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Introduction
The investigated porous ceramic materials by direct foaming of ceramic concentrated

suspensions are produced [1-3]. In concentrated suspensions pore formation depends on the
rheological properties of the suspension such as viscosity, zeta potential and pH. Direct
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process of pore formation in ceramic suspension is concerned with a few problems. At first
chemical process of gas elimination and conditions influences this process. The gas bubbles
containing structure from the thermodynamic position is not stable and is exposed to change
of structure, it means the gas bubbles have association tendency. At the same time the
components of ceramic suspension flow out from the surface of gas bubbles. Both these
kinetic processes: gas bubbles association tendency and suspensions flow are connected and
can bring to decay of not solid pore structure [4]. The gas elimination reaction of metallic
aluminium with water is the most important process by obtaining foamed ceramic materials
by slip casting of suspensions. Besides, the viscosity of the suspension determines the
possibility of forming spherical pores. A metastable pore structure within 1 hour during the
pore formation and solidification process is developed. The chosen raw materials have
defined zeta potentials and therefore they may influence the gas elimination rate. Aluminium
reaction with water facilitates by catalytic minerals of the phyllosilicate class [5]. Kaolinite,
illite and smectite containing clays in different relation with alumina are used. The influence
of used clays on the pore formation process by reaction of aluminium with water is
determined. Surface properties of clay minerals have influence on the rate of gas elimination
reaction. At the same time pore formation and size depends on the viscosity of suspension and
amount of aluminium powder.

Experimental

Zettlitz kaoline, Quaternary illitic clay of deposit Rauna and smectitic clay of deposit Saltiski
for the preparation of water suspension together with alumina in ratio 1:1 for investigation of
catalytic properties of phyllosilicates are used. Commercial alumina with plasma sprayed
alumina is partially for the determination of grain size influence on the pore structure of
sintered materials substitute. Amount of aluminium powder in these investigation is 0.4 wt.
%. Devonian illitic clay of deposit Liepa, Quaternary clay of deposits Rauna and Livani by
additive of 20 wt.% of alumina and amount of aluminium powder 0.1 wt.% are used for the
investigation of possibility to obtain porous materials from Latvian clays.

Measure of zeta potential in very diluted suspensions — 0.1 wt.% (Zeta Potential Analyser,
Brookhaven Instruments Corporation), pH of suspension, differential thermal analyses
(company Paulik, Hungary), optical microscopy (Optical Stereomicroscope Leica 420),
electron scanning microscopy (SEM FEI Quanta 200), X-ray difractometry (Ultima Plus,
Japan), mercury porosimetry (Autopore 1V), three point bending strength (Zwick: BDO-
FB020TN) are applied.

Results and discussion

Determination of solid particle size and following zeta potential of investigated raw materials
in much diluted suspension is given comparable properties. Stability of ceramic suspensions
depends on particle size, shape and the surface properties of solid particles. Surface properties
by the zeta potential induced between interacting particles can be characterised. The higher
absolute zeta potential of raw materials is the term for the more stabile suspension. Kaolin in
the composition takes effect not only on forming stable suspensions in association with
alumina, but also catalyses the reaction of aluminium and water and stabilizes the pore
structure after gas elimination. Kaoline provides bonding between alumina grains in the cast
solidification process.
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Table 1.
Grain size of solid particle, zeta potential and pH of diluted suspension

Component Grain size, p Zeta potential, mV pH
Kaoline 0.8 -25.4 10.8
Kaoline + alumina 1.22 -23.0 10.6
Smectite 0.34 -22.6 11.8
Smectite + alumina 0.66 -27.7 11.2
Smectitic clay 1.43 -9.72 11.6
Smectitic clay + alumina 1.35 -14.3 11.2
Illitic clay 1.5 -6.79 11.0
Illitic clay + alumina 1.2 -7.9 10.8
Alumina plasma sprayed 0.9 +48.4 10.8
Alumina, coarse grained > 2 +14.7 11.9

The rate of pore formation reactions and pore structure of obtained materials changes in cases
of other clay minerals such as illite and smectite in corresponding clays. 0.1 % suspension of
kaoline, illitic and smectitic clay has different zeta potential (Tabl.1). Kaoline has the highest
absolute zeta potential — 25.4 mV, smectitic clay 22.6 mV and illitic clay 6.79 mV. Addition
of alumina in its decreases the value of zeta potential in case of kaoline by relation 1:1 of
alumina and kaoline. Zeta potential increases in two other systems with illitic and smectitic
clay and alumina. At the same time alumina decreases the pH of suspension. Corresponding
suspensions have equally different pH. The lowest pH shows suspension with kaoline, but the
highest — with smectite and smectitic clay. Kaoline and alumina containing suspension has the
fastest pore formation process, but suspension with smectitic clay — the slowest process. The
differential thermal analyses of air-dry solid non-fired materials have different mass loss in
temperature range until 110°C. This effect is concerned with amount of aluminium hydroxide
formed accordingly reaction of metallic aluminium with water and hydrogen gas elimination.
In kaoline containing composition mass loss is higher and it is concerned with more active
influence of kaolinite on reaction in comparison with other clay minerals. The shape of pores
in kaoline is round and the layer of aluminium hydroxide around gas bubbles is thicker. Pore
are prolonged in materials produced from illitic or smectitic clays and they are associated

(Fig.1.)
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Fig.1. Pore structure by optical microscopy of materials fired at temperature 950°C: a- with
kaoline; b — with illitic clay, c — with smectitic clay and pore surface area, %.

The grain size of used raw materials is also significant. The part of alumina in composition
with illitic clay is substitute with in plasma sprayed alumina. At first, the plasma sprayed
alumina has highest absolute zeta potential 48.4 and by suspension preparing it is necessary to
use more water because the viscosity of suspension is to high. By increasing of content of
plasma sprayed alumina about 30%, the amount of necessary water by preparing of
suspension increases two times in comparison with composition without plasma sprayed
alumina. Pore size distribution in such materials is represented in Fig.2.
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Fig.2. Pore size distribution in fired samples: a — with commercial alumina powder; b —by
partial substitution with plasma sprayed alumina.

Pore size distribution in fired sample depends on the grain size of used alumina. Commercial
alumina in system of illitic clay partially is substitute with plasma sprayed alumina. There are
three pore size areas by use of commercial alumina (Fig.2a), but in sample with fine alumina
two areas only (Fig.2b). In gas elimination process by solidification of suspension the greater
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pores are developed. By the sintering of green body the smaller pores are developed and pore
size in this process depends on the grain size of raw materials and sintering conditions.

The pore formation process depends also on temperature. The rate of reaction by using of
distilate water at temperature 40°C is two times faster, but final volume of sample is similar

(Fig.3).
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Fig.3. Dependence of pore formation velocity on temperature

Illite containing clays from deposits Liepa, Rauna and Livani for obtaining of porous thermal
insulating ceramic materials are used. The ratio of clay and alumina is 4:1 and water content
in suspension is in limits 28—35%. The pore structure of materials fired at temperature 1000°C
depends on used clays. Porous ceramic from lime less clay of deposit Liepa has small rounded
pores (Fig.4a) with large surface 48%. Materials from other two lime rich clays have also
different pore structure. There are small associate pores by use of clay deposit Rauna (Fig.4b)
with pore surface 28% and max pore diameter 1.14 mm. Material contains large prolonged
associate pores by use of clay deposit Livani (Fig.4c) with max pore diameter 2.89 mm and
little pore surface — 27%. Thereby, the pore structure of materials obtained by chemical
reaction of aluminium powder with water in alumina and clays systems depends also on
admixture in natural clays. Carbonate content in clays and its grain size in pore formation
process are significant. The carbonate grain size in clay deposit Livani is large — 0.8 mm and
more.

Structure of acquired materials is determinate by SEM analyses (Fig. 5). Structure is
composed of small grain matrix and stellar large crystals. Point analyses show different
composition of these two structure parts. Large crystals comprise alumina, but matrix is
composed of silicate and alumosilicate.
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Fig.4. Pore structure by optical microscopy of materials from different Latvian clays fired at
temperature 1000°C by additive of commercial alumina and aluminium powder: a —
clay of deposit Liepa,; b — clay of deposit Rauna, c- clay of deposit Livani.
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Fig.5. SEM analyses of material from Quaternary clay deposit Rauna by additive of 20%
commercial alumina sintered at temperature 1000°C.

SEM micrograph (Fig.5b) shows two different pore size areas: large pore are developed by
gas elimination, but small pore are formed by sintering in result of decomposition of
carbonates, which contain clay.
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Conclusion

Structure of porous ceramic materials produced by direct pore formation in result of chemical
reaction of aluminium with water in suspension depends on the kind of clay minerals.
Structure is achievable more homogeneous with round pores by kaolinite. Different clay
minerals by additive of alumina obtain different yield stress, which establish gas durability.
Smectite minerals have the best yield stress [6] and therefore porous structure of materials
from smectitic clay contain large prolonged pore parallel to clay mineral plates.

Anyone producing of porous ceramic by pore formation during solidification of suspension
from different raw materials demand to establish the ratio of components, amount of
aluminium powder and limit of sintering temperature. Porous building ceramic from clay of
deposit Liepa with additive of alumina fired at temperature 1000°C has the bulk density 0.95
g/em’, compressive strength 10.2 N/mm?.

This method is preferable by environmental protection because restrict emission of carbon
oxide, which eliminate by using of combustible additive for pore formation.
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V.Svinka, R.S'vinka, A.Actins, A.Butlers, 1.Zake, 1.Sidraba. Filosilikatu katalttiskas ipaStbas koncentrétas
okstdu suspensijas. legiita poraina keramika no malu un aluminija oksida koncentrétas suspensijas (mitruma
saturs 28-35%) tieSa poru veidoSanas celda metaliskam aluminija pulverim reagéjot ar tideni. Malu minerali,
pateicoties dalinu virsmas ladinam, ko raksturo zeta potencials, veido stabilas suspensijas. Izdaloties iidenradim
kimiskas reakcijas rezultata, malu minerali saista izveidojusos poru struktiuru, kura saglabdajas péc izzavésanas
un apdedzinasanas. Kaolinita, illita un smektita gadijuma iegiita atskiriga So materialu struktiira, jo Siem
mineraliem ir atSkirigi virsmas ladini. legiito materialu poru struktira ir atkariga ari no dabigo malu
mineralogiska sastava. Dazadi piemaisijumi malos (karbonati, smiltis) ietekmé iidenraza izdalisanas procesu un
suspensijas viskozitati. Vislabakas katalitiskas ipasibas ir kaolinitam, kuram ir ari vislielakais absoliitais zeta
potencials.

V.Svinka, R.Svinka, A.Actins, A.Butlers, 1.Zake, l.Sidraba. Catalitic properties of phyllosilicate in the
concentrated oxide suspension. Porous ceramic from clay and alumina concentrated suspensions (water
content 28-35%) in the direct process of pore formation by reaction of metallic aluminium powder with water
are obtained. Clay minerals form stable suspension thanks surface charge of particle surface, which is
characterize by zeta potential. Clay minerals associate the developed pore structure after hydrogen elimination.
After drying and sintering structure remains. Different materials structure is obtain by use kaolinite, illite or
smectite because particles of these minerals have different zeta potential. Pore structure of obtained materials
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depends on the mineralogical composition of clay. Various admixtures (carbonate, sand) influences hydrogen
elimination process and viscosity of suspension. The best catalytic properties characterises kaolinite with the
highest zeta potential.

B.Illleunka, P.Illeunxa, A.Aymunvwi, A.Bymnepc, H.3axe, H.Cudpaba. Kamanumuueckue ceoiicmea
Qunocunuxamos 6 KOHUEHMPUPOBAHHBIX CYCHEHCUAX OKcudos. I[lonyuena nopucmasi Kepamuxa u3
KOHYEHMPUPOBAHHBIX CYCHEHCUll 2IUHbL U OKCUOA antoMUuHus (codepicanue 800vl 28-35%) 6 npamom npoyecce
nOPO0OPA306aAHUSE NPU B3AUMOOCIICTNEUL NOPOUKA MEMATIUYECKO20 ATIOMUHUSL ¢ 6000U. 1 TuHUCmble MUHEPATb]
obpaszyiom cmaduibHble CYCheHcuu 01a200apsi NOBEPXHOCMHOMY 3apsdy SAUHUCIBIX YACmuy, KOMOpbiil
xapakmepusyemcs — 3ema nomeHyuanom. Ilpu eviderenuu 600opoda 6 pesynimame XUMU4eCcKoUu pPeaxyuu
2UHUCIIbIE MUHEPATbL CEA3bI6AIONM 00PA308ABULYIOCS NOPUCIVIO CIMPYKIYPY, KOMOPAsi COXPAHAEMCS NOce
cywku u oboicuea. B cnywae xaonunuma, uiiuma u CMEKMuma noayyeHbl MAmepuaibl ¢ pa3iuyHoU NOpucmo
cmpykmypou. [lopucmas cmpykmypa noiyyeHHblX Mamepuanios 3asucum makdxice om npumeceti (kapbonamol,
necok) 6 enunero Hawnyywue xamanumuyeckue cOUCMEa uMeen KaoIuHUmio
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