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which also gives intensities observed on single crystal photographs.
These correspond very well with the spacing and indexing for caryinite as
given by Bostrcim (1958). These are added to the last three columns of the
table for comparison.
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ADSORPTION OF DYES BY CLAY MINERALS
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INrnooucrrow

Recent investigations on clay-organic complexes have led to the dis-

In general the cation exchange capacity (CEC) values of clay minerals
obtained by methylene blue adsorption are far less than those obtained
by other standard methods (Woiall, 195g; White and Cowan, 1960;
Robertson and ward, 1951). Much.discrepancy is reported between sur-
face areas calculated by methylene brue adsorption and B.E.T. methods
(Kipling and Wilson, 1960).

rn spite of a large amount of work there is sti l l  confusion about the
exact mechanism involved in the adsorption of dyes by clay minerars.
This note discusses the studies on adsorption of three basic oiganic dyes,
viz., malachite green (MG), methylene blue (MB) and methyl violet B
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(MV) on three types of clay minerals viz., kaolinite, illite and montmoril-

Ionite and attempts to explain the cation exchange properties and orienta-

tion of molecules after adsorption.

Marpnrlr,s

Clay Minerals

Particles of size less than one micron of the following samples were in-

vestigated:

^ Cation Erchonge
rowce 

capacity

(m'e./100g)

Kerala, India 7 .12

Amortex, India 6.00

1. Illite Fithian, U.S.A. 27 .00

1. Montmorillonite-I B.D.H. Bentonite 80.61

2. Montmorillonite-Il Nontronite, Rajasthan 77 '21

3 Montmorillonite-Ill Wyoming, U.S.A' 93.00

Group

Kaolinite

Iilite

Montmorillonite

Clay Mineral

1. Kaolinite-I
2. Kaolinite-Il

Organic Cat'ions

1. Malachite Green, E. Merck, Darmstadt

2. Methylene Blue, E. Merck, Darmstadt

3. Methyl Violet B, Riedel-de Hi6n A.C'

Esrrlr.rrroN

Each of the clay minerals, kaolinite, illite and montmorillonite was

first converted into H+ clay. Based on the method suggested by Worrall

(1g5g) 0.2/6 aq,teous solutions of MG, MB and MV were added in suc-

cession to a definite quantity of each of the clay minerals and were kept

in contact with the clay minerals for 24 hours with occasional stirring.

This was continued till there was a slight excess oI unadsorbed dye. The

unadsorbed dye was completely removed by fi l tration and thorough

washing, and the dye content was estimated by means of a microptic

colorimeter. The surface area was determined by B.E'T. method by

usingargon at-180o C. The cEC of the clay minerals was determined

by the standard ammonium acetate method (Piper' 1947).

DrscussroN

Table I presents the CEC values for six clay minerals. For kaolinites

and il l i tes the CEC values based on MB and MV adsorption are almost

the same as those obtained by the standard method. However, values
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Clay Minerals
Ammonium

Acetate
Malachite

Green
Methylene Methyl

Blue Violet

Kaolinite-I
Kaolinite-II
Illite
Montmorillonite I
Montmorillonite-II
Montmorillonite-III

7 . 1 2
6.00

27 .00
80 61
7 7  . 2 1
93.00

10.23
6 . 6 5

1 5 . 0 1
2 6 . 7 7
2 2 . 6 0
30.21

7 .O3
5 . 9 4

26 00
64.07
58 .34
5 9 . 7 0

6 . 7 7
6 . 2 9

19 48
6 2 . L 5
48.22
58.40

x Cation exchange capacities are expressed as m.e./100 gm.

obtained by MG adsorption are high for kaorinite and about 40/6 lower
for i l l i te. For montmoril lonites the cEC values based on dye adsorption
are considerably lower than the standard values by 30-35/6,60-g0Ta
and 60-80/6 for MG, MB and MV respectively.

Three typical clay minerals viz., kaolinite-I, illite and montmoril-
lonite-r were subjected to surface area studies before and after adsorp-
tion of the dyes, and the results are given in Table rr. From surface area
and standard cEC the area corresponding to each exchange site is
calculated. The area corresponding to each dye molecule is obtained

T,c.err II. AnsonprroN ol Dvns oN Cr,ey Mrnnna.r,s

Kaolinite-I Illite Montmorillonite-I

Specific surface area (m2/g)
Specific surface area after

adsorption of MG (mr/g)
Specific surface area after

adsorption of MB (mrlg)
Area per exchange site (Az)
Area associated with each

MG molecule (4,)
Area of contact of each

MG molecule (Ar).
Area associated with each

MB molecule (A,)
Area of contact of each

MB molecule (Ar)
Area associated with each

MV molecule (4,)

r5.46

7s0.00r  (19 .8) ,
10 652

75.972

154.  50
465.10

5 . 6 7

0 . 9 9

200.40

1 6 . 6 0
1 3 .  1 5

38.71
26 .82

92.O0

JO . . ) , /

r02.40

39.17

2 . 6 9

40.67 78.47

58.75 194.30

I Mean of theoretical and experimental values (Grim, 1953, Mooney et a1.,7952).
2 Specific surface area as found by B.E.T. method.
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from surface area and the number of dye molecules adsorbed. It can

be seen that MB and MV molecules are adsorbed on kaolinite so that

the area associated with each molecule is nearly the same as the area

available per exchange site. Hence the CEC values based on MB and

MV adsorption coincide with the CEC values determined by standard

method. I lowever, the area associated with each MG molecule is 26.82

A, whi.h, being much lower than the area per exchange site, results in

higher cEC values. The area associated with each MB or MV molecule

corresponds to the area of one edge of the major orientation of the dye

molecule 'i.e., 39.5 A' lfipti.tg and Wilson, 1960). The area associated

with each MG molecule corresponds to the area covered by an edge of

t he  benzene  i ngv i z . , 25  L2 .
The specific surface area of kaolinite after the dye molecules are

adsorbed decreases from 16.6 m2f g to 15.46 mz/g for MB and from

16.6 m2/g to 13.15 rn2f g lor MG. Assuming that the difference in sur-

face area before and after dye adsorption represents the area of dye in

actual contact with the clay mineral, the values are found to be 5.57

A'and 2.69 h' for MG and MB respectively. This shows that although

the molecule is associated with larger areas it probably has far less con-

tact areas. The possibil i ty that the molecule may be adsorbed on a corner

with each MB molecule corresponds to a slightly lower value than the

edgewise area 75 A, for major orientation (Kipling and Wilson, 1960).

The surface area of montmoril lonite by argon adsorption is only 19.8

m'/g. This may be due to the inability of the argon molecules to pene-

trate between the layers in the vacuum dry state. A value of 15.5 m'2/g

is quoted for the surface area of montmorillonite by Nelson and Hen-

ariit<s (tO+S). The area of the dye in contact with the clay mineral is

5.67 L, and 0.99 A, fot MG and MB molecules respectively. It seems

that on the external surface of a clay mineral the dye molecule is always

adsorbed on a small area of the aromatic ring. Thus the molecules have

greater access to all the cation exchange sites on the external surfaces

of kaolinite and illite in which the major source of cEC is due to broken

bonds. For montmorillonite with the total surface area of 750 m2/gthe

area associated with each adsorbed dye molecule is 465'1 N, 194'3 A'

and 200.4 A2 respectively for MG, MB and MV. The MB molecule

assumes an area of 195 A' (White and Cowan, 1960) when it lies flat on

the surface. This indicates that in montmorillonite the dyes are adsorbed

flat, giving rise to "covering up effect" and a decrease in CEC' It is
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likely that the dye molecules replace the inorganic cations in equivalent
proportions on broken bonds of montmoril lonite. But the broken bonds
are responsible for a relatively small proportion (20/) of the total
cation exchange capacity (Grim, 1953).
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