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NH4Y and NH4LaY-type zeolite catalysts were prepared by cyclic ion-exchange of 
a synthetic Linde Y-zeolite. The release of ammonia and water were followed by evolved 
gas analysis (automatic thermogastitrimetric equipment) as well as with a continuous 
selective water detector. 

The ion-exchangeability of NH4 + for La 3+ on the zeolite was also investigated. The 
capacity of the NH4Y-zeolite was found to be 3.60 mequiv./g calcined zeolite. After a 
three times repeated ion-exchange process, 88.9~0 of the ammonia was replaced by 
lanthanum. 

Synthetic Y-zeolites are widely used as catalysts in the alkylation of  isoparaffins 
with olefins, due to their higher activity and thermal stability. HY-zeolites are pre- 
pared by calcination of  the NH~Y form, accompanied by liberation of ammonia  
and water [1, 2]. The proton formed reacts with lattice oxygen to form hydroxyl 
groups. 

Ward investigated the variation of the water and ammonium ion contents of  
the zeolite as a function of temperature by infrared spectroscopy as the tempera- 
ture was raised stepwise f rom ambient up to 600 ~ [1]. The intensity of  the 1640 
c m -  1 band was used as an indicator of  the amount  of  water on the zeolite, while 
the band at 1485 cm -1 was used to indicate the variation of the ammonium ion. 
It  was found that most of  the water was removed by 250 ~ and most of  the ammo-  
nium ion decomposed between 200 ~ and 350 ~ . 

According to the literature [3], lanthanum has a marked stabilizing effect on 
Y-type zeolite catalysts, and the presence of  La 3+ in the zeolite structure increases 
their activity and thermal stability in alkylating reactions. 

In the present study thermoanalytical investigations were carried out on NH4Y 
and NH4LaY-form zeolites for the continuous and selective monitoring of ammo-  
nia and water release and to follow the NH~ --+ La 3 + ion-exchange process. 

Experimental 
Materials used 

Union Carbide LZ-452 type synthetic Y-zeolite with a SiO2/A1203 molar ratio 
of  4.91 was applied. The composition of  the zeolite in water-free form was the fol- 
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lowing: 
A1203 22.2 % 
SiOz 64-5 % 
NazO 12.7 % 

In the air-dried form the water content was about 24 % and the specific surface 
area was 902 m~/g, 

NH~Y-form zeolite was prepared by three times repeated ion-exchange of  the 
Linde Y-zeolite with 2.5 M NH4NO 3 solution. 

The NH4LaY forms were made from the NH~Y one by stepwise ion-exchange of 
NH~- for La 3+ by treatment with 2.5 M La(NO3)a solution. In this way mixed 
ammonium-lanthanum forms designated NH4LaY(~), NH~LaY(z~ and NH~LaY(~ 
were produced, according to the number of cycles repeated. 

Instrument 

Evolved gas analyses were carried out with thermogastitrimetric equipment 
(TGT) attached to a derivatograph (MOM, Budapest). The samples were heated 
at a rate of 5~ The evolved gases were collected and absorbed in water by 
dry nitrogen carrier gas at a flow rate of 6 dma/h. 

A continuous selective water detector [4] was also used (directly combined with 
the derivatograph) to investigate the water-releasing process. 

Procedure used 

150-500 mg air-dried samples were heated up to 600 ~ and the T, TG, DTG, 
DTA, T G T  and D T G T  curves were simultaneously recorded. 

The liberation of ammonia from the sample was followed by automatic acid- 
base titration, using 0.1 M HC1 as a titrant and potentiometric end-point indication. 

A water detector was also used under the same experimental conditions. 

Results and discussion 

Figure 1 shows the thermoanaiyticat curves of  the NH4Y-zeolite sample, in- 
cluding the water detector trace. Water was released in different stages and the 
first step was completed by 300 ~ . Above this temperature structural water was 
evolved up to 650 ~ At 640 ~ a separate step can be observed. 

Ammonia started to evolve at 200 ~ and two overlapping steps can be seen at 300 ~ 
and 370 ~ The liberation of ammonia was completed by 550 ~ The amount of am- 
monia was calculated from four parallel measurements. The data obtained and the 
relative errors are given in Table 1. 

The titration curves of the NH~Y, NH~LaY(1), NH~LaY(2) and NH~LaY(a) 
samples are shown in Fig. 2. By comparison of the corresponding curves, the 
NH~- ~ La a+ ion-exchange process can be followed as a function of the number 
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Fig. 1. Thermoanalyt ical  curves of  the NH~Y-zeolite 
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F i g .  2 .  Titrat ion curves of  Y - z e o l i t e s .  1 - -  N H 4 Y ;  2 - -  N H 4 L a Y m ;  3 - -  N H 4 L a Y ( z ) ;  

4 -  NH~LaY(~) 

J. Thermal Anal. 22, 1981 



126 KRISTOF et al.: I O N - E X C H A N G E D  Y-ZEOLITES 

Table 1 

Amount of ammonia in NHaY-zeolite 

Sample mass 
mg 

163.20 
170.22 
153.28 
158.94 

Calcined mass 
mg 

113.95 
118.85 
107.02 
110.97 

Mequiv. NFIs 

g calcined zeolite 

3.541 
3.623 
3.625 
3.616 

Mean 

3.60 

Deviation f rom 
mean 

% 

- 1.64 
+ 0.64 
+0.69 
+ 0.44 

o f  repea ted  cycles. The  s tar t ing and peak  m a x i m u m  tempera tures  shifted t ow a rds  
higher  values.  The peak  m a x i m u m  tempera tu res  are 400, 440 and 450 ~ , respec-  
tively. 

The  a m m o n i a  contents  o f  the LaZ+-exchanged zeoli te samples  calculated f r o m  
the t i t ra t ion  da ta ,  are  l isted in Table  2. 

Table 2 

Amounts of ammonia in NH4LaY-zeolites 

NH,LaY(D NH~LaY(2) NH,LaY(3) 

deviation deviation 
NH3 mean fromomean ~ NH8 ~ NHs mean f rom mean 

% % 

1.44 
1.53 
1 .47 
1.48 

1.48 
-- 2.60 
+ 3.69 
--0.37 
--0.71 

0.720 
0.697 
0.738 
0.725 

deviation 
mean from%meanoo 

0.72 
0.00 

--3.18 
+2.56 
+0.69 

0.449 
0.437 
0.450 
0.437 

0.44 
+1.35 
-1 .35  
+1.58 
-1 .35  

The the rmogas t i t r imet r i c  de te rmina t ion  o f  a m m o n i a  serves as an indirect  way  
to establ ish the amoun t  of  l an thanum on the zeolite. The a m o u n t  o f  l an thanum 
was calcula ted using the fol lowing equa t ions :  

100 = m z + mLa + mn~o + mNm (1) 

3mLa mNI-I, + -  

3.60 = ANH~ ALa (2) 
m Z 

1000 
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where 

m z 

mLa 

mH~O 
mNH~ 
Ar~H~ 
ALa 

is the percentage of  the pure zeolite; 
is the percentage of lanthanum on the zeolite; 
is the percentage of  water in the sample; 
is the percentage of ammonia  on the zeolite; 
is the molecular weight of ammonia;  
is the atomic weight of  lanthanum. 

The amount  of  water was obtained from the difference between the T G  and T G T  
c u r v e s .  

From Eqs (1) and (2) it follows that 

100 - rnn, o - mNH ~ 

m L a  = 3000 
+ 1  

3.60 ALa 

1000 mNm 

3.60 ANH" (3) 

The capacity values obtained with the use of  Eqs (1) and (3) are given in Table 3. 
Figure 3 shows the increase of  lanthanum and the decrease of  ammonia  in ca- 

pacity as functions of  the number of  ion-exchange cycles. 

Table 3 

Capacity values obtained for I'qH4Y and NHaLaY-zcolites 

Sample 

NH4Y 
NH4LaY(• 
NH,LaY(2) 
NH4LaY(~) 

Mequiv.  NH8 Mequiv.  La 

g calcined zeolite g calcined zeolite 

3.60 
1.32 
0.66 
0.40 

0.00 
2.28 
2.94 
3.20 

Total  

3.60 
3.60 
3.60 
3,60 

La 3" (calcutated) 
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Fig. 3. Changes in capacity of Y-zeolite in the NH + --~ La ~+ ion-exchange process 
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After a three times repeated ion-exchange process 88.9 % of the a mmon i a  was 

replaced by l an thanum.  
The a m o u n t  of  l a n t h a n u m  on the zeolite was determined by X-ray spectrometry, 
The a m o u n t  of  water was found  to be 26.0 ___ 0.2 % in each case. 

Conclusions 

With  the use of selective E G A  methods combined with derivatograph the 
thermal  decomposi t ion of  zeolites can be investigated in detail. 

The release rates and the amounts  of the individual  decomposi t ion products  can 
easily be determined. By cont inuous  moni tor ing  of a m m o n i a  in the carrier gas the 
NH~- ~ La ~+ ion-exchange process can be followed and the accurate capacity 

values determined. 

The authors wish to thank Dr. Z. Csik6s for her kind help in the X-ray spectrometric 
measurements. 
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R s  -- Des catalyseurs A zdotites de type NH~Y et NHaLaY ont 6t6 prdpards par 6chauge 
d'ions cycliquc d'une zeolite Linde Y synthdtique. Le ddgagement d'ammoniac et d'eau a 6t6 
suivi avee un dispositif automatique thermogasotitrimdtrique ainsi qu'avec un detecteur d'eau 
sdlectif opdrant en continu. 

L'dchangeabilit6 des ions NH + avec La z + sur la zdolite a aussi 6t6 6tudide. On a trouv6 que 
~a capacit~ de la zdolite NHaY 6tait 3.60 mdquiv./g de zdolite calcinde. En rdpdtant trois fois 
le processus d'dchange d'ions, 88.9 ~ .  de l'ammoniac ont 6t6 remplacds par le lanthane. 

ZUSAMMENFASSUNG - -  Zeolithkatalysatoren vom Typ NH~Y und NHaLaY wurden dutch 
zyklischen Ionenaustausch eines synthetischen Linde Y Zeoliths hergestellt. Die Freisetzung 
yon Ammoniak und Wasser wurde durch ein automatisches thermogastitrimetrisches Gerfi.t 
sowie einen kontinuierlichen selektiven Wasserdetektor verfolgt. 

Die Ionenaustauschbarkeit von NH + gegen La ~ + an dem Zeolith wurde ebenfalls unter- 
sucht. Die Kapazitfit des NH~Y Zeoliths wurde ftir 3.60 mequiv/g kalzinierten Zeolith gefnn- 
den. Nach dreimalig wiederholtem Ionenaustauschprozess waren 88.9% des Ammoniaks 
dutch Lanthan ersetzt. 

Pe3~oMe - -  l~eo2ntTIfbie KaTaJIl~3aTOpbI TI4na NH4Y ~ NH4LaY 6s I~  no~y.eHsl I0~IK~H~IeCKKM 
I, IOHHblM OdMeHOM CHItTeTHKeCKOFO Y i leoJInTa .lIIttt~ie. BLi]le:~eH~e aMM~IaKa ~ B0~SI 6bI~O 
n p o c : ~ e ~ e g o  c n o M o n l ~ O  RBTOMaTltqecKo~ ~ e p M o r a 3 o M e r p n a e c ~ o ~  npNCTaBKg, a T a ~ x e  c 
nOMOttlbr~o Ce.rIeKTJJBHOFO /~aT'-tI,IKa BO~bI ~enpepr~mHOrO 21e~CTBa~t. E,r~iaa TaKme r~ccne~oBaHa 
JaoFloodMeHna~ ctTocodnocTr~ N H  + Ha L a  u+ ~ a  ~eosInTe,  Hagi,~eHo, ~iTo ~,IOHOO~MeHHOCTI~ 
NH~Y neo)mTa cocraBnner 3.60 M3KB/r ~a~ar~nnpo~aHHoro ueonr~Ta. YIocxe rpex~parrmro 
~tOgHOrO O6Mega 88.9~o o aMMgaKa 6b~Y~O 3aMenleFlo 2taHTaUOM. 
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