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Advantages and technologies of porous ceramics production are considered. The experience of using
burnout additives of different origin for wall ceramics is analyzed. In the work it is proposed to use a flax boon
fraction of not more than 2 mm as a burnout additive. Density and strength of ceramic samples were determined.
The dependence of the average density and strength of the ceramic shard on the consumption of flax boon,
including the use of superplasticizer S-3. The positive effect of the use of superplasticizer S-3 on the compressive
strength of porous ceramic samples was established. The data on frost resistance and thermal conductivity
of porouswall ceramics samples obtained by using flax boon as a burnout additive are presented.
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Introduction

Economy resources are the major economic and emagatal problem all over the world. Modern
construction demands the raise of efficiency ofiding materials. The solution of this problem isnnected
with creation of materials for non-load-bearing siouctions of the buildings providing decrease ofver
consumption and specific consumption of materialsnanufacturing, raising of their heat-shieldinggerties
and decrease of loadings on the basic load-beautlg of buildings.

It is possible to provide requirements of the hnddcomplex in such materials partially at the exgee
of working out of composes and production technigfueeramic items with porous structure.

Porous ceramic possesses a number of advantagesnasired well other building materials, including
hollow and solid brick. These are high heat-shiedifireproof and sound-proof properties, chemiahbility,
low sorption moisture.

Porous structure of ceramic materials can be madéuckling of a charge in process of formation
or foaming, chemical pore-formation, using of maacfional composits of initial raw materials, ratpi
moisture of raw mass, introducting burning addgivadding in mass porous aggregates into foaming.

Obtaining of a high-porous ceramic by a pressinghoe is known. Using the property of clay
(plastic property), corpuscles tapes-zhgutik of ldegthened form are made, at chaotic, disorderephent
and pressing obtain. This method allows to obtairps ceramic items with density 800...1300 kyfi).

Using a high-speed high-temperature buckling aridngaraw-clay porous ceramic small blocks with
density 400...800 kg/thare obtained. It allows to reduce the thicknesswaflls in 1,3...1,5 times
in comparison with a traditional brick [2].

Adding burning out additives in a charge is optinial manufacturing wall ceramic materials by
the method of plastic formation. In the procesgazsting the uniform warming up of products is aled,
reducing medium improving process of formation aeaamic crock is created. These additives arsdkalust
which application is known since XVIII century [4}arious sorts of bituminous coal, a waste coaksirg
plants, ashTEC, lignin, peat, straw, leaves of trees, peel budathpolystyrenen packings wastes, papers,
board, any other combustible materials having lovk biensity [3-5].

Application of extraction and enrichment of coalaste of the Western Donbass, the Lvovsko-Volynsk
coal field is known. It provides more uniform dibtition of combustible mass in burned items and is
economically and technologically favourable. A caaltput and enrichment wastes considerably reduce
sensitivity of the raw to drying, provide temperatueduction of brick roasting on 50...70 and allows obtain
crock of the lower density.

Adding in ceramic mass the coal residual matebatides formation the porous structure allows weelo
fuel consumption, necessary for roasting of items.

Having the unburned carbon (not burnt out coké& fiossible to use asfEC as a combustible additive.
Ash in quantity to 50% that allows to gain a stoaemin density to 1250 kgAinduct into a charge wall ceramics.
However disadvantages of d6BC are connected with the restriction of the con@a® + MgO (no more than 5%)
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and an unequal chemical compound of ash is notédiraing of the same fuel on one power statiohedts
to differences of physic-mechanical properties oéemic brick [3].

Perspectiv composites for wall ceramics are conp®sin the basis of riding clay with the additive
of ash or cindery microspheres in quantity of 10.%62fbom the clay mass, allowing to obtain ceraménis
with average density 1120...1450 kd/M].

Use of complex mineral (pulverous fractions of litgs) and organic additives (levigated stalksofton)
are known. Average diameter of stalks of cottorb.is10 mm. Thanks to porous-fibrous structure ofkstal
drying of products is considerably sped up. Theitag@din clay raw materials of argillites of the ropleted
lubricant-coolant and levigated stalks of cottdiowab to obtain the stoneware with average deng851kg/ni
and the brand with strength of M 100.

Is perspectiv use of zeolitic mucks. Zeolit-containsiliceous mucks and zeolit-containing clays are
effective technological additives in manufacturiogramic brick. Pustotno-porous brick hollowness4$s,

a brand on strength of M 75...100, average densify.9380 kg/mi and a coefficient of thermal conductivity
no more than 0,3 W/(BC) is gained from raw masses on the basis of polgminclay and the given
technological additives [5].

It is possible to create a highly porous structfra ceramic material by applying the high-tempaeat
porisation of a clay charge, as well as by suppfeing the granules of a ceramic semi-finished pobdiuring
firing. As a fine additive, the author [6] proposta use fine porous highly dispersed zeolite inaamount
of 10...15%. The average density of such a ceraniikbis 520...700 kg/m with a compressive strength
of 1,5...2,5 MPa.

One of the ways of solution the problem of decreasiverage density is useing raw materials for wall
ceramics siliceous opalcrystalbolide rocks. Argilominerals flask are presented mainly by hydrosnighich
promote lower sintering temperatures. The leastamee density of samples on the basis of carboriask f
is 1180...1330 kg/f the greatest on the basis of argillous is 1380401Kg/n7. It allows to obtain hollow
structural products of average density 800...1200nk{7]. Average density of the crock on the basidlask
is 15...35% lower then the same parameter of theymtsdnade from traditional clay raw materials.

Only as burning out additives, but also as a pleegr lignine is used being waste product of wolod-a
hol. Besides, the additive improves drying and fogrproperties of clay mass. Lignine is inductechiimber
of 4...15%, combining with other combustible addisivéor example, sawdust, coal [8].

It is necessary to induct in charges great volufreuming out additives of phytogenesis (peel buoka,
wood dust) for raising heat efficiency of wall maaés. For the purpose of exclusion of strengthuctidn
of the porous crock. Na- and Al-containing addisivae recommended to introduce simultaneouslydh&rge
of additives of multifunctional acting consumptioh. is at the expense that power- and resourcecteffe
and raise of strength of hollow-porous ceramicatiained of mehano-chemical activation: mechanical flour
milling of the basic raw materials; chemical — imtroducing in the composition of mehanoactivatealycl
Na- and Al-containing additives and combustible iidds, including processed by these chemical addi-
tives. Products having the brand with strength of 78...100 and average density 684...973 Kg/m
and hollowness 20...55 % [9] are obtained.

Now the sawdust inducted in number of 8...28% by nwus widely applied for martempering drying
properties of raw [3]. Application of sawdust ablawing agent gives economy of fuel and energy usses
and allows to obtain the ceramic material with ithgroved heat-shielding properties. Propertieshef¢harred
products are influenced by the size and structdireawdust. When using a circular saw coarse anwuib
sawdust are obtained, and when using at the beltrsare thin sawdust of the cubic form are obtained.
The greatest effect is attained in introducinghef sawdust obtained by means of the belt saw.

Researchers at Kazan State Architectural and Qtisin University have developed a method for podaiy
ceramic foam products, which includes the joint ingxof all components of the charge (clay, aggregat
burnable, stabilizing, fluxing additives, liquidagls, plasticizer, water and a foaming agent). Ssiwgith a fraction
of 0,25...0,315 mm is used as a burnable additive. ddmpressive strength of the samples is 3,7...4,& MP
with an average density of 580...630 kg/fit0]. In addition, this university is developing the field of produc-
tion of porous-hollow bricks and stones with a dignef 750 - 950 kg/m with a strength of 75...150 MPa
and thermal conductivity of 0,145...0,185 WIf@). Burning supplement is buckwheat husk in theoam
of 20... 56% of the volume of the mixture.

A large number of scientific papers [11-16] aredades to the use of organic waste from the agrostrdi
complex: rice husk, raw cotton waste, sugar caseptoduction.

According to the results of a number of studiess proposed to use waste from the production iwEol
oil as burnable additives [17-21].

The introduction of cake into the charge as a fomming additive [19] made it possible to obtain
a ceramic brick with a reduced density and theroabuctivity while maintaining the strength chaeaistics.

French researchers [20] added milled olive pits\wahdat straw to the mixture to obtain porous cecami
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Belarusian colleagues studied composition contgimarious pore-forming additives [22], such as sastd
and wood ash, pulp and paper and sugar productian amount of up to 10% to produce wall ceramitenls
with improved thermal insulation characteristics.

In Belarus researches on use of sawdust as bumihgdditive by specialists “NIISM” is carred out.
The obtained experimental data allowed to develaopnechnological parameters of clay moulding, dgyin
and roasting at Radoshkovichsky ceramic plant [P8)ducts with general density 850...1100 k§j/having the
brand on strength of M 75...175, the brand on fresistance F 50...75 are obtained. The coefficiethadfmnal
conductivity in dry state is 0,18...0,29 W/(Q).

At the Obolsky ceramic plant in cooperation withid®k State University the manufacturing methods
of producing of structural clay tiles with the peeid fuel oil additives are completed. The contahposition
has the density of 1850 kgimat strength 2MPa. Use of the complex additive of peat and fuel aibws
to lower the density to 1150 kgirat the brand of products with strength M 75 ardbtrand on frost resistance F 15,
and to lower heat conductivity from 0,64 to 0,52(MW?C) [24]. However for last years peat and fuel oistco
has considerably raised and application of thedéiaes is economically unprofitable.

Theoretical and practical development on influeg@h surface active substances as additives oreptiep
of the clay brick testify of possibility of imprawy of structural characteristics of ceramic itebdse of surface
active substances on the basis of lignosulphoriatgsases the number of plastic properties of clegises
mould ability, reduces forming moisture and doulihes strength of the raw brick and the strengtthefbrick.
The optimal proportion is 1...1,5% of mass of clay.

Practically all observed above additives are bydpobts or production wastes. As practice shows eguiin
of those or other additives has regional charaetett is, as a rule, the waste of manufacture.

Use of secondary resources in manufacturing ofdmgl materials is a considerable reserve of raising
building efficiency. Among such resources it is gibke to gate out a farming industry with drawathe flax
boon. Using the boon as an organic burnout add@i@wvs to lower average density of a ceramic crock
to create the framing of ceramic mass preventimgsttrinkage of samples and, promotes materialliagy
of processing of flax.

Materials and methods

The density of the ceramic crock was determinedraicg to GOST 7025. The compressive strength
of the ceramic crock was studied according to tlethd given in GOST 8462. Frost resistance of cieram
samples was determined in accordance with GOST.A2h the help of the device ITP-MG4 in accordance
with the requirements of STB 1618 set the valuah®thermal conductivity of the porous ceramics.

Clay of medium plasticity of deposit «Zapolie» wased for researches. The control composition
(clay 90% + chamotte 10%) has the average densiiyo@ramic crock 1810 kgfhwith the strength 3MPa.

In experimental compositions, flax boon fraction @6...1 mm, 1...2 mm and 2-3 mm was administered
in an amount of 3...10%.

Surface-active substance (surfactant) based onthepheformaldehyde was used to increase the #treng
of the experimental samples. Superplasticizer $¢draing to specifications 6-36-020429-625 as tinfase
active substances was applied.

Main part, discussion

The raw mass should possess certain forming priegertysing the high plasticity of charge leads
to reject, increasing shrinkage; poor plasticity raass, — to breakage of the tape press. In ocoderdid defects
and breakdowns in the process of brick productiga, must consider the humidity of the flax boon with
the introduction of the raw mass. After a numbestofdies, we found that the best rate of plasticftgeramic
mass is achieved at a moisture content of flax BEbhn87%.

The use of flax boon as a burnout additive redticesiensity of experimental samples from 1810 Rg/m
to 1140...1580 kg/th At the same time, the compressive strength oktheples decreased by 2 or more times
to 5,5...15,8 MPa. On the basis of experimental daf@endences of density and strength of the ceramak
from the charge flax boon (Figures 1, 2) are olat@in

The obtained dependences allow us to concludehtéantroduction of flax boon in the amount of 3. 240
reduces the average density of the ceramic crodBhy37%. Introducing the burnout additive in quantd 3%
from clay mass does not provide essential decrehseerage density, and introducing more than 168mnf
clay mass considerable strength reduction of awtierarock occurs.

Thus, the allowable amount of added flax boon ighie range from 3 to 10% by weight of clay.
At the same time, the best strength characteristiesdemonstrated by samples with the additiorianf ioon
with a fraction of 0,5...1 mm and 1...2 mm (Figure 2).

With a view to ensuring the regulatory requiremesftéhe brand porous bricks shall conform to M75,
M100, M125. From these dependencies in Figuref@lldws that for the M75 brand, the consumptionflak
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boon with a fraction of 1...2 mm is 9,1% with a dépsif 1170 kg/m. To ensure the brand M125 input flax
boon fraction of 1...2 mm should be no more than 5,246 the density should be at least 1360 kg/m
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Figure 1. — Dependence of average density

of ceramic crock on the rate of flax boon
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Figure 2. — Dependence of strength

of a ceramic crock on the rate of flax boon

Experimental data allow us to conclude that it sgible to obtain ceramic wall products with
the strength of the crock from 6,8 to 17,6 MPa whedding a superplasticizer S-3 to the raw matemass.
Dependences of the strength of a ceramic crock fitwamrate of flax boon in acting of superplasticiz&-3

are obtai

ned (Figure 3).
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Figure 3. — Dependence of strength of a ceramic ark on the rate of flax boon
with the introduction of superplasticizer S-3

The introduction of plasticizer S-3 provided anr@ase in strength by 11...24% of porous ceramic sssmpl
compared with compositions without additives. Whifaintaining the strength at the level of composi
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without additives, it is possible to increase thuenber of introduced flax boon by 1...1,5%, which wélduce
the density of ceramic bricks to 10%.

For samples with a compressive strength of at [@dvIPa at a density of 1250 kginfrost resistance
and thermal conductivity were determined. Frosistance of experimental porous ceramics was 84esycl
of alternating freezing and thawing, which corregf®to the brand F75. The thermal conductivityhef samples
in the dry state (operating conditions A) is 0,24W°C).

Conclusion

1. The possibility of using flax boon as a burnadtlitive in the manufacture of wall ceramics isvaua.
The best levels of density and strength are actibyeausing the flax boon fraction 0,5...1 mm and 1m®.

2. With the introduction of flax boon in an amowft5...9% in the raw material mass, it is possible
to obtain wall ceramics with a compressive stremgth,5...12,5 MPa at a density of 1170...1360 kg/m

3. Application of the surface active substancesthas naphthalene formaldehyde improves the molding
properties of the ceramic mass and reduces watesuecgption. Due to the decrease in the moistureecdnt
of the ceramic mass, the drying process is acdebbravhich reduces energy consumption and increases
the strength of the experimental samples by 11...24%.
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INOPUCTASA CTEHOBASI KEPAMUKA
C BBITOPAIOIIEN TOBABKOM W3 KOCTPHI JIbHA

kano. mexn. nayk, ooy. HAAEK/IA JIABBI/IEHKO;
kano. mexn. nayk, ooy. AJIEKCAH/[P BAKATOBHY,
Kano. mexu. nayx, ooy. IMHTPHH IITABAHOB
(ITonoukuii zocyoapcmeennvlit ynugepcument)

Paccmompensl npeumyyecmea u mexnoio2u RPou3g00cmaea cmenoeol nopucmou kepamvuku. Ilpoana-
JIUBUPOBAH ONBUIN NPUMEHEHUS 8bI2OPAIOWUX 00DABOK PACTNUMELbHO20 NPOUCKXONCOCHUSL OISl CIEHOBOU KePAMUKLL.
Ilpeonacaemcs ucnonvzosams Kocmpy JbHA pakyueli He Oolee 2 MM 8 Kauecmee Gvleoparoueli 000a6Ku.
Onpeoenenvl NIOMHOCMb U NPOYHOCMb KEPAMUYECKUX 00pa3y06. YCcmanoseiena 3a6Ucumocms cpeoneil naiom-
HOCTU U NPOYHOCMU KEPAMUYECKO20 HePenKa Om pacxood KOCMpul IbHA, 8 MOM HUCAe NPU UCTIONb308AHUU
cynepnnacmugpuxamopa C-3. Yemanogneno nonodicumenvrHoe enusHue npumenerus cynepniacmugpuxamopa C-3
HA NPOYHOCMb NPU CHCATMUU NOPUCIIBIX Kepamuyeckux oopasyos. Ilpusedenvi oannvle no Mopo30CmouKocmu
U MeNnIoNPoBOOHOCMU 00PA3Y06 NOPUCHON CINEHOBOT KEPAMUKU, NOTYHEHHBIX C UCNONb308AHUCM KOCMPbL JIbHA
6 Kauecmee evicoparoujeti 000ABKU.
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