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Possibility of obtaining of thin crystallization (less than 4 um) of non-fritt coatings by
adding significant number (up to 15 wt.%) of tin dioxide (SnO,) to their compounds was
studied. It was found that titaniferous coatings, containing SnO, as mineralizer, promotes
the directed mullite and stable anosovite phase formation. Glass-crystalline coatings with
the easy-to-clean and biostability properties were obtained upon moulding temperature up
to 1200°C.

Keywords: functional coatings, uniform thin crystallization, anosovite phase, bioresis-
tant and easy-to-clean coatings.

ITpennosxkena BOBMOIKHOCTL TOJNYUEHUSA TOHKOH (MeHee 4 Um) KpHUCTaAIU3ANUM HeDPUT-
TOBAHHBIX MOKPBHITUII TyTeM BBEJeHUsA B WX COCTaBhl 3HAUYMNTEJHLHOTO KOJIUYecTBa (IO
15 macc.%) guorcmaa cramryma (SnO,). YcTaHOBIEHO, UTO B TUTAHCOAEPSKAIINX MOKPHLITH-
ax npucyrcreue SN0, B KauecTBe MUHEPAIKM3aTOPa CIOCOOCTBYeT HAIPABIGHHOMY o6pasoBa-
HUIO MYJUIATA W YCTOMYMBOU aHOCOBHTOBOU (hasbl. IloJyueHBl CTEKJIOKPUCTAJIHAYECKUE IIO-
KpBITUA ¢ TeMmepaTypoil dopmupoBanua xo 1200°C, KoTopbIM NMPUCYIU cBOiicTBa OMOCTOI-
KOCTH U JIETKOTO OUMIIEHUA.

CkepoBaHe (ha30yTBOpeHHA (GYHKHMIOHAJIBHHX CKJIOKPUCTAJIYHUX NOKPUTTIB I Ke-
pamikn B cucremi TiO,—~Al,0,-Si0,. I.B.Ticauyx, JI.O.Birocmouvka, 10.].Tpycoea, K.II.Bep-
Huzopa, K.B.IToduacoea, P.B.Kpueobox.

3anpoIOHOBAHO MOKJMBICTL OJep:KaHHA TOHKOI (MeHIIe 4 um) Kpucraiisanii HedpuTo-
BAHUX TOKPUTTIB IIJIAXOM BBEAEHHS y iX CKJaAM 3HauHOI Kimbkoceti (mo 15 mac. %) miokcu-
ny crarmymy (SnO,). BeraHOBNeHO, MmO y THUTAHBMICHMX HOKPUTTAX mpucyTHicts SnO, y
AKocTi MiHepasisaTopa cIpuse CKepPOBAaHOMY YTBOPEHHIO MyJaiTy Ta cTiiikol amHocoBiTOBOI
asu. OmeprkaHO CKJOKPUCTANIUHI TOKPUTTA 3 TeMmepatypowo Gopmysanaa go 1200°C,
AxuM nputamManii QyHKIii 6iocTifikocTi Ta JTETKOTO OUMIITEHHA.

1. Introduction

A promising direction meeting trends of
innovation economy development is a crea-
tion of fundamentally new functionally or-
ganized gradient structures, such as surface

layers or ceramics coatings.
Properties of such materials allow the

use of products made of non-metallic glass-
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crystalline coatings in difficult operating
conditions under simultaneous exposure of
several destructive factors (extreme tem-
perature changes, corrosive environments,
wear abrasion, ete.). Functional purpose of
the coatings includes the following proper-
ties: decorativeness, abrasive resistance,
self-cleaning ability, corrosion protection,
thermal stability. The coatings may serve
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Fig. 1. Diagram of TiO,~Al,0;-SiO, system.
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the special purposes, such as medical and
antibacterial, lining and resistant to atmos-
pheric attacks and damaging effects of bio-
factors. Alongside with the antibacterial ac-
tion a very important problem is cleaning of
the surfaces from dirt, which spoils the es-
thetics of products and promotes the gen-
eration of viruses and bacteria.

A necessary condition for obtaining the
new coatings is the development of composi-
tions of non-fritt glazes, containing oxides,
forming on the surface of coatings given
spatial structures for creation conditions
for hydrophobic or hydrophilic purposes of
the surface, which also are characterized by
high physical and chemical, physical and
mechanical and surface properties, and are
durable and have reduced moulding tem-
peratures.

Based on the mentioned above, the aim
of the research is directed titaniferous
phase formation by using a complex of
modifying mineralized oxides for the devel-
opment of the non-fritt functional coatings
compositions at moulding temperature not
above 1200°C.

2. Results and discussion

The problem of obtaining the glass-crys-
talline coatings with a given set of proper-
ties is quite difficult, as it requires true
knowledge of the material structure, its
change depending on the chemical composi-
tion. This problem is partially solved for
crystalline phases by using physical and
chemical methods of forecasting in dia-
grams of state of the oxide systems. Multi-
component systems containing titanium di-
oxide are the basis of a number of indus-
trial glasses. In aluminosilicate systems of
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Rzo(RO)—A|203—T|02—S|OZ type glass-form-
ing ranges are very extensive. These ranges
include significant portion of high-silica
compositions (at least 40 % of SiO,). Add-
ing of TiO, to their composition in amount
up to 15 % extends the glass-forming
ranges by lowering the temperature of liq-
uids and reducing the viscosity of melts.
The process of phase distribution under the
heat treatment goes as follows: segrega-
tional aluminum-titanate heterogeneities ap-
pear first and then simultaneously or se-
quentially titaniferous phases crystallize in
them - solid solution of anosovite and
anatase type. The latter, as the heat tem-
perature rises, recrystallize in the stable
phase — rutile [1].

2.1. Diagram of state of TiO,—Al,05-SiO,

system

To obtain the functional coatings we
have chosen highly silicious area in the
given system (Fig. 1), divided into three ele-
mentary triangles TiIA-A-A3S,, TiA-S-A3S,,
TiA—-S-Ti, wherein such crystalline phases as
rutile (TiO,), silica (SiOy), mullite
(3A|20328|02) and tialit (A|2T|05) are pre-
dicted to be present [2].
Fig. 1 shows the points of model composi-
tions in the diagram TiO,—Al,03-Si0O,, lo-
cated both in the mullite and in tialit crys-
tallization fields. The choice of specified
range of compositions was conditioned by
the possibility of directed formation of the
crystalline phases providing simultaneous
formation of the complex of properties: me-
chanical strength, low TCLE (temperature
coefficient of linear expansion), increased
chemical resistance and heat resistance. The
ranges of compositions content has been
chosen on the basis of the earlier under-
taken researches [3].

To consider the phase changes, occurring
upon dropping of the melt temperature of
the given composition, it is necessary to
trace its course of crystallization. Table 1
shows results of calculations made for the
model compositions of the above selected
contents.

The qualitative phase composition and
the expected number of phases have been
determined by the calculation of crystal-
lization courses of the studied compositions.
Table 1 shows that the increase of TiO, con-
tent reduces the initial and final crystal-
lization temperature and simultaneocusly in-
creases the melt amount. It should be also
noted that at the lower TiO, content the

Functional materials, 22, 4, 2015
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Table 1. Calculation of courses of crystallization for described compositions

Code of | Oxide content of model Crystallization products, wt.% | Amount Crystallization
compositio compositions of melt, temperature, °C
0,
n Ti0, | SO, | ALO, % Initial | Final
TO1 18.52 | 62.96 | 18.52 [SiO, — 64.9; TiO, — 7.0; TiAl,O5 -| 83.2 1520 1470
28.1
TO2 7.04 71.83 | 21.13 TiAl,O5 — 18.8; SiO, — 63.4; 63.6 1630 1550
3Al,04-2S8i0, - 18.8
TO3 21.18 | 61.27 | 17.61 Si0, — 61.97; TiO, — 8.45; 75.3 1550 1480
TiAl,O5 — 29.58
TO4 6.17 72.23 21.6 TiAlLOg — 21.9; SiO, — 63.0; 64.8 1650 1520
8Al,05-25i0, — 15.1
Table 2. Estimated rating melts properties of the coatings
Calculated parameters Properties indicator values
TO1 TO2 TO3 TO4
Logarithmic viscosity number, 2.28 2.99 1.54 3.64
lg n at a temperature of 1150°C
Interface tension, 0-103N/m? at 305.38 310.9 309.57 806.7
a temperature of 1150°C
Flow temperature, °C 954 1021 1024 951
fsi 0.3 0.32 0.28 0.34
K., 7.08 6.74 7.28 6.94

temperature range of crystallization phases
defined by the calculation expands.

2.2. Research of melt properties
A large amount of the melt is formed in

the mentioned titaniferous compositions
(Table 1). Its properties could be estimated by
the complex of calculation criteria [4], in par-
ticular: logarithmic viscosity number — lgn,
interface tension indicator — o -10%3 N/m,
connectivity coefficient of silicaoxygen
glass frame — fgj, empirical crystallinity co-
efficient — K,. These criteria allow predict-
ing crystallization ability of the melt form-
ing during firing of the coatings shown in
Table 2.

Analysis of Table 2 shows that the small-
est index of the logarithmic viscosity num-
ber has the composition of TOj, indicating
the more active melt components. According
to [4], values of fg; are less than 0.5 and
K., are above 4.5 in the case of interface
tension of at least 300-103 N/m, forecasting
increased tendency of the melt to formation
of the defined crystalline phases at the
moulding temperatures no higher than
1200°C.
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3. Experimental

Quartz-fieldspar and technical materials
were used to produce actual compositions of
the coatings. The chemical composition of
the experimental coatings was represented
by such oxides as: SiO,, Al,05, CaO, MgO,
BaO, Nazo, Kzo, T|02 and SnOZ, of which
Si0,, Al,O; are glass-forming; Na,O and
K;O - fluxing agents, CaO, MgO, BaO -
modifiers. Tin dioxide (SnO,) at the con-
centration of 5 and 15 wt.% was applied as
a mineralizer, which with its molecular-en-
ergy properties [5] stimulates uniform mi-
crocrystallization of the given phases.

Components of the non-fritt glazes were
received by wet milling to the remainder on
the sieving area 0063 — 0.15 % . The resulting
slurry had the following parameters: humidity
— 28 — 30 %, density 1.72 — 1.74 g/cm3 and
was applied by pouring on porcelain base. Fir-
ing of samples was carried out at temperature
of 1200°C. Table 3 shows the properties indi-
cators of the experimental coatings.

Analysis of the table data has shown the
high level performance of the functional coat-
ings, corresponding a number of ceramic pro-
duction technologies (different types of porce-
lain, chemically resistant, construction and
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Table 3. Physics-chemical properties of the developed coatings

Experimental properties Properties indicator values
parameters TO1 TO2 TO3 TO4
TCLE, 1076 K1 5.77 5.41 5.80 5.32
Acid resistance, % 99.6 99.1 99.8 99.2
Heat resistance, cycles > 10 > 10 > 10 > 10
Elasticity modulus, GPa 0.9585 0.9405 0.9805 0.9050
Microhardness, MPa 6500 6000 7800 7200
»
o 3 g 85 |5,
115 -
60 50 20 10

e barium orthoclase A anosovite ® rutile ¢ cassiterite
Fig. 2. X-ray diagram of TO, coating.

building ceramics, ete.). Such high rates of
physical and chemical properties are defined
by peculiarities of the phase composition of
the developed coatings.

Research of the samples phase composi-
tion was conducted by method of X-ray dif-
fraction analysis (XDA) using DRON-4-07
diffractometer under its standard operation
conditions. ASTM card-catalogue was used
for identification of the phases. X-ray
phases researches of optimal composition of
the coating TOjz, shown in Fig. 2, indicated
phases of rutile, cassiterite (SnO,), barium
orthoclase (BaAlSi,Og) and anosovite
(Ti30g).

The microstructure of TOg sample were
investigated by petrographic method in pol-
ished sections in reflected light under in-
crease of 80—-320% with the help of micro-
scope NU-2E and both in transmitted polar-
ized light in immersion solutions under the
increase of 100-480% with the help of mi-
croscope MIN-8.

The investigations have shown that the coat-
ing consists of colourless transparent isotropic
material with the refraction index of glassy
phase N, = 1.5640+0.003, in which there are
evenly distributed scattered inclusions of ir-
regular, rectangular and rhombic shape (thin
section cut); they are isometric and elon-
gated, angular and halfrounded (Fig. 3).
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Fig. 3. Microstructure of TO; sample.

Inclusions birefringence is strong, re-
flecting capacity is high, the number of in-
clusions is about 30 %. There are mullite
needles having a width of less than 2 um
and a length of up to 20 m. Their number is
no more than 2—-3 % . Mullite is distributed
locally, i.e. unevenly. The average pore size
of the sample is 15-30 m. Compared to the
maximum size of the pore (Fig. 3) it is pos-
sible to assess very fine crystallization of
the given phases.

Study of the phase composition of the
experimental samples, using XDA and pe-
trography, has shown the presence of rutile
microcrystals, cassiterite, some silica, amor-
phous and intermediate products.

The obtaining of solid solutions of tita-
nium pentoxide Ti3Og of high temperature
modification with different orthorhombic
structure of pseudobrookite and deformed
monoclinic structure has been specified.
Anosovite practically doesn’t interact with
silica and is the most stable and titanifer-
ous phase. The resultant coating phase com-
position has been defined, %:

* glass phase — 60-65

* relict grains of silica and corundum — 2—-3
* cassiterite — 15

* rutile — 10

* mullite — 8-5

* anosovite — 3-5.

Functional materials, 22, 4, 2015



G.V.Lisachuk et al. /| Directed phase formation ...

The experimentally obtained phase com-
position of the coatings, burnt at 1200°C,
corresponds to the predicted calculations.
The complex of chemically inert phases pro-
vides the functional sustainability of the struec-
ture and properties of the surface, and as a
result — the resistance to biodestruction [6].

The obtained coatings are also capable of
easy cleaning that was demonstrated by de-
termining the topography of the sample sur-
face with scanning 3-d microscope Keyence
VK-9700K with a range of digital and opti-
cal zoom x200 + 3000 and x 10 + 150, re-
spectively [7, 8]. Fig. 4 illustrates profilo-
gram of the optimal sample of TOj.

While studying the topography of the
sample surface, in accordance with the re-
quirements of ISO 4287:1997 [9], certain
parameters of the surface roughness were
established:

Rp — 0.221 ym, R, — 0.163 um, R, ,, —
0.174 um, R, — 0.344 pum.

Average arithmetic value of deviations of
the higher profile point is 0.187 um and the
lower profile point — 0.156 um. Limits of
variation of the coatings roughness parame-
ters indicating the high constancy of the
material surface and as a result — the high
biostability were defined on the basis of the
obtained data analysis [10].

Functionality of the developed coatings
was investigated by conducting bench tests.
Testing time of the samples was 30 days,
slope angle of the samples to the plane was
75°. Basic compositions of the glazes were
selected for comparison. The tests shown that
water consumption for decontaminating for
the basic compositions was five times higher
than the water consumption for the developed
compositions what allowed to refer their
functionality to as easy-to-clean.

4. Conclusions

Compositions of non-fritt glass-crystal-
line coatings with moulding temperature
1200°C were developed. Tin dioxide of con-
centration of 5 and 15 wt.% was applied as
mineralizer to obtain the given phase com-
position in the titaniferous system provid-
ing conditions of thin (less than 4 um) uni-
form crystallization of the phases. The
high-temperature modification of titanium
TizOg — stable phase of anosovite was deter-
mined as the main carrier of titanium. Com-
patible presence of tin dioxide and anosovite
phase in the phase composition of the coat-
ings provides additional functionality — hy-
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Fig. 4. Topological parameters of TO; sample
surface a) Profilogram of TO,; sample in 8D
image; b) Image of the sample section.

drophilic surface with the easy-to-clean and
antibacterial properties.
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