. The lower activity of
C-750 in n-heptane cracking can be related to the reduction of the number of acidic
sites in this catalyst, produced by partial degalliation of the zeolite structure, as
the chemical surface composition determined by XPS suggests (table 1).

However, fig. 1 shows that despite its lower acidity, C-750 is almost three times
more active in propane aromatization than C-530, a more acidic catalyst. Only the
above mentioned partial degalliation — produced by calcination at 750°C — and
the subsequent formation of a bifunctional x““Ga;0;”/H-[Ga,]-ZSM-5

Table 2
Initial activities of catalysts, 4y (10~ mol g~! h~!) in n-heptane cracking (T = 350°C; p =1 atm;
N /n-heptane = 4)

Catalyst Ay *(103molg~1h1)
C-530 7.3
C-750 4.5
1% Ga/C-530 7.1

? Obtained by extrapolationat¢ = 0.
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Fig. 1. Activities of catalysts, 4 (10~* mol g~! h~!) on propane aromatization as a function of the
time on stream, ¢ (min) (T = 530°C;p = 1 atm; WWH =2h"1),

(2x + y = 1.3) catalyst can explain the later observation. The presence of these
dehydrogenating EFGS when catalyzing the rate limiting step of the aromatization
reaction — dehydrogenation of propane [3-5,9,10] — can explain the increase in the
reaction rate of C-750 with respect to C-530. On the other hand, C-750 is 1.3 times
more active than 1% Ga/C-530, a bifunctional, and conventionally prepared, cata-
lyst, which is more acidic than C-750 (table 2). This seems to indicate that EFGS
produced by direct calcination of the as-synthesized alkali-free zeolite are more dis-
perse than those of 1% Ga/C-530, which generate a bifunctional catalyst with a bet-
ter “balance” between their dehydrogenating and their acidic functions and hence
amore active catalyst [10].

This partial degalliation can also explain the higher selectivity of C-750 toward
BTX in relation with C-530 (fig. 2). Because of their dehydrogenating activity,
EFGS also catalyze the aromatization of naphthene intermediates toward BTX
thus reducing their cracking [3-10]. This causes C-750 to present a BTX/light prod-
uct (methane, ethane, ethene) molar ratio similar to that of 1% Ga/C-530, and
higher than that of C-530 (fig. 3). Moreover, whereas C-750 and 1% Ga/C-530 at
high conversion level (>20 mol% of aromatic production) exhibit a Hy/BTX
molar ratio higher than 4, typical value for bifunctional catalysts [5,9,10,14], C-530
has a H,/BTX molar ratio of about 2 at the same conversion level. This value of 2
is typical for pure acidic catalysts [5,9,10,14] and indicates that almost no degallia-
tion, if any, is produced for a calcination temperature of 530°C.

The effect of the calcination temperature on the catalytic properties of [Ga, Al]-
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Fig. 2. Evolution of BTX (mol%) as a function of the total conversion (mol%) (T = 530°C;
p = 1latm).

ZSM-5 zeolites synthesized in alkali-free media is very similar [23] to the one
observed with [Ga]-ZSM-5 zeolites shown in this work.

4. Conclusions
The straightforward calcination of as-synthesized alkali-free [Ga]-ZSM-5 zeo-
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Fig. 3. Evolution of BTX/light products (methane, ethane, ethene) molar ratio as a function of
BTX-conversion (mol%) (T = 530°C;p = 1atm).
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lites leads to the formation of pure acidic H-[Ga]-ZSM-5 or bifunctional
x““Gaz03”/H-[Ga,]-ZSM-5 catalysts, depending on the calcination temperature.
The latter catalyst produced by partial degalliation of zeolite structure at 750°C,
shows similar catalytic properties for propane aromatization as a catalyst prepared
by conventional impregnation methods, but avoiding the relatively expensive
steps involved in conventional preparation.
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