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Abstract. Mold powders for the continuous casting of ultra-low-carbon steels already contain low amounts of
carbon. Furthermore, various approaches favor carbon burn-off at high temperatures to prevent the formation of
a carbon-enriched layer on top of the liquid slag pool in the mold. Nevertheless, re-carburization of the steel still
occurs. Therefore, the development of different mold powder compositions to reduce the free carbon content
without negatively affecting melting behavior is required. An initial approach involved replacing carbon with
SiC, which showed promising results. Subsequently, further laboratory investigations were conducted on
different mold powder compositions with reduced SiC contents. However, to further decrease the total carbon
content, a new concept is required: a mold powder consisting of basic and acidic granules, which are mixed after
granulation. In the next step, melt-controlling additives are completely removed from the samples. For these
mold powders, the influence of varying raw material components on melting behavior was additionally
investigated. To verify this concept, the standard and newly developed mold powders were introduced into a
furnace preheated to temperatures between 900�1200°C to simulate high heating rates. After a dwell time of
10 min followed by quenching to room temperature, the samples were investigated mineralogically. The results
reveal that the diffusion path between raw material particles is increased due to the separation of the raw
materials into two different granule types (basic and acidic). Furthermore, the formation of an intermediate
liquid phase is shifted to higher temperatures. This shift results in a delay in the formation of new (intermediate)
phases, such as the equilibrium liquid phase, fluorides, or cuspidine. The developed concept enables the complete
removal of melt-controlling additives from the mold powder composition. As a side effect, the CO2 emissions
from the mold powder is reduced.
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1 Introduction

Mold powder is added to the liquid steel meniscus in the
mold during continuous casting. To ensure stable casting
conditions, it fulfills several tasks, e.g., preventing steel
from oxidation, lubrication of the strand, and controlling
horizontal and vertical heat transfer. When added to the
mold on top of the liquid metal, three layers are formed due
to the temperature gradient between the steel to the
atmosphere. In contact with the air, the mold powder is
present in the state as-delivered. With increasing temper-
ature, a sintered layer is formed, and in contact with the
steel, a liquid slag exists [1]. The melting behavior of the
mold powder is controlled by different carbon carriers
added to the mixture. At low temperatures the solid – solid
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reactions between raw material particles are prevented.
This is mainly controlled by carbon black with a low
particle size. Carbon black effectively encloses the particles
and separates them. In contrast, at high temperatures it is
already oxidized, whereas graphite prevents the formation
of a continuous liquid phase by separating liquid droplets.
This phenomenon is known as the skeleton effect [2–5].
Generally, it is intended that the total amount of carbon is
burned off until the slag comes into contact with the liquid
steel. However, this depends on the oxygen supply andmay
not be completed. In this case, a carbon-enriched slag layer
is formed on top of the liquid slag pool. Its carbon content
is considerably increased, e.g., from 3.5 wt% in the
as-delivered state to 21 wt% [5,6]. Similar results were
also obtained in laboratory investigations [7,8]. If the liquid
steel comes into contact with the carbon-enriched layer,
re-carburization takes place. Subsequently, steel properties
are altered and product quality is reduced. This is
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especially the case for ultra-low-carbon steels [8]. Thus, to
increase the distance between the liquid steel and the
carbon-enriched layer, higher slag film thicknesses are
desired. Another possibility to prevent this reaction is the
complete oxidation of carbon until a homogeneous liquid
phase is present. This can be achieved by adding oxidizing
agents such as MnO2, by using quick-burning carbons
(activated carbons), or by the application of Fe2O3, which
acts as a catalyst for carbon oxidation and is also reduced
by carbon at high temperatures and low oxygen partial
pressures [9–12].

Further developments were achieved by replacing free
carbon as the melt-controlling additive in the mold powder
[13–16]. For this purpose, ceramic materials showing poor
wettability with slags were selected. In a first step, different
nitrides were tested, and BN showed the most promising
results. This was explained by its similar structure to
carbon and its high contact angle with slags. Furthermore,
it showed a low gas evolution during heating in laboratory
tests and controlled the melting behavior of the mold
powder similarly to carbon. The minimum amount
required in the product to control melting is defined by
the particle size of all raw material components. When
comparing the fusion rate of a BN containing mold powder
with a standard carbon-containing mold powder, similar
results were obtained for samples containing 2�10 wt%
BN. As BN forms B2O3 after oxidation, which acts as a
fluxing agent and favors sintering, antioxidants (e.g., Al or
CaSi) were added to shift liquid phase formation to higher
temperatures. Boron oxide also influences slag viscosity.
Thus, proper viscosity values were only achieved for
samples with a CaO/SiO2 ratio of at least 0.9. Based on
these results, a mold powder was selected for industrial
trials with defined steel grades. The slabs showed the
incorporation of N into the liquid steel decreasing its
quality, because nitrogen pick-up is as detrimental as
carbon pick-up. As a result, the amount of BN has to be
reduced, but this is only possible if the total amount of
carbon is not removed [8,13,14]. Contrary, Si3N4 forms
SiO2 after oxidation, a component already present after
liquefaction of standard mold powders. Furthermore, it
shows a low sintering tendency. An average particle size of
5 mm and a specific surface area of 2.5�3.5 m2 g�1 was used
for the investigation of mold slag compositions in the
laboratory. Nevertheless, it was suitable for controlling
powder melting, nitriding of the steel was observed in slabs
when used in the continuous casting [15–18].

Attempts to produce color-coded mold powders for
different steel grades required the development of mold
powders without free carbon. When investigated with the
heating microscope similar temperatures for the softening,
melting, and flowing points were achieved as for the
carbon-containing reference material, but the melting rate
increased. The authors claim that the continuous casting
process is not negatively affected as long as a layer of
original powder is still present in contact with the
atmosphere [19].

In addition, studies using SiC as a melt-controlling
component instead of carbon were carried out. Comparing
a sample containing 5�6 wt% SiC with a standard mold
powder containing 2�2.5 wt% free carbon, similar melting
rates were observed. Nevertheless, the three layers differed:
Whereas only a very thin layer of loose powder was present,
the sintered layer increased due to SiC oxidation, forming
SiO2 and thus decreasing the basicity of the flux and
promoting liquid phase formation. For this reason, carbon
was not completely substituted. Industrial trials showed
that re-carburization still takes place if the carbon content
exceeds 1 wt% [17,20–23].

Although these newly developed mold powders showed
promising results in industrial trials, they have not
prevailed yet. Possible reasons include the increased price
of these mold powders, which may not justify the benefits,
or a lack of confidence in their potential. Nevertheless, steel
plants still face the problem of re-carburization [24–27], but
no further research on mold powder design has been
reported in recent years. Thus, it is necessary to drive
development forward again. As a first step, to investigate
the influence on melting behavior beyond a purely
phenomenological approach, a mold powder used for
ultra-low-carbon steel was selected [28]. Based on its
chemical composition, different mixtures without free
carbon were calculated without changing the overall
chemical composition of the slag formed after total
liquefaction. SiC and/or Si3N4, with or without antiox-
idants, were used to control the fusion rate. After
temperature treatment in a preheated muffle furnace,
ensuring high heating rates, the samples were quenched to
room temperature after the defined dwell time and
investigated mineralogically. It was evident that both
additives shifted the formation of new solid and equilibrium
liquid phases to higher temperatures, but SiC proved to be
the most efficient. This is explained by the stability of SiC.
Below 1100°C, it is still present in the solid state, and SiO2
is not available for new phase formation. Thus, reactions
are delayed. The amount of SiC could be reduced to 2.8 wt%
[28,29], which is even below the amount suggested in the
literature [23], without negatively affecting the fusion rate.
Furthermore, antioxidants [30–32] were added to improve
the effect ofSiC.Althoughtheirpositive effectwasconfirmed
by thermodynamic calculations, the samples showed liquid
phase formation at lower temperatures. Additionally, due to
the rapid oxidation of the antioxidants, the amount of liquid
phase was increased. Consequently, for mold powder
compositions, only the addition of SiCwas suggested. Based
on these results, itwas concluded that reactions between raw
material particlesmust be delayed to reduce themelting rate
[28,29]. Nevertheless, further decrease of melt-controlling
additives is only possible if the physical distance between
phases that formnewphasesbysolid– soliddiffusionat lower
temperatures is increased. This approachmay be realized by
dividing the raw material particles into two groups: one
representing the basic components and the other the acidic
components. Basic and acidic granules are merged into one
product according to the chemical compositionof thedesired
mold powder composition. The resulting physical distance
betweenphasesof twocontactingbasicandacidic granules of
spherical shapeand equal size,with anarrangement inwhich
one granule type is surrounded by granules of the other type
only, depends on the locationwithin the respective granules.
It starts at 0mmat the point of direct contact between basic
and acidic granules and increases up to the diameter of a



Table 1. Mold slag composition after total liquefaction of
MP 0 in wt% (The fluorine content is expressed once in
elemental form and once in the form of CaF2).

Component Mass [wt%] Component Mass [wt%]

CaF2 17.89 F 8.32
Na2O 4.06 Na2O 3.88
MgO 5.33 MgO 5.10
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singlegranule (0.5�1mm).Therefore, theaimof this study is
to verify retardation of liquefaction using this concept of two
different granule types. This is achieved by investigating the
meltingbehavior of variousmoldpowder samples containing
basic and acidic granules made from different raw material
components and comparing them with the standard mold
powder.Additionally, the influenceofdifferent rawmaterials
on the temperature-dependent stability of the respective
granules is examined.
Al2O3 4.50 Al2O3 4.50
SiO2 39.55 SiO2 37.83
P2O5 0.40 P2O5 0.39
SO3 0.39 SO3 0.37
K2O 0.11 K2O 0.10
CaO 25.69 CaO 36.86
Fe2O3 2.77 Fe2O3 2.65
CaO/SiO2 0.65 CaO/SiO2 0.97
2 Material and methods

A mold powder (MP 0) used for casting low-carbon steels
and containing 3.78 wt% of total carbon was selected.
Based on the chemical composition of the mold powder, the
theoretical slag composition present after liquefaction
(Tab. 1) was calculated, raw materials were selected, and
the mixture was determined. All samples exhibit identical
chemical compositions to the first decimal place, including
trace elements. This corresponds to a deviation of less than
0.1%. Where reasonable, similar raw material components
similar to those present in the standard mold powder were
used. The main raw materials of MP 0 are wollastonite
(CaSiO3), albite (NaAlSi3O8), and fluorite (CaF2). Quartz
(SiO2), magnesite (MgCO3), calcite (CaCO3), hematite
(Fe2O3), diopside (CaMgSi2O8) as well as synthetic raw
materials such as phosphor slag and blast furnace slag are
used in lower amounts. Minor phases are carbon black (C),
cryolite (Na2AlF6), dolomite (CaMg(CO3)2), and Ca2SiO4.
Hematite serves as a Fe2O3 source in MP 0 as well as in the
mixtures investigated in this study to achieve the desired
properties during casting, e.g., by acting as a catalyst for
carbon oxidation [11].

In the next step, depending on its chemical composi-
tion, each raw material was assigned either to the basic or
the acidic group. Wollastonite was assigned to the acidic
components in this study due to its CaO/SiO2 ratio of 0.93.
Furthermore, raw materials consisting mainly of ampho-
teric oxides and fluorite were also assigned to the acidic
group. The raw material compositions of the investigated
samples are summarized in Table 2. First, to evaluate how
the separation of the rawmaterial particles into two groups
affects the melting behavior of the mold powder, a
composition containing SiC was chosen (MP 1). This
sample was already investigated in previous studies in a
powdery state, without separating the raw material
particles into basic and acidic groups [28,29]. In the next
step, the amount of SiC in the acidic granules was reduced.
Previous studies have revealed that the melting behavior of
mold powders is also affected by their raw material
composition [4,33,34]. Thus, two mixtures differing in raw
material composition were calculated, and their liquefac-
tion behavior was investigated. Furthermore, based on the
promising results of MP 2 and MP 3 in Section 3.2, the
melt-controlling additive SiC was completely removed.
The purpose was to verify the assumption that melt-
controlling additives can be completely extracted from the
mold powder composition if the contact of possible
reactants is considerably reduced through the use of two
different granule types in a mold powder (MP 4 andMP 5).
The basic and acidic mixtures were prepared, homoge-
nized in a disc mill, and with the help of a bottle roller
(filling level > 50%) granules were produced. As a binder,
starch dissolved in water (2% solution) was used and
sprayed onto the mixture particles during granulation.
After granulation, the basic and acidic granules were dried
and sieved. Granules with particle sizes between 0.5 and
1 mm were used for the investigations to ensure similar
sizes in both granule types. The acidic and basic granules
were weighed according to the desired chemical composi-
tion of the mold powder (Tab. 2). Mechanical mixing of the
granules was performed in an airtight polyethylene bag to
achieve a uniform distribution of components without
destroying the granules. Then, each sample was filled into a
separate steel crucible 30 � 30 � 40 mm3, closed by a steel
lid and inserted into the preheated furnace. Temperatures
of 900°C, 1000°C, 1100°C and 1200°C, respectively, were
selected to investigate the sintering tendency and the
formation of new solid and liquid phases in dependence on
temperature and hence, on the position within the mold
powder layer in the mold. 1200°C was selected as the
maximum temperature due to the presence of a continuous
liquid phase. A further increase in temperature would not
reveal any further information. The dwell time was 10 min
to ensure complete heating of the sample without reaching
equilibrium, before the specimens were taken out from the
furnace and naturally cooled to room temperature
(approximately 23°C). Afterwards, polished sections were
prepared and investigated mineralogically using reflected
light microscopy scanning electron microscopy coupled
with energy-dispersive X-ray microanalysis. Furthermore,
the samples were ground for X-ray analysis.
3 Results

3.1 Thermodynamic calculation

In a first step, for each granule composition, the solidus and
liquidus temperatures, as well as the amount of liquid phase
at 1000°C were calculated thermodynamically. For this
purpose, the software FactSage 8.3 was applied. If SiC was



Table 2. Sample raw material composition in wt%.

MP 1 MP 2 MP 3 MP 4 MP 5

Acidic Basic Acidic Basic Acidic Basic Acidic Basic Acidic Basic

Quartz 9.2 1.7 3.8 23.7 25.9
Albite 5.6 5.5 29.2
Calcite 57.6 58.5 41.4 56.2
Fly ash 18.8 16.7 5.6
Blast furnace slag 22.9
Magnesite 26.0 64.1 34.0 36.4 19.8
Fluorite 27.0 23.4 25.8 25.0 24.2
Wollastonite 29.0 48.2 34.8 40.3 22.9
Soda 16.4 35.9 7.5 22.2 24.0
Corundum 3.0 1.8
SiC 8.7 3.1 3.4
Hematite 1.7 1.4 3.0 2.4 2.2
wt% of each group 50.2 49.7 85.0 15.0 72.8 27.2 74.8 25.2 77.0 23.0

Table 3. Thermodynamically calculated values representing the equilibrium state [°C].

MP 0 MP 1 MP 2 MP 3 MP 4 MP 5

Acidic Basic Acidic Basic Acidic Basic Acidic Basic Acidic Basic

Solidus temperature [°C] 924 978 743 994 767 1017 767 992 743 991 800
Liquidus temperature [°C] 1190 2100 1938 1553 >2500 1563 2292 1141 2339 1147 2340
Amount of liquid phase at 1000°C
for each group [wt%]

26.5 66.7 15.9 23.2 34.9 0 10.1 63.2 21.0 57.1 12.5

Total amount of liquid phase at 1000°C
for the respective MP sample [wt%]

26.5 41.4 25.0 2.72 52.6 46.8
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used as a raw material, it was also considered in the
calculations. The respective results are summarized in
Table 3 and are compared with those of the standard mold
powder composition (MP 0). Under equilibrium conditions,
all samples show higher liquidus temperatures for the basic
granules than forMP 0.Whereas the liquidus temperatures
of the acidic granules for MP 1 –MP 3 are also higher, they
are lower in the cases of MP 4 and MP 5 containing no SiC.
Contrary, the solidus temperatures of basic granules are
lower, but higher for the acidic ones when compared with
MP 0. These results indicate a decelerated formation of
liquid phase during heating. Considering the total amount
of liquid phase at 1000°C under equilibrium conditions,
only MP 2 and especially MP 3 show lower values than the
standard carbon-containing mold powder. Nevertheless,
this may not be the case in the mold due to the high heating
rate and associated intermediate liquid phase formation in
disequilibrium. Thus, annealed specimens are investigated
mineralogically in Section 3.2.

If wollastonite, which also contains a basic oxide (CaO),
is used as a raw material component in the acidic granules,
the liquidus temperature decreases and the amount of
liquid phase at 1000°C increases. Nevertheless, wollastonite
is a common raw material component in mold powders.
Thus, it was intended to use it in the mixture composition
for further investigation.

In contrast to these calculations, the equilibrium state
is not achieved during melting in the continuous casting
process, and reaction kinetics play an essential role. Due to
the increased distance between acidic and basic compo-
nents of the mold powder, it is assumed that the sintering
tendencies of the samples are further reduced, and the
formation of new phases and the equilibrium liquid phase is
shifted to higher temperatures.
3.2 Mineralogical investigations

To verify the assumption that an increase in physical
distance delays the melting rate, initial investigations were
carried out on a mold powder composition previously
investigated as a single mixture (MP 1). The basic granules
contain calcite (CaCO3), magnesite (MgCO3), and sodium
carbonate (Na2CO3), the acidic ones quartz (SiO2), albite
Na(AlSi3O8), fly ash, wollastonite (CaSiO3), SiC, hematite
(Fe2O3) and fluorite (CaF2). The mineralogical investiga-
tions reveal that the fine basic particles start sintering



Fig. 1. Backscattered electron image of (a) a basic and (b) an acidic granule of sample 1 after annealing at 1000°C: 1 fluorite,
2 wollastonite, 3 SiC, 4 cuspidine, 5 residuum of magnesite, 6 magnesium fluoride, 7 fluorine-containing liquid phase, 8 albite.
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already at 900°C and decarburization of the larger
carbonate particles is observed at 1000°C. Decarburization
of calcite and magnesite takes place between 900�1000°C.
Due to the selected dwell time, fine carbonaceous particles
are completely decarburized, but the larger ones were
exposed to this temperature for a too short period. Thus,
decarburization was only detected at the porous appear-
ance of their surfaces, but in the dense center, carbon could
still be detected. This result was also confirmed by X-ray
diffraction analysis. In contrast, the acidic raw material
components are mainly present in their original state. Only
the dissociation of fluorite (CaF2) via solid – solid diffusion
is detected. Fluorine diffuses into the basic granules and
forms magnesium fluoride and a fluorine-containing liquid
phase (Fig. 1). Increasing the temperature to 1100°C causes
the sintering of basic and acidic granules and the formation
of a joined, continuous liquid with large pores. Mainly
cuspidine (Ca4(Si2O7)(F, OH)2), SiC and residuals of
intermediate fluorine containing phases are present in the
acidic granule. At 1200°C due to fast liquefaction of the
sample at the surface preventing oxygen supply for SiC
oxidation, SiC residuals are still observed at this tempera-
ture. Furthermore, large wollastonite particles have not yet
been dissolved into the liquid phase and are partly still
detected in the sample. In contrast, for the carbon
containing standard mold powder an independent lique-
faction of each granule is observed which has already been
discussed in [28,35].

Comparing these results with those of the standard
carbon-containing mold powder, a reduced sintering ten-
dency is observed. Thus, in the next step, the amount of SiC
used to control the melting rate was reduced to 2.6 wt%.
Furthermore, the effectofdifferentrawmaterial components
was investigated forMP2andMP3.Compared toMP1, the
reduction in SiC content results in the formation of new
phases at the granule boundaries already at 900°C. Na2O
diffuses into the acidic granules, Fluorine into basic ones,
forming different fluorides and, marginally cuspidine at the
contactzonebetweenthetwogranule types.Simultaneously,
the onset of calcite dissociation is observed. Further rise of
temperature to 1000°C results in an increasing amount
of liquid phase, especially in the acidic granules; however,
large solid raw material particles still exist (Fig. 2).
Cuspidine is present at the surface of basic granules and
within the acidic granules. The appearances of samplesMP2
and MP 3 after heat treatment at 1100°C and 1200°C are
comparable to those of MP 1, having a higher SiC content
of 5.99 wt%. In all samples, a continuous liquid phase with
large cuspidine crystals is present, containing areas of
conglomerated, residual SiC particles.

For a sample consisting only of a single granule type,
further reduction of the SiC content is not reasonable
because it is the only measure to inhibit reactions between
raw material components. In contrast, for mold powders
consisting of two different granule types, also the increased
distance for diffusion affects their interaction. Based on
these considerations, further decrease in SiC content or
even the complete removal of any melt-controlling
additives, is feasible. To verify this assumption, samples
containing no raw material that controls the melting
behavior of the mold powder were produced. Thus, the
composition of the acidic granules and, subsequently, the
basic granules was adapted (MP 4 and MP 5): The acidic
ones contain quartz, fly ash, fluorite, wollastonite, corun-
dum, and iron oxide but differ in the addition of blast
furnace slag. The raw materials of the basic granules were
kept the same, but their amounts was adjusted based on
the overall chemical composition of the standard slag after
liquefaction. In particular, at 900°C an obvious reaction
boundary from the granule surface towards the center is
observed. This effect is even more pronounced for the basic
granules. An intermediate liquid phase is already present at
this temperature in the basic granules; where due to the
fluorine diffusion, new fluorine-containing solid phases
(e.g., calcium magnesium fluorides or magnesium fluorides
of different compositions) and liquid phases are formed.
Nevertheless, the amount of liquid phase is still low. In the
case of MP 5, a porous rim at the boundary of the basic
granules is observed due to the reaction of fine particles;
however large particles do not take part in any reaction yet.
Only, quartz particles closer to the granule surface reveal a
marginal zone showing an increase in basic oxides due to
diffusion. As observed in the previously investigated
samples, cuspidine starts to form at the contact area



Fig. 2. Backscattered electron image of (a) a basic and (b) an acidic granule of sample MP 3 after annealing at 1000°C: 1 magnesium
fluoride, 2 calcium magnesium fluoride, 3 cuspidine, 4 liquid phase, 5 fluorite, 6 wollastonite, 7 SiC, 8 albite.

Fig. 3. Backscattered electron image of (a) MP 4 and (b) MP 5 after annealing at 1000°C: 1 cuspidine, 2 wollastonite, 3 quartz,
4 hematite, 5 fluorite, 6 diopside, 7 Ca2SiO4, 8 calcite, 9 magnesite, 10 calcium magnesium fluoride, 11 magnesium fluoride, 12 liquid
phase.
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between the granules. The samples annealed at 1000°C
reveal an increase in Na2O in acidic components and
decarburization of carbonates. The latter results in a
considerable mass loss of the basic granules and their porous
appearance. New phase formation, e.g. of cuspidine or an
intermediate liquidphase, is alsodetectedonly at thegranule
surfaces. In most cases, the raw materials in the center are
still not affected by any reaction (Fig. 3). If the temperature
rises to 1100°C, the amount of liquid phase increases, but the
granule shapes are still preserved. Thus, a continuous liquid
is not present even though no melt-controlling component
was added to this mixture. Whereas for MP 4, all granules
seemtohavemoreor less the samemineralogicalcomposition
(Fig. 4a), in case of MP 5 (Fig. 4b), partly residues of basic
granules may still be detected. To explain the differing
behavior,FactSage calculations for the granuleswere carried
out. The results summarized in Table 3 show that the
amount of liquid phase in MP 4, especially for the basic
granules, is considerably higher than for MP 5. Partly
replacement of wollastonite in the acidic granules by blast
furnace slag and the by this caused necessary increase of
calcite in the basic granules ofMP5, seem responsible for the
retarded liquefaction ofMP5 comparedwithMP4.Onemay
consider this as an increase in thebasicitydifference between
the two granules types. The presence of a liquid phase favors
the interaction between raw material particles and the
formation of new intermediate phases and additional liquid
phase. For the acidic granules of both samples, high amounts
of quartz are used.These particles are still present in notable
numbers at 1100°C. This indicates their slow reaction
tendency and additionally contributes to the fact that MP 4
still shows granular shapes, and the existence of basic
granules of MP 5 even at this temperature. Besides quartz,
both samples also reveal the presence of wollastonite
particles in contact with the liquid phase and cuspidine.
4 Discussion

In contrast to the thermodynamic calculations, in the
continuous casting process and during the temperature
treatment of the samples in laboratory, no equilibrium
state is achieved during ongoing liquefaction. Thus,
the results of the thermodynamic calculations can only



Fig. 4. Backscattered electron image of sample MP 4 after annealing at 1100°C: 1 cuspidine, 2 wollastonite, 3 quartz, 4 feldspar,
5 fluorite, 6 diopside, 7 liquid phase, 8 calcium magnesium fluoride, 12 liquid phase.
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be used to estimate the melting behavior of these samples.
Furthermore, acidic and basic components were considered
independently of each other for calculating the phase
composition as a function of temperature.

The results of the samples containing 5.99 wt% SiC as
melt-controlling additives show a considerable reduced
melting tendency comparedwith the standardmoldpowder.
Thus, the reduction of its contentwas reasonable, whichwas
confirmedbytheexperimental results.Theappearanceof the
investigated samples with reduced SiC content in depen-
dence on the temperaturewas similar to that of the standard
mold powder. The carbon content given in g/100 g mold
powder could be reduced from 1.84 for the standard mold
powder (MP 0) to 1.79 for MP 1 and 0.83 for MP 2,
respectively. To further reduce the overall carbon content in
mold powders and to remove the melt-controlling additives,
the reaction kinetics must be influenced using another
approach: a mold powder composition containing two
different granule types. The investigations revealed that
separating basic and acidic raw material components
increases diffusion paths. Furthermore, the presence of an
intermediate liquid phase is shifted to higher temperatures.
These intermediate liquids are formed between components
that are adjacentbutarenotmembersof a stableparagenesis
in chemical equilibrium, e.g., silica (SiO2)and lime (CaO).
Byseparating these components intodifferentgranules, such
intermediate liquid formation is mitigated. Both effects
diminish the reaction rate between acidic and basic
components, to form new (intermediate) phases, e.g.,
different fluorides, cuspidine or liquid phase. It has been
observed that reducing the amount of liquid phase in both
granule types is associated with retarded liquefaction. It is
plausible that a lower melt amount delays chemical
equilibration by liquid diffusion. The sum of the separately
calculated liquid phase amounts of both granule types will
not represent the melt content formed when both granule
types interact.

Considering the stability of the basic granules, it is
observed that the selection and combination of raw
material components further influence the melting behav-
ior of mold powders. This effect is even more evident for
mold powders made from two types of granules without
melt-controlling additives than for mixtures containing
these additives. An increased number of different basic raw
material components further supports the basic granule
stability with increasing temperature. A high CaO/SiO2
ratio of the mold powder is advantageous because the
amount of the basic components is increased. Calcite,
showing lower reactivity than, e.g., soda, supports the
stability of basic granules when added in larger quantities.
The temperature of liquid phase formation is shifted to
higher temperatures, and the interactions between
basic and acidic raw material components are reduced,
which leads to an increase of the stability of the basic
granules.

Furthermore, the melting behavior is affected by
particle size and specific surface area. In this study, the
raw materials exhibited grain sizes typical of casting
powders. The same batches were used throughout all
investigations, and identical treatments were applied to
each mixture. Consequently, it is assumed that the melting
behavior primarily depends on the rawmaterials employed,
which may vary in grain size, similar to standard spray-
dried products. Nevertheless, the grain size distributions of
the respective raw materials must be optimized to meet
process requirements. Such optimization is particularly
necessary when selecting samples for application in the
continuous casting process.

Comparisons of X-ray microanalysis of the homoge-
neous slag obtained after liquefaction of the investigated
samples with the chemical composition given in Table 1 are
in good agreement. This indicates the formation of a
uniform mold slag layer below 1200°C in the continuous
casting process without changing flow and crystallization
behavior.

The results revealed in this study suggest the applica-
tion of a mold powder containing no melt-controlling
additive for steels sensitive to re-carburization. Neverthe-
less, it must be considered that service conditions cannot be
represented in laboratory experiments. Thus, in the next
step, the applicability of this mold powders has to be tested
in the continuous casting process. The mold powder could
be produced similar to the procedure suggested in this
paper, with minor modifications for industrial scale.
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During spray-drying, difficulties may arise when process-
ing basic granules with a high soda content because it
exceeds the solubility limit of the slurry. Furthermore, a
delay in the formation of new phases affecting the melting
behavior can be expected, resulting from reduced contact
between particles within a granule caused due to the
formation of hollow spheres. Therefore, further investiga-
tion is required.
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