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Abstract

Dry gunning materials are commonly used as an easy repairing method. They have been

improved by changing the binder system mainly in order to improve durability. In this study, the

effect of silicate and phosphate binders on the properties of gunning materials was investigated.

As a result, we found that phosphate binder was able to provide high adhesive strength because

of high melting characteristic and high reaction ability with chamotte aggregate.
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1. Introduction

Gunning materials are used for various fur-
naces because they have following advantages.
1) Can be installed without a mold, i) Ease of
construction, iii) Can reduce labor cost and con-
struction duration, iv) Ease of repairing at high
temperature, v) Extension of the lining life. The
main reasons for damage formation on gunning
material are peeling and abrasion, even though
there are differences in the part of the furnace
it is applied to and also applicative method.
The damage factors of gunning materials are
thought to be high shrinkage at sintering, low
material strength and low adhesive strength of
the material. Thus, improving adhesive strength
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Fig.1 Moderate temperature range for gunning mixes using various binders.
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Table 1 Mix composition of samples
(mass%)
Sample A Sample B
Chamotte material 96 96
Silicate 3 —
Binder
Phosphate — 3
Calcium additive 1 1

and volume stability is important for increasing
durability.

The kind of binder gives significant impact
on the adhesive strength. Binders including
cement, silicate, phosphate and pitch are used
for gunning materials. Each binder has a speci-
fied application temperature (Fig.1). Silicate and
phosphate binders, which are common materi-
als, can be used over a wide temperature range.
Silicate binder is used when clean molten steel
is demanded. Phosphate binder is used when
adhesive strength is needed under high tem-
perature condition. Although these binders can
be used differently depending on application,
there are only a few reports about the charac-
teristics of gunning materials”. In this report,
we evaluated the effect of silicate and phosphate
binders on the strength of material and the
state of interface adhesion characteristics of the
gunning materials.

2. Experiment

2. 1 Composition of sample
Table 1 shows the mix compositions of the
samples. The main aggregate is chamotte raw
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Fig.2 Schematic procedure for measuring permanent linear change and modulus of rupture.
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Fig.3 Schematic procedure for measuring adhesive strength.
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material. 3mass% silicate and phosphate binder
were added to each. In addition, Imass% calcium
compound was added as a flocculant.
2. 2 Experiment method

Fig.2 shows the method used for making
the permanent linear change test and adhesive
strength test samples. The molded samples
were prepared by casting the kneaded mate-
rial, which contained 20mass% water content,
into metallic molds (40x40x160mm), and then
it was cured at 20C for 24 hours. The samples
were also dried at 110C for 24 hours after being
removed from the mold, and fired at 1000C and
1400C each for 3 hours. The permanent linear
change was calculated with the difference in
dimensions of the cured and fired samples.
Modulus of rupture in sample was measured by
three-point bending method.

Fig.3 shows the method used for making the
adhesive strength test samples. The samples
were dried at 110C after gunning to the
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Fig.4 Melting test apparatus.
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Fig.6 Effect of firing temperature on modulus of
rupture.
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Fig.b Effect of firing temperature on permanent
linear change.

chamotte brick surface. These samples were
fired at 1000C or 1400C each for 3 hours.
Adhesive strength was calculated by shearing
load and adhesion area.

Fig4 shows the apparatus of melting test.
The melting state at 1 minute after either bg
silicate binder or bg phosphate binder was put
on the chamotte brick surface at a specific
temperature after heating in an electric furnace
was observed.

3. Results

3. 1 Permanent linear change

Fig.5 shows the effect of firing temperature
on the permanent linear change. There was
not any difference in the results between the
different types of binders until 1000C. However,
at 1400C, both binders showed shrinkage, and
the shrinkage amount of the phosphate binder
sample was larger than that of silicate binder
sample.
3. 2 Modulus of rupture

Fig.6 shows the effect of firing temperature on
modulus of rupture. There was no binder influ-
ence at 110C. On the other hand, the modulus
of rupture increased as the firing temperature
rose above 1000C temperature. Especially,
the phosphate binder sample showed a higher
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Fig.7 Effect of firing temperature on hot
adhesive strength.
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modulus of rupture at 1400C, and the value
was approximately double that of the silicate
sample.
3. 3 Adhesive strength

Fig7 shows the effect of firing temperature
and kind of binders on hot adhesive strength. No
effect of the kind of binder was observed at from
110 to 1000C. However, the phosphate binder
sample indicated higher adhesive strength,
approximately double that of the silicate binder
sample, at 1400C.
3. 4 Melting state of the various binders

Fig.8 shows the effect of heating temperature
on the melting state of the various binders.
The silicate binder sample melted briefly at the
adhesion area, but the phosphate binder sample
did not melt at 300C. Silicate binder sample
was softened generally at 500C and 1000C.
However, the phosphate binder melted imme-
diately and soaked into the chamotte brick at
these temperatures.
3. b Microstructures

Fig9 shows microstructures of silicate and
phosphate gunning materials after firing at
1000 and 1400C. Although obvious differences

300°C

1000°C

Silicate

Phosphate

Fig.8 Effect of temperature on the melting state of various binders.



Shinagawa Technical Report

Vol. 61 2018

Silicate

Phosphate

1000°C

1400°C | &

Fig.9 Microstructures of silicate and phosphate gunning materials.
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were not obtained at 1000C, the boundary
area between the chamotte brick and the gun-
ning material was indistinct on both binders
at 1400C. Especially, gunning materials with
phosphate binder were unified by the melt of
the chamotte brick aggregate.

4. Discussion

After high temperature firing, the modulus of
rupture and adhesive strength of the gunning
material with phosphate binder were higher
than that of the silicate binder type. It is consid-
ered that the phosphate binder adhered to the
chamotte brick and gunning material strongly
because the binder melted and infiltrated into
the boundary and inside of the chamotte brick.
The melting state test result also suggests this
melting mechanism.

In this report, only the binder effects on
chamotte aggregate were investigated because
high durability of regular type gunning mate-
rial was focused on. In addition, the authors are
willing to continue investigation of the effect of
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Fig.10 Phase equilibrium diagram of MgO-P,0Os”.
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binders on magnesia aggregate, which is used
for gunning material under high temperature
conditions. Fig.10 shows a phase equilibrium
diagram? of MgO-P,0Os. A phenomenon similar
to the case of chamotte aggregate is assumed
because phosphate and magnesia generate lower
liquidus temperature minerals in the system.

5. Conclusion

We studied the influence of silicate and phos-
phate binders on the characteristics of gunning
materials.

i) The modulus of rupture and adhesive
strength after high temperature firing were
increased by using phosphate binder.

ii) The phosphate binder soaked into chamotte
brick because it melted by heating.

iii) The gunning material using phosphate
binder unified with part of the chamotte
brick aggregate.

iv) The reason that gunning material using
phosphate binder can adhere to chamotte
brick strongly is that the phosphate binder
melts and infiltrates into chamotte brick.
Our future work is to continue investigation

of the effect of binders on magnesia aggregate,
which are used in gunning material for high
temperature conditions. It is expected that the
obtained knowledge should contribute to the
development of further high durability gunning
materials.
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