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INTERACTIONS OF SOME LARGE ORGANIC CATIONS WITH 
BENTONITE IN DILUTE AQUEOUS SYSTEMS 

DEORAJ R. NARINE 1 AND ROBERT D. GuY 

Trace Analysis Research Centre, Department of Chemistry, Dalhousie University 
Halifax, Nova Scotia B3H 4J1, Canada 

Abstract--Adsorption studies indicate that paraquat, diquat, and thionine are bound on bentonite by 
amounts greater than the measured cation-exchange capacity (CEC) of the clay. Methylene blue, new 
methylene blue, and malachite green are bound by amounts equal to the CEC. The unipositive organo- 
cations form aggregates on the clay surface. Aggregation increases with ionic strength and increases the 
apparent adsorption capacity by 25%. The aggregates are removed by washing with distilled water. De- 
sorption studies show that the dyes are irreversibly bound, whereas the dipositive organocations are re- 
versibly bound. Ionic strength variation reduces adsorption by 15 and 36% in the monovalent and divalent 
organocation-clay systems, respectively. In the clay-divalent organocation systems adsorption is greater 
on Na-saturated clay than on K-saturated clay. Adsorption is unchanged over the pH range 4.5-8.5 and 
decreases steadily below pH 4.0. Changes in adsorption due to changes in temperature are small. The study 
indicates that ionic strength is the most important variable in clay-organocation interactions. 
Key Words---Adsorption, Bentonite, Herbicide, Organocations, Smectite. 

INTRODUCTION 

The interactions between charged organic molecules 
and clays play an important role in determining the en- 
vironmental behavior of certain organocations, some 
of which exhibit herbicidal properties. The transport, 
persistence, and biological activity of an organocation 
in an aqueous system is determined by its concentra- 
tion, which is regulated by the rate of chemical, pho- 
tochemical, and microbial decomposition and by the 
extent of adsorption on organic and inorganic colloidal 
materials (Bailey and White, 1970). Many workers 
(e.g., Calderbank, 1968; Gillott et al., 1970; Guy and 
Narine, 1980; Haque, 1975) have shown that clay has 
the ability to reduce drastically the effect of herbicides. 
For example, the herbicidal effects of paraquat and di- 
quat, used in weed control, are greatly reduced in the 
presence of clay (Calderbank, 1968). Despite the large 
body of literature on clay-organocation adsorption in 
aqueous systems, many studies have had to be repeated 
in the present work for various reasons. For example, 
samples collected near the surface of water bodies typ- 
ically contain suspended sedimentary loads of 1 to 100 
me/liter. Many adsorption studies in the literature were 
carried out with aqueous clay systems containing sev- 
eral grams of clay per liter. In practice, paraquat and 
diquat are applied as herbicides at the micromolar level 
(Akhavein and Linscott, 1968); however, in previous 
studies the equilibrium concentrations of these mate- 
rials were reported at the millimolar level. The present 
study was carried out using the organocations shown 
in Figure 1 at the micromolar level and clay at the mg/ 

Present address: School of Public and Environmental Af- 
fairs, Indiana University, Bloomington, Indiana 47405. 

Convrk ,  ht ~ 1981. The  Clay Minerals  Society  

liter level, which represents better the situation found 
in natural aqueous environments. 

The adsorption of monovalent organocations, espe- 
cially methylene blue, on clays has been studied by a 
number of workers (Pham Thi Hang and Brindley, 
1970; De et al., 1973a, 1973b, 1974; Bergman and 
O'Konski, 1963). However, their conclusions are at 
variance with regard to the nature of the interactions. 
Bergman and O'Konski (1963) found that adsorption 
follows a Freundlich isotherm, whereas De et al. 
(1973a, 1973b, 1974) showed that the same system fol- 
lows the Langmuir isotherm. Most of these studies 
were made using relatively simple conditions of ionic 
strength, pH, and temperature. 

The present work defines the nature of the adsorption 
between the organocations, methylene blue (MB+), 
new methylene blue (NMB§ thionine (Th§ malachite 
green (MG§ paraquat (p2+), and diquat (D 2+) and ben- 
tonite clay as a function of (1) ionic strength, size, and 
charge of the counterion, (2) pH, and (3) temperature. 
The ability of various inorganic ions to desorb the 
bound molecules and the tendency of the organocations 
to aggregate on the clay also are considered. 

EXPERIMENTAL 

Materials and methods were described in detail else- 
where (Guy and Narine, 1980) and are described only 
briefly here. 

Materials 

Crude Wyoming bentonite (from Fisher Scientific 
Company) was converted to the potassium form by re- 
peated equilibration with 1.0 M potassium nitrate so- 
lution. The clay concentration, after removal of larger 
particles by gravity settling, was determined by filtering 
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aliquots through a 0.20-/~m Nuclepore filter. Dialysis 
(4.8-nm pore diameter tubing) was used as a check. 
Filtration has the advantage over centrifugation be- 
cause it is rapid (less than 5 min was required to filter 
an equilibrium solution) and the residue can be washed 
without peptization interference. A typical concentra- 
tion was 3.21 _+ 0.15 mg clay/ml. The cation-exchange 
capacity (CEC) was determined by ammonium and cal- 
cium exchange (Chapman, 1965). Both methods gave 
a value of 62.0 meq/100 g clay. 

The organocations were obtained as the hydrated 
salts, the moisture contents of which were determined 
by drying under vacuum using Anhydrone as the drying 
agent. The divalent organocations were standardized 
by passing 25.00-ml aliquots of the stock solution 
through a Rexyn 100 cation-exchange resin in the hy- 
drogen form. The protons released were titrated with 
standard base to a phenolpthalein endpoint. 

Methods 

The distribution of the organocation between the so- 
lution and the clay particles was determined by two 
methods. The first was a series of bulk adsorption ex- 
periments in which 1 ml of clay suspension was added 
to 40 ml of an organocation solution in a 50-ml polyeth- 
ylene centrifuge tube. The initial concentration of or- 
ganocations varied from 0 to 15.4 • 10 -5 moles organ- 
ocation/liter, and the concentration of clay varied from 
75.0 to 115/zg/ml. The suspensions were stirred for 12 
hr, and after the pH of the samples was measured, each 
suspension was filtered through a 0.20-t~m filter. The 
residue was washed with five 20-ml aliquots of water. 
The second method for organocation-clay adsorption 
studies utilized a dialysis bag. Known amounts of the 
organocation were added to glass jars (250-ml capacity) 
containing the clay suspension at a known ionic 
strength. A dialysis bag containing 10-ml of the ionic 
strength adjuster solution was added to each jar; the 
total volume per jar was 210-ml. The initial concentra- 
tion in the jars varied from 0.0 to 3.1 x 10 -5 moles/liter, 
and the clay concentration varied from 15.0 to 20.0/~g/ 
ml. The mixtures were agitated overnight on a me- 
chanical shaker. Upon equilibration the dialysate was 
transferred to centrifuge tubes after thorough rinsing of 
the bag. The pH of each suspension was measured. 

Desorption of the organocations was accomplished 
by transferring the filter membranes containing the 
washed clay-organocation residue obtained in the bulk 
adsorption experiments to centrifuge tubes containing 
40-ml of the metal ion solution. Each mixture was 
stirred for 72 hr and then refiltered. 

The aggregation experiments were performed in a 
similar manner as described for bulk adsorption, except 
that the filtrates and washings were collected separate- 
ly. The amount of organocation in the washings was an 
indication of the degree of aggregation. Controls indi- 
cated that the organocations were not adsorbed on the 
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Figure 1. 

DIQUAT 
Structure of organocations used in this study. 

centrifuge tubes, filters, dialysis bags, or associated 
glassware. 

Table 1 shows the analytical conditions used in this 
study. For the monovalent organocations, visible spec- 
trometry was employed to determine the amount of 
unbound dyes. For the divalent organocations, diquat 
and paraquat, ultraviolet and visible spectrometry were 
used. For paraquat, the visible method employed a 
modification of the procedure used by Calderbank 
(1968) and consisted of adding 1 ml of a 1% solution of 
sodium dithionite in 0.10 M NaOH solution to 10 ml of 
the analyte solution. The deep blue solution that de- 
veloped on swirling was stable for a length of time that 
was more than adequate for scanning the spectrum 
from 450 to 370 nm. For those paraquat analyses that 
could not be done under basic conditions, ultraviolet 
spectroscopy was used. For diquat analyses the dithio- 
nite method offered no advantage over the ultraviolet 
method because the color of the diquat solution devel- 
oped poorly and degraded rapidly. The amount of or- 
ganocation adsorbed was determined by difference. 
Unless otherwise stated, the ionic strength was adjust- 
ed by using a salt solution containing the same inorganic 
cation as on the clay. For example, for Na-bentonite 
the ionic strength of the suspension was adjusted with 
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Figure 2. Adsorption isotherms for washed and unwashed 
(inset) clay/MB systems. �9 Na-clay/MB, I = 0.00; ~7 Na-clay/ 
MB, I = 0.50; A K-clay/MB, I = 0.00; �9 K-clay/MB, I = 
0.50. Inset: �9 Na-clay/MB, I = 0.00; A Na-clay/MB, I = 
0.50; Point size reflects experimental uncertainty. I is ex- 
pressed in mole/liter, and X is the amount of dye adsorbed. 

NaC1. The pH was adjusted with HC1 or NaHCO3 so- 
lution. 

RESULTS AND DISCUSSION 

Adsorption isotherms for clay/monovalent and clay/ 
divalent organocations are shown in Figures 2 and 3, 
respectively. The inset of Figure 2 shows the adsorp- 
tion isotherms for unwashed systems, i.e., those in 
which the residues on the filter membranes were not 
washed. The data in these figures indicate that for the 
washed systems the adsorption rapidly reached a max- 
imum and remained invariant with increasing concen- 
tration of organocations, However, for the unwashed 
system, adsorption increased with increasing concen- 
tration, i.e., no adsorption maximum was observed. 
This behavior was observed in all clay/monovalent or- 
ganocation systems tested but never in the clay/diva- 
lent organocation systems. The adsorption data for the 
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Figure 3. Adsorption isotherm (inset) for K-clay/D 2+ and 
Langmuir isotherms for clay/divalent organocation systems; 
A Na-clay/P2+, I = 0.00; O Na-clay/D z+, I = 0.00; Point size 
reflects experimental uncertainty. I is expressed in mole/liter, 
X is the amount of dye adsorbed, and C is the molar concen- 
tration of unbound organocation. 

washed monovalent organocation systems (Narine, 
1980) and the divalent systems, Figure 3, obeyed per- 
fectly the Langmuir isotherm; in contrast, the un- 
washed systems, Figure 2 (inset) obeyed the Freundlich 
isotherm (Narine, 1980). 

Many workers (e.g., Mukerjee and Ghosh, 1970a, 
1970b; Ghosh and Mukerjee, 1970a, 1970b; Hertz et al., 
1968; Hertz, 1977) have observed that dye molecules, 
of which the monovalent organocations are a subgroup, 
tend to aggregate; that is, stack in aqueous solution, 
forming dimeric and polymeric species. They suggested 
that various factors contribute to this process among 
which are greater dispersive interactions and hydration 
effects on aggregation. In a clay/dye system it is pos- 
sible that aggregation may be enhanced by the following 
factors: A dye molecule adsorbed on the clay will have 

Table 1. Analytical characteristics of the organocations. 

X. max Linear range 2 Lower limit a 
Cation (nm) [0 4~m~x' (v.M) (l-era cell) 

Methylene blue 667 50.0 0.00-10.5 0.50 x 10 -7 M 
Malachite green 628 10.6 0.00-4.13 2.00 x 10 -7 M 
New methylene blue 644-646 6.83 0.00-5.10 3.00 x 10 -7 M 
Diquat 308-311 1.74 1.74-28.5 1.00 • 10 -6 M 
Paraquat 394 4.97 1.35-16.9 0.60 x 10 -6 M 
Paraquat 256 2.16 3.40-20.3 1.00 x 10 -6 M 
Thionine 603 5.55 0.00-7.15 3.00 x 10 -7 M 

' Extinction coefficient at wavelength of minimum adsorption. 
2 Range over which Beer's law is obeyed. 
3 Lower limit of detection for visible and ultraviolet analyses. 
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Figure 4. Aggregation in clay/MB systems as a function of 
MB concentration; Z~ K-clay/MB, I = 0.50; �9 I = 
0.00; [] Na-clay/MB, I = 0.00; �9 Na-clay/MB, I = 0.50; Point 
size reflects experimental uncertainty. I is expressed in mole/ 
liter, and Xagg is the amount of aggregation on the clay. 

its positive charge neutralized, hence, dye-dye repul- 
sion due to similarity in charges should be reduced. 
There may be increased attractive dispersion forces 
between the dyes because the positive charge of the 
aggregating molecule can now interact to a greater ex- 
tent with the r -e lec t ron  system of  the adsorbed mole- 
cule. The dye molecules at the clay surface may act as 
"nucle i"  for stacking because of their greater localized 
concentration there; that is, the clay surface may act 
as a hydrophobic surface encouraging association be- 
tween the large aromatic molecules. If  the above ar- 
guments hold, aggregation in clay/dye systems should 
be observed at lower concentration levels than those 
used in the studies of  the above authors. The data in 
Figure 4 show aggregation to be a function of equilib- 
rium concentration. Table 2 shows that aggregation be- 
gan as soon as the binding maximum was reached. 
Thus, the above arguments in favor of enhanced aggre- 
gation in clay/dye systems may be valid. In Figure 4 the 
differences in the slopes of the curves at the two ionic 
strength levels are due to the fact that different initial 
concentrations of methylene blue were used in each 
study. 

For  the washed dye/clay systems (Narine, 1980) it 
was observed that binding decreased by 15% as the ion- 
ic strength (I) of the systems rose from 0 to 0.50 moles/ 
liter. Aggregation and its consequences on binding as 
the ionic strength increased are shown in Figure 5. It 
is clearly seen that aggregation (curves 4, 5, 6), as mea- 
sured by the amount of  dye washed off the residue per 
100 g of clay, increased with increasing ionic strength 
and that the apparent adsorption capacity (curves l,  2, 
3) of the clays increased by as much as 22%. 
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Figure 5. Effects of ionic strength and structure of organo- 
cations on aggregation and adsorption capacities in K-clay/dye 
system. Upper curves (1, 2, 3) measure adsorption capacity, 
�9 K-clay/Th, �9 K-clay/MB, �9 K-clay/MG; Lower curves (4, 
5, 6) measure aggregation, OK-clay/MB, O K-clay/NMB,/% 
K-clay/MG. X is the maximum adsorption and aggregation 
capacities. 

The aggregation curves of Figure 5 show that the 
planar monovalent ions, methylene blue, new methyl- 
ene blue, and thionine aggregated to a much greater 
extent than malachite green. This suggests that still 
another geometrical relationship, in addition to those 
outlined above, may influence aggregation. The struc- 
ture of malachite green (Figure l) may permit a twisting 
of the substituted aryl ring to a "propel ler- l ike" con- 
figuration (Wheland, 1960) which would serve to min- 
imize stress. This twisting may prevent the molecule 
from assuming a planar configuration, and hence cause 
reduced aggregation. 

Of the organocations, methylene blue has found con- 
siderable usage in the determination of cation-exchange 
capacity (CEC) of clays (Pham Thi Hang and Brindley, 
1970; De et al., 1973a, 1973b, 1974; Bergman and 
O'Konski ,  1963), The CECs obtained in the present 
study at zero ionic strength (Table 3) are different from 
those obtained by the above workers who studied sim- 
ilar Wyoming bentonite systems. Some of the discrep- 

Table 2. Methylene blue (MB) adsorption on K-bentonite. 

Equil. cone. of  Eqnil. MB conc. 
Ionic strength MB at adsorption for aggregation 
(moles/liter) maximum (t~M) initiation (/zM) 

0.00 46.0 44.0 
0.01 43.6 44.1 
0.10 41.0 42.0 
0.50 37.5 38.5 
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Table 3. Maximum adsorption capacity (Xm) 1 at zero ionic 
strength. 

K- Ca- Na- 
Organocat ion bentonite  bentonite bentonite 

Methylene blue 64.0 60.0 84.0 
New methylene blue 74.0 71.0 82.0 
Thionine 107.0 110.0 112.0 
Malachite green 66.0 66.0 67.0 
Paraquat 96 - -  100 
Diquat 100 - -  102 

1 Xm expressed as meq/100 g clay; relative error ~<3.0%. 

ancies may result from different clay sizes, <2.0-/zm 
for literature values and >2.0-/zm for most of this work. 
However, the Na-bentonite samples used in the present 
study z consisted entirely of particles whose sizes were 
<2.0-/zm, and the methylene blue CEC agrees with the 
value of Schramm and Kwak (1980). Hence, the dis- 
crepancies may be due to aggregation effects because 
the above workers (De et al., 1973a, 1973b, 1974; Berg- 
man and O'Konski,  1968) used centrifugation to sepa- 
rate the clay-dye complex from the decantate. Centrif- 
ugation can result in sedimentation of the stacked dye 
molecules and, because a washing step was not includ- 
ed at this point, the aggregated amounts will be included 
in the CEC estimates. The bulk method used to gen- 
erate the data in Table 3 included a thorough washing 
of the residue. 

For washed methylene blue/clay systems Guy et al. 
(1980) showed that the amount of inorganic cation re- 
leased is equal to the amount of dye adsorbed. In the 
case of the K-saturated clay/diquat (K-clay/D z~) sys- 
tem they found that 101.0 - 2.0 meq of diquat was ad- 
sorbed on 100 g of clay, but that only 63.0 _+ 2.0 meq 
of K § was released. A similar result was obtained for 
paraquat. These results suggest that divalent organo- 
cations have the ability to remove other ions in addition 
to K § such as those released by hydrolysis of the clay 
suspension and/or those held on the clay surface by 
hydration and electrostatic forces (Bailey and White, 
1970). This argument is further strengthened by the fact 
that the CEC of Na-bentonite, measured under condi- 
tions where hydrolysis was negligible, was 93.0 _ 3.0 
meq K+/100 g clay. This value decreased to about 80.0 
meq K+/100 g clay under aqueous conditions (Schramm 
and Kwak, 1980), suggesting that paraquat, diquat, 
and, perhaps, thionine can displace the adsorbed hy- 
drated ions. 

Considering the above data, it is apparent that, ex- 
cept for the pre-cleaned Na-bentonite, the adsorption 
capacity of the clay for the organocations is in the fol- 
lowing order, Th + > D 2+/> p2+ > NMB § > MG § > 
MB § at zero ionic strength. The effect of ionic strength 

2 Na-bentonite was prepared by the ultrafiltration/dialysis 
method of Schramm and Kwak (1980). 
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Adsorption in K-clay/P ~+ systems at high and low 
concentrations of paraquat at all ionic strength levels used in 
this study. A K-clay/P2+; initial concentration of paraquat, 
69.1/zM; �9 K-clay/p2+; initial concentration of paraquat, 13.2 
/xM. Point sizes reflect experimental uncertainty. X is the 
amount of bound organocation. 

on the adsorption of the divalent ion for the clay sys- 
tems (Table 4) indicates that sorption in these systems 
was more sensitive to ionic strength variation than was 
observed for the dye system. For example, in both di- 
valent organocations/clay systems adsorption de- 
creased by 36% as the ionic strength increased from 0 
to 0.5 moles/liter. In addition, the amount of adsorption 
depends on the inorganic counterion on the clay. For 
systems using K-clay, adsorption was consistently low- 
er than for those employing Na-clay. These data sug- 
gest that differences in the hydrated radius of K § and 
Na § may be responsible for the differences in adsorp- 
tion. No aggregation effects were observed for diquat/ 
and paraquat/clay systems at any ionic strength. 

Of all the organocations, only paraquat exhibited a 
mass action effect. The lower curve of Figure 6 depicts 
adsorption at a paraquat concentration that is five times 
lower than that used to generate the upper curve; in 
each case, however, the amount of paraquat was suf- 
ficient to saturate the clay. 

It should be recalled that two methods, bulk (filtra- 

Table 4. Adsorption ~ of diquat and paraquat on clay as a 
function of ionic strength and ionic radius. 

Ionic Xm Xm Xm X m 
strength K-bento- Na-bento- Na-bento-  K-bento- 

(moles/liter) nite/D ~+ ni te / l~  + nitefl ~+ nite/l ~+ 

0.01 50.0 51.0 42.0 42.0 
0.05 42.4 45.5 39.0 37.0 
0.10 38.0 44.0 38.0 34.0 
0.15 - -  - -  37.0 33.0 
0.20 35.0 38.0 35.0 31.0 
0.25 - -  - -  34.0 31.0 
0.30 34.0 35.0 34.0 30.0 
0.40 31.0 35.0 31.0 29.0 
0.50 31.0 34.0 32.0 27.0 
0.60 - -  - -  32.0 27.0 

Adsorption (Xm) expressed as mmoles/100 g clay (_+3%). 
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Figure 7. Effect of paraquat on the adsorption of diquat; 
y-axis measures the amount of diquat bound in mmole/100 g 
clay; x-axis measures the equilibrium concentration of diquat; 
�9 K-clay/D2+/P2+; K-clay conc., 114/,~g/mi; A Na-clay/IM+/ 
p2+; Na-clay cone., 94 p,g/ml; O K-clay/D2+/P2+; K-clay conc., 
20/tg/ml. Point sizes reflect experimental uncertainty; data 
generated via dialysis. X is the amount of organocation ad- 
sorbed. 

tion) adsorption and dialysis, were used to determine 
adsorption capacity. The lower curve in Figure 6 was 
generated by dialysis which resulted in lower paraquat 
concentrations. It is therefore important, at least in the 
case of paraquat, to specify the method used to gen- 
erate the data. 

The amount of organocation released from the clay 
after exposing the washed organocation-clay complex 
to 0.5 M solution of metal ions (Table 5) shows that 
methylene blue was held irreversibly on the clay, 
whereas diquat was displaced by as much as 25% of the 
amount adsorbed. Also, micromolar concentrations of 
paraquat released an inordinately large amount of di- 
quat, suggesting that severe competition existed be- 
tween these ions for the adsorption sites on clay. The 
results of an equimolar competition study (Figure 7) in- 

Table 5. Desorption results I in presence of 0.5 M cations. 

MB I)2 + 
Ionic strength released released 

Cation (moles/liter) (%) (%) 

K § 0.5 1.0 25.0 
NH4 + 0.5 1.0 22.0 
Ba 2+ 0.5 1.0 20.0 
Ca 2+ 0.5 1.0 15.0 
Mg z+ 0.5 1.0 6.0 
AP § (pH = 3.0) 0.33 - -  25.0 
Paraquat 1.42 • 10 -8 - -  4.5 

1 Studies done for K-clay only; desorption time = 72 hr; 
uncertainties in amount released _+ 3%. 
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Figure 8. Effect ofpH on adsorption ofparaquat and diquat; 
A K-clay/D 2+, I = 0.01; O K-clay/P2+; I = 0.01; paraquat data 
generated by dialysis. I is expressed in mole/liter, and X is the 
amount of organocation adsorbed. 

dicate that the competition was strongly dependent 
upon the initial concentration of clay and organocat- 
ions. At higher clay levels, as is shown on the upper 
curve, more exchange sites were available to adsorb 
both diquat and paraquat, When the amount of organ- 
ocations exceeded the CEC, the amount of diquat ad- 
sorbed decreased rapidly because of the competition. 

Variation in adsorption as a function of pH is shown 
in Figure 8. Here it is seen that over the environmen- 
tally important pH range of 4.5 to 8.5, the adsorption 
changed slightly in the clay/D 2+ an d clay/P 2+ systems. 
At pH > 4.0, adsorption decreased fairly rapidly, sug- 
gesting that hydrogen ions competed effectively for the 
adsorption sites on the clay. Similar changes were ob- 
served for the clay/dye systems. When the temperature 
was changed from 3 ~ to 55~ adsorption decreased 
from 69.3 __+ 3.0 to 64.0 _+ 2.0 meq MB/100 g clay, for 
a K-clay/MB system. Similar changes were observed 
for other dye/clay systems; however, in the clay/diva- 
lent organocation systems the change in sorption was 
smaller. 

The results of this study indicate that adsorption in- 
teractions in clay/dye systems are different in many re- 
spects than adsorption interactions in clay/divalent or- 
ganocation systems. The adsorptive force in clay/ 
divalent cation systems is mainly an electrostatic ion- 
exchange force, whereas in the clay/dye systems, 
forces other than electrostatic are indicated. In the un- 
washed clay/dye systems the adsorption followed a 
Freundlich isotherm (Narine, 1980), which agrees with 
the work of Bergman and O'Konski (1963); whereas in 
the washed system, the data followed the Langmuir iso- 
therm as De et al. (1970a, 1970b, 1974) indicated. These 
workers did not include a washing step in their proce- 
dure. These workers also showed that the adsorbed dye 
can be displaced from the clay surfaces. However, from 
the present work it can be seen that a thousandfold 
increase in salt content, relative to the organocation, 
released 1% of the adsorbed dye. A similar increase in 
salt content removed 25% of adsorbed diquat. Thus, 
ionic strength exerts the greatest influence on clay-or- 
ganocation adsorption. 
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C O N C L U S I O N S  

From the above investigations,  it can be concluded 
that (1) adsorpt ion of  organocations on clay is most sen- 
sitive to changes in ionic strength; (2) bentoni te  clay 
exhibits a greater  affinity for paraquat  than for diquat; 
(3) monovalent  organocations bind more strongly on 
the clay than divalent organocations,  (4) for divalent 
organocat ions,  diquat is more easily displaced than pa- 
raquat;  (5) for monovalent  organocation/clay systems,  
adsorption is complicated by aggregation effects. 
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Pe3mMe----HccJle~loBaHH~l no a41coprImn UOKa3blBalOT, qTO napaKaaT, RHKBaT, H THOHHH CB~I3aHbI B 
6enTOHrlTe B KOJIHqeCTBaX 6oJ1hmnx, qeM H3MepeHHa.q KaTHOHOOrMeHHa,q cnocorHOCTb (KOC) FJIHHbl. 
Foay60fi MeTHJIeH, HOBblFI roJlyrofi MeTH21eH, H 3e.rleHblfi MaYlaXIIT CB,q3aHlal B KOJIHqeCTBaX, COOT- 
BeTCTBylOIRI, IX KOC. YHHHOJIO>IgHTeflbHble opFaHOKaTHOHbl orpa3yIOT arperaThl Ha noBepXHOCTH r.rlHHbI. 
Arperauna yBe~nqnaaeTca c yaeYtrlqeHneM aOnHOfi Cn~bl n npnao~nT K yae~InqenH~ an;anMOfi 
aj1cop6tmonnofi cnoco6nocTn ;at 25%. ArperaTbi y;aa.ag~aTca npn npoMhlaKe ~ncTn~anpoaaano~ ao~aofi. 
Hccae~toaanan no ~ecop6uan noraabma~oT, qxo KpacnTean CBfl3anbl neo6paTnMO, xor~la Kar 
~aayxnoao~nTenbnbie opranoraTnouhi caa3anbi orpaTuMO. HaMenenae nonnofi cH.rlbl yMenbmaeT 
a41coprunm a oanona~enTnblX H ;anyxaa.aeuTnbIx cncTeMax opranoKaxnoH-rJmna Ha 15 u 36% COOT- 
aexcTaenno. B CHCTeMax rJLnua-~myxna~enTnhifi oprauoraTaon ajIcop6tma 3naqnTenbnee Ha raaue 
uachituennofi aaTpneu, qeM Ha ranae nacb~tueaao6 Ka~neM. Aacopruna He n3MermeTca a ~nana3one 
pH 4,5-8,5, H yMenbtuaeTcn paanouepno, ecan pH Menbme 4,0. HaMeHeHHa a a~cop6aaH acae~ICTBHe 
H3MeHeHHF'I TeMnepaTyphl MaJlbl. I/IccJIe~OBaHHfl IlOKa3bIBalOT, qTO HOHHaH CH~qa ,r HaH~oJlee 
Ba>KHblM qbaKTOpOM B rnHao-opranoKaTnOHHhJX BaaHMo~efiCTBH~IX. [E.C.] 
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Resiimee---Die Adsorptionsuntersuchungen deuten darauf hin, daft Paraquat, Diquat, und Thionin an Ben- 
tonite in grt/ieren Mengen gebunden sind als die gemessene Kationenaustauschkapazit~it (CEC) der Tone 
erlaubt. Methylenblau, Neu-Methylenblau, and Malachitgriin sind in Mengen gebunden, die denen des 
CEC entsprechen. Die einwertigen organischen Kationen bilden auf der Tonoberft/iche Aggregate. Die 
Aggregatbildung nimmt mit der Ionenst/irke zu und vergrtflert die scheinbare Adsorptionskapazit~it um 
25%. Die Aggregate werden durch Waschen mit destilliertem Wasser entfernt. Desorptionsuntersuchungen 
zeigen, daft die Farben irreversibel gebunden sind, w/ihrend die zweiwertigen organischen Kationen re- 
versibel gebunden sind. Die Variation der Ionenst/irke reduzierte die Adsorption um 15 bzw. um 36% in 
den einwertigen bzw. zweiwertigen organischen Kationen-Ton Systemen. In den Systemen Ton-awei- 
wertige organische Kationen ist die Adsorption an Na-ges~ittigten Ton gr6/3er als an K-gesiittigten. Die 
Adsorption bleibt im pH-Bereich yon 4,5 bis 8,5 unver~indert und nimmt unter pH 4,0 regelm~i/3ig ab. An- 
derungen in der Adsorption, die auf Temperatur~inderungen zuriickzufiihren sind, sind klein. Die Unter- 
suchnng deutet darauf hin, daft die Ionenstfirke die wichtigste Variable bei der Wechselwirkung Ton-or- 
ganisches Kation ist. [U.W.] 

Rtsumt----Des 6tudes d'adsorption indiquent que le paraquat, diquat, et la thionine sont li ts/t  la bentonite 
en quantitts plus grandes que la capacit6 d'echange de cations (CEC) mesurte de l'argile. Le bleu de 
mtthylene, le nouveau bleu de mtthyltne, et le vert de malachite sont lits en quantitts 6gales ~ la CEC. 
Les organocations unipositifs forment des aggrtgats sur la surface de l'argile. L'aggrtgation croit propor- 
tionnellement h la force ionique et accroit la capacit~ d'adsorption apparente de 25%. Les aggr~gats sont 
retires par un lavage h l'eau distill~e. Des ~tudes de d~sorption montrent que les teintures sont lites irr6- 
versiblement, tandis que les organocations dispositifs le sont rtversiblement. La variation de force ionique 
rtduit I'adsorption de 15 et 36% darts les systtmes argile-organocations monovalents et divalents, respec- 
tivement. Dans les syst~mes argile-organocations divalents, l'adsorption est plus grande sur l'argile saturte 
de Na que sur l'argile saturte de K. L'adsorption demeure inchangte sur l 'ttendue de pH 4,5-8,5 et dtcroit 
de mani~re constante sous un pH de 4,0. Les changements d'adsorption dhs h des changements de tem- 
ptrature soit petits. L' t tude indique que la force ionique est la variable la plus importante dans les inter- 
actions argile-organocations. [D.J.] 
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