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SUMMARY

The equations describing retention on a combined sorbent containing a sohid
adsorbent and a stationary Higuid phase (SLP) have been obtained on the basis of 2
theory of retention developed earlier. Experimental methods have been proposed for
estimating the relative roles of dissolution and adsorption for combined sorbents
based on organo-clays. The distribution coefficients of Cg-C;4 hydrocarbons between
a carrier gas and an SLP layer, SLP surfaces, a solid support and organo-vermiculite,
and SLP-solid support and SLP-organo-vermiculite interfaces have been determined.

The selectivity of adsorption in the separation of the pairs benzene-cyclo-
hexane and m-xylene—p-xylene has been studied for sorbents containing pure and
impregnated organo-vermiculites. It kas been shown that the selectivity depends on
the polarity of the SLP.

INTRODUCTION

The use of combined sorbents containing a solid adsorbent, a stationary lguid
phase (SLP) and a solid support increases the possible applications of gas chroma-
tography as selectivity can be controlled simply by varying the proportions of the
constituents of the combined sorbent. However, it is difficult to choose the most
suitable proportions as changes in sorbent characteristics are not additive. It is neces-
sary to tazke into consideration modifications of the adsorbent by the SLP and
changes in sorptive properties of SLP thin layers effected by the solid supportt.

Combined sorbents of the above type, containing an organo-clay and an SLP,
are widely used in gas chromatographky for the separation of aromatic isomers®—.
However. until recently no research had been devoted to the retention mechanism and
ne quantitative estimation of the roles of adsorption and dissciution had besn made.
In addition to Bentone 34, studied as early as 1957%, more selective organo-ciays have
been proposed, particularly those based on vermiculite®’. Gas chromatographic in-

* Presented at the 5th Soviet-Ttalian Chromatography Symposium. Tallinn, April 22-25. 1875,
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vestigations with various organo-clays have shown that the vermiculite derivatives .
based on vermiculite from 2 deposit in the Soviet Union (Kovdor) have improved the
selectivity {compared with commonly used benfones) fowards aromatic hydro-
carbons in general and also some of their isomers®.

In the light of the above earlier work, it was considered of interest to investigate
the retention mechanism on a2 combined sorbent containing a highly selective organc-
vermiculite.

RETENTION ON SORBENTS CONTAINING AN ORGANO-CLAY AND A STATIONARY
LIQUID PHASE ON A SOLID SUPPORT

The general theory of retention on adsorption-active solids impregnated with
SLPs has been discussed earlier® 0. The equation describing the net retention volume
as a sum of reteation volumes on sorbent constituents for a sorbent based on an
organo-clay and an SLP is

V = kasSos + kcaSaa +— karSar, + ksSes + kaSea - kove (1)

where ¥ is the net retention volume, kgs and kg4 are the distribution coefiicients of
a sabstance between the carrer gas and the uncoated surfaces of the solid support and
the organo-clay, respectively, &g and &k, are the distribution coefficients between the
carrier gas and the surfaces of the solid support and the crgano-clay coated with SLP,
respectively, kg is the distribution coefficient between the carrier gas and the gas—
SLP interface, &; is the disiribution coefficient between the carrier gas and an SLP
layer, Sgs, Sca, Scr, Sis and sy . are the areas of the gas—solid support, gas-organo-
clay, gas—SLP, SEP-solid support and SLP-organo-ciay interfaces, respectively, and
vy, is the SLP volume.

Consideration of the cases that can be reglized in practice simpiifies eqn. I
{Table E).

For practical purposes, it is convenient to use, firstly, the retention volumes
calculated per unit mass of the solid support in the column (Vy == V/m,), and second-
ly. the distribution coefiicients calculated per unit mass of the sorbent constituents for
characterizing sorptive processes:

Ros = kgsos, Kca = kgaoa and Ky =k, /d 2}

where ¢ and 6, are the specific surface areas of the solid support and the organo-clay,

TABLE I

VARIATION OF EQN. I FOR DIFFERENT SORBENTS

Sos bzrt Variant cf egree. F
Orzano-clay on solid support i V = kgsSas + kcasca

SLP on solid support”™ V= kqrsgr + FsSrs + Zeve

Crzano-clay and SLP ca solid suppert® V = kgesSar + KsSes +— KaSta =+ Keve

* SLP cozts solid support and organo-ciay completely
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respectively, and d is the specific gravity of the SLP. Thus. for example. for sorbents
with pure and impregnated organo-clays, the following equations are valid:

where Py = mfng, Py = nig [nig. mi,, B, and mig are the masses of the organo-clay,
SLP and solid support, respectively, in the column, and x = Kgp-{Sqr/mis) +
K- (s 5fms) is the contribution of adsorption on the gas—SLP and SLP-solid support

interfaces.
In order to characterize the sorbent selectivity, use is made of the relative

retention volumes. In the case of 2 “monophase™ sorbent, this value 1s considered as
the ratio of the distribution coefficients of two compounds. If. for example, in a sorbant
that contains only an organo-clay. adsorption on a solid support is negligibly small
(Kgs € Kg.Ps)- then the relative retention volume, in accordance with egn. 3. is

Vrcl. = KGA. rel. — KGAfKGA (5)

In order to study selectivity caused by different processes in a sorbent that contains
an organo-clay and an SLP, it is advisable to determine the distribution coefficients
and to caiculate their ratio Thus, for adsorption on an SLP-organo-~ciay interface, we

have:
Kay o = KofK} (6)

Comparison of selective adsorption on the surface of a pure organo-clay and an
organo-clay impregnated with SLP is of special interest.

The distribution coefficients can be determined under the condition that they
are constant, l.e., when P, and P; are varied over the range where they affect mainly
one process. Thus, for example, in order to study dissolution, the amount of SLP
must be sufficiently Iarge for complete coating of the sorbent surface and the forma-
tion of a fairly thick layer to occur. If these conditions are satisfied, the dependences
of the retention volumes on P, and P, are linear functions of the type Vy = 4, =
B.Ps 1y When P, is a variable at constant P, = P,, we obtain. in accordance with
eqgn. 4, the relationships between the linear dependence parameters and the distribu-
tion caefficients:

A=z KP. and B =K, (7

Experimental confirmation of the linearity of these functions would support the
validity of the chosen model of the sorbent structure and determination of their
parameters would seme as a basis for determining the distribution coefficients.

It should be noted that the distribution coefficients may depend on the con-
centration of a substance in the carrier gas if the sorption isotherms are non-linear.
The possibility of determining partiai retention voiumes and using them in plotting
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the sorption isctherms on the SLP-organo-ciay interface has been shown earlier™. If
the concentration in a carrier gas is small, the sorption isotherm for aromatic hydro-
czrbous on impragnated and non-impregnated organo-clays is described satisfactorily
by an equation of the Langmuir type. This was confirmed by chromatographic and
siatic methedsi!. In this instance. the dependence of the net retention volume, Vg,,
cn the gas-adsorbent interface on concentration, ¢, in the carrier gas is expressed by
t3e equation

Voa = RKgama = aB(1 + bcy? (8)

vwhere 2., and b are the constants of the Langmuir equation. The equation for the
partial retention volume on the SLP-adsorbent interface is similar to eqn. 8. It is
evident that in order for invariance of the retention volumes to be attained, experi-
raents must be conducted at a small dose rate {¢ ~ 0}, i.e., when V5, =~ a,b.

EXPERIMENTAL

Apparatus

An LKhM-7A gas chromatograph (Mosneftekip, Moscow, U.S.S.R.) with a
katharometer and 2 3 m X 0.4 cm LD, column was used. The detector and evaporator
temperatures were 125° and 260°, respectively. Helium was used as the carrier gas at
z Pow-rate of 3043 cm®/mun.

Compounds
Cyclohexane, #-nonane, n-decane, benzene, teluene, ethylbenzene, g-, m- and
p-xylene and cumerz were used with 2 dose rate of 0.1 gl

Organo-clays

Dimethyibenzylalkylammoniuvm (DMBAY) and dimethyldioctadecylammonium
{DMODA)} derivatives of vermiculite from Kovdor, U.S.S.R., and DMODA ver-
miculite from South Africa were used. DMBA and DPMODA vermiculites were ob-
tained by cation exchange between vermiculite and an aqueous sofution of DMBA or
DMODA chloride according to the procedure described by Taramasso and VenialeS.

Stationary figuid phases
Dinonyl phthalate (DNP), dibutyl tetrachlorophthalate (DBT), mineral oil
and diisooctyl sebacate (DIS) were used.

Solid support

The solid support was Chromaosorb P (60-80 mesh}, silanized.

The sorbent was prepared by stirring a weighed amount of the organo-clay
with 2 benzene sclution of the SEP for zbout 2 h. The suspension obtained was mixed
with Chromosorb P and heated until the benzene had evaporated.

The net retention volume calculated per unit mass of solid support was ob-
tained by the equation

V= jGgtims (9)
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Frg. 1. Net retention volumes calculated per solid support mass as z function of DMBA vermiculite
and DNP content at 84°. (3) Poxe = 0; (B} P. = 0; () P, = 0.89 wt.%,. I, Ethylbenzene; 2, n-
nonane.

where / is the compressibility correction factor, @ is the product of the correction for
the water vapour pressure in a saap fiow meter and corrections for reducing to normal
conditions; g Is the flow-rate of the carrier gas, ¢ is the corrected retention time and
ms is the mass of the solid support.

RESULTS AND DISCUSSION

The retention of hydrocarbons was studied on sorbents containing DMBA
vermiculite and DNP or DBT at 84°.

The retention volumes calculated by egn. 9 were used for plotting retention
volume versus the content of organo-clay or SLP, as shown in Fig. 1. The dependence
over the raoge of small values of Pp.p is shown by the dashed line in Fig. lc. For
cyclchexane and #-decane, the graphs were similar to that for n-nonane, and those
for aromatic hydrocarbons were similar to that for ethylbenzene.

TABLEIT
PARAMETERS 4; AND B, AND CONFIDENCE LIMITS® FOR SORBENTS CONTAINING
DMBA VERMICULITE (KOVDOR} AND DNP

Depernderce Conpounds Ay = 44, B, ~ B;
{cnttig) (ca®ig)

(Kas) (Kga)
Vi =4 + BP,, Pora = 0O r-Nonane 0.60 = 0.056 9¢ - 5
Ethyibenzene 1.00 = 0.07 230 + 20

(<} (Kone)
Pu=A4A L+ BPpe. P =0 r-Nonane 03 =01 /0 = 7
Ethylbenzene 0.2 101 365 = 10

_ {Koxe)
Vi, = A + BPpn\s, P1 = 0.85% n-INonane i4—-01 255 = 5
Ethylbenzene 142032 326 — 10

* Calculated according to Doerfiel®®.
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TABLE ¥IE

HYDROCARBON DISTRIBUTION COEFFICIENTS FOR SORBENTS CONTAINING DMBA
VERMICULITE AND DNP AT $4° (cm®/g)

CO??F_DO:HZ({ P‘_g_ = 0, A -+ BP‘(, A - Bppkp, A—i—BPD‘p, K,('

Ppp=6 Ppyp =& Py = Be = 0.89%

Kes Kes NG = Kpsp Kpxp
Cyclohexane 0.15 0.1¢ 14 0.0 44 43 &
n-Nonzne 0.75 0.60 90 0.3 290 258 30
r-Beczane 1.30 120 210 0.6 600 565 60
Benzene 0.35 040 95 Q.0 63 61 2t
Toluene 0.35 0.45 156 0.2 165 140 28
Ethylbenzene 0.95 1 60 230 g.2 355 320 33
p-Rylene 0.80 i.lo 240 6.2 365 350 35
m-3ylene 035 1.10 385 0.2 375 350G 45
o-Xyicne 0.35 1.70 368 g3 4£5 440 55
Cumnene 1.20 1.50 280 9.2 540 495 35

* K, was determined separately.

The parameters of the dependences ¥\ = 4, + B.Par) Were calculated by the
least-sguares method. The results and the precision are given in Table IF, using n-
nonane and ethylbenzene as examples. Table IIl shows the distribution coefficients
for all of the hydrocarbons analyzed in the system: DMBA vermiculite-DNB.

It can be seen from Table Ii that 4, and B, were determined with satisfactory
accuracy, excepi for the case when x is smali.

When sorbents that contain an organo-clay are used, the retention value may
be considered to be the sum of contributions from the following processes: adsorption
on the gas—solid support, gas-organo-clay, SLP-organo-clay, gas—SLP and SLP-solid
support interfaces {in this work, the last two effects were not determined separately)
and dissolution in the SLP layer. Such a conclusion follows from the significance of
the distribution coefficients given in Table IIL

The K¢ values determined on a solid support coverad with an organo-clay
and without an organo-clay are similar. This indicates that an organo-clay does not
prevent adsorption on the surface of a solid support. The addition of an SEP to 2
solid support decreases the contribution of the adserption to the retention value
(Kgs = #). It thus follows that an organo-clay, unlike an SLP, does not modify 2
solid support and the application of adsorption-active solid supports, especially at a
low organo-clay content, is inefficient.

An approximate calculation by egns. 3 and 4, using the data from Table I
shows that the adsorption contributions Kgg and # can be neglected when P, > 7-10
wt. %4 and Py > 2-5 wt. 4.

The values of K; determined in the presence of an organo-clay differ from those
for an SLP without an organc-clay, indicating that the solubility in an SLP layer also
changes in the presence of an organo-clay.

The role played by adsorption on an organc-clay surface decreases sharply
upon addition of an SLP (Kg, > K,). This decrease is different for different com-
pounds: 3.1-fold for n-nonane, 4.6-foid for benzene and 8.4-foid for cumene.
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The results for the DMBA vermiculite-DBT system confirm the above treads
{with a few exceptions) and are not given in this paper.

On the basis of the results. we can conclude that the net retention volume
calculated per solid support mass depends linearly on the organo-clay and SLP con-
tents {over the range investigated). However. a change in the distribution coefficients
in the packing constituents as a result of the mutual effects of the constituents must
be taken intc account for all of the dissolution and adsorption processes considered.

It should be noted that the distribution coefficients for gas-SLP (X} ) are higher
than those for adsorption on organo-vermiculite (K54 and K,), which indicates that
an glteration of the SLP content changes the retention volume more than an altera-
tion of the organo-vermiculite content.

Eet us now consider the role of the dissolution and adsorption processes not
in terms of absolute retention values but of separation selectivity for the chosen pairs
of compounds. As shown by White®, organo-clays are selective for the separation of
aromatic hydrocarbons from non-gromatic hydrocarbons and also for the separation
of meta- from para-isomers of aromatic hydrocarbons. In order te characterize
selectivity, it is advisable to choose pairs of compounds with similar boiling points.
The role of specific effects is then more pronounced. Taramasso and VenialeS7 used
the pairs benzene-cyclohexane and m-xylene—p-xylene to study the selectivity of
organo-clays.

The characteristics of the retentions of cyclohexane, benzene and xylenes on
sorbents containing organo-vermiiculite and SLP were determined. The calculated
ratios of the distribution coefficients for the above pairs of compounds on impregnated
and non-impregnated organovermiculites (Kga, o1, @and K .} are given in Table IV.

TABLE IV

RATIO OF DISTRIBUTION (ADSORPTION) COEFFICIENTS FOR THE SYSTEMS GAS-
ORGANG-VERMICULITE AND GAS-{SLP-ORGANOQO-VERMICULITE INTERFACE)"

Sorbent Temperature Benzene— m-Xylene—
{(°C) eyelohexane p-xylere

DMBA vermiculite {Kovdor) 84 69 £.58

-+ mineral oil 80 6.5 1.30

+ DIS 90 3.2 1.17

+ DNP 8% 3.6 127

-+ DBT . 854 20 1.00
DMODA vermiculite (Kovdor) 21 2.6 1.75

— DIS 98 —_ 1.2¢
DMODA vermiculite (South Africa) gt 9.0 i.72

= DIS 56 £10.0 1.50

* The SLPs are arranged in order of increasing polarity

The results in Table IV show that the adsorption selectivity on the organo-clay
surface decreases upon impregnation with SLP, the decrease being greater with an
increase in the polarity of the SLP. A similar effect has been observed® for a sorbent
containing Benfone 245 and mineral oif or DNP.

When a more polar SLPis used, such as dinitrochiorobenzene or triscvanethoxy-
propane, the organc-vermiculife selectivity decreases even more markedly, and when
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the amount of SLP is sufficient the separation on a sorbent is determined mainly by
the chromatographic properties of the SLP.

From Table IV, it also follows that the higher the selectivity of adsorption on
the initial organo-vermiculite, the higheris the selectivity for the SLP-organo-vermicu-
Lite interface (DIS was used as the SLP)

The results have shown that the selectivity of the combined sorbent can be
changed by adding various organo-ciays. As the sorbent selectivity can be reguiated
nct only by a change in adscrptive properties of the organo-clay (the modifying effect
of the SLP) but also by dissoiution in an SLP layer, the desirable selectivity of the
sorbent as a whole can be obtained by impregnation of ap organo-ciay either with
farge amount of an SLP of low polarity or with a small amount of an SLP of higher
polarity. These conclusions are of important practical interest and, in our opinion,
increase the possible applications of organo-clays.
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