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Spinel bricks for highly stressed roofs in glass melting furnaces
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New challenges are raised to the refractory materials in the crown and superstructure of oxy-fuel fired glass melting furnaces in
comparison to air-fuel fired glass melting furnaces. In glass melüng furnaces which are oxy-fuel fired the water steam partial pressure
above the melt increases very strongly. In the case of soda-lime-silica glass melts together with the water steam partial pressure the
alkaline hydroxide partial pressure increases with a factor of three in comparison to an air-fuel firing system. This leads to an
aggressive action on the refractory lining in the crown and superstructure. After extensive thermodynamic calculations and labora-
tory tests a pure spinel refractory material (MgO  AI2O3) was developed for the application in the crown and superstructure of
oxy-fuel fired glass melting furnaces.

The chemical and physical properties as well as the results of corrosion tests under oxy-fuel conditions of this direct-bonded
fused spinel material will be discussed. Because of the high corrosion resistance to alkaline attack and the excellent behaviour of
the creeping under load even at a temperature of 1650 C, this spinel material can be proposed for the successful application as
crown and superstructure refractory for oxy-fuel fired glass melting furnaces.

Spinellsteine für hochbelastete Glaswannengewölbe

Bei der Anwendung der Oxy-Fuel-Technik zur Glasschmelze ergeben sich im Gegensatz zur Luft-Brennstoff-Feuerung erhöhte
Belastungen für die feuerfesten Werkstoffe, die im Gewölbe und Oberofen eingesetzt werden. So nimmt bei Oxy-Fuel-Feuerung der
Wasserdampfpartialdruck im Oberofen stark zu. Bei der Schmelze von Kalk-Natronsilicatgläsern erhöht sich mit dem Wasserdampf-
gehalt der Alkalihydroxidpartialdruck um den Faktor 3 im Gegensatz zu einer Brennstoff-Luft-Beheizung. Diese Tatsache führt zu
chemischen Reaktionen mit den feuerfesten Steinen im Gewölbe und Oberofen. Nach ausgedehnten thermodynamischen Berechnun-
gen und entsprechenden Laborversuchen wurde ein stöchiometrisch zusammengesetzter Spinellstein (MgO  AI2O3) für die vorge-
nannten Anwendungen entwickelt. Dieser Steintyp besteht aus einem schmelzgegossenen Spinellkorn mit einem hohen Anteil an Di
rektbindung.

Die chemischen und physikalischen Eigenschaften des Spinellmaterials sowie die Ergebnisse von Korrosionsversuchen unter Oxy-
Fuel-Feuerungsbedingungen werden vorgestellt. Die gute Korrosionsbeständigkeit gegenüber Alkaliverbindungen und das ausge-
zeichnete Druckfließverhalten selbst bei einer Temperatur von 1650 C führten dazu, den Spinellstein zum Einsatz im Gewölbe und
Oberofen von oxy-fuel-befeuerten Glasschmelzwannen vorzuschlagen.

1. Introduction

For many years the application of magnesite or spinel
bricks in the a luminium, cement and glass industries has
been well known. The literature [1 to 3] gives an over
view about the advantages and disadvantages of these
bricks. Their weakness is caused by the Silicate bonding
phase of the periclase grains. On account of the insd-
gation of the industries ment ioned above a very pure
magnesia-alumina spinel brick with a high por t ion of
direct bonding was developed.
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D u r i n g the p roduc t ion of h igh-qual i ty a l u m i n i u m
meta l , the used tank- l in ing br icks may no t c o n t a i n ox
ides which are reducible by the liquid a l imin ium. T h e
melt exhibits a very low viscosity. Therefore, the refrac-
to ry bricks must have a texture which c a n n o t be pen-
e t ra ted by the liquid meta l . Appl ica t ion l abora to ry tests
a n d the results received from indust r ia l pract ice of the
new spinel bricks led to satisfactory answer for the cus
tomers .

In the rota t ing kilns of the cement indus t ry the oxi-
da t i on of the magnes ia -chromia bricks leads to the for-
m a t i o n of alkaline a n d alkal ine ear th Chromates. T h e
periclase bricks show the wel l known sulfate bu r s t i ng [4].
Also in these kilns spinel br icks were in t roduced sueeess-
fully. In the zone of direct con tac t between the cemen t
raw mater ials and the spinel br icks a reac t ion forming
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Table 1. Chemical and physical data of Spinel SP75AB

A 1 2 0 3 74 w t %

MgO 26 w t %

S i 0 2 <0.2wt%
F e 2 0 3 <0.1 w t %

b u l k d e n s i t y 3.0 g / c m ^

a p p a r e n t p o r o s i t y 14 v o l . %

c o l d c r u s h i n g s t r e n g t h 50  N / m m 2

r e f r a c t o r i n e s s u n d e r l o a d >1700 °C
t h e r m a l e x p a n s i o n 0.85 % a t 1000 °C

800 °C 4.2 W / ( m K )

t h e r m a l c o n d u c t i v i t y a t \ 1000 °C 3.8 W / ( m K )

1200 °C 3.7 W / ( m K )

t h e r m a l s h o c k r e s i s t a n c e : m e d i u m

calcium aluminate Compounds takes place. But this slag-
ging react ion tu rns ou t slowly and w i t h o u t a spalling ef
fect.

In the glass indus t ry spinel br icks conta in ing grains
of electrofused spinel wi th a high p o r t i o n of direct bond-
ing are installed in the middle pa r t of the regenerative
Chambers. To suppress the a t tack of su lphur trioxide and
sod ium hydrogen sulfate, the br icks nei ther may have
periclase gra ins n o r a Silicate bond ing phase .

2. Chemical and physical properties of the
spinel bricks

As men t ioned before the d e m a n d s of the customers arc
well defined. They require magnes ia -a lumina spinel
br icks with a low con ten t of silica a n d i ron oxide and a 
nearly comple te direct bond ing of the spinel grains. As
the spinel grains mus t exhibit a low poros i ty only elec-
trofused spinel was used. Fu r the rmore , the formation of
the direct b o n d i n g requires high firing tempera tures dur
ing the bu rn ing process.

Table 1 gives the chemical and physical properties of
the br icks p roduced . T h e chemical analysis and the X
ray powder diffraction show a s to ichiometr ic compo-
sition w i thou t any surplus of magnes ia o r a lumina. The
character is t ic s t ruc ture of the bricks will be obtained by
a well-defmed grain size dis t r ibut ion a n d the high firing
tempera ture . Fo r the appl icat ion in the supers t ructure or
roof in a soda-lime-sil ica glassmelting furnace they have
to be resis tant to alkal ine hydroxide v a p o u r s and also to
si l ica-containing water vapour [5 and 6]. Besides, a very
low creeping unde r load is expected.

A t first the creep under load par t icular ly at very long
test ing t ime shall be presented. T h e employed test tem
pera ture a m o u n t e d to 1600 ""C co r re spond ing to the
tempera tu re of the ho t face of the roofs in the melting
tanks . T h e load was chosen according to D I N / E N 993-9
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Figure 1. Creeping under load according to DIN-standard [7]
of SP75AB as a function of time at different temperatures;
curve 1: 1500 °C, curve 2: 1650 °C.

[7] with 0.2 N/mm^. Figure 1 shows the d iagram of the
creep under load of these spinel bricks. U p to 1500 °C
the bricks have a linear expansion of 1.2 %. At this tem
perature the test samples shortly showed a very low
creeping as a function of time. The final values were
reached after 2 to 3 h and did not change anymore
within 500 h testing time. The presented values for creep
under load were confirmed by the research laboratory
of a large European flat glass producer. Tha t research
laboratory also confirmed the analogous behaviour of
silica bricks and the presented spinel bricks.

3, Laboratory corrosion tests

The material ment ioned before is to be used as well in
air-fuel as in oxygene-fuel fired glass melting tanks.
Therefore, it is necessary to compare bo th firing types
and the composi t ion of the different waste gases above
the melt (fusion) of soda-lime-silica glass. Figures 2a and
b show the composi t ion of waste gases for a gas-air and
fuel-air fired flat glass t ank as a function of temperature
[8]. According to this diagram the vapour pressure of
sodium hydroxide a m o u n t s to 5  10 ^ bar at 1500 °C.
The vapour pressure of water in the waste gas (600 °C)
was measured with 0.143 bar for gas-air firing and with
0.101 bar for a fuel oil-air firing. For a given batch com-
posit ion the pressure of water vapour above the glass
melt is a function of the C/H ratio of the combustibles
[methane: C/H  75 %/25 %; fuel oil: C/H  (82 to
87%)/(10.8 to 6 .5%)] . For the combust ion with pure
oxygen the part ial pressure of water vapour increases by
a factor of three.

D. M. Sanders and H. A. Schaeffer in their funda-
mental studies have shown [9] the relationship of the va-
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Figures 2a and b. Partial pressure of waste gas components versus temperature for different glass melting furnaces [8]; a) glass melt
1 (gas-air fired), b) glass melt 2 (fuel-oil air fired). 
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porization of alkaline hydroxide, the vapour pressure of
v^ater above the melt and the reaetion time. Considering
these results one ean determine for oxy-fuel firing a vap-
our pressure of sodium hydroxide whieh is two or three
times higher than for an air-fuel (eombustible) firing
(PNaOH ~ 10"^ to 5  10""^ bar) . These values are in
aeeordanee with measurements in praetiee.

Different exper imental faeilities were ehosen to s imu-
late the ehemieal reaet ions between the furnace a t m o s
phe re and the refractory materials . F igure 3 presents the
instal la t ion which was cons t ruc ted by Vesuvius V G T -
D Y K O for testing the materials . In an air-gas fired fur-
nace refractory bricks (big single ones or c o m b i n a t i o n s
of usua l sizes) with a central drilling zone of 50 m m (di-
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Figure 4. Nebulizing oxy-fuel burner; burner diameter  50 mm,
depth = 33 mm.

Table 2. Test data FOR A T O M I Z I N G the salt SOLUTION

furnace temperature of the outer shells in °C
(zone of radiation heat, see figure 3) 1550
temperature of the bricks within the drilling zone
in °C (see figure 3) 1650
cyhndrical reaction surfaces of the bricks in cm^ 549.5
concentration of the atomizing Solution in mol/1

NaOH 0.5
KOH 0.5
SiO. 0.07

vapour deposition time in h 32
reaction time in h 96
sample surface attacked by the Solution in
mg/(cm'^h)

NaOH 34
KOH 49
SiO. 7

velocity of the waste gases in cm/s - 2 5
gas flow of propane and air in 1/h
(oxidizing atmosphere) 1754

amete r ) were i ns ta l l ed and heated u p t o 1600 °C. This
t e m p e r a t u r e is equ iva len t to the t e m p e r a t u r e o f the h o t
face of the r o o f of soda- l ime-s i l ica glass m e l t i n g tanks.
To receive r e p r o d u c i b l e resul ts, i t is necessary to keep a 
c o n s t a n t t e m p e r a t u r e i n the zone o f c h e m i c a l reac t ion .
T h e j o i n t s of s ingle b r i c k s i n  a c o m b i n e d re f rac to ry
b l o c k were filled w i t h m o r t a r to avo id  a c h i m n e y effect.
By help of a n o x y g e n / p r o p a n e f l a m e ( o u t s i d e of the f u r -
nace)  a So lu t i on w h i c h con ta ins s o d i u m a n d po tass ium
h y d r o x i d e as w e l l as s o d i u m a n d p o t a s s i u m Silicate is
in jec ted i n t o the d r i l l i n g . T h e Silicates were added t o the
So lu t i on on request of some cus tomers .

T h e c o n s t r u c t i o n of the b u r n e r is v e r y i m p o r t a n t . Be-
fo re reach ing the r eac t i on zone the S o l u t i o n has to be
total ly nebu l i zed i n the o x y g e n - p r o p a n e f l ame . The oc-
curence of d rop le t s i n the f l a m e c a n n o t be to le ra ted . Fig-
ure  4 presents the nebu l i ze r a n d tab le  2 shows the test
d a t a f o r the a t o m i z e d So lu t i on . To c o n f i r m the ob ta ined

. # 7 ' . · %

a) ' 1100 μη

Η 30 μπ

Figures 5a and b. Microprobe micrographs (backscattered elec
tron) of the reaction surface of SP75AB; a) overview, b) detail
A2 of figure a) with numbers indicating the analysis points of
the tested reaction surface (the results are shown in table 3).

results, the vapour deposi t ion tests with spinel bricks
were also carried out in a well-known Dutch laboratory
of  a technical university. After reaction time the samples
were slowly cooled down and then cut into segments for
chemical and mineralogical analysis.

4. Results of the laboratory tests
By macro- and mieroanalysis with reflecting and t rans-
mitt ing light one cannot observe any changes of the
bricks tested. But the analysis of the single zones with
the electron scanning microscope showed un impor t an t
chemical reactions. These are points of about 10 to
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Table 3. Results of microprobe analysis (in wt%) of analysis points in figure 5b

point 1 point 2 point 3 point 4 point 5 point 6 point 7 point 8 point 9 point 10

MgO 24.9 24.8 25.6 25.1 24.6 15.5 13.7 13.0 9.3 8.7
AI2O3 75.1 75.1 74.4 74.9 75.4 76.1 73.0 72.2 62.0 59.5
Si02 7.0 11.2 11.9 23.3 25.8
K2O 0.8 1.2 1.6 2.5 2.8
CaO 0.6 0.9 1.4 1.8 2.2
Na20 1.2 1.0

20 pm elongation between the spinel grains; i.e. the so
called filier material (fme grains) has reacted. The diam-
eter and the number of these inclusions decrease rapidly
from the reaction surface to the interior of the sample,
and after 3.5 m m from this surface they diminish totally
or they are too small to measure.

Figures 5a and b show sections and analytical results
(see table 3) of the reaction surface. One can see an en
richment with K2O, Na20 and Si02 in the filier material.
These oxides reaet with the a lumina of the spinel for-
ming  a vitreous phase. This reaction takes place only in
the presence of a high concentrat ion of silica. Pure alka-
line hydroxide vapours do no t reaet. Because of the
higher vapour pressure of potass ium hydroxide the
tested samples present higher concentrat ions of potas-
sium oxide than of sodium oxide. The surface of the spi-
nel bricks which is in contact with the furnace atmos-
phere also pointed out few similar tiny spots with an
analogous composi t ion to those of the reaction surface,
but the concentrat ions of sodium and potass ium oxide
and silica are ten to two times, respectively, lower than
in the reaction sections.

These results were confirmed by the research Insti-
tute of the university ment ioned before.

To study the influence of higher silica concentrat ions
in the waste gas, a spinel brick was attacked by batch
carry over for 70 d at a temperature of 1500 C. This test
was carried out in a melting tank of soda-lime-silica
glass. Dur ing the slagging reaction  a vitreous phase is
formed in which the spinel is partially solved (figures 6a
and b). The reaction takes place in the fdler materials
between the spinel grains, but no recrystahization in the
alumina and silica enriched glass could be detected by
microprobe analysis neither in the upper reaction zone
nor in the interior of the bricks (see table 4).

a) 1100 pm

b) i 110 μηι

5. Industrial application

On account of the good laboratory results the bricks are
being tested in the glass industry. At first the spinel
bricks were installed in the end wall of a big flat glass
meUing furnace. In this melting area one can find  a very
high concent radon of dust from fine-grained particles of
the batch. Now, the end wall has been in Operation for

Figures 6a and b. Microprobe micrographs (backscattered elec-
tron) of the reaction surface of SP75AB after a 70 d attack at
1500 °C caused by a high batch carry over; a) overview, b) detail
A2 of figure a) with numbers indicadng the analysis points of
the tested reaction surface (the results are shown in table 4).

16 m o n t h s wi thout any compla in t . F u r t h e r on the spinel
br icks were installed in the roof of a mel t ing furnace for
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Table 4. Results of microprobe analysis (in wt%) of analysis points in figure 6b

POINT 1 POINT 2 POINT 3 POINT 4 POINT 5 POINT 6 POINT 7 POINT 8 POINT 9 POINT 10

MgO 6.41 6.48 6.47 7.01 7.11 19.60 29.1 28.8 28.8 29.2
A I 2 O 3 28.36 26.79 28.51 27.20 27.93 71.54 70.9 71.2 71.2 70.8
S I 0 2 53.94 56.50 54.06 55.09 54.47 8.13
K 2 O 0.47 0.54 0.46 0.57 0.44 0.09
C A O 6.66 5.88 6.01 5.97 6.16 0.65
N A 2 0 4.16 3.81 4.07 4.11 3.89
F E 2 0 3 0.43 0.05

the p roduc t ion of water glass. O n a c c o u n t of the high
concen t ra t ion of sod ium hydroxide a n d silica in the at
m o s p h e r e this appl icat ion is a very severe test whieh has
n o t been fmished yet.

6, Summary

Because of its m i n o r concent ra t ion of silica a n d its high
p o r t i o n of direct b o n d i n g (firing t empera tu re 1780 C)
the spinel br ick is character ized by a g o o d resistance to
vapour s of alkal ine hydroxide as well as sod ium borate.
T h e spinel br ick is a t tacked by ba tch ca r ry over and/
or by water v a p o u r soluble silica Compounds forming a 
v i t reous phase of h igh viscosity. This v i t reous phase con-
sists of a lumina , magnes ia a n d silica a n d does not
recrystallize. In add i t ion to the s tudies here presented
evapora t ion tests from a salt melt were m a d e . This melt
con ta ined a mix tu re of po tas s ium a n d s o d i u m hydrox-
ide. Even wi th these highly concen t ra ted pu re alkaline
hydroxide vapou r s the spinel br ick showed n o reaction.
Cons ider ing the presented corros ion resis tance and the
very low creeping u n d e r load the spinel br ick SP75AB
is qualified for the appl icat ion in the supers t ruc ture and
the roof of oxy-fuel fired furnaces mel t ing soda-lime-
silica glass o r bo ra t e glasses. In c o m p a r i s o n with cor-
u n d u m , mull i te a n d A Z S bricks the spinel br ick pointed
ou t n o slagging reactions.
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