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SOLVENT SELECTIVITY BY SEVERAL
ORGANOCLAY COMPLEXES

INTRODUCTION

Clay-Mineral Concept and Structural
Principles of Clay Minerals

As early as 1887, Le Chatelier suggested that clay materials

are composed of extremely small particles of a limited number of

crystalline minerals. This clay-mineral concept had not been posi-

tively evidenced until 1923-24, when Hadding (23) and Rinne (46) first

used x-ray diffraction methods to analyse clay materials. They found

crystalline materials in the finest fractions of a series of clays and

also found that all the samples studied seemed to be composed of

particles of the same small group of minerals. Through a great

deal of extensive study on x-ray diffraction analyses, the clay-miner-

al concept was finally accepted in 1930.

The composition of these clay minerals is basically hydrous

aluminum silicates, with magnesium or iron often substituting for

aluminum and with alkalies or alkaline earths present as essential

constituents.

The basic structural outlines of most of the hydrous layer

silicates were determined principally by Gruner and Hendricks,

while the extensions of the general principles of the layer structure
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of clay was laid down by Pau ling (45).

Three Layer Clays-Mont iorillonite and Attapulgite

The structure of the montmorillonite mineral which is discussed

here was originally suggested by Hofmann, Endell and Wilm (33) in

1933, and later modified by Maegdefran and Hofmann (41), Marshall

(42), and Hendricks (28). More complete discussion may be found

in textbooks by Grim (21), Van Olphen (49), MacBain (38), and Brown

(12).

Two structural units are involved in the atomic lattices of most

of the clay minerals, as shown in Figure 1. One unit consists of two

sheets of closely packed oxygens or hydroxyls in which aluminum,

iron or magnesium atoms are in the center of an octahedron. The

second unit is built of silicon tetrahedrally coordinated to four oxy-

gens, or hydroxyls if needed to balance the charge of the structure.

These silica tetrahedral groups can further connect together to form

a silica sheet. The arrangement of these two structural units fall

into two main classifications of clays: (1) the two layer minerals,

which is composed of a single silica tetrahedral sheet and a single

alumina octahedral sheet combined in a unit so that the tips of the

silica tetrahedrons and one of the layers of the octahedral sheet

form a common layer. Halloysite and kaolinite belong to this type

of structure. (2) the three-layer minerals, which are made up of



a) Tetrahedral orthosilicate
unit

c)Aluminum or magnesium
octahedron

d) Silica sheet

d) Alumina or magnesia sheet

Figure 1. Building blocks of clay minerals.
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two silica tetrahedral sheets with a central alumina octahedral sheet.

The primary examples of this type of structure are montmorillonite

and hydrous mica.

The three layer clay minerals are the main interest of this

paper. The structure of the minerals of the montmorillonite group

(may also be called montmorillonoides or smectites) is derived from

that of the prototypes pyrophyllite and talc by isomorphous substitu-

tion. This term refers to the replacement of aluminum and/or sili-

con in the prototype pyrophyllite structure by various other atoms.

A schematic representation of the atom arrangement of talc and

pyrophyllite in a unit cell are shown in Figure 2. From Figure 2,

we know that the summation of positive and negative charges of all

atoms in the unit cell is zero, and the structure of these two clay

minerals differ only in the type and number of atoms occupying the

octahedral positions in the central layer. In pyrophyllite only two

of the three octahedral positions are occupied by trivalent aluminum;

this structure is called dioctahedral. If the three octahedral posi-

tions are filled by divalent magnesium atoms as in talc, this arrange-

ment is called trioctahedral.

All the clay samples used in this paper belong to the three layer

minerals bentonite, hectorite, and attapulgite. Ninety percent of

the composition of bentonite is montmorillonite. In the octahedral

layer, some of the trivalent aluminum is replaced by divalent
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magnesium. irHectoriterr belongs to the trioctahedral minerals group

in which univalent lithium replaces some of the divalent magnesium

in the octahedral layer.

The structure of attapulgite has been determined by Bradley

in 1940. He reported that attapulgite is probably monoclinic and

that the ideal formula derived from that of the amphiboles can be

written

(0H2)4 (OH)2 Mg5 Sib 020 4 H2O

there being two molecules in the unit cell as shown in Figure 3.

Some substitution of Al +3 for Si+4 is probable. Bradley (7) pointed

out that substitution of A1+3 for either Mg+2 or Si+4 or both should

weaken the structure, so that it is doubtful that extensive replace-

ment takes place. The structure is composed of amphibolelike

chains with each chain linked through oxygen at its corners to four

neighboring chains. Electron micrographs of attapulgite show a

distinctive rod-like shadow which is markedly different from the

flake structure of montrnorillonite.

Cation Exchange Capacity

From the schematic structural representation of pyrophyllite

and talc, we notice that the substitution of atoms within the lattice

structure of a lower positive valence for a higher valence atom will
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OH20

00H2

't', Hydroxyl,

0Oxygen

0 Mg or Al

Silicon

A t topulgite (0H2 )4(OH)2 Mg5 Sis 020 41-120

Figure 3. Schematic presentation of the unit cell
structure of attapulgite.



8

result in an excess of negative lattice charges. Sometimes these

excesses of negative lattice charges are balanced by other lattice

charges, for example, OH for 0, or by filling more than two-thirds

of the possible octahedral positions, but frequently they are balanced

by external or adsorbed cations such as Nat K+, Ca++, Ba++ and

NH4 .

Montmorillonite has a very important property. The cation

adsorbed between the sheets of the layered minerals or around their

edges can be exchanged with other cations present in the solution.

This phenomenon can be explained by the ionic or electrostatic

nature of the bonding involved between the platelet surfaces and

the inter-layer cations. For attapulgite, the important cause of

exchange capacity is the broken bonds around the edges of the silica-

alumina units which give rise to unsatisfied charges. The amount of

the total exchangeable cations may be expressed in milliequivalent

per 100 grams of dry clay, which is called the cation exchange

capacity, CEC. The typical range of CEC for montmorillonite is

SO to 150 meg/100 g, and for attapulgite is only 20 to 30 meq/100 g.

Inter layer Swelling

A dry montmorillonite powder swells spontaneously when con-

tacted with water. The dry clay usually adsorbs water and becomes

a gel of volume many times as large as before. The cause of this
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interlayer swelling has been generally accepted as the building up of

successive interlamellar monomolecular layers of water.

Hendricks and Jefferson (29) suggested a concept of the nature

of adsorbed water and the adsorption mechanism. It stated that a

water layer is composed of a two-dimensional hexagonal extended

network of water molecules, which adsorbed on the oxygen surface

through hydrogen bonds. Another point of view supported by Hend-

ricks, Nelson, Alexander (30) and many other workers is that the

exchangeable interlayer cations in montrnorillonite are hydrated.

Most workers combine these two explanations to account for the

mechanism of adsorption. Mering (43) and other workers thus sug7

gest an initial hydration of interlayer cations with subsequent forma-

tion of water layers by surface hydration. The energy released by

these adsorption processes is sufficient to overcome the Van der

Waals attraction between the platelets and thus expansion takes

place. Attapulgite is an unexpandable clay in which the adsorbed

water lies in tunnels rather than between sheets.

Interaction of Organic Compounds with
Montmorillonite and Attapulgite

Early in 1908, Gilpin and Cram (18) found the decolorizing of

oil with clays could be explained as the adsorption of some compo-

nents of the oil during the process and thus changed the nature of
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the oil as a consequence of decolorization. In 1939, Ensminger and

Gieseking (14) showed definitely by x-ray diffraction that organic

ions could be sorbed on the basal plane surfaces of montmorillonite.

Later in 1945, Bradley (8, 9) and Mac Ewan (39, 40) proved that the

non-ionic organic molecules of polar character could also be ad-

sorbed by the clay minerals. These two kinds of association between

organic compounds and montmorillonite are the important ones and

will be discussed further in the following sections.

Cationic Organic Exchange Complexes-Specifically Amine Salts

Because many of the common organic cations contain basic

amino groups, the reaction between these substituted ammonium

cations and the clay minerals (mostly montmorillonite) have been

greatly investigated.

Organic cations can be exchanged on the negative basal plane

surface of montmorillonite through a cation exchange reaction. This

was first found by Ensminger and Gieseking (14) in 1939. Hendricks

(27) in 1941 further indicated that the organic ions are held to the

surface not only by the coulombic forces due to the ionic nature

of the compound but also by Van der Waals forces between the

molecules and the neighboring surfaces. Another suggestion had

been made by Bradley and Grim (10); they believed that the coulom-

bic forces are supplemented by C-H---0 bonds between the organic



11

molecule and the clay mineral surface.

More recently, Weiss (51) studied the bonding strength of the

alkyl compounds. He found that RNH
3

has the strongest bonding

strength in comparison with 1321\1112+ and R3NH+. The bonding

strength of R2NH2 +, R3NH+ and R4N+ also decreased with increas-

ing charge on the montmorillonite layers due to the bulkiness of the

groups.

Grim, Allaway, and Cuthbert (22) in 1947 showed that small

ions are adsorbed only up to the cation exchange capacity, whereas

large ions may be adsorbed in excess. The amount of organic ions

adsorbed varies with its orientation on the clay mineral surface and

with its size. The hydrocarbon chains of these organic cations thus

displace the previously adsorbed water molecules and convert the

originally hydrophilic clays to the organophilic condition. in gener-

al, the larger the organic group on the ion, the more organophilic

the surface becomes and the greater the reduction of water-adsorbing

properties.

Accompanying the adsorption of the organic ions on the basal

plane of montmorillonite, the C-axis spacing of the montmorillonite

units becomes expanded. Hendricks (27) demonstrated that the

organic molecules attached to the montmorillonite through base

exchange reaction tend to be attached onto the surface of the plate-

lets entirely; in other words, the flat surface of the aliphatic organic
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chains lay parallel to the basal surface of the montmorillonite plate-

let.

The phenomenon of more than one molecular layer of organic

ions adsorbed onto the basal surface of montmorillonite was reported

by Hendricks (27), Bradley and Geim (10) and Jordan (34). Jordan

in particular determined the C-axis spacing of montmorillonite from

Wyoming bentonite with a Geiger-counter x-ray spectrometer. A

stepwise separation of the platelets was observed as the length of the

amine chain attached to the clay was increased. These steps were

of the order of 4A or approximately the Van der Waals diameter of

a methyl group. These stepwise separations indicate that the hydro-

carbon chains lie flat along the clay platelet surfaces, with the planes

of the zig-zag chains parallel with the plane of the clay mineral. On

this basis the area covered by the amine chains can be calculated

from atomic dimensions. This occupied area can also be related

to the interlayer spacing of montmorillonite in such a way that in

the case where organic chains occupy no more than half of the avail-

able area, the separation of the two laminae is only the thickness of

one hydrocarbon chain, that is, 4 A. The explanation is that the

organic molecule on the top surface of one laminae may fit exactly

into the gaps between those on the bottom surface of the laminae

directly above it. When the chains are longer and occupy more

than 50 percent of the surface area, it is clear that the adjacent
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platelets are unable to approach more closely than 8 A, which is the

thickness of two hydrocarbon chains. With long-chain quaternary

amines Mc Atee (37) reported the formation of up to six-layer com-

plexes.

Weiss and Kantner (52) pointed out that the relation between

the basal spacing, length of the alkyl group, and charge density may

be used to determine the charge on the layers of montmorillonite.

The orientation and packing of organic molecules on various clay

minerals had been studied by Brindley and Hoffmann (11).

Polar Organic Adsorption Complexes

Debye (13) in 1929 showed that many nonionic organic mole-

cules are dipoles. They carried both centers of positive charges

and centers of negative charges. Since the clay-mineral structures

are also polar, when they are in contact with other polar substance

in liquid solutions, the negative centers of the clay minerals attract

the positive centers on polar substances in surrounding liquids, and

positive centers on clay minerals attract negative centers on sur-

rounding polar particles.

Bradley (9) and Mac Ewan (39, 40) showed that a large variety

of polar organic molecules can be adsorbed on the basal surfaces

of both montmorillonite and halloysite. The inorganic cations

originally present on the surfaces of the clay minerals ai-e not
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necessarily displaced by the adsorption of the organic molecules,
and the C-axis spacing of these two clay minerals varies with the

organic molecules adsorbed.

Bradley also showed that some organic dipoles can be adsorbed

in multimolecular layers by montmorillonite. Mc Ewan confirmed

this finding and showed that the number of layers intercalated when

in contact with an excess of liquid appeared to increase with the

molecular dipole moment and decreasing with molecular size of

the organic substances. In the case of nonpolar molecules or groups,

Van der Waals forces are the only forces operating between the

montmorillonite sheet and the nonpolar molecules, which are pre-

sumably insufficient to break up the charged sheet- -ion--charged

sheet complex. As the adsorbate molecules become more and more

polar, the dipole-dipole interaction between them and the charged

platelet surfaces as well as the interlayer cations, increases.

Thus, multiple molecular layers can be formed by adsorption of

strong polar liquids on montmorillonite.

On the basis of one-dimensional Fourier synthesis of diffrac-

tion data, Bradley (9) concluded that the polar molecules are held

to the clay mineral surface through a C-H--0 hydrogen bond, and

oriented between the basal surfaces of the clay minerals as flat as

possible. Shainberh and Kemper (47) recently found out that the

interrelation between the polar organic compound and the
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montmorillonite was not as simple as Bradley stated. They proved

with IR spectral analysis that, in addition to the C-H--0 hydrogen

bonds, there were cation-dipole interactions which they believed was

the major mechanism in the adsorption-desorption of polar organic

substance, e. g., glycol on montmorillonite surfaces.

Brindley and Hoffmann (11) studied the orientation and packing

of aliphatic chain molecules on montmorillonite. They found that

those aliphatic molecules with strong polar group prefer an orienta-

tion in which the zigzag plane is parallel to the silicate sheet while

those molecules without polar groups prefer an arrangement in which

the zigzag lies perpendicular to the silicon sheet.

Green-Kelly (19, 20) found by x-ray spacing measurements that

the orientation of aromatic molecules on clay mineral surface de-

pends on the surface concentration. At low surface concentration,

the plane of the ring of the molecules lies parallel to that of the

silicate sheets; but at higher surface concentration, the external

surface area determined is equivalent to the area of close-packed

molecules. Their explanation is that at higher surface concentration

the molecules must be reoriented so that their planes are perpendicu-

lar to that of the silica sheet so as to facilitate a closer packing of

molecules on the sulface.

Attipulgite, the fibrous clay minerals, adsorbs organic ions

and polar molecules around their edges. Careful determinations of
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the change in the optical properties of attapulgite on treatment with

glycol suggest that a few of the organic molecules have penetrated

the channels. Based on the preferential adsorption of some paraffins,

Nederbragt (44) indicated that some aliphatic chains are adsorbed in

the open channels or in the gutters around the edges of particles and

perhaps also in the interior channels.

Selective Adsorption

The adsorption of liquids on solid surfaces had been ignored,

until 1920-30, when a few workers began to measure the adsorption

of components A and B from a binary mixture by determining the

change in concentration of that mixture. An ITS shaped isotherm

curve is obtained by plotting the change in concentration versus con-

centration of the mixture. The S-shaped isotherm shows that com-

ponent A is adsorbed preferentially from dilute solution; but as the

concentration with respect to that component is increased, the effect

of sorption of the other component B becomes more pronounced.

The crossover point occurs at an intermediate concentration where

the two components are adsorbed in the same proportions as those

present in the solution itself. Since in this case, adsorption no

longer effects the concentration of the solution, the apparent selec-

tive adsorption of A becomes zero. Beyond the crossing point there

is a relatively greater sorption of B than of A. The two branches
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of the curve are usually indicated as "positive" and negative" adsorp-

tion of A. There is another rather less common U-shaped case where

equilibrium concentration in mole fraction of A

one of the components is always adsorbed "positively, " that is, its

concentration at the interface is greater than that in the bulk solu-

tion.

Bartell and Sloan (4, 5) made the first study on adsorption from

binary solution in 1929. The isotherms were of the usual "S" type.

They were interpreted in such a way that the component having the

higher adhesion tension against the adsorbent will be the one selec-

tively adsorbed to a greater extent. Following this work, Bartell

and co-workers (1, 2, 3) further studied the adsorption by silica and

carbon from binary organic liquid mixture over the entire concentra-

tion range. They found that the degree of adsorption of one compo-

nent from a binary organic liquid system was not only dependent upon

the adhesion tension of that component against the absorbent, but

also upon the solubility of the adsorbate in the solvent. The effect of

solubility is noted when a series of compounds of similar adhesion
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tension against an adsorbent are adsorbed from a given solvent.

The greater the solubility of the adsorbate, the less will be its ten-

dency to be adsorbed.

Several attempts have been made to use isotherms of concen-

tration change as a basis for calculation of the true adsorption iso-

therm for each substance. Thus Bartell and Sloan (4, 5) investigating

among others, the adsorption of benzene-ethanol mixture on charcoal,

assumed that each component in the binary mixture is adsorbed on

the solid according to a Freundlich equation. Later in 1952, Kipling

and Tester (36) investigated the applicability of the Langmuir equa-

tion. They found that the individual isotherms of each component

derived from the previously mentioned two methods showed too great

a discrepancy to be accepted. It would seem that neither the Freund-

lich nor the Langmuir equation is strictly applicable to this kind of

system. Kipling and Tester thus developed a new approach based

on the assumption that the mechanism of adsorption from a liquid

is essentially similar to that from the vapor phase, both giving rise

to a unimolecular layer. An equation was fitted very well to their

experimental data. This treatment has been used successfully by

Kipling and others (6, 16) to describe the adsorption of many differ-

ent binary mixtures on silica and charcoals. Hansen and Hansen (25),

however, did not agree with Kipling and Tester. They proposed a

pore-filling mechanism which, through a different theoretical
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approach, gave essentially the same theoretical isotherm as Kipling

and Tester.

A number of workers have attempted to apply the BET multi-

layer equation to apparent adsorption data. Hansen, Fu and Bartell

(26) investigated the apparent adsorption of certain organic substances

from aqueous solutions on various grades of carbon. They used a

BET type equation and found the formation of multilayers of adsorbed

solute in the more dilute region of the isotherm. Ewing and Liu (15)

studied the adsorption of certain dyes on titanium dioxide and zinc

oxide, and reported that the BET multilayer equation was obeyed and

the results indicated the formation of a bimolecular layer.

Recently, Heydemann and Brindley (31) studied the selective

adsorption of n-alkyl alcohol bromide mixture by montmorillonite.

They suggested that the difficulty of measuring adsorption isotherms

for mixed liquids on montmorillonite has been overcome by allowing

equilibrium to proceed via the vapour phase over a period of three

to four weeks. If the mixed liquid is in equilibrium with the mixed

vapour which in turn is in equilibrium with the clay, then the clay

should also be in equilibrium with the mixed liquid. From the initial

and final weights and composition of the liquid phase, and the initial

and final weights of clay, the amount and composition of the adsorbed

material can be determined. That is, the individual adsorption of

the two components can be found.
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The forces of adsorption may be of four kinds: Van der Waals,

hydrogen bonding, ionic and covalent. More than one type of force

may come into consideration. The formation of weak Van der Waals

bonds and of the somewhat stronger hydrogen bonds is accompanied

by a small but finite evolution of heat, so that adsorption decreases

with a rise in the temperature. Van der Waals adsorption tends to

play an important role in the adsorption of large uncharged or weak

ionic molecules. Hydrogen bonds are formed between functional

groups of the adsorbent and the adsorbate. Ionic bonding is formed

through ion-exchange reactions. The formation of covalent links in

adsorption from solution is a less common phenomenon.

Although vapor or gas adsorption is the most widespread method

for the determination of specific surface areas of solids, adsorption

from binary solution has also been studied for this purpose. This

method is quite simple experimentally, but the theory is very compli-

cated. One must take into account the fact that both components of a

binary solution are being adsorbed. There is also the problem of

determining the size and orientation of the adsorbate.

But, on the whole, the solution adsorption method is more

likely to give satisfactory results in cases where the solute is chemi-

sorbed on the surface, and where the solid is of low porosity. Giles

and co-workers (17) investigated the use of p-nitrophenol as adsorb-

ate for the determination of the surface area of a variety of organic
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and inorganic solids such as coal, cement, organic pigments and

sugar.
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EXPERIMENTAL

Apparatus

The changes in concentrations caused by selective adsorption

were determined by refractive index changes of the binary solution.

Kipling, Tester (36) and other workers (16, 35, 24) reported

using a Pulfrich refractometer to determine selective adsorption on

charcoals and silica gel. In this study, a differential refractometer

was used to measure the difference in refractive index of the solution

added to the clay compared to the same solution not added to the clay.

The instrument used was the Brice-Pheonix Model BP-2000-v.

It is believed superior to ordinary refractometers not only in accur-

acy but also in its simplicity of temperature control.

The important components of the differential refractometer

are a mercury vapor lamp, a semi-transparent mirror, an adjust-

able slit, a standard differential refractometer cell and a micro-

scope. The cell is the most essential part of the instrument which

is made of optical glass 15 mm square inside and a thin (1.2 mm)

diagonal glass divides the cell into two equal compartments. This

cell is ideal for refractive index measurement up to 1.62 and with

a limiting sensitivity of three units in the sixth decimal place of

refractive index difference, the range is 0.01 units. To prevent
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evaporation while making a reading, the top of the cell was sealed to

a metal plate with epoxy cement. Each cell section has two capillary

tubes on the brass plate in order to add and remove samples from each

half of the cell individually. Since it takes quite a long time, about

one and one-half hours, to finish reading one set of sample, it is ad-

visable to close the capillary tube in order to prevent evaporation.

The whole cell was thermostated with a water bath at 28° C t 0.1° C.

Clay Samples and Reagents

The six organoclay complexes used in this research are manu-

factured by the Baroid Sales Division of the National Lead Company

under the trade name "Bentones" or "Baragels."

Bentones 24 and 27 are the dimethylaryloctadecylammonium

salts of montmorillonite and hectorite respectively. Bentonite 34 and

38 are the dimethyldioctadecylammonium salts of montrnarillonite and

hectorite respectively. Bentone 18 is octadecylammonium salt of

bentonite. Bentone 11 contains the same ammonium salt as B-38 but

a different kind of clay. It belongs to the attapulgite instead of the

montmorillonite group.

In the production of these organoclays, the quaternary ammoni-

um ion is added to the clay. The organoclay complexes was extract-

ed with isopropyl alcohol in a Soxhlet extractor for two days in order

to remove any excess amine ion. The extracted clay was then
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placed in a vacuum oven at 40-50° C for 12 hours and then hand ground

to 120 mesh.

The binary solution used in this investigation was toluene and

methanol of reagent grade. The methanol was further purified by

the activated Mg method (50).

Procedure

Four hundred mg of the extracted clay samples were weighed

within 0.1 milligram and placed in 14 millimeter narrow necked

tubes. Fifty milliliter of binary solutions were prepared by

volume-volume percent. Ten milliliter portions of an aliquot were

added to each of three clay samples. Two ten-milliliter tubes were

also filled with two or three milliliters of each binary solution. All

the tubes were then sealed with a torch while keeping them under

acetone-dry ice in order to prevent evaporation.

The sealed samples were then shaken with a shaker or a vibra-

tor if necessary for at least an hour to disperse the clay throughout

the solution. The samples were then placed in a thermostated air

bath overnight. Before taking the refractive index reading, the

samples were centrifuged until at least two milliliters of supernatant

were obtained. There are two important experimental techniques

concerned with getting a good refractive index reading. (1) In order

to avoid the serious problem caused by the evaporation or absorption
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of water vapor from the air, a small drying tube was always placed

on the metallic capillary tube while using a syringe to remove the

solution from the cell and drying the cell with an aspirator (2).

The differential refractometer cell was cleaned frequently with 1%

sodium hydroxide in alcohol.

The relation between refractive index difference and the read-

ing is expressed as An = kAd, where An is the refractive index differ-

ence of the binary bulk solution before and after being adsorbed on a

clay sample, and Ad is the total slit image displacement. With a

known 6n, and an obtained Ad, the equation can be solved for the

calibration constant K.

More detailed discussion on experimental procedure can be

found in Hanson's master's thesis (24).



26

EXPERIMENTAL RESULTS AND DISCUSSION

Selective adsorption from C6H5CH3-CH3OH mixtures by a ser-

ies of organoclay complexes are shown in Figures 4-9. The proper-

ties of the systems studied are stated in Table 1. The usual S-shaped

isotherm are obtained by plotting n(Ax/m) versus x, where n is the

total number of millimoles in contact with m grams of clays, .6,x is

the change in mole fraction of the polar component in the bulk solution

due to selective adsorption and x is the mole fraction of the bulk solu-

tion before adsorption. A positive value of n(.6,x/m) indicates prefer-

ential adsorption of methanol while a negative value indicates prefer-

ential adsorption of toluene. All six S-shaped curves show a prefer-

ential adsorption of methanol at lower concentration range. This phe-

nomenon may indicate that at low concentration the alcohols are pres-

ent to a greater degree as monomeric molecules, having free hydrox-

yl groups, whereas they exist as dimers or higher polymers at higher

concentrations in relatively nonpolar solvents and thus are less able

to form stronghydrogen bonds at the oxygen sites on the clay surfaces.,

Over the rest of the surface, i. e., the hydrocarbon fraction, toluene

can be more strongly held than the alcohol.

The relative magnitude of the composition of the adsorbed phase

of the six clay samples given by the crossing point, decreases in the

order
B-18> B-11> B-27> B-24> B-38> B-34
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Table 1. Properties of polar adsorbates on organoclay complexes.

Clay complexes Clay base Organic group Crossing point

B-18 Bentonite Octadecylamine 0.75

B-11 Attapulgite Dimethyldioctadecylamine 0.66

B-27 Hectorite Dimethylaryloctadecylamine 0.53

B-24 Bentonite 0.50

B-38 Hectorite Dimethyldioctadecylamine 0.46

B-34 Bentonite 0.45
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This observation tends to indicate that the extent of adsorption

of polar solvent on the clay surface is inversely proportional to the

size of the substituted organic cation. It is recalled that B-27 and

B-24 are the dimethylaryloctadecylammonium (D. M. A. 0.) salts of

hectorite and bentonite respectively, B-38 and B-34 are the dimethyl-

dioctadecylammonium (D. M.D. 0.) salts of hectorite and bentonite

respectively. B-18 is the octadecylammonium salt of bentonite and

B-11 is the dimethyldioctadecylammonium salt of attapulgite. The

smaller the organic group, i.e., the larger the exposed surface area

of the oxygen surface of the clay, the greater is the amount of polar

groups (alcohol) adsorbed on the oxygen layer of the clay platelet

through C-H--0 hydrogen bonding or cation-dipole interaction.

B-11 and B-38 have the same organic cations lying on the clay

platelet. The fact that B-11 adsorbs a greater amount of methanol

than does B-38, can be explained in terms of the cation exchange

capacity of these two clay minerals. The GEC is 80-150 meq/100 g

for montmorillonite and 20-30 meq/100 g for attapulgite. In other

words, the exposed oxygen-populated surface of B-11 is several

times greater than that of B-38, hence a greater amount of methanol

can be adsorbed on B-11.

From x-ray diffraction of the dry clay (C- spacing), Hiltner

(32) showed that the alkylammonium chains lay flat on the clay

surface in multilayers, which agree with those found by Jordan (34).
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Adsorption of alcohols or polar-nonpolar binary solutions cause a

separation of the clay platelet to a distance corresponding to the

calculated length of the amine ion, indicating that alcohol adsorption

caused a rearrangement of the amine ions from their original flat

position to an extended upright orientation. Two adsorption proces-

ses were involved in the C-axis expansion. One is the adsorption

of the polar substance (methanol) on the oxygen surface of the clay

platelet through hydrogen bonding. The other is the salvation of the

organic group by the non-polar substance (toluene) through Van der

Waals bonding. Thus, the larger the organic group, the greater

amount of toluene is needed for solvation and the corresponding

amount of alcohol adsorbed on the oxygen layer is smaller.

A further observation can be made from the order of the con-

centration of the adsorbed phase of B-24, B-27, B-24 and B-38. Of

the two D. M. A. 0 complexes the concentration of the adsorbed phase

of hectorite is greater than that of bentonite. The same holds true

for the two D. M. D. O. complexes.
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SUMMARY

In this experiment we tried to find the selectivity properties of

several organoclay complexes of montmorillonite, hectorite and

attapulgite clays. The selective adsorption of a binary solution on

these clay complexes was studied by measuring the change in concen-

tration of the bulk solution. This change in concentration was then

plotted versus the original concentration giving an "S" shaped iso-

therm. The crossing point was assumed to be the concentration of

the adsorbed phase.

The amount of the polar component being adsorbed on the clay

platelets depends on the size and orientation of the organic groups.

The greater the size of the organic groups, the smaller the amount

of polar substance will be adsorbed on the interlaminar surface. The

organic groups are assumed to be perpendicular to the clay surface

after adsorbing the polar-nonpolar binary solution.
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