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CEIROlWATOGRAPHIC ‘PROI’ERTIES OF TY PI2 X ZEOLITES 

CONTAINING ALKALI METAL CATIONS 

The cl~romatograpllic properties of type S zeolites containing cations of lithium, 
sodium, potassium, rubidium and cesium were studied for the separation of a model 
misture of C,-C,, hydrocarbon gases and carbon monoxide. It was found that there 
is an inverse secluence of elution of methane and carbon monoside in the course of the 
separation of this binary misture depending on the nature of the zeolite cation. It was 
shown that lithium and sodium replaced forms of zeolites have a certain selectivity 
with respect to ethylene and propylene. 

Zeolites are porous crystalline substances in which the negative charge of the 
aluminosilicate fcxmework is compensated by the positive charge of cations. One of 
the important properties of zeolites is their pronounced capacity for cation escliange 
leading to a modification of tllese adsorbents without a practical change of the alumino- 
silicate framework structure. 

Synthetic zaolites of the type Ca.4, NaX and CaS lvere used as adsorbents in 
gas cliromatograplly in the sixties. J,ater, works appeared devoted to tile possibility 
of the use of cation-eschange forms of zeolites in gas clirolliatograpli}rl-R. 

Studies of adsorption interactions have sl~~wn that zeolites have a definite 
specificity with respect to molecules of substances cllaracterised by ,z-l)onds, dipole 
and quadrupolc moments~). 

It should be noted that the character of the interaction depends to an appreciable 
extent on the nature of the cation entering into the composition of the zeolite structure”. 

The aim of the present investigation was a study of the chromatograpl~ic 
properties of type X zeolites with clifferent degrees of substitution of tlic sodium 
cations by lithium, potassium, rubidium ancl cesiuni cations ; the separation of a model 
misture of C,-C, hydrocarbon gases, carbon monoside and l~yclrogen was used as an 
esaniple. 

Cation-eschange forms were prepared from tile sodium zeolites by means of 
their repeated treatment with an atqueous solution of the corresponding cation 
chloride or nitrate. Specimens wit11 different contents of esc.llange cations were 
obtained depending on the number of treatments (see Table I). 

Specimens G and IO were obtained by tile percolation technique. The stability 
of tile zeolite crystalline structure in all synthesisecl specimens was controlled by the 



4s T. G. ANDRONIICASHVILI, G. V. TSITSISHVILI, SH. D. SAUELASHVILI 

I NZLX 0 Y KS 47.5 
2 LiS 5 9 KS 83.5 
3 LiX 22 IO KS 99.5 
2 LiS LiS 43 87 II 12 I3bS hb,s 30 

6 LiS 91 13 CSS :z 

7 ICX 264 * 4 css 53.5 

corresponding Debyegrams. Photographs were taken in RKD chambers at non-filterccl 
copper radiation on the URS-55 installation. The analysis of the Debyegrams has 
shown that all the specimens studied have a zeolite crystalline lattice. 

The sorbents for loading into the chromatographic column were prepared in 
the following way. The zeolite powder was pressed. into + .nLiets without adding any 
binder, then these tablets were crushed, sieved and fractions with a grain size of 
0.5-1 mm (IS-30 mm) were taken for the tests. All specimens had been preliminarily 
dehydrated by heating at 450” for 4-5 11. After loading into the chromatographic 
column and before the work was begun, the zeolites were activated by heating them 
in a flow of the carrier gas at a temperature of 3oo”. In the case of the lithium-con- 
taining specimens, due to their highly hydrophilic properties the activation was also 
carried out at a temperature of 450~. 

The chromatographic column was a spiral tube of.stainless steel, 350 cm long, 
with an inner diameter of 0.4 cm. The temperature range of the column was from 
25 to 260~. Since the chromatograph detector was of the thermochemical type, purified 
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Fig. I. Scqucncc of clution of InctlxLllc-carb011 monoxiclc on type S ecolitcs containing Li+, Na+ , 
XC+, RW. Cs+: I = hydrogen ; 2 = methane; 3 = carbon monoxiclc. Flow rntc of cnrricr Rirs 
(air), x00 ml/niin. Column tcmpcrature, aso. 
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air was used as the carrier gas. The velocity of tile carrier gas during the investigation 
of the separation properties of the zeolites was around IOO ml/min, 

As a result of the studies it was sllown that the character of the cliromato- 
graphic separation of the binary mixture methane-carbon monoxide depends on the 
cation and the degree of its substitution in the zeolite. Tile presence of dipole and 
quaclrupole moments is characteristiclo of a molecule of carbon monoxide, and 
differs in this way from the methane molecule. Zeolites containing Na+ and Li-I- 
display a certain selectivity with respect to carbon monoside and methane is eluted 
earlier than carbon monoside; furthermore a zeolite with a higher content of Li-I- 
retains carbon monoside more tllan the Nn+ form (Fig. I). 

In the case of specimens with a lligli K-t- content, it is possible to perform a 
partial separation on them, but with the following sequence of elutiori: carbon 
monoside-methane (Fig. 1). 

On zeolites containing rubidium and cesium separation of tllis misture proceeds 
with the following elution order : carbon nlonosicle-metllane, even wit11 small degrees 
of sodium ion substitution. However, a more complete separation of these com- 
ponents is observecl with the cesium form. The values of the coefficient of selectivity 
K, of methane and carbon monoside are given for zeolites containing alkali metal 
cations in Table II. 
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As one can see kom the clata in Table II I<, of methane ancl carbon monoxide 
increases to a great extent with the transition from ,the specimen containing Na+ 
to that with Li-“. However, in the case of forms with a low litliium content, Ii’, iS 
less comparecl to the sodium form. This is probably clue to the fact. that the hydrd-. 
philic lithium cations having a small concentration occupy positions in tile structure 
in which they are in a Ilydrated state ancl therefore their interaction with the molecules 
of the adsorbed substances is weakened. IXegarcling zeolites containing I<:-‘-, RW and 
Cs+ an increase of the selectivity coefficient takes place both with tlic increase of the 
degree of their substitution and in the sequence mention+. These cations are less 
hydrophilic and do not hydrate as much as IA+. 

Such behaviour may be esplainecl as follows: electrostatic interactions caused 
by the esistence of dipole and quadrupole moments of carbon monoside molecules 
are more important for cations with small radii with a strong positive charge (Na+, 
Li+) than for larger cations I<+-, lib+ and Cs+ll. 

In Table II one can also see the effect of the temperature of the cl~romatogr~~pl~ic 
column on the degree of separation. Thus, an increase of the column temperature 
leads to an appreciable decrease in the values of the selectivity coeffkients of the 
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methane-carbon monoside misture on zeolites containing lithium and particularly 
sodium. The value of the retention volume of carbon monoxide decreases more 
sharply than that of methane with an increase of the column temperature for all 
forms of cation-exchange zeolites. It is assumed that the intensity of the interactions 
of molecules with dipole and quadrupole moments with the zeolite is strongly 
disturbed with a temperature increasel2. However in the case of sodium and lithium 
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I:ig. 2. Depcndcncc of the sqxration cstcnt (4) for the misturc CII,, -CO on xcolitcs containing 
potassium on the column tcmpcmturc. 1 = spccimcn r : 2 - spccinu2n 7; 3 = specimen S; 4 = 
specimen 9. 

specimens such a decrease in the values of the retention volumes for carbon monoxide 
does not lead to an inversion in the order of elution of the components. However, on 
a zeolite with a small potassium ion content (specimen 7) an inversion of the order 
of elution of carbon monoxide and methane takes place. Thus, at a column temper- 
ature of 25” the retention volume of carbon monoxide is larger than that of methane. 
With an increase of the column temperature to 40” the retention volumes of these 
components are equalised. A further increase of the column temperature leads to 
inversion of the sequence of methane and carbon monoside elution and their sepa- 
ration takes place at 80”. 

With specimens with a high potassium ion content as with 1X1>-+ and Cs-I-, an 

I 
20 40 60 120 160 200 260 

t PC) 
Fig. 3. Dcpcndcncc of the separation estcnt (A) for the misturc CI-I.,-CO on zcolitcs containing 
rubidium and cesium on the column tcmpcmturc: I = spccimcn I I ; ‘L L- sptxi~ncn 1.2; 3 =- 

spccinien 13 ; -) -=-: spcdincn T.1. 
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increase of column temperature leads to an increase iii the values of the selectivity 
coeffkient I<, associated with the reversibility of the methane and carbon monoxide 
elution order and with the weakening of direction of CO interaction with the adsor- 
bent at increased temperatures. However, the increase in the value of the separation 
coefficient with the temperature increase is characterised by a certain masimum 
for zeolites containing I< +, RI+-, Cs+. Thus, curves of the separation coefficient (6) 
plotted against temperature, on zeolites substituted ‘tiith potassium, increase to a 
certain temperature limit, reach a masimum and then a decrease takes place (Fig. 2). 
The maximum of the curve, corresponding to tile highest values of the separation 
coefficient, shifts on the graph from the right to the left into the lower temperature 
region with an increase in the potassium content in the zeolite. The same type of 
curve is characteristic for rubidium-substituted forms (1.Q. 3), however, in the case 
of cesium specimens the maximum is less pronounced. 

A decrease of the values of the separation coefficient at high temperatures may 

be esplained by a general weakening of the adsorption interaction of the chromato- 
graphed substances with the adsorbent surface. 

The nature of a cation influences the character of the separation of hydrocarbon 
gases, in particular, the sequence of elution of separate pairs of components. Thus, 
on the zeolite NaX the following sequence of component elution takes place: liy- 
drogen-metllane-carbon monoside-cthane-propaue-ethylene. The column tcnlper- 
ature was So-Ioo” (Fig. 4). With an increase of temperature to 120-140~ there is no 
appreciable separation of propane and ethylene. 

At temperatures of 160” and high&, the separation of this misture is cllarac- 
terised by the inverse order of propane and ethylene elution (liig. 5). As is seen from 
this chromatogram, butane is eluted earlier than propylene, An increase of the column 
heating teniperaturc to 220° causes a consideral>le decrease in the propylene retention 
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Fig. 5. Chromatograrn of the misturc: I = hydrogen; 2 = methane; 3 =A carbon monoxide; 

4 ethane ; 5 = cthylcne ; G = propane ; 7 - 
teZperaturc, I 50~. 

butane, * 8 = propylene. Adsorbent, NaX; column 

volume and it cannot be readily separated from butane. At higher column temper- 
atures propylene is eluted earlier than butane, though the separation of these com- 
ponents does not take place. As to specimens containing lithium with a high degree 
of exchange of Na+ by Li+ (go%), then at any column temperature propane is eluted 
earlier than ethylene, and butane before propylene, i.e. there is no inversion of the 
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I;$. 6. Chromntogranl of the mixture: I = hyclrogcn; z = methane; 3 = CarbOIl ~llOllOXkb! ; 

4 = cthano; 5 = ethylene; G = propane; 7 = butane; 8 = propylcnc. Sorbcnt LiS (the dcgrcc 
of Na+ substitution by Li+ is gr %). Column tcnipcraturc, 180~. 
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sequence of elution of these components depending on temperature (Fig. 6), Thus, 
it is seen from the data obtained that zeolites with metal cations having small radii 
(NW’ and especially Li+) display a strong adsorption capacity with respect to mole- 
cules of compounds characterised by z-bonds; tlk is reflected in an increase of tlie 
values of their retention volumes. 

As to zeolites with heavier cations, such as I<+, Rb+ and Cs+, an unsaturatecl 
compound is eluted on them after the corresponding saturated compound with the 
same number of carbon atoms in the molecule. On such cation-exchange specimens, 
at any column temperature, one observes the following sequence of elution : methane- 

etl~ane-etliylene-propaiie-propylei~e-~~ut~~iie-l~utylene. 
Studies of the influence of the nature of the cation on the character of chro- 

rnatographic properties of the zeolite and the determination of the heats of ad- 
sorption of carbon monoside and C,-C, hydrocarbon gases allowed us to construct 
the selectivity series for these compounds with respect to the alkali metal catioil 
(see Table III). 

As is seen from tile above data for saturated hydrocarbons one observes an 
increase of selectivity with respect to a zcolite with the heavier cation entering its 
composition. This is caused by the fact that cation polarisibility increases wit11 an 
increase of its raclius and hence the role of dispersion forces, which mainly cletermine 
the interaction of saturated hydrocarbons, become more important. 

For carbon monoside and unsaturated hydrocarbons an opposite arra.ngement 
is characteristic. The position of cesium wl&Al does not fit this row may be esplainecl 
in the following way: interaction of a molecule of these compounds with the zeolite 
is associated not only with the esistence of n-electrons and the dipole moments in 
these molecules, but also with dispersion forces, wllich are displayed to a certain 
degree for the cesium form of tile zeolite. 

The work carried out permits some conclusions to be clrawn about tile im- 
portant influence of tlie nature of the cation in type S zeolites on their separation 
properties. 



54 T. C. ANDRONIKASHVILI, G. V. TSITSISHVILI, SI-I. 13. SARELASIIVILI 

.5 T. G. RNDRONIKASI~VILI, G. V. ~'SITS~SHVILI, SEX, 13. SAUIXLASIIVILI ANIJ '1'. A. CH~MI~URIDZE, 
%eolhx, Chei~ Sy~wthesis, Pvo~e~~ties a,tid Applications., Izcl. Nnukn, Moscow. Leningrad, rgG5, 
p. 179. 

G G. V. 'hITSISEIVIL1, 'I'. G. ~XDRONIl<ASHVILI,~ SM. 13. %13ELASI-IVILI AND s. s. CI-IItEIlZIIXE, 
N~fte/zhiwriya, 7 (1967) 305. 

7 G. V. ‘.kxrsImvILI, T. G. RN~~R~~IIcAsI~IVILI, 9.1. D. SABELASI~IVILI AND %. 1. KOIZI~XE, Xhll. 
Ahad. Nadz. GSSR, qG (1947) GI T. 

S G.V. TSITSISHVILI, T. G. AXDROXIKASHVILI, SI-I. D. SAI~ELASFIVILI AND S. I,. IJROTADZIZ, 
Neflekltiwziya, Q (1969) 790. 

Q R. iti. BARRER, J. Colloid Inter*facc Sk., ZI (1966) 415. 
IO R. J, NEDDENRIEP, J. Colloid Jntevfacs Sci., 28 (1968) 293, 
II 0. M. DJIGIT, S. I?. ZEIDANOV AXEI 1;. N. MIICOS, Zcolites, tlreiv Synthesis, Pvo/xvtics a,nd 

A~~~icatio~rt, 1x1. Nauka, Moscow, Lcnin@?td, IQG~, p. 2~6. 
12 A. V, KISELEV ANI) >r~. I. YASHIN, 271. Fi,_. Ii’hirt~, 37 (1963) 2G14. 

J. Chromato~Y., 55 (1971) 47-54 


