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Development of MgO-CaO repairing materials for EAF

REPEETE, KIE &
Yousuke OONO* and Satoshi AKAI**

1 #S

SLH B RIF CIEIARETRM R O LRI E L7
B TONT WD, HF7I2, BEMPBEEZORIE
R ZIZ R E ORGSR S TBY, T
DA O BT HIFELAIF R OB ERLREF IR E
SEBRH2 DY, kXY, BRIFOWRNHIEIZEB
WTIEF AR T A Ml % &5 5 MgO 5% MgO-
Olivine AWM S — i IME I STV 245, $HHE
PECmii S LTS b MgO-CaO M 1%
&S Z E13d 729, MgO-CaO AWAT 114,
i K IZEH §5 CaO IZ LA 7 i I
N, @it EEERT—HT #EHOMELEED
H2HBER RO~ A MELATEH N~ A FeMHIn
% Ca0 % AL L 72N T R u~A MR 2 L 7
FAIUE 5T, BEOBER < T T OHRORE &
W2 &8 a A SR E R IS 5,
ZO7, AANAERZET D & BRI 18
LI IR SN TS e oTze T 72, R
RIEZ 80 R BRI HREIC BV, MEHICE
FN27)— T4 LDOFEALB R L IRAHT FOHE T
AR ADIH LT 5 BLG O HHE ST Y 218 C & 38
HOLES D H %,

4rlal, ZNHOTAME - T E O EE F T 5
B, RIROIEBEE R O~ A N A LKA O H
et L, MgO-CaO M DT &1 D B & % 1
L7 H B OWRA O B 56 % 37,

2 HEAZE
2.1 HEEH

BRI R R A M S EEER IR 2 R e L
72 MgO=88 mass% DM F} & R—AFl kL& L7z, N—
ARE RO BER ~ 7 A2 T &R AKAZ 10, 20,
40mass% EHL, PEET, BEMEBIAIE LT Si0: 5

1 Introduction

In the electric arc furnace for steelmaking, the
operation is carried out assuming the repair by the
monolithic material. In particular, a large amount of
gunning repairing material is used during operation and
during shutdown after operation, and the quality of the
gunning repairing material greatly affects the operation
and economical efficiency of electric arc furnace
steelmaking”. MgO and MgO-Olivine gunning repairing
materials have been commonly used for repair of electric
arc furnaces for cost performance, but MgO-CaO gunning
repairing materials, which are known to have high
corrosion resistance, are rarely used”®. The MgO-CaO
gunning repairing material has excellent slag infiltration
resistance and high corrosion resistance due to CaO
contained in refractory. On the other hand, from the
viewpoint of product quality stability, CaO-stabilized
dolomite raw materials called calcined dolomite or
synthetic dolomite must be used, and the product price
tends to be comparatively higher than the gunning
repairing material of usual calcined magnesia only.
Therefore, it is difficult to apply it to electric arc furnace
gunning repairing material, considering the cost, and it
has not been developed generally. And, in the electric arc
furnace operation which repeats operation and shutdown,
the phenomenon in which the construction body after
gunning deteriorates by the digestion phenomenon of free
lime included in the material is also assumed, and there is
a difficulty in the application even in the technical aspect.

In order to solve these cost and technical issues, we
examined the use of natural non-calcined dolomite and
tried to develop a new gunning repairing material utilizing
the good corrosion resistance of MgO-CaO based gunning

material.

2 Laboratory test
2°+1 Test sample

The basic gunning repairing material used in the
test was a material with MgO = 88 mass% using silicate as
a binder, and this was used as a base sample. Calcined

magnesia in the base sample was substituted with non-
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Table 1 Composition of samples.

Sample No.1 No.2 No.3 No.4

Material composition Magnesia 5-0mm 95 85 75 55
/ mass% Dolomite 5-O0mm 0 10 20 40
Binder+Other 5 5 5 5

Sintering agent - 1.5 1.5 1.5

Chemical composition |MgO 88 81 74 60
/ mass% CaO 1 4 8 14
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calcined dolomite by 10, 20 and 40 mass%. In addition, a
system in which SiO» additives and a small amount of
other binders were added as sintering additives was used as
a test sample. Table 1 shows the amount of non-calcined
dolomite added and the chemical composition of each
sample.

2 -2 Physical properties

The kneaded and cast samples were dried at 110°C
for 24 h and then oxidized at 1400°C for 3 h. The
permanent linear change rate was calculated from the
sample size in the frame removal and the sample size after
baking at 1400°C, and the bending strength was measured
by a 3-point bending test, and the apparent porosity was
measured by a vacuum method.

2+3 Mineral composition survey

Samples dried at 110°C and samples fired at
1000°Cand 1400°C for 3 hours were pulverized by the
same method as that used in 2+ 2, and changes in mineral
composition were investigated by X-ray diffractometer

(XRD).

24 Corrosion resistance

In order to evaluate the corrosion resistance of each
sample, erosion tests were carried out using a rotating
drum. Each sample was molded into a prescribed shape by
the same procedure as 2°2, and used as a sample for
erosion test. The prepared samples were set in a rotating
drum, and a synthetic slag of C/S = 1.0 simulating electric
arc furnace slag shown in Table 2 was used as an erosion
agent, and erosion tests were carried out at 1650°C for 4
hours. After the test, the working surface of the sample was
cut in the center, and the thickness of the sample was
measured and averaged at the cutting surface by 5 points,
and the thickness which melted and disappeared by the

difference from the sample size before the test was

Table 2 Chemical composition of slag. / mass%

SiO: Al20s Fe20s MnO CaO MgO || C/S
27.5 5 30 5 27.5 5 [ 1.0
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Table 3 Condition for gunning.

Gunning machine Brader gun

Air pressure 0.14 MPa

Nozzle length

800mm (straight)
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calculated. The thickness of slag infiltration was calculated
by measuring 5 points of black discoloration and averaging
them.

25 Hot panel gunning test

In order to evaluate the hot adhesiveness of each
sample, gunning tests were carried out on a panel heated to
1000°C. Other gunning conditions are shown in Table 3.
After gunning, the material dropped without adhering to
the panel was collected, dried, and the ratio to the total
amount gunned was calculated to obtain the adhesion
ratio.

3 Results and discussion
3+1 Physical properties

The bending strength, permanent linear change
rate and apparent porosity of the sample after firing at
1400°C are shown in Fig. 1 ~ 3.

20%
No.3

40%
No.4

Fig.1 Cold crushing strength after firing at 1400°C

for 3hours.
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Fig.2 Permanent liner change after firing at 1400°C
for 3hours.
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Fig.3 Apparent porosity after firing at 1400°C
for 3hours.
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Fig.4 X-ray diffraction patterns of sample No.4
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The higher the amount of non-calcined dolomite
applied, the greater the bending strength after firing. The
shrinkage increased and apparent porosity increased after
firing. It was found that the addition of non-calcined
dolomite significantly affected the properties of each
species. In order to clarify these reaction mechanisms,
No.4, in which non-calcined dolomite was most applied,
was selected, and the change of mineral composition was
investigated on the products dried at 110°C and baked at
1000C and 1400°C by powder X-ray diffractometer
(XRD). The measurement results of each sample after the
heat treatment are shown in Fig. 4.

From Fig. 4, at 110°C., the peak of Dolomite
(MgCO3/CaCO:3), which is the main component of non-
calcined dolomite, can be clearly observed. At 1000°C, the
peak of Dolomite (MgCO3/CaCOs3) disappeared, while
the peak of free lime (Ca0O), a degradation product, was
observed. At 1400°C, the peak of free lime (CaO) decreased
and that of Monticellite (CaMgSiOs), a CaO-MgO-SiO»
mineral, increased, suggesting that the sintering reaction
proceeded. By the addition of non-calcined dolomite,
Monticellite (CaMgSiOs«) was formed and sintered through
the reaction of free lime(CaO) which is the decomposition
product of Dolomite (MgCO3/CaCO3) with MgO-SiO»
system mineral at over 1000°C, and it was estimated that
strengthening and shrinkage occurred.
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Fig.6 Results of corrosion test.
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erosion test, and Fig. 6 shows the amount of disappearance
and slag infiltration.

As the amount of non-calcined dolomite added
increased, both the amount of erosion and the amount of
slag infiltration slightly increased. However, the total
amount of erosion and the amount of infiltration per hour
was less than 3 mm in all the samples from No. 2 to No. 4,
and there was no significant decrease in corrosion
resistance. By adding non-calcined dolomite, CaO is
generated in the material by heating, and the slag
infiltration depression effect appears, and it is guessed that
by the degassing decomposition reaction of non-calcined
dolomite, the erosion loss quantity and slag infiltration
quantity increased more than the No.1 base sample by the
increase of specific surface area in the working surface and
the increase of open pores to the material inside.
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Fig.7 Appearance after gunning test.
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Fig.8 Results of the adhesion rate and additional water in hot gunning test.
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33 Hot panel gunning test

Fig. 7 shows the appearance of the sample after hot
gunning, and Fig. 8 shows the amount of added water and
adhesion rate.

The test results showed that the added water
content tended to decrease as the amount of non-calcined
dolomite in the gunning repairing material increased.
And, it was proven that the adhesion tended to improve.
Since the apparent porosity of non-calcined dolomite is
lower than that of fired magnesia, it is considered that the
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Table 4 Effects of adding non-calcined dolomite to repairing materials for EAF.

Characteristics Dolomite effects ( vs MgO system)
Physical properties Cold crushing strength /7 Improve
Permanent liner change N Shrink

Apparent porosity N Increase
Durability Corrosion resistance  Decrease
Workability Adhesion /7 Improve
Other Digestibility None
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pores of the aggregate and decreases the amount of water
required for mixing the whole material. In addition, it is
considered that the relative binder concentration in the
gunning repairing material was increased by the decrease
of the water content, and the cohesion was strengthened,

and the adhesion was improved.

3+4 Effect of non-calcined dolomite addition
From the laboratory test results, it was recognized
that the addition of non-calcined dolomite to MgO

had

disadvantages for various properties. The contents are

gunning repairing  material advantages and

summarized in Table 4.

The addition of non-calcined dolomite increased
the apparent porosity and the amount of melting loss to
slag, but improved the hot adhesion and the material
strength compared with the MgO gunning repairing
material. The improvement of the adhesiveness is related to
the durability of the whole gunning repairing material as a
result, and the improvement of the strength increases the
resistance for the peeling wear. The addition of non-
calcined dolomite is considered to be beneficial for the

overall performance of gunning repairing materials.

4 Actual furnace test

The durability of No.3 material examined in
laboratory tests was evaluated in an electric arc furnace for
steelmaking in which the tapping temperature was 1600 -
1630°C and the slag C/S was about 1.0 in 1 hour of the
melting to tapping cycle. As an evaluation method, the
gunning repairing material was continuously used about
100 ¢, and refractory consumption and cost in that time
were made to be an index. The results are shown in Fig. 9
and 10.

Compared with the conventional our company
products (No. 1; MgO system), the consumption of the
No.3 material was equivalent, and 13% reduction effect
was recognized in cost comparison. In addition, it is
known that the dolomite gunning repairing material is
usually digested by the construction body after gunning,
but the digestion phenomenon after gunning was not
observed in No.3 material tested in the actual furnace this
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Fig.9 Field test results (Index of refractory consumption).
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Fig.10 Field test results (Index of refractory cost).
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time, and cracks and peeling of the construction body
were not observed.

The gunning repairing material to which the non-
calcined dolomite is applied has a little more erosion
quantity than the MgO system material, but on the other
hand, the thickness of the work increases by the rebound
loss reduction effect in gunning, and it works positively for
the persistence of the work. And, the resistance against
molten steel and slag impact increases, and peeling loss is
suppressed, since the strength of construction body is
improved by the sinterability of non-calcined dolomite.
These points are estimated to be the reason why the
refractory consumption became equivalent to the MgO
system material. Although the results were good under the
operating conditions of the present electric arc furnace, the
high durability of the newly developed non-calcined
dolomite addition gunning repairing material is not
expected under the conditions that the erosion is promoted
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more, for example, the melting time is long and the tapping
temperature is over 1650°C. At present, this gunning
repairing material is proposed after considering the

construction and operation conditions of each user.

5 Summary

By using natural non-calcined dolomite, we have
developed a new MgO-CaO gunning repairing material
that is superior in cost performance to conventional
materials such as MgO. Due to its excellent characteristics,
it has been well received by electric arc furnace
manufacturers in Japan and overseas, and it has been used
regularly by over 7 companies at present. In addition,
several manufacturers are planning to conduct tests in
actual furnaces, and it is expected that MgO-CaO based
gunning repairing materials will be widely recognized in
the future. In this report, the result of the use in the electric
arc furnace is reported, and it is assumed that the gunning
repairing material which applied the non-calcined
dolomite can be applied not only to the electric arc furnace
but also to on-line repair and off-line repair of various
furnaces in the steelmaking process. At present, the
development of gunning repairing material for converter

and secondary refining is advanced.
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