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Abstract — The hypothesis tested was that macroscopic swelling of montmorillonitic clays is reduced
by the presence of interlayer minerals. Fine and coarse clay fractions of Camargo and Panther Greek
bentonite samples were artificially interlayered by reaction of Aly(SO,); and NaOH in 0-5% suspen-
sions of the clays. All four clay fractions reacted similarly to artificial interlayering. At an Al:clay
ratio of 16 meq Al/g clay the CEC was completely lost, surface area was reduced and X-ray basal
spacings were altered. No macroscopic swelling occurred in samples treated with 16 meq of Al/g of
clay. At smaller concentrations of hydroxy-aluminum 8 and 2 meq Al/g clay, the clay properties were
less drastically altered. Extraction of interlayered clays with Na citrate restored the original C.E.C,,
surface area, and basal spacings of all samples and resulted in some slight enhancement of C.E.C.
and surface areas of the coarse fractions. Treatment with hot Na citrate resulted in an increase in
swelling ability but only slight increases in C.E.C. and surface area. Evidence presented supports
the hypothesis that macroscopic swelling of montmorillonitic clays is greatly reduced by interlayer
materials. Reduced swelling due to interlayering occurs even when other clay properties may be
slightly different from those of nontreated samples. Indications are that interlayer material occurs

naturally in the clays studied and this may apply to other bentonite deposits.

INTRODUCTION

IN THE past two decades considerable attention
has been focused on the occurrence, properties,
and formation of hydroxy-cation materials in the
interlayer spaces of expansible layer silicates
(Rich, 1968). The presence of interlayer material
significantly affects the chemical and physical
properties of clays. Cation exchange capacity
(C.E.C.) and specific surface area are reduced
(Rich, 1960; Sawhney, 1960; Frink, 1963), ir.
spectra (Weismiller, Ahlrichs and White, 1967),
X-ray diffraction, and differential thermal analysis
patterns are altered (Carstea et al., 1970). Titration
curves (Schwertmann and Jackson, 1964) and
several other clay properties (Davey and Low,
1968) also differ when these materials are present.

X-ray analyses have shown that interlayered
clays swell and shrink less than their non-inter-
layered counterparts. However, commonly used
X-ray analyses are limited to relatively small
basal spacings and non-aqueous clay systems. For
soil clays, the hydration states of major interest to
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soil scientists are those in the range of macroscopic
swelling, that swelling which occurs when clays
come in contact with free water. The study re-
ported here is an attempt to demonstrate that
macroscopic swelling of clays is reduced by the
presence of hydroxy-Al interlayer material.

EXPERIMENTAL

Clays and their preparation

The two clays used in this study were Camargo
bentonite§ collected from an open-pit mine site
near Camargo, Oklahoma, and Panther Creek
bentonite{ from Panther Creek, Mississippi.

Approximately 200g of each bentonite sample
was suspended in 20 1. of 0-5% Na,Coy by stirring
portions in a commercial mixer-blender. The
combined portions were agitated overnight and
allowed to settle, after which the clear super-
natant liquid was siphoned off and the sediment
resuspended in 201, of deionized water. After a
second wash with deionized water, the sample
is dispersed (Fig. 1).

The clay fraction, <2-Ou equivalent spherical
diameter (E.S.D.), was separated by gravity

§Obtained from the Filtrol Corporation, Jackson,
Mississippi, mine near Camargo, Oklahoma.

YObtained from Whittaker, Clark and Daniels, Inc.,
New York.
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Fig. 1. Flow diagram showing steps in analysis of inter-
layered clay.

sedimentation. Twenty-five cycles of suspension-
sedimentation~siphoning were required for frac-
tionation of the Camargo sample and 15 cycles
for the Panther Creek sample. Further fractiona-
tion into coarse (2:0-0-2p E.S.D.*) and fine clay
(< 0-2u E.S.D.) was accomplished with a Sharples
supercentrifuge (Jackson, 1956). A total of 14
centrifugation-resuspension cycles was performed
in separation of the Camargo clay and seven cycles
in fractionation of the Panther Creek clay. The
four clay fractions were concentrated by floccula-
tion with NaCl, washed once with deionized dis-
tilled water, and stored as suspensions.

Artificial interlayers were formed by dripping
N AL(S0,); and N NaOH into a vigorously agi-
tated 0-5% suspension of clay. Each of the four clay
fractions (Camargo coarse and fine and Panther
Creek coarse and fine) received six different inter-
layer treatments consisting of the various combina-
tions of two OH/AI molar ratios (1-5 and 2-7) and

*E.S.D.— Equivalent Spherical Diameter.

three levels of Al (2, 8, 16 meq Al/g clay). The
samples were aged in plastic bottles at a constant
temperature of 22°C for 1yr and were shaken
occasionally.

Methods of sample analysis

Five aged samples and one freshly prepared
sample were extracted with hot Na citrate to
determine the effect of removal of interlayer
material on the clay properties. Aliquots con-
taining 1-00g clay were heated with 100 ml N Na
citrate for 1 hr at 90°C, centrifuged, and the treat-
ment repeated five times. The Na citrate extracted
clay was then tested along with the interlayered
samples.

Cation exchange capacity was determined
(Frink, 1964) on small (0-5g) clay samples which
were centrifuged for 10-15 min at 8000-10,000g
to prevent loss of clay (Rollins and Pool, 1968)
and as further noted in Fig. 1. The exchangeable
sodium was determined by atomic absorption
spectroscopy. Rapid and complete dispersion
after each centrifugation was accomplished with a
lin. rounded polyethylene plug screwed onto a
Hamilton-Beach Model 33 malt-mixer in place of
the usual mixing blade. A rheostat allowed the
mixing speed to be easily varied as needed for
dispersing the clay packed into the bottom of the
plastic centrifuge tubes.

Specific surface area was determined using the
ethylene glycol monoethyl ether method of Carter,
Heilman and Gonzalez (1965).

For X-ray analysis, Mg-saturated and glycerol-
solvated samples and K-saturated samples were
air dried on Pyrex glass slides as suggested by
Jackson (1956, Paragraph 4-34). Samples were
X-rayed on a General Flectric XRD-6 instrument
with Ni-filtered CuK,, radiation generated at 50 kV
and 20 mA. The optical train was 1°MR beam,
HR soller, and 0-2° detector slit.

Potassium-saturated samples were X-rayed air
dry and after heating at 200° and 500°C. The degree
of shift in the basal spacing was used as an indica-
tion of interlayer stability.

Swelling in unconfined conditions was carried
out using the technique described by Rowell
(1963). Briefly, the method consists of placing a
clay suspension on a glass cover slip, allowing it to
air dry, then suspending the slide containing the
oriented clay sample in dilute salt solutions. The
amount of water held by the clay after it had been
allowed to swell was determined by weighing the
clay wet and oven dry (105°C). All swelling experi-
ments were run at a constant temperature at 22°C.

Swelling under applied pressures was deter-
mined by using an apparatus similar to that
described by Warkentin, Bolt and Miller (1957).
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Equilibrium was reached after 4 hr under 1-0 and
2-0 atm, applied pressure and in 24 hr under 0-01
atm applied pressure. Measurements are reported
in g of water/g of clay at 0-01 atmosphere pressure.

RESULTS
Evidence of interlayer formation in treated clays

Changes in specific surface area, C.E.C., and the
amount of first order basal spacing shift exhibited
by the clays were used as indications of the exten-
siveness and the stability of the interlayer material,
Tablies 1-4 and Figs. 2 and 3.

The four fractions reacted similarly to the arti-
ficial interlayering treatments. Interlayers were
produced in all cases, with the greatest effect on
clay properties being noted at the highest Al:clay
ratio. Large amounts of hydroxy-Al material
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Treotment
me Al/ Mg Sat K Sat K Sat K Sot
OH/AI gm.Clay  Gly. Sol. 25°C 200°C 500°C
19.4A 13,18
1294 16.04 14.64
2.7 16 1004 8.24
185
* 15.0A 13.24 11.94
2.7 8 9.94
18.2A
13.24 12.24
10.64
2.7 2 924
1825
. 12.4A 11.0A 10.2a
Citrate
Extract 2.14
t— f +— —t
12 8 4 12 8 4 12 8 4 12 8 4

16 meq Al/g clay reduced the C.E.C. to zero and
the ‘specific surface area to half its original value.
Basal spacings for these samples were ca. 21 A
when Mg-saturated and glycerated, and 13 A
when K-saturated and heated at S00°C, Figs. 2 and
3. Although decreases in C.E.C. and surface area
were considerable, at the low Al:clay ratio
2 meq Al/g clay, only small differences could be
detected between basal spacings of treated and

26
Fig. 2. Smoothed X-ray diffraction patterns of Al-inter-
layered < 0-2u Camargo bentonite as affected by OH/Al
and Al concentration after one year aging (intensities are
relative).

untreated samples. At the intermediate level of
Al/clay, the effect on clay properties was inter-
mediate.

Table 1. Effect of OH/Al molar ratios on C.E.C., surface area and swelling of Camargo benton-

ite aged 1 year

OH/Al Meq. C.E.C. Surface Swell valuest
Sample molar Allg Meq/ area g H,O/g clay
No. ratios clay 100 g Mg Rowell Warkentin
2-0-2u fraction

N.T.* 129 937 3-00 2-20

1 2-7 16 0 440 1-60

2 27 8 8 562 1-80

3 27 2 87 787 2-80

4 1-5 16 0 472 1-40

S 1-5 8 34 740 2-20

6 1-5 2 96 924 3-40

<02u

N.T. 131 943 30-20 12-00

7 27 16 4 582 0-64

8 2-7 8 47 774 0-71

9 2-7 2 113 863 6-80 3-50
10 1-5 16 0 626 0-43
11 1-5 8 61 775 0-80 3-50
12 1-5 2 96 884 4-40 510

Citrate extracted 2-0-2u fraction
4 1-5 16 137 948 10-50 6-00
Citrate extracted < 0-2u fraction

10 1-5 16 133 968 27-10 820

*N.T.—no treatment.

tRowell swell in 5 X 1073 N NaCl, Warkentin swell at 0-01 atmosphere pressure 10~¢ N NaCl.

CCM Vol.20,No. 1-B
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Table 2. Effect of OH/Al molar ratios on C.E.C. surface area and swelling of Panther Creek
bentonite aged 1 year

OH/Al Megq. C.E.C. Surface Swell valuest
Sample molar Al/g Meq/ area g H,O/g clay
No. ratios clay 100g M?g Rowell Warkentin
2-0-2u fraction
N.T.* 91 740 3-60 2-10
13 27 16 0 346 120
14 2-7 8 0 471 0-80
15 27 2 58 649 3-70
16 15 16 0 456 1-00
17 1-5 8 11 554 0-92
18 1-5 2 59 708 5-60
< 0-2u fraction
N.T. 108 868 15-80 9-80
19 2-7 16 0 590 0-50 3-40
20 2-7 8 42 619 0-91 3-40
21 27 2 85 781 12-90 6-30
22 1-5 16 0 570 0-45 4-00
23 1-5 8 46 742 1-10 3-80
24 1-5 2 68 855 4-30
Freshly interlayered 2-0-2u fraction
25% 27 16 0 150
Citrate extracted 2-0-2u fraction
16 1-5 16 97 770 24-00 8-20
25% 2-7 16 91 760 26-60
Citrate extracted < 0-2u fraction
19 27 16 104 912 34-00
22 15 16 103 926 34-40 13-30

*N.T.—no treatment.
+Rowell swell in 5 X 10~2 N NaCl Warkentine swell at 0-01 atm in 10~* N NaCl.
$Same as sample No. 13.

Table 3. Effect of aluminum in solution and OH/AIl molar ratios on first order X-ray basal
spacings of Camargo bentonite aged 1 year

OH/AI Alin 1st. order basal spacing (A)
Sample molar solution Mg. K Sat.
No. ratios (% of added) glycerol 25°C 200°C 500°C
2-0-2u fraction

N.T.* 0 17-8 10-8 10-0
1 2-7 1 19-3 17-0 14-4 135
2 2-7 0 19-0 15-5 12-6 10-4
3 2-7 0 182 13-4 126 109
4 1-5 45 21-2 16-0 14-0 13-2
5 1-5 42 18-8 127 119 10-6
6 1-5 13 18-4 12-7 119 10-6

< 0-2u fraction

N.T. 0 182 11-3 10-6 10-1
7 27 0 19-4 16-0 14-6 13-1
8 27 0 18-5 15-0 132 119
9 2-7 0 18-2 13-2 12-3 10-8

10 1-5 27 20-5 16-2 14-2 13-1

11 1-5 26 18-0 14-2 127 11-3

12 1-5 0 18:2 13-0 11-4 10-5

Citrate extracted sample 2-0-2p

4 1-5 0 18-2 12-4 117 162

10 15 0 18:2 12-4 110 10-2

*N.T. ~no treatment.
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Table 4. Affect of aluminum in solution and OH/Al molar ratios on first order X-ray basal
spacings of Panther Creek bentonite aged 1 year

Basal spacings (A)
OH/AI Alin .
Sample molar solution Mg. K Sat.
No. ratios (% of added) glycerol 25°C 200°C 500°C
2-0-2u fraction
N.T.* 0 0 17-1 11-5 10-3 99
13 27 0 27-1 17-0 14-5 13-4
14 2-7 0 20-1 16-4 14-4 132
15 27 0 18-4 13-1 14-0 10-9
16 t-5 45 22-6 15-9 13-6 11-8
17 15 31 19-4 14-2 12-8 10-6
18 1-5 0 18-5 12-4 11-8 9-8
< 0-2u fraction
N.T. 0 17-6 11-0 10-3 99
19 2-7 0 21-8 16-8 14-0 13-0
20 2-7 0 19-2 15-4 132 12-3
21 2-7 0 182 13-1 11-1 10-7
22 1-5 40 221 16-8 14-4 13-3
23 1-5 28 i8-8 13-2 11-5 11-2
24 1-5 0 18-2 132 10-9 10-4
Freshly interlayered 2-0-2u
25% 15 0 22-1, 147 14-2
Citrate extracted 2-0-2u
16 1-5 0 18-2 12-2 10-6 10-0
25 27 0 18-2 12-1 11-0 10-2
Citrate extracted ©» 0-2x
19 27 0 182 12:3 11-0 10-2
22 1-5 0 18-0 12:1 10-4 10-0
*Not treated.

+tSame as sample No. 13.

Trectment
me.Al/ Mg Sat K Sot K Sat K Sat
OH/At gm.Clay  Gly. Sol. 25°%C 200°C 500 °C
16.84
mAZL!l 14.04
27 16 J\/\/ 5,68 J/_—j(‘_/
18.28
15.44
13.24 12.34
2.7 8 384 834
18.2A
13.1A
.14 10.74
27 2 | om N ANV
18.2A 12.24
t,0A 10.2A
Citrate 9.0A .
Extract
s 1 L I
T T T T
12 8 4 12 8 412 8 4 12 8 4
20

Fig. 3. Smoothed X:ray diffraction patterns of Al-inter-

layered < 0-2u Panther Creek bentonite as affected by

OH/AL and Al concentration after one year aging (in-
tensities are relative).

Swelling experiments

Preliminary studies of macroscopic swelling,
using the techniques of Warkentin er al. (1957),
revealed differences in swelling characteristics of
the fine and coarse fractions of untreated clays.
The coarse clay (2:0-0-2x E.S.D.) produced
swelling pressures considerably lower than pre-
dicted by theory (Warkentin ef al., 1957; Warkentin
and Schofield, 1962), while the fine clays (< 0-2u
E.S.D.) swelled to values very near theoretical.
Jonas and Roberson (1968) reported that coarse
fractions of montmorillonite expanded less than
fine fractions and concluded that higher structural
charge density of the coarse fractions was respon-
sible for their reluctance to expand in atmospheres
of high relative humidity. Specific surface area and
C.E.C. measurements of the clays used in this
study showed, however, that the charge density
of the coarse and fine clay fraction was the same.
Incomplete removal of salt (Bolt, 1956) was dis-
missed as the reason for lessened swell when a
sample of Panther Creek clay washed 20 times
with deionized distilled water failed to swell more
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than less washed samples. Lack of parallel orienta-
tion was also dismissed as the cause of the problem,
since this geometric arrangement would increase
rather than decrease the swelling pressure.

Two differences in unconfined swell (Rowell’s
method, 1963) of the fine and coarse fractions were
also observed. (1) The fine clay swelled con-
siderably as the concentration of the salt solution
decreased, whereas the coarse clay showed very
little swelling. Just before dispersion the fine clays
held 15-30g water/g clay; the coarse clays held
3~-5g water/g clay. (2) The fine clays dispersed at
higher salt concentrations than did the coarse
clays, Fig. 4. Charge densities of the two fractions
being essentially the same, both would be expected
to have the same osmotic forces (repulsive forces?)
acting between the layers. These results suggest
that attractive forces not accounted for in the
parallel charged plate model of Bolt (1956) were
acting in the coarse clay system to prevent swelling.

The artificially interlayered coarse clay fractions
did not swell, as predicted from results obtained
with their non-treated counterparts. Little or no
swelling occurred in artifictally interlayered fine
clay samples with the high Al:clay ratio, 16 meq/g
clay. This would be expected from the complete
blockage of C.E.C. sites in those samples, since
without exchangeable ions there would be no
osmotic force acting to separate the layers. The
same effect, however, was noted with samples
treated with 8 meq Al/g clay, even though half as
much of the original C.E.C. remained. The binding

Dispersed

30} §
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(=]
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¢
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[T T AT A
NaCl Concentration {Normality)

Fig. 4. Swell of Na-clays before artificial Al-interlayering.

effect of the interlayer material was apparently
stronger than the repulsive force resulting from the
presence of exchangeable ions, and separation of
the layers was prevented. At the lowest Al:clay
ratio a 20-85% reduction in swell values (a term
used by Rowell (1963), to denote g water held/g
clay) of the fine clay was observed, demonstrating
the effect of small amounts of interlayer material
on clay swelling.

Striking results of unconfined swell of the citrate
extracted samples afforded an explanation of
several of the observations discussed and pro-
vided evidence to support the hypothesis that
interlayer material causes reduction in clay
swelling. As the data in Table 1 and 2 show, the
citrate-extracted samples had the largest swell
values of any samples, even larger than the
original untreated samples. Although C.E.C., sur-
face area, and X-ray data showed some differences
between the extracted and original samples, the
differences were not nearly as great as those
found for swell values.

The large increase in swell values of the coarse
fractions upon citrate extraction, taken with the
concomitant slight increase in C.E.C. and surface
area, indicates that the agents preventing swell
probably occupy only a small area of the layer
surfaces and do not satisfy all of the cation ex-
change sites.

These results might suggest the presence of small
amounts of interlayer material in the original
bentonitic clays. Such an occurrence is somewhat
unexpected, since interlayer materials might be
thought to be products of clay weathering. The
clays used in this study came from supposedly
unweathered bentonite deposits and, theoretically,
should not contain such materials (preliminary
examination of these clays for carbonates showed
none to be present). This effect has also been noted
by Rowell (1963), who reported that removal of
iron oxide (0-58% by weight) from the <0-05u
fraction of Wyoming bentonite increased the swell
value by about 10%.

DISCUSSION AND CONCLUSIONS

Despite a large measured surface area and high
cation exchange capacity, the coarse clay fractions
(2:0-0-2u) of the two bentonite samples studied.
swelled very little before dispersing. Conversely,
the fine clays swelled to large volumes before dis-
persing in dil. NaCl solutions, a behavior suggest-
ing that different forces are active in the two
fractions.

Since the fine and coarse fractions had essentially
the same charge densities, in like solutions the
osmotic (repulsive?) forces would be the same for
the two fractions. The different swell behavior
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observed must then be explained by dissimilar
attractive forces.

Results suggest that the attractive force in the
coarse clay is strong, whereas that of the fine clay
is much weaker. As the repulsive force increases
(i.e. NaCl concentration decreases), the strong,
attractive force in the coarse clay allows the layers
to expand very little (absorbing from 2 to 4g
water/g clay). When the repulsive force becomes
greater than the attractive force, the clay suddenly
goes from a state where the layers are probably
an average of ca. 80 A (Fink et al. (1968), War-
kentin et al., (1957)) apart to a dispersed state. On
the other hand, the weaker, attractive forces of the
fine clay allows watet to enter rather easily and the
layers expand to large average distances before
dispersing. Finally, the repulsive force becomes
greater than the attractive force and the fine clay
disperses.

The strong, attractive forces of the coarse clay
are suspected to be randomly distributed islands of
interlayer material which bind adjacent layers
together by electrostatic bonds. Results from
samples treated with hot Na citrate lend strength
to this explanation. After such treatment, samples
Nos. 4, 16, and 25 attained swell values of the
same order of magnitude as the untreated fine
clays. These results show that use of methods such
as that of Fink, Rich and Thomas (1968) is
probably possible only with samples freed of inter-
layer materials.

When interlayer material is absent, the clay
swells as described for the fine clay. The clay
takes up about 30 times its weight in water before
finally dispersing. In such a system a long-range
attractive force holds the clay particles together
before dispersion. Numerous investigators (see
van Olphen, 1963; Mungan and Jessen, 1963;
Rowell, 1965; Low, 1968) have advanced explana-
tions for the formation and stability of clay gels.
The results of this study do not allow the favoring
of one model over another. It is obvious, however,
that removal of materials from the surfaces of the
silicate clays, especially those of large E.S.D.,
enhances their ability to swell.

Of particular significance is the marked effect
on swelling produced by small amounts of inter-
layer material, which affect other clay properties
only minimally. This appeared most dramatically
in the swelling of the coarse clays after citrate
extraction.
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Résumé — L ’hypothese soumise a vérification était que le gonflement macroscopique des argiles mont-
morillonitiques est réduit par la présence de minéraux interfeuillets. Des fractions argileuses fixes
et grossiéres d’échantillons de bentonite de Camargo et Panther Creek ont eu leurs espaces inter-
feuillets artificiellement remplis en faisant réagir Al,(SO,); et NaOH dans des suspensions d’argile
4 0,5%. Les quatre fractions argileuses ont réagi de la méme maniére au cours de ce traitement. Pour
un rapport Al/argile de 16 me Al par g d’argile, la C.E.C. disparait complétement, Ia surface est
réduite et les distances basales déterminées aux rayons X sont modifiées. Aucun gonflement macro-
scopique n’est observable avec les échantillons traités avec 16 me Al par g d’argile. A des concentra-
tions d’hydroxy-aluminium plus basses, 8 et 2 me Al par g d’argile, les propriétés de I'argile sont
altérées moins profondément. Lorsqu’on extrait par le citrate de sodium les argiles traitées, on ob-
serve pour tous les échantillons le retour aux valeurs d’origine de la C.E.C., de la surface et des dis-
tances basales, en aboutissant méme a une légére augmentation de la C.E.C. et de la surface des
fractions grossiéres. Le traitement avec le citrate de sodium chaud entraine une augmentation de
’aptitude au gonflement, mais seulement un faible accroissement de la C.E.C. et de la surface. Cette
observation confirme donc ’hypothese selon laquelle le gonflement macroscopique des argiles mont-
morillonitiques est fortement réduit par les matériaux interfeuillets. Cette réduction du gonflement due
a certaines insertions interfeuillets s’observe méme quand d’autres propriétés de I’argile ne sont que
légerement différentes de celles des échantillons non traités. 11 y a des indications pour penser que
certains matériaux interfeuillets sont présents naturellement dans les argiles étudiées, ce qui peut
s’appliquer a d’autres dép6ts de bentonite.

Kurzreferat—Es wurde die Hypothese untersucht wonach makroskopische Quellung montmorillo-
nitischer Tone in der Gegenwart von Zwischenschichtmineralem vermindert wird. Feine und grobe
Tonfraktionen aus Camargo und Panther Creek Bentonit Proben wurden kiinstlich durch die Reak-
tion von Al,(SO,); und NaOH in 0,5% Suspensionen der Tone mit Zwischenlagerung versehen. Alle
vier Tonfraktionen reagierten dhnlich zur kiinstlichen Zwischenlagerung. Bei einem Al:Ton Verhilt-
nis von 16 meq Al/g Ton ging die Kationenaustauschkapazitit (C.E.C.) vollkommen vorloren, die
Oberfliche wurde vermindert und die Rontgen Basiszwischenriume wurden veréindert. In Proben,
die mit 16 meq Al/g Ton behandelt wurden trat keine makroskopische Quellung auf. Bei kleineren
Konzentrationen von Hydroxy— Aluminium 8 und 2 meq Al/g Ton, waren die Eigenschaften des
Tones weniger drastisch verdndert. Extraktion von zwischengelagerten Tonen mit Na-Citrat stellte
die urspriingliche C.E.C., Oberflicheninhalt und Basiszwischenriume von allen Proben wieder
her und ergab in manchen eine Leichte Zunahme der C.E.C. und der Oberflicheninhalte der groben
Fraktionen. Behandlung mit heissem Na-Citrat ergab eine Zunahme in Quellfdhigkeit jedoch eine
geringe Zunahmen in C.E.C und Oberfliche. Das vorgelegte Beweismaterial stiitzt die Hypothese
wonach makroskopische Quellung montmorillonitischer Tone durch-zwischenlagerstoffe weitgehend
vermindert wird. Verminderte Quellung infolge von Zwischenlagerung erfolgt sogar wenn die anderen
Toneigenschaften etwas verschieden von denen der unbehandelten Proben sind. Es bestehen Anzei-
chen dafiir, dass Zwischenlagerungsstoffe in den untersuchten Tonen natiirlich vorkommen und das
mag auch bei anderen Bentonitablagerungen der Fall sein. '

Pesome — [TpoBepeHs! IPEATIONOKEHHA 00 YMEHBIICHHH MaKPOCKONNYECKOTO pa3Gyxanusa MOHTMO-
PWLIOHATOBBIX IVIMH OPH HaJIMYMH MEXCIIOEBBIX MHUHEPAIOB. MeXCIOeBble NPOMEXKYTKM TOHKUX H
rpyObIX IIHMHACTHIX (pakumii 6eHTOHNTOBEIX 00pa3uor u3 Kamapro u Ilanrep Kpuk HCKyccTBEHHO
HaCBHIMAINCE B pe3ynbTare peakimu Al,(SO,)s 1 NaOH B 0,59 cycmemsusx riamd. Bee weTtnipe
DIMHACTEIE Gbpakuyy BeMH cebs OAMHAKOBO IPH OOpa30BaHWM CMELIAHHO-CJIOHMHBIX ¢a3. IT
COOTHOINEHMH Al ¥ TJIMHEI, paBHOM 16 M — 5kB Al/r rmmHel COcOGHOCTL X O6MEHY KAaTHOHOB
6BUIA MONTHOCTBIO yTpayeHa, MIOINaAb MOBEPXHOCTH YMEHBIUMIACE M 6a3aIbHbIE MEXILIOCKOCTHBIE
paccTosHuS (IO PeHITEHOBCKUM AaHHBIM) H3MEHIIHCE. MaKpOCKONMYECKoe pa3byXaHue HE IPOHCXO-
ouwio B obpasiax, o6paboranneix 16 M — 3kB Al/r rnuesl. IIpH MeHBUIMX KOHLEHTPALUMSAX THAPO-
oxucu aproMuans (8 M 2 M— 3kB Al/r rjiMgel) IIHMHUCTBIE CBOMCTBA He OBUIM M3MEHEHBI CTOIb
pe3xo. O6paboTKa CMEMIaHHO-CIOHHBIX TJIMH JIMMOHHOKHCIBIM Na BOCCTAHAB/IMBAJIA NEPBOHAYATb-
HYIO CHOCOGHOCTB XK 0OMEHY KaTHOHOB, IUIOIIAAb IIOBEPXHOCTH, Ga3aIbHbIE MEXCIIOEBbIE PACCTOSHMUS
Bcex 0Opa3loB U MPUBOAMIA K HEKOTOPOMY YBEIHMYEHHIO KATHOHHOrO OGMeEHA M ILIOINady HOBEPX-
HOCTH IrpyObiX dpaxumit. O6paboTka ropsyuM nurpaToM Na IprBOIUIia K yBETHYEHHIO CIOCOGHOCTH
K pa30yxaHMIO M TOJBKO K HE3HAYMTEJILHOMY YBEIMYEHHIO CIOCOOHOCTH K OOMEHY KaTHOHOB H
wiomany noBepxHocTH. IomyyeHHble TaHHbBIE TOATBEPKAAIOT THIOTE3Y O 3HAYHTEIILHOM CHIKEHUH
pa30yxaHHd MOHTMOPWUIOHHTOBBIX TJIHH C MEXCIIOEBBIM MATEPHAJIOM. YMEHbIICHHE Pa3OyXxanus
Gr1aromaps NPUCY TCTBHEO MEXCIIOEBOT'0O MaTepHalla IPOHCXOMAUT JaxKe TOra, KOria Apyrue TIMHACTHIE
CBOHCTBA MOTYT TOJIbKO HE3HAYHTEILHO OTIMYATCS OT TAKOBIX HeOOPaGOTAHHEIX 06pa3oB. Y CcTaHOB-
JICHO; YTO B M3YYCHHBIX FJIMHAX BCTPEYAETCS CMEIIAHHO-CIONHBIA MATEPHAN ] 3TO e MOXET OBITh H
B OPYrdX OEHTOHUTOBBIX MECTOPOKICHHSX.
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