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TEMPERATURE PROGRAMMED DESORPTION OF AMMONIA FROM
DEALUMINATED CLINOPTILOLITE
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Ammonia was used for adsorption on calcined dealuminated NH-clinoptilolite. Four acid site types of clinop-
tilolite were determined by TPD. Eztraframework aluminium remained in clinoptilolite structure after dea-
lumination increases the relative number of weak acid sites and has blocking influence on strong acid sites

determination.
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INTRODUCTION

Temperature programmed desorption of probe
moleculer is, beside of IR spectroscopy, 'H-MAS-
NMR and microcalorimetry a method frequently used
for characterization of acid properties of zeolites.

Hegde et al. [1] studied the acidity of zeolite Beta
by TPD of ammonia. Only desorption peak in the
653-673 K region was found to correlate with the Al
content, acidity and catalytic activity of zeolite. The
peak at 823 K is due to dehydroxylation, because no
NHz was detected in the desorbate, only H,O was
observed.

Lok et al. [2] reported the TPD spectra for ammo-
nia desorption from zeolites Y and L. NH4-Y exhi-
bited three desorption peaks at 393, 489 and 553 K.
Si-enriched NH4-Y showed two not well resolved NH3
peaks at 586 and 705 K. The NH3-TPD of NH4-L
sample showed 3 peaks at 385, 691 and 821 K. The
last peak being associated with partial decomposition
of the crystal.

Meyers et al. [3] studied the acidity changes
of mordenite using TPD-NHz methods. The high-
temperature peak at 475°C depended on structural
aluminium content in mordenite. The amount of NH3
desorbed at high temperature was taken as a measure
of strong acidity.

Auroux et al. [4] combined the TPD and compar-
ative calorimetric studies of H-ZSM5, H-Y and H-
Ferrierite for acid sites distribution determination.
The weight loss and AH of NH3 desorption was mea-
sured at increasing temperature. Three different acid
sites were found in all cases, but the peak tempera-
tures and amount of desorbed NHjs varied at high-
temperature peaks from 560 to 720°C and from 138
to 165 KJ/mol, respectivelly.

The aim of present work is to compare the rela-
tive acid sites number of natural cation-, NHy-,
dealuminated- and acid washed dealuminated-forms
of clinoptilolite and follow up the influence of dealu-
mination degree for single peaks position shift.

EXPERIMENTAL
Material

Rhyolite tuff containing 70 mass % of clinoptilo-
lite was used as a starting material. The sample was
treated with 3M NH4Cl ‘at room temperature and
during 3 times 24 hours. Dealumination was car-
ried out by stirring of NH4-clinoptilolite with 0.75M
(NH4)2SiFg at 95°C during 1, 3, 16 and 24 hours.
Samples D, Dg, D, D3, Dg and Dy; (Table I) were
deammoniated and dehydrated at 500°C, in dynamic
vacuum (5 Pa) for 5 hours. The probe molecules were
sorbed after cooling for 1 hour at 50°C. Then the sam-
ples were outgased at 200°C 1 hour to remove physi-
cally sorbed probe molecules and studied at thermal
analysis.

Acid washing

Dealuminated samples were washed with 1 N HCI
at room temperature during 1.5 hour, to remove ex-
traframework (EFA1). The method of acid washing
was chosen on the base of condition, that the alu-
minium loss during the acid treatment must be lower
than 5 mass % in the case of starting material.

Probe molecule

NHg - liquid NH3 was saturated by dried KSCN.
Trace amount of water was removed by NaA zeolite
and the solution was used for sorption at 224:2°C and
at the saturated steam pressure.

Methods

Derivatograph Q-1500 (MOM Budapest) was used
for DTA, DTG and TG measurements. 560 mg of
sample was analysed in air and N, at heating rate 20
K/min. DTG curves were fitted using Pitha & Jones
computer program [5] for fitting curves to infrared
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Table 1

Characterization of the dealuminated samples

Fig. 1. DTG curve of NHs desorption from Dy sample and
fitted desorption peaks.
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Fig. 2. Mass spectrum of N1l desorption from D3 sample.

band envelope. The relative peak areas were calcu-
lated taking into account B-, C-, D- and E-NII3 peaks
(Fig. 1).

Netzsch STA-QMS, system 409 thermal analyser
was used for desorption products analysis. Ileating

Sample | Reaction time | Composition Si/Al ratio
(b]
D 0 CFIQ ONIgOAl Nao,s K[,g Als 7Si29‘3 072 437
Do 0 (NHq)s_TALs 7 Slag 3072 4.37
D| 1 (NH4)5 03A]6 03 51291)7072 4.97
D 3 (NH4)s.26Als.26 Sl30.74072 5.84
D¢ 16 (NI4)s21Als 21 Sl31.79072 7.55
D 24 (NH4)aas5Algas Sia 85072 7.67
rate 10 K/min and flow rate of Ar 80 ml/min were

used.

The possibility of DTG and mass spectra compar-
ing was checked by means of comparison NHj desorp-
tion from clinoptilolite at the atmosphere of air and
Ny (Fig. 5). The slight shift of DTG and DTA peaks
to higher temperature was found in the case of N,
(flow rate of Na was 80 ml/min.).

RESULTS AND DISCUSSION

DTG curves of NHyz desorption from starting
cation-, NH- and dealuminated-forins of clinoptilolite
are in Fig. 4. The shape changes of desorption curves
describe the changes of clinoptilolite acid properties
after decationization and dealumination.

Six desorption peaks were fitted in DTG curves
of NHj3 desorption. Using program for optimaliza-
tion of temperatures, intensities and half-width it was
achieved good agreement sumary envelope function
with experimental DTG curve (Fig. 1).

Desorption peak A-NHj (Fig. 1) occurs at 160°C
(Do). The higher content of NH3 (m=17) (m = mole-
cular weight) along with water (m=18) was observed
in the case of NH3 desorption (Fig. 2). Curve m=28
was scanned in order to check the possibility of des-
orbed N3 oxidation connected with Ny formation.
The overlaping of m=18 and m=17 curves (Fig. 2)
was found below the evacunation temperature (200°C).
This phenomenon indicates the possibility of small
NHj3 molecules migration in the zeolite porous struc-
ture. From present. measurement can not be judged
the influence of adsorbed water molecules on the NH3
migration degree in the structure. The desorption
maxima of A-NHj were shifted from 160 (Dg) to
208°C’ (D;1) with dealumination. The shape simmni-
larity of D and Dy curves (Fig. 4) can be explaned
by the same influence of the EFA1 and exchangeable
starting cations on the water adsorption.

The position of desorption peak B-NHg is at 245°C
(Do) (Fig. 1). The position change of B-peak with
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Fig. 8. Dependence of relative peak areas of ammonia des-
orption on dealumination degree.

dealumination is slightly shifted to higher tempera-
tures. The course of m=18 and m=17 curves (Fig. 2)
indicate the presence of NH3 and small amount of
water at desorption products. Water content at des-
orption gases is due to moisture adsorption on very
weak and unoccupated acid sites and supposed mi-
gration of N1z and water in zeolite structure. B-NHj
curve (Fig. 3) shows the dependence of peak B-NHj3
area from aluminium content. The desorbed amount
of NH3 exhibits maximum in D3 sample. Supposing,
that the peak area corresponds to number of acid
sites, the relative number of weak acid centers B-Nll3
coincides with the shape of curve B (Fig. 3). The rel-
ative nmnber of acid sites B-Nll3 decreases in accor-
daunce with B’-NHj3 curve after acid washing. EFAL,
retaining at dealuminated samples after washing, is
removed by acid treatiment. Molecules of aminonia
can be bonded onto EFAl because of sinall kinetic
diameter (0.26 nm) and can be bonded at the porous
systemn, partially occupated by EFAL.

The peak positions of C-NHjz (Fig. 1) were shifted
from 370 (Do) to 350°C (D;;) at dealumiuation. Peak
temperature decreasing is connected with partial pore
system destruction and inesopore formation. The re-
lative mesopore volume increases with dealumination
(6) and the diffusion of probe molecules is easier. The
relative number of acid sites C-NHj (Fig. 3) increases
alter dealumination. The number of acid sites after
acid washing is evident from C’-NHj curve (Fig. 3).
We described previously (7) the faster weak acid sites
decreasing in comparison with strong acid sites. The
C-C’curves for NHg refer to probe molecules adsorp-
tion on EFA, the certain amount of which was not
removed by acid washing and remained in clinoptilo-
lite structure.

Peak position of D-NHjz (Fig. 1) is at 480°C (Do).
The shift of peak temperature was found to 448°C
(Dy;) at dealumination. In D-NHjz desorption gaseous
products was only NIz dectected (Fig. 2). Relative
peak area of D-NIl3 (Fig. 3) slightly decreases after
dealumination. The numnber of acid sites slightly in-

creases after acid treatment. (Fig. 3). This indicates
the blocking influence of EFAI, removable by HCI
treatment, for NHg adsorption.

Peak E-NHjg (Fig. 1) has desorption maximum at
temperature interval from 593 (Do) to 569°C (Di1).
At desorption gaseous products at temperature in-
terval of E-NIl3 (Fig. 1) was identified only ammonia
(Fig. 2). Relative area of desorption peaks E corre-
sponding with relative number of strong acid sites
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Fig. 4. DTG curves of ammonia desorption for various
dealumination degree.
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Fig. 5. The comparison of thermal analysis results of NHj-
Do sample carried in air and N>.
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decreases with dealumination. the signifficant increas-
ing of amount of desorbed NHg was found after acid
treatment of dealuminated samples (E’-N1l3) in com-
parison with E-NHg. The signifficant influence of acid
treatment of dealuminated clinoptilolite can be sup-
posed as a result of accession improving of strong acid
centers for sorption of ammonia molecules.

Desorption peaks G-NHjz (Fig. 1) present the
weight loss connected with dehydroxylation of Bron-
sted acid sites and formation of Lewis acid ones. The
presence of water can be found at 730°C (Fig. 2) at
desorption products.

NHys seems convenient for clinoptilolite acid sites
determination because of small kinetic diameter
(0.26nm) and desorption without decomposition.
there is the possibility of partial NHgz molecules re-
distribution in the case of weak acid sites.

CONCLUSION

The adsorption of ammonia with subsequent tem-
perature programined desorption give the possibilities
to test the acid sites of dealuminated zeolites. There
are two consequences of dealumination:

i) The EFA1 remained in zeolite structure is the
product of i1zomorphous substitution, increases
the weak acid sites determination by NH3-TPD
and is the cause of the shift of A, B-peak position
to higher temperature. Acid washing decreases
the weak acid sites peak areas and increases the
strong ones as the result of EFA1 removing.

1) The dissolution-degradation is the by-process of
izomorphous substitution, the results of which is
mesopore formation and the shift of C, D, E peaks
position to lower temperature.
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S$TUDIUM TEPLOTNE PROGRAMOVANEJ DESORPCIE
NH; Z DEALUMINOVANEHO KLINOPTILOLITU
POMOCOU DTG A HMOTNOSTNYCH SPEKTIER

FRANTISEK GREJTAK, IVAN HORVATH, JOZEF
IKRAJCEOVIC, MARIA KUBRANOVA

Ustav Anorganickey Chémie SAV, Dibravskd cesta 9,
842 36 Bratislava

Ryoliticky tuf s obsahom klinoptilolitu 70% bol dealu-
minovany vodnym roztokom (NH4)2SiFs. NH3 bol adsor-
bovany na deamonizovany a dehydratovany povrch kalci-
novanych vzoriek zeolitu. Metddou teplotne programova-
nej desorpcie boli rozlisené 4 typy kyslych centier. Realit-
ny pocet kyslych centier je funkciou stupiia dealumindcie
a je zavisly aj na pouziti kyslého preplachu dealuminova-
nych vzoriek. Kyslym preplachom sa odstranuje mimost-
ruktirny hlinik, vytvoreny dealumindciou, ktory ma blo-
kujici vplyv na stanovenie poctu silnych kyslych centier.

Obr. 1: DTG krivka desorpcie NHsz zo vzorky D a fitované
desorpéné piky.

Obr. 2: Hmotnostné spektra desorpcie NIf3 zo vzorky Ds.

Obr. 3: Zdvislost realitnej plochy pikov desorpcie NHs od
stupnia dealumindcie.

Obr. 4: DTG krivky desorpcie NHs pre rézne stupne dea-
lumindcie.

Obr. 5: Porovnanie vysledkov termickej analyzy vzorky
NH3-Do vo vzduchu a v dusiku.
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