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The physicochemical properties of zeolites depend substantially on the nature
and degree of substitution of the cations compensating the negative charge of
the aluminosilicate framework (1:2).

When zeolites are used as adsorbents in gas chromatography, depending on the
kind and content of cations in them, the separating properties of the packing
of the chromatographic column change to a considerable extent (7). In this
respect, zeolites containing magnesium cations have been little studied: only in
the work of Jandk (%) is there an indication of certain chromatographic proper-
ties of magnesium-containing zeolites.

For chromatographic studies we used zeolites of the NaX type with different
degrees of substitution of sodium ions by magnesium cations. These cation-
exchanged forms were prepared by ion exchange according to a method devel-
oped in our laboratory (?). As the literature data show, despite the compar-
atively small size of the magnesium ion (its ionic radius is 0.78 A), it is not
possible to replace the sodium ion completely by the magnesium ion in zeolite
by the usual methods of cation exchange (7). From these data it follows that the
maximum substitution of sodium by magnesium in zeolite of type X is possible
only up to 70%.

Starting from the sodium form of zeolite of type X (series Ts-202-98), we syn-
thesized three samples of magnesium zeolites of the following composition:

Sample No. 1 0.20 MgO - 0.83Na,0 - Al,O4 - 2.53 510,
Sample No. 2 0.42MgO - 0.60 Na,O - Al,O4 - 2.58 Si0,.
Sample No. 3 0.72MgO - 0.31 Na,O - Al,O4 - 2.65 Si0,.

The preservation of the zeolite structures of the samples obtained was confirmed
by recording Debye-Scherrer patterns.
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Figure 1 and Figure 2 graphs

Figure 1: Figure 1 and Figure 2 graphs

In the study, an artificial mixture of hydrocarbon gases C',—C), carbon monox-
ide, and hydrogen was used as a model mixture. The conditions for conducting
the experiments, as well as the method of preparing the sorbent loaded into the
chromatographic columns, were described by us earlier (°).

For the magnesium-substituted forms of zeolites that we studied, a decrease
in the retained volumes of all components is characteristic in comparison with
the initial sodium form. As the degree of substitution increases, there is a
considerable decrease in the values of the retained volumes of all the compounds
investigated.

In contrast to the calcium form of the zeolite (°), on this form, as the content
of magnesium cations in the zeolite increases, the temperature interval for sepa-
ration of a mixture consisting of four components—hydrogen, methane, carbon
monoxide, and ethane—narrows. Thus, on sample No. 1 this mixture is well sep-
arated in the temperature range from room temperature to 80°, on the second
sample—from room temperature to 60°, and on the third sample—to 40°. All
these data were obtained at a carrier-gas flow rate of 100 ml/min.

All the magnesium-containing zeolites studied (samples Nos. 1, 2, 3) are charac-
terized by the ability to change the elution sequence of individual components
of the mixture depending on the heating temperature of the chromatographic
column; an increase in the degree of substitution of sodium by magnesium in the
zeolite leads to a considerable change in the temperature range of column heat-
ing in which inversion of the elution sequence of individual pairs of components
of the analyzed mixture occurs.

On sample No. 1 (low content of magnesium cations), complete separation of the
propane—ethylene mixture (in the indicated sequence) occurs when the column
is heated to 60°. Further increase in the heating temperature of the

Fig. 1. Dependence of the separation coefficients in the ethylene—propane sys-
tem on the heating temperature of a column filled with magnesium-containing
zeolite. The curve numbers correspond to the sample numbers

Fig. 2. Dependence of the separation coefficients in the propylene—butane sys-
tem on the heating temperature of a column filled with magnesium-containing
zeolite. The curve numbers correspond to the sample numbers

column leads to poorer separation, and at 100° this mixture is no longer sepa-
rated. A subsequent increase in the column heating temperature to 280° pro-
motes separation of this pair of components, but with the reverse elution order.
On sample No. 2 (intermediate substitution), the propane—ethylene mixture
is well separated at a temperature of 60°, but already at 80° column heating
their separation deteriorates considerably. A further rise in the column heating
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temperature to 280° again improves the separation; in this case inversion of the
elution sequence of the propane—ethylene mixture also takes place.

On sample No. 3 (high content of magnesium cations), separation of these com-
ponents also occurs at 60° column heating, but worse than on samples Nos. 1
and 2. Beginning at 80° column heating, separation ceases, and a further rise
in the column heating temperature causes inversion of the elution sequence of
the components of the propane—ethylene mixture with a gradual increase in the
degree of their separation.

Figure 1 presents the dependence curve of K;—the coefficients of complete sep-
aration of ethylene and propane according to Zhukhovitskii (8)—and of the o-
coefficients of partial separation according to Struppe (9) on the heating tem-
perature of the chromatographic column on zeolites with different degrees of
exchange of sodium cations for magnesium (samples Nos. 1, 2, 3). As can be
seen from Fig. 1, all three samples are characterized by inversion of the elu-
tion sequence of propane—ethylene; moreover, with an increase in the degree of
substitution of sodium by magnesium, the separation coefficients of propane—
ethylene, at one and the same column heating temperature, decrease, while with
the inverted elution order of these components, on the contrary, the separation
coefficients increase up to a certain temperature limit (160°). At higher col-
umn heating temperatures the separation coefficients of this mixture are almost
identical on all three samples. Increasing the magnesium content in the molec-
ular sieves also causes a shift of the regions corresponding to the temperature
ranges in which no separation occurs into the region of lower column heating
temperatures.

Unlike the calcium form of zeolite (°), where the inversion of the elution sequence
of the components of the butane—propylene mixture is very weakly expressed
and is not accompanied by their separation, on the magnesium form of zeolites
this is manifested considerably more clearly, and these components are separated.
Figure 2 gives the curve of the dependence of the separation coeflicients on the
heating temperature of the chromatographic column on magnesium-containing

Table 1
Heat of adsorption (kcal/mol)

Sample Sample  Sample Sample  Sample  Sample
ComponentNo. 1 No. 2 No. 3 ComponentNo. 1 No. 2 No. 3
CO 6.2 5.9 59 C,H, 9.5 9.2 9.1
CH, 4.6 4.2 42 CyHg 114 10.4 9.9
CyHg 6.4 6.1 6.1 C,Hg 12.9 11.7 11.3
C;Hg 7.7 7.9 7.8 CyH, 11.6 9.9 8.7
n- 9.1 9.1 9.1

C41—110
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zeolites. In this case as well, just as for the propane—ethylene mixture, with
an increase in the content of magnesium cations in the zeolite the separation
coefficients decrease, while after inversion of elution the values of the separation
coefficients increase. At the same time, the temperature ranges in which no
separation of this mixture occurs are broader than for the propane—ethylene
mixture.

On the basis of gas-chromatographic data, the heats of adsorption of the inves-
tigated components on magnesium-substituted forms of zeolites were calculated
(Table 1).

The heats of adsorption were calculated for those temperature ranges of column
heating in which symmetrical separation peaks are obtained, i.e., equilibrium
chromatography takes place.

It follows from these data that the magnitudes of the heats of adsorption of
unsaturated compounds decrease with increasing content of magnesium cations
in the zeolite. As for the heats of adsorption of saturated hydrocarbons and
carbon monoxide, they practically do not change, or else there is a slight decrease
with increasing degree of substitution of sodium by magnesium in the zeolites.
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