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Abstract:
A highly competitive steel market requires the steelmaker to be sensitive to customer demands in
terms of product properties, quality, price and delivery. The continuous casting tundish serves as an
interim reservoir when liquid steel is transferred from the ladle to the continuous casting mould.
Several researches were devoted to study the thermal insulation properties of mold lubrification
powders.
In this work we have focused our attention to evaluate covering powders for continuous casting steel.
The aim is utilization of Algerian diatomite as a covering powder in the tundish; we determined
several chemical and thermo-physical properties of the diatomite. The SEM pictures showed that the
diatomite has a high porosity and cylindrical form of particle. FTIR studies show the presence of
quartz, and different mineral matters. The elemental analysis of diatomite shows that silica oxide is
present in major quantity whereas XRD confirms the presence of all minerals in diatomite sample and
shows the high amorphousness of silica. Heat insulating property of diatomite has been demonstrated
by many thermal studies, the thermal conductivity of diatomite was increased over the range of 25 –
1100°C from 0.378 W.m-1K-1 to 1.438 W.m-1 K-1. The DSC/TGA thermal analysis and the hot stage
microscope were performed to follow the stage changes during this treatment. We have obtained two
transformations: first, endothermic at 760°C with 12.5% loss of mass, the second exothermic at
897°C.and fusion of powder was at 1470°C.
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1

Introduction

The forecast of steel temperature to be poured in the tundish depends upon many operating parameters
such as the thermal history and wear of the ladle refractory lining, precise knowledge of refractory
thermal properties and transfer coefficients, the properties of covering powders of ladle and tundish
and insulating slag layers, the time each operating stage lasts, argon stirring practice and waiting
period before teeming which lead to different ladle stratification grades, teeming rate,…etc. [1]
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In continuous casting of steel, all the processing steps have as their objective the attainment of the best
superficial quality. The selection of optimized covering powders is an important goal in attaining the
best operating conditions [2].
Diatomite is a chalk-like, soft, friable, earthy, very fine-grained, siliceous sedimentary rock. The
deposits result from an accumulation in oceans or fresh waters of the amorphous hydrous silica (opal,
SiO2·nH2O) cell walls of dead diatoms [3]. The accumulation of these Diatoms form a light, porous
and friable rock called diatomite.
Diatomite can be used as an insulation and filtration material according to the quality criteria of
diatomite and results of chemical analyses. Diatomite as heat insulators materials are commonly used
for heat insulation of industrial equipment, thermo generating units, pipelines and steel industry with a
surface temperature of up to 900°C. [4]
The high-grade diatomite contains more than 7% of SiO2. A microporous structure (pore size 0.005 –
0.01 mm across) is the main property that provides a low heat conductivity of diatomite [5-7].
(S. É. Ivanov and A. V. Belyakov, 2008) have been measured the thermal conductivity of diatomite is
0.05 – 0.10 W.m-1 K-1 and the volume mass usually is 200 – 350 kg/m3 for pure diatomite and reaches
600 kg. m-3 for contaminated diatomite. Diatomaceous powder with up to 15 – 30% added asbestos is
also used for fabricating heat-insulating mastics. The leading producer of diatomite in the world is the
USA (about 40% of all diatomite produced in the world). The main applications of diatomites in the
world are as filtering materials and sorbents. Possessing the largest raw materials base of diatomites,
Russia trails the industrially developed countries in the use of diatomite. Russia produces 4% of
diatomite in the world, of which 96% is used for the production of heat-insulation materials [8].
As a rule, diatomite as-recovered from a quarry is used with no other minerals added; for this reason,
heat conductivity and operating temperature of diatomite products purchased from various
manufacturers may differ appreciably [7].
In ArcelorMitall EL-Hadjar-Algeria steelworks, the raw diatomite is used as covering powder in the
ladle to ensure the insulation of molten steel during its transportation and waiting.
The purpose of this study is to investigate the possibility of using mineral diatomite as covering
powder for tundish. For this, we have determinate the heat insulation properties of diatomite, using
many characterization methods. The melting point was measured by hot stage microscopy method; we
were measuring also, the thermal conductivity of materials by hot wire method.
In other hand, physicochemical and morphological characteristics of diatomite were determinate by
different techniques such as XRF, XRD, FT-IR, helium pycnometery method for density measurment,
BET surface area and SEM microscopy.

2

Materials and methods

This study focused on the production of highly-porous silica powder from a low-grade diatomite
powder by hot-acid leaching.
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2.1

Material

Diatomite was obtained through the natural resources of deposit of Sig (west of Algeria). The samples
were washed with distilled water to remove fines and other adhered impurities, dried at 100°C,
desiccated and stored in tightly stoppered glass bottles.
The diatomite of Sig is particularly polluted by a high rate of silica and calcium carbonates that can
exceed 10%. The elemental analysis of diatomite sample is: 62.16% SiO2, 3.63% Al2O3, 1.73% Fe2O3,
14.77% CaO, 0.71% K2O, 0.198% TiO2, 0.60% MgO, 0.04% MnO and 19.76% of LOI.

2.2

Evaluation and Characterization of insulating material

The study of the samples included on the one hand physicochemical analysis using: microstructural
analysis by SEM (Philips XL30) equipped with an Energy Dispersive Spectrometer (EBSD),
crystalline and amorphous phase identification by X-ray analysis (Philips powder diffractometer
employing CuKα radiation in 2θ=0–90° at a goniometer rate of 2θ=0.05°/min), infrared spectra which
were recorded in 1% weight of HPA or diatomite in KBr pellet on a Perkin Elmer Spectrum One FT–
IR spectrophotometer, determination of specific surface areas by BET (Brunnauer–Emmett–Teller)
method and Helium pycnometry method for density measurement used Micromeritics Acoupyc 1330
apparatus.
On the other hand many thermal methods of characterization have been used to evaluate the insulation
capacity of diatomite. The Shimadzu-50 automatic simultaneous thermal analyzer provides
simultaneous thermogravimetry and differential thermal (DTA) analysis on a single diatomite sample.
The hot stage microscopy tests were performed on the samples at a constant heating rate of 50°C/min
to follow fusion of diatomite and hot wire method was used to measure thermal conductivity of
diatomite at different temperature.

3

Results and discussion

3.1

Physicochemical characteristics of material

Morphology of diatomite is shown using electron microscopy SEM in figure 1, where it is seen that
different diatom species have different shell structures. Figure 1(c) and figure 1(d) show that diatomite
is composed of cylinder structure of Coscinodisus diatoms with a diameter of 60 μm. The area marked
by a rectangle is enlarged in the inset, which reveals that the cylinder pores are well aligned along the
transverse direction of diatomite. These micropores in the shells were observed to have a size of
approximately 200 µm (see figure 1(a)) where we note the high porous structure.
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Figure 1: SEM Pictures shows the morphology of diatomite and magnified of the pore
Figure 1(d) shows the SEM images of diatomite which is composed of Coscinodisus diatoms (D1) and
Melosira diatoms (D2) with round pill box structure or hollow tumbling box structure,
According these pictures, there are two parts to the diatom’s frustule and each part is a shallow, halfcylinder valve. Since one of the valves, the epitheca, is slightly smaller than the other one, called the
hypotheca, the two parts fit together like a pill box. Larger regular micropores with a diameter about 1
μm are located radially on the boxes in contrast to the arrangement in diatomite. In the tumbling box
structure diatom, the pores dispersed on the surface are spoken shaped, as shown in the inset in figure
1(d). Such hierarchically ordered porous networks of diatomite are considered to afford a template
capable of infiltrating metal ions efficiently.
The Fourier transform IR were used to confirm the superficial chemical heterogeneity of the natural
product. The IR spectral characteristic bands of diatomite were found at 3390, 1640, 1085, 800 and
460 cm−1 as shown in figure 2. The characteristic bands of silica were observed at 460, 800 and 1876
cm-1; the broad band centered at 3390 cm−1 is due to O–H vibration from water weakly absorbed in the
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pores and bounded by H-bonds on the surface, and the band at 1640 cm−1 is due to H–O–H bending
vibration of water. The band at 1085 cm−1 represents strong Si–O antisymmetric stretching vibration
and 800 cm−1 represents Si–O stretching vibration and a shoulder peak at 3625cm-1 which is due to the
vibration of Si–OH. The band at 460 cm−1 is due to Si–O–Si bending vibration. A part from all the
bands in diatomite revealed bands at 715, 875, 2520 and 1440 cm-. These bands can be attributed to
the diagnostic band for cristobalite due to SiO–H vibration and the presence of CO32- deformation
bands, which agrees with the X-Ray Diffraction analysis (XRD).

Figure 2: FT-IR spectrum of diatomite sample
Nevertheless, no clay minerals were found in the Algerian diatomite even in trace amounts as there is
not any XRD peak present that could be characteristic for these phases, contrary to many
diatomaceous earths from other origins.
The phase identification of our diatomite investigated with XRD (figure 3) shown that the diatom’s
shells consist mainly of silica which is composed essentially of amorphous silica, whereas XRD
pattern of diatomite is consistent with 57% of amorphous silica, 9% of quartz, 23% of CaCO3, 8% of
ankerite and 3% of tridimite.
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Figure 3: XRD pattern of diatomite
From the different porous parameters obtained by nitrogen adsorption and desorption measurements,
the specific surface areas were calculated by means of the BET equation [9].
The surface area of diatomite is approximately obtained by BET method=13.907m2.g-1
3.2

Thermal study

3.2.1 Heat conduction in the refractory Tundish
Heat conduction in the refractor tundish lining and top cover is governed by:
[

]

(1)

With the following boundary conditions in the surface in contact with liquid steel (equation (2)), above
the steel level (equation (3)) and outer surface of the tundish (equation (4)) and contact with liquid
steel on surface of diatomite powder (top cover) (equation (5)):
(2)
(3)
(4)
(5)
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Radiation losses qrad are evaluated according to Stefan Boltzmann Law. Figure 4 shows a section of
the tundish and the heat transfer mechanisms considered in the heat transfer model.

Figure 4: Heat transfer mechanisms taken into account in the thermal analysis.
Thermal conductivity kD of top cover (diatomite) is an important parameter to evaluate the insulating
capacity of diatomite for tundish, therefore we have used the hot wire method to determine kD value of
diatomite and we have used others thermal characterization methods to see the phase change
depending the temperature heating and to determine the melting of top cover too.
3.2.2 Thermal conductivity of diatomite and thermal study
A stationary method was used for measure of thermal conductivity of diatomite, where a constant heat
flow within the specimen has to be established and thermal conductivity values are derived by
applying Fourier’s law, and dynamic methods, where the temperature response caused by a defined
thermal excitation is evaluated to explain thermal transport properties of insulating material. We can
represent the evolution of thermal conductivity with a polynomial regression, when diatomite powder
was transformed in white brick in the end of measurement (see figure 6).
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Figure 5: Thermal Conductivity evolution of diatomite with heating temperature

Figure 6: Picture of diatomite with heating temperature of 1130°C
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Figure 7: DSC / TGA analysis of Diatomite
To explain well the thermal conductivity evolution; interpretation of the thermal analysis may be us to
know diatomite phase’s transformation and by the microscope hot stage give us a good appearance of
several transformations until the melting step. Figure 7 shows DSC / TGA scans which were not
straightforward, in that there was not a simple correlation between the number of peaks and phase
transitions. Hot stage microscopy study was used to develop a relatively fast and precise temperature
controlling device for routine microscopy studies of morphological changes with fast temperature
changes, the results of same steps are shown in figure 8.
1
Sample
Support
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Figure 8: Melting study of Diatomite
3.2.3 Discussion
Figure 5 shows that the thermal conductivity value decreases from 0.676 to 0.378 Wm-1K-1 when we
have increased the temperature of heating to 464 K because of the dehydration of the powder when we
note the loss of mass of 6% in TGA results, but k value was increased until 1.438 Wm-1 K-1 at 1130 K.
Hence, we set one occurred in 760°C (endothermic) and 897°C for exothermic with 12.5% loss of
mass in 760°C was occurred by TGA scans.
According to figure 8 (image on microscope), we note that the powder was kept their form external for
temperature of heating of 1150°C (Picture 1).
Such the steps of melting presented in picture 2 and in real image 3, we note that fusion of diatomite
was happened at 1470°C. So at a maximum temperature of 1130°C for thermal conductivity
measurement, diatomite was not yet melted.

4

Conclusion

The SEM pictures and X-ray diffraction results showed; that the diatomite has a high porous structure,
a cylindrical form of particle, most of the silica in diatomite was amorphous silica with 57% and 23%
of CaCO3. The BET surface area of support was =13.907m2.g-1 and the density = 2.523 g.cm-3.
Through the identification of thermal proprieties by many thermal analysis methods, we have obtained
high insulting properties in high temperature up than 1400°C when the beginning of diatomite’s fusion
was at 1470°C, kD value was very low in spite of high heating temperature (1130°C) which shows the
requirements of using of diatomite such a covering powder in tundish.
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