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Development of Chromium-free Slit Plug for Steel Ladle
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Abstract

From reliability point of view, as a gas blowing plug for steel ladle used in secondary refining,
the porous plug is widely used. In recent years, application of slit plugs, which through slits
installed pre-casted blocks, has been broadening because of large gas flowability as well as excellent
durability.

High corrosion resistance is required of gas blowing plugs for steel ladles because the plugs
are cleaned by oxygen gas blowing to recover gas flowability while in use. For the purpose of
improving corrosion resistance, chromium oxide is added to slit plug. On the other hand, customers
demand chromium-free products from an environmental point of view.

Therefore, we used the technique of densification to develop a chromium-free slit plug, which
shows the equivalent level of corrosion resistance to the conventional chromium oxide containing

product.
1. &S 1. Introduction
RGO KT, AIERE OFE, B o During secondary refining, the molten steel
¥—1t, NMEYMOBRIIL e B, FEOEKIC and refining agent are stirred by blowing an
HARX T T T %3EEL, TVI YR EORNG inert gas such as argon through the gas blowing
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Gas purge plug

Fig.1 Ladle furnace.
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plug installed on the bottom of the ladle. The
stirring is carried out for in order to adjust the
molten steel temperature, homogenize compo-
nents and remove inclusions, etc.

Figure 1 is a schematic view of ladle furnace
(LF) which is one of the most common process-
ing units for secondary refining. Figure 2 is a
schematic view of a gas blowing plug installed
on the bottom of the ladle. There are two types
of gas blowing plugs. One is a porous plug which
has high reliability in blowing stability during
operation. Another is a slit plug which has been
given high flow ability and excellent durability
by installing through holes in the precasted
body.

The gas blowing plug for the steel ladle is
usually cleaned by oxygen gas to remove steel
skull on the top of the plug after the slag
discharging so as. To prevent from failure in
blowing for next service. During cleaning,
molten FeO is generated as a result of reaction
between oxygen and iron and it corrodes the
plug. Thus, high corrosion resistance is required
for plug material. Therefore, we have improved
corrosion resistance by adding chromium oxide
to the castable for the slit plug.

However, waste treatment of used slit plugs
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Fig.2 Ladle gas purge plugs.
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Table 1

Slit designs of slit plug
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Slit arrangement

Ventilation features

A SN

{ ‘

type-1

(Slit)

+ Thickness 0.2mm

« Tip diameter ¢ 30-70
+ Area 61mm’

+ 200~250N1/min (0.1MPa)

(Gas flow rate)

type-2

* Thickness 0.2mm
 Tip diameter ¢ 42-82
+ Area 88mm’

* 260~300NI/min (0.1MPa)

(Slit)

(Gas flow rate)

type-3

» Thickness 0.2mm
« Tip diameter ¢ 35-70
» Area 107mm’

* 360~400NI/min (0.1MPa)

(Slit)

(Gas flow rate)

+ Thickness 0.2mm

» Width 20mm or 26mm or 40mm
+ Number 18~36

+ Area 72~360mm’

type-4 : —

* 200~5650NI/min (0.1MPa)

(Slit)

(Gas flow rate)
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which contain chromium oxide has become a
problem from an environmental standpoint.
Hence, we have developed a chromium-free slit
plug which has excellent corrosion resistance
corresponding to customer’s demands for chro-

mium oxide free refractories.
2. Features of the Conventional Product

Table 1 shows an example of slit shape in
the slit plug. We have adopted a continuous slit
structure in order to achieve gas flow recovery
in short period of time during oxygen cleaning
(Typel-3). Quick recovery of gas flow reduces
oxygen cleaning time and corrosion of the plug.
In addition, the gas flow rate of the plug can be
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Table 2 Properties castables for slit plug
Material name PW4YC 5SP pP7X
Apparent porosity / % 23.6 23.7 20.3
Bulk density 2.92 2.91 3.10
Compressive strength / MPa 45 42 15
Chemical composition / %
AlOs 90 88 83
MgO 3 4 2
Cr.0s 5 5 12
Characteristic General High. spalling Unburned
resistance
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controlled by the cross-sectional area of the slit.
It is possible to match the gas flow rate of the
plug to the operating conditions by adjustment
of the slit shape.

Table 2 shows the characteristics of the cast-
able applied to the slit plug. We have applied
an alumina spinel material which is excellent in
volume stability in order to prevent clogging of
the slit while in service. PW4YC (in the table)
is a general-purpose material which has been
used by many customers. 5SP is designed to
improve thermal spalling resistance by adjust-
ing the aggregate composition and particle size
configuration. We selected and improved the
materials to meet the operating conditions of
customers based on these two materials.

The two materials described above are
burned at high-temperature (=1500C). P7X
is unburned (=500C) and applied to plugs of
overseas customers. Chromium oxide has been
added to all these materials to improve corro-

sion resistance.

3. Influence of Chromium Oxide on

Corrosion Resistance

We compared the corrosion resistance of
PW4YC and PW4YC based material without
chromium oxide by rotary slag corrosion test.
The samples were corroded at 1650C for 3
hours employing, a mill scale as a corrosion
agent. The results are indicated by index as
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Fig.3 Influence of Cr,O; on corrosion resistance.

Table 3 Properties of the improved castable

Material name AS153
Apparent porosity / % 15.1
Bulk density 3.19
Compressive strength / MPa 25
Chemical composition / %

AlOs 93

MgO 5

Cr,0s -
Characteristic Unburned
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Fig.4 Cut surfaces after corrosion resistance test.

4YC with chromium oxide at 100.

Figure 3 shows the corrosion test results. Cor-
rosion resistance of the chromium-free material
was decreased by 25%. As is obvious, chromium
oxide greatly contributes to the improvement of
corrosion resistance.

4. Features of Improved Products and
Experimental Results

Chromium-free slit plugs are required to
have equivalent or superior corrosion resis-
tance to conventional products which contain
chromium oxide. We examined the following
two technologies in order to improve the cor-
rosion resistance of chromium-free material ; D
densification by reduction of mixing water with
a high performance deflocculate (1.2% weight
loss of the mixing water than general-purpose
product) and @) increase of spinel composition.

Table 3 shows the characteristics of the
improved chromium-free castable ASI53. In
addition to the above two modifications, we
have developed it as an unburned plug. It has
been used in overseas customers.

We compared the corrosion resistance of
newly developed chromium-free ASI53 and
(Test
conditions were the same as described above).

PW4YC containing chromium oxide

As a pre-treatment of the sample, the newly
developed product was pre-dried at 110T x24h
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Fig.b Cut surfaces after spalling test.

Material | Ag153(mproved) PWAYC
Castable
End point mark

Cut

surface

Service

life(ch) 29 18

Wear rate

(mm/ch) 8.2 9.3

Fig.6 Cut surfaces of the improved and
conventional plug after use.
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and general-purpose product was pre-fired at
1500C x 3h.

Figure 4 shows the cut surfaces and the
corrosion index of the test samples. The newly
developed product showed 20% improvement
in corrosion resistance in comparison with the
general-purpose product containing chromium
oxide.

Thus it is verified that densification and
increase in spinel was effective in improving
corrosion resistance against high FeO slag.

Furthermore, we evaluated the thermal spall-
ing resistance qualitatively. 230x%114X65mm
specimens of AS153 and PW4YC were heated
at 1500C for 15 minutes followed by 15 minutes
natural cooling. This cycle was repeated 3 times.
For the thermal spalling experiment, the speci-
mens were pre-treated in the same procedure
as the pre-corrosion test specimens. Figure 5
shows the cut surfaces of the samples after the
spalling test. The newly developed product also
showed superior thermal spalling resistance to
the general-purpose product.

5. Result of Field Trial

Improved chromium-free product ASI153
was used in Steel Mill A (Ladle capacity 100t).
Figure 6 shows the cut surfaces of the improved
product and general-purpose product after use.
The improved product showed a little damage.
The wear rate was improved by about 10%
compared to the general-purpose product. Also,
no gas blowing problem was recognized for LF
processing.

6. Summary

Castable for slit plugs contains chromium
oxide to improve the corrosion resistance.
To meet environment requirements, we have
developed a chromium-free castable. Thanks to
technologies such as densification by reduction
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of the mixing water with high performance
deflocculate and increase of spinel composi-
tion, the new chromium-free product exhibits
equivalent or superior corrosion resistance and
thermal spalling resistance to general-purpose
products. In the field trial, the improved product
showed longer service life without any problem
in gas blowing.
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