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Abstract — Influence of chemical, mechanical and thermal
treatment on structure and properties of illite and impact on
development of high-temperature ceramics was investigated. The
object of this study was illite from Quartenary glacio-limnic clay
of state importance deposit Apriki. Treated clay fractions were
subjected to X-ray diffraction, SEM and differential thermal
analysis.

It was found that thermal and chemical treatment is effective.
Thermally treated illite with AI(OH)s additive was used for
sintering a new dense ceramic compositions. Ceramics were
characterized by bulk density, shrinkage and compressive
strength 150—165 N/mm?.
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|. INTRODUCTION

Illite is one of the most common clay mineral in earth
surface. Its definitions and characterization criteria have
fluctuated [1]. Commonly illite is described as a clay mica
with a general composition of KyAlx(Sisa-xAlx)O10(OH)2 (where
0.75 <x<0.9). Structurally illite belongs to sheet silicates
where structural units consist of two Si-O tetrahedral sheets
always joined with an octahedral Al-O sheet. Conceptually
this is accomplished by having the apical oxygen anions of the
tetrahedral sheet to form a part of an immediately adjacent
octahedral sheet. To accomplish this, an OH~ from the
octahedral sheet must be removed to make room for each
apical oxygen anion from tetrahedral sheet [2]. Both sheets are
combined to form layers known as 1:1 and 2:1 layers. Due to
the substitution of cations in tetrahedral and octahedral sites of
clay mineral for 2:1 type varieties of structures are
characteristic. Often as a result of isomorphous substitution
variable amounts of iron, magnesium, alkali metal, alkali earth
and other cations are present in the interlayer space or in
lattice framework.

Clay minerals have a wide range of particle sizes from tens
of angstroms to millimeters. Many clay minerals form sheet-
like particles or platelets. In particular, the thickness of each
clay mineral layer is around one nanometer, e.g., 0.96 nm for
montmorillonite [3]. These characteristics of clay minerals
show that they could have a significant potential in
manufacturing and environmental industries through new
processes and approaches.

One of more investigated processes to attain an increased
compressive strength of materials containing clay minerals is
by development of proper mix with, e.g., [4], [5], highly
alkaline solution. Although 1:1 layer lattice alumosilicates,
i.e., geopolymers, are mainly used for this preparation, it is
also of interest to use 2:1 minerals such as 2:1 illite. It was
shown [6], [7] that for illite analogue — pyrophillite with unit
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structure  Al,AlSizO10(OH)2, in which the octahedral Al-O
sheet is enclosed above and below by two tetrahedral Si-O —
attempts to produce fully reacted alumosilicates
(geopolymers) was unsuccessful. Dehydroxylation of
pyrophillite at 800 °C produces significant changes in Al
coordination, but does not form a viable geopolymer.

It was suggested that inability to form viable geopolymers
may be due to the retention of the crystalline 2:1 layer
structure in pyrophillite and its dehydroxylated phase.
According to the authors [6], the enclosed AlOg sheet by the
upper and lower SiO. sheets is protected from alkaline attack
to form a soluble aluminate species. It is shown that disruption
of the crystalline 2:1 layer lattice by severe mechanochemical
ball- or vibro-milling processing enables formation
geopolymeric materials that attain reasonable hardness and
strength at 60 °C. These materials are not fully X-ray
amorphous, but X-ray powders show traces of zeolitic phases.

In [8] it is concluded that burning conditions of illite-
smectite clays remarkably influence the molar ratio of Si/Al.
There it is shown that burning in reducing atmosphere
enhances the thermal reactions of illite-smectite and illite
clays. The activation in alkaline solution of thus treated clays
indicates intensive dissolution and polycondensation of the
alumosilicates.

The aim of this study is to show how chemical, mechanical
and thermal treatment conditions influenced the structure and
some properties of treated illite, as well as impact of its
development on dense high—temperature ceramics.

I1. EXPERIMENTAL PROCEDURE

In this study Quartenary glacio-limnic clays from a clay
deposit of national importance, Apriki, were used [9]. Clay
samples were taken from 1.5-2 m depth.

Apriki clay forms a clay deposit of national importance and
in general has a fair amount of carbonates and high
illite/kaolinite clay fraction content (particles < 0.005 um, up
to 86 %). The mean SiO,/Al,Os weight ratio for clay is in the
range of 3.20—3.45.

Clay fraction (illite) from Apriki clay was separated using
sedimentation and chemical methods [10].

Supplementary materials for chemical treatment of illite
were NaOH pellets for preparation of 3 M, and 6 M NaOH
water solutions. Mechanical treatment was performed by
intensive milling in a planetary mill Retsch PM-100 for 10 h,
thermal treatment — by processing at 600 °C for 30 min in
Nabertherm-3000 furnace.

For characteristization of treated and non-treated illite as
well as sintered ceramic samples X-ray diffraction analysis
was used (XRD model Rigaku, Japan, and D8 Advance Bruker
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AXS with CuKj, radiation at scanning interval 26 10-60° and
speed 4°/min), SEM Nova-Nano 650 (FEI Netherlands) also
was used. To perform elementary (oxide) analysis for illite,
X-ray spectrometer S4 PIONEER (Bruker AXS) was used.

Differential thermal analysis (Setaram, SETSYS Evolution-
1750) was applied to characterize the phase changes after
thermal treatment of illite.

Four differently treated illite samples were used: ap 0 —
not treated, ap 1 — milled in a planetary mill RETSCH PM-
100 for 10 h, ap 2 — treated with 3 M NaOH, ap 3- treated
with 6 M NaOH, each for 24 h at 50 °C and ap 4 — thermally
treated at 580 °C for 30 min .

Samples for ceramic development were prepared as
cylinders with height 30 mm and diameter 25 mm and
subjected to different firing schedules in air at maximum
temperatures 800 °C, 900 °C, 1000 °C and 1100 °C (heating
rate was 5—6 °C/min, holding time at maximum temperature
was 30 min).

Some ceramic properties were established in accordance
with EN. The compressive strength was determined using
Toni-Technic (Baustoffpriifung) model 2020.

I1l. RESULTS AND DISCUSSION

Clay fraction phases and elementary (oxide) composition of
both sedimentary and chemically separated fraction is
presented in Fig. 1. As can be seen from both phase and oxide
compositions they are somewhat shifted. The content of main
components (SiO2, AlbO3, Fe;0O3, MgO, Ca0 and TiOy) of clay
fraction for Apriki clay correlate for both methods and is
shifted not more as 2.9% for Al,O3; and for SiO,.2.2 %. Molar
ratio of SiOy/ Al,Oz was not higher than 1.05-1.10 (mass ratio
1.65-1.75); this is relatively low for geopolymer reactions.
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Fig. 1. Phase and oxide composition of clay fraction, sedimentary and
chemically separated.

Our previous studies [11] showed that the pre-thermal
treatment of illite clay at temperature up to 600 °C influenced

its reaction potential, but formation of typical geopolymer
binders could not be observed here.

The XRD patterns showed that impact of chemical,
mechanical and thermal treatments on the change of intensity
of diffraction peaks of illite (which could characterize that the
breakdown of illite structure) was insignificant.

It should be noted that treatment of illite by 6 M NaOH
solution led to formation of a new phase — sodium aluminium
silicate hydrate. Despite of the fact that illite structure in this
case was not destroyed, compounds with weak binding
properties appeared.
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Fig. 2. XRD patterns of differential treated illite: ap-O — not treated, ap-
1-milled for 24 h, ap-3 — treated with 6 M NaOH, ap-4 — pre-
thermal treatment at 580 °C for 1 h.
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Fig. 3. DTA (a) and TG-curves (b) of differently treated illite: ap-0 — not
treated, ap-1 — milled for 24 h, ap-2, 3 — treated with 3M and 6 M
NaOH, ap-4 — pre-thermal treatmentat 580 °C for 1 h.
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In its turn DTA indicated significant changes in illite for the
thermally treated sample ap-4 in temperature range up to
550 °C (Fig. 3). As it is known [11], this is associated with the
release of structural water from illite. For other treated
samples the DTA curves seemed similar with a little shifted
exo-effect at the lowest temperatures. For the samples treated
with 6 M (and 3 M) NaOH there was an increase in the loss of
weight (TG-curves).

Scanning electron micrographs of clay fraction powder
before and after treatment are shown in Fig. 4.

Fig. 4. SEM micrographs of illite powder: a — illite chemically separated
from clay, b — illite separated from clay by sedimentation, ¢ —
thermally (at ~ 580 °C) treated illite, d — illite treated with 6 M NaOH.

Both chemically and sedimentary separated illite seemed
somewhat different. In both cases irregular particles and
platelets formed (Fig. 4 a, b), especially for illite separated
from clay by sedimentation (Fig. 4 b). Particle or agglomerate
size distribution wass broad. Thermal treatment yielded
homogenous illite powder mixture (Fig. 4 c) with particles that
had almost spherical shape, which would promote sintering
[12]. Significantly differs illite sample treated by 6 M NaOH.
It is possible to observe formation of new needle-shaped
crystalline  phase sodium aluminosilicate hydrate
Na(AlSiO.)s-H20 which pervades illite.

Next experiments were carried out using compositions of
pretreated illite (as more active from processed illite) with
20-50wt% of AI(OH); additive to obtain dense
hightemperature ceramics at lowered temperature. Visually the
sintered samples from compositions of pre-treated illite-
Al(OH)scompositions at temperatures ranged from 800 °C to
1100 °C look as follows in Fig. 5.

As is visually shown, all samples had obvious and
remarkable shrinkage as well as change of color that was more
pronounced in samples with higher illite content in starting
compositions. Samples sintered at 1000 °C were characterised
by high compressive strength. These values (as well as values
for shrinkage) changed depending on temperature and are
displayed in Fig. 6.

21

1100 °C

not sintered I

illte/AI(OH)s
80/20

illte/AI(OH)s
60/40

illite/A{OH)
50/50

Fig. 5. Samples from compositions 80-50 % at 600 °C pre-treated illite —
20-50 % AI(OH)3 sintered at different temperatures.
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Fig. 6. Dependence of compressive strength and shrinkage on temperature for
sample 60 % pre-treated illite — 40 % Al(OH)s.

IV. CONCLUSION

Thermal, chemical and mechanical treatment of illite
separated from clay deposit Apriki (a deposit with national
importance), were used to modify illite structure.

Thermal treatment at temperature ~600 °C and chemical
treatment with 6 M NaOH were more effective treatments.
Thermal treatment yielded homogenous illite powder with
particles that had almost spherical shape that would promote
sintering. Chemical treatment with 6 M NaOH led to
formation of a new crystalline phase sodium
aluminosilicate hydrate Na(AlSiO.)s-H,O — that pervaded
illite.

Thermally treated illite was used for development of new
compositions with Al(OH)s. After sintering samples at 1000-
1100 °C with 40 % AI(OH); additive it was found that
compressive strength of ceramics reached value 168 N/mm?.
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Diferencétas apstrades pielietojums illitu struktiiras un ipasibu

Petita kimiskas, mehaniskas un termiskas apstrades ietekme uz illitu struktiiras un ipasibu izmainam, ka ar7 §is apstrades nozime blivu
augsttemperattiras keramiko materialu izstrade. Par izp&tes objektu bija izveleti kvartara mali no Apriku atradnes, kas ir valsts nozimes mala
atradne. Mali no $Ts atradnes ir pieskaitami pie karbonatus mazsaturo$iem maliem un tiem ir relativi augsts malainas frakcijas saturs (dalinas ar
izméru < 0,005 pm). Malu frakciju (illiti’kaolinits) izdalija no maliem, pielietojot sedimentacijas un kimisko metodi. P&tijumiem pielietota
Kkimiski izdalita malu frakcija. STs frakcijas kimiskai apstradei ir pielietots 3 M un 6 M NaOH tidens $kidums, mehaniskai apstrade bija 24 hilga
intensiva malSana planetarajas dzirnavinas, termiskd — izkarséSana 600 °C temperatira 30 min. Neapstradato un apstradato illitu
raksturojumam pielietoja rentgena fazu analizi (XRD modelis Rigaku, Japana un D8 Advance Bruker AXS). Elelementu/oksidu analizi veica ar
XRD spektrometru (S4 PIONEER Bruker AXS). Dalinu morfologijas un sastava izmainu izp&tei pielietoja skengjoSo elektronmikroskopu Nova-
Nano 650 (FEI Netherlands). Diferenciali termiska fazu pareju analizi veica ar iekartu Setaram, SETSYS Evolution-1750. Ir paradits, ka
sedimentari un kimiski izdalito illitu/kaolonita fazu sastavs, ka arT oksidu analize ir nedaudz nobiditi. Bija vérojamas arT dalinu morfologijas
atSkiribas — sedimentgto illitu plak$nveida morfologija bija izteiktaka neka kimiski iegiito. Rentgena fazu analize rada, ka saistiba ar intensivi
malto un ar 3 M NaOH skidumu apstradato illitu/ kaolinita fazu difrakcijas maksimumu izmainas ir niecigas. Maz izmainu novéroja art DTA
rezultatos. Savukart, termiski apstradatie illiti ir dalgji destrukturéti, pie ~ 600 °C izdalijas struktiras OH- grupas. Izmainas péc apstrades ar
6 M NaOH $kidumu ari ir attiecinamas uz illitu struktiras izmainam, veidojoties natrija alumosilikata hidratam Na(AlSiOa)s-H20, kurs,
caurauzot illitus, tos “sacemente”. Termiski apstradatie illiti ir aprobeti ka sakepSanu veicino$s komponents jaunu keramikas kompoziciju
izveido$anai ar AI(OH)s. Ir paradits, ka 60 masas % termiski apstradatu illitu piedeva pie Al(OH)s apdedzinasanas temperattira > 1050 °C veido
blivu keramikas materialu ar augstu spiedes izturibas vértibu — 168 N/mm?2,
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