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THERMAL BEHAVIOUR OF MODIFIED FAUJASITES*
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A derivatograph was used to follow the modification of the skeleton structure and
thermal stability of zeolites in sodium and ammonium forms. Analogous investigations
were carried out by independent methods such as IR and X-ray. Comparison showed
good agreement between the results. The controlled dealumination of the Y-type zeolite
enhanced the thermal stability.

Modified zeolites prepared by treatment with ethylene diamine tetraacetic acid
(H, EDTA) and subsequent activation profoundly alter their structures. Samples
treated in this manner show differences in both catalytic activity and adsorptional
properties, depending on the SiO,/Al,O4 ratio. In particular, the crystallinity of the
Y-type zeolite is maintained up to the elimination of roughly one-half of the
aluminium [1], and then it begins to fall off while the catalytic activity incrack-
ing reactions rises [2]. The zeolite-based catalysts containing protons and poly-
valent cations are more active [3] as compared to alkali metal zeolites.

As regards the cation-deficient zeolites, the thermal behaviour of Y-type zeolites
exchanged with ammonium ions has been reported [4,5] to some extent. The effects
of the variation of the silica-alumina ratio and the bed geometry on the dehy-
droxylation and thermal stability of the products have been studied[4] and related
[5] to the residual Na* ions in the Y-type zeolite. Kerr [4, 6] proposed that ultra-
stabilization involved the removal of framework aluminum, which is held as
AI(OH);F, AI(OH)?* or AI*+ ions. The present study was undertaken to obtain
additional evidence on the thermal stability of dealuminated zeolites by thermal,
X-ray and IR.

Experimental

Binder-free Y-type zeolites in the sodium (SK-40) and ammonium (SK-41) forms
were obtained from Union Carbide (USA), dried at 120° and kept for about a week
over a saturated solution of ammonium chloride at room temperature. The chemi-
cal compositions of the dehydrated zeolites, determined by gravimetric analysis,
were as follows:

* NCL Communication No. 2373. Presented in part at the First National Symposium on
Thermal Analysis at LLT. Madras, 1978.
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NaY:1.10 Na, O - Al,O; - 4.33 Si0,
NH,Y: 0.75 (NH,),0 * 0.05Na,O - Al,O; - 4.61 SiO,

The dealuminated NaY-« and NH, Y- zeolites (where « signifies the percentage
dealumination) were obtained [6— 8] by chelation with H,EDTA. The decationat-
ed (HY-«) zeolites were prepared from NH,Y by controlled heat treatment at 500°.

Simultaneous thermogravimetry and differential thermal analysis curves were
obtained using the derivatograph (MOM-Budapest, Hungary, type OD-102) [9].
Samples weighing 400 mg were run in air atmosphere with a constant heating
rate of 10°/min and a maximum temperature of 1200° using a Pt/Rh thermocouple.
Precalcined Al,O; was used as standard. X-ray powder diffraction patterns of
hydrated zeolite powder (240 mesh) were recorded on a Philips X-ray diffractom-
eter, model PW-1060/00, with a stripchart recorder (speed 10 mm/min) and pulse
height analyzer, using copper K, radiation (A = 1.5405 A).

Infrared spectra were recorded in the frequency range 250 to 1300 cm ™%, using a
Perkin Elmer-221 spectrometer. Nujol mulls or KBr pellets of the hydrated samples
were used to record the spectra.

Results and discussion

The NaY TG curve records a continuous weight loss up to 700°, which amounts
to 29.8% (Fig. 1). A typical large weight loss step (50—350°) and a small step
(520—620°) indicates two-stage water desorption, mainly due to dehydration and
dehydroxylation, respectively.

Differential thermal analysis provides an excellent method of separating and
identifying individual step . The differential thermal curve of zeolite is character-
ized by a sharp and strong endothermic peak (50— 350°)and a small exothermic peak
around 900°. The Jow-temperature endotherm is due to loss of water from the
zeolite cavity, while the exotherm is due to structural change to the amorphous
form or mullatization [10]. The thermal data on the modified NaY-a zeolites are
analyzed in Table 1. The DTA and DTG peak maxima (T,,,,) for NaY zeolite

Table 1

Thermal analysis results

DTA peak DTG peak
Zeolite T s kJ/E 1
; ; s 'mo
Toaxs °C Baseogldth, Tmax. °C Baseogldth, max.

NaY 224 54—441 199 42355 900 25.5
NaY-12.9 210 35—-316 180 35—-330 903 24.7
NaY-23.5 205 49—-336 178 49-326 940 23.4
NaY-40.2 163 39—-267 163 39-299 | 946 22.2
NaY-56.5 " 143 \ 51—242 132 40—210 |'998 18.0
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occur at 224 and 199°, showing the maximum rate of dehydration at this tempera-
ture. The value of T,,,, continuouslv decreases with progressive Al extraction from
the zeolite framework.
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Fig. 1. TG, DTG and DTA curves of NaY zeolites

The progress of dealumination is expressed as: x H;EDTA + NaAlO(SiO,), —
— x NaAIEDTA - H,O + (NaAlOy), (Si0O;), + HyO where x < | and y > 2.5
shows that for each atom of Al extracted, one Na* ion is removed from the zeolite.
Thus, with the reduction in the number of Na ions, dehydration of the zeolite be-
comes faster and occurs at lower temperature. This effect in turn is related to the
greater strength of the bonds between the water and Na* cations [11]. This is
confirmed by a steady decrease in the adsorption heats with increase in the degree
of decationization and dealuminization [12]. The increase in the exothermic peak
temperature from 900 to 998° for dealuminated Y-type zeolites is indicative of
higher thermal stability for the Al-deficient samples.
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The TG curves for dealuminated and decationated NH,Y zeolites distinctly show
two-step weight loss. For the NH,Y sample the first step is attributed [13] to the
liberation of water and ammonia, and the second step to the loss of structural
water; these merge into one step on further modification.

DTA curves (Fig. 2) of NH,Y-a show four distinct peaks. Decomposition of
ammonia is represented as follows:

NH,Y (5) - HY (5) + NH; (g)

The heat change should be endothermic on the basis of bond energy considerations
and the DTA curves confirm this point. The first endothermic peak for NH,Y at
202° is responsible for the desorption of physically sorbed water and partly chemi-
sorbed water. The second stage endotherm around 290° is due to the dissociation
of NHj; from NHY ions in the small pore systems, and the third endotherm (250 —
436°) is due to the dissociation of NH; in the large pore system. The fourth endo-
therm (550°) is due to dehydroxylation [14] and is related to the crystallographic
site occupancy described by Smith[15]. The data thus show that physically sorbed
water, ammonia and water of constitution are evolved in successive stages, though
such stages are not always clearly separable. In the case of each zeolite, ammonia
evolution begins before all the physically sorbed water is removed. It is concluded
that the ammonium ion has been completely decomposed to ammonia and residual
hydrogen ions at the temperature immediately above that at which ammonia is
last detected (500°).

Endotherms of decationated (HY-«) zeolites are sharp and narrow as compared
to those of NH,Y-a, and their width goes on decreasing as one proceeds towards a
higher dealuminated sample. On comparing the exotherms of NH,Y and HY
zeolites, it is observed that the exotherm associated with ammonia removal was
absent for HY (around 500°), which was finally confirmed by microanalysis and
gravimetric analysis. These observations agree with an earlier report [16]. Exo-
thermic peaks (900—990°) and temperature of mullatization in the range 1030—
1065° are attributed to structural transformation, as confirmed by the X-ray anal-
ysis [17].

The exotherms for the deep-bed and shallow-bed calcined samples prepared
under similar conditions occur at 1040 and 900°, respectively. The order of thermal
stability is HY (DB-6) > HY (SB-6), where DB-6 and SB-6 means deep-bed and
shallow-bed calcination for 6 hours. From the studies on the nature of deep-bed
calcined ammonium zeolite, Y and Al-deficient zeolite, it was concluded that the
stability of the ultrastable faujasite was imparted [18] only by cationic Al and that
an Al-deficiency in itself did not contribute to stability.

In order to find the physical significance of the process of desorption, it is assumed
that the numerical value of the order of reaction (») is proportional to the num-
ber of monomolecular layers that constitute the adsorption film of water on the
surface of the zeolite, and the activation energy (F) is related to the energy of
desorption. The value of E was calculated from TG curves using the Coates-
-Redfern equation (1) [19] and the Piloyan — Novikova equation (2) [20]. Similarly,
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E from DTA curves was also calculated from relation (3) described by Piloyan and
Novikova [20]. The order of reaction was calculated independently from the DTA
endotherm by using Kissinger’s empirical relation (4).

NH,Y-290 1042°

NH,Y-457 960°
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Fig. 2. Differential thermal curves of dealuminated and decationated zeolites
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where m is the mass loss at time ¢, « is the relative mass loss, n the order of reac-
tion, 7 the temperature, b the rate of heating of the sample, AT the deviation of the
DTA curve from the base line and S the shape index factor. The value of » was
found to be nearly 1 and E decreased slightly (Table 1) with Al extraction from
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NaY zeolite and also NH,Y zeolite. This is consistent with the data reported for
the steady decrease in T,,,, with dealumination and decationization and also with
the decrease in the adsorption heats of water [12].

From the infrared spectra in the mid-frequency region (1300 to 250 cm™Y), it
was observed that almost all the bands shift to higher frequency with increase of
dealumination. The most intense absorption band (950 to 1050 cm ™), related to
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Fig. 3. Correlation of DTA structural collapse temperature with (a) unit cell sizé for NaY-a ©
and (b) IR frequency for NaY-z ® and NH, Y-« A

the asymmetric stretching vibration of the T—O band (T = Si or Al), is shifted
to higher frequency, as it is sensitive to the Si/Al ratio, as reported earlier for Linde
4A zeolite [21].

X-ray diffraction studies revealed that dealumination causes considerable lattice
contraction. A lattice contraction of 1.01 % occurred on removal of nearly 44 %
of the tetrahedral aluminum from normal hydrogen zeolite. On the other hand,
for a similar quantity of Al extraction, the a, value of dealuminated NaY is nearly
1:14 9, lower. The results obtained are in good agreement with the data of related
studies on stabilized zeolites [15, 22, 23].

From the general survey, the thermal properties of modified zeolites have been
related to structural modifying characteristics, such as IR frequency and unit cell
dimensions (Fig. 3A and B). Such a correlation helps in predicting the changes
which occur on dealumination/decationization or ion exchange. A decrease in
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aluminium content leads to a decrease in some of the aluminosilicate bond lengths
and an increase in the force constant, with resulting higher [24] IR vibrational
frequencies.

Conclusion

The suppositions involved in the method of calculation described above are true
under the conditions of constancy of weight and rate of heating of reference
samples and sample to be tested. The information acquired from the thermal
curves in relation to IR and X-ray provides a useful background in studying va-
rious aspects of zeolites, it being concluded that the thermal stability of NaY and
NH,Y zeolites increases with controlled dealumination of the framework struc-

ture.
3

Thanks are due to Mr. C. V. Kavedia and Miss M. S. Agashe for assistance in thermal and
TR spectroscopic analyses.
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Risumé — La modification de la structure de squelette et la stabilité thermique des zéolites
sous formes sodium et ammonium, ont été suivies a ’aide d’un dérivatograph. On a effectué
des examens analogues par des méthodes indépendantes comme le sont I'IR et les rayons X.
La comparaison a montré un bon accord entre les résultats. La «désalumination» contrélée
du zéolite Y augmente sa stabilité thermique.

ZUSAMMENFASSUNG — Der Derivatograph wurde zur Verfolgung der Anderungen der Skelett-
struktur und Thermostabilitdt von Zeoliten in der Natrium- und Ammoniumform eingesetzt.
Analoge Untersuchungen wurden durch unabhingige Methoden, wie IR und Réntgen, durch-
gefiihrt. Der Vergleich zeigte eine gute Ubereinstimmung der Ergebnisse. Die gesteuerte
Dealuminierung der Zeolite Y erhohte ihre Thermostabilitit.

Pesrome — BBuI HCIOJIB30BaH ACPHBATOrpad JId H3yICHNS U3MCHEHHSI CKEJIETHOH CTPYKTYpPEL M
TePMHUHECKOH CTAOMIILHOCTH LEOJIUTOB B HATPUEBO! M aMMOHHEBOM (OpMax. AHAJIOTHYHBIE HCC-
TemoBaHUs OBLTH MPOBeNeHBI IPYTMMH HE3aBHCHMBIME MeTONaMmu, TaKHMH Kak MK cnekTpo-
ckorus ¥ nuddpakiys peHTTeHOBEIX Jiydeil. [TonyyeHHbIe pe3ynbTATHI HOKA3aAIM XOPOIIEe COB-
najgenue Apyr ¢ ApyroM. KouTpommpyeMoe IealfOoMMHHUPOBAHME LIEOMTA Y YBEIIMYHBAET €0
TEPMHYECKYIO CTAOHIBHOCTD.
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