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The results of development work on the constitution of raw compositions of transparent shiny glaze coatings
used for the production of ceramic high-voltage porcelain insulators are presented. The content region of the
raw components for forming defect-free coatings with the required dielectric properties is determined.
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Insulators with high electro-mechanical strength are re-
quired for the construction of large-capacity electric power
plants and power transmission lines with voltage to 1000 kW.
Aside from the working characteristics stringent require-
ments are imposed on the surface of insulators, since a
smooth coating prevents surface contamination during ope-
ration, improves the electric and mechanical properties of
porcelain and is one of the basic conditions for high-quality
ready products [1].

The aim of the present work was to develop the constitu-
tion of raw compositions of transparent shiny glaze coatings
used in the production of ceramic high-voltage insulators
fired in modern furnaces (for example, TS-TERM, Poland,
Siti, Italy), which are used at voltages above 1000 V and
make it possible to reduce the heat-treatment time to 90 min.

Analysis of the published data showed that in developing
the raw compositions for the glazes used on high-voltage in-
sulators the potassium oxide content must be more than
two-fold higher than the sodium oxide content, which prede-
termines the high dielectric characteristics of coatings. In ad-
dition, the compositions must contain fluxes (aside from
feldspar raw material) in order to lower the maximum firing
temperature of the articles and regulate the fusibility of the
glaze [2].

Raw compositions whose batch and chemical composi-
tions are varied within the limits presented in Fig. 1 have
been developed.
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The following were used to synthesize coatings: FFF K8
200M feldspar (Finland); DK-19-0.05 lumpy dolomite for
the ceramic industry (Russia); and, PK-95 quartz sand from
the Gomel’ Mining-Enrichment Combine (Belarus). Aside
from these minerals the batch contains 2%?3 KS-1 kaolin from
the Prosyanovskoe deposit (Ukraine) and 13% porcelain in-
sulator cullet.

The coatings were synthesized by combined wet milling
of pre-weighed raw components in a ball mill with the ratio
material : milling body = 1 : 1.3. The moisture content of the
glaze suspension was equal to 35 —42%. The milling time
was determined according to the residue, which did not ex-
ceed 0.5%, on a No. 0056 sieve. The glaze slip obtained was
deposited by pouring onto dried porcelain samples. The coat-
ings were dried at temperature 100 £ 5°C; firing was con-
ducted at the maximum temperature 1250 — 1300°C in an
LH 15/14 electric furnace (Nabertherm Co., Germany) with
soaking for 60 min at the maximum temperature.

A visual assessment of the quality of the coatings ob-
tained attests to different texture and, correspondingly, micro-
structure: matte glazes are encountered together with trans-
parent smooth glazes as well as coatings with numerous de-
fects in the form of pinholes.

Microscopic investigations were conducted with an opti-
cal microscope with a built-in Leica (Germany) analog-digi-
tal photographic camera and a JSM-5610 LV (Japan) elec-
tronic scanning microscope.

3 Here and below, the content by weight, wt.%.
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Fig. 1. Region of the constitutions studied (batch (a) and chemical (b)) for glaze coatings: surface texture: ) crystallized,
matte; &) shiny, with numerous pinholes; Q) transparent, smooth.

Analysis of the relation between the batch composition
of the raw compositions and the texture of the articles ob-
tained revealed three regions in a number of the composi-
tions studied: glassy and crystalline and one characterized by
numerous bubbles. These regions were more difficult to de-
limit as a function of the chemical composition of the coat-
ings.

It was found that a smooth shiny coating is formed in a
region bounded by the content of the raw components within

Fig. 2. Microscopic photographs of glazes with the region-1 com-
positions: a) optical with magnification x100; b ) electronic.

—
100 um

Fig. 3. Microscopic photographs of glazes with region-2 composi-
tions: @) optical (x100); b)) electronic; T.1, T.2) investigated surface
defects.

the following limits (%): feldspar 60.0 —65.0; dolomite
15.0 — 20.0; quartz sand 0 — 10 with content of kaolin and
porcelain cullet 15% (region 1). Glazes in this region com-
prise glass with no indications of phase separation, which is
confirmed by the photographs displayed in Fig. 2. The coat-
ings have a defect-free, smooth, shiny (sheen indices 68 —
70%) surface.

The raw compositions forming upon heat-treatment of
glaze coatings with numerous small bubbles (region 2) are
delimited by the content of the components as follows (%):
fledspar 55.0 — 60.0; dolomite 20.0 — 25.0; quartz sand 0 — 10.
Photographs of region-2 glazes are displayed in Fig. 3.

Analysis of the data presented in Fig. 3 showed that bub-
ble size is subject to large fluctuations: quite large bubbles
are observed among the fine bubbles; their average diameter
ranges from 2.5 to 60 pum. It should be noted that the bubbles
in the glazes are distributed nonuniformly; individual forma-
tions with diameter up to 100 um are also encountered.

The nature of and the conditions for the appearance of
bubbles have not be determined precisely: bubbles can be
due to gas released from the glaze itself or they can enter the
glaze from unmelted particles of porcelain insulator cullet.

It is known [3] that bubbles can appear because of in-
completeness of the dehydration of hydromicas (800 —
1200°C) present in the feldspar raw material. However, mi-
croscopic studies have shown that characteristic transparent
or semitransparent flakes, identifying minerals belonging to
this group, are not found in the Finnish feldspar used. In ad-
dition, differential scanning calorimetry performed with a
DSC 404 F1 Pegasus (Netzsch Co., Germany) differential
scanning calorimeter attests that decomposition processes in
raw glaze compositions are completed before 850°C. In addi-
tion, the mix remains practically thermally inert up to the
melting onset temperature (of the order of 1100°C), which
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Fig. 4. Differential scanning calorimetry curve of a region-2 raw
composition of a glaze.

creates favorable conditions for coating formation in the in-
terval 1280 — 1300°C (Fig. 4).

The appearance of bubbles could be also associated with
the incompleteness of processes that soften the porcelain
cover layer below the temperature interval corresponding to
fusing of the glaze. Analysis of the results of electron-micro-
scopic investigations showed that the bubbles are repre-
sented by finely disseminated inclusions (Fig. 3a), which,
evidently, does not permit complete melting of the particles
of porcelain insulator cullet during heat-treatment of the
coating. This supposition is confirmed by local chemical
analysis at the formation site of a defect (the points T.1 and
T.2 in Fig. 3b), which showed that the chemical composition
of the defect was completely analogous to that of the porce-
lain.

An Analizette 22 (FRITCH Co., Germany) laser particle
microanalyzer was used to study the granulometric composi-
tion of glaze suspensions for different milling times in order
to determine the effect of the degree of milling of the porce-
lain-insulator cullet on the coating quality. The results for
glaze slip obtained by milling for 40 min (a) and 80 min (b)
are presented in Fig. 5.
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It was determined that with 40-min milling the glaze slip
is characterized by a nonuniform particle distribution: the
particle size reaches 40 um and the large fraction with aver-
age diameter 14 um predominates. As the milling time in-
creases to 80 min the content of the average fraction in-
creases and at the same time the large-fraction amount in-
creases; the maximum particle size decreases to 24 pum.

The significant content of large particles with shorter
milling time is probably one reason for the appearance of
pinholes on the surface of the glaze. This is because higher
firing temperatures or longer soaking times at the maximum
temperature are required for the large particles to dissolve
completely.

Investigations studying the effect of the soaking time of
glaze coatings at the maximum firing temperature on the sur-
face texture of insulators were also performed. It was deter-
mined that increasing the soaking time at the maximum tem-
perature 1250 £20°C to 90 min results in smaller gas bub-
bles, but it does not rule out their complete vanishing. It can
be concluded that the technological factor determining the
quality of the glaze coating is the granulometric composition
of the suspension.

Microscopic studies have established that crystallization
of glazes is observed in a region bounded by the following
raw content within the following limits (%): feldspar 45.0 —
57.5; dolomite 27.5—37.5; and, quartz sand 0— 10 (re-
gion 3). Photographs of the crystallized sections of the glazes
belonging to this region are presented in Fig. 6.

The data analysis showed that quite large new formations
in the form of large star-like spherolites are observed in the
surface of the coatings, and crystalline matter is incorporated
into a glassy phase, which indicated the possibility of solid
solutions being formed.

X-ray phase analysis (D8 AD-VANCE diffractometer,
Bruker Co., (Germany)) was performed in order to identify
the nature of the crystal phase of glaze coatings distinguished
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Fig. 5. Granulometric composition of glaze slip obtained by milling for 40 min (a) and 80 min (/).



Fig. 6. Optical microscopic photographs (x100) of the surface of
coatings with region-3 compositions.

by the most intense crystallization. The Joint Committee on
Powder Diffraction Standards 2003 international card file
and the software DIFFRACT PLUS (Bruker Co.) were used
to identify the crystalline phases. A fragment of the diffrac-
tion pattern of the coatings investigated is presented in
Fig. 7.

It should be noted that the glaze is practically x-ray amor-
phous; characteristic diffraction peaks at angles 29 — 33 A,
identified as solid solutions based on diopside, are observed.
This is confirmed by the fact that the chemical composition
of the glazes in this region corresponds to the computed ratio
SiO, : CaO : MgO for diopside. The distinct wavy character
of the background on the diffractometer curve shows that the
glazes are represented predominately by a glassy phase, and
the content of the crystalline phase is low.

The crystallization of diopside, a pyroxene-class silicate,
promotes high microhardness for region-3 glazes, which fall
into the range 7200 — 7500 MPa, compared with the values
4700 — 5150 MPa, characterizing the microhardness of re-
gion-1 and -2 coatings.

It was determined that the texture of the synthesized
glazes depends mainly on the content of alkali and alkaline-
earth metals in the raw compositions. It should be noted that
the alkali metal content changed very little (7 — 8.5%), while
the content of alkaline-earth oxides of calcium and magne-
sium varied over wide limits from 8.6 to 20.0%. It was found
that active crystallization of the glazes is observed for total
oxide content RO +R,0 above 25% (where RO=
CaO + MgO; R,0 = K,0 + Na,0), which corresponds to the
concentration conditions for diopside crystallization. This
leads to matted surfaces and lower sheen indices of the coat-
ings to 18 — 25%. Comparing this diagram with the raw dia-
gram it can be concluded that this region of compositions cor-
responds to the region with high (> 25%) dolomite content.

A defective surface of glazes that is characterized by an
elevated bubble count is observed to form at SiO, content
62.8 —67.0% and simultaneously high content of alkaline-
earth and alkali metal oxides, which probably promotes an
increase of the viscosity of glazes and impedes the removal
of gases during firing of porcelain insulators.

It was determined that the oxide ratios 65.25 —62.75%
Si0,, 19.75-22.4% Al,05, 19.5-22.0% RO + R,0 give

I. A. Levitskii et al.
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Fig. 7. Fragment of the diffraction pattern of a crystallized glaze
coating.

glazes with the required technological characteristics, which
promotes the formation of a defect-free, smooth, shiny
coating.

A complex of the physical-chemical properties making it
possible to determine their correspondence to the require-
ments of the regulatory and technical documentation was
studied for glaze coatings in the optimal region.

The dielectric properties of the samples were measured
by the standard method at the industrial frequency 50 Hz.
The coatings manufactured using the raw compositions de-
veloped are characterized by specific volumetric electric re-
sistance (3.2 — 5.6) x 10'2 Q - m; in addition, it was observed
that the indices of this property increase very little with in-
creasing content of the alkaline-earth metals. This is associ-
ated because the content of alkaline-earth metals Mg?* and
Ca?*, characterized by large ionic radii, which retard the mo-
tion of the charge carriers Na* and K*, thereby lowering the
electric conductivity of the system and increasing the electric
resistance, predominates in the raw compositions.

The matching of the linear thermal expansion coeffi-
cients (CLTE) of glaze and porcelain, determining the in-
crease in the mechanical strength of insulators and their high
quality, is important in the production of porcelain articles.
The CLTE of coatings lies in the range (6.05—6.65) x
10-¢K !, which promotes high heat resistance of the fin-
ished products.

In summary, these investigations of the development of
compositions for glaze coatings used for the production of
ceramic high-voltage porcelain insulators have confirmed
that the surface texture is mainly a function of the chemical
composition and is determined by the quantitative ratio of
the oxides. The high total content (> 25%) of alkaline-earth
and alkali metal oxides in the compositions studied promotes
crystallization of the coatings due to the formation of solid
solutions based on diopside.

It was shown that the granulometric composition of the
glaze suspension and the temperature—time regimes of the
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coatings determine the character of defects in the form of
pinholes on their surface, which are caused mainly by the in-
completeness of the melting of the porcelain-insulator cullet.
The size of the particles of glaze slip has a large effect on the
texture of a coating: the milling time of the raw components
of the glaze must ensure absence of particles larger than
20 pum; the result is complete vanishing of the pinholes and a
smooth shiny surface of the glaze.

These investigations have made it possible to identify the
region of raw compositions which is delimited by the content
of components within the following limits (%): feldspar
60.0 — 65.0; dolomite 15.0 —20.0; quartz sand 0 — 10 with
kaolin content 2% and porcelain cullet 13%. Heat-treatment
of such a composition results in the formation of smooth,
shiny, defect-free coatings with the requisite dielectric pro-
perties.

A smooth surface of ceramic insulators also predeter-
mines higher capacity for self-cleaning in the presence of
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high contamination. Even in such a medium insulators have
stable results in discharges and short circuits and high resis-
tance to corrosion in acidic and alkaline media.
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