
RETENTION OF HYDROCAREXOTU’S ON GAS CHROh4ATOGRAPHIC SOR- 
BENTS COXTAEXING AN ORGANO-CLAY l 

SUMMARY 

The equations describing retention on a combined sorbent containing a sokd 
adsorbent and a stationary Iiquid phase (SLP) have been obtained on the basrs of a 
theory of retention detefoped earlier. Experimentaf methods have been proposed for 
estimating the relative roles of dissoIution and adsorptiorL for combined sorbents 
based on organo-clays. The distribution coefi%cients of C6CL0 kydrocarbons between 
a carrier gas and an SLP layer, SLP surfaces, a solid support and organo-kermicufite, 
and SLP-solid support and SLP-orgaao-vermictrlite interfaces free been determined. 

The selectivity of adsorption in the separation of the pairs benzene-cyclo- 
hexane aEd m-syfene-p-xylene has been studied for sorbenrs containing pure md 
impregnated organo-vermicutires. ft Eas been shown that the seEectivity depends on 
the polarity of the SLP. 

The use of combined sorbents containing a sold adsorbent, a statronary liqirid 
phase (SLP) and a solid support increases the possible applications of gas chroma- 
tography as selectKEy can be controIIed simply by very& the proportions of the 
constituents of the combined sorbent. However, it is difTicu& to choose the most 
suitable proportions as changes in sorbent characteristics are not additive. It is ueces- 
sary to take into consideration modifications of the adsorbent by the SLP and 
changes in sorptive properties of SLP thin layers effected by tk= solid suppo&. 

Combined sorbents of the above type, containing an organoclay and an SLP, 
are widely used in gas chromatography for the sepazatiun of aromatic isomersz4. 
However, unt3 recently no research had been devoted to the retention mecharrism aod 
no quantitative estimation of tke roles of adsorption and dissolution had been made. 
En addition to Bentone 34, studied as ear& as 195F, more selective organo-cfays have 
been proposed, particularly those based on vermicufite6*‘. Gas cErromato_wphic in- 



vestigations w&h various orgaoo-cIays have shown that the vermiculite derivatives 
bared on vermkulite from t deposit in the Soviet linioa (Kovdor) have improved the 
s&&iv&y (compared with commonly used bentones) towards aromatic hydro- 
carboas io generai and a&o some of their isomers*. 

In the II&t of the above earlier work, it was considered of interest to investigate 
the retention mechanism an 2 canbined sorbeat containlog 2 hIghl,v sekctive argma- 

vermicutite. 

The genera! theory of retention on adsorption-active solids impre@ated with 
SLPs has been dxussed earfier G-t0 The eqrtafion describing the net retention volume _ 

as a sum of retention volumes on sorbent canstituenEs far 2 sorbent based on an 

oigano-clay and an SLP is 

where V is the net retention volilme, kGs and kGA are the dlstri’ouiion coefkients of 
a sl~bstance between the earner gas and the uncoated surfaces of the solid suppofi and 
the organo-clay, respectively, k, and kA are the distribution caefikieots between the 
carrier gas and the surfaces of the soEid support and the organo-clay coat& with SW, 
respeetmely, kGL is the dtstribwion coefricient between the carrier gas and the gas- 
SW interface, kL is the distribution coefkient between the carrier gas and ao SLP 

!2yZX,SG,,Sc.A, SG,_,Su and S, are the areas of the gas-solid sapport, gas-organo- 
clay, gas-SEP, SLP-solid support and SLP-organo-clay interlaces, respectively, aad 
vL is the SLP volume. 

Consideration of the cases that can bz reaked in practice simpfifks eqn. 1 
(Table I). 

For practical purposes, it is convenient to use, first&, the retention vofumes 
ca!ctiated per unit mass of the solid support irz the column (V, = bum,>, and second- 
ly. the distri’cution coe53cienfs calculated per anit mass of the sorbeat constituents for 
characterizing sorptxve processes: 

where cs and Go are the specific surface areas of the solid support and &e organo-ciay, 
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respectiveIyF and d is the specific gravity of rhe SLF. TLzus. for example. for sorbents 
53th pure and impregnated organo-cIays, the faILowing equations are valid: 

w-here PA = nz,[msl PL = m,/ms. IIZ&% mL and ~1s are the masses of the organo-ctay, 
SLP and solid support, respectively, in the column, and z = &L.-~~Gtj~~S) f 
KS-(S&Q] is the contribution of adsorptron on the gas-SLP and SLP-sofrci support 
interfaces_ 

In order to characterize the sorbent selectivity, use is made of the relative 
retention volumes. In the case of a “monophase” sorbent, this vafue IS considered as 
the ratio ofthe distribirtion coefkierrts of &%o compounds_ If. for example, ia a sorb=nt 
that contains only an organo-clay. adsorption on a sohd support is ne&ibly small 
(KGs K J&P_& then the relative retentiorr volume. in accordance with eqn. 3, is 

En order to sturdy selectkity caused by difierent processes in a sorbent that contains 
an organo-clay and an SLP, it is advisable to determrne the distribution coeffkrents 
and to afculate their ratio Thus, for adsorption on an SLForgano-ciay interface, we 
have : 

Conrparison of sdecti~e adsorption on the swface of a pure organo-clay and an 
organo-clay impregxted Rith SW is of special interest- 

ITbe disrribution coefficients can be determked under the condition that they 
are constant, i.e., when PA and PL are varied over the range where they affect mainly 
one process. Thus, for example, in order to study dissoIution, the amount of SW 
must be suaiciendy large for complete coatin, = of the sorbent surface and the forma- 
tion of a fairly thick layer to occur. Ef these conditions are satisfied, the dependences 
of the retention volumes OEI PA and PL are Einear functions of the type V, = A, -1- 

ww.,- When FL is a vatiable at constant PA = PA, we obtain. in accordance wth 
eqn. 4. the refationships between the linear dependence parameters and the distribu- 
tion coe&ients : 

Experimenta confkmation of the linearity of these functions would support the 
valid&y of the chosen model of the sorbent structure and determination of their 
parameters would serve as a basis for determining the distribution coetBcients. 

It shouId be noted that the distribution coeEkients may depend OII the con- 
centration of a substance in the carrier gas if the sorption isotherms are non-linear. 
The possibility of determining pa&at retention vo’iumes and using them m plotting 



the sorption isotherms on the SLP-organo-ciay inter&e has been shown ear.lierLi. If 
the concent~~ion in zc CZFI~~F YES is SEX&, he sorption isotherm for aromatic hydro- 
carbons on impregnated and non-impregnrrted organo-days is described satisfactorily 
by an equation of the Lzngmuir type. This was confirmed by chromatographic and 
s*titic methods”. In this instance. the dependence of the net retention vofume, Yea, 
cn the ~aS_~dsOt~nt interface on concentration, c, in the carrier gs is expressed by 
tl?e equation 

where a, and b are the constants of the Lzngnir equrrtion. The equation for the 
partial retention volume on the SEP-adsorben t interface is similar to eqn. 8. It is 
evident that in order for invariance of the retention vofumes to be attained, experi- 
ments must be conducted at a small dose r&e (c q O)), Le., when Yea a a&. 

A;r L?XhM-7A gzs chromatograph (Mosneftekip, Ivfoscow, U.S.S.R.) with a 
kztharometer and E 3 rn x 0.4 cm 1-D. coiumn was used. The detector and evaporator 
temperatures were fZ5” and 200” ) respectively. Helium was used as the carrier gas at 
E Eow-rate of 30-43 ems/mm. 

Cyclohexane, z-nonane, n-dec-zne, benzene, toluene, ethylbenzene, a-, m- and 
p-xylene and cumet .z were used with a dose rate of &I& 

DimeEhyibenzyialkyZamnoniam (I3h4BA) and dimethyl~octadecy~ammoai_Jm 
(DlMODA) derivatives of vermiculite from Kovdot, U.S.S.R., 2nd DMODA ver- 
miculite from South A&cz were used. DMRA and DMODA vermiculites were ob- 
F&Red by cation exchange between vermiculite 2nd 2n aqueous solution of DlMBA or 
DMODA chloride zccordmg to the procedure described by Taramasso and VeniaIe6*‘. 

Dinonyl phthalate (DNP), drbutyl tetrachforophthaiare fDB?J, mineral oil 
and diisooctyl sebacate (DES) P;ere used. 

The solid support wzs Chromosorb P (60-80 mesh), sihudzed. 
The soroent was prepared by stirring a weighed amount of the organo-city 

l&h 2 benzene sofution ofthe SLP for shout 2 h. The suspension obtained was mixed 
v&rh Chromosorb P and heated until the benzene had evaporated. 

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



where j is the compressibility correction facror, 0 is the product of the correctiorr for 
the water vapour pressure in a soap Eow meter and conections for reducing to nornzl 
conditions; q is the flow-rate of the carier gas, f is the cmrected retention time and 
ms is the mass of the solid support. 

The retention of hydrocarbons NZLS studied on so&eats containing DLMB_A 
vermicuke and DNP OF DBT at 84”. 

The retention votumes calculated by eqn. 9 were used for ptottirrg retention 
vofume I’em”sus the content of orgzoo-cky OF SW, as shox- in Fig. 1. The dependence 
over the rzmge of smafl ~akxcs of PDxP is shomx by the dashed Iiae in Fig. Ic. For 
cyclohexane ar,d n-decxne, Ehe ,~phs were simifzr to that for n-nomne, and those 
for aromatic hyd,rocarbous were simiizr to that for ethylbenzeae. 

TAJ3L.E EI 
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l ir’* w_s determhed separately. 

The parameters cfthe dependences V, = A, f B,PCA,Ll were c&x&ted by the 

least-squares method. The resuits 2nd the precision are given ire Table ET, using n- 
Eonane 2nd ethylbenzene 2s examples. Table III shows the distribution coefficients 
for all of the hydrocarbons 2naZyzed in the system DIMBA vermicufite-D&R?. 

It can be seen from Table fI that A, and Bt were determined w&h satisfactory 
accurac:1, except for the case when z is small. 

When sorbems that contain an organo-clzy 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-cfay, SLE+xgano-cIay, gas-SLP 2nd SLP-soIid 
suppo-rt interf2ces (in thrs wark, the last two effects were not determined separately) 

2nd dissolrrtion in the SLP layer. Such 2 conclusion follows from the significance of 
the distnbr?tion coeffcients given in T2ble III. 

The KG, values determined on a solid support covered with an org2no-clay 
2nd withou: an organo-cl2y are similar. This indimtes that an org2tno-cI2y does not 
prevent adsorption oil the surface of a solid support. The addition of an SLP to 2 
solid support decreases the contribution of the adsorption to the reteenticm valtre 
(KGs > z). It thus fofIows that an organo_cf2y, unlike an SLP, does not modify 2 
solid support 2nd the zpplic2tion of adsorption-active solid supports, especially at 2 
iow or~am+fAy content, is inefficient. 

An approxlmatr ccflcolation by eqns. 5 2nd 4, uslog the da&& from Table 111. 
shows &%&at the szdsorption contriibntions KGs 2nd % can be neglected when PA > 7-10 

wt. “,‘, ad PL > 2-5 VA. %. 
The v&es of KL determined in the presence of an organo-ciay diEer from those 

for an SEP without, an organo-cf2y, indicating that the soEubility in an SLP layer &so 

changes in the presence of an oFgano-c!ay. 
The role p12yed by adsorpfon on an organa-clay surface decreases sharply 

upon addition of an SLE: (KG, > K& This decrease is &fFerent for different com- 
pounds: XI-fold for n-nonane, 4.6-fold for benzene and 8.~fold for cumene. 
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The results for the DMBA vermiculite-DBT system confirm the above trends 
(with a few exceptions) and are not given in this paper. 

On the basis of the results. we can corrclude ttas the net retention votume 
calculated per solid support mass depends linearly on the organo-clay and SLP con- 
tents (over the range investigated). Kowever. a change in the distributron coefEcients 
in the packing constituents as a result of the mutual e&&i of the constituents must 
be taken into acco-tit for aI of the dissofution and adsorption processes considered. 

It should be noted that the GisfJbution coefficients for gas-SLP (&) are higher 
than those for adsorption on organo-vermiculite (KGA and K& which indicates that 
an a&era&m of the SLP content changes the retention volume more than art altera- 
tion of the argano-vermiculite content. 

Let us now consider the role of the dissolution arrd adso_@ion processes not 
in terms of absolute retention v&es but of separation selecti\ ity for the chosen pairs 
of compounds. As shown by Whites, organo-clays are selective for the separation of 
aromatic hydrocarbons from non-aromatic hydrocarbons and &so for the separation 
of me&- from pare-isomers of aromatic hydrocarbons. In order to characterize 
selectivity, it is advisable to choose pairs of compounds wrth similar boiling points. 
The role of specific efEct.s is then more pronounced. Taramasso and YeniaIe6*’ used 
the pairs benzene-cyctohexane and m-xyfene-p-xylene to study the selectivity of 
organo-clays. 

The characteristics of the retentiofts of cycIohexane, benzene and xylenes ore 
sorber,ts containing organo-vermiculite ar,d SLP were determined. The calculated 
ratios of the distribution coefficients for the above pairs of compoirnds on impregnated 
and non-impregnated organovermiculites (KG,. rei_ and &CA. & are given in Table LY_ 

RATTO OF DISTRIBUTION (ADSORPTIOXZ COEFFICIENTS FOR THE SYSTEMS GAS- 
ORGANO-~RMICULITE AND GAS-(SL~URGA~O-V~~f~CULITE XM-ERFACE)’ 

Sorbant Teemperatme Senzezre- m-Xpiene- 
I”C) cyciokexane p-xyIet*e 

Dh4B.A vermkulite (Kovdor) 84 6.9 1.58 
+ nlimraf orl 80 6.5 I.30 
f DIS 90 3.9 I.17 
+-DW s-! 3.6 I 27 
+ DBT ’ 84 2.0 1.00 

DMODA vermicuIiie (Eb~dor) 91 9.6 1.75 
TDIS 98 - 1.29 

DMODA ve_m&x!itc (South Afrtca) 91 9.0 i . 7-J _ 
L DLS 59 10.0 1.50 

* The SLPs are arranged in order of increasing pokrity 

The resuIts in TabIe IV show that the adsorption selectivity on the organo-clay 
surface decreases upon impregnation w&h SLP, the decrease being greater with an 
increase in the polari@ of the SLP. A similar effect has been observed’ for a sorbent 
cantaaining Bentane 245 and mineral oil or DW. 

Where a more polar SLPis used, such as dinitrochlorobenzene or triscyanethoxy- 
propane, the organ+vermiculite selectivity decreases even more markedly, and when 



the amount of SLP is su&ient the separation on a sorbent is ciearmined mainiy by 
the cIrromatograpbk properties of the $32. 

From TabIe IV, it ah follows that the higher fh_ selectivity of ackorgtion on 
tie i.Gtial organo-vermiculite, *&e fiI&eris the seIectivi* for the SLP-organo-vermku- 
Liti Interface (DE Was used as tie SLP). 

The results have shown that the sekctivii”iy of the combined sorbent c.a~ be 
changed by adding mrious organo-clays. As the sorbent seIectivi;ty can be re,aular;ed 
nor only by a change in adsoLptive propetiies of the organo-c!ay (the motiyiq eEect 
of the SIP) but also by dissoiut~on in an SLP layer, the desirable &ectivity of the 
sorben~ as a whole can be ob*Aned by impregnation of an organo-c:ay either with 
targe amount of an SLP of low pokuity or with a small amount of an SLP of higher 
polarity. These condusions are of inporkmr prackzal inretest and, in our opin,on, 
Increase the possible applicatiom of organo-clays. 

The a&hors thanI< Professor 1%. Taramasso for &rtre sample of D_MvfODA 
vermiculite from Souti Mrxa. 
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