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Abgract. The degree of the badddeyite-corundum
refractories erosion depending on the aress of their location
in the glass-making furnace in the float glass production was
established. With the use of petrographic analysis the influ-
ence of chemical and mineral composition and also tempe-
rature and gas environment on corrosion of bacor linings was
studied. Due to obtained results the recommendations in
relaion to the increase of glass-attack resistance of the
furnace and its servicelife length were formul ated.
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1. Introduction

Providing optimal operating conditions of glass
furnaces during their whole campaign determines the
reduction of energy and labour costs and also an increase
of melting output.

Construction of the tank furnaces for the float glass
production is quite conservative. Over the last 130 years,
the Siemens’ furnaces don’'t change and are forward-flow
regenerative cross-fired with end-charging of batch and
cullet. However, the main indicators of their work have
changed quite significantly: unit capacity, specific melting
output from melting area of the furnace and the campaign
length increased, specific fuel consumption decreased by
more than ten times, and the melt utilization rate increased
from 0.30-0.40 up t0 0.85-0.90 [1].

The primary role to solve these problems is given
to the development and implementation of new improved
performance refractory materials. The composition,
properties and state of the melting furnace refractories,
which contact with operation environments (arch, walls,
siege block, etc.) are very important in providing the high
quality of the glass products. Along with refractories
disposed in the melting zone, above mentioned products
with complex configuration, which are part of the working

end, also have a gresat influence on the quality of the glass.
That is why they must also meet the high requirements in
the performance characteristics, shape and sizes[2].

The most important of these requirements is a
significant corrasion resistance to the glass melt, called glass-
attack resistance, characterized by the dissolution rate of the
refractory in the glass met. It depends on many factors
including the chemical and mineral composition, structural
characteristics of the refractory, the chemical compaosition
and viscogity of the glass mdlt, its value of surface tension at
the interface with the refractory lining, etc. [3-5].

During their service the refractory parts are not only
subjected to the intensive influence of the glass mdt, but
also sgnificant thermal and mechanical stresses, resulting
in the increase of requirements to their heat resistance and
drength [6, 7]. In addition, the refractories, used in the
gassmelting, should provide the constantly given
parameters of the glass met and its temperature
homogeneity [8]. When refractories interact with the glass
melt the contact layer forms, and it is characterized by a
dgnificantly higher viscosity in comparison with the
produced glass melt one. Under real conditions the glass
melt in the glass furnacesisin constant motion, washing-off
the products of the glass melt reaction with the refractory.

The am of the present work is to establish the
character of corrosion of the baddeleyite-corundum
refractories in the float glass furnace based on the results
of petrographic investigations.

2. Experimental

Analysis of badddeyite-corundum refractories of the
tank furnace were made after 5.5 years of its using in the
float-glass production (see Table 1 for its chemical compo-
dtion) a PIJSC “Lysychanskii glass factory “Proletary”
(workshop Ne 2). At the same time the technical characteris-
tics, technological regime parameters and specific conditions
of the glass furnace working were taken into account.
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Tablel
Chemical composition of float glass, wt %
SO, Fe,03 Cao MgO Na,O SO;
71.9 0.06 8.8 4.05 13.9 0.39
+0.3 +0.01 +02 +02 +02 +0.01
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Fig. 1. Scheme of sampling of melting tank lining: axes of the burner portals (1-5); sampling locations (1, I1, 111)
Table 2
Chemical composition of the investigated bacor refractories
Content of components, wt %
Sample marking ZrO, SO, AlO; TiO/Fe,0; TiO./Na,O
(at least) (no more) (no more) (no more) (no more)
AZS33(1) 33 15 50.45 0.25 13
AZS-36 (I1) 37 14 47.35 0.25 14
AZSA41 (1l1) 41 12 45.75 0.25 1

Type of the furnace is regenerative crossired,
melting capacity is 350 tons of glass melt per day; fud —
natural gas, excess air coefficient a = 1.02-1.05 in the zone
of thefirst and second pair of burners, o = 1.2-1.6 inthe area
of 4™ pair of burners; specific output of glass melt from 1 n?
of the heated part of the furnace 19502000 kg/n? the
highest temperatures 1868-1873K. Wdl materid of the
melting tank — molten-cast baddd eyite refractories: BACOR
33, BACOR 36 and BACOR 41. Suspension wall materials
of the mdlting tank are bacor and Dinas brick, crown — Dinas
brick, nozzle of the regenerator — zircon, periclase and
chrome magnesite. The intensity of the air blowing of the
external walls of the melting tank is 0.9-1.0 m’/s per 1 m of
thewall brickwork [9].

For the investigation the samples of bacor
refractories from three different zones of the tank furnace
were selected (Fig. 1). Their chemical composition and
markings are shown in Table 2. Original sizes of the bacor
blocks are (LxWxT) 1220x450x250 mm. The first
sample AZS-33 (1) (Fig. 1) was taken from the bath outer
stack situated on the axis of the first portal of the burner.
The features of the bacor lining's service are: reducing
environment flame, the solid-state reactions with the
formation of the melt at the border of the gas — melt —
batch, intensive convection currents of the glass melt. The
temperature of the flame space is 1753 K, the temperature
of the glass melt on the bottom of the furnace is 1518 K.
At the portal of the first burner an active output and
evaporation of the light fractions of the baich take place,

which depositing on the structura dements of the
refractory lining, are subjected to the refractory corrosion.

The second sample AZS-36 (IlI) was chosen
between the 3 and 4" burners in the hotspot zone,
corresponding to the highest temperatures in the glass
furnace. The erasion of the refractories in that part of the
furnace is due to a very low viscosity of the glass melt
(10-10?Pass). Here the convection currents of the glass
melt are very strong both the forward and backward
(longitudinal) and the transverse ones. Temperature of the
gas space is 1868-1873 K, temperature of the glass melt
on the bottom of the furnaceis 1493 K.

The third sample AZS-41 (I11) was taken from the
corner block of the glass furnace neck (Fig. 1). Its
corrosion is mainly connected with the dynamic load and
the multiple powered stream of the glass melt, which
washes away the refractory when glass melt comes out
from the melting end (width 8400 mm), passes the neck of
the glass furnace (width 3700 mm) and comes into the
glass elaboration channel. The temperature of the gas
space is 1683 K, the temperature of the glass melt on the
bottom of the furnaceis 1463 K.

Petrographic analysis of the samples were made on
the polished sections in the reflected light by NU-2E
universal microscope (Carl Zeiss Jend) with 30x—320x
magnifications and transmitted polarized light — by MIN-8
microscope using the immersion preparations at 100x—
320x magnifications'.

! Investigations were made by N. Privaova (PhD in
geological-mineralogical sciences).
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Table3
Quantitativeratio of phasesin the samples
. Content, vol %
Sample Area Capaaty, mm Baddeleyitg Corundum | Nepheline+ glass |Glassy phase|  Other phases
The least changed >3 30-35 45-50 - 1525
AZS-33(1) Working 0.2-1 25-35 1-2 60-70 -
Crust 2—7 — — — 100
The least changed 253 30-35 45-50 - 1525
AZS-36(I1) Working 0.03-0.1 25-35 25-35 30-50 -
Crust 12 - - - 100
The least changed 0.5-15 38-40 4045 — 1520 Mullite—3-5
AZS41 (1IT) Working 0.02-0.1 30-35 20-25 30-50 — Mullite—traces
Crust 5-15 - - - 100

3. Results and Discussion

The results of petrographic studies have shown that
in the samples of baddeleyite-corundum refractories
during their service the following areas were formed: the
least changed area, working (reaction) area and the area
with the crust of glass on the samples surface
(Table 3). The least changed area of the AZS-33 (I)
sample consists of the tabular, ribbon-shaped, frequently
pardlel inclusions of the corundum and baddeleyite
cocrystallization (solidified eutectic melt) with different
lengths and widths, and also contains the glassy phase
between the baddel eyite-corundum inclusions.

Baddeleyite is observed in the form of grains
(crystals) with isometric (rounded), elongated (oval) and
irregular shapes, distributed among the short-prismatic
and isometric crystals of corundum. Colourless glassy
phase with an index of refraction N =~ 1.500-1.510 has
also the form of the elongated ribbon-shaped inclusions.

In the glassy phase and inclusions of
cocrystallization (in a smaller amount) the pores of the
least changed area are isometric and irregularly shaped.
Contacts of all phases are dense, only occasionally at the
contact “glassy phase — baddeleyite + corundum” the
cracks are observed.

Samples AZS-36 (I1) and AZS-41 (I11) at the least
changed area have finer crystalization of both the
inclusions of cocrystallization, and the crystals of
corundum and baddeleyite in these inclusions themselves,
and aso glassy phase (Table 4). In the sample AZS-41
(111) the baddeleyite is occasionally observed in the form
of separate grains and aggregations, and in the glassy
phase at the contact area with corundum the needle
crystals of mullite (3A1,03-2S0,) are found, which are up
t0 0.02-0.04 mm in length.

The sample AZS-36 (I1) isindicated with a slightly
smaller number of pores and cracks, and in the sample
AZS-41 (l11) the rounded pores predominate, and their
sizesare considerably bigger ones (Table 4).

The structure of the investigated samples is shown
inFig. 2.

In the working (reaction) area of the AZS-33 (1)
sample the similar structure is observed. But in the
aggregations (inclusions) of cocrystallization only the
baddeleyite is kept (Fig. 3), which is fredy immersed in
the colourless glassy phase with an index of refraction
N = 1510 %+ 0.005 and with crystallizing in it the prismatic
crystals of nepheline (8-NaxO-Al,03-2S0,) and, quite
seldom, — of the carnegieite (Na,0O-Al,03:2S05), with the
length up to 0.03 mm and someti mes subparalld oriented,.

The sample from the working area practically has
No pores.

In the samples AZS-36 (I1) and AZS-41 (Ill) the
corundum in inclusions of cocrystallization is kept,
although in the smaller amount (Table 4), and in its place
the glassy phase with nepheline crystals with sizes of
0.004-0.008 mm is marked.

Different capacities crust is observed in the
working surface of al samples and represented by the
colourless glassy phase with an index of refraction
N = 1.520-1.525, which is dose to thefloat glass index.

Contacts of the working area with the refractory
and glassy crust are rough, winding, with penetration of
glassin pores and cracks.

Thus, it was found that the glass melt, penetrating
through pores and cracks into the refractory, reacts with
components of refractory, primarily with glassy phase of
bacor and corundum. As a result of this interaction the
glass melt is formed similar to the composition of the
nepheline according to the index of refraction (N = 1.510).
Also nepheline or carnegieite are crystalised. The gradual
substitution of the refractory components for low-melting
compounds and dlopping and/or washing-off of the
intensively changed layer occur.

The results confirm that corrosion of refractories
with marks AZS-33, AZS-36, AZS-41, taken from the
different areas of the glass furnace, hasa similar character,
but with some certain features which may be associated
with the specific conditions of their service.
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Fig. 2. An overal structure of theleast changed area of the
baddel eyite-corundum samples: AZS-33 (a); AZS-36 (b) and
AZS41 (c). Corundum + baddd eyite (1); glassy phase (2);

pores and cracks (3)
Table4
Structure characterigtic of the baddeleyite-cor undum samples of the least changed area
Aggregationsoffc)rrga”mg SiZes, mrn . Width of the Sizes, mm
Sample cocrystallization Crystalsin the aggregations | %aew phase Pores Cracks
Length Width Baddd eyite Corundum INGILSIoNS, mm
- - 0.007- 0.04 - - -
AZS 33 (1) 5 }5 0.1- 0.5 . 0.004-0.015 0.02- 0.1 0.004- 0.04 Upto0.2
16") 0.6 0.06") 0.2 0.08 04
05-2 0.05- 0.3 0.008- 0.03 0.03- 0.06
AZS36 (1) " > * 0.004-0.010 _— 0.004-0.015 Upto0.2
5) 05) 0.05) 0.08
0.2-2 | 0.05-03 0.008- 0.03 - -
AZS-41 (Il1) a - - 00040010 | 204-006 0.05-02 1 yht003
5) 05) 0.06 ) 0.08 0.3

Note: * the maximum size in the denominator

Fig. 3. Structure of the working (reaction) area of the
baddel eyite-corundum sample AZS-33 (1): corundum (1);
baddel eyite (2); glassy phase (3); pores and cracks (4)
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4. Conclusions

On the basis of the obtained results of petrographic
investigations of the bacor refractories with marks 33, 36
and 41 after their use in the glass furnace for the float-
glass production and taking into account their
comparatively long-time working (about 5.5 years), it can
be concluded that it is necessary to select and use the
refractories of higher quality, which would contain the
minimum of the glassy phase. Furthermore, during the
constructing of the glass furnace it should be paid
attention to reducing of the number of the suture lines and
preventing the contacts of the refractories between each
other and with the melt as well, because of its ability to
give the low-viscosity eutectics. Also the formation of the
small cracks during the furnace preparation to the glass
melting should be prevented.
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AHAJII3 CTAHY BAKOPOBUX BOTHETPUBIB
MICJIA IX CJIYKBU Y CKJIOBAPHIN ITEYT

Anomauyin. Bcmanogieno cmynine pyiinysanns 6aoeneimo-
KOPYHOOBUX B0CHEMPUBIE 3AIEHCHO 6I0 30H IX DO3MAULYEAHHA Y
CKI08ApPHILL newi npu upobHUYmMsi hnoam-ckia. 3 6UKOPUCMAHHAM
nempozpagiunoco  amanizy — 6UGUeHo  6NIUE  XIMIUHO2O — ma
MIHEPANbHO20 CKAAdy, A MAKOJdC memnepamypu U 2az08020
cepedosuwa Ha Koposilo bakoposoi gymepisku. 3a ompumarumu
pe3yibmamam. cQhopmyIbO8aHO PEKOMEHOAYIl o0 NiOBUUECHHS
CKIOCMIIKOCE neyi ma NOO0BICEHHsL MEPMIHIG T clyocou.

Knrouosi cnosa: ¢noam-ckno, ckiocmivikicms, CKI08apHA
niu, bakopoea yymepiska, 60cHempus, KOpo3isl.






