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Catalytic activity measurements of ortho-xylene isomerization over magnesium
ammonium Y zeolite have been made as a function of caleination temperature. A
maximum activity is observed after calcination al 570-580°C. This temperature
falls within the calcination temperature range for maximum Bronsted acidity. It is
also below the temperature at which marked dehydroxylation oceurs.

The catalytic results can be explained simply in terms of Bronsted acid site con-
centrations and there appears to be no need to invoke Lewis acid sites or defect
sites. The results and conclusions are in marked contrast to those found with am-
monium Y zeolite. The difference may be due to the absence of complications in-

volving the thermal instability of the ammonium Y zeolite.

INTRODUCTION

The relationship between catalytic ac-
tivity and surface acidity of molecular
sieve zeolites has been subject to consider-
able study. Several studies have been made
relating the properties of ammonium Y
zeolite and its decomposition product, hy-
drogen Y zeolite, as a function of calcina-
tion temperature (1-12). Changes in cal-
cination temperature influence the degree
of dehydroxylation of the surface and
hence the nature of the acid sites. The na-
ture of the surface has been studied by
various techniques including infrared
studies, electron spin resonance, oxidation
of adsorbed ammonia and thermal analy-
ses. Attempts have been made to relate
these observations to catalytic measure-
ments made by various workers (4~12). It
has generally been concluded from infrared
studies (I-4) that the hydroxyl group
population reaches a maximum after cal-
cination around 350°C, remains constant
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to about 550°C and then declines as dehy-
droxylation occurs. The concentration of
Bronsted acid sites as measured by pyri-
dine adsorption follows a similar trend. On
the contrary, the concentration of Lewis
acid sites starts to increase until at about
650-7060°C approximately equal numbers
of the two types of sites exist. By electron
spin resonance studies of adsorbed nitric
oxide, Lunsford (6) has shown that the
maximum spin concentration is observed
near 600°C after some dehydroxylation has
occurred. Similarly, Hildebrandt and Skala
(5) studied the oxidation of adsorbed am-
monia as a function of calcination temper-
ature. The conceniration of one type of
adsorbed ammonia inecreased from zero at
400°C to a maximum near 600°C, and then
declined to a minimum at 750°C: it was
considered to be indicative of Bronsted
acidity. The concentration of a second type
of adsorbed ammonia increased linearly
from being zero at 600°C and was attrib-
uted to Lewis acidity.

Benesi (8) initially reported maximum
activity for toluene disproportionation near
600°C. Venuto et al. (7) showed a similar
dependence exists for the ethylene-benzene
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alkylation reaction. Hopkins (9) has shown
that the cracking of hexane and heptane
pass through a maximum at about 550°C
and Hickson and Csicsery (12) observed
a maximum in the activity for the isomeri-
zation of methyl ethyl benzene near 620°C.
On the other hand, Turkevich (10) studied
cumene cracking and ¢-xylene isomeriza-
tion. He observed constant activity from
350 to 450°C. Higher calcination temper-
atures caused a rapid activity decline.

Comparison of the results with physical
parameters strongly suggests that Bronsted
acid sites are necessary for catalytic aec-
tivity since catalytic activity generally de-
clines rapidly with decreasing Bronsted
acidity for calcination temperatures above
600°C. Under these conditions, the dehy-
droxylation is occurring with the resultant
decrease in Bronsted acid sites and increase
in Lewis acid sites. Although this broad
coneclusion 1s probably justifiable the re-
sults are far from conclusive and it is still
a matter of controversy as to whether
Bronsted acid sites alone, Lewis acid sites,
a mixture of the two sites or some unchar-
acterized sites in the structure are respon-
sible for catalytic activity. It has recently
been shown by Pink et al. (18) that for
cyclopropane isomerization over hydrogen
Y zeolite, two distinet optimum ealeination
temperatures are observed near 320 and
660°C. These results indicate that both
types of sites can function in this reaction.

Part of the difficulties in interpreting the
results arise because (1) the physical and
catalytic measurements have not been
made on the same samples, (2) measure-
ments have often only been made at 100°C
intervals which appears to be insufficient
to establish the calcination temperature
effects, and (3) complications due to total
or partial loss of erystal structure at
high temperatures appear to have been
neglected.

In order to eliminate some of these un-
certainties, a study of the physical and
catalytie properties of a magnesium stabi-
lized ammonium Y zeolite have been made.
This study eliminates the difficulties of in-
terpretation due to (1) and reduced those
due to (2) and (3). Magnesium stabilized
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zeolites have been shown to be stable up
to at least 800°C (14).

EXPERIMENTAL

Catalytic Activity Measurements

The catalytic activity for o-xylene isom-
erization was measured as reported previ-
ously (15) with the exception that the zeo-
lite catalyst was caleined in the reactor at
the desired caleination temperature. Con-
ditions were adjusted such that the forma-
tion of material analogous to ultrastable
Y zeolite was avoided.

Materials

The magnesium ammonium Y was the
same as used previously (14). It was pre-
pared from a sodium Y zeolite. The starting
material had a siliea to alumina ratio of
4:9 and a nitrogen surface area (measured
at P/P, = 0.02) of 901 m?g*. The am-
monium form was prepared by repeated
exchange of the sodium Y szeolite with a
10% ammonium nitrate solution at 80°C
until the residual sodium content was 1%.
The zeolite was then washed free of ni-
trate. The ammonium form was then ion
exchanged with sufficient 10% magnesium
nitrate solution to yield the magnesium
ammonium zeolite containing 2.9% mag-
nesium. X-Ray diffraction and surface area
measurements showed the zeolite to be
highly erystalline.

Resurrs

The sample studied was shown previ-
ously (14) to be stable up to at least 800°C.
Surface area and crystallinity measure-
ments are tabulated in Table 1 for various
caleination temperatures.

The thermal analyses, and the infrared
study of the structural hydroxy! groups
and acidity, have been presented previously
(14). The variation of the structural hy-
droxyl group population and the acidity
concentration with caleination temperature
are summarized in Figs. 1 and 2.

The percentage conversion of o-xylene
to m- and p-xylene as a funection of calci-
nation temperature is also shown in Fig. 2.
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TABLE 1
SurracE AReAs AND X-Ray DirrracTioN Prak
INTENSITIES® OF MAGNESIUM AMMONIUM Y
ZEouiTES AFTER CALCINATION AT
Varrous TEMPERATURES

Surface Diffraction
Temperature area peak
°C) (m2g™1) intensity®
300 — 178
410 763 201
470 — 181
510 791 174
570 886 187
600 — 171
620 837 163
660 — 169
740 871 174
800 — 187

¢ Sum of peak heights for (331), (533), (642), and
(751, 555) planes.

DiscussioN

The formation and elimination of strue-
tural hydroxyl groups on magnesium am-
monium Y zeolite was considered in detail
previously (14) and is shown in Fig. 1.
Briefly it is seen that there are several dif-
ferences compared to noncation containing
ammonium Y zeolite. Firstly, up to 800°C
the absorption band near 3737 em™, prob-
ably due to silanol groups present as im-
purities, remains constant at a very low
level in contrast to the ammonium Y in
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Fia. 2. Acidity and catalytic activity for o-
xylene isomerization as a function of calcination
temperature.

which it showed a marked increase in in-
tensity above 550°C. This difference is
probably a reflection on the much greater
structural stability of the magnesium con-
taining zeolite. Secondly, the absorption
band near 3560 cm™ decreases constantly
from a maximum at 200°C in contrast to
the increase, steady state, and decline of
the same band in ammonium Y zeolite. The
reasons for this difference in behavior are
not known. Thirdly, the second strong hy-
droxyl band 1is observed at somewhat
higher frequency (3660 vs 3640 e¢m!). The
absorption band reaches a maximum in-
tensity near 425°C, remains constant to
575°C and then decreases rapidly. By com-
parison, the band at 3640 em™ on am-
monium Y reaches a maximum at 350°, re-
mains constant to 500°C and then rapidly
declines. Hence it would appear that the
presence of the magnesium ions is influ-
encing the thermal stability of the strue-
tural hydroxyl groups as well as improving
the structural stability.

The Bronsted acidity, determined by
pyridine chemisorption, shows a similar
trend to the 3660 c¢cm™ band reaching a
maximum at about 425°C, remaining con-
stant to about 600°C and then declining
rapidly. Simultaneously, the Lewis acidity
increases rapidly for samples calcined above
600°C. This can be contrasted with the
acidity changes of calcined ammonium Y
zeolite. The Bronsted acidity reaches a
maximum at 325°C, remains constant to
525°C and then declines. The Lewis acidity
increases rapidly above 500°C calcination
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temperatures. Whereas for the magnesium
ammonium Y zeolite, the total acidity

(Lewis and Bronsted) remained constant,
the acidity of the ammonium Y zeolite de-
clined rapidly after -calcination above
550°C. This is a further indication of the
greater temperature stability of the mag-
nesium zeolite and suggests that the cata-
lytic evaluation of ammonium Y zeolite
as a function of calcination temperature
may be complicated by the loss of acid
sites. The more stable magnesium zeolite
avoids this problem.

The catalytic activity is seen, in Fig. 2,
to reach a maximum at about 570-580°C
calcination temperature. Above this tem-
perature the activity for xylene isomeriza-
tion falls off rapidly at roughly the same
rate as the decline in Bronsted acidity.
There appears to be no indication of an in-
crease in catalyst activity with decreasing
Bronsted acidity and decreasing hydroxyl
group population. In contrast to the am-
monium Y zeolite, the catalytic activity
starts to decline at somewhat lower tem-
perature than the Bronsted acidity. The
results suggest that only certain hydroxyl
groups give rise to acid sites of the required
strength as previously suggested by Hop-
kins (9). The relationship found between
the calcination temperature, catalytic ac-
tivity and acidity can be interpreted in
terms of the influence of calcination tem-
perature on the Bronsted acid sites. In con-
trast to the ammonium zeolite, there ap-
pears to be no need to involve Lewis acid
sites or defect sites left by dehydroxylation.

The reason for the discrepancy between
the Bronsted acidity and activity curves
below 570-80°C caleination temperature
is probably due to reasons discussed previ-
ously, namely differences in time of acti-
vation and ammonia removal from the
catalyst during pretreatment for the acid-
ity and activity measurements (9, 16).
Furthermore, pyridine is capable of remov-
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ing adsorbed ammonia from a catalyst sur-
face; hence the acidity measurements

would not show the influence of unremoved
ammonia (17).

In coneclusion, investigation of the acidity
and catalytic activity of a magnesium am-
monium Y zeolite, stable to at least 800°C,
shows that the catalytic activity can be
interpreted strictly in terms of the Bron-
sted aeidity. This is in marked contrast to
ammonium Y zeolite in which appears to
be much more complex. However, the con-
clusions may be confused by structural
collapse of the zeolite in the ammonium Y
case.
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