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Reactivity, swelling and aggregation of mixed-size
silicate nanoplatelets
M. Segad,*a B. Cabaneb and Bo Jönssonc
Montmorillonite is a key ingredient in a number of technical applications. However, little is known regarding the microstructure and the forces between silicate platelets. The size of montmorillonite platelets
from diﬀerent natural sources can vary signiﬁcantly. This has an inﬂuence on their swelling behavior in
water as well as in salt solutions, particularly when tactoid formation occurs, that is when divalent counterions are present in the system. A tactoid consists of a limited number of platelets aggregated in a parallel arrangement with a constant separation. The tactoid size increases with platelet size and with very
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small nanoplatelets, ∼30 nm, no tactoids are observed irrespectively of the platelet origin and concentration of divalent ions. The formation and dissociation of tactoids seem to be reversible processes. A
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large proportion of small nanoplatelets in a mixed-size system aﬀects the tactoid formation, reduces the
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aggregation number and increases the extra-lamellar swelling in the system.

Introduction
An important phenomenon in any dispersion of platelets is
the aggregation of platelets into so-called tactoid, that occurs
with di- or trivalent counterions.1 Several experimental studies
have shown that an individual tactoid only consists of a
dozen or so well-oriented platelets.2–5 Blackmore and Miller6
measured the silicate layer separations of Ca montmorillonite
as a function of pressure by X-ray diﬀraction technique. Their
results showed only small variations of the number of platelets
per tactoid, N. Purely theoretical work of negatively charged
lamellae7–9 and platelet-like particles10 have demonstrated that
ion–ion correlations is a likely origin of tactoid formation.
Experimental and Monte Carlo (MC) simulations results are in
quantitative agreement for the distance between the platelets
in a tactoid.11–13 It is well established that aggregation in clay–
water system leads to changes in swelling properties14 as well
as hydraulic conductivity.15 For example, Martin and coworkers observed a significant increase of the hydraulic conductivity of LAPONITE® platelets upon adding enough electrolytes.16 This is an important observation for applications,
where the clay is supposed to form a barrier, e.g. in waste barriers and geological storage technologies.
We have recently studied Ca and Na montmorillonites in
pure water as well as in aqueous salt solutions through cryo-
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genic transmission electron microscopy (cryo-TEM), smallangle X-ray scattering (SAXS)17–19 and by osmotic swelling.20
These studies have shown that there exist two types of lamellar
swelling in Ca montmorillonite dispersions (i.e. intra- and
extra-lamellar). In agreement with earlier studies, we have also
found a limited number of platelets per tactoid in Ca montmorillonite, see Fig. 1. In addition, larger platelets give rise to
larger tactoids, whereas for really small platelets no tactoid formation is observed.18 The latter observations oﬀers a step
toward understanding the tactoid formation and the swelling
phenomenon in Ca montmorillonite with pure water and in
the presence of 2 : 1 salt. A puzzling result, however, has been
the significant extra-lamellar swelling displayed, where both
SAXS studies and simulations predict the formation of tactoids
with a very small swelling. Na montmorillonite, on the other
hand, has a very strong swelling capacity in pure water or
at low salt concentrations in agreement with theoretical
predictions.
As is mostly the case in natural or synthetic clays, the platelets are polydisperse in size and shape; hence it is diﬃcult to
establish whether the tactoids consist of mixed platelet sizes,
or if there is a preference for certain platelet sizes in a tactoid.
In this work, we have investigated the swelling, aggregation
and dissociation of fractionated and unfractionated montmorillonite platelets from a number of silicate clays, in order
to understand the eﬀect of platelet size on structure and
swelling. SAXS and three-dimensional dynamic light scattering
(DLS) techniques were applied to provide information about the
size as well as the microstructure of nanoplatelets in equilibrium with a bulk solution at given ionic composition and
neutral pH.

This journal is © The Royal Society of Chemistry 2015
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Fig. 1 (a) Cryo-TEM image of tactoid in calcium montmorillonite dispersion. (b) Note that smaller nanoplatelets form a smaller tactoid. The bars in
the lower left corners correspond to 20 nm.17

Experimental section
Materials purification
Three diﬀerent bentonites as well as kaolin clay were used in
this study. The sources of natural clays were Wyoming bentonite (MX80), Bavarian bentonite (Ba), Slovakian bentonite (Sk)
and kaolin from Iraq. Further details of the characterization
and the quantitative mineralogical compositions of Bavarian
and Slovakian bentonites have been described by Kaufhold
and Dohrmann.22,23 Analytical grade sodium chloride ( purity,
99.5%) was purchased from Merck and millipore water was
used to prepare the solutions. Calcium chloride ( purity, 98%)
was purchased from Aldrich. SnakeSkin Dialysis Tubing (3.5 K
MWCO, 1 ml) was bought from Pierce.
The first homoionic Na montmorillonite was obtained from
MX80 after a careful purifying process. The procedure was as
follows: 20 g of MX80 was dispersed in 2 L of millipore water
and allowed to stand until the large particles, ≥2 μm, had sedimented and various impurities were discarded. In order to
reduce the amount of the multivalent ions, this suspension
was washed by addition of 1 M NaCl solution three times: each
time, the clay suspension was mixed with the aqueous salt
solution and the mixture was left to equilibrate for at least a
week. Then the clay suspension was washed three times with
millipore water. In order to remove excess electrolytes, the Na
montmorillonite (NaMX80) was transferred to dialysis membranes and placed into plastic containers with millipore water.
The water was changed daily until the conductivity was below
10 μS cm−1. The raw Bavarian and Slovakian bentonites were
treated in an identical purification process. The final stock
suspensions of Na montmorillonites (NaMX80, NaBa and
NaSk) were fractionated and then used as dispersions. The
weight fractions of the samples were determined by drying the
dispersions at 333 K.
Calcium montmorillonite (CaMX80) was prepared through
similar purification process as described above. In this case
unfractionated NaMX80 suspension (∼150 ml) was taken and

This journal is © The Royal Society of Chemistry 2015

dispersed in 1 L of 1 M CaCl2. The clay particles were left to
settle, and a homogenous sediment was formed. The whole
sediment was recovered and the procedure was repeated three
times. The dialysis procedure has been used here as well to
remove excess electrolytes. The final fractions were dried at
333 K. Unfractionated CaMX80 was used as a dry powder in
the dialysis swelling experiment.
Chemical analysis was performed for kaolin and Wyoming
clays by inductive coupled plasma-atomic emission spectrometry technique (ICP-AES), while the Bavarian and Slovakian bentonites was studied by X-ray fluorescence
spectroscopy (XRF).22,23 Loss of ignition was determined gravimetrically by ignition to ∼1273 K for 15 minutes. The cation
exchange capacity (CEC) for Raw Ba, Raw Sk and MX80 are 67,
60 and 77 (meq per 100 g), respectively. Table 1 summarizes
the chemical composition of the clays.
Fractionation and sample preparation
A pure NaMX80 dispersion was centrifuged at 1500 rpm for
60 min, as a first step. The sediment from this still contains a
range of particle sizes, therefore the material was re-dispersed
in millipore water and centrifuged repeatedly to separate out
the largest platelets. The collected sediment from the successive processes is the coarse fraction. The medium and fine
fractions of NaMX80 were obtained by repeating the same
procedure several times at higher speeds. The collected
supernatant, from the first step, was centrifuged at 6000 rpm
and then at 17 000 rpm to obtain the medium and the fine
fractions, respectively. As a result, NaMX80 dispersions were
fractionated into three samples (NaMX80-I, NaMX80-II and
NaMX80-III). Also, two fractions of NaBa (NaBa-I and NaBa-II)
and two discrete fractions of NaSk (NaSk-I and NaSk-II)
were obtained by the same protocol. Preparation of the
sample was as follows: the SnakeSkin dialysis tubing was cut
to appropriate lengths and put into millipore water for 24 h.
One end of the dialysis tubing was folded over twice and
attached. 10 g of either a dispersion comprising individual
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Chemical analysis of various clays

Composition in wt%

Raw Ba

Raw Sk

Kaolin

NaMX80

CaMX80

MX80

SiO2
Al2O3
Fe2O3
MgO
CaO
Na2O
K2O
TiO2
LOI

51.5
20.1
5.9
2.9
1.4
0.1
1.7
0.4
15.5

61.7
17.5
8.1
1.6
1.3
0.4
1.4
0.8
6.7

53.7
36.27
1.8
0.43
0.2
0.71
1.5
1.29
4.1

68
21
4.0
2.2
0.1
3.8
0.6
0.1
0.2

68
21
3.9
2.1
2.4
0.3
0.5
0.1
1.7

67
20
3.9
2.2
1.2
2.7
1.2
0.12
1.68

fraction (coarse, medium or fine) or a mixture of two clay fractions with diﬀerent weight ratio were added, and the tubing
was rolled up at the open end, pressed slightly to remove the
air inside the pocket and then folded over twice and attached.
The tubing was placed into 500 ml of 0.5 mM CaCl aqueous
solution or millipore water in a shaking incubator hood
system (from Bühler Germany) for up to a month.
Small angle X-ray scattering (SAXS)
The small angle X-ray scattering (SAXS) experiments were performed at the synchrotron radiation facility MAX IV in Lund
using beamline I911-4.24,25 A monochromatic beam of 0.91 Å
wavelength was used together with point collimation and a
two-dimensional, low noise and fast read-out pixel detector
(PILATUS 1 M). The sample to detector distance was 1.9 m (q =
0.1 − 3.9 nm−1) with 2 min of exposure time. The SAXS data
were analyzed with the program FIT2D.26
Clay samples were taken from dialysis experiments and
measured in 1 mm quartz capillaries. The background scattering of pure water and salt concentrations were subtracted. The
number of montmorillonite platelets per tactoid, N, that is
tactoid size can be estimated from the scattering peaks by
applying the Scherrer formula.21 A model with an assumption
of a Lorentzian line shape has been approximated to the scattering function based on that formula as follows:
q2 IðqÞ /

w
ðq  qmax Þ2 þ w2

ð1Þ

where I(q) is the scattering intensity and w a measure of the
width. The width at half maximum of the peak is equal to 2w
and the average number of platelets per tactoid can be
expressed as N = qmax/w.19
Size determination
Three-dimensional dynamic light scattering (3D-DLS) instrument was used for simultaneous dynamic and static light scattering with transparent and turbid samples at a wavelength of
632 nm. The temperature of the sample was controlled by a circulating water bath at 298 K. The scattered light was detected
within an angular range of 50–120° by two Avalanche Photo
Diodes and processed by a Flex correlator in a three-dimensional cross-correlation configuration. Recent studies, which
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combined an imaging tool and DLS technique, demonstrated
that the eﬀective diameter, Deﬀ, of montmorillonite platelets
from DLS correlates with the diameter obtained from cryoTEM17,19 and AFM27,28 images. Here, DLS measurements were
performed using a modulated 3D cross-correlation technique.
This approach is justified by the fact that clay-water is a highly
turbid system; hence, the use of this device with suﬃcient
modulation speed suppresses multiple scattering and isolates
the single scattering dynamic structure factor, which lead to
more accurate determination of the size distribution than
would have been possible by conventional DLS. In order to
suppress multiple scattering further, very low clay volume fraction of each sample was filled into cylindrical glass cells of a
diameter of 5 mm to shorten the scattered light path.29

Results and discussion
Determination of the platelet size distribution
Six homoionic Na montmorillonites were obtained from raw
Wyoming MX80, Bavarian (Ba) and Slovakian (Sk) bentonites,
respectively, through a purification and fractionation procedures. The diﬀerent clays were fractionated by the same centrifugation protocol. The fractions are denoted as MX80-I,
MX80-II, MX80-III, NaBa-I, NaBa-II and NaSk-II. Platelet
size distribution for diﬀerent clay fractions were extracted
from DLS measurements. Fig. 2 shows the size distributions
obtained from the various clay fractions. The platelet size distributions obtained after fractionation are quite diﬀerent and
also rather well separated. The eﬀective platelet diameters,
Deﬀ, for NaBa, NaSk and NaMX80 fractions are summarized in
Table 2. The Wyoming bentonite MX80-I is dominated by large
platelets, whereas the two Bavarian and Slovakian clays consist
of significantly smaller platelets.
The origin of extra-lamellar swelling in Ca montmorillonite
The swelling of fractionated and unfractionated CaMX80 clays
have been monitored through the weight of the dialysis
pockets over time. One gram of Ca clay was placed in a pocket
made from a semipermeable membrane and immersed in
millipore water. The water was changed at regular intervals,
and the weights are plotted in Fig. 3. The clay dispersions in

This journal is © The Royal Society of Chemistry 2015
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Fig. 2 Platelet size distribution, obtained through DLS measurements. (a) Solid line represents fraction III of NaMX80, dashed line comes from fraction II and solid line with circles is from fraction I. (b) Red solid line is from NaSk fraction II, green dashed line is from NaBa-II and green line with
circles is from NaBa-I.

Table 2

Platelet size (nm), Deﬀ, in diﬀerent clay fractions

Fraction

NaMX80

NaBa

NaSk

Kaolin

I
II
III

950
350
100

350
160
—

225a
35
—

750
—
—

Approximate relative amount of each sample: For NaMX80-I (50%),
NaMX80-II (40%) and NaMX80-III (<10%). For NaBa-I (60%) and NaBaII (<40%). For NaSk-I (<70%) and NaSk-II (30%). a Not used in this
work.

As can be seen in Fig. 3, there is a fast initial swelling,
taking place within a few hours, which goes beyond the intralamellar swelling, that is the formation of an approximately
1 nm thick water layer between the platelets. After this initial
period, the extra-lamellar swelling continues with roughly the
same long-term rates for both CaMX80-I and CaMX80.
CaMX80-I containing only the largest platelets (∼950 nm) swell
much less than unfractionated CaMX80. The latter contains
diﬀerent sizes, including medium and small platelets.18
Smaller platelets mean weaker ion–ion correlation and thinner
tactoids. The extra-lamellar swelling is correlated with the
number of free platelets, which for Ca montmorillonite
increases with decreasing platelet size. This result reveals
the reason of the discrepancy between the experimental data
and simulated swelling pressures published recently, using a
molecular dynamics model, as the simulated pressures of Ca
montmorillonite were found to be lower than the experimental
values measured by a pressure cell.30
Tactoid formation in size-fractionated platelets

Fig. 3 Swelling of fractionated and unfractionated Ca montmorillonites. Dry powder (1 g) of CaMX80 obtained by ion exchange from fraction I of NaMX80 (open circles) and from unfractionated CaMX80 (ﬁlled
circles) were placed in dialysis pockets and immersed in millipore water.
The blue dashed line indicates the intra-lamellar swelling.

the dialysis pockets were allowed to equilibrate for up to four
months. During that time, fractionated CaMX80-I as well as
unfractionated CaMX80 swelled continuously.

This journal is © The Royal Society of Chemistry 2015

Here we describe the formation of tactoids of three size-fractionated dispersions (i.e. NaMX80-I, NaMX80-II and NaMX80-III) in
the presence of Ca2+ cations. The initial suspension for all three
was an aqueous dispersion of Na montmorillonite. 10 g of each
fraction were placed in a dialysis pocket and immersed in 0.5 L
of 0.5 M CaCl2 and allowed to equilibrate at 298 K for a month.
The number of platelets per aggregate, N, or the tactoid size
can be estimated from the Scherrer formula.21 Fig. 4 shows
how the number of platelets in a tactoid varies with platelet
size. In this case, essentially all counterions are divalent
calcium ions, which leads to a strong attraction between the
charged platelets as a result of ion–ion correlations. The width
of the SAXS peaks for the three fractions shows a significant
diﬀerence. In particular the peak width of the sample with the
smallest platelet size (CaMX80-III) displays a large broadening
indicating that small aggregates of three platelets are present.
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Fig. 4 (a) Scattering intensity as a function of wavevector for diﬀerent CaMX80 fractions obtained from NaMX80 through equilibration with a 0.5 M
CaCl2 solution. MX80-I is shown as black solid line, MX80-II red dashed line and MX80-III green solid line with symbols. (b) Fitting of the SAXS peak
for MX80-I gives N ≃ 25 (solid black line) and for MX80-II N ≃ 9 (red dashed line). The peak for MX80-III is too broad to be analyzed. The solid lines
are ﬁts obtained from eqn (1) and symbols are measured values.

As can be seen in Fig. 4b, the fitting procedure revealed that
N ≃ 25 and N ≃ 9 for MX80-I and MX80-II, respectively. The
eﬀective diameter, Deﬀ, for the three fractions are about 950,
350 and 100 nm, respectively. This means that montmorillonite platelets smaller than 100 nm do not really form tactoids,
in agreement with SAXS study.19 Indeed, we have recently
observed no tactoid formation in LAPONITE® dispersions
(results not shown here). LAPONITE® is very small silicate
nanoplatelets (∼30 nm), the addition of enough salt reduces
the electrostatic repulsion so that the platelets aggregate with a
completely disordered microstructure. SAXS curves show a constant q position for all the peaks in the high-q region, whereas
a variation in the scattering intensities can be seen in the
lower q value. The former observation indicates that the intralamellar distance is constant (1.9 nm) for all fractions of Ca
montmorillonite (Fig. 4b), which is in agreement with predictions from MC simulations. As for the latter, one can notice a
change in the slope from q−3.3 for thicker tactoids to q−2.3 for
N ≃ 3 (see Fig. 4a). We have previously reported that a dispersion of Na montmorillonite was already equilibrated with
Ca2+ ions even at rather low bulk concentration (5 mM
CaCl2).18 Thus, higher concentration of divalent salt in the
bulk (0.5 M or more) appears to have little eﬀect on the
number of platelets per tactoid as well as on the exponent
value in the low-q regions. These results are in agreement with
MC simulations.18,20
Tactoid dissociation
In order to study tactoid dissociation a dispersion of fractionated clay (CaMX80-I) was placed in a dialysis pocket and
immersed in a 2 L beaker of 50 mM NaCl solution and then
allowed to equilibrate through exchange of ions at 298 K.
As shown in Fig. 5a, SAXS spectra were collected at regular
time intervals, where a Bragg peak arises from the well-ordered
silicate layers in a tactoid. We observe a slow structural relaxation towards fully exfoliated platelets. Initially the peak inten-
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sity increases due to reduced sedimentation in the capillary
cell targeted by X-rays, but the width increases as well, and the
number of platelets per tactoid is a monotonically decreasing
function of exchange time. After a week of Na exchange there
are still tactoids present, but after three weeks the Bragg peak
corresponding to a repeat distance of 1.9 nm has disappeared.
In Fig. 5b, the number of platelets per tactoid as a function of
Na exchange time was determined by fitting the SAXS data to
the eqn (1). The graph describes how the tactoids gradually
dissociate when Ca montmorillonite is put in contact with a
NaCl solution. Interestingly, the decay of N with time is
approximately linear.
For an individual thin platelet the scattering intensity at
low-q follows a power law of the form I(q) = q−R. The exponent
value, R, for pure Na montmorillonite with randomly oriented
platelets is ≃2.1,17,18 The scattering intensity of CaMX80-I dispersion decays more rapidly than CaMX80-III with an approximate exponent of ≃3.3, see Fig. 4a. This indicates that R seems
to be strongly aﬀected by platelets size, as R ≃ 2.3 for latter
SAXS curve. Fig. 6 also shows that a high number of platelets
per tactoid is related to a larger R. Here it should be noted that
adding diﬀerent concentrations of NaCl only alter the kinetic
reaction of the ion exchange from Ca2+ to Na+. The values of R
seem to change, as a consequence of the structural transition
from aggregates to individual nanoplatelets or vice versa, see
Fig. 4 and 5. Such values can be taken as an indication of the
aggregate’s length scale and how dense the microstructure is.
In this context, the results in Fig. 3 demonstrate that each
tactoid repels the nearest-neighbor tactoid, in agreement with
the weak dependence between N and clay volume fraction found
recently.19 Scattering spectra, on the other hand indicate, platelet size controls the thickness of tactoids that form a large-scale
structure, as for a specific tactoid size no change in R was
observed over the low-q ranges (q ≃ 0.01 − 1 nm−1).31 Thus, the
systematic change in the scattering exponent describes the
nano-to-mesoscale structure for silicate nanoplatelets.

This journal is © The Royal Society of Chemistry 2015
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Fig. 5 (a) SAXS spectra from CaMX80-I dispersion equilibrated with a 50 mM NaCl solution for increasing time intervals from 30 min to 24 days as
indicated in the graphs. (b) The number of platelets per tactoid, N, as a function of time for the system in (a).

Fig. 6 The slope, R, of the scattering intensity at low-q range as a function of tactoid size, N.

Tactoids from mixed size platelets
An interesting question is whether a clay dispersion composed
of two size fractions of various ratios from the same or another

mineral behaves diﬀerently from a single component system.
To obtain a better understanding of tactoid formation in
mixed nanoplatelet systems, we have used three diﬀerent fractions of Na montmorillonite and kaolin platelets. NaBa-I is
composed of medium sized platelets (Deﬀ ≃ 350 nm) similar to
fraction II of NaMX80 and we know from earlier studies that
with calcium counterions it forms tactoids. Platelets from fraction NaSk-II are much smaller (∼35 nm) and pure CaSk-II does
not form tactoids.
In a first set of SAXS experiments, a dispersion of either
pure NaBa-I or a mixture of NaBa-I and NaSk-II with diﬀerent
weight ratios (2 : 1 and 1 : 1) were placed in separate dialysis
pockets. These were allowed to equilibrate with 0.5 M CaCl2 at
298 K for a month exchanging Na+ counterions to Ca2+. In
Fig. 7a, one can observe the intra-lamellar distance in tactoids
formed through the ion exchange of Bavarian and Slovakian
montmorillonites. Indeed, peaks arise from the parallel
arrangement of platelets at 1.9 nm in the tactoids. The
platelet–platelet separation is the same as for other Ca

Fig. 7 (a) Scattering intensity as a function of wave vector for CaBa-I (solid line), and for CaBa-I and CaSk-II mixed in mass ratios of 2 : 1 (long
dashed line) and 1 : 1 (green solid line with symbols). (b) The ﬁtting procedure gives tactoid sizes of ≈10 and ≈6. The dispersion with mass ratio
1 : 1 has a too broad peak to be analyzed. The solid lines are obtained from eqn (1).

This journal is © The Royal Society of Chemistry 2015
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Fig. 8 (a) Scattering intensity I(q) as a function of wave vector for a
mixture of CaMX80-I and kaolin, and for a mixture of CaMX80-I and
CaSk-II with mass ratios (4 : 1) and (1 : 1) as indicated in graph.

clays, consistent with earlier SAXS data as well as MC simulations.6,11,13 However, the tactoid size decreases with increasing
amount of Slovakian montmorillonite. That is, addition of
small platelets reduces the tactoid size. Thus, the required conditions for forming tactoids are divalent counterions and a
suﬃciently large platelets, in order to promote the correlation
attraction between the negatively charged platelets.
In a second set of SAXS experiments we mixed NaMX80-I
with NaSk-II in the same way as in the previous experiment in
order to see the eﬀect of a larger size ratio. The ratio between
the eﬀective diameter of NaBa-I and NaSk-II is about 10, while
between NaMX80-I and NaSk-II it is almost 30, see Fig. 2 and
Table 2. As can be seen in Fig. 8, adding small platelets of
CaSk-II to CaMX80-I leads to an increase of peak width in the
same way as in Fig. 7. The best fit to eqn (1) for a single component of MX80-I (Deﬀ ≃ 950 nm) gives N ≃ 25, whereas after
mixing with CaSk-II the tactoid size decreases to ≃17 (mass
ratio 4 : 1) and with mass ratio 1 : 1 there is virtually no high q
peak anymore. In Fig. 8, the scattering profile obtained for a
1 : 1 mixture of CaMX80-I and kaolin shows a sharp peak. The
fitting procedure revealed that the tactoid size remains the
same, N ≃ 25, as in pure CaMX80-I. Thus, there is no influence
of the non-swelling kaolin clay on the intra-lamellar structure
of Ca montmorillonite.

Conclusions
We have investigated the tactoid formation and swelling behavior of montmorillonite platelets from three diﬀerent sources,
Wyoming, Bavaria and Slovakia, using small angle X-ray scattering and osmotic stress techniques. The platelet size distributions in natural montmorillonites vary significantly and we
have size-fractionated them. The platelet size in Slovakian and
Bavarian montmorillonites is significantly smaller than that in
the Wyoming montmorillonite. In the present of divalent
counterions the platelets aggregate into well ordered tactoids

16296 | Nanoscale, 2015, 7, 16290–16297
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Fig. 9 Tactoid size, N, as a function of eﬀective platelet size, Deﬀ for
size fractionated clays of diﬀerent natural origin.

of limited size and with a well-defined spacing between the
platelets. However, no tactoid formation was observed if the
platelets are too small, e.g. ∼30 nm, as in the smallest fractions
of Slovakian montmorillonite. The number of platelets per
tactoid was determined from the scattering peak and the
tactoid size scales linearly with the eﬀective platelet size,
see Fig. 9. We also found that the exponent value, R, is strongly
aﬀected by the aggregation number, which is in turn controlled by the platelets size. Mixing small non-tactoid forming
platelets with larger platelets leads to a reduction of the
tactoid size of the latter, while mixing with non-swelling clays,
like kaolin, has no eﬀect on tactoid formation. Montmorillonite platelets in equilibrium with seawater as well as
most fresh water sources will have calcium as the dominating
counterions. Under these circumstances, as the case for many
nuclear waste repositories and storage technologies, tactoid
formation will be crucial for the swelling behavior. By size-fractionating calcium montmorillonite, e.g. removing fractions
with small platelets, one can reduce its swelling capacity as
well as its hydraulic conductivity. This opens up interesting
possibilities for tailoring of such properties.
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