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Abstract

Unshaped refractories are widely used for various places and functions. Appropriate curing and

drying conditions are necessary for good construction. Rapid drying causes explosive spalling in

the worst case and it can produce high pressure water vaper which causes cracking.

A rapid drying condition was determined from the result of the explosive spalling test, and rapid

dry samples were made.

The properties of those samples were compared in order to study the influence of rapid drying

on castables.
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1. Introduction

Unshaped refractories are widely used for
various places and functions. Appropriate cur-
ing and drying conditions are necessary for
good construction. Rapid drying causes explo-
sive spalling in the worst case, which causes

U9 But there are few reports about

cracking

the influence of rapid drying on construction.
We studied the influence of rapid drying

on the properties of alumina-magnesia ladle

castables and alumina-silica utility castables.
2. Experiments

2. 1 Test samples

We used ladle castables and utility castables
for this study. Table 1 shows the mix composi-
tion ratios of the test samples.

We tried alumina-magnesia ladle castable
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Table 1 Properties of castables

Sample No. 1 2 3 4 5
Chemical Al:Os 90 90 90 90 45
composition MgO 7 7 7 7 -
/ mass% sio, | 11114
Cement contents / mass% | 3 5 7 9 18
Water content / mass % 56 | 5.6 | b6 | b6 | 13.0
Vb flow value / mm 201 | 207 | 193 | 187 | 24b
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2.1 #HoT

EEH > 7O & L CHEAME & PLHME 2 v
720 HHAHK % Table 112777,
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lmass%D T NVIF - T AT TEFYAY T
VaEHWz, £72, BEHEIZBWTE X~ b
WX BEELERHET LD, €AY MNENE
% 3~9mass% T TEILSE/ZHEZH72,
B, mEEAIZIE—%E (V571 —1fH =190~
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720
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(Al,O3;=90mass%, MgO=7mass%, SiO.=1
mass%) which is a dense low-cement castable.
We changed the amount of the cement addition
from 3~9mass% to study the influence of cement
content in ladle castables. The amount of water
addition was set so that the flowability would
be constant (V5 flowability =190~200mm).

We tried Alumina-silica utility castable
(Al:Os;=45mass%, SiO.=47mass%). It seemed
not to be easily influenced by the rapid drying
and not to explosivly spall easily. The amount of
water addition was set so that flowability would
be V5 flow value=250mm.

2. 2 Examination term and testing
conditions
(DExplosive spalling test

An explosive spalling test was conducted to
determine the highest limit of the rapid dry-
ing temperature at which explosive spalling
does not occur. Samples of 80¢ X80mm and
40x40x160mm were made of the same material.
The curing conditions were set at 35C-24h.

After curing, the M.O.R of the 40x40Xx160mm
sample was measured. The explosive spalling
test was done with the 80¢ X80mm samples.
After curing, 80¢ X80mm sample was placed
In a preheated electric furnace to confirm
weather the sample caused explosive spalling
or not. The maximum temperature at which
explosive spalling did not occur was assumed
to be the explosive spalling temperature limit
of the sample.

(@Rapid drying test

40x40x160mm samples were made with
each mix. The following Conditions a-c were
used to study the influence of rapid drying
on the properties of the castables. Condition ¢
was the most severe heat up condition among
Conditions a, b and c.
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Fig. 1 Experimental procedure for rapid drying.
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a) After curing at 35C-24h. Drying 105C-24h
and heating at 1000C-3h.

b) After curing at 35C-24h. Rapid drying at
500C in an electric furnace. Then heated up
to 1000C and kept at 1000C-3h.

¢) After curing at 35C-24h. Rapid drying at
100C below the explosive spalling tempera-
ture limit (measured by the explosion exami-
nation.). Then heated up to 1000C and kept
at 1000C-3h.

Fig. 1 shows the experimental procedure for
rapid drying. Fig. 2 shows the heating up pro-
file of the rapid drying test. The temperature
was raised to 1000C at 5C/min, and was kept
at 1000C for three hours. After that, it was
cooled down to atmospheric temperature slowly
(Fig. 2). We measured the M.O.R, crushing
strength, apparent porosity, bulk density and
modulus of elasticity with these samples.

We studied the influence of rapid drying
on the castables properties by comparing the
results of the measurements.

(®Corrosion test
The influence that rapid drying exerted on

corrosion resistance was investigated. After
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Fig. 2 Heat up profile of rapid drying test.
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Table 2 Results of explosive spalling test
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Sample No. 1 2 3 4 5
Cement contents
/ mass% 3 5 7 9 18
M.O.R after curing
/ MPa 0.82 1.21 1.64 2.08 6.96
Resu|ts Of exp|osive OGOOOC OQOOOC OQOOOC 0100000 0100000
spalling test X700°C X 1000°C X 1000°C — —
1200 curing at 35C-24h and Rapid drying under
1100 conditions a, b and ¢, 80x30X20mm samples
S .
~ were made with sample 3. The samples were
S 1000 R ,
£ heated to 1650C-3h with an oxygen propane
=900
@ burner, and converter furnace slag C/S=3.3
2 800 was used.
=
2 700
o 3. Results
2 600f---
L% 7] DR ONo explosive spalling| 3. 1 Explosive spalling test results
X Explosive spalling . .
400 . - - The explosive spalling test results after cur-
2 4 6 8 10

Cement contents / mass%

Fig. 3 Effect of cement content on explosive
spalling.
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ing at 35C-24h are shown in Table 2.

Improved tendency for explosive spalling
resistance was seen by increasing the amount
of cement content in the ladle material.

The relation between the amount of cement
content and explosive spalling resistance is
shown in Fig. 3.

It was confirmed that the explosive spalling
temperature limit rose according to the increase
in the amount of cement content.

We studied the influence of rapid drying on
the castable properties by finding the explosive
spalling temperature limit of each sample con-
firmed by explosive spalling test.

3. 2 Influence of rapid drying the castable
properties

The properties of the samples made under
conditions a, b, and ¢ were measured to study
about the influence of rapid drying on castables
the properties. In Fig. 4 to Fig. 8 the Y axis
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Fig. 4 Modulus of rupture after 1000°C-3h
heating with rapid drying.
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represents various measured qualities. And the
X axis represents the temperature at which the
sample was put in the electric furnace.

The M.O.R results are shown in Fig. 4. The
Crushing strength is shown in Fig. 5, the appar-
ent porosity is shown in Fig. 6, the Bulk density
is shown in Fig. 7, and the Modulus of elasticity
is shown in Fig. 8.

@O  Modulus of rupture

After rapidly drying the ladle castable
at 500C. The deterioration of strength was
examined according to cement contents of 5, 7
and 9mass%. Though deterioration of strength
was not seen with a cement content of 3mass%.
Deterioration of strength was not seen in utility
castable sample 5 either, even though 18mass%
cement was added (The cements contents are
more than those of ladle castables).

Samples 2, 3, 4 and 5, with limiting explosive
spalling temperatures of 500C or more, were
rapidly dried. No deterioration of strength was
seen in samples 2 (cement contents=>5mass%)
and 5 (Utility castable).

(2 Crushing strength

By rapidly drying the ladle castable at 500C,
a comparatively large deterioration of strength
was seen in sample 3 (cement=7mass%) and
some strength decrease was seen in the other
lade castable samples.

By rapid drying at 100C below the explosive
spalling temperature limit, more deterioration
of strength was seen in sample 2 (cement=
Smass%) and 4 (cement=9mass%). No decrease
in strength was seen in utility castable sample
5.

(3 Apparent porosity

When the ladle castable was rapidly dried at

5007TC, a decrease in apparent porosity was seen

in sample 1 (cement=3mass%). And an increase
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in apparent porosity was seen in ladle castables
2, 3, and 4. A decrease in the apparent porosity
of utility sample 5 was seen with rapid drying
at 900C, even though no effect was seen when
rapidly dried at 500C.

@ Bulk density

No rapid drying influence on bulk density
was seen in any sample.
(5 Modulus of elasticity

By rapidly drying at 500C, a decrease in
the modulus of elasticity was seen in the ladle
castables.

In specific, a comparatively big decrease was
seen in samples 3 and 4.

By rapidly drying at 100C below explosive
spalling temperature limit. Greater decrease in
the modulus of elasticity was seen in the ladle
castable samples.

3. 3 Results of corrosion test

The influence that rapid drying exerted on
corrosion resistance was investigated.

Three samples were made under conditions
a, b and c. The one sample was made by rapid
drying at 300C. And these samples were used
for the corrosion test. Figs. 9 and 10 show the
results of the corrosion test.

No large difference in the condition of the

samples was seen.
4 Consideration

When ladle castables were rapidly dried,
deteriorative tendency for the M.O.R, crushing
strength, and modulus of elasticity were seen.
Deterioration of these properties in the ladle
castabile was thought to be caused by the influ-
ence of internal vapor pressure during drying
and the Influence of heat spalling during heat-
ing. But both influences were indistinct in this

examination.
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at105°C-24h Rapid gying at 600°C at 800°C
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Cross section
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Corrosion 74 74 79
depth/mm : : :
Fig. 9 Results of corrosion test.
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Fig. 10 Results of corrosion test.

To confirm these results, a further experi-
ment was carried out.

Free water and crystallization water influ-
ence internal vapor pressure. The sample in
the state to dehydrate free water was made.
And to study the influence of heat spalling, a
sample in the state of dehydrated free water
and crystallized water was made. The following
conditions were used to study the influence of
rapid drying on castable properties. Sample 3

was used for this test.
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Fig. 11 Modulus of rupture after 1000°C-3h
heating with rapid drying.
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Fig. 12 Modulus of elasticity after 1000°C-3h
heating with rapid drying.

1) After curing at 35C-24h(free water was
evaporated).

2) After curing at 35C-24h. Drying at 105C-
24h,and heated at 600C-3h(free water and
crystallization water were evaporated).

The sample was put into an electric furnace
at a normal temperature, 500C and 800C, and
then heated up to 1000, and heated at 1000C-
3h.

The results of the M.O.R measurements are
shown in Fig. 11 and the Modulus of elasticity
is shown in Fig. 12.

When the rapid drying tests were performed
using the samples cured for 35C-24h, decreases
in M.O.R and modulus of elasticity were seen.

On the other hand, When the rapid drying
test was performed using the samples dried at
100C-24h, no decreases in M.O.R or modulus
of elasticity were seen in the samples which
were placed in a 500C analectic furnace. But
decreases in M.O.R and modulus of elasticity

were seen in the samples put into an 800C
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Fig. 13 Modulus of rupture after 1000°C-3h
heating with rapid drying.
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Fig. 16 Apparent porosity after 1000°C-3h
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Fig. 14 Crushing strength after 1000°C-3h
heating with rapid drying.

analectic furnace.

This results, suggests that the deterioration
of ladle castabile by rapid drying at 500C was
caused by the influence of internal vapor pres-
sure during drying. And the more severe lager
deterioration of ladle castabile by rapid drying
at 800 is thought to have been caused by the
influence of the dehydration of the crystallized
water by rapid drying.

The rapid drying test was carried out using
a sample which was cured at 35C-24h and
heated at 600C-3h, and the Influence of heat
spalling during heating was studied.

When rapidly dried at 500C, no decrease
in M.O.R or modulus of elasticity was seen in
the samples. With rapid drying at 800C, the
decrease in modulus of elasticity was smaller
than the sample made on the above-mentioned
condition.

These results suggest that the influence of
internal vapor pressure, when free water and
crystallized water were dehydrated was larger
than the influence of the heat spalling caused

by the rapid heating.
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Fig. 16 Modulus of elasticity after 1000°C-3h
heating with rapid drying.
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The following figure shows the relation
between the cement content and rapid drying
conditions a, b and c. The results of the M.O.R
measurement are shown in Fig. 13. The crush-
ing strength is shown in Fig. 14. The apparent
porosity is shown in Fig. 15. Modulus of elastic-
ity is shown in Fig. 16.

A ladle material and a utility material were
compared. When rapidly dried, more deteriora-
tion of each property was seen in the ladle
material.

The internal vapor pressure was thought
to rise easily in the ladle material because the
ladle material is denser than the utility mate-
rial. Therefore, the ladle material was thought
to be easily damaged by rapid drying.

Ladle material samples with little cement
addition and samples with a large cement
addition were compared. Rapid drying showed
a larger deterioration tendency in the samples
with a large cement addition.

There was a trend for the samples with
larger cement contents to be more easily influ-
enced by the internal vapor pressure when the
crystallized water was dehydrated, because the
amount of hydrate generation increased with a
large cement addition in the samples. However
the strength decreased more in the sample
with a larger amount of cement content. But the
absolute values were higher than the samples

with low cement contents.
5 Conclusion

The explosive spalling resistance of ladle
material and utility material was studied. After
that we studied the influence of rapid drying
on the properties of the castables. In the ladle
material, the amount of cement content was

changed, and the influence of the amount of
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cement content and rapid drying on the proper-
ties of the castables was studied. The following
were clarified.

1) Explosive spalling resistance :

- Improvement in explosive spalling resistance
was seen by increasing the cement content in
the ladle material.

2) Influence of rapid drying :

- By rapid drying, there was a trend in the
ladle materials for the samples with larger
cement contents to be influenced more eas-
ily by the internal vapor pressure when the
crystallized water was dehydrated.

- Rapid drying did not cause large deteriora-
tion in the utility materials.

3) Influence of rapid drying on slag resistance :

- No large difference was seen.
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