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H3yuena 603m0xcHOCIb 3AMEHBI UMROPMUPYEMBIX OZHEYNOPHOU 2IUHbBL U KAOAUHA, 6X0-
OAWUX 8 COCMAB KEPAMUUECKOU MACCHL 0151 RPOU3EOOCHEA KEPAMOZPAHUMA, HA 0ZHEYNOPHbIE 2U-
nucmule mamepuanst Pecnyonuxu benapyce, 6 wacmnocmu, Keapy-nupoguiium-Kaoaiunumogyro
nopooy u xaonunvl mecmopoxcoenuii «Cumnuya» u «/[edoexayn. Ilpu evioope cucmemul colpbesvix
Mamepuanos 3a 0CHO8y 63am npouzeoocmeennstii cocmae npeonpuamusn OAO «Kepamuny (2. Munck,
Pecnybnuxa benapycs). Yemanoeneno, umo npu ééedenuu 6 colpvesyto cmecw 2,5-15,0 mac. % xeapu-
RUPOPUATUM-KAOTUHUM OG0T NOPOObl, (PUUKO-XUMUYECKUE CEOTICMEa U IKCNLYAMAYUOHHbIE Xa-
PaKkmepucmuKku Kepamozpanuma coomeemcmaeyrom mpedoganuam cmanoapma EN 14411:2014. bo-
Jiee 8biCOKOe COOEPIHCAHUe OAGHHO20 KOMNOHEHMA NPUBOOUN K YMEHbUIEHUIO 00uie20 Koauvecmea
CMEK108UOHON (Pa3bl 6 CMPYKMYpe KepamuuecKux niaunoK, Ymo ébl3vléaem nHOGblieHIE UX 6000N0-
27I0WEHUSL, OMKPBIMOU ROPUCHOCIU, 4 MAKIHCe CHUNICEHUE MEXAHUYECKOI NPOYHOCIU NPU u3zubde
u Kaxycywieiica niomuocmu. OCHOBHBIMU KPUCIATITUYECKUMY (a3aMu CUHME3UPOCAHHBIX MAMeEPU-
anog agnaomca myanum u keapy. Taxoice 6bis671€H0, UMO UMROPMUPYEMBLIL KAOTIUH MOMHCHO NOJIHO-
CMbI0 3aMEHUNb HA KAOAUHb Mecmopodicoenutl « Cumuunya» u «/ledoskar, npu smom 3snauenun u-
3UKO-XUMUUECKUX CEOUCHE U IKCHIYAMAYUOHHBIX XAPAKMEPUCMUK U30CIUIl COXPAHAMCA HA mpe-
oyemom ypoeue. CKanupyowias 31eKmpoHHAA MUKPOCKORUA NOKA3AAA, YO CUHMEIUPOGAHHbIE C
ucnoavioeanuem xaonunoe Pecnyonuku benapyce odpazupl Kepamuueckozo zpanuma obdnaoaiom
naomuoi cnekueiica cmpykmypoii. I'azoeasn aza ¢ oannslx mamepuanax npaKmuuecKku omcym-
cmeyem, 00HapysHceHo NPUCYRICmEue TUWb OMOEIbHbIX MEIKUX HepeynapHbIx nop. Penmezenodgha-
306blil AHAIU3 HOKA3ATl, YMO OCHOGHBIMU KPUCHMATIUYECKUMU (Pa3amu AGAAIOMCA MYIUM, Kéapy,
MUKpPOKIUH u 2emamum. Umenno zemamum npuoaem nojy4eHHbIM 00pa3uam KepamozpaHuma
memno-cepyro yeemosyro zammy. Taxum odpazom, npumeHeHue omeuecneeHHo20 02HEYnOPHO20 -
HUCMO20 CcbIpba 0becneuusaem UMnOPMmMO3amMeieHue U CHuUMCeHue cefecmoumMocmu 20moeoil npo-
OyKyuu.

KiroueBble cjioBa: KEepaMOI'paHuT, KBale-HI/IpO(bI/IJIJH/IT'KaOHI/IHI/ITOBaH mnmopoaa, KaoJInH, BOAOIIOIJIOIIC-
HUEC, MCXaHUYCCKas IMPOYHOCTb IPpHU 1/13r1/16e, MYJUIUT
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The possibility of replacing imported refractory clays and kaolines, which are part of porce-
lain stoneware mix, with refractory clay materials of the Republic of Belarus, in particular quartz-
pyrophyllite-kaolinite rock and kaolin of “Dedovka” and “Sitnitsa” deposits, was explored. Porce-
lainised stoneware body formulations of JSC “Keramin” (Minsk, Republic of Belarus) was taken
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as the basis. It was found that physico-chemical properties and operational characteristics of porce-
lain tiles comply with the requirements of EN 14411: 2014, when adding 2.5-15.0 wt.% quartz-
pyrophyllite-kaolinite rock. Incorporation of quartz-pyrophyllite-kaolinite rock in percentage
higher than 15.0 wt.% resulted in reduction in the total amount of the vitreous phase of porcelain
stoneware, thus increasing water absorption, apparent porosity as well as reduces flexural strength
and bulk density. The main crystalline phases in the synthesized materials were quartz and mullite.
It was also revealed that imported kaolines could be completely replaced by kaolines of “Dedovka”
and “Sitnitsa” deposits. In this, required physico-chemical properties and operational characteris-
tics of porcelain tiles was maintained. SEM analysis revealed that specimens synthesized using
considered kaolines show quite dense microstructures, with a high degree of vitrification. The gas
phase in these materials was practically absent, the presence of only individual small irregular
pores was found. XRD analysis indicated that the major phases were mullite, quartz, microcline
and hematite. It was hematite that gives the obtained porcelain stoneware samples a dark gray color
scheme. Thus, the use of domestic refractory clay raw materials provides import substitution and

declining production costs.

Key words: porcelain stoneware tile, quartz-pyrophyllite-kaolinite rock, kaolin, water absorption, flex-

ural strength, mullite
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INTRODUCTION

Porcelain stoneware (ceramic granite floor
tiles, porcelain tiles) is a modern ceramic material
which imitates stones such as granite, marble, sand-
stone, travertine, etc. [1]. In terms of technical and aes-
thetical characteristics porcelain stoneware tiles do not
yield to natural stones and mostly exceed them. As a
direct result of this, the ceramic granite floor tiles are
successfully implemented for the construction of in-
dustrial buildings, accommodation and public spaces.

Traditionally, porcelain stoneware body com-
poses on average of 30-40% plastic components (kao-
lin and clay), 45-55% fluxing agent (feldspar), and 5-
20% grog (quartz) that form a glass crystalline material
with water absorption of 0.5% or less and flexural
strength at least 35 MPa during firing [1-7].

At present, the production of ceramic granite
floor tiles is growing worldwide therefore efforts in re-
search are making for studying new materials that are
able to replace the traditional ingredients without much
change in the process or quality of the final products.
It should also be noted that use of alternative raw ma-
terials makes it possible to reduce the production costs
and improve the competitiveness of the porcelain tiles
[4, 7-16]. T.K. Mukhopadhyay et al. [11-15] replaced
quartz and/or kaolin with pyrophyllite in a conven-
tional porcelain mix with composition 50% clay, 25%
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quartz and 25% feldspar. Addition of pyrophyllite re-
duced fired shrinkage and improved the flexural
strength as compared to those of the conventional body
due to development of interlocking mullite needles.
The potential of partially replacement kaolin by pyro-
phyllite into a conventional ceramic mixture is also
shown in research [16-18].

In the Republic of Belarus, imported raw ma-
terials are used in the production of ceramic granite
tiles. Dependent of producers on imports of raw mate-
rials puts a premium on the replacement of some of the
raw materials used in commercial porcelainised stone-
ware body formulations with domestic clays. This will
ensure import substitution and reduction in the cost of
production.

In this connection, the aim of this study is to
evaluate the possibility of using quartz-pyrophyllite-
kaolinite rock, kaolines of “Dedovka” and “Sitnitsa”
deposits (Republic of Belarus) as raw materials for the
production of porcelain stoneware tiles. The main min-
eral of quartz-pyrophyllite-kaolinite rock are mono-
clinic and triclinic forms of pyrophyllite, quartz, kao-
linite [19, 20]. Quartz-pyrophyllite-kaolinite rock is
characterized by high chemical resistance and white-
ness. There are several kaolin deposits on the territory
of the Republic of Belarus, but the most common and
studied are “Sitnitsa” and “Dedovka”. Kaolin of “Sit-
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nitsa” deposits is weakly chloritized with large inclu-
sions of fragments mainly of feldspar-quartz composi-
tion, biotite, grains of quartz and feldspar. “Dedovka”
deposit is represented by primary and secondary kao-
lines. It’s a rock with mechanical impurities of glauco-
nite-quartz sand, muscovite, feldspar and fragments of
crystalline rocks [21, 22]. Table 1 summarizes the av-
erage chemical composition and technological proper-
ties of quartz-pyrophyllite-kaolinite rock and kaolines.

Table 1
Average chemical composition and technological pa-
rameters of quartz-pyrophyllite-kaolinite rock and kao-
lines
Taénuya 1. YcpeaHeHHbI XMMHYeCKHIi COCTAB U TeX-
HOJIOTHYECKHE CBOMCTBA KBapH-HHqu)I/lJ'IJII/lT-K‘dOJII/I-
HUTOBOM MOpPoAbLI M KA0JIMHOB

A.H. lllumanckas, E.M. [Iatiosa, P.YO. ITonos

Table 2
Chemical composition of the porcelain tile samples (%0)
Tabnuya 2. Xumndeckuii cocTaB 00pa3noB kepamorpa-

Quartz-pyro- |lea.. .. | « »
Indicator  |phyllite-kaolin- Skltmt.sa Dedovka
. aolin kaolin
ite rock
Content, %:
SiO; 68.90 72.31 70.30
Al1,0; 26.16 16.03 19.00
TiO; 1.56 0.49 0.26
Fe;03 1.02 2.12 0.46
CaOo - 0.43 0.09
MgO - 0.83 -
K20 0.76 2.82 6.02
Na,O - 0.33 0.10
Calcination loss 1.60 4.64 3.77
Color White Gray Yellowish-
gray
Total shrinkage
(1400-1500 °C), % 8.0-13.0 7.0-8.0 5.0-7.0
Water absorption
(1400-1500 °C), % 2.0-5.0 1.0-6.0 2.0-7.0
Refractoriness, °C 1600 1620 1750

EXPERIMENTAL

In the present work porcelainised stoneware
body formulations of JSC “Keramin” (Minsk, Repub-
lic of Belarus) comprising refractory clay, kaolin, feld-
spar and quartz served as the basis. Two types of ce-
ramic granite floor tiles samples (P bodies and K bod-
ies) were fired in a single-channel commercial roller
kilns. The P bodies was prepared from a batch in which
quartz-pyrophyllite-kaolinite rock was used for replac-
ing refractory clay in amounts of 2.5-35.0 % in incre-
ments of 2.5%. Porcelain stoneware body of JSC
“Keramin” contains 35% refractory clay. The high free
silica content (25.0-39.0%) in considered kaolines
makes it possible to fully substitute quartz component
and kaolin in porcelain mixtures (K bodies). The oxide
compositions of the experimental ceramic granite floor
tiles are given in table 2.

HuTa (%)

Constitu- . .
ency P bodies K bodies
SiO, 70.03-71.53 66.81-67.27

Al20s 20.76-21.50 23.83-24.30
Fe.0s3 0.50-0.56 0.52-0.80
TiO, 0.63-0.72 0.46-0.50
CaO 1.84-1.99 0.10-0.16
MgO 0.95-1.15 0.96-1.09
K20 2.27-2.67 4.11-4.64
Na20 1.37-1.53 2.19-2.23

The slurry was prepared by wet grinding of the
components of the batch in a ball mill (Speedy, Italy)
to 1.5-2.0% residue in a 63 p.m sieve with material :
milling body : water ratio— 1 : 1.4 : 1.2. Moisture con-
tent of the obtained suspension was not more than 30-
40%, time to flow a suspension — 1143 s. After milling
the slurry was dried at 120+10 °C. The dried mass was
powdered and passed through a 100 p.m sieve, mois-
tened with 4.5-5.5% water. Test specimens were
pressed in a GTGab TecSRL press (Italy) at 1242 MPa
to form tiles (110x60x4 mm). The specimens were
dried and then fired in an FMS 2950/109,2 gas-flame
furnace (Italy) at temperatures 1195+2 °C u 1210£2 °C
for 50+2 min under the extant conditions at JSC
“Keramin”.

Water absorption (Ey), apparent porosity and
bulk density of the specimens were determined using
the water displacement method (EN ISO 10545 — Part
3). The coefficient of linear thermal expansion (CLTE)
was measured with a DIL 402 PC electronic dilatome-
ter (Netzsch, Germany) in the temperature interval 20—
300 °C (EN ISO 10545 — Part 8), flexural strength (o)
in three points bending stress — with an tester GTGab-
TecSRL (EN ISO 10545 — Part 4). Determination of
frost resistance was carried out in accordance with EN
ISO 10545 — Part 12.

X-ray phase analysis was performed with a D8
ADVANCE setup (Bruker, Germany), differential
scanning calorimetery (DSC) — with the device DSC
404 F3 Pegasus (Netzsch, Germany). A JSM-5610 LV
scanning electron microscope with an EXS JED-2201
JEOL chemical analysis system (Japan) was used to in-
vestigate the microstructure of matured specimens.

RESULTS AND DISCUSSION

A visual assessment of the matured P speci-
mens showed that experimental porcelain tiles were
characterized by uniform of light-gray color regardless
of content of quartz-pyrophyllite-kaolinite rock and
firing temperature. This is due to small percentage of
the coloring oxides in the studied rock. Color variabil-
ity of the ceramic granite floor tiles from a light gray
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to dark gray was observed when used kaolin of
“Dedovka” and “Sitnitsa” deposits and caused by a
high amount of Fe;Os. The texture of all specimens

was dense and homogeneous. Physical-chemical prop-
erties of the synthesized tiles are shown in table 3.

Table 3

Physico-chemical properties of the porcelain tile
Tabauya 3. PU3MKO-XHUMHUYECKHE CBOMCTBA KEPAMOIPaHUTAa

Physico-chemical  |P body, 1195|P body, 1210, K body, K body, Porcelain tiles Sltzalgdf AtjlslM
properties °C °C 1195 °C 1210 °C  |(JSC “Keramin™) 2014 '
Water absorption, % | 1.01-10.77 | 0.08-3.10 | 0.60-0.85 | 0.42-0.49 0.14 No mgrse than
Apparent porosity, % | 2.54-23.92 | 0.25-6.61 | 1.29-1.83 | 0.99-1.10 — —
Bulk density, kg/m® | 1870-2360 | 1910-2440 | 1800-1820 | 2378-2339 — —
Flexural strength, MPa | 25.9-51.0 | 28.5-54.9 | 40.5-41.6 | 43.4-44.0 42.1 No less than 35
Frost resistance, number of 100 100 100 100 100 No less than
cycles 100
CLTE, 0-10%, K! 7.95-8.20 7.95-8.20 7.10-7.40 7.10-7.40 7.8-8.1 -

The curve for water absorption values of P
specimens (Fig. 1a) indicates a gradual increase irre-
spective of firing temperatures when refractory clay
was progressively replaced by quartz-pyrophyllite-ka-
olinite rock. Variation in flexural strength of fired
specimens with quartz-pyrophyllite-kaolinite rock / re-
fractory clay ratio is presented in Fig. 1b.
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Fig. 1. Physicochemical properties of P series porcelain tiles syn-
thesized at temperatures at 1195 °C (1) and 1210 °C (2): a — water
absorption, b — flexural strength
Puc. 1. ®u3nko-xuMuuecKre CBONCTBA KepaMorpaHuTa cepu P,
CHHTE3UPOBaHHOTO NpH Temmepatypax 1195 °C (1) u 1210 °C
(2): a— BogonoruouexHue, 6 — MPOYHOCTH IpHU U3rnde
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Thus, incorporation of quartz-pyrophyllite-ka-
olinite rock as a replacement of refractory clay in the
ceramic granite floor tiles resulted in loss of its tech-
nical characteristics because of the increase in vitrifi-
cation temperature. This is explained by lower percent-
age of fluxing agents — alkali metal oxides (0.76%) in
rock in comparison with refractory clay (2.08%).

SEM photographs of the P bodies show that
the specimens containing rock and clay in the ratio of
3 to 4 (Fig. 2a) have no surface porosity, which con-
firms adequate vitrification. Full replacement of refrac-
tory clay lead to decrease of the proportion of glassy
phase (Fig. 2b) resulting in lower flexural strength,
bulk density and increased water absorption, apparent
porosity.

It was determined that K bodies containing ka-
olin of “Sitnitsa” deposit in comparison with experi-
mental tiles including kaolin of “Dedovka” deposit
were more strong in connection with increased per-
centage of Al;Os. In addition, they are characterized by
different content of free silica (on average are 25.70%
in “Sitnitsa” kaolin and 39.00% in “Dedovka” kaolin)
that have a positive impact on the sintering of such ce-
ramic bodies.

Scanning electron microscope showed that the
structure of K bodies were similar to that of porcelain.
Gas phase was almost totally absent. Individual small
and irregular shaped pores were found to be distributed
throughout the microstructure of specimens. X-ray
phase analysis indicated mullite and quartz in the P
bodies. Crystalline phases of K bodies were repre-
sented by mullite, quartz, microcline and hematite.
Dark gray color of the specimens was the result of the
presence hematite. Presence of large volume of amor-
phous phase with barely discernible mullite and quartz
grains affected the physico-chemical properties of the
synthesized tiles. DSC showed that mullite crystalliza-
tion in the porcelain mixtures P and K start at temper-
atures of 980 and 990 °C, respectively.
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Fig. 2. SEM of the P specimens at 1210 °C containing: a— 15 % quartz-
pyrophyllite-kaolinite rock and 20 % refractory clay, b — 35 % quartz-
pyrophyllite-kaolinite rock
Puc. 2. DnekTpoHHass MUKPOCKOTIHS 00pasIioB KepaMOTPaHHUTa CEPHH
P, cunresupoBannoro npu temmneparype 1210 °C u conepxarniero:
a— 35 % kBapu-nupoGWLTUT-KAOIUHUTOBOU Topob! 1 20 % orHe-
YIOPHO# TTHHBL, 6 — 35 % KBapI-MUPOGUIITUT-KA0IMHATOBOH MOPO/IbI

CLTE values of the synthesized tiles were
within (7.1-8.2)-10® K%, and the temperature coeffi-
cient of linear expansion of the JSC “Keramin” glazes
are (6.5-7.5)-10°% K. Tests indicated that consistency
in the system "glaze — engobe — ceramic body" allowed
to have defect-free, heat-resistant products.

CONCLUSIONS

As a result of this research, the possibility of
the production of the porcelain stoneware tiles with the
required complex of physico-chemical properties using
pyrophyllite-containing rock and kaolines of
“Dedovka” and “Sitnitsa” deposits was shown. It was
found that the optimal batch compositions shall contain
not more than 15.0% of quartz-pyrophyllite-kaolinite
rock, imported kaolines could be completely replaced
by domestic kaolines, which will enable a more cost-
effective production.

10.

11.

12.

13.

14.

A.H. lllumanckas, E.M. [Iatiosa, P.YO. ITonos

REFERENCES
JUTEPATVYPA

Taskiran M., Demirkol N., Capoglu A. A new porcelainised
stoneware material based on anorthite. J. Eur. Ceram. Soc.
2005. V. 25. N 4. P. 293-300. DOI: 10.1016/j.jeurceram-
s0c.2004.03.017.

Galos K. Composition and ceramic properties of ball clays for
porcelain stoneware tiles manufacture in Poland. Appl. Clay Sci.
2011.V.51. N 1. P. 74-85. DOI: 10.1016/j.clay.2010.11.004.
Zanelli C., Raimondo M., Guarini G., Dondi M. The vitre-
ous phase of porcelain stoneware: composition, evolution dur-
ing sintering and physical properties. J. Non-Cryst. Solids.
2011. V. 357. N 16. P. 3251-3260. DOI: 10.1016/j.jnon-
crysol.2011.05.020.

Vichaphund S., Somton K., Wonglom T., Rodchom M.,
Atong D. Utilization of basalt fibers as a raw material for
clay ceramic production. Ceramics — Silikaty. 2016. V. 60.
N 2. P. 72-76. DOI: 10.13168/cs.2016.0011.
Martin-Marquez J., Rincon J.M., Romero M. Mullite de-
velopment on firing in porcelain stoneware bodies. J. Eur. Ce-
ram. Soc. 2010. V. 30. P. 1599-1607. DOI: 10.1016/j.jeurcer-
amsoc.2010.01.002.

Perez J.M., Romero M. Microstructure and technological
properties of porcelain stoneware tiles moulded at different
pressures and thicknesses. Ceram. Int. 2014. V. 40. N 1.
P. 1365-1377. DOI: 10.1016/j.ceramint.2013.07.018.
Kumar S., Singh K.K., Ramachandrarao P. Effects of
fly ash additions on the mechanical and other properties of
porcelainised stoneware tiles. J. Mater. Sci. 2001. V. 36. N 24.
P.5917-5922. DOI: 10.1023/A:1012936928769.

Kamseu E., Leonelli C., Boccaccini D.N., Veronesi P., Mis-
elli P., Giancarlo Pellacani, Chinje Melo U. Characterisa-
tion of porcelain compositions using two china clays from
Cameroon. Ceram. Int. 2007. V. 33. N 5. P. 851-857. DOI:
10.1016/j.ceramint.2006.01.025.

Galos K. Influence of mineralogical composition of applied ball
clays on properties of porcelain tiles. Ceram. Int. 2011. V. 37.
N 3. P. 851-861. DOI: 10.1016/j.ceramint.2010.10.014.
Barrachina E., Calvet I., Fraga D., Carda J.B. Ceramic porce-
lain stoneware production with Spanish clays purified by means
of the removal of iron compounds and organic matter using phys-
ical methods. Appl. Clay Sci. 2017. V. 143. P. 258-264. DOI:
10.1016/j.clay.2017.03.024.

Mukhopadhyay T.K., Ghosh S., Ghatak S., Maiti H.S. Ef-
fect of pyrophyllite on vitrification and on physical properties
of triaxial porcelain. Ceram. Int. 2006. V. 32. N 8. P. 871-876.
DOI: 10.1016/j.ceramint.2005.07.002.

Dana K., Ghosh S., Kumar Mukhopadhyay T., Kumar
Das S. Feldspathic and pyrophyllitic porcelain evolution
during fast firing. Am. Ceram. Soc. Bull. 2006. V. 85. N 12.
P. 9201-9203.

Mukhopadhyay T.K., Ghatak S., Maiti H.S. Effect of pyro-
phyllite on the mullitization in triaxial porcelain system. Ce-
ram. Int. 2009. V. 35 N 4. P. 1493-1500. DOI:
10.1016/j.ceramint.2008.08.002.

Mukhopadhyay T.K., Ghatak S., Maiti H.S. Effect of pyro-
phyllite incorporation in porcelain composition on mechanical
properties and microstructure. Ceram. Internat. 2009. V. 35.
N 7. P. 2555-2562. DOI: 10.1016/j.ceramint.2009.01.003.

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2019. V. 62. N 12 43



H.N. Shymanskaya, E.M. Dyatlova, R.Yu. Popov

15.

16.

17.

18.

19.

44

Alimdzhanova D.1., Ismatov A.A., Ganieva M.M. The ef-
fect of quartz-pyrophyllite raw material on porcelain structure
formation. Glass Ceram. 1999. V. 56. N 1. P. 61-63. DOI:
10.1007/BF02681410.

Mukhopadhyay T.K., Ghatak S., Maiti H.S. Pyrophyllite
as raw material for ceramic applications in the perspective
of its pyro-chemical properties. Ceram. Int. 2010. V. 36. N 3.
P. 909-916. DOI: 10.1016/j.ceramint.2009.10.026.

Dondi M., Raimondo M., Chiara Z. Clays and bodies
for ceramic tiles: Reappraisal and technological classifi-
cation. Appl. Clay Sci. 2014. V. 96. P. 91-109. DOI:
10.1016/j.clay.2014.01.013.

Kizilkaya N., Onal M., Depci T., Yucel A. Usability of Malatya
pyrophyllite in the traditional ceramic industry. IOP Conf. Ser.:
Earth Environ. Sci. 2016. V. 44. DOIl: 10.1088/1755-
1315/44/5/052007.

Yakovleva N.S., Barantseva S.E., Poznyak A.l. Pyrophil-
lite-kaolinite rocks of the lower carboniferous of Belarus —
perspective kind of mineral raw materials. Litasfera. 2017.
V. 47. N 2. P. 93-103 (in Russian).

SIxoBaeBa H.C., Bapanuesa C.E., lo3usik A.U. [Tupodui-
JUT-KaOJIMHUTOBBIE TIOPOABI HIDKHEro KapOoHa bemapycu —

20.

21.

22.

MEPCIIEKTUBHBIN BUJI MUHEPAIBHOTO ChIpbs. Jlimacgepa.
2017. T.47. Ne 2. C. 93-103.

Barantseva S.E., Yakovleva N.S., Poznyak A.l., Nichipor
V.N. Pyrophillite and kaolinite strata as a promising raw ma-
terial for ceramic industry. Probl. Nedropol'zovaniya. 2018.
N 1. P. 82-86. DOI: 10.25635/2313-1586.2018.01.082 (in
Russian). bBapaunuesa C.E., fIxosiaesa H.C., Io3usak A.W.,
Huuunop B.H. [Tupogunmnt-kaoIMHUTOBBIE TTIOPOIH - TIEP-
CHEKTHBHBIN CBHIPbEBON Marepuai IUlsl KepaMHUECKON Mpo-
MBIIUICHHOCTH. [Ipobn. Hedpononvzosanus. 2018. Ne 1.
C. 82-86. DOI: 10.25635/2313-1586.2018.01.082.
Sergievich O.A., Dyatlova E.M., Malinovski G.N.,,
Barantseva S.E., Popov R.Yu. A study on the kaolin deposits
of Belarus with a purpose for their use for the manufacture of
ceramic tiles of various functions. Proc. BSTU. Chem. Tech-
nol. Inorg. Subst. 2013. N 3. P. 105-111.

Sergievich O.A., Dyatlova E.M., Popov R.Yu., Sobachevskii
A.S. Thermal and deformative characteristics of kaolin raw de-
posits of the Republic of Belarus. Eng. Struct. Technol. 2015.
V. 7.N2.P.97-102. DOI: 10.3846/2029882X.2015.1113893.

Tlocmynuna ¢ pedaxyuro 06.03.2019
Tpunsima x onybnuxosanuro 28.10.2019

Received 06.03.2019
Accepted 28.10.2019

U3B. By30B. Xumus u xum. textosorus. 2019. T. 62. Bein. 12



