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Absctract. Designed composition of ceramic mass for high-alumina porous permeable ceramic material for 
disperse micro hydro systems. The filler used alumina fraction 100–250 microns, as a binder system studied 
refractory clay Veselovskaya–medicalglass–gibbsite. Formation of material carried by dry pressing at a pres-
sure 60 MPa, the temperature of synthesis was 1250–1350 °C, holding at the maximum temperature – 1 h. 
The processes occurring in the binder during sintering was investigated. The effect of the sintering tempera-
ture of the material, the amount of binder composition on the acid resistance, mechanical strength, poros-
ity and permeability of open high-alumina permeable porous material was investigated. The structure and 
phase composition of the submissions received, the average pore diameter was 10 mm, it can be used for 
microfiltration of liquids and gases, the material is homogeneous at the macro level, the structure is repre-
sented by an extensive network of channels of pores. Phase composition is represented mainly corundum 
and mullite.
The material has the following set of physico-chemical properties: open porosity 46.41–49.74%, acid resis-
tance 99.24–99,65%, mechanical strength in compression 6.41–12.53 MPa, permeability 5.32·10–8 m2.
keywords: ceramic membrane, filler, binder, porosity, permeability, acid resistance, microstructure.
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Introduction

Currently permeable ceramic materials are widely 
used in many industries: food, pharmaceutical, chemi-
cal and petro-chemical industries. Permeable ceramic 
materials based on aluminum oxide have high perfor-
mance properties. Due to high mechanical strength, 
chemical stability and bioinertness of high-alumina 
ceramic materials are used for microfiltration of milk 
and dairy products concentration, purification and 
clarification of fruit and vegetable juices, for filtering 
hydraulic fluids in the production of alcoholic bever-
ages, water purification.

Creation of required microstructure of high alu-
mina ceramic filters is possible due to controlling of 
the phase formation and sintering processes of ceramic 
mass under the action of reactive additives and bind-
ers. Composition and amount of binders in ceramic 
masses hold much significance of permeability, me-
chanical strength and chemical stability of ceramic fil-
ters (Burggraaf 1996; Emchenko 2006; Tsapatsis 1994).

The formulation containing 50% kaolin, 20% 
limestone, 10% potassic feldspar, 10% albite and 10% 
quartz (dry basis) was considered the most suitable 
for separation of suspended solids from liquid suspen-
sions (microfiltration) (Simao et al. 2015). 
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Permeability of porous ceramics considering the 
Klinkenberg and inertial effects porous ceramics have 
become key materials in demanding filtration appli-
cations because their microstructure and composition 
can be tailored to present a very favorable combina-
tion of features, including high permeability, specific 
surface area, mechanical strength, thermal inertness, 
and chemical resistance to aggressive environments 
(Scheffler, Colombo 2005; Studart et al. 2006).

The aim of this paper investigation the porous 
permeable high alumina ceramic materials. 

1. Materials and methods

The physicochemical properties of permeable high 
alumina ceramics, the effect of the binder composition 
and sintering temperature on structure formation and 
phase composition were investigated for development 
of microstructured high alumina ceramic filters.

In this study, the ceramic filters were prepared us-
ing technical grade GK-2 alumina (GOST 6912-87) as 
a filler, “Keramik-Vesko” refractory clay (GOST 9167-
75), waste glass HT-1 (GOST 19808) and gibbsite 
GB-1 (TU 1711-004-00200992) as a binder. 

Alumina is the main structure-forming compo-
nent which imparts high chemical and thermal resis-
tances of the ceramic materials. Due to the spherulitic 
porous structure of the alumina, its particles have a 
high surface energy and a contact area between the 
grains, which creates favorable conditions for sintering.

“Keramik-Vesko” refractory clay GOST 9167-75 
(the Republic of Ukraine) is a kaolinite-hydromica 
semi-acid fine dispersed plastic clay. The content of the 
clay particles smaller than 0.005 mm is 88.0–99.8%. 
The plasticity index of the clay is 15–25. The average 
chemical composition of clay given in weight percent-
ages (wt. %) of oxides: SiO2 = 53.46; Al2O3 = 32.0; 
Fe2O3 = 0.75; TiO2 = 1.10; CaO = 1.10; MgO = 0.40; 
Na2O = 0.49; K2O = 2.10; loss on ignition (LOI) = 8.60.

Glass HT-1 GOST 19808 (the Republic of Belar-
us) is a chemical- and thermal-resistant. Glass HT-1 
has alumina-borosilicate composition and is used for 
the manufacture of medical devices. The density of the 
glass is 2370-2400 kg/m3, the coefficient of linear ex-
pansion (5.4–5.7)×10–6 K–1. Currently “Borisov Crys-
tal Factory” has accumulated significant reserves of 
glass HT-1 waste. Glass waste is produced from upper 
layers of the glass HT-1 at the draining stage. The aver-
age chemical composition of waste glass HT-1 in wt. % 
of oxides: SiO2 = 72.00; Al2O3 = 6.00; B2O3 = 10.50; 
CaO = 0.80; Na2O = 6.70; K2O = 1.80; BaO = 2.00. 

Gibbsite (hydrargillite) GB-1 TU 1711-004-
00200992 is a mineral consisting of γ-Al(OH)3. The 
heating of gibbsite leads to decomposition of γ-Al(OH)3 
with formation of aluminum oxide γ-Al2O3, which has 
a high chemical activity to the components of binder, 
affects the sintering processes, phase and properties of 
the permeable ceramic material. The average chemi-
cal composition of gibbsite GB-1 in wt. % of oxides: 
SiO2 = 0.05; Al2O3 = 65.00; CaO = 0.10; MgO = 0.10; 
Na2O = 0.10; K2O = 0.10; LOI = 34.55. 

The content of technical grade GK-2 alumina 
in ceramic masses in wt. % is 75.0–85.0; waste glass 
HT-1 – 3.75–12.50; “Keramik-Vesko” refractory clay – 
7.5–20.0; gibbsite GB-1 – 2.5–5.0. Chalk Volkovysskii 
GOST 17498 (the Republic of Belarus) and coke KL-1 
GOST 3340 (the Republic of Belarus) were injected in 
ceramic mass over 100 %. The choice of the composi-
tion of ceramic masses is based on scientific literature 
analysis and the results of preliminary investigations.

Alumina was separated on the sieves, selected 
fractions are 100–250 μm. “Keramik-Vesko” refractory 
clay, waste glass HT-1, gibbsite GB-1, chalk Volkovys-
skii and coke KL-1 were exposed to magnetic purifi-
cation and grinding in a ball mill SPEEDY (Italy) by 
combined wet milling with humidity 40–45%, residual 
on sieve 0.063 was 1.0–2.0 wt. %. The ratio of grinding 
media to the dry weight of milled material was 1,5:1. 
Obtained slurry was mixed with alumina and dried. 
From the dried mixture press-powder was produced 
with 6–8 wt. % humidity. Pressing was carried out 
on a hydraulic press at the pressure of 60 MPa. The 
formed samples were sintered in an electric laboratory 
furnace “Nabertherm” at 1250–1350 °C with holding at 
the maximum temperature for 1 h.

Thermal analysis of the ceramic materials was car-
ried out by the DSC 404 F3 Pegasus (NETZSCH, Ger-
many). The phase composition of the synthesized ma-
terials was studied on a DRON-7 with ionization regis-
tration of X-ray. Microstructural analysis was done by 
a scanning electron microscope 7600F (JEOL, Japan) 
with chemical analysis system EDXJED-2201 (JEOL, 
Japan). The degree of homogeneity of the macro struc-
ture was determined by the analysis of the results of 
water adsorption and drying kinetics researches of 
the materials. The open porosity of the material was 
measured by the GOST 2409 method. The mechani-
cal strange was determined using GOST 8462 method 
on hydraulic press series LFM 100 (Walter + bai ag, 
Switzerland).
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2. Results

Investigation of the mechanical strength showed the 
values of the compressive strength of the samples ob-
tained at a sintering temperature 1250 °C are 0.167–
2.083 MPa, 1300 °C  – 0.291–3.125 MPa, 1350 °C  – 
0.860–12.526 MPa. Mechanical strength is determined 
by nature of the porosity, caking degree and phase 
composition of the materials. 

Moreover it was found out that the values of the 
mechanical strength of the permeable ceramics de-
pend on the contact area between the structure-form-
ing particles. The higher it is, the greater the area of 
mechanical load distribution is and, consequently, the 
higher mechanical properties are. The contact area of 
the particles in the material depends on the amount 
of binder and dispersity of filler grains. The greatest 
mechanical strength is achieved for samples with 25% 
of the binder.

The main characteristics of the permeable ce-
ramic materials are porosity, pore size, the degree of 
the structure homogeneity and permeability. They de-
termine the filtering capacity of the material and its 
operational properties.

Figure 1 shows scanning electron microscopy 
(SEM) photos of the permeable material sintered at 
1350 °C. For 100–250 μm fraction of structure-form-
ing particles average porous size is between 10–40 μm, 
which allows to use the material for macro- and mi-
crofiltration.

Network of opened interconnected pores pre-
served up to 20 wt. %. of binder in ceramic masses. A 
further increase of the binder amount in the ceramic 
masses leads to decrease of total porosity and increase 
the content of closed pores which are not involved in 
filtration processes. 

The analysis of the results of water adsorption 
and drying kinetics researches of the samples revealed 
the materials have a high degree of homogeneity of 
the macrostructure. The average values of open po-
rosity of the samples obtained at a sintering tempera-
ture 1250 °C are 55.66%; 1300 °C – 49.30–54.91%; 
1350 °C – 41.43–49.74%.

The XRD patterns of the materials indicated that 
the main crystal phases are corundum and mullite. The 
addition of gibbsite to the ceramic masses leads to an 
increase of the mechanical strength due to the activa-
tion of mullite forming processes (Grigorev 2011).

Process of mullite formation in the structure of 
the binder can be seen in the SEM photos (Fig. 2) of 

binder containing “Keramik-Vesko” refractory clay, 
waste glass HT-1 and 1-GB gibbsite and calcined at 
1350 °C. The addition of gibbsite to the ceramic mass-
es lead to the growth of needle crystals of mullite and 
the degree of crystallinity of the binding.

According to the results of differential scanning 
calorimetry (DSC), the ceramic masses have exother-
mic effect in the temperature interval 920–990 °C. This 

Fig. 1. SEM micrograph of the material sintered at 1350 °C

Fig. 2. The microstructure of the binder containing gibbsite
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is caused by formation of cryptocrystalline mullite, 
and the value of effect depends on the content clay and 
gibbsite in the ceramic masses. For an equal value of 
clay content in the ceramic masses the high exother-
mic effect is higher for the masses containing gibbsite. 
It indicates the active chemical interactions between 
γ-Al2O3 and SiO2 (Fig. 3). The endothermic effect in 
the temperature interval 220–360 °C is due to decom-
position of Al(OH)3.

One of the most important properties of perme-
able ceramic materials is permeability. It characterizes 
the ability of the material to infiltrate the dispersion 
medium and determines the performance of the filtra-
tion system. It is known that the permeability of the 
material depends on the porosity, pore size and shape, 
the structure of the pore space. The values of the per-
meability coefficient of the ceramic materials sintered 
at 1350 °C is (4.213–5.867) 10–8 m2. The values of the 
permeability coefficient correlate with values of the 
opened porosity.

Conclusions 

The addition of gibbsite to the ceramic masses inten-
sifies mullite forming processes in the binder and on 
the surface of the filler grains. The formed mullite 
crystals increase mechanical strength of the perme-
able material. 

The composition of the ceramic mass for pro-
duction of the ceramic porous permeable filters was 
developed. The composition of the ceramic mass: 
80 wt. % of technical grade GK-2 alumina, 12.5 wt. % 
of “Keramik-Vesko” refractory clay, 5 wt. % of waste 
glass HT-1, 2.5 wt. % of gibbsite GB-1, chalk Volkovys-
skij 5 wt. % over 100%. 

The structure research revealed that the pore 
structure of the material is represented by intercon-
nected pores with the average pore size between 

10–40 μm which allows to use the material for macro- 
and microfiltration. The increase of the binder amount 
in the ceramic masses leads to the increase of the 
amount of melt which fills the porous and decrease of 
the total porosity. The content of binder in the ceramic 
masses more than 20 wt. % leads to sharp reduction of 
the performance properties.

The analysis of the results of water adsorption 
and drying kinetics revealed the materials have a high 
degree of homogeneity of the macrostructure and ef-
ficiency of filtration process.

The composition of the ceramic mass for pro-
duction of the ceramic porous permeable filters was 
developed. The composition of the ceramic mass: 
10 wt. % of technical grade GK-2 alumina, 12.5 wt. % 
of “Keramik-Vesko” refractory clay, 5 wt. % of waste 
glass HT-1, 2.5 wt. % of gibbsite GB-1.5 wt. % of chalk 
Volkovysskii. The developed materials have high per-
formance properties: acid resistance is 99.65%, the 
mechanical compressive strength is 8.49 MPa, the 
permeability coefficient is 5.32 10–8 m2, the sintering 
temperature is 1350 ºC.
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