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A series of AlHY zeolites has been prepared in which the original sodium ion 
was replaced by aluminum and hydrogen ions in varying concentrations. These 
zeolites show greater initial activity for the disproportionation of toluene than an 
acidic zeolite prepared from NH,Y zeolite; however, the activity decreases to the 
level of NHaY upon the addition of more toluene. It is possible to introduce up to 
16 exchangeable aluminum ions per unit cell, which is more than the number found 
in an ultrastable zeolite. In contrast to the ultrastable zeolite no aluminum is re- 
moved from the lattice during the formation of the AlHY zeolites. The AlHY 
zeolites are unstable to hydrothermal treatment. Infrared studies show that the 
number of hydroxyl groups with stretching frequencies at 3640 and 3540 cm-’ 
decreased as the aluminum exchange increased. No band at 3600 cm-’ was observed. 
The presence of exposed aluminum ions was confirmed by the EPR spectrum of 
adsorbed NO and OS-. 

Although at least one reference appears 
in the patent literature concerning the 
activity of an AlY eeolite (1)) no detailed 
work has been published on this very in- 
teresting eeolite. In the present work an 
attempt was made to study the catalytic 
activity of AlHY for the disproportiona- 
tion of toluene. In addition, the physical 
properties including thermal stability were 
determined as a function of composition. 
It was of particular interest to investigate 
whether the introduction of aluminum ions 
into cationic positions would produce a 
zeolite that was similar to the ultrastable 

about 2, and the aluminum is probably 
present as Al (OH,) 63+ and Al (OH,) ,OH’+ 
because of the reaction 

A1(OH&,+3 + H20 F’ A1(OH&OH+2 + H&+. 

Dimer species of Al (OH2),0H+” have also 
been reported by Gruenwald and Fong (3) 
for a pH of 3. In the ion exchange process 
the proton or hydronium ion is competing 
with aluminum in its various complex 
forms. As will be demonstrated, it is possi- 
ble to obtain zeolites ranging from those 
in which Na+ is exchanged mainly with 
protons to those in which the exchange is 
primarily with aluminum ions. 

zeolite. 
The ion exchange phenomena provides EXPERIMENTAL SECTION 

some rather unique problems since A13+ The AlHY zeolites were prepared by ex- 
hydrolyzes water extensively. Schuster and changing the sodium form of a Linde type 
Fratiello (9) have studied aqueous solu- Y zeolite with aluminum ions and protons 
tions that, were approximately 2 M in AICl, in an Al(NO,), solution. During the prep- 
by means of proton magnetic resonance, aration the concentration of Al (NOJIZ, as 
and their results indicate that the coor- well as the different exchange times at 70” 
dination number for A13+ is almost exactly and at room temperature, were varied. 
6 for these solutions. At relatively high After the exchange process had been car- 
concentrations [ 1 M Al (NO,):,] the pH is ried out at 70”, and then at room tempera- 
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ture, the samples were washed at’ least 
three times with deionized water to re- 
move the nitrate ions. The preparative 
conditions are listed in Table I. The ultra- 
stable zeolite was prepared according to 
procedure A described by McDaniel and 
Maher (4). Aerocat BAA (25% Al) was 
also studied for comparison purposes. 

The amount of remaining sodium in the 
AlHY and ultrastable zeolites was ana- 
lyzed by treatment of the zeolite with 
0.013 M AgN03. The amount of cationic 
aluminum was analyzed by treatment of 
the zeolite with 0.1 hT NaOH, as suggested 
by Kerr (5). The sodium and aluminum 
content of the resulting solutions were de- 
termined by using atomic absorption spec- 
troscopy. The analyt’ical results and the 
calculated values for the number of sodium 
ions and cationic aluminum ions per unit 
cell are shown in Table II. The total 
molar ratio of Si03/A1,03 in AIHY, NH,Y, 
and the ultrastable zeolite was obtained 
by X-ray fluorescence. The total numbers 
of aluminum ions and lattice aluminum 
ions are also shown in Table II. These 
values have an estimated error of 6%. 

Based on the analytical results, a unit 
cell formula is proposed for AlHY zeolites: 

NasH,Al, [(A10&O(Si04)136] 264H20 

where y = 4 to 16 

x = 60-M\ 

assuming all exchangeable aluminum ions 
have an effective charge of $3. The cal- 
culations for AlHY are based on the as- 
sumption that the cations present in zeo- 
lites are only aluminum ions, protons, and 
remaining sodium ions. The concentration 
of protons was obtained by the difference 
between the original concentration of so- 
dium in a NaY zeolite and the concentra- 
tion of exchangeable alunkum and re- 
maining sodium ions. 

The crystal stability and the dimension 
of the unit cell were determined by means 
of an X-ray powder diffraction method. In 
order to prevent any loss of crystallinity 
upon exposure to air the zeolites were 
transferred under vacuum t,o capillary 
tubes for X-ray analysis. A Philips X-ray 
diffractometer with a wavelength of 
0.7109 A was employed. 

TABLE I 
PREP.\R.\TION OF AlHY ZEOLITIFS 

Zeolite 

Concen t rat,ion Exchanging 
of Al(NO& time at, 70” 

w (hr) 

Exchanging 
t.ime at 

room temp. 

(hr) 

AlHY-1 (A) 
AIHY-l(B) 
AlHY-l(C) 
AlHY-l(J)) 
AlHY-l(K) 
AlHY-1 (F) 
AlHY-l(G) 
AlHY-1 (H) 
AIHY-2(A) 
AlHY-2(B) 
AlHY-2(C) 
AlHY-P(J)) 
AlHY-2( E) 
AlHY-2(F) 
AlHY-P(G) 
AlHY-2(H) 
AlHY-2(I) 
AlHY-2(d) 
AlHY-3 

1 0 
1.0 
10 
1 0 

1 .o 

1 .o 

1 0 

1 .o 

1.0 

1 .o 

1 .o 

1 0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0.1 

2 0 
2 0 
2 0 
2 0 
2.0 
2.0 
2.0 
2.0 
0. 5 
1 0 
1.5 
2.0 
3.0 
4.0 
6.0 
8 0 

12.0 
36.0 

2.0 

0 

2 

12 

1s 

45 
142 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE II 
TOTAL NVMBEH OF EXCHANGED ALUMINUM IONS AND LATTICE ALUMINUM IONS PER UNIT CELL 

Silica/Aluminaa Proton content Exchangeable Al Total Al* Lattice Ale 
Sample (molar ratio) (ions/unit cell) (ions/unit cell) (ions/unit cell) (ions/unit cell) 

AlHY-l(B) 4.20 36 4.7 65 60 
AlHY-l(D) 4.14 - 66 - 

AlHY-l(G) 3.89 24 9.0 70 61 
AlHY-l(H) - 3 15.6 - - 

AlHY-2(J) - 39 3.6 - 

AlHY-3 3.91 21 9.6 69 59 
NaY - 0.0 

NH,Y 4.95 0.0 .55 

ultrastable HY 4.66 9.2 58 

a Obtained from analysis by Baroid Division, National Lead Co. 
b Assuming 136 molecules of silicon per unit cell. 
c These values were obtained by subtracting exchangeable aluminum from total aluminum values. 

The OH groups present on AlHY and 
decationated Y-type zeolites were studied 
by means of infrared spectroscopy. The 
infrared cell was similar to that described 
by Peri (6). The sample was first ground 
into a powder form and then pressed into 
a plate which had a size of 1.2 x 2 cm 
and a surface density of 10-15 mg/cm2. 
A Beckman IR 12 spectrophotometer was 
used to obtain the infrared spectra of the 
OH groups on AlHY and decationated 
zeolites after different heating temperatures. 

The EPR spectra of NO and the O!- 
species adsorbed on AlHY zeolites were 
studied by means of a Varian spectrometer 
(Model 4502). The samples were first 
broken into small chips and then degassed 
to 300” or 400” with a heating interval of 
lOO”/hr. After the degassing process, NO 
was distilled onto the sample from the 
solid state while the sample was at 23”. 
The final pressure was either 5 or 20 Torr. 
The supcroxide ion was formed by y- 
irradiation of the zeolitc in the presence 
of oxygen. The EPR spectrum was also 
obtained for an AlHY zeolite which was 
r-irradiated under vacuum. 

A microcatalyt’ic reactor was used for 
the studies of the disproportionation of 
toluene over the catalysts. The catalyst 
chamber was a stainless-steel tube which 
had an outside diameter of 0.63 cm and a 
length of 50 cm. The catalyst bed con- 
sisted of 0.25 g of loose catalyst powder. 
The catalyst was heated to a desired pre- 

treatment temperature by increasing the 
temperature in 100” increments each hour. 
The helium flow rate was maintained at 
60 ml/min. Reagent grade toluene was in- 
jected in t,he form of 3 ,~l pulses. Reactions 
were carried out at a helium flow rate of 
25 ml/min. The catalytic activity was also 
measured after adding 10 ,~l of deionized 
water back to the samples after the de- 
gassing process. At low conversions, tolu- 
ene was cleanly disproportionated to ben- 
zene and a mixture of the xylene isomers. 

The adsorption of tolutnc on the cata- 
lysts was also studied by means of gas 
chromatography. The samples were pre- 
heated to 400” at, a helium flow rate of 
60 ml/min. The zeolite was then loaded at 
room temperature by injecting 80 ~1 of 
toluenc into the helium stream. After the 
weakly sorbed toluene was removed by 
flowing He over the sample for 30 mm, the 
t,emperature was raised continuously to 
400”, and the thermal conductivity of the 
effluent stream was monitored by means 
of a thermal conductivity cell. The average 
heating rate was IO”/min. In a related 
experiment, the desorption products were 
trapped at -196” and subsequently 
analyzed. 

RESULTS 

Characterization of AlHY Zeolites 

The dimension of the unit cell was deter- 
mined from the X-ray powder diffraction 
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pattern following dehydration of the zeo- 
lites at various temperatures. In Table III 
results for AlHY-l(H) are compared with 
the ultrastable zeolite and the original NaY 
xeolite in the hydrated form. Only a very 
slight contraction was noted in the unit, cell 
for the AlHY sample relative to the original 
NaY. This is in marked contrast to the 
ultrastable zeolitr which experienced a 
1.370 contraction. 

The crystallinity of the zeolites was 
estimated by visually comparing the higher 
order reflections, using the ultrastable zeo- 
lite as a standard. The AlHY-1 (H) sam- 
ple retained most of its crystallinity even 
following dehydrat,ion at 800”. Upon ex- 
posure of this zeolite to water vapor at 
room temperature following dehydration 
at 400” no loss in crystallinity was de- 
tected. However! exposure of this same 
sample to water vapor at 400” resulted in 
a substantial loss in cryst,allinity. Although 
these observations are qualitative in nature, 
one is justified in concluding that. the 
AlHY-l(H) zeolite is not as stable as the 
ultrastable zcolite to hydrothermal treat- 
ment (4). 

The IR spectra of hydroxyl groups on 
two AlHY zeolites and a decationated 
zeolite at different degassing temperatures 
are shown in Fig. 1. For the proton-rich 
AlHY-2(J) the spectra reveal two strong 
bands at frequencies of 3640 and 3540 cm-l. 
These bands appear for the sample de- 
gassed at 300” or 400”, but are less intense 
at TjOO”. The same bands were observed 
for a decationated zeolite degassed up t’o 
500” as reported earlier (7). The band at 
3740 cm-’ appeared in the spectra of 
AQHY-2 (J) when the degassing tempera- 
ture was only 300”, but for the decation- 
ated zeolite it did not appear following 
dehydration at the lower temperatures. 
Only very weak hydroxyl bands were ob- 

TABLE III 
UNIT CKLI, DIMENSIONS 

Sample Pretreat,ment a@) 

NaY 24.79 
.4lHY-l(H) 400” 24.75 
.41HY-l(H) X00” 24.66 
Cltrastable HY-2 400” 24.46 

I I I 
4000 3800 3600 3400 3200 3003 

WAVE NUMBER, cm-’ 

FIG. 1. Infrared spectra of AlHY-l(H): (a) 
evacuated 1 hr at 300”, (b) evacuated 1 hr at 400”. 
Infrared spectra of AlHY-S(J): (c) evacuated 1 hr at 
300”, (d) evacuated 1 hr at 400”, (e) evacuated 1 hr 
at 500”. Infrared spectra of NH,Y zeolite: (f) evacu- 
ated 1 hr at 300”, (g) evacuated at 1 hr at 400”, (h) 
evacuated 1 hr at 500”, (i) evacuated 1 hr at 600”. 

served for the aluminum-rich AlHY-1 (H) . 
A band at 3600 cm-l, which was proposed 
as the characteristic band for ultrastable 
HY by Jacobs and Uytterhoeven (8) and 
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by Ward (9), was never clearly observed 
either for AlHY or decationated zeolites. 

The EPR spectrum shown in Fig. 2a 
was observed at -196” when NO was ad- 
sorbed on several different AlHY zeolites 
which had been degassed at 300”. The 
equilibrium pressure of NO at room tem- 
perature was 5 Torr. Two high field 
minima at gll = 1.95 and 1.92 were ob- 
served. However, only one minimum at 
gll = 1.95 was obtained when the sample 
was degassed at 400”, as shown in Fig. 2b. 
When the pressure of NO was increased 
to 20 Torr, the two appeared again as 
shown in Fig. 2c. The spectrum of O,- on 
an AlHY has been reported elsewhere (IO). 
No correlation was observed between the 
number of spins and extent of exchange 
of aluminum. The EPR spectrum of AIHY 
zeolites irradiated under vacuum, shown in 
Fig. 3a, exhibited 11 weak hyperfine lines. 
The relative intensities of these 11 lines 
are 1:2:3:4:5:6:5:4:3:2:1. A g value of 
2.007 and a hyperfine splitting of 10G 
were obtained. In the presence of 160 Torr 
0, the lines were broadened simultane- 

l-l--^’ 
I I 

100 GAUSS 

FIG. 2. EPR spectra of NO on AlHY zeolite: (a) 
degassed at 300”, 5 Torr NO; (b) degassed at 400”, 
5 Torr NO; (c) degassed at 400”, 20 Torr NO. 

s a) 
x2.5 (b) 

xl 

50 GAUSS 

FIG. 3. (a) EPR spectrum of AIHY zeolite ir- 
radiat,ed under vacuum, (b) EPR spectrum of 
decationated-Y zeolite irradiated under vacuum. 

ously. A similar spectrum, shown in Fig. 3b, 
was also observed for a y-irradiated de- 
cationated-Y zeolite. 

Catalytic Studies 

The catalytic activity of the AlHY zeo- 
lites was studied primarily as a function 
of the exchange conditions, and, to a lesser 
extent, the pretreatment temperatures. It 
was generally observed, as shown in Fig. 4, 
that the conversion of successive pulses of 
toluene over AlHY samples decreased con- 
tinuously until a certain level of activit.y 
was reached. The conversion of the second 
pulse was about 1/ to l/3 of that for the first 
pulse. The initial conversion of toluene 
over the same type of AlHY zeolite was re- 
producible to 21.5 mole percent. 

Figure 5 depicts the initial conversions 
of toluene at 400” for AlHY-2 zeolites that 
had been exchanged at 70” for different 
periods of time. The initial percentage con- 
version of toluene increased as the ex- 
change time increased, and then remained 
constant when the exchange t)ime was 
longer than 5 hr. 

Figure 6 shows the initial conversions 
of toluene at 400” over AlHY-1 zeolites as 
a function of exchanging time at room 
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. WHY-l(G) 

x 41HY-l(SJ 

A Decationated Y 

. .,I trasta??1c :iY 

FIG. 4. Catalytic activity of AIHY-l(H) and other zeolites as a function of successive pulses of toluene. 

temperature. It was found that the initial 
conversion increased as the setting time 
was increased but increased more slowly 
when the setting time was longer than 
about 12 hr. 

The results also show that the initial 
conversion of toluene at 400” over AlHY-3 
which was prepared in a 0.1 M Al (NO,), 
solution is essentially the same as that of 
AIHY-1 (B) which was prepared in 1 M 
Al (NOj) 3 under the same exchanging con- 
ditions. It should be noted from Table II 
that the amount of exchangeable aluminum 

was greater in the former case t.han in the 
latter. 

When the degassing temperature was 
raised to 500”, the initial conversion of 
toluene at 400” was decreased to about rjc 
of that observed for the same catalyst 
degassed at 400”. The pulse technique was 
also used to examine effect.s of the addition 
of water on the catalytic behavior of AlHY 
zeolites. It was found that the activity was 
not increased when water was added to a 
sample that had been heated at 500” for 
1 hr. 

FIG. 5. Plot oflcatalytic activity (first-pulse)-over-AlHY-2 versus exchanging t)ime at 70”. 
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2 2. 
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d 

: 4 a 12 lb 20 24 26 32 36 40 44 48 52 56 Llk-r 

Setting tine at moo tmperat,re (hr) 

FIG. 6. Plot of catalytic activity (first pulse) over AlHY-1 veTsus exchanging time at mom temperature. 

Decationated and ultrastable zeolites are 
considerably less active than AlHY for 
the initial pulse; however, the activity of 
AlHY decays to approximately that of the 
decationated zeolite, as shown in Fig. 4. 
The activity of the decationated zeolite 
was obtained at, 400” following dehydra- 
tion (partial dehydroxylation) at 550”, the 
dehydration temperature at which deca- 
tionated zeolites achieve their maximum 
act.ivity for such reactions. The conver- 
sions reported here are in good agreement 
with the results of Benesi (II). Ultrastable 
aeolites were found to be more active fol- 
lowing dehydration at 400”; hence, the 
catalytic activity report.ed in Fig. 4 was 

measured at 400” following dehydration 
at 400”. Silica-alumina showed no meas- 
urable activity under these conditions. A 
minimum conversion of about 0.1 mole 
percent could have been detected if a 
reaction had occurred. 

The toluene desorption curves of Fig. 7 
show the concentration of desorbed gases 
in the effluent stream for AlHY, NH,Y 
and silica-alumina as a function of the 
catalyst temperature. The results indicate 
that under the experimental conditions the 
total amount of toluene adsorbed on an 
AlHY zeolite is about the same as the 
amount adsorbed on a decationated zeolite, 
and about 2.5 times more than is adsorbed 

XAlHY 

A q+Y 

*Silica-ai,ucina 

50 100 150 200 250 300 

Tenperature (‘C) 

FIG. 7. Toluene desorption curves. 
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on a silica-alumina sample. More impor- 
tant, when toluene was completely de- 
sorbed at 250” for silica-alumina, about 
half of the total amount of toluene was still 
adsorbed on an AlHY and a decationated 
zeolite. The results further show that tolu- 
ene was held on AlHY to somca-hat higher 
temperatuxes than on the decationated 
zeolite. Once the products were frozen in 
liquid nitrogen, and it was found that only 
a very small portion of toluene had been 
converted to benzene. 

C’h~arncferizntion of AZHY Zeolites 

A smaller unit cell dimension was ob- 
tained for our ultra&able zeolitc compared 
to the decationated and the NaY zeolite. 
Kerr (12) likewise obtained a lattice con- 
taaction of 0.93% when he compared an 
ultraqtahle HY with a decationated zeolite, 
and it is generally accepted that the smaller 
unit, cell is a result of the loss of Al from 
the lattice. Kerr also reported that, up to 
25% of the aluminum was present, in the 
cationic form. The results in Table II indi- 
rate that about 16% of the aluminum in 
our ultrastable zeolite was present in the 
cat,ionic form. 

Our results indicate, however, that it is 
possible to introduce aluminum ions as 
well as protons into a Y-type zcolite with- 
out removing any lattice aluminum. (The 
data in Table IT show an increase in lat- 
tice aluminum, but this is probably the 
result of a small systemat’ic error in the 
analyses.) The larger size of the unit. cell 
relative t’o the ultrastable zeolitc further 
supports our conclusion that. the lattice 
aluminum ions arc nc)t affected hv the low 
pH. The inhibiting effect of aluminum ions 
for removal of stnirtural aluminum from 
clays in strong acids is well known ; thcrc- 
fore, it, is not surprising that zcolites behave 
in a similar manner. 

Since it is possible to introduce cationic 
aluminum into a zcolite lattice (in amounts 
comparable to that found in ultrastable 
zeolites) without forming an ultrastable 
zeolite, one may conclude that the presence 
of cationic aluminum is not the critical 
factor in synthesizing the ultrastable 

crystal. Removal or replacement of frame- 
work aluminum must also be important. 

From Fig. 2, it is found that the shape 
of the NO spectra on AlHY zeolites and 
the number of spins per gram of sample 
are affected by the NO pressure and the 
temperature of dehydration. When 5 Torr 
of X0 was applied, two minima associated 
with two different, adsorption sites were 
observed at, a dehydration temperature of 
300”. When the temperature was increased 
to 400”, the q values and the lint shape 
of the spectrum (Fig. 2b) of NO adsorhcd 
on an AlHY are identical to those observed 
for NO adsorbed on a clccationated-Y type 
zcolite. This fact indicates that one of the 
adsorption sites, having g,, = 1.95 for X0 
adsorbed on AlHY, is the same site as 
obycrved for NO adsorbed on decation- 
ated-Y. This site is thought, to be a Lewis 
acid site formed by a tricoordinatcd alu- 
minlun. The other EO adsorption site 
which corresnonds to g, = 1.92 probably 
is associated with the hydroxyl groups 
which wcrc not, completely removed, cren 
when the tcmnrraturr was raised to 400”. 
When the X0 pressure was increaqcd to 
20 Torr, the NO species was first adsorbed 
on the site with g,, = 1.95 and then the 
excess NO gas adsorbed on the leqa IIre- 
fcrrrd site with q,, = 1.92 (Fig. 2~). 

The eleven-line spectrum, shown in Fig. 
3, indicates an unpaired flcctron trapped 
hetw-ccn two cquiralcnt’ aluminum atoms. 
Since the aliun~.num atom has a nuclear 
spin of 5/2, the coupling between two 
equivalent aluminum atoms will induce 
(2) . (5/2) + 1 = 11 lincl; with the relative 
intensities 1 :2:3:4:5:6:5:4:3:2:1. The 
reversible line broadening effect. with 
molecular oxygen indicates that the 
aluminum ions are exposed to the superrage 
of the zeolitc. 

Ion Erchanqe and CrrfnE~ficS'tdies 

for AIHY Zeolites 

The analytical data shown in Table II 
implies that proton exchange is favored 
at the higher temperature and that alumi- 
num ion exchange is favored at the lower 
temperature. The temperature dependence 
of thr proton and aluminum exchange 
equilibrium may he explained in terms of 



270 WANG AND LUNYFORD 

an entropy effect, i.e., the entropy change 
of t,his complex aluminum exchange re- 
action is negative. The standard free 
energy change will become less negative as 
the temperature is increased ; therefore, the 
aluminum exchange reaction will become 
less favored. 

The catalyt,ic data presented here clearly 
demonstrated that the AlHY zeolite has 
an activity for toluene disproportionation 
that is equal to or greater than the other 
acidic Y-type zeolites. It is interesting to 
speculate as to why this activity develops 
at a much lower dehydration temperature. 
Hildebrandt and Skala (13) have suggested 
that. trace amounts of ammonia remain 
on the catalyst derived from NH,Y. This 
ammonia which poisons the very strong 
Bronsted acid sites can only be removed 
by oxidation or by degassing the sample 
at temperatures higher than 500”. With no 
ammonia present, one would expect the 
activity to develop as the st,rongly acidic 
sit’es were formed. The exposed lattice 
aluminum sites, as determined for the EPR 
spectra, also developed at a much lower 
t,emperat,ure on the AIHY zeolites. This 
supports our earlier model in which this 
defect creates strongly acidic sites through 

induct’ive 
;:oups (14). 

effect on adSacent OH 

The infrared results also confirm an 
earlier observation that the catalytic 
activity on acidic zeolites does not cor- 
relate with the concentration of hydroxyl 
groups in either the 3640 or the 3650 cm-’ 

bands (14). In the previous case the 
observation was made with respect to 
NH,Y dehydrated at elevated temper- 
atures, and in the present case it is ap- 
parent that the activity was greatest for 
the aluminum-rich sample, whereas the 
hydroxyl concentration was least for this 
sample. 

At least two reasonable explanations can 
be offered for the rapid poisoning of the 
AlHY either by the toluene or the reaction 
products. One is reminded of the similarity 
between the results obt’ained here and those 
reported by Hall, Lutinski, and Gerbcrich 
(15) for 2,3-dimethylbutane cracking on 
y-Al,O, and silica-alumina. It was observed 
by these authors that in a similar pulse 
reactor the y-Al?O, was more active 
initially, but that it was poisoned easily 
and became less active than the silica- 
alumina. The cationic alumina in the 
zeolites may be similar to that found at 
the active sites in Y-AI~O:,. Alternately, 
the relative instability of the hydroxyl 
groups on AlHY suggests that the reaction 
process may actually dehydroxylate the 
zeolite or that the protons may be trans- 
ferrcd to less acidic sites. 

Although the origin of the %uper- 
activity” of acidic zeolites relative to 
silica-alumina has not, been adequately 
explained, it appears that t.he concentration 
of the react,ant in the zeolite at high tem- 
peratures could be a significant factor, 
particularly if the reaction proceeds 
cording to the following mechanism: 

ac- 

+ other itlomers 
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