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Abstract:

To provide the quality required for its use, raw kaolin must be subjected to certain
processing procedures like delamination which is applied to the layered structure materials.
The aim of this research is to determine the possibility of performing delamination in the
extruder and to estimate the effects of this process on the physico-chemical properties of
kaolin. The results showed that delamination can be efficiently realized in the extruder by
shearing densely packed layers under the influence of friction force and added Na,COj;
electrolyte. The crystal structure of the system was thus disrupted. This was confirmed by the
Hinckley index (HI) decrease and by the dilatometric characteristics changes during heating.
The particle size was reduced and, furthermore, new adsorption centers were formed, which
led to an increase in the total cation exchange capacity (CEC). The plasticity of kaolin
decreased with the increasing delamination degree, as well as the amount of water required
for plastic processing, which is favorable in drying ceramic products.
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1. Introduction

Clay is plastic semi-bound sediment formed by diagenesis (binding) of sludge-pelitic
material (particle size below 0.005 mm) transported by water and precipitated in an aqueous
environment. Besides, residual or sedimentary clays were formed and remained at the place of
the primary material decomposition [1].

The composition of clay includes minerals that represent a large group of similar
silicates. Among the silicates that are determined as clays, the most important crystalline
representatives belonging to phyllosilicates are kaolinite, pyrophyllite, montmorillonite, illite,
halloysite as well as amorphous allophane. Clay minerals are usually found in aggregates with
one of them dominating. For instance, kaolinite clays are dominated by the mineral kaolinite.

Kaolinite is a hydrated aluminosilicate whose chemical formula is Al,Si,Os(OH),.
The Si and Al ions in its crystal lattice are not interchanged but build alternate layers. The
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exchangeable cations are located only at the particles edges and do not penetrate into the
interlayer space. The cation exchange capacity (CEC) of the kaolinite minerals group is
relatively low and ranges from 2 to 10 mmol M*/100 g clay. Kaolinite crystallizes triclinically
and has perfect cleavage along a base plane [2, 3]. The crystalline structure of kaolinite is
formed by the condensation of one tetrahedral and one octahedral sheet.

The multi-layered kaolinite structure is formed by bonding tetrahedral and octahedral
sheets. The layers are continually spread in the a and b direction of crystallographic axes in a
way that the netting planes containing OH groups, t.e. the outer netting planes of the
octahedral part of the layer, approach to oxygen netting planes, which are the bases of the
tetrahedron from the neighboring kaolinite layer. Hydrogen from the OH group forms
hydrogen bonds with oxygen from the adjacent layer. The layer as a whole has a permanent
dipole character. The stacking of the layers in the c direction of the crystallographic axis can
be: regular when the sheets are placed one above the other and can be moved parallelly in the
a or b directions of the crystallographic axis, or spiral with a configuration corresponding to
the coil stacking [4].

Hinckley introduced a method for measuring and determining the relative
crystallinity, called the Hinckley index (HI) [5, 6]. A higher HI value means a larger
probability for a more ordered crystal structure, while its lower value indicates a more
defective structure and a more possible occurrence of two structural kaolinite forms mixture
(low and high defective). The HI values are ranged from 0 for poorly to 1.6 for highly
crystallized kaolinite.

The physico-chemical properties of kaolin are exceptionally important for its use [7-
10]. Kaolinite is the main component of clays used as raw materials in the ceramics industry,
but other present minerals also affect their properties. The content of clay minerals in ceramic
masses is around 50 %. The most important properties of clay relevant for their further use
are: chemical composition, plasticity, dilatometric properties, polymineral composition and
crystal structure and cation exchange. As widespread mineral raw materials, clays find their
application in many industries such as ceramic, paint, petroleum, bricks, paints and dyes,
whereby their use is enormously growing [11-14].

Raw kaolin is usually used in the production of refractories. Before utilization in
other industries, kaolin has to be processed to remove the impurities and to meet the quality
requirements. This is especially important when performing a geologically-economic
assessment of kaolin deposit [3].

One of the procedures for improving physico-chemical properties of the layered
structure material is delamination, the process of separating laminas by cutting between the
thinnest laminas and entering into the structure. It can be applied to kaolin owing to the
layered structure of its main mineral kaolinite. By separation of the laminas, large flat kaolin
plates with a high diameter/thickness ratio are formed. These delaminated kaolin plates
positively affect ceramic extrusion properties, coated paper properties, and slip cast green
strength [15-17]. The research revealed that physico-chemical properties of kaolin such as
particle size distribution, CEC, plasticity, dilatometric and rheological properties are
improved by delamination [18-20].

Delamination is conventionally performed by mechanical methods consisting of
tumbling and stirred on vibratory media grinding on slurried or dried kaolin, whereby fracture
of kaolin plates, followed by total destruction of kaolinite crystal structure occurs. The type of
apparatus, media, and time determine the effect of the process. To minimize the fracture of
kaolin plates, a chemical method, intercalation can be applied using urea, ammonium acetate,
hydrazine, or potassium acetate which reversibly incorporates between the layers thus
expanding the material before mechanical treatment [16].

The efficiency of kaolin delamination can be improved by adding electrolytes that
charge kaolin particles thus accelerating the disruption of the crystal structure [21-24]. Also,
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previous research reported examining changes in kaolinite induced by exposure to high
pressure [25], chemical treatment [16], and mechanochemical treatment [26].

Taking into account the mentioned results, the idea in this study was to apply
extrusion to achieve delamination of kaolin. The starting assumption was that due to the high
friction degree occurring by spirally pushing a dense pulp towards the outlet of the extruder
separation of the kaolin laminas can be expected. The effects of this extrusion on the physico-
chemical properties of kaolin in terms of its future application were investigated. The
following kaolin properties before and after extrusion were determined: moisture content,
particle size distribution, CEC, dilatometric properties, plasticity, as well as the crystallinity
level of kaolinite (HI). Also, the influence of Na,COj; electrolyte addition in different
concentrations was investigated.

2. Materials and Experimental Procedures

The tests were performed on kaolin concentrate samples obtained by processing of
kaolinized granite from the "Garasi" deposit in the plant located at the mine.

Chemical analysis was carried out using the atomic absorption spectrophotometer
(AAS), model AAnalyst 300, manufactured by "Perkin Elmer" and spectrophotometer; model
Spekol 1300, produced by "JENA".

Moisture content was determined based on the masses of wet and dried sample.

X-ray powder diffraction (XRPD) analysis was realized to determine both the phase
composition of the starting kaolin sample and the HI. For that purpose, a Philips
diffractometer, model PW-1710, with a curved graphite monochromator and a scintillation
counter was used. The intensities of diffracted Ka X-ray radiation Cu (. = 1.54178 A) were
measured at room temperature in the range of 28 (8 diffraction angle) from 4 to 65° with the
intervals of 0.02°, and periods of 2.5 s. The X-ray tube operates at the voltage of 40 kV and
current of 30 mA, with slits for directing the primary and diffracted beam of 1° and 0.1 mm.
JCPDS (Joint Committee on Powder Diffraction Standards) cards with numbers 9-0432 and
36-0426 were used to identify calcite minerals and dolomite minerals, respectively.

Kaolin preparations oriented and with parallel cleavage, were used to determine the
HI. An amount of 150-180 mg of kaolin of particle size below 2 pm was mixed with 2-5 cm®
of distilled water; then the dispersion was pipetted and dried on horizontal glass with an area
of 45x15 mm?. The samples were treated with glycerin.

Particle size distribution was determined based on the different resistance of particles
to moving in a fluid depending on their size on a cyclosizer NoM4, produced by "Warmen".
The device consists of 5 cyclones of the same dimensions connected by nozzles of different
diameters (63, 44, 33, 23, 15, and 11 um), which cause the different velocities of water
movement in cyclones, thus obtaining six particle size classes.

Content of exchangeable cations (Ca®* and Mg”") was determined by titration with
0.1 mol/dm® EDTA and a flame photometer "Dr. Lange Flammenphotometer M8D-Propane”
by the calibration curve method (Na* and K*) from the filtrate obtained by centrifugation of a
solution of 1 g of a powdered sample in 100 cm® of 1M NH,CI at pH=7.The CEC was
determined by titration of 0.3 g of powdered sample in 1 cm® of 5N H,SO, and 2 cm® of 4 %
Na,P40; by 0.3 % solution of methylene blue. The endpoint of the titration was recognized by
the light blue ring around the dark blue drop which meant that the methylene blue was no
longer adsorbed on the kaolin.

Delamination was performed using an extruder, type PZVM 86-HANDLE, which
works on the principle of mechanical pushing of the sample between two spiral cylinders and
by vacuum pulling towards the outlet (mouthpiece) with a square cross-section of 40 mm?.
The kaolin samples were prepared with the moisture content adjusted to 25 % to achieve
plasticity.
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Delamination was realized on 3 series of samples:
- First series (U0), samples without any electrolyte added,
- Second series (U10), samples with 10 meg of Na,CO3/100 g sample, whereby this
electrolyte amount approximately corresponds to the CEC of the investigated sample, valued
to 7 meq/100 g sample,
- Third series (U20), samples with an excess of electrolyte added, in an amount of 20 meq of
Na,COs/100 g sample.

Sampling was carried out after 5, 10, 20, and 30 passes through the extruder. In the
discussion that follows, the term delamination degree, indicating the number of extrusions
through the device, is used.

Plasticity was determined by the Pfefferkorn method based on a flat head cylinder of
known mass which falls from a certain height on cylindrical clay samples of different
moisture content. Using these data, at investigated samples heights of 20 mm and 12.1 mm,
the content of water for plastic processing and Pfefferkorn's plasticity index, respectively,
were determined [27, 28].

Dilatometric tests were performed using a mechanical horizontal dilatometer
"Linseis" where linear changes were transferred by a lever and thus registered. For the starting
kaolin sample and the sample extruded for 30 times, dilatometric curves of linear deformation
as a function of temperature were constructed.

3. Results and Discussion
3.1 Characterization of initial kaolin
3.1.1. Chemical composition

Chemical analysis of the initial kaolin sample (Table 1) exhibited that oxides of Si and
Al were predominant in kaolin with a content of 48.24 % and 33.93 %, respectively. The
content of Fe oxide, with a value of 2.73 %, was slightly higher than the content of other
oxides, which was negligibly low. The loss of ignition was ~12 %. Namely, chemically bound
water is typical for materials with a layered structure, such as kaolin, so that water molecules
incorporate between the octahedral and tetrahedral sheets of kaolinite, as the main mineral in
kaolin, whereby the chemical bonds form.

Tab. I Chemical composition of the initial kaolin.

Component SiO, Al,O3 Fe,O; MgO CaO Na,O K,O L.O.l

Content, mass % 48.24 33.93 2.73 1.06 <0.10 0.082 160 12.01

3.1.2. Mineralogical composition

X-ray diffractogram of the initial powdered kaolin sample (Fig. 1) revealed that
kaolin consisted of kaolinite, hydromica, quartz, muscovite, hydrobiotite, limonite, and rutile
secondary minerals. Kaolinite is the most dominant mineral, and the most abundant
accompanying component is mica.

3.1.3. Particle size distribution

The particle size distribution of the sample (Table Il) showed that the class -11+0 pum
predominated indicating fine-grained kaolin.

In Table I, YM] is the cumulative mass oversize (mass retained on the sieve)
obtained by sequential addition of the masses from the first column starting from the top to
bottom (as shown by the direction of the arrow), and >M?1 is the cumulative mass undersize
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(mass passed through the sieve) obtained by sequential addition of the masses from the first
column starting from the bottom to top (as shown by the direction of the arrow).
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Fig. 1. XRPD pattern of initial kaolin (Kaol- kaolinite, Q- quartz).

Tab. Il Particle size distribution of initial kaolin.

Class, um M, mass % >M|, mass % >M1, mass %
-63+44 1.83 1.83 100.00
-44+33 1.90 3.73 98.17
-33+23 2.80 6.53 96.27
-23+15 6.84 13.37 93.47
-15+11 9.16 22,53 86,63
-11+0 77.47 100.00 77.47
Passing 100.00

3.1.4. Cation exchange capacity

The type and content of exchangeable kaolin cations were determined by the ion
exchange method with 1M NH4CI, and the total CEC (3 CEC) was calculated as the sum of
the concentrations of exchangeable cations.

Tab. 111 Type and content of exchangeable cations.

CEC, meq/100 g Kaolin
Ca”* and Mg* 5.60
Na* 0.40
K" 0.30
>CEC 6.30
Ka(MB), mg/g 25.00
CEC from Ka(MB), meq/100g 7.80

The results of the type and content of exchangeable cations (Table 111) revealed that
the total CEC was 6.30 meg/100 g sample, while calculated using the adsorption coefficient
of methylene blue (Ka(MB)) reached 7.80 meq/100 g sample. This difference can be
explained by the fact that owing to the large specific surface area of kaolin, the Ka(MB) value
was high (25 mg/g), and thus the calculated CEC.
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3.2 Characterization of delaminated kaolin

Physico-chemical properties, important for the kaolin further use, were monitored
after 5, 10, 20, and 30 passes through the extruder of all three samples series prepared for
delamination- UO (without electrolyte), U10 (with 10 meq of Na,CO,/100 g sample added),
and U20 (with 20 meq of Na,CO/100 g sample added).

3.2.1. Impact of delamination on moisture content

The obtained results of the moisture content for the delaminated kaolin (Table 1V)
revealed that with the increasing number of extrusions, the moisture content of all three series
decreased. With the enhancing delamination degree, both the device and the sample were
heating up which resulted in losing the present moisture by evaporation. The high friction
degree between the sample and the inside walls of the extruder caused the temperature
increase. Furthermore, the sample exited through the mouthpiece of the extruder due to the
spiral pushing, so that a high friction degree and additional heating of the sample also
occurred at that place.

Tab. IV Moisture content in delaminated kaolin.

Number of Moisture content, mass %

extrusions uo u10 u20
0 25.81 26.96 25.83
5 25.31 26.69 25.31
10 24.65 26.25 24.68
20 23.34 25.60 23.17
30 21.83 25.11 22.39

Based on the results in Table 1V, it can be concluded that in all three series the decrease of
moisture content after 5 and 10 extrusions is very small (< 5 % for U0 and U20 and < 3 % for
U10) and becomes more significant after 20, and especially after 30 extrusions.

Comparing the series UO and UZ20, it is evident that the values of moisture content are
practically the same for 0,5 and 10 extrusions; very small differences between the series occur
only after 20 and 30 extrusions, so it can be said that they have approximately the same
moisture content drop (15.42 % for U0 and 13.31 % for U20).

However, the decrease in the moisture content of the U10 series, after 5 and 10
extrusions, as well as after a larger number of extrusions is significantly lower compared to
the UO and U20 series and reaches 6.86 % after 30 extrusions. Namely, the amount of 10 meq
Na,CO5/100 g sample is optimal, while with 20 meq Na,CO3/100 g of sample the excess
electrolyte is introduced, whereby its influence does not exist, i.e. the sample behaves like UO.

3.2.2. Impact of delamination on particle size distribution

Having in mind that fine-grained kaolin was used, the predominant class -11+0 pm
(Table I1) was monitored in all three series of experiments to determine whether the
delamination degree and added electrolyte affected its content.

According to the obtained results of content of class -11+0 um in delaminated kaolin
(Table V), in the first series, UOQ, the content of class -11+0 pum was uniform until the tenth
extrusion and ranged from 79.91 % to 81.83 %. After twenty and thirty extrusions, the content
of that class increased to 84.23 % and 84.49 %, respectively, which is not a significant
difference. In the second series, U10, a rapid increase in the smallest class is noticed at the
very beginning of the delamination process. After the fifth pass through the extruder, the



S. R. Mihajlovié¢ et al.,/Science of Sintering, 53(2021)253-266 259

content of class -11+0 pum increased from 78.24 % to 84.00 %. With further delamination, the
share of this class continued to increase, but not significantly like at the beginning, and
eventually reached 86.31 %. In the third series, U20, until the tenth extrusion, the increase in
the content of class -11+0 um was significant, from 78.37 % to 85.54 %. After the twentieth
and thirtieth pass, a slight rise to 86.00 % and 86.70 %, respectively, is evident.

Tab. V Content of class -11+0 um in delaminated kaolin.

Number of Content of class -11+0 um, mass %

extrusions uo uU10 U20
0 79.91 78.24 78.37
5 81.53 84.00 83.98
10 81.83 84.10 85.54
20 84.23 86.26 86.00
30 84.49 86.31 86.70

The results showed that in all three series, with the rising number of extrusions, the
content of class -11+0 um was increasing. This indicates that the sample was additionally
grinded by delamination. Also, grinding the sample is more pronounced in series with the
electrolyte added. The present electrolyte charges the kaolinite particles, thus accelerating the
delamination process and emphasizing the imbalance of the internal structure, which resulted
in reducing the particle size of the sample to a level that corresponded to the dimensions of
the kaolinite laminas. By adsorption of cations from electrolytes, the surfaces of kaolinite
particles became positive and mutually repel, thus contributing to faster dispersion during
delamination.

The amount of added electrolyte did not greatly influence the increase of the observed
size class content. This can be explained by the fact that an optimal electrolyte concentration
caused positive effects, which was, in this case, a concentration of 10 meq Na,CO3/100 g
samples corresponding to the CEC value of kaolin.

3.2.3. Impact of delamination on CEC

The influence of delamination on CEC was analyzed by monitoring the values of total
CEC determined based on exchangeable cations (3.CEC), adsorption coefficient of methylene
blue (Ka(MB)), and CEC calculated based on the adsorption of methylene blue in
delaminated kaolin samples for all three series.

The obatined results (Table VI) revealed that with the increasing number of
extrusions of the first samples series (U0), the Y CEC slightly increased. CEC calculated
based on the Ka(MB) enhanced with the increasing delamination degree from 7.50 to 9.70
meq/100 g. This pointed out that due to grinding during the delamination process; new active
adsorption centers on the surface of kaolinite particles were formed. In such a way, the
conditions for increasing the adsorption degree arose, which resulted in CEC increase [29].

The Ka(MB) increased from 24 mg/g for a non-delaminated sample to 31 mg/g for
the sample after 30 passes through the extruder.

With an increasing delamination degree for the sample of the second series (U10),
changes in the Y CEC values were almost insignificant. The CEC values determined based on
Ka(MB) increased from 8.13 meqg/100 g sample for the non-delaminated sample to 10.00
meq/100 g for the sample after 30 extrusions. The Ka(MB) also increased with the increasing
number of extrusions from 26 to 32 mg/g.

For the sample U20, with an increasing delamination degree, the Y CEC increased
from 7.58 to 12.10 meq/100 g sample. Also, the CEC determined using Ka(MB) increased
from 8.44 to 9.69 meqg/100 g sample and the Ka(MB) from 27 to 31 mg/g. The enhancement
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in CEC occurred due to the sample grinding during the delamination, which was confirmed
by the change in the particle size distribution, and by the creation of adsorption centers.

Tab. VI Total CEC, Ka(MB), and CEC from Ka(MB) in delaminated kaolin.

Number of > CEC, Ka(MB), CEC from
extrusions Series meq/100 g mg/g Ka(MB),
meq/100g
uo 6.80 24.00 7.50
0 u10 6.57 26.00 8.13
u20 7.58 27.00 8.44
uo 7.40 26.00 8.10
5 u10 686 27.00 8.44
uU20 9.10 31.00 9.69
uo 7.79 28.00 8.80
10 u10 7.17 27.00 8.44
u20 9.50 31.00 9.69
uo 7.25 28.00 8.80
20 u10 6.56 30.00 9.38
u20 9.00 30.00 9.38
uo 7.69 31.00 9.70
30 u10 7.05 32.00 10.00
u20 12.10 31.00 9.69

Generally, the delamination caused an increase in CEC of all samples. Enhancement
of CEC, however, as well as of the Ka(MB) was greater for the sample with electrolyte
compared to the sample without electrolyte. As already pointed out, the electrolyte intensified
the effect of delamination that grinded the sample to a particle size of 10 um thus creating
new adsorption centers. Also, the sample with a higher electrolyte concentration, U20, for the
same number of extrusions generally exhibited higher values of the CEC and the Ka(MB)
compared to the sample with a lower content of electrolyte, U10.

3.2.4. Impact of delamination on plasticity

The change in the water content necessary for plastic processing (WPP) and the
Pfefferkorn's plasticity index (PPI) were monitored with the aim to establish how the
delamination process during the extrusion of the sample affected the kaolin plasticity. These
two physical quantities were determined for all three series, on the non-delaminated samples
and on the samples extruded for 30 times.

According to the results in Table VII, WPP for the sample U0 decreased from 40.30%
in the non-delaminated sample to 37.75 % in the sample after 30 extrusions and PPI values
from 45.65 % to 42.90 % for the same samples. The decreasing trend for WPP and PPl was
also observed in the sample U10. Hense, WPP decreased by delamination from 40.20 % to
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35.25 % and PPI from 45.05 % to 40.45 %. In the case of a sample containing an excess of
electrolyte (U20), the values of WPP and PPI were also reduced from 40.95% to 34.20% and
from 44.85 % to 40.30 %, respectively.

Tab. VII Water content for plastic processing (WPP) and the Pfefferkorn's plasticity index

(PPD).
Number of extrusions Series WPP, % PPI, %

uo 40.30 45.65

0 u10 40.20 45.05

u20 40.95 44.85

uo 37.75 42.90

30 u10 35.25 40.45

u20 34.20 40.30

Generally, delamination reduced the consumption of water for plastic processing,
which was favorable from a practical point of view. The water amount decrease after 30
extrusions of the samples U10 and U20 was on average 14 % and for the sample U0 was
about 6 %, which was a pronounced positive effect from the energy point of view. Namely,
less water required for plastic processing meant lower energy consumption in the drying
process of ceramic products obtained from the tested kaolin. Evidently, the reduction of WPP
and PPI by delamination was greater in the samples with electrolyte compared to those
without electrolyte. The lowest WPP was for the sample U20 after 30 extrusions but the
sample U10 exhibited practically the same WPP.

For better understanding the plasticity change, the definition saying that plasticity is a
property that designates the behavior of kaolin when mixed with water is useful. Kaolin
shows plasticity in a very narrow range of water content and for most types it is from 15 to 25
%. For this water content, a very fine membrane is formed around the kaolin particles, which
provides plasticity [3]. Plasticity is related to the degree of particle packing in the kaolin
structure [28]. Kaolins with densely packed particles in the structure exhibit higher plasticity.
The explanation of why delamination reduced the kaolin plasticity was given on that basis.
Delamination enhanced the interbase distance between the kaolin layers and thus reduced the
density of its packaging, which led to a plasticity decrease. Plasticity also depends on the
specific surface area of kaolin- a larger specific surface area implies greater plasticity.
Regardless of the fact that the sample is grinded by delamination thus increasing its specific
surface area, the plasticity decreased, because a decrease in the packing density had a greater
impact on plasticity than the specific surface area. As already pointed out, the delamination
effect on the plasticity decrease was more pronounced for the samples with electrolytes. The
reason for that lies in the fact that Na,CO; charged kaolin particles that repel each other,
which supported delamination and reduced the degree of the particles packing. Also, by the
addition of this salt, the monovalent Na* ions are bonded to the surface of kaolin particles,
which resulted in bonding less water to the kaolin structure, and therefore its plasticity was
lower. Tests showed that cations of lower charge bonded less water.

3.2.5. Impact of delamination on dilatometric characteristics and Hinckley index

Dilatometric tests were carried out with the aim to reveal how kaolin behaved during
continuous heating, i.e. to determine temperatures when changes in its structure occurred.
This is very important for establishing the firing conditions.

Dilatograms are typical for kaolin minerals, and the difference indicates structure
changes caused by delamination.
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Dilatograms of the initial kaolin sample and the delaminated sample extruded for 30
times (Fig. 2) revealed that the structure changes of the delaminated sample occurred a bit
earlier than the changes in the initial sample. This was a consequence of the imbalance in the
kaolin structure caused by delamination, which resulted in the appearance of dimensional
variations at lower temperatures.

a) Initial sample
b) Sample after 30 extrusions

Linear dimensional change
o
o

Temperature (°C)
Fig. 2. Kaolin dilatograms.
Beside the different dilatometric characteristics of the initial and delaminated kaolin

samples, indicating structure changes induced by delamination, the evidence of these changes
were the different HI values before and after extrusions, registered by X-ray analysis.
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Fig. 3. Kaolin diffractograms before and after delamination.

Comparative diffractograms of the initial and delaminated kaolin samples (Fig. 3)
pointed out to the difference in width and sharpness of reflections. The data obtained
according to the Hinckley method [5] were read from the diffractograms. The calculated HI
values for the initial and delaminated samples were 0.50 and 0.47, respectively; different
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values indicated differences in the crystallinity level, i.e. different degrees of structural order.
A higher HI value meant a higher crystallinity level and a higher internal order of the system.
The lower HI value of the delaminated kaolin sample confirmed the claim that the
delamination process induced structural changes inside kaolin and disturbance of the internal
order of the system [30].

The delamination process caused translational movement of the kaolinite layers in the
direction of one of the crystallographic axes, a or b, which resulted in the crystallinity level
decrease, t.e. in the HI. By delamination, large kaolinite aggregates were separated by shear to
form plenty of thin plates with a big diameter [31], Fig. 4.

\—r/
g Shear v v
=
¥

Fig. 4. Schematic diagram of delamination process [31].

3.3 Mechanism of delamination-induced changes in the kaolinite crystal
structure

Based on the monitored changes in physico-chemical quantities on the initial and
deliminated kaolin samples, the mechanism of delamination action on the change in the
kaolinite crystal structure was assumed. The decrease of the HI value in the delaminated
sample in relation to the initial one indicated that the partial destruction of the kaolinite
crystal structure and its partial amorphization took place [26, 32]. Having in mind that kaolin
was ground by this process, the conclusion can be drawn that the delamination mechanism
was approximately the same as the grinding mechanism [26, 30, 33, 34].

Owing to the high friction degree, the hydrogen bonds between the kaolinite layers
were destroyed causing their differentiation and decrease in the strength of the bonds Si-O
and Al-OH at the edges as well as the formation of particles with a curved surface. The
tetrahedral sheet remained unchanged, while the octahedral one was disturbed resulting in
occurrence of series of structurally deformed AIl(O,0OH), octahedral sheets and residual
tetrahedral SiO, sheets. OH groups were released, external much faster than internal, and by
their interaction, water bonded to a highly active surface as coordinated water, was formed.
Water from the atmosphere hydrated the kaolinite surface which also affected its properties.

4. Conclusion

Delamination of kaolin, obtained by processing of kaolinized granite from the
"Garasi" deposit, was carried out in an extruder on a pure sample and on samples with an
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electrolyte content of 10 meg Na,CO/100 g sample and 20 meg Na,CO/100 g sample. Based
on the presented results, the following can be concluded:

1.

The effects of the delamination were more pronounced in samples with an electrolyte.
By adsorbing Na* ions from the electrolyte, kaolin particles became positive,
mutually repelled and supported delamination of densely packed kaolin layers.

Owing to the high friction degree with increasing the delamination degree, the
samples were heated and the moisture content decreased.

Monitoring the content of class -11+0 um pointed out that the sample was
additionally ground during the delamination process, especially in the presence of
electrolyte. The amount of added electrolyte, however, did not have a significant
impact on increasing the content of the observed size class. This is explained by the
fact that the electrolyte had an optimal concentration which induced positive effects.
In this case, this concentration was 10 meq Na,CO3/100 g of sample, which
corresponded to the CEC value of kaolin.

The CEC as well as the adsorption coefficient increased with the increasing
delamination degree.

With the increasing delamination degree, the consumption of water for plastic
processing of kaolin decreased.

Based on different dilatometric characteristics of the initial and delaminated kaolin
samples, the conclusion was drawn that the delamination procedure reduced the
internal order of the system resulting in the occurrence of dimensional changes in the
delaminated sample at lower temperatures.

Extrusion can be successfully applied to layered structure materials, such as kaolin,
whereby delamination and enhancement of certain physico-chemical properties
essential for its use occurred. This was proved by reducing the HI value of
delaminated kaolin as a measure of the internal order of a system having a crystalline
structure.

In terms of practical application, the benefits can be seen in energy savings when
drying ceramic products based on delaminated kaolin owing to its lower water
consumption for plastic processing; higher CEC and adsorption coefficient make
delaminated kaolin better adsorbent compared to nonlaminated.
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Cascemax:. [la 6u ce obezdeduo xearumem nompeban 3a ynompedy, cuposu KAoauh Mopa
bumu nodgpeHym oopehenum nocmynyuma oopade nonym oeramunayuje Koja ce npumersyje
KOO Mmamepujanra ciojesume cmpykmype. Lluwm o06oe ucmpadxcusarea je oa ce ymepou
Mmoeyhnocm uzgofera Oeramunayuje y excmpyoepy u npoyeHe egexmiu 0802 npoyeca Ha
Qusuyrko-xemujcxa ceojcmea xkaoauna. Pesyimamu cy noxaszanu da ce deramuHayuja moogxce
epuKracHo uzspuumu y excmpyoepy CMuyarem 2ycmo nako8aHux clojesa noo 0ejcmeom cuie
mperba u oodamoe enexkmpoauma Na,COz Ha maj nauwun napywena je Kpucmaina
cmpykmypa cucmema. To je nomepheno cmarwermwem Xunkaujesoe umnoexca u npoMeHama
OULAMOMEMPUJCKUX CE0jCIABA TOKOM 3dcpedarsa. Bemuuuna uecmuya je cmarena u,
Hadasme, hopmupanu cy HOBU AOCOPNYUOHU YeHMPU, WMO je 008e10 00 noseharba YKynHoe2
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Kanayumema Kamjorncke uzmene. lliacmuunocm Kaoauna cmarbyje ce ca nopacmom cmenena
denamunayuje, Kao u ympowlaxk 6ode 3a NiACMUYHy o6pady, wimo je nogobHo Y Hpoyecy
CYUiera KepamuyKux npou3eood.

Kuwyune peuu:. xaonuwn, oenamunayuja, Xuukiujes uHOeKkc, OULAMOMEmMpUjcka ceojcmed,
RIACMUYHOCI.
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