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Abstract

A drum type rotary slag testing apparatus has been used to evaluate the slag erosion resistance

of refractories. This apparatus has some problems such as the change in slag chemical composition

caused by the dissolution of specimen components into slag during testing, difficult control of

testing temperature, and operation under sever working conditions such as high heat emission,

slag gas attack and dust air pollution. In order to resolve these problems, a new apparatus with an

automatic slag feeding/draining system and an automatic temperature controller was developed.

The operator's burden was lightened and accurate evaluation of high slag resistance refractories

which had been difficult with the conventional method was made possible.
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1. Introduction

Recently, in order to change ash into harmless
sub-stances and decrease the ash volume of city
garbage, industrial waste and so on, a lot of new
ash melting and gasification melting furnaces have
been built in Japan. New refractories must be
developed for these furnaces. The drum type rotary
slag testing apparatus is widely used to simulate
actual furnace conditions during development.'’?
This apparatus can carry out relative comparison
evaluation of many test pieces in the same drum ;
e.g., In the case of our apparatus, 10 or 12 specimens
1s possible. Testing conditions similar to actual
furnace conditions are required of this apparatus.
Since it 1s used at high temperatures for testing,
working conditions must also be considered, such as
slag feeding, slag draining and temperature control.
However, our conventional apparatus® does not
necessarily satisfy these requirements.

In order to resolve these problems we have
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Fig. 1 Schematic diagram of conventional apparatus
at Shinagawa Refractories.
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Fig. 2 Dimension of specimen used in 12 test
specimens drum.
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developed a new drum type rotary slag testing
apparatus which is equipped with an automatic slag
feeder-drainer and automatic temperature control-

ler.
2. Drum Type Rotary Slag Testing Apparatus

2. 1 Our conventional apparatus

A schematic diagram of our conventional appara-
tus with oxygen-propane gas burner is shown in
Fig.1. A cross section of the 12 test specimen drum
and specimen dimensions used in this drum are
shown in Fig.2 and Fig.3, respectively. The 12 test
specimen drum is the standard apparatus used at
our company. However, regular 6, 8, and 10 test
specimen polygon drums can also be constructed
easily by changing the specimen dimensions in
Fig.3. In order to feed and drain slag, this appara-
tus has a hole which passes through one of the
specimens (which is not evaluated) to the drum
frame as shown in Figs.1 and 3.

The following is an example of test conditions;
test temperature : 1650°C, drum rotation speed : 3
rpm, slag feeding : 1.2kg/h, slag feeding and drain-
ing interval : 1h/charge, slag feeding repetitions : 5
charges/test. The rotary drum must be stopped for
slag feeding and draining, and meanwhile, the

operator must also carry out manual procedures

Drum body

Fill material Slag drain pipe

Fig. 3 Schematic diagram of 12 test specimens drum.
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Fig. 4 Schematic diagram of newly developed
apparatus.
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under hot working conditions as follows; 1) the
drum is rotated so the hole faces up, 2) a graphite
stopper is pull out from the hole, 3) the drum is
rotated so the hole faces downward, 4) the molten
slag is drained from the hole, 5) the drum is rotated
so the hole faces up, 6) the new slag is fed into the
hole, 7) the slag in the hole is remove by drill and so
on, 8) the graphite stopper is placed in the hole, and
the test must be stopped during 1)—8). These proce-
dures take no less than 5 to 7 minutes per feeding.
The slag feeding to draining interval takes a long
time, such as 1 hour, because the above operation is
complicated. And so the slag chemical components
caused by the dissolution of specimen components
into slag may change during testing. In addition,
the control of testing temperature is difficult. An
experimenter must carefully operate under sever
working conditions such as high heat emission, slag
gas attack and dust air pollution.
2. 2 Developed new apparatus

We decided to develop a new apparatus similar to
the conventional one both in specimen dimensions
and oxygen-propane gas burner heating, however,
changed the drum frame and burner control system.
Development targets were as follows.
(1) Slag feeds and drains automatically, intermit-
tently or continuously.
(2) Automation to reduce labor.
(3) Experiments possible under many test condi-
tions.

The schematic diagram of the new apparatus is

shown in Fig.4, and the specifications are shown in

Table 1 Main specifications of new apparatus

[tem Content

+ Furnace is composed of following three drums.
Burner chamber drum (non-rotary) : ¢ 230 X 145

Furnace| Test drum (rotary) : ¢ 340 X380

body Auxiliary drum (rotary) : ¢ 267 X212

» Drums can be rotated at 0-20 rpm.

« Furnace body can be tilted 0-6° with jack.

- Automatic temperature control with linking system
Heating for radiation thermometer, oxygen/propane gas
system controller and program controller

+ Maximum 1800°C test temperature possible

Slag - Automatic feeding with linking system for belt
feeding feeder, air cylinder device and timer
system | » Capacity of slag storage for belt feeder : 10 liters
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Fig. b Cross section of assembled lining showing four
specimens of each sample in each zone of
drum.
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Table 1.

The new apparatus is completely different from
the conventional one in the following three points.
The new furnace body structure makes slag feed-
ing/draining possible without stopping drum rota-
tion. The change to a belt feeder system makes
automatic feeding, intermittently or nearly con-
tinuously possible. The change to a temperature
controller and belt feeder system lightens the opera-
tor's burden. Automation and a higher perform-
ance/flexibility of the apparatus permits more

experiments to be carried out in a given time span.
3. Experimental Methods

3. 1 Samples

Three castables with different chromium (III)
oxide (hereafter referred to as chrome) contents
which are presently our company’s products, were
used for the experiment. They will hereafter be
referred to as samples A-0 (chrome 0%), A-10
(chrome 10%) and A-20 (chrome 20%). Four speci-
mens of the shape shown in Fig.2 were cast using
casting molds. Our slag test used a lining consisting
of three independent sample zones as shown in
Fig.5.
3. 2 Slag tests with new and conventional

apparatuses

The new test apparatus functions as follows.
During operation, the drum is tilted to 3° and
rotated at 2 rpm. The temperature is raised in the
manual mode to 950°C, and after 950°C, temperature
control is changed to the automatic mode with the
program controller. It is raised automatically to
1650°C at 10°C /min, and held at 1650°C until the test
1s completed. Temperature is measured on the
specimen wall at the center of the test drum from
a hole in the burner cover with a radiation

thermometer. The composition of the tested slag is

Table 2 Average composition of incinerator slag used
in tests
unit : mass%

LOI SiO, Al,Os Fe,0s Ca0 l\/lgO Na.O

—25 33.2 16.4 11.0 36.0 5.1 0.3
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Fig. 6 Cut face of Sample A-20 (Chrome 20%)
after slag test.
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shown in Table 2.

Slag is fed in the furnace by belt feeder system
with program controller as follows ; a slag feeding
pipe with air cylinder device is inserted into the
furnace, at the same time, a conveyor belt is driven
for 5 s/charge(in this case, 400 g/charge), this slag
is dropped into a hopper and fed into a furnace
through a feeding pipe. These procedures are re-
peated at a 5-minute interval.

At first, slag is near the burner side in a station-
ary state in spite of drum rotation. However, it
dissolves gradually and flows into a slag pool. The
molten slag in the slag pool is gradually pushed out
of the weir to an auxiliary drum by new molten
slag. There is a constant inflow of new molten slag.
The outflow slag from the slag pool flows through
the auxiliary drum, drained from the drum end, and
poured into a slag container through a trough. The
test is carried out continuously for 5 hours and the
drained slag is collected at 1-hour intervals.

The conventional apparatus is operated under the

conditions shown in sub-clause 2.1.
4. Experimental Results

4. 1 Corrosion results of tested castables

As an example of corrosion results after slag test

. New

|:| Conventional

A-0 A-10 A-20

Fig. 7 Comparison of corrosion depth between
new and conventional methods.
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Table 3 Change in slag composition
unit : mass%

Slag sample Al,O; Cr,0s
Original slag 160.4 0.1
after 1h 33.7 2.1
Slag samples
tested by after 3h 32.6 2.2
NBW apparatuis after 5h 33.0 20
after 1h 49.5 2.0
Slag samples
tested by conventional after 3h 48.0 1.9
apparatus after 5 4838 19
Specimen :'
R it
Crucible frame——" : j
I—I
| m—
=
Electric motor Lu )i

Fig. 8 Schematic diagram of rotary crucible
apparatus.
(The crucible is tilted 456° and rotated at 8 rpm.)
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by new and conventional apparatuses, the cut faces
of A-20 samples are shown in Fig.6. Comparison of
corrosion depth between two apparatuses is shown
in Fig.7. The corrosion depth for the new apparatus
generally shows values 2-5 times as much as the
results by the conventional apparatus. There was no
clear difference between A-10 and A-20, both show-
ing corrosion depths of 2.1 mm, with the conven-
tional apparatus. However the new apparatus
showed a clear difference with the corrosion depth
of A-20 being 7.5 mm and that of A-10 being 5.5
mm. The test results of the new apparatus are
similar to the real service environment.
4. 2 Chemical compositions of tested slags

Each component of the tested slag samples was
analyzed by X-ray fluorescence spectrometry. The
analysis results of the slag samples are shown in
Table 3. We would like to emphasize that Cr,0O;
values of each slag sample are all about 2%, but the
Al,O; values obtained with the new apparatus are
higher by about 16% than those obtained with the

conventional one.
5. Discussion

Wear in the melting furnace can be considered to
be a diffusion controlled dissolution reaction accord-

ing to Noyes-Nernst’s formula (1)'.

dC/dt = DA (C-C)/ 6 1)

From the standpoint of this wear model, the
theoretical reaction rate of the corrosion test can be
expressed as a function of test sample component
dissolution into molten slag as follows;
dC/dt: dissolution rate, D : diffusion coefficient, A :
surface area of sample, C, : saturation concentration
in slag, C : concentration in slag, ¢ : thickness of
boundary layer.

When slag is dissolved immediately, these func-
tions have the same values for both new and conven-
tional apparatuses. However, in the test results,
there is a clear difference in the corrosion depth
values between the methods. In order to investigate
this difference, we carried out a slag test with
sample A-0 lining in the rotary crucible apparatus
which 1s smaller than the drum apparatus. Without

changing slag (initial addition : 500g), the corrosion
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Fig. 9 Changes in Al;O; and Cr,0; contents in
molten slag during rotary crucible test.
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test was run at 1650°C for 5 hours, and the ALO;
content in the collected slag samples was analyzed.
The schematic diagram of the rotary crucible appa-
ratus is shown in Fig.8. The Cr;O; content in the
tested slag samples was similarly measured using
an A-20 lined crucible. The changes in the ALLO; and
Cr:0; content in the slag of each crucible are shown
in Fig.9.

According to the Al;O; and Cr,0O; saturation
concentration (Cy) results the slag compositions
were 49 and 2 mass%, respectively. The time re-
quired for saturation in Fig.9 is thought to be
longer than that in the rotary drum, because sur-
face area A of the rotary crucible is markedly
smaller than that of the rotary drum.

The smaller the value of the concentration differ-
ence (Cy-C) becomes, the slower the dissolution rate
(dC/dt) becomes, because the dC/dt is proportional
to the (Co-C) according to formula (1).

The AlLOs; and Cr;Os; contents of slag samples
tested by the new and conventional apparatuses in
Table 3 were investigated. The 15 mass% AlO;
content in the original slag changed to 33 mass% in
the slag tested by the new apparatus. The slag had
sufficient Al,O; dissolution function remaining (Co-
C) = 16 mass%. The ALO; content of the slag tested
by the conventional apparatus reached 48 mass%
and almost no dissolution function (Cy-C) remained.

The Cr:0; content in each slag sample from the
new and conventional apparatuses reached 2 mass%
saturation concentration Co. One can see from these
results that the Cr,O; in the specimens was dissolved
in the molten slag at an early period after slag
feeding, Cr:0O; content in the molten slag reached
saturation concentration (Cy), because the amount of
Co in Cr;O; is as small as 1/25 that of the Cy in
AlLQO:;.

Since the total slag feeding weights of the new
and conventional apparatuses are 24 kg and 6 kg,
respectively, the dissolution weights of the slag
specimen components were calculated to be as
follows; in the case of the new apparatus, 4320g and
480g of ALO; and Cr.O; were dissolved respectively,
in case of the conventional apparatus, 1980g and

120g of Al,O; and Cr:O; were dissolved respectively.
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Fig.10 Newly developed apparatus.
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The AlL,O; and Cr;O; dissolution weights with the
new apparatus were about double (in the case of
AlL,O;) and quadruple (in the case of Cr;Os;) respec-
tively, compared with the conventional apparatus.
The results of these trial calculations show a clear
difference in corrosion depths between the new and
conventional apparatuses shown in sub-clause 4.1.
As shown in Fig.7, the difference between A-10 and
A-20 in the new apparatus became much higher
than that in the conventional one, because dissolu-
tion weights of the slag specimen components in the
former was four times as much as that in the latter

Finally, the photograph of the new apparatus is
shown in Fig.10.

6. Conclusion

We have been developing a new rotary slag test-
ing apparatus which is equipped with an automatic
slag feeder-drainer and automatic temperature
controller. The new apparatus reduced sever work-
ing conditions and made an evaluation of the higher
slag resistance refractories possible which was
difficult with the conventional one.

We would like to use this apparatus effectively for

many tests.
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