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Abstract

A new device for thermal vapor-pressure shock explosion (TSE) was constructed and the dispersion of three kaolinites

(KGa-1, KGa-2 and S-5, well and poorly crystallized kaolinites from Georgia, USA and from Makhtesh Ramon, Israel,

respectively) in aqueous suspensions investigated. In the new device, the clay suspension is heated in a sealed glass ampoule at

3008C for a few minutes and the water vapor pressure increases in the cell to �100 atm. At this stage the ampoule is shattered

in ice-cold water. This treatment stabilized suspensions of KGa-1 and S-5 kaolinites. Particle-size distribution analysis showed

that, by this treatment, smaller particles were obtained. A suspension of KGa-2 was not stabilized by this treatment although

particles became smaller. Suspensions of the three kaolinites peptized by sodium pyrophosphate, were compared with those

obtained by TSE treatment. SEM images and XRD patterns of sedimented ®lms showed that tactoids became thinner as a

result of the TSE treatment. EDS analysis of Ti suggested that the small particles, after the TSE treatment were formed from

the disaggregation of the large aggregates. # 1998 Elsevier Science B.V.
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1. Introduction

Compared to other clay minerals, the surface area,

surface charge and cation exchange capacity of kao-

linite are relatively small. In addition, it has no inter-

layer or zeolitic water. However, kaolinite can

intercalate several inorganic salts and a variety of

organic compounds, and the basal spacing expands

from 0.715 nm to higher values [1]. Heller-Kallai [2]

studied the effect of intercalation on the degree of

order of kaolinites. They showed that the intercalation

of DMSO induced an increase of the disorder as

revealed from the broadening of the X-ray peaks

and a decrease in the Hinckley index after thermal

de-intercalation of the DMSO.

In contrast to smectite clays, aqueous suspensions

of most kaolinites are unstable, and peptizers such as

sodium pyrophosphate (NaPP) or sodium carbonate

are required to stabilize their suspensions [3]. The

peptization results from the speci®c adsorption of the

anionic species at the broken bonds, which reverses

the positive edge charge into a negative one and,

consequently, edge-to-face ¯ocs are de¯occulated

[4].
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For most industrial applications kaolinite is ground

and ®ne platelets with hexagonal shapes and large

diameters are obtained by a mechanical delamination

[3]. This process is accompanied by partial amorphi-

sation of the kaolinite [5]. The purpose of the present

investigation was to form stable aqueous suspensions

of kaolinite without chemical treatments.

Recently, we reported on the application of a device

for thermal vapour-pressure shock explosion (TSE) in

which a clay mineral, palygorskite, was dispersed in

an aqueous suspension [6]. Before the TSE treatment,

palygorskite aqueous suspensions were unstable and

particles <3 mm in diameter were not present. As a

result of the TSE treatment, smaller particles were

obtained and the dispersability of palygorskite was

improved. SEM pictures showed that the aggregates of

the clay needles were disintegrated.

The TSE device was made of two stainless-steel

pressure cells connected by a valve. The upper cell

could be heated by a resistance wire, whereas the

lower cell was kept at room temperature. In the

`heating cell' clay and water were hermetically sealed

and heated at 2208C for ca. 5 min. This thermal

treatment was accompanied by a pressure increase

inside the cell, resulting from the water vapour. Due to

the high pressure inside the cell, adsorbed water

was not evolved from the clay at this high tempera-

ture. As soon as the valve was opened, the pressure

inside the heating cell was released and the ad-

sorbed water evolved. This shock led to a quasi-

explosion of the clay particles due to the fast evolu-

tion of the interparticle water. A disruption of the

aggregates resulted in smaller ¯ocs and primary

particles. The lower cell contained water to dilute

the heated suspension and was named the `dilution

cell'.

In contrast to palygorskite, Georgia kaolinite, fol-

lowing the older version of the TSE treatment, did not

form stable suspensions and did not show any decrease

in particle size. In the present paper, the dispersion of

three kaolinites is described by applying a new TSE

version in which a glass ampoule is used as the heating

cell. The temperature of the heating cell is 3008C and

that of the dilution cell 08C. In the new TSE device, the

heated glass cell is shattered in the cold dilution cell

and, consequently, the sudden release of pressure

applied to the clay, together with the high temperature

gradient, results in a shock explosion of the clay

particles stronger than the explosion obtained in the

old TSE system.

2. Experimental

2.1. Materials

Two kaolinites from Georgia (USA), KGa-1 (well

crystallized) and KGa-2 (poorly crystallized) [7] were

supplied by Wards. A sedimentary kaolinite from

Makhtesh Ramon, Israel (S-5) [8,9], was kindly

donated by Dr. S. Shoval from the Open University

(Tel Aviv). Na4P2O7�10H2O was supplied by Reidel-

de HaeÈn AG. Deionized water with a pH of 5.5±6.0

was used.

2.2. The new TSE device

The furnace was made of a vertical heating tube.

Under the furnace was the `dilution cell', a beaker

made of steel, containing water cooled by ice to 08C.

Inside the furnace was a copper tube with its lower end

immersed in the ice-cold water. A sealed ampoule of

Pyrex glass (0.4±0.5 mm thickness) of 5�1 cm was

used as a heating cell. The ampoule contained 0.2 g

clay and 2.0 ml water. It was introduced into the

copper tube and connected with a steel wire to a

support on the tube. It was heated to 3108C
(Fig. 1). Upon reaching the required temperature,

the wire was released from the support, and the hot

glass ampoule fell into the ice-cold water in the

dilution cell and was shattered. The dilution cell,

which contained the clay suspension, together with

non-dispersed clay and glass fragments from the

shattered ampoule, was transferred to a glass beaker.

After 1 h, the suspension was separated from the glass

fragments and the non-dispersed mineral fraction and

transferred into a graduated cylinder. For the study of

the properties of the TSE treated kaolinite suspen-

sions, samples were collected from three parallel

explosion experiments and the volume of the suspen-

sion was made up to 65 ml. Because the system is not

hermetically isolated, the total amount of kaolinite

which was collected under these conditions was ca.

80% of the initial material. Preliminary experiments

showed that, in the absence of clay, an exploded

ampoule did not form an aqueous suspension. It
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should be noted that in this new TSE system, a water

vapour pressure of ca. 100 atm was reached in the

heated sealed ampoule and was followed by a fast

release of the pressure.

2.3. Kaolinite treatments with Na-pyrophosphate

A sample of 1.0 g clay and 50.0 ml of 0.2% NaPP

were stirred at room temperature for a duration of 12 h

and then washed 5±6 times with 100 ml of deionized

water.

2.4. Analysis of suspensions

Clay concentrations in the different suspensions

were determined by evaporating 5 ml of suspension

on a piece of polyethylene in air and weighing the

solid residue.

The distribution of particle sizes in the range 0.5 to

60 mm was measured in stirred suspensions of

untreated, and treated, kaolinites by a particle-size

analyzer GALAI CIS-1 (computerized inspection sys-

tem). The particle-size distributions in the 0±2 mm

range and the zeta potentials in the stable suspensions

of the three NaPP treated samples and of the TSE

treated KGa-1 and S-5 kaolinites in distilled water

were determined by the particle-size analyzer Mal-

vern-zetamaster (model ZEM). The measurement in

the former instrument is performed while stirring the

suspension, whereas in the latter instrument the sus-

pension is at rest during the measurement. It was

impossible to use the Malvern-zetamaster analyzer

to obtain particle-distribution curves for the suspen-

sions of untreated clays and of KGa-2 after the TSE

treatment, because these suspensions were unstable.

The particle-size distribution is given by the number of

particles or their volume as a function of the particle

size, calculated as spheres. The CIS-1 instrument also

gives probability area density data as a function of the

particle size.

2.5. Analysis of solids

Oriented samples for X-ray diffraction were

obtained by drying suspensions on glass slides. To

determine Hinckley's index [10], the dried samples

were thoroughly ground and non-oriented powders

were diffracted. X-ray diffractograms were recorded

on a Philips automatic powder diffractometer (PW

1710) with a Cu tube anode. IR spectra of the same

samples were recorded on a Bruker IFS 113v FT-IR

spectrometer using KBr pellets.

SEM and energy dispersive spectroscopy (EDS) for

chemical elements identi®cation were carried out for

local analyses of Ti, using JEOL-840 microscope and

Link 10 000 EDS. For this purpose, dried samples

were coated with gold (ca. 200 AÊ ). In the EDS ana-

lyses, each kaolinite particle was measured twice, with

8 and 18 kV electron beams. The 8 kV electron beam

supplies data about the relative amounts of the ele-

ments at the surface of the particles, whereas the

18 kV beam, penetrates deeper and supplies this

information on the elements inside the particles.

3. Results and discussion

The following terminology for kaolinite particle

components (sub-particles) is used here. Primary

Fig. 1. A schematic presentation of a new version of the thermal

vapour shock explosion (TSE) device: 1, steel wire; 2, thermo-

couple; 3, furnace; 4, glass ampoule; 5, heating tube; 6, dilution

beaker; 7, ice thermostat; and 8, water.
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sub-particles are platelets of single tetrahedral±octa-

hedral (TO) unit layers (fundamental particles) or

tactoids. In the latter face-to-face interactions between

several TO layers result in the formation of small

clusters of parallel layers, stacked one above the other

in the c-direction. Secondary sub-particles result from

the aggregation of tactoids mainly by face-to-face or

edge-to-face interactions, giving rise to book-house or

card-house aggregates, respectively.

3.1. Dispersiveness of kaolinites

The suspensions of the TSE-treated kaolinite sam-

ples were collected in graduated cylinders. The sedi-

mentation of KGa-2 particles is very fast even after the

TSE treatment. Most of this kaolinite precipitates

immediately, and after 2±5 h all particles were found

at the bottom of the graduated cylinder. This is not so,

however, for the kaolinites KGa-1 and S-5.

The suspension of KGa-1 after 30±40 h strati®ed to

four layers with distinct boundaries and approximately

similar heights. Similar behavior was obtained with

TSE treated S-5, but in this case only three layers were

obtained.

As one would expect, the concentration of the clay

increased from the highest to the lowest layer. The

strati®cation which was observed is due to sudden

changes in the concentration of the clay with the

height of the column, indicating that after an ageing

period of 30±40 h the distribution of the particle size is

in four or three groups in the suspensions of KGa-1

and S-5, respectively. In contrast to these suspensions,

those of the NaPP treated clays did not show any

strati®cation. It is possible that a secondary ¯occula-

tion of the clay after the TSE treatment gave rise to this

observation. After the NaPP treatment this ¯occula-

tion does not occur and, consequently, strati®cation is

not observed.

Values of the zeta potentials of the NaPP and TSE

treated kaolinites were in the ÿ24.0�3.0 mV range.

No signi®cant differences between the different sus-

pensions were observed.

Untreated KGa-1 and KGa-2 do not form stable

aqueous suspensions. Untreated S-5 forms an aqueous

suspension with a limited stability. Aqueous suspen-

sions of NaPP treated KGa-1, KGa-2 and S-5 are

stable even after thoroughly washing of the solid phase

from the excess phosphate. The data in Figs. 2±4 show

that, after NaPP treatment, large particles of all three

kaolinites become small due to the peptization of the

aggregated clay by the phosphate.

3.2. Size distributions of particles (GALAI CIS-1 and

Malvern-zetamaster instruments)

Figs. 2±4 show the size distributions of the clay

particles with diameters >0.5 mm, in the suspensions

of KGa-1, KGa-2 and S-5, (a) before treatment, (b)

after an NaPP treatment and (c) after a TSE treatment.

Particle-size distributions are related to (1) number of

particles, (2) volume (which is equivalent to mass) and

(3) surface area, all described in percentages as func-

tions of particle size. Statistical values which were

determined from these curves are summarized in

Table 1. These distribution curves were obtained with

CIS-1. Distribution curves for particles with diameters

from 0 to 2.0 mm were determined with a Malvern-

zetamaster instrument. The modes recorded in these

curves are shown in Table 1.

The statistical parameters obtained from the volume

density, using the CIS-1 instrument, seem to be the

most reliable for the present study [11] since the many

small particles which are not observed by the instru-

ment (<0.5 mm) consist of a very small mass fraction

of the clay. The few big particles which are present in

the suspensions make up most of the mass of the

sample (compare distribution curves obtained from

volume measurements with those obtained from num-

bers of particles).

The statistical parameters related to the volume

densities of untreated clays show that, in general,

KGa-1 and KGa-2 are very similar in particle-size

distributions. In both samples the mean and median

sizes are very similar (see Table 1). There is a smaller

number of larger particles in KGa-2, relative to the

total clay amount. S-5, on the other hand, differs from

KGa-1 and KGa-2 in having smaller particles. Also

the median size is smaller than the mean size. The

presence of small particles in S-5 may explain why

untreated S-5 is slightly dispersed.

The three statistical parameters become very small

after both treatments showing that, in both treatments,

the average particle size critically decreases. After

both treatments, the mean and median values for each

sample are equal, indicating that 50% of the particles

have diameters smaller than those of the mean values.
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Fig. 2. Particle-size distribution curves of KGa-1 (GALAI ± CIS-1, mm, log scale): (a) untreated kaolinite; (b) kaolinite after NaPP treatment;

(c) kaolinite after TSE treatment; 1, number of particles in percentage (probability number density of particles) vs. size of particles; 2, volume

of particles in percentage (probability volume density of particles) vs. size of particles; 3, surface area of particles in percentage (probability

area density of particles) vs. size of particles.

Table 1

Statistical parameters (expressed in particle size, mm, CIS-1) determined from the distribution curves of KGa-1, KGa-2 and S-5 kaolinites

before, and after, NaPP or TSE treatments

Sample Probability number density Probability volume density Probability area density

mode mean median mode mean median mode mean median

KGa-1

Untreated 0.55 2.18 1.26 23.99 17.78 17.40 4.86 10.93 7.22

NaPP treated 0.445 a 0.97 0.79 6.18 3.49 3.34 3.01 2.34 1.75

TSE treated 0.440 a 0.97 0.77 3.83 3.41 3.65 3.83 2.46 2.20

KGa-2

Untreated 0.55 1.39 0.88 30.48 17.78 18.14 3.83 9.34 5.37

NaPP treated 0.450 a 0.74 0.68 4.86 2.65 2.86 0.90 1.54 0.92

TSE treated 0.55 0.94 0.75 5.27 3.58 3.65 3.53 2.39 1.79

S-5

Untreated 0.55 1.03 0.79 17.43 8.15 6.16 3.53 3.83 2.52

NaPP treated 0.450 a 1.01 0.77 3.53 2.98 3.28 3.26 2.28 2.10

TSE treated 0.460 a 0.90 0.75 3.26 2.48 2.46 3.26 1.79 1.39

a Malvern-zetamaster instrument.
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The mean- and the median-size particles are always

smaller than the mode-size particles. It should be

noted that the number of large particles is very

small.

The statistical parameters related to the number and

area distributions are always lower than those obtained

according to the volume density. Since, most of the

particles (in number or area) have small sizes, they are

not detected by the CIS-1 instrument and do not

contribute to the statistical parameters of Table 1.

From the fact that the parameters determined from

the probabilities of number and area densities before

treatment are always smaller than the parameters

determined from the probabilities of volume density,

it is obvious that small particles are already present to

some extent before any treatment. The parameters

determined from the probabilities of volume density

before treatments in all three kaolinites indicate that

very small particles are obtained after these treat-

ments.

Similar effects of the NaPP and TSE treatments are

shown in Figs. 2±4. Before the treatment, particles

with diameters as large as 40, 35 and 19 mm were

detected in KGa-1, KGa-2 and S-5, respectively. After

the NaPP treatment, the largest particles had diameters

of 8, 5.5 and 5 mm and, after the TSE treatment, they

had diameters of 6.5, 7.5 and 4.8 mm, respectively. As

was mentioned in the experimental section, 20% of the

solid clay was lost during the TSE treatment. This loss

cannot account for the disappearance of these large

particles after the treatment. The lost fraction may

consist of large and small particles. From the distribu-

tion curves of untreated kaolinite, it was calculated

that the mass of particles larger than those obtained

after the TSE treatment makes up 80, 75, and 55% of

the initial mass. But these amounts are much larger

than the experimental loss �20%) which was deter-

mined by weighing the solid in samples before, and

after, TSE treatments. This is an indication that most

of the large particles were disrupted during the treat-

Fig. 3. Particle-size distribution curves of KGa-2 (GALAI ± CIS-1, mm, log scale): The legend is the same as in Fig. 2.
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ment and did not disappear due to the experimental

loss.

The distribution curves which were obtained after

the TSE or NaPP treatments showed that a diameter of

�2 mm divides the particles to two groups. The mass

percentage of particles with a diameter larger than

2 mm after TSE treatment are 75, 75 and 60, and after

NaPP treatment 75, 60, and 75 for KGa-1, KGa-2 and

S-5, respectively.

3.3. Scanning electron micrographs

Representative SEM pictures of the different kao-

linites, untreated and after NaPP and TSE treatments,

are shown in Figs. 5 and 6. All three untreated samples

show many small particles composed of hexagonal

layers, which are characteristic for kaolinite, and a few

large particles. The presence of very small particles

was also concluded from our statistical analysis in the

previous section. The large particles of KGa-1 contain

aggregates (secondary sub-particles) composed of

parallel primary sub-particles (tactoids) and have an

elongated shape. The aggregate which is shown in

Fig. 5(a and b) has the following dimensions:

l�17 mm, d�11.5 mm and the thickness of one tactoid

0.3±0.5 mm. On the other hand, the large particles of

KGa-2 form nearly spherical shapes and those of S-5

form ¯attened egg-like shapes. The aggregates which

are shown in Fig. 6 have a diameter of 15±30 mm. The

differences in the shapes of the aggregates are asso-

ciated with the differences in the sizes of the primary

tactoids. As shown in Fig. 5(a) and Fig. 6(b and e), the

diameters of most tactoids of KGa-1 are larger than

those of KGa-2 and S-5. It is also obvious from these

®gures that the hexagons in KGa-2 and S-5 are highly

distorted. The face-to-face interactions in KGa-1 are

more signi®cant than in KGa-2, whereas edge-to-face

interactions are more signi®cant in the latter kaolinite

[12]. Concerning S-5, the SEM imace shows that the

diameters of the hexagons are variable and, conse-

Fig. 4. Particle-size distribution curves of S-5 (GALAI ± CIS-1, mm, log scale): The legend is the same as in Fig. 2.
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quently, spherical aggregates are obtained mainly with

face-to-face interactions between layers with parallel

orientation (Fig. 6(d)).

The ®gures show that both treatments lead to the

disruption of the clay aggregates. On comparing

Fig. 5(d) with Fig. 5(e), it is seen that the NaPP

treatment leads to the appearance of small aggregates

composed of several parallel tactoids, whereas the

TSE treatment leads to the separation of the tactoids

of the aggregates into thin entities.

Fig. 5. SEM images of (a) and (b) untreated KGa-1; (c) and (d) KGa-1 after NaPP treatment; and (e) and (f) KGa-1 after TSE treatment.
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In the SEM pictures, we did not ®nd any indication

which shows that the diameter of the hexagon

decreases after the TSE treatment. On the other hand,

the tactoids appear thinner after this treatment. This is

especially seen by comparing Fig. 6(d and e), and is in

agreement with the distribution curves which were

constructed from surface areas. The percentages of the

total surface area of particles with a diameter 0.5 mm

from total areas are ca. 0, 0.5 and 1.3% in untreated

KGa-1, KGa-2 and S-5, respectively, and values

Fig. 6. SEM images of (a) and (b) untreated KGa-2; (c) KGa-2 after TSE treatment; (d) and (e) untreated S-5; and (f) S-5 after TSE treatment.
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increase to 2.0, 2.0 and 2.9% after the TSE treatment

(Figs. 2±4).

3.4. EDS titanium analysis

Most kaolinites contain TiO2 in amounts between

0.06 and 3.54% [13]. Three varieties of Ti can be

incorporated in the clay particles [14±18]: (1) amor-

phous TiO2; (2) microcrystals of rutile and anatase and

(3) titanium isomorphically substituting octahedral

aluminium in the kaolinite framework.

The EDS analyses of Ti in the three samples before,

and after, treatments in small and large particles are

summarized in Table 2. The relative amounts of Ti are

indicated by plus symbols. The results which are

discussed here, were obtained for the same particles

shown in the SEM images which were discussed in the

previous section (Figs. 5 and 6). The 18 kV beam

penetrates into the inner parts of each particle whereas

the 8 kV beam penetrates only through an envelope

around the particle. Inside a large particle, in addition

to kaolinite sub-particles (tactoids and aggregates),

sub-particles of crystalline and amorphous TiO2 are

present. The envelope of large particles may contain

amorphous TiO2. Inside a small particle, only very

small sub-particles of crystalline and amorphous TiO2

can be present between the kaolinite sub-particles.

The total amounts of TiO2 in the natural samples, as

they appear in Table 2, are quoted from the literature

[7,8]. There is a very good correlation between these

percentages of TiO2 and the relative amounts of Ti

which were found in our study in the large particles,

but not with those which were found in the small

particles. The large particles comprise most of the

mass of the kaolinite samples and, therefore, contain

most of the Ti. The small particles of KGa-1 seem to

have the same Ti content as the large particles, but the

small particles of KGa-2 and S-5 are different in their

Ti content. It appears that most of the Ti in KGa-2 and

S-5 forms relatively large sub-particles and, therefore,

can be present only in the large particles.

The following conclusions can be drawn about the

NAPP treatment. The large particles which were found

after the treatment, are similar in Ti content to the

large particles which were present in the untreated

clays. This may serve as an indication that these

particles persist after the NaPP treatment. Before

the treatment, the large particles contained consider-

able amounts of Ti covering their surfaces. This

adsorbed Ti, which is probably amorphous, was

replaced by the pyrophosphate anions. The small

particles which are obtained after the treatment, differ

in their Ti content from the natural samples. This may

suggest that, after the treatment, new particles were

obtained from the peptization of the natural clay.

The TSE treatment yielded mainly small particles.

The results in Table 2 were obtained on these parti-

cles. The Ti content after the TSE treatment differs

from that in the natural samples. Considerable

amounts of Ti were found in S-5, smaller amounts

in KGa-2 and only traces in KGa-1. This may suggest

that the small particles, after the TSE treatment, are

new and were obtained from the destruction of the

large particles. Some of the Ti precipitated together

Table 2

Titanium contents in kaolinites from the literature (TiO2, %) and from the EDS analysis (the number of pluses expresses the relative

concentration of Ti)

Kaolinite TiO2 Untreated kaolinite Treated kaolinite

NaPP TSE a

l.p. b s.p. c

l.p. b s.p. c

8 kv 18 kv 8 kv 18 kv 8 kv 18 kv 8 kv 18 kv
8 kv 18 kv

KGa-1 1.39 [7] �� �� �� �� Tr d �� Ð Ð Tr d T dr

TrKGa-2 2.08 [7] � ��� Tr d Tr d Ð ��� � �� Tr d �
S-5 2.20 [8] � ��� Ð Ð Tr d ��� Ð �� �� ��
a Contains mainly small particles.
b Large particles (�20 mm).
c Small particles (�1.0 mm).
d Traces.
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with the shattered glass fragments because it formed

large crystals which did not enter into the small clay

particles.

3.5. XRD study

XRD of kaolinite ®lms obtained by slow sedimen-

tation from aqueous suspensions on glasses were

recorded and representative diffractograms are shown

in Fig. 7. The diffractograms of untreated KGa-1 and

KGa-2 showed the presence of all hkl peaks, indicat-

ing that the sedimented ®lms contain non-oriented

kaolinite. However, the hk0 peaks were weak relative

to 00l peaks, which indicates that some of the kaolinite

in the ®lm was oriented. In the case of KGa-1, the

appearance of hkl is in agreement with the SEM image

which showed book-house aggregates with l>d. It is

expected that such particles will settle in a non-

oriented fashion. In the case of KGa-2, the appearance

of hkl is also in agreement with the SEM image which

showed card-house aggregates with no preferred

orientation. Traces of quartz are also detected. The

diffractogram of S-5 shows only 00l peaks of the

kaolinite and a small peak of quartz indicating that

the sedimented ®lm is composed of oriented layers.

This is in agreement with the SEM image which

showed that, in the aggregates, the layers, although

of variable diameters, are parallel.

The diffractogram of KGa-1 after the NaPP treat-

ment shows all hkl peaks, but the 00l peaks are more

intense. This indicates a partial orientation of the ®lm

by the treatment and is in agreement with the SEM

image of this sample, which showed that the NaPP

treatment leads to the appearance of small aggregates

composed of several tactoids. The sedimentation of

these aggregates is not necessarily with a preferred

orientation. The diffractograms of NaPP treated KGa-

2 and S-5 show only 00l peaks. This is characteristic of

a well-oriented sediment indicating that the suspended

kaolinite particles were delaminated.

Fig. 7. X-ray diffractograms of sedimented films of kaolinites: (a) untreated KGa-1; (b) KGa-1 after NaPP treatment; (c) KGa-1 after TSE

treatment; (d) untreated KGa-2; (e) KGa-2 after NaPP treatment (f) KGa-2 after TSE treatment; (g) untreated S-5; (h) S-5 after NaPP

treatment; and (i) S-5 after TSE treatment.
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The X-ray diffractograms of the sedimented ®lms

obtained from the three suspensions after the TSE

treatment show only the 00l peaks. This is an indica-

tion that, as a result of the TSE treatment, the three

kaolinites were delaminated. The TSE treated samples

do not show the presence of quartz, which probably

was separated together with the glass fragments.

XRD patterns of the three powder samples were

traced before, and after, NaPP and TSE treatments and

the Hinckley indices [10], which were determined on

these non-oriented specimens, were used as criteria for

changes in the disorder (Table 3). Changes of the

Hinckley indices after the TSE treatment were negli-

gible, showing that these treatment do not deform the

packing of the kaolinite layers.

4. Conclusions

A kaolinite, KGa-1, which does not give a stable

aqueous suspension when using the old version of the

TSE device, and S-5, which gives an aqueous suspen-

sion with limited stability without any treatment, form

stable suspensions when the new version of the TSE is

applied. In the new TSE version, the temperature

difference between heating and cooling the sample

is greater than in the old version and the release of

pressure when the ampoule is shattered occurs more

suddenly. Consequently, the explosion in the new TSE

version is more effective, thus improving the disper-

siveness of the clay.

Particle-size distribution analyses showed that most

of the large particles were disrupted during a TSE

treatment, and consequently, the average particle size

critically decreases and also the largest particles in the

suspension have shorter diameters.

These kaolinites give stable suspensions when they

are peptized by NaPP. Here also, particle-size distri-

bution analyses showed that the average particle size

critically decreases and the largest particles in the

suspensions have shorter diameters. However, SEM

images showed that NaPP treatment of KGa-1 leads to

the appearance of small aggregates composed of

several parallel tactoids, whereas the TSE treatment

leads to the separation of the tactoids of the aggregates

into their primary entities.

KGa-2 did not form stable suspensions after TSE

treatment, although particles became small, with size

distributions similar to those of KGa-1. No explana-

tion for this observation was suggested. A stable

suspension of KGa-2 is obtained in the presence of

NaPP.

EDS analysis of Ti was used to get some informa-

tion on the relations between the original large and

small particles and the small particles which are

obtained after the TSE treatment. Ti content in the

latter differs from that in the original samples. This

may suggest that the small particles, after the TSE

treatment, are new and are obtained from the destruc-

tion of the large particles.

X-ray diffraction patterns of sedimented ®lms after

the TSE treatment showed only 00l peaks. This is

characteristic of a well-oriented sediment, indicating

that this treatment leads to the delamination of kao-

linite.

There are almost no differences in the Hinckley

indices before and after treatment, suggesting that the

TSE treatment does not deform the packing of the

kaolinite layers.
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