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PALFUCEIS 

Hamgarian Oil and Gas ResOarck In.stitutc, Vesz$vdm (Hungary) 

SUMMARY 

As known from the literature, the dimethyldioctadecylammonium derivatives 
of clay minerals can be used as stationary phases in the gas chromatography of aro- 
matic hydrocarbons. 

Several Hungarian bentonites containing 4o-go% of montmorillonite were 
examined in order to obtain such selective stationary phases. The investigations 
showed also that the Hungarian bentonites can be used as starting materials for the 
preparation of these substances, and the resulting organo-bentonites have properties 
that may in some cases have superior selectivity and efficiency compared with those 
of the well known stationary phase Benton. 34. The differences in the relative vola- 
tilities of the individual derivatives make possible the choice of the appropriate deriva- 
tive for a given separation, and in some cases a mixture of two or more derivatives 
may he used as the most suitable stationary phase for a given separation. 

INTRODUCTION 

Since the early work of HUGEES et al .I, the dimethyldioctadecylainmonium 
derivative of a montmorillonite-containing clay mineral, the so-called Bentone 34, 
has been widely used in gas chromatography (GC) as a stationary phase, on account 
of, its high selectivity towards aromatic hydrocarbons. This stationary phase is very 
effective in separating rneta- and @am-isomers; the relative volatility for the.-- 
xylene pair is about 1.3 in the case of Bentone 34, 

The work of TARAMASSO and coworkers 2-s has shown that not only montmor- 
illonite but also otherclay~minerals~canbeused for the preparation of suchstationary 
phases, and among these derivatives there are some substances that are more selective 
and more effective than Bentone 34; 

The more, selective stationary phases can be prepared by using such clay 
minerals. as ,nontronites, beidelhtes and vermiculites., However, these minerals are 
rather rare, and in Hungary only traces of them can be found,naturally. On the other 
hand, a great number of bentonites occur in Hungary, the composition and properties 
of which are very different, so tie decided to examine several Hungarian, bentonites 
in order to find those types which could serire,as starting’ materials forithe production 
of a. selective stationary phase 2for the GC of aromatic hydrocarbons. ” 7 
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TABLE I 

MOST IMPORTANT DATA OP TWX BENTONZTBS INVESTIGATED 

Bedon.ite Montmorilzonite ExckangeabZe cations, mg equiv:/xoo g 
content (%) 

Ca Mt? Na l K Total 
---- 

Istcnmozcje 
(Na,CO,-exchanged, z : I) concenlr. 

Golop II 63 
SalgMsLrj&n 
M&d 2,” 
Nagymhyok 90 
Illitc, Ftiz&radv&ny - 

Pglcozd 63 
Egrx II 63 
Bhd 
Komlbska ;: 

24 16 

49 I5 

z: 
I6 

51 2; 
13.5 12.6 

;: 4: 
71 34 
42 24 

87 I.3 127 
0.G 2.2 66 

20 I 52 
5.8 2.5 124 
I.2 - 107 
2.6 2 30.7 
4.3 I*5 105 

16 2.2 I24 
2 0.9 108 
2.3 I.8 70 

Table I shows the more important properties of the bentonites investigatedo. It 
can be seen’that the Hungarian bentonites contain mainly Ca and Mg as exchangeable 
cations whereas the Wyoming montmorilloniteO, the starting material for Bentone 34, 
contains mainly sodium ions. Two of the materials investigated were submitted to 
cation exchange by treatment with sodium carbonate. In order to obtain reasonable 
retention times and efficiencies, the bentonite of Band was also treated with sodium 
carbonate, and as a result of this treatment both the efficiency and selectivity were 
increased. 

EXPERIMENTAL ..- 

The derivatives were prepared by the following method, To a solution which 
contained the required amount of dimethyldioctadecylammonium chloride (Arquad 
2 HT) was added an aqueous suspension of the bentonite (6 g/l) at a temperature of 
40-60”. ‘The proportion of bentonite to Arquad was 2 : I unless otherwise indicated. 
The mixture was stirred for 2 h, then filtered and washed. The resulting organo- 
bentonite was dried under an infrared lamp. 

,The organo-bentonite was applied to the surface of the support from a benzene 
suspension (it swells in benzene and after the removal of the benzene the organo- 
bentonite adheres well to the support). The ratio of the derivative to the support 
was x5:85. 

.,The columns prepared with the different bentonite derivatives were tested in a 
Pye Argon, Chromatograph. This apparatus is particularly suitable for such investiga- 
tions since its r2o-cm long straight column allows column packing to bet carried out 
with a highreproducibility. The temperature of the column was maintained in most 
experiments at :oo” and .the:argon flow-rate was x.2 l/h.,The samples were introduced 
with a micropipette ,having a volume of 0.025 ~1. : 

,, ., The test substances were benzene, toluene, ethylbenzene, p-xylene, isopropyl- 
benzene, d-xylene, :rn-xylene and uc-propylbenzene. In ;order to make it possible to 
calculate Zretention’ indices, .the C&r e2-alkanes were also injected; 1 : L 

From the test :chromatograms,~ the following data wer,e measured or calculated. 
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(I) Retention times or distances. These data are characteristic for the retaining 
power of the derivative under investigation, but they seem to be independent of other 
properties. 

(2) Relative volatilities of the aromatic hydrocarbon pairs in the order of elu- 
tion. These values give an idea of the selectivity of the derivative and form the basis 
for further calculations. 

(3) The number of theoretical plates ancl from i.t height to a theoretical plate 
(WETP) values. These data are also in themselves characteristic and are necessary 
for other calculations. Calculations are performed for +xylene, nz-xylene, rt-propyl- 
benzene and for an ut-alkane. $-Xylene and uc-propylbenzene are the aromatic hydro- 
carbons retained the least by the derivatives and m-xylene is retained the m.ost, and 
the data referring to the aromatics compared with those of the gz-alkane may throw 
some light on the difference in mass transfer of the two types of hydrocarbons. 

(4) Retention indices of +xylene and m-xylene. The deviation of the actual 
retention index of &xylene from the value that could be obtained for a hypothetical 
ut-alkane having the same boiling point as $-xylene is characteristic for the minimum 
selectivity shown by the derivatives towards aromatic hydrocarbons. The difference 
between the retention indices of m- and $-xylene indicates the maximum selectivity 
that can be obtained, for aromatic hydrocarbons, except for those that have an un- 
saturated side-chain, e.g., styrene. It should be remembered that the two xylenes 
have a difference in boiling point of only 0.75”. 

(5) From the relative volatilities and efficiencies, column lengths were calcu- 
lated that would be necessary to separate the m-+xylene pair and the hydrocarbon 
pair most difficult to separate, 

RESULTS AND DLSCUSSION 

Table II shows the retention distances of the colum.ns of the derivatives in- 

TABLE III 

RELATIVE VOLATILITIES 

Benlonite p-Xylene- lsojwo~yE- o-Xylem- m-Xylem- n-Profiyl- nt-Xylcne- 
ethylbenzene bcnzene- o-xyiene bentene- p-ivylene 

#-wfyZene 
teOg?i<Y” 

m-xylem 
--- _.I_-- 

Istonmczejc . . * 

(2 :1) I .og 
Golop II 

1.14 1.12 r.og 1.22 I.38 
1.10 1.21 I, 1g 

SalgbtsLrjh 
1.07 1.15 I.53 
I.15 I,13 1.05 1.10 1.32 x.29 

M&d 1.06 I.IG 1.04 1.31 I, 14 1957 
Nagymhyolc I.OG 0.96 1.12 
Illite, 

1.27 1.41 I-37 

Ftizhadviny I ,og 1~15 I.09 
Phkozd 

I ,04 *+33 1.30 
1.14 1.11 1.08 1.20 1.22 

Egor II 
I.44 

I *og I,20 1.05 1.11 1155 

ErWbbnye 

1.40 

1.13 I,11 1.11 1.07 1,zg I.32 
Istcnmozejo 

Kc!%%kT ’ I.OJj 1.08 1.18 1.27 1.22 I.57 
Bhnd 1;13. 

1.12 1.05 
1.13 X.25, 1.41 

I*07 
1.18 

I.23 
1.22 

1~25 1.50 

Ji Ck~omatogv., 95 (1972) 2 Ig1225 
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vestigated for the test substances and the n-alkanes. All the conditions being identical, 
the differences in the retentions of the same constituent show the difference in the 
retaining power of the various derivatives. This value, however, does not mean any- 
thing in itself, and in fact a derivative having a relatively great retaining power can 
show a poor selectivity and low efficiency. On the other hand, a derivative with a 
small retaining power will have a small capacitynand therefoi-e a low loadability. It 
can be seen from Table II that the differences in the retention are considerable and 
this fact must be considered when evaluating the derivatives. 

Table III shows the relative volatilities calculated for six pairs of component. 
It can be seen that it is not the m+-xylene pairthat gives rise to the greatest diffi- 
culty but in most cases the $-xylene-ethylbenzene pair. These data are useful in 
choosing the suitable derivative for a given separation problem and also yield the data 

TABLE IV 

HETP VALUES (mm) 

Benlonilc 
-- 

p-Xylem m-Xylem3 n-Pvopylbenzene n- Undecane 

Istcnmczcjo (2 : I) I.21 1.37 
Golop II I.08 1.24 
Salg6tarj in 1.67 2.16 
Mbd 1.25 1.25 
Nagyminyok 1.86 I.57 
Illite, FUzBrrndvAny 4.83 
Pfikozd 

3q42 
1.70 2.50 

Egor II 1.60 2.02 
ErdWhyo 1.40 2.37 
Istcnmezcjc (3 :I) 0.76 0.6s 
I<oml6ska 1.16 1.32 
Bzhd 1.23 1.07 

1.13 1.15 
0.96 0.90 
1.05 0.80 
0.98 1.27 , 
1.67 . I.18 
2.48 I.34 
Ia47 1.24 
I.55 1.20 
I-59 . 1.1s 

0.66 1.05 
1.16 0.99 
1.05 - 

necessary for calculating the column length for a given degree of separation. If the 
relative volatility for a given pair of components. attains the value 1.10, it is high 
enough for a good separation (R = 1~5) when a 4-6-m long column is used. 

Table IV gives the WETP values for four test compounds. These values are 
very important in the evaluation of the derivatives, and also give information on the 
nature of the selectivity. In some cases, the relatively high selectivity is not connected 
with the increased HETP values, as can be seen in the case of the Istenmezeje bento- 
nite, where the HETP values do not differ grea,tly for m- and $-xylene nor in the case 
of the .N-propylbenzene-rc-undecane ,pair. An example of the opposite case ‘is the 
Salgbtarjan bentonite, where the HETP values are considerably higher for m-xylene 
than for $-xylene and again higher for R-propylbenzene, than for ut-undecane. The 
same phenomenon can be observed for the ErdBbenye bentonite. In these cases, the 
selectivity properties result in decreased efficiency. It must be noted that higher 
HETP values are due mainly to increased tailing, 
.‘, .Table V shows the retention indices’calculated for fi- and m-xylene, and also 

the column lengths necessary for the separation of the m-9-xylene pair ,and :for the 
pair most difficult to separate by the column under investigation. From the deviation 
of :the. retention index of fi-xylene from the value for a hypothetical H-alkane boiling 
at the boiling. point of $-xylene,, the general selectivity of the’ derivative shown 

J. Cirvomalogv.; 65 (1972) 2X9-225 
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RETENTION INDICES AND CALCULATED COLUMN LENGTHS 

Bcntonite Retention indices Index di&feevences 
(&de.?: waits) 

Column Ziv8gth 
(m) 

- 
Ma,x. 

Istcnmezeje (2 :I) 
Golop II 
SalgdtarjSn 
M&d 
Nagymhyok 
Illite, FilzBrradv. 
Pfikozd 
Eger II 
Erddbhyo 
Istcnmezcje (3 : I) 
Komlbska 
BQnd 
Mixture of 

Igtonmezejc, MiJi d 
and Erdabhye 

1051 1007 I57 
IL21 1064 214 
=I43 1105 258 
III8 1059 209 
1024 986 I36 
1012 976 126 
1090 1040 190 
1040 997 I47 
1040 1003 I53 
1105 1043 I93 
1045 999 I49 
1103 1049 i99 

1070 1018 168 52 0.39 4.7 

i:: 
39 

;: 

36 
so 
43 

2: 
46 
54 

0.65 7*2 
0.37 10~42 
I.54 34.3 
0.38 30.4 
0.92 45.3 
3.26 I 17.0 
0.96 IG.4 
0.89 32.0 
I*45 20.0 
0.21 12.1 
0.56 8.7 
0.40 IO.40 

towards aromatic hydrocarbons can be seen. The difference between the indices of the 
two xylenes is a measure of the special interaction between qjz-xylene and the deriva- 
tive. 

From the necessary column lengths, it can be seen that for the separation of the 
m+-xylene pair in some cases a column length of about 20 cm is sufficient. Un- 
fortunately, in this case for the separation of the #-xylene--ethylbenzene pair, a 
column length of about 12 m would be necessary. Generally, it can be said that when 
a derivative shows high selectivity for the m+-xylene pair, its selectivity for the p- 
xylene-ethylbenzene pair is rather low. The selectivity values, as shown by the 
example of the Istenmezeje bentonite, can be influenced by the bentonite-Arquad 
proportion and also by other parameters of the preparation. Another possibility is 
to ,use stationary phases prepared from two or more derivatives. In such manner it is 
possible to eliminate the too low relative volatilities for the critical pairs, .In one 
experi.ment of this type we obtained a column which produced the best values in 
Tab1e.V. IIowever, the calculation of the proportions to be used in this mixing is not 
yet clear, as the relative volatilities do not seem to be quite additive in this respect 
and the deviations due to interactions between,the various derivatives in the mixtures 
must .be. taken. into consideration. Also, the experimental data available for this 
calculation are not yet sufficient. 

” 

CONCLUSIONS 

.’ Theinvestigations have shown that the E-lungarian bentonites are suitable for 
the preparation of dimethyldioctadecylammonium derivatives which; in turn, can be 
used ,as selective stationary phases in the GC of aromatic hydrocarbons. Theselec- 
tivity, ‘efficiency and ,other properties,of these substances may be very different, but 
theselivariations ,may prove’ very .useful because it gives the posSibility of solving 

J., Clivomcitogv., 65 (1972) 2 x9-225 
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almost any analytical task in hydrocarbon anjlysis, using one of the derivatives 
studied or a convenient mixture of two or more of them. 
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