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NHa and CO~ adsorptions were measured for seven silica-alumina catalysts, contain- 
ing various concentrations of sodium ion. The measurements were carried out in two 
different ways: with the classical volumetric method, and a dynamic one, taking DTA, 
TG and DTG curves simultaneously. Great similarities are observed between the results 
obtained with these methods. Adsorption measurement by thermal analysis may be 
useful for semiquantitative studies. 

In the course of  our studies on industrially applied catalytic processes we 
attempted to investigate the surface phenomena on solid catalysts. This was done 
by means of a relatively easy and straightforward technique: dynamic adsorption 
measurements with a P a u l i k - P a u l i k - E r d e y  Derivatograph (MOM, Budapest). 
This method [1, 2] records the mass changes (TG and DTG) jointly with thermal 
effects (DTA). The latter occur on increase of temperature in the system solid 
catalyst-gaseous reactant. 

The data obtained are reproducible, but of  low accuracy. In order to evaluate 
this, NH3 and CO2 adsorption was measured by two independent methods:  
thermal analysis, and the classical volumetric method. 

Experimental 
Apparatus 

Adsorption by the dynamic method was measured with a Derivatograph (MOM, 
Budapest, Hungary), and adsorption by the static method with a conventional 
volumetric apparatus with gas pressure in the range 0 - 8 0 0  mm Hg. 

Materials 

Seven silica-alumina catalysts were prepared with constant silica/alumina ratios 
but different sodium ion concentrations. Amorphous Ketjen 25 silica-alumina was 
used as a basic catalyst. The other six adsorbents were prepared by impregnation 
of  this with aqueous sodium hydroxide solutions of  various concentrations. 
Detailed data are given in Table 1. 
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Table 1 

Catalyst 
no. 

Sodium content 

mole Na/g ~mole Na]m z 

0.00 0 
0.14 0.23 
O.25 0.52 
0.36 0.66 
0.55 1.05 
0.81 1.64 
1.00 2.13 

Specific surface 
area* 
m~/g 

665 
615 
583 
555 
525 
495 
445 

* Specific surface area was calculated from point B of the isotherm of N~ adsorption 
at -- 196 ~ 

Gases of  technical grade were used. Ammonia  was dried over sodium, and car- 
bon dioxide with phosphorus pentoxide. The gases were finally passed through 
a dry-ice freezer. 

Me asurements 

Measurements by the dynamic method were carried out for 100 min. in an 
open system at atmospheric pressure and at temperatures varying from room 
temperature up to 600 ~ . Before the experiment was started, the samples were 
subjected to the same heat treatment as was applied subsequently, in order to 
clean the surface. The samples were heated and then cooled to room temperature 
under dry argon. At the  moment  of  injection of NH3 or CO2, the flow of argon 
was stopped. The content of  air in the system during the cooling and heating of 
the sample was negligible. The results of  measurements with a constant gas flow 
and rate of  heating are given in the TG, D T G  and DTA diagrams. 

In the static system adsorption was measured by the volumetric method at 
constant temperature by means of a vacuum apparatus. Before the experiments, 
catalyst samples were degassed under reduced pressure (ca. 10 -5 tor t  at 400~ 
After lowering of  the temperature to that selected for the experiment, a definite 
port ion of  gas was introduced portionwise to the apparatus. When equilibrium 
was reached the quantity of  gas adsorbed was calculated from the difference in 
the pressures before and after adsorption. The quantities of  gas adsorbed at 30, 
100, 200 and 300 ~ and a pressure of  755 m m  Hg were taken for comparison. 

Results and discussion 

The quantities of  NHz and CO 2 adsorbed are shown in Figs 1 - 4  as a function 
of  the sodium concentration of the catalyst. The method of evaluating the results 
was published previously [3]. 
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There  are great  s imila l i t ies  between co r respond ing  curves t aken  by  stat ic adso rp -  
t ion and  the rmograv imet ry .  Ex t r ema  are  observed on  bo th  curves at  the  same 
s o d i u m  concen t ra t ion  on  the  cata lys t .  However ,  there  are  quant i ta t ive  differences 

- 3 O  
E 

z 

t 

d 

/Ai 
I I  t % i 

I I  i ~ %  I j 
I I "~ J 

/ x ' / \  - . . . . .  

, . ~ x  I i i I ,... 
2 

a, .~mol Na'/m 2 

Fig. 1. Relation between the quantity of NHa adsorbed at 30 ~ and t00 ~ and the amount of 
sodium added to the catalyst; - -  volumetric method; . . . .  thermogravimetry; o:  30 ~ 

X : 100 ~ 

A 
% 16- a 

I h ~  S - -  

,o 

2 

I [ i r . , . .  
I 2 

a, AZrnol No'/m 2 

Fig. 2. Relation between the quantity of NH~ adsorbed at 200 ~ and 300 ~ and the amount 
of sodium added to the catalyst; - -  volumetric method; . . . .  thermogravimetry; 

A :  2 0 0  ~ o :  300  ~ 

(more  clear  a t  lower  tempera tures )  in the intensit ies o f  the peaks  which charac te r -  
ize the  m i n i m a  and  m a x i m a  o f  adsorp t ion .  A b o v e  100% curves ob ta ined  with  the  
dynamic  and  s ta t ic  me thods  a p p r o a c h  each o ther  and  coincide.  In  conclusion,  
one can  say tha t  the results  o f  ad so rp t i on  measured  with  the the rmoba lance  are  
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higher than those obtained with the static method. Considering that the system 
does not reach equilibrium in the dynamic method, we had rather expected the 
opposite situation. 

It seems that the increased values of adsorption of NH3 and CO2 as measured 
with the dynamic method result from the presence of moisture on the surface of 
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Fig. 3. Rela t ion  between the quant i ty  of  COz adso rbed  at 30 ~ and  100 ~ and  the a m o u n t  o f  
sod ium added  to the  catalyst ;  ~ volumetr ic  m e t h o d ;  . . . .  t he rmograv imet ry ;  x : 100 ~ 

o : 30 ~ 
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Fig .  4, R e l a t i o n  b e t w e e n  t h e  q u a n t i t y  o f  C O z  a d s o r b e d  a t  200  ~ a n d  300 ~ a n d  t h e  a m o u n t  o f  
s o d i u m  a d d e d  t o  t h e  c a t a l y s t ;  ~ v o l u m e t r i c  m e t h o d ;  . . . .  t h e r m o g r a v i m e t r y ;  zx: 200 ~ 

o : 300 ~ 
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the cooled samples. It was found that the amount of this moisture could reach 
2 wt. ~ of the catalyst used. The measurements of NH3 or CO2 adsorption on 
a hydrated surface lead to reaction between the gaseous phase and loosely-bound 
water molecules; in order to confirm this, two additional experiments were car- 
ried out. First we determined the molar heat of ammonia adsorption from the 
DTA curve. This was checked against the isosteric heat of adsorption calculated 
according to the Clausius-Clapeyron equation from data given by the static 
method. Figure 5 shows the heats of adsorption for NH3 and CO2 as functions 
of the sodium concentration. 
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Fig. 5. Molar  heats of adsorpt ion of NH3 and  CO2 as functions of the amount  of sodium 
added to the catalyst. W CO2, volumetric method;  �9 NHs,  volumetric method;  o NH3, 

thermogravimetry 

The molar heat of NHz adsorption as determined from the DTA curve includes 
the heat of the reaction between gaseous ammonia and water. It is twice as big as 
the isosteric heat of adsorption calculated on the basis of data obtained for 
the static system. For the latter the heat values approach the thermal effects of a 
Lewis-type acid-base neutralisation reaction. 

This calculation could not be performed for CO2 adsorption because of signif- 
icant experimental errors. To support our hypothesis, measurements of NHz 
and CO2 adsorption on dry and moist catalyst surfaces were carried out in a closed 
system by the static method. At atmospheric pressure NH3 and CO2 adsorption 
on a moist surface considerably exceeds that on a dry one. 

The results described above confirm the importance of surface-bound water in 
the adsorption process. 

If one takes the results of adsorption measurements obtained by the generally 
accepted static method as a reference, it can be concluded that measurements with 
a thermobalance may be useful for semiquantitative comparative studies, in partic- 
ular at temperatures above 100 ~ when water loosely bound by physical adsorption 
does not influence the studied process significantly. 
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RI~SUMI~ - -  On a mesur6 l 'adsorption de NH3 et de CO2 sur sept catalyseurs ~t base de silice 
et d'oxyde d'aluminium avec diff6rentes teneurs en ions sodium. Les mesures ont 6t6 effec- 
tu6es suivant deux proc6d6s: par la m6thode volum6trique classique et par ATD, TG et TGD 
simultan6es. On peut observer une grande analogie entre les r6sultats obtenus par les deux 
m6thodes. Les mesures d 'adsorption par analyse thermique peuvent 8tre utiles dans le cas 
d'6tudes semiquantitatives. 

ZUSAMMENFASSUNG - -  Die Adsorption von NHz und CO2 wurde an sieben Silica-Aluminium- 
oxid-Katalysatoren gemessen, welche verschiedene Konzentrationen von Na-Ionen enthielten. 
Die Messungen wurden nach der klassischen volumetrischen Methode und mit der dynami- 
schen Methode, bei welcher die DTA, TG und DTG-Kurven simultan aufgenommen wurden, 
durchgef[ihrt. Eine groBe Ahnlichkeit der mit den zwei Methoden erhaltenen Resultate kann 
beobachtet werden. Die Adsorptionsmessung mit der Thermoanalyse kann ffir semiquanti- 
tative Untersuchungen von Nutzen sein. 

Pe3ioMe - -  B~,iaa n3Meperla a~cop6it~ia NH a ri CO 2 ~nn CeMH i<peMnm.~-anroMHI-irleBblX raTaan- 
3aTOpOB, co)~epx(amax B pasHO~ rOnIXeHTpalarlH EtOnbI uaTpI, In. I/I3MepeHa,'l 6~nrl BbIIIOnnenbI 
~ByMa pa3.rlHqHblM1A ClIOC06aMH: l~.TaccleI~eCKnM O6UbeMHBIM MeTO,~OM H ,/IHHaMHtIeCKHM, IIpH- 
Bnet(a~ O~UOBpeMerlHO I~prlBble }~TA, TF rI ,~TF. Ha6mojIaeTcH 6oabmoe CXO~CTSO Mex~Iy 
pe3yJn~TaTaMtt, no.JIy,-IerlnblMrI 3TrlMH ~ByMH MeTO~aMH. A~cop6i~rlOtln~ie HBMepeHH~, npoae- 
~erlHl, ie c IIOMOUI~,tO TepMn~Iecroro ana2Iri3a, MOFyT 6blTb PICnOY~I,3OBaHbI ~IJI~t iionyKonvlqecr- 
BeHHblX I4CCJIe./~OBaHlzu~. 
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