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The thermochemical propertics of ammonium exchanged erionite are examined by
thermal analyses, infrared spectroscopy, and high temperature X-ray diffractometry.

INTRODUCTION

The thermochemical properties of am-
monium exchanged type Y zeolite have
been extensively investigated (/-3) be-
cause of its efficacy in catalysis. Erionite
and type T zeolite have recently attracted
interest as shape selective catalysts (4,4a,
5). However, data on the ammonium ex-
changed forms of these two zeolites are
fragmentary. This is a study of the changes
which occur upon thermal treatment of
ammonium exchanged erionite as deter-
mined by thermal analyses, infrared spec-
troscopy and X-ray diffractometry.

EXPERIMENTAL SECTION

Materials

The starting material was a mineral
erionite from the western United States
which had been repeatedly exchanged with
NH.CI at reflux temperature. The zeolite
had the following composition:

Molar

Wt% ratio
AlLO, 17.2 Si0,/AL O, 7.06
Sio, 71.5 K,0/ALO, 0.22
K,O 3.7 (NH,),0/ALO;,  0.79
(NH,),0 6.5
Na,0 0.1
MgO + FeO 0.9
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Procedure

Thermal analyses. DTA data were ob-
tained on a Stone Tracor Model 202 dif-
ferential thermal analyzer with a dynamic
gas flow sample holder. When dry air was
used as a purge gas the following in-
strument conditions applied: heating rate =
10°C/min, flow rate = 23.6 ml/min; gain =
800 wV; sample wt = 150 mg; reference =
250 mg Al,O,; differential thermocouple =
Platinel 11. With a dry helium purge the
same conditions were maintained except
the gain was changed to 500 uV for in-
creased sensitivity. In this equipment the
purge gas passes directly through the
sample and reference cells. It is our expe-
rience with ammonium exchanged zeolites
that if the purge gas passes only over the
sample holder, as with many instruments,
a thermogram can result which may be
misleading.

A DuPont Model 950 thermogravimet-
ric analyzer was used under the following
conditions: dry air purge = 37.6 ml/min;
heating rate = 10°C/min; sample wt=
25.59 mg.

Infrared analyses. Spectra were re-
corded on self-supporting wafers in a cell
similar to that previously described (6).
Samples were heated in flowing dry air at
100°C increments, following evacuation at
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room temperature. All spectra were re-
corded at room temperature on one ther-
mally cycled sample. The hydroxyl
stretching region was scanned with a
Perkin-Elmer Model 112 single beam
spectrophotometer on a 5 mg wafer. The
mid-frequency and framework regions
were run with a Perkin-Elmer Model 225
double beam spectrophotometer on 7 mg
and 5 mg pellets, respectively.

X-Ray diffraction. A Materials Research
Corporation high temperature diffrac-
tometer employing Cu Ka radiation was
used. Scan rate over a 26 range of 4 to 44°
was 1°/min. The sample was deposited as
an aqueous slurry on the platinum sample
stage and vacuum dried. An internal stan-
dard was not employed. Temperature con-
trol was achieved with the heated sample
stage and auxiliary side heaters. A dry
helium purge was used. In several in-
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stances air purged samples were taken
from the TGA apparatus, hydrated, and
scanned on a Norelco diffractometer with
a graphite monochromator.

The following 12 indices were used to
calculate cell constant data (7). The 26 val-
ues at room temperature are: Akl (20);
1,1,0 (13.38); 2,0,0 (15.45); 2,0,1 (16.52);
1,2,0 (20.50); 1,2,1 (21.32); 3,0,0 (23.30);
1,2,2 (23.70); 1,0,4 (24.90); 2,2,0 (26.95);
4,0,0 (31.20); 4,0,1 (31.75); 4,0,2 (33.40).
The computer program used in calculating
cell constants from the 20 data is essen-
tially an extrapolation procedure based on
Cohen’s least squares method; the preci-
sion was estimated at +0.04 A. At higher
temperatures (700°C) only six of the above
peaks are intense enough for analysis,
hence the uncertainty is greater (=0.1 A).
The cell indices and 26 values used at
700°C are 1,1,0 (13.60); 2,0,0 (15.72);
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FiG. 1. Thermograms of ammonium exchanged erionite.
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1,2,0 (20.90); 1,2,1 (21.70); 1,0,4 (24.72);
2,2,0 (27.45).

RESULTS AND DISCUSSION

The structures of erionite and type T
have been characterized (8,9). The frame-
work is essentially composed of cancrinite
cages connected through double six rings
forming a column. The columns are con-
nected, in the erionite structure, to form
supercages with elliptical pore openings
3.6 X 5.2 A. Although the stacking in
type T differs slightly, the effective pore
size is the same as in erionite. The dif-
ferences in catalytic activity and structural
stability of erionite and type T have been
discussed previously (4). It is likely that
the properties presented here for am-
monium exchanged eridnite also generally
apply to ammonium exchanged T.

Thermal analysis. Data are presented in
Fig. 1. The DTA in air shows a sharp en-
dotherm at 135°C due to desorption of
water and a sharp exotherm at 550°C due
to ammonia oxidation. There may be a
shallow endotherm at 425°C which would
indicate that some ammonia is desorbed
prior to oxidation. Although it is not
apparent from Fig. 1, a slight dehydroxyla-
tion endotherm was noted at 750°C when
instrument sensitivity was increased five-
fold. An exotherm can be seen at 950°C
which was shown to be due to crystal col-
lapse by X-ray diffraction analysis. When
the heating rate was increased to
20°C/min, the exotherm at 550°C became
a doublet with a shoulder at 460°C and a
peak at 575°C.

With a helium purge water desorbed at
125°C, and ammonia desorbed between
400 and 550°C as indicated by the en-
dotherms in Fig. 1. The small exotherm at
625°C was observed on repeated analyses,
even after purging for 24 hr at room tem-
perature with helium. Thus it is unlikely
that this exotherm is an artifact. It may be
due to proton rearrangement in the zeolite
(2). 1t should be pointed out that a slight
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perturbation in the thermogram near
400°C is due to a phase change in the
nickel sample holder. This phase change
occurs at 353°C in an isothermal system.

The TGA in air shows three distinct
steps corresponding to loss of water
(RT — 250°C), deammoniation (300 —
550°C), and dehydroxylation (650 —
850°C). Loss of ammonia was 4.66
wt% (cf. 4.25 wt% by chemical anal-
ysis) and the weight loss due to dehydrox-
ylation was 2.12 wt% (cf. 2.25 wt% by
chemical analysis). Although these results
would indicate that some water loss occurs
during deammoniation, the experimental

700°c

500°c
3745
3655
3383
36124

400°c

Evac.RT 300°

1 n H
3600 3400 3200 cm-t

Fig. 2. Infrared spectra of hydroxyl stretching
region for ammonium exchanged erionite as function
of temperature.
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error of =0.2 wt% in the (NH,),O analysis
makes this a tenuous conclusion.

Infrared spectra. One publication has
discussed the infrared spectrum of the hy-
droxyl stretching region of ammonium ex-
changed erionite and the interaction of
these hydroxyls with organic compounds
(10). In the present study it was found that
zeolitic water can be removed by evacua-
tion at room temperature (Fig. 2) and this
allows the 3745 cm™' band, due to amor-
phous material, to become evident. At
300°C bands at 3622, 3560 cm™! and a
shoulder at 3655 cm™' become visible.
Upon increasing the temperature, these
bands shift to 3615 and 3563 cm™!, respec-
tively, as previously reported (/0). Hy-
droxyl concentration is at a maximum
between 500 and 600°C but is still evident

Transmittance
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at 700°C. The infrared region from 1900 to
1000 cm™', shown in Fig. 3, also confirms
that water (1635 cm™!) is lost upon room
temperature evacuation and that the am-
monium cation (1420 cm™) is removed by
500°C. Frequency variations in several
framework overtone vibrations can also be
seen. Changes in the infrared framework
region as a function of temperature are
shown in Fig. 4. A room temperature spec-
trum of the framework region has been
published previously (/7). An increase in
temperature from ambient to 500°C resuits
in the following bands shifting in fre-
quency to the positions indicated:
780 — 795 cm', 630— 640 cm™},
570 — 580 cm™', 1100 cm™! — higher. In
addition the 550 cm™! band disappears and
the band at 720 cm™' decreases in inten-

1 1
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1
1400 1200 1000
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FiG. 3. Effect of temperature on the infrared region between 1800 and 1000 cm~! of ammonium exchanged

erionite.
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Fic. 4. Effect of temperature on the infrared

spectra of the framework region of ammonium ex-
hanged erionite.

sity. These changes appear to be as-
sociated with the loss of ammonium
cation. At 600°C, which is the onset of de-
hydroxylation a new band at 840 cm™
appears. The same changes were evident
with helium activated samples. The in-
crease in frequency of certain vibrations
may indicate that the zeolite framework is
becoming more siliceous during calcination
by the elimination of alumina. This is
suggested by a study in which the silica to
alumina ratios of various zeolites are
plotted versus particular framework vibra-
tions (/2). It should be emphasized that
when conducting calcination experiments
in an infrared cell, self-supporting wafers
rather than KBr pellets must be used; oth-
erwise salt loading will occur (/) and thus
prevent observation of some of the above
changes.

X-Ray diffraction data. An internal stan-
dard was not employed in the MRC dif-
fractometer due to the possibility of high
temperature substitution reactions. Also,
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dilution would tend to diminish the inten-
sity of the signal. The same specimen was
used and thermally cycled to prevent
errors due to a changing sample geometry.
Table 1 presents the changes in cell con-
stants as a function of temperature in the
MRC instrument. In one case a sample
was heated directly to 600°C and its pat-
tern was similar to that of the cycled zeo-
lite. The cell constants for the starting
ammonium exchanged erionite were deter-
mined on a standardized Norelco instru-
ment and were a, = 13.25 A, ¢, = 15.07 A,
Cell constants for an erionite ore from the
western United States are q,= 13.26 A,
co=15.12 A (7). The difference between
the values found at room temperature in
helium or vacuum in Table 1 and those for
the Norelco instrument indicate the ab-
solute error between the two diffractom-
eters caused by sample geometry. The
relative error between readings on the
MRC camera is estimated to be less than
0.04 A. It can be seen that the cell con-
stants remain unchanged from room
temperature through 500°C. This is in
marked contrast to the framework infrared
spectra which show dramatic changes ac-
companying loss of ammonia. At 600°C
there is a slight decrease in a,, both at tem-

TABLE 1
CeLL CoNsTANTS OF NH,* ERIONITE AT
VaArIous TEMPERATURES IN HELIUM

Temp Time

) (hr) a, (A) co (A)
RT 64 Vac. 13.16 15.01
RT 2 He 13.21 15.07
200 2 He 13.19 15.00
300 2 He 13.19 15.06
RT 16 He 13.16 15.03
400 2 He 13.15 15.09
500 2 He 13.14 15.11
RT 3 He 13.14 15.03
600 2 He 13.05 15.13
RT 16 He 13.08 15.03
700 2 He 13.0 15.2

800 2 He 13.0 15.3
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The emall in-
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perature and upon cooling.

crease in ¢y at temperature appears revers-
ible upon cooling. As the crystal degrades
at 800°C there is a further decrease in q,
and increase in ¢, These values have a
greater uncertainty due to the fewer
number of peaks in the diffraction pattern.
Overall it can be seen that cell constant
changes accompanying crystal collapse are
not dramatic.

Figures 5A and 5B present the diffrac-
tion patterns at several points in the cycle
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that for the cell constant calculations the
sensitivity was fourfold that shown in the
figures. There were slight differences in
patterns between a hydrated sample run on
the Norelco instrument and the evacuated
and helium purged sample run on the
MRC instrument which is shown in Fig.
5A. In the former a triplet instead of the
doublet at 31.5° was visible. This is pos-
sibly due to difference in sample hydration
levels since zeolite removed from the

ROOM TEMP. — STARTING MATERIAL
HYDRATED

y ”w

300°C - 2 HRS.

ROOM TEMP. — 16 HRS. AFTER 300° C TREATMENT

20

Fic. 5A. X-Ray diffraction patterns of ammonium exchanged erionite at various temperatures with a helium

purge.
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700% C — 2 HRS.

i

800° C ~ 2 HRs.

875° C — 4 HRs.

MWW‘“‘“’WWMM‘”W

F1G. 5B. X-Ray diffraction patterns of ammonium exchanged erionite at various temperatures with a helium

purge.

TGA with an air purge and hydrated also
showed the triplet at 31.5° present until
400°C. The diffraction pattern of the
sample in the high temperature camera
showed changes at 300°C which were the
inversion of a doublet at 23.5° and in in-
crease in intensity of the 9.6° peak. The in-
tensity of the 9.6° (1,0,1) peak decreased
upon cooling to room temperature. By
700°C major changes in the X-ray diffrac-

tion pattern have occurred as evidenced by
the decrease in intensity of most peaks
shown in Fig. 5B. The sample was almost
amorphous by 875°C. Specimens taken
from the TGA and subsequently hydrated
had patterns similar to those obtained with
the high temperature camera. However,
there was about a 100°C temperature lag
between these two methods. That is, a
sample taken from the TGA at 800°C had
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a pattern similar to that of the static
system at 700°C.

CONCLUSIONS

The effect of temperature on ammonium
exchanged erionite as determined by
thermal analyses, infrared spectroscopy
and high temperature X-ray diffractometry
has been presented. Thermal analyses
show that water loss, deammoniation, and
dehydroxylation occur in discrete steps
with an ammonia oxidation exotherm oc-
curring at 550°C. Isothermal infrared anal-
yses show that water can be removed by
evacuation at room temperature. Hydroxyl
stretching bands occur at 3612 and
3563 cm™!; maximum hydroxyl concentra-
tion is achieved between 500 and 600°C.
Some hydroxyl bands are still evident at
700°C. Ammonia removal is accompanied
by dramatic changes in the framework
region of the infrared spectrum. Isothermal
X-ray diffraction data show that the cell
constants are remarkably stable and that
extensive crystal degradation occurs by
800°C.
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