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Abstract

Corrosion behaviours of MgO-spinel-ZrSiO, compositions were investigated. The influence of corrosion resistance based on the microstructural
changes occurred due to the solubilities of constituents in corroded regions was examined using SEM/EDX analysis. The following observations
were determined by microstructural characterisation performed at the interface of clinker—refractory: (i) the formation of ZrO, and Mg, SiO, phases
among MgO grains after sintering, (ii) the formation of CaZrO; phase during penetration, (iii) prevention of penetration by new phases formed
making a barrier effect against clinker with an improvement in densification, and (iv) the decrease in the amount of CaO and the increase in the
quantity of MgO using EDX analysis made moving from clinker towards refractory. The addition of ZrSiO,4 reduced the values of penetration and
spreading areas of the corroded regions of composite refractories and improved the corrosion resistance significantly, leading to a long service life

of MgO-spinel-zircon based refractories for industrial applications.
© 2011 Elsevier Ltd. All rights reserved.
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1. Introduction

MgO-spinel (M-S) refractories are preferred due to their
displaying high thermal shock resistance in areas requiring ade-
quate strength at high temperatures and furthermore their high
corrosion resistance against basic slag, alkali attacks and molten
metal abrasions.!> MgO based spinel bricks are used in the cool-
ing zone and in the upper side of the sintering zone of cement
rotary kilns.>* In cement rotary kilns, alkali compounds coming
from raw materials and fuel evaporate depending on tempera-
ture when they reach the upper transition zone of the kiln.>®
Alkali compounds in vapour form infiltrate through the pores
of bricks and make progress towards cold regions in the body
of the brick. With also the aid of calcium silicates, they react
not only among each other but also with brick components and
settle in the pores of the bricks. The created alkali compounds
condense while they continue to propagate in the body of the
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brick and crystallize when they find appropriate temperatures.
For example; when clinker having low viscosity goes into reac-
tion with spinel, it forms Montisellite (Ca0.MgO.SiO,) that
is a compound with relatively lower melting points (1360 and
1490°C).” For this reason, the bonding structure of the brick
is either destructed or detached and accordingly corrosion resis-
tance, structural stability, thermal shock performance and elastic
properties may change. It is therefore necessary to preserve the
minimum ratio and to determine the optimum particle size dis-
tribution in the contents of spinel.® MgO-spinel refractories
containing a small amount of spinel display high resistance
against thermo-mechanical stresses formed at high tempera-
tures and resultant thermal shocks. Addition of relatively high
amounts of spinel leads to an increase in resistance against chem-
ical attacks and corrosion; however, this decreases the resistance
of MgO-spinel refractories against thermal shocks.” Therefore,
high resistance against both corrosion including alkali attacks
and thermal shocks in MgO-spinel bricks must be achieved
through optimization of the amount of added spinel for these
two aspects.

Corrosion can be considered as the debonding and subsequent
physical fragmentation of the refractory, due to destruction of the
bonds via the liquid phase occasioned by molten slag or clinker,
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together with the chemical dissolution of all phases.!%!! The
damage caused on large grains by means of the liquid phase
formed by molten slag or clinker is at a lower level than the
damage on small grains due to their smaller surface areas.'> Fac-
tors determining the reactivity and solubility of the matrix phase
are the amount of accessible porosity in the refractory exposed
to corrosion through penetration of molten slag and the wet-
ting/spreading capability of the liquid phase formed by molten
glass/clinker on the surface of the refractory.!3!# It is reported
that the incorporations of additives into MgO—spinel improve
the densification behaviour of those composite refractories.!>-10
However, the effect of constituents that may be added to
MgO-spinel refractories on corrosion behaviour is not dis-
cussed in detail in sources. Therefore, it has become necessary
to support and investigate the basic factors affecting corrosion
resistance through additional studies. Enhancement of corro-
sion resistance through addition of zircon into M-S refractories
used at high temperatures during service in the industry is the
basis for this research. In this study, significant improvements
have been achieved in the corrosion resistance of new composite
refractory materials obtained by determination of optimum com-
positions as a result of addition of zircon in varying proportions
into MgO-spinel refractories and the parameters/mechanisms
affecting such factors have been investigated in detail with their
causes.

2. Experimental

Various recipes were prepared by adding 5, 10, 20 and
30 wt.% zircon (ZrSiO4) to compositions obtained from incor-
porations of 5%, 10%, 20% and 30% MgAl,O4 spinel (S)
by weight into MgO (M). Batches were prepared using MgO
(0—1 mm), spinel (0—1 mm) and zircon (~13 pwm). Materials pro-
duced for determining the interaction of M-S and M—S—zircon
containing composite refractories with cement clinker were pre-
pared in two different shapes as (i) in cylinder form (diameter
~50mm, height: ~50mm) by drilling a hole on top (diam-
eter ~18 mm, depth: ~20mm) and (ii) in the square shaped
(10 x 10cm?) samples. On samples shaped from batches pre-
pared for the production of cylindrical and square shaped
refractories, there was a difference in press pressures as a result
of their having different surface areas though similar forces
were applied to different types of these materials. The press
pressures applied for cylindrical and square shaped specimens
were therefore ~175 MPa and ~35 MPa, respectively. The sin-
tering temperature of all samples was ~1600 °C and dwelling
time at maximum temperature was about >10h. After three
samples were cut from each material having different compo-
sitions, they were boiled for two hours in water. Bulk density
and apparent porosity values were then measured by the stan-
dard method!” and average values were taken. The bulk density
(p) and apparent porosity values of cylindrical and square sam-
ples were measured for both due to the difference in press
pressures applied. X-ray diffraction (XRD) measurements were
carried out using Rigaku RINT2000 equipment. Scanning elec-
tron microscope (SEM) studies were carried out using Zeis Evo

50 device with the microstructures of materials analyzed. Using
photographs taken on the surfaces of specimens, which were
polished and thermally etched for 10 min at 1450 °C, the aver-
age MgO grain size was calculated using a standard line mean
intercept method. '8

Corrosion tests were performed under the standard conditions
in two different ways for cylindrical and square samples.!-2% In
the first one, 8 g cement clinker passing through 63 wm sieve
was added to samples prepared in cylindrical shape by drilling
a hole on top. Then, corrosion tests were performed statically
using 10 °C/min of heating and cooling rates where the dwelling
time was 72h at 1500 °C in the kiln (Nabertherm HT16/18).
To examine the cross-section of specimens where clinker has
penetrated the refractory, samples were cut by a diamond disc
1.5 mm thick into half and their surfaces were cleaned for ~2 min
using respectively 320, 800 and 1200 grade SiC papers and
subsequently polished. For each sample having a different com-
position, the dimensions of the corroded region (e.g. distance of
penetration occurring on clinker—refractory interface or length of
region where clinker penetrates the refractory) were measured
minimum >3 times at various regions with ‘Digital Measure-
ment Microscope’ (MAHR GmbH, Model: WMS). The average
values of those measurements were then determined with pre-
cision. Subsequently, microstructural changes that may occur
in the regions at the interface of clinker—refractory were exam-
ined in detail with SEM in the region where refractory material
was corroded: (i) initial section where clinker starts to penetrate
into refractory (Region I close to clinker), (i) medium region
remaining between clinker and refractory (Region II) and (iii)
end section where penetration of clinker into refractory termi-
nates (Region III close to refractory). In addition, the solubility
of different constituents at the interface of clinker—refractory
was evaluated by EDX analyses of different zones. The effect
of microstructural changes that might occur as a result of sol-
ubility of constituents at the interface of clinker—refractory on
corrosion resistance was investigated.

In the second type of corrosion tests applied on samples
prepared in square shape, 4 g cement clinker passing through
63 wm sieve was placed by means of a 22 mm-diameter mould
to be lined up with the centre of the square on the surface of each
refractory having different compositions for fixing the initial sur-
face area in order to determine the spreading amount of cement
clinker on refractories. Subsequently, static corrosion tests were
performed using 10 °C/min of heating and cooling rates where
the dwelling time was 72 h at 1500 °C. Photographs of spreading
areas of cement clinker on the surface of refractory materials
were taken and measurements were done using Image J program
(http://www.ansci.wisc.edu/equine/parrish/index.html) and a
digital callipers. For calculation of the spreading areas of each
sample having a different composition, ~50 diameters were
measured from different directions on the trace left by the
cement clinker on the square sample and their average values
were used. The spreading/wetting areas formed by cement
clinker on the surface of refractory materials were determined
and their influence on corrosion resistance was examined. Opti-
mum compositions displaying high corrosion resistance were
determined in M-S-zircon containing refractories obtained
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from incorporation of various amounts of ZrSiO4 into M-S
refractories containing spinel in varying percentages.

3. Results and discussion

Zircon (ZrSiO4) was introduced in the amounts of 5%, 10%,
20% and 30% into MgO-Spinel (M-S) composite refracto-
ries containing 5%, 10%, 20% and 30% MgAl,O4 spinel (S).
The results of corrosion tests performed by placing clinker into
20 x 18 mm? holes opened on composite refractories produced
as cylinders in 50 x 50mm? length and diameter are given
below. Additives as used in figures and the table denote: (i)
MgAl,O4 for M-S refractories and (ii) ZrSiO4 for M—S—zircon
materials.

Model samples are given in Fig. 1. The examination of regions
corroded due to the penetration of cement clinker into refractory
materials has shown that the amount of penetration decreased
with the addition of zircon into M-S (Fig. 1). Relative den-
sity and apparent porosity results are given in Figs. 2 and 3,
respectively. The relative density values of M—S—zircon con-
taining samples prepared by addition of zircon continuously
improved with the increasing amount of zircon as compared
to M-S materials. There was a significant increase in bulk
density values leading to an enhancement of relative density
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Fig. 2. Relative density as a function of additives.
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Fig. 1. Refractory materials containing (a) M—30%S and (b) M-30%S—-30%zircon that were prepared in cylindrical form and corrosion tested (scale: 1 mm).
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with the addition of an additive with greater density (0Zircon:
4.56 g/cm3)21’22 to M-S compositions (om-s: 3.58 g/cm3)21’22
(Fig. 2). During sintering for zircon added refractories, when
MgO forming the main phase reacts with SiO, released after
decomposition of zircon as (i) SiO; and (ii) ZrO;, a stronger
bond is created between the additive and the grains of main
constituent due to the formation of forsterite (Mg>SiO4) phase
and thus sintering becomes more effective.?? On the other hand,
the apparent porosity values of M—S—zircon containing refrac-
tories are lower than those of M—S materials and decrease as
the amount of zircon increases (Fig. 3). It was observed that the
effect of using zircon on apparent porosity is higher than that of
spinel.

The change in the values of penetration distance in regions
where clinker causes corrosion (Fig. 1) as a function of amount of
additives in materials produced with the introduction of spinel
to MgO and ZrSiO4 to M-S compositions is given in Fig. 4.
The penetration distance of cement clinker in the refractory
prepared using M—S—zircon components is lower than that of
M-S refractories except for M—S—5%zircon and decreases as
the amount of zircon increases (Fig. 4). Penetration of clinker
into refractory material has taken place at a minimum level in
M-30%S—-30%zircon composition with an improvement of 2.2-
fold as an example compared to M—30%S. It was observed that
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Fig. 3. Apparent porosity as a function of additives.
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Fig. 4. Penetration distance values as a function of additives.

the addition of zircon into M-S materials increases corrosion
resistance significantly.

For the compositions where spinel was added to MgO and
zircon was incorporated into M-S, the change in the values
of penetration distance at the clinker—refractory interface as a
function of apparent porosity is given in Fig. 5. M—S—zircon
refractories have a much lower quantity of pores and a much
wider pore scattering compared to M—S materials. In a few of
the M—S—zircon compositions, although the amount of apparent
porosity had increased very little, there was a slight reduction
observed in the measured penetration values. This may arise
from the regions corroded at the interface of clinker—refractory
after corrosion tests limiting measuring precision due to lack
of homogeneity in certain samples and thus a relatively wide
scattering of standard deviations. When M-S and M—S-zircon
refractories were compared, it was generally observed that intro-
duction of zircon caused a significant decrease in the amount
of apparent porosity and therefore a marked reduction in the
amount of penetration. For this reason, the amount of apparent
porosity has been determined as one of the important parame-
ters affecting the corrosion resistance of M—S—zircon containing
refractories. In addition to these, although the apparent porosity
values of M—S-30%?zircon refractories is relatively higher than
those of M—S—20%zircon, the composition where the penetra-
tion distance of refractories at a minimum is M—S—30%?zircon.
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Fig. 5. Penetration distance values as a function of apparent porosity.
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Fig. 6. XRD graph of a composite refractory having M—20%S—-20%zircon com-
position where measurement was performed before corrosion test (M: MgO, S:
MgAl,04, Z: ZrO; and F: Mg;SiOy).

This indicates that zircon content is also important together with
the amount of porosity (Figs. 3-5).

X-ray diffraction (XRD) measurements of M—S—zircon com-
positions were performed before and after corrosion tests on
cylindrical shaped samples. The results of XRD before cor-
rosion testing for the sintered sample with a composition of
M-20%S-20%zircon having maximum relative density (i.e.
bulk density) are given in Fig. 6. According to the phase analy-
sis results; forsterite (MgSiO4) and cubic zirconia phases were
identified besides MgO and spinel phases. A stronger bond is
formed between the additive and the grains of main constituent
due to the formation of forsterite phase as a consequence of the
reaction between SiO;, which is released after dissociation of
zircon as ZrO; and SiO; during sintering, and MgO that is the
main phase. It was determined that sintering was more effective
with the formation of new phases. This was consistent with the
increase in relative density values and accordingly the decrease
in the amount of apparent porosity, as the quantity of zircon
added to M-S materials increased. In addition; after performing
corrosion tests, XRD analysis of corroded region at the interface
of cement clinker and refractory having M-20%S-20%zircon
composition displaying the lowest apparent porosity data was
carried out. Fig. 7 shows that CaZrO3 phase was formed during
penetration when CaO present in the clinker reacted with ZrO;,
which was released due to the decomposition of zircon, as well
as the identification of MgO, spinel and zirconia phases.

Images of various corrosion regions taken by scanning elec-
tron microscope (SEM) of composite refractories for which
corrosion test was performed, produced by adding 30% zircon to
MgO-30%Spinel as cylinders of 50 x 50 mm? length and diam-
eter are given in Fig. 8. The results of EDX analysis (Table 1)
and the mappings including both microstructural images of the
different corroded regions at the clinker—refractory interface and
the distributions of present elements (Figs. 9 and 10) are ana-
lyzed. The areas close to clinker (Region I), located in the middle
of clinker and refractory (Region II) and close to the refractory
(Region IIT) were examined.

In general, zirconia particles released following dissociation
of zircon are concentrated in the perimeter of regions contain-
ing clinker and are distributed both at grain boundaries and
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Fig. 7. XRD graph of a composite refractory having M—20%S—-20%zircon com-
position where measurement was performed after corrosion test (M: MgO, S:
MgAl,04, Z: Z1tO; and CZ: CaZrO3).

within the MgO grains (Figs. 8-10). The microstructure of
M-30%S-30%zircon composition changes moving from the
region in which penetration starts to the refractory region where
infiltration decreases (Figs. 8—10). Refractory material was cor-
roded effectively in areas where no white coloured ZrO, grains
were found in the region close to clinker (Figs. 8a and 9). How-
ever, moving towards the refractory region with less penetration,
corroded areas decrease with the increase in the concentration of
ZrO, particles (Figs. 8b, 8c and 10). When the microstructures
and distribution of elements of M-30%S—-30%zircon refracto-
ries were analyzed, it was observed that penetration of cement
clinker into MgO grains present in the refractory body is more
distinct in regions at the beginning stage of infiltration. It was
also determined that the penetration into MgO grains decreases
significantly towards the refractory at the clinker-refractory
interface in the corroded region (Figs. 8—10). Similarly, while
the amount of MgO increased in the results of the EDX anal-
ysis done on areas from the beginning of penetration (Region
I) to the end of penetration (Regions II and III); the amount of
CaO decreased (Table 1). For different regions, determination
of concentrations of CaO that is one of the most important basic
constituents of cement clinker is one of the basic parameters
assisting in determination of the corrosion level of the refractory
material. EDX analysis shows that the amount of CaO is high
in the section where penetration starts (Region I). Furthermore,
it is systematically decreasing in a periodic manner towards the
middle region (Region II) and the third region (Region III) that
is close to the refractory. It was therefore confirmed by EDX
and microstructural analysis that the penetration observed in the
microstructure from the beginning to the end of the corroded
region decreases (Table 1; Figs. 8-10).

An examination of the distribution of elements under
microstructural analyses shows that in general (i) MgO and
Si0, and (i1) CaO and ZrO; distributions are located in sim-
ilar regions (Figs. 9 and 10). A stronger bonding takes place

Fig. 8. Microstructural images in different regions of corroded material having
M-30%S-30%zircon composition (scale bar: 20 um): (a) Region I close to
clinker, (b) middle Region II and (c) Region III close to refractory.

between the additive and the grains of main constituent due
to formation of forsterite (Mg>SiO4) phase as a result of the
reaction between MgO and SiO;, which is released following
the decomposition of zircon as ZrO; and SiO», during sinter-
ing (Figs. 6, 9 and 10). Furthermore, it is observed that CaZrO3
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Fig. 9. Microstructural image of corroded Region I (scale bar: 70 wm): close to clinker at the interface of cement clinker and refractory having M—30%S-30%zircon
composition [(a) and (b)], and distribution of elements [(c) Mg, (d) Al, (e) Ca, (f) Si, (g) Zr and (h) Fe].

phase also formed during penetration when CaO presentin the  although the Ca®* and Si** elements were distributed in the
clinker reacted with ZrO, released due to the dissociation of  quite different zones in the region close to clinker (Fig. 9), the
zircon (Figs. 7, 9 and 10). The formation of these new phases distributions of these elements were located in the similar areas
was confirmed by XRD analysis (Figs. 6 and 7). In addition, towards the region close to the refractory (Fig. 10). However,
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Fig. 10. Microstructural image of corroded Region III (scale bar: 70 wm): close to refractory at the interface of cement clinker and refractory having
M-30%S-30%zircon composition [(a) and (b)], and distribution of elements [(c) Mg, (d) Al, (e) Ca, (f) Si, (g) Zr and (h) Fe].

XRD results confirmed that there was not any reaction between
CaO and SiO; leading to formation of new calcium-silicate
phases in the corroded region during penetration (Fig. 7). It clar-
ifies that the variation in the SiO; distribution basically depends
on the location of MgO grains. After the reaction between MgO

and SiO; leading to formation of forsterite phase during sinter-
ing (Fig. 6), SiO; that had already reacted with MgO did not
react with CaO again at the clinker—refractory interface during
penetration (Fig. 7). Fig. 10 shows that both (i) Mg,SiO4 and
(ii) CaZrOs3 phases formed that were located in areas in close
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Fig. 11. Refractory materials containing (a) M—30%S and (b) M—30%S-30%zircon prepared in square form and corrosion tested (scale: 1 mm).

proximity to each other where (i) Mg>* and Si** forming
Mg5SiOy4 and (ii) Ca®* and Zr** elements forming CaZrO3 were
also separately overlapping in the areas towards the region close
to the refractory. It is observed that they were both effective
phases (i.e. Mg>SiO4 and CaZrO3) in preventing the penetra-
tion of clinker into the refractory that lead to an improvement
in corrosion resistance. It is also determined that the formation
of CaZrOj3 phase in the region close to clinker is limited and it
covers smaller regions in the microstructure, which indicates a
high amount of infiltration (Fig. 9). However, there is a more
homogeneous distribution of CaZrO3 phases occupying rela-
tively greater amount of areas with a much wider scattering in
the region close to refractory that exhibits a lesser amount of
penetration (Fig. 10). It is detected that clinker did not infil-
trate into the regions where (i) phases forming after sintering
(i.e. ZrO, and forsterite) and (ii) CaZrO3 phase forming during
penetration in the corroded area in the refractory were present
and stopped when it reached to these regions (Figs. 8-10). In
general, densification has increased with the addition of zircon
and infiltration/penetration of clinker into the refractory mate-
rial becomes harder as newly formed phases act as barriers and
hence corrosion resistance is enhanced.

In addition to measurements of penetration distances in
regions where clinker led to corrosion in M-S and M—-S—zircon
containing refractories having different compositions, corrosion
tests were also performed on 10 x 10cm? square samples.
Then, the spreading areas of clinker were determined. Exemplar
samples from M-S and M—S—zircon compositions are given in
Fig. 11.

The amount of the spreading of cement clinker on compos-
ite refractory materials prepared with M—S—zircon components
has risen when 5% zircon is added to all M—S compositions
containing spinel in varying percentages. However, it drops
sharply when 10% zircon is incorporated into each M—S mate-
rial. Then, the spreading area is decreasing relatively at a smaller
slope when higher percentages of zircon is used (Fig. 12). In
the M—30%S—zircon compositions, as the amount of zircon
was increased, the spreading area values have dropped sig-
nificantly. For example, when M-30%S-30%zircon materials

R

exposed to minimum penetration was compared with M—30%S
composition, spreading area has decreased by 43% with a 1.8-
fold improvement observed in terms of corrosion resistance
(Fig. 12).

The relative density and apparent porosity results of square
and cylindrical shaped samples showed a similar trend to each
other. For square samples, relative density values increased and
accordingly apparent porosity data decreased periodically with
increasing amount of zircon added in M-S compositions. The
changes of the spreading area values formed by clinker on the
surface of refractory in M—S and M—-S—zircon compositions as a
function of the amount of apparent porosity are given in Fig. 13.
In general, it was observed that as the quantity of apparent
porosity decreased, the spreading area values of clinker also
decreased. The significant decrease in the amount of apparent
porosity with the introduction of zircon has led to a decrease in
the corrosion level and it was verified that the quantity of pores
is an important parameter affecting corrosion resistance.

In addition, average MgO grain size of sintered samples
before corrosion testing was calculated for different compo-
sitions as: (i) pure MgO=67 pum, (ii)) M-5%S =40 um and
(1i1) M=5%S-20%ZrSi04 = 27.5 pm being reduced significantly
with the increase in the amount of additives. Itis well known that
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Fig. 12. Spreading area values as a function of additives.
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Table 1

735

EDX analyses of (i) clinker, (ii) Region I close to clinker, (iii) Region II in the middle of clinker—refractory and (iv) Region III close to refractory in the corroded

area on a refractory material containing M—30%S—-30%?zircon constituents.

M-30%S—-30%zircon: chemical composition (%)

Regions MgO CaO AlL,O3 SiO, 71O, Fe, 03 K,O Total

Clinker 1.28 70.64 3.97 18.73 - 3.12 2.26 100.00
I 43.64 4.70 23.34 2.81 22.41 3.10 - 100.00
I 43.82 1.97 12.08 15.14 25.89 1.10 - 100.00
111 55.72 0.85 18.22 8.46 15.26 1.49 - 100.00

JToms phases (ZrO; and Mg»>SiO4) and (ii) CaZrOs3 phases that form

B M-5S-Zircon during penetration in the corroded region of refractory materials

1000 - A M-10S-Zircon were present. As a result of the formed new phases serving as a

@® M-20S-Zircon barrier, penetration of clinker into the refractory becomes diffi-

. ¢ M-30S-Zircon ] cult and therefore this leads to an increase in corrosion resistance.

e 800 While moving from the corroded region towards the refractory

E & t at the interface of clinker—refractory, the penetration into MgO

i | E L , grains decreased significantly due to the marked drop in the
= 600 o&o ! ' . . . . . .

< CaO quantity. With the incorporation of zircon, the formation

i of these stated microstructural changes and the development

400 T T T T T in densification leading to decrease in the amount of apparent

16 18 20 22 24

Apparent Porosity (%)

Fig. 13. Spreading area values as a function of apparent porosity.

the damage caused on large grains via the liquid phase formed
by molten slag or clinker is at a lower level than the damage on
small grains due to their smaller surface areas.!” It was stated
that a marked reduction in mean MgO grain size occurred by the
incorporation of additives into MgO was therefore not related
with the improvement on corrosion resistance of M—S—zircon
containing composite refractory materials.

In general, it was observed that in great majority of
M-S and M-S-zircon containing compositions, the distance
of penetration and the spreading area values occasioned by
clinker on refractory materials are consistent with each other
(Figs. 4 and 12). Penetration resistance of spinel added M-S
materials is at a limited level compared to M—S-zircon com-
positions (Fig. 1). Zircon addition increases the bulk density
significantly by filling the pores, hence decreasing the quantity
of pores and leading to the described microstructural changes.
For example, in the distance of penetration and spreading area of
material of M—30%S—30%?zircon composition, respectively 2.2
and 1.8-fold improvements in comparison with M-30%S were
achieved (Figs. 1, 4, 11 and 12). This increase observed in the
corrosion resistance is consistent with M—S—zircon containing
refractory materials having a longer useful life in service.

4. Conclusions

The distance of penetration and spreading area values occa-
sioned by cement clinker on M—S—zircon refractories decreased
significantly as the quantity of introduced zircon was increased
and the results were consistent with each other. The clinker infil-
tration was at a limited level in regions where (i) post-sintering

porosity have been identified as significant parameters affecting
the corrosion resistance of M—S—zircon containing refractories.
Improvements have been achieved at the penetration distance
and spreading area of a material having M—-30%S-30%zircon
composition in comparison with M-30%S by factors of 2.2 and
1.8, respectively. This improvement in corrosion resistance is
also associated with a long service life of M—S-zircon based
refractories for industrial applications.
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