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(54) A wire for injecting into a steel melt and process of treating a steel melt using said wire

(57) A wire for injecting into a steel melt in an injection
direction, the wire comprising a metallic tubular shell en-
closing a core, the core comprising calcium or a calcium
containing compound, wherein the core also comprises
a distribution enhancing compound for distributing the
calcium or calcium containing compound in the steel melt
in a direction substantially perpendicular to the injection
direction wherein the distribution enhancing compound
comprises a compound having a vapour pressure which
is higher than the vapour pressure of calcium at liquid
steel temperatures for obtaining a more homogeneous
distribution of the calcium or calcium containing com-
pound in the steel melt. The invention also relates to a
process of treating a steel melt using said wire, the use
of said wire and the resulting continuously cast steel prod-
uct.
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Description

[0001] This invention relates to a wire for injecting into
a steel melt in an injection direction, the wire comprising
a metallic tubular shell enclosing a core, the core com-
prising calcium or a calcium containing compound. The
invention also relates to a process of treating a steel melt
using said wire and the use of said wire. The invention
further relates to a continuously cast steel product pro-
duced by said method using said wire.
[0002] Calcium (Ca) is used in the steel industry, par-
ticularly in the continuous casting of steel billet, slabs or
strip to improve the castability of aluminium-killed steel.
The calcium treatment results in the fluxing of alumina
inclusions into a calcium aluminate composition that is
liquid at casting temperatures. These calcium aluminates
are therefore unlikely to cause clogging of the refractory
casting tubes which are used to convey the liquid steel
from the ladle into the tundish and particularly those used
to convey the liquid steel from the tundish into the casting
mould.
[0003] DE2421743 discloses the use of a mixture or
an alloy of calcium with elements such as aluminium,
magnesium, strontium, barium, lithium, cerium or rare
earth metals for desulphurisation or desoxidation. Calci-
um is used to desulphurize the steel by forming solid
calcium sulphide particles (CaS). These particles also
form nucleation sites for manganese sulphide (MnS) par-
ticles to precipitate on during solidification, thereby form-
ing globular MnS-CaS precipitates. The formation of pure
MnS-particles in the steel is thereby prevented. These
MnS-particles are easily rolled out during hot rolling and
may serve as a stress raiser in a later application of the
steel in a product. However, a large calcium concentra-
tion at a given location in the melt will result in formation
of too much calcium sulphide, which lowers the amount
of calcium available to form calcium-aluminates, which
in turn adversely affects the clogging tendency.
[0004] It is known that for a consistent steel quality,
and for uninterrupted operation of the casting equipment,
a homogeneous distribution of the calcium over the liquid
steel is important.
[0005] In general, calcium is added after the liquid steel
has been killed by adding aluminium to the liquid steel.
The calcium addition usually takes place by injecting a
filled wire into the liquid steel, the wire comprising a shell,
which is usually metallic, and a calcium containing core
or filling. DE2421743 discloses the use of a filled steel
shell for desulphurization and desoxidation. In the con-
text of this description, the shell of the wire is to be un-
derstood to be elongated, and usually hollow. The wire
is injected into the liquid steel by means of an injecting
device which injects or shoots a chosen amount of wire
into the melt. Due to the high temperature of the melt,
the metallic shell melts and the core or filling of the wire
is released into the steel melt. Preferably, the wire is in-
jected into the melt at such a velocity that the wire melts
before it hits the bottom of the ladle wherein the liquid

steel is contained.
[0006] The problems with injecting calcium containing
wire into liquid steel is that the calcium addition is not
spread or distributed homogeneously over the steel melt
during calcium wire injection. The injection of the wire
only ensures a good distribution of the wire and thus of
the calcium addition in the injection direction of the wire.
[0007] It is an object of this invention to provide a filled
wire for injection into liquid steel ensuring an improved
distribution of the calcium addition during the calcium
treatment of a liquid steel.
[0008] It is also an object of this invention to provide a
filled wire for injection into liquid steel having an improved
yield of the calcium during the calcium treatment of a
liquid steel.
[0009] One or both of these objects are reached ac-
cording to the invention by providing a wire for injecting
into a steel melt in an injection direction, the wire com-
prising a metallic tubular shell enclosing a core, the core
comprising calcium or a calcium containing compound,
wherein the core also comprises a distribution enhancing
compound for distributing the calcium or calcium contain-
ing compound in the steel melt in a direction substantially
perpendicular to the injection direction wherein the dis-
tribution enhancing compound comprises a compound
having a vapour pressure which is higher than the vapour
pressure of calcium at liquid steel temperatures for ob-
taining a more homogeneous distribution of the calcium
or calcium containing compound in the steel melt.
[0010] By injecting the wire in the steel melt, the calci-
um or calcium containing compound is introduced in the
melt in the injection direction of the wire. This injection
ensures a good penetration of the calcium or calcium
containing compound substantially in the injection direc-
tion. As a result of buoyancy or of the action of bottom
bubbling, the calcium or calcium containing compound
rises through the melt, thereby ensuring a good distribu-
tion of the calcium or calcium containing compound in
the vertical direction, which is preferably substantially the
same direction as the injection direction. The presence
of the distribution enhancing compound ensures that the
calcium or calcium containing compound from the wire
is given an additional speed component in a second di-
rection which is directed away from the injection direction,
the second direction preferably being substantially per-
pendicular to the injection direction and therefore prefer-
ably substantially perpendicular to the vertical direction.
This additional speed component ensures an improved
lateral distribution of the calcium or calcium containing
compound and thereby a more homogeneous distribu-
tion of the calcium or calcium containing compound in
the steel melt. This in turn results in an improved yield of
the calcium or calcium containing compound because
the formation of calcium sulphide is prevented thereby
making the calcium or calcium containing compound
available for the formation of calcium-aluminates, and
thus preventing clogging of the ceramic tubes more ef-
fectively. Upon injecting in the steel melt, the shell of the
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wire quickly melts, thereby releasing the calcium or cal-
cium containing compound and the distribution enhanc-
ing compound. The distribution enhancing compound,
having a vapour pressure under the circumstances in a
steel melt particularly at the liquid steel temperature of
about 1600 °C, for instance in the ladle in a steel plant,
which is higher than that of the calcium or calcium con-
taining compound. This higher vapour pressure boosts
the calcium or calcium containing compound in a direc-
tion away from the wire, preferably substantially perpen-
dicularly to the injection direction of the wire.
[0011] In an embodiment of the invention the distribu-
tion enhancing compound comprises one or more of a
compound selected from the group of compounds com-
prising magnesium, magnesium-oxide, sodium, sodium-
oxide, zinc, zinc-oxide.
[0012] It was found by the inventors that magnesium,
magnesium-oxide, sodium, sodium-oxide, zinc, zinc-ox-
ide provide a vapour pressure under the circumstances
in a steel melt resulting in an improved lateral distribution
of the calcium or calcium containing compound. Prefer-
ably the vapour pressure generated by the distribution
enhancing compound is higher than that generated by
the calcium or calcium containing compound. It is noted
that cadmium or cadmium-oxide also provides a vapour
pressure under the circumstances in a steel melt which
is higher than the vapour pressure of calcium, but due to
the level of toxicity of cadmium, the industrial applicability
of such an addition as a distribution enhancing compound
is limited. It is also noted that the magnesium-oxide, so-
dium-oxide or zinc-oxide may also be provided in the
form of a magnesium-oxide containing compound, a so-
dium-oxide containing compound or a zinc-oxide con-
taining compound such as sodium-silicate anhydride
(Na2O.SiO2) in the case of a sodium-oxide addition.
[0013] In a preferred embodiment of the invention the
distribution enhancing compound comprises magnesium
and/or magnesium oxide.
[0014] It was found by the inventors that magnesium
(Mg) and/or magnesium oxide (MgO) provides a very
high vapour pressure under the circumstances in a steel
melt, thereby providing a very effective lateral distribution
of the calcium or calcium containing compound. The va-
pour pressure in the melt of the magnesium is significant-
ly higher than that of the calcium. It should be noted that
the magnesium oxide will be reduced to magnesium by
the calcium also present in the wire. The magnesium thus
formed will also vaporise and contribute to the very ef-
fective lateral distribution of the calcium or calcium con-
taining compound. It should be noted that the same holds
for sodium and sodium oxide, which also provide an ef-
fective lateral distribution of the calcium or calcium con-
taining compound as a result of the higher vapour pres-
sure in comparison to the vapour pressure of calcium in
the melt. It should be noted that the amount of magnesi-
um must be carefully trimmed to avoid too much turbu-
lence and too much MgO pick up in the calcium alumi-
nates. Preferably the weight ratio of magnesium to cal-

cium is between 1 to 10%, preferably at most 8%, more
preferably at most 5%. Preferably the ratio of magnesium
to calcium is at least 1.5%, more preferably at least 2%.
[0015] In an embodiment of the invention, the steel in
the steel melt is an unalloyed or low-allow steel, such as
low carbon steel having a carbon content of about 0.1%
in weight or less, an extra low-carbon steel having a car-
bon content of about 0.04% or less, an ultra low carbon
steel having a carbon content of about 0.01% or less,
carbon-manganese steel, microalloyed steel or the like.
By using the wire according to the invention, a steel prod-
uct after solidification can be produced with a total mag-
nesium content of between 0.5 and 10 ppm, and wherein
the magnesium in solid solution is below 2 ppm.
[0016] According to a second aspect of the invention,
a process of treating a steel melt is provided wherein a
wire as described above is introduced in the melt in an
injection direction, preferably a substantially vertical in-
jection direction, and wherein the calcium or calcium con-
taining compounds are distributed substantially perpen-
dicularly to the injection direction by the distribution en-
hancing compound. It is noted that a substantially vertical
injection direction includes the vertical injection direction
and injection directions deviating slightly from the vertical
as a result of a principal inability to obtain an absolutely
vertical direction under practical conditions in a steel-
works. In practice, substantially vertical means vertical
� 5°.
[0017] In an embodiment of the invention the distribu-
tion enhancing compound comprises a compound hav-
ing a vapour pressure which is higher than the vapour
pressure of calcium at liquid steel temperatures.
[0018] In an embodiment of the invention the distribu-
tion enhancing compound comprises one or more of a
compound selected from the group of compounds com-
prising magnesium, magnesium-oxide, sodium, sodium-
oxide, zinc, zinc-oxide, preferably wherein the distribu-
tion enhancing compound comprises magnesium and/or
magnesium oxide.
[0019] According to a third aspect of the invention, the
use of a wire as described above for improving the lateral
or spatial distribution of calcium or a calcium containing
compound in a steel melt after injection of the wire in the
steel melt by injection means is provided.
[0020] The invention is also embodied in a continuous-
ly cast steel produced using the process as described
above, wherein the amount of magnesium added to the
steel through the injection of the wire is between 0.5 and
50 ppm, or wherein the amount of MgO added to the steel
through the injection of the wire is between 0.5 and 50
ppm, or wherein the amount of (Mg+MgO) added to the
steel through the injection of the wire is between 0.5 and
50 ppm. Preferably the total magnesium content in the
steel is between 0.5 and 10 ppm, and wherein the mag-
nesium in solid solution is below 2 ppm.
[0021] It should be noted that ppm means grams of
compound per ton of liquid steel. It should also be noted
that with a continuously cast steel product a solidified
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product is meant. This cast product may be in the form
of a slab, billet, thin slab or cast strip. The product ac-
cording to the invention has been subjected to a calcium
treatment with a more homogeneous distribution of cal-
cium or calcium containing compound, and consequent-
ly, the final product will be more homogeneous in distri-
bution of CaS, and consequently of globular MnS-pre-
cipitates. Also, the casting process can be performed
more smoothly due to the reduced clogging tendency,
and thereby the casting is not interrupted or not interrupt-
ed as often as would have been the case with a poorer
distribution of calcium or calcium containing compound
in the melt prior to casting the continuously cast steel
product.
[0022] The invention is also embodied in a continuous-
ly cast steel product, produced as described above,
wherein the total magnesium content in the steel is be-
tween 1.0 and 10 ppm, and wherein the magnesium in
solid solution is below 2 ppm. It will be clear that the
magnesium in solid solution can only be measured in the
solidified condition of the continuously cast steel product.
[0023] The invention is also embodied in a continuous-
ly cast steel product, wherein the total magnesium con-
tent in the steel is between 1.0 and 10 ppm, and wherein
the magnesium in solid solution is below 2 ppm.
[0024] It is noted that US 4,094,666 and 6,685,763 dis-
close the use of calcium and magnesium. US 4,094,666
injects an iron sheathed clad product comprising calcium
and magnesium for desulphurisation and deoxidation
purposes in such a way that the vaporization of the cal-
cium and magnesium is deliberately prevented and a dis-
tribution enhancing effect of the calcium is consequently
not reached, nor strived at. In US 6,685,763 the magne-
sium is added to keep the deoxidation inclusions in the
liquid phase. A distribution enhancing effect of the calci-
um is neither obtained nor desired because the magne-
sium is also added alone without any calcium.
[0025] It is also noted that in some examples of US
4,094,666 and DE 2421743 magnesium additions are
made to cast iron. These additions are intended to inoc-
ulate the nodular graphite in nodular cast iron. These
additions do not result in any distribution enhancing effect
of the calcium which may simultaneously be added for
desulphurization or desoxidation purposes.
[0026] The invention will now be explained in more de-
tail by means of the following, non-limiting example.
[0027] A wire having a diameter of 13 mm was injected
into a steel melt, the wire comprising a metallic tubular
shell having a wall thickness of 0.5 mm enclosing a core,
the core comprising calcium or a calcium containing com-
pound and iron (CaFe wire) and 3% magnesium as a
distribution enhancing compound. The ratio of calcium
and iron in the CaFe wire is about 30:70, containing about
73 g Ca/m of wire and 2 g Mg/m. The addition of a small
amount of magnesium to the calcium wire will increase
the vapour pressure inside the wire and give the Calcium
particles, which are liquid or will just form a gas at the
injection depth, more momentum to spread from the lo-

cation where the wire dissolves into the liquid steel. In
this way the calcium will react in a larger amount of steel
than without magnesium and the formation of calcium
aluminates is increased and the formation of CaS is re-
duced. CaS is mainly formed due to high calcium activ-
ities that are present in the steel during calcium injection.
By distributing the Calcium over a larger volume of liquid
steel by the distribution enhancing compound, the local
calcium concentrations are reduced, thereby reducing
the tendency of the CaS-formation. It should be noted
that similar experiments using pure calcium wire instead
of CaFe-wire were performed. The inventors found that
when using wires with added magnesium as a distribution
enhancing compound produced a higher yield of the cal-
cium in the ladle as well as in the tundish, indicative for
a more effective use of the added calcium and hence of
a more effective calcium treatment.
[0028] The total addition of magnesium to the steel
through the injected wire is 0.5 ppm to 50 ppm when the
addition of calcium to the steel varies between 0.05 to
0.5 kg Ca/ton of steel. It should be noted that the amount
of magnesium injected in the steel can be chosen inde-
pendently of the amount of calcium injected in the steel
for instance by using different wires with different ratios
of magnesium to calcium. It was found by the inventors
that the relative yield of the magnesium decreases when
adding higher amounts of Magnesium. The total magne-
sium content in the steel after injection (total magnesium
being magnesium in the inclusions and magnesium dis-
solved in the steel) is 0.5 to 10 ppm. The amount of mag-
nesium in solid solution in the steel is below 2 ppm. Mass
balances done on the inclusions in calcium treated steel
show that practically all magnesium is present in the in-
clusions and the magnesium in solid solution, i.e. not in
an inclusion, is below 2 ppm. It should be noted that the
total magnesium content in the final steel product is the
sum of magnesium already present in the steel prior to
injecting, magnesium injected in the steel through the
injection of the magnesium containing wire and magne-
sium added after the injection of the wire.
[0029] The invention will now be explained in more de-
tail by means of the following, non-limiting Figure.
[0030] In Figure 1 a schematic drawing is presented
of the wire 10 comprising a metallic tubular shell 20 hav-
ing a certain thickness 40 enclosing a core 30. In Figure
1 the cross-section of the wire is substantially cylindrical,
but it is noted that in general the cross-section may also
be oval, triangular, square, rectangular, quadrangular or
even multi-angular such as hexagonal, wherein the cor-
ners may be rounded or sharp. The core 30 comprises
calcium or a calcium containing compound and a distri-
bution enhancing compound such as magnesium as de-
scribed above. The core may also comprise iron in case
of the so-called CaFe wire. The shell 20 of the wire may
be made of iron or steel. The core may in general be of
a solid, a powdery or a granular constitution. It will be
clear that Figure 1 only shows a small length of wire. In
practice the length of wire is much longer.
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[0031] It is of course to be understood that the present
invention is not limited to the embodiments and examples
described above, but encompasses any and all embod-
iments within the scope of the claims and the description
and within the spirit of the invention as herein disclosed.

Claims

1. A wire (10) for injecting into a steel melt in an injection
direction, the wire comprising a metallic tubular shell
(20) enclosing a core (30), the core comprising cal-
cium or a calcium containing compound, character-
ised in that the core also comprises a distribution
enhancing compound for distributing the calcium or
calcium containing compound in the steel melt in a
direction substantially perpendicular to the injection
direction wherein the distribution enhancing com-
pound comprises a compound having a vapour pres-
sure which is higher than the vapour pressure of cal-
cium at liquid steel temperatures for obtaining a more
homogeneous distribution of the calcium or calcium
containing compound in the steel melt.

2. Wire according to claim 1, wherein the distribution
enhancing compound comprises one or more of a
compound selected from the group of compounds
comprising magnesium, magnesium-oxide, sodium,
sodium-oxide, zinc, zinc-oxide.

3. Wire according to any one of the preceding claims,
wherein the distribution enhancing compound com-
prises magnesium and/or magnesium oxide.

4. Wire according to claim 3 wherein the weight ratio
of magnesium to calcium is between 1 to 10%, pref-
erably between 1.5 and 5%.

5. Wire according to any one of the preceding claims
wherein the core has a powdery or granular constu-
tion.

6. Wire according to any one of the preceding claims
wherein the shell is made of steel.

7. Process of treating a steel melt wherein a wire (10)
according to any of the preceding claims is intro-
duced in the melt in an injection direction, preferably
a substantially vertical injection direction, and where-
in the calcium or calcium containing compounds are
distributed substantially perpendicularly to the injec-
tion direction by the distribution enhancing com-
pound wherein the distribution enhancing compound
comprises a compound having a vapour pressure
which is higher than the vapour pressure of calcium
at liquid steel temperatures.

8. Process according to claim 7 wherein the distribution

enhancing compound comprises one or more of a
compound selected from the group of compounds
comprising magnesium, magnesium-oxide, sodium,
sodium-oxide, zinc, zinc-oxide, preferably wherein
the distribution enhancing compound comprises
magnesium and/or magnesium oxide.

9. Use of a wire (10) according to any one of the claims
1 to 6 for improving the spatial distribution of calcium
in a steel melt after injection of the wire in the steel
melt by injection means.

10. Continuously cast steel produced using the process
of claim 7 or 8, wherein the amount of magnesium
added to the steel through the injection of the wire
(10) is between 0.5 and 50 ppm, or wherein the
amount of MgO added to the steel through the injec-
tion of the wire (10) is between 0.5 and 50 ppm, or
wherein the amount of (Mg+MgO) added to the steel
through the injection of the wire (10) is between 0.5
and 50 ppm.

11. Continuously cast steel product, produced using the
process of claim 7 or 8, wherein the total magnesium
content in the steel is between 0.5 and 10 ppm, and
wherein the magnesium in solid solution is below 2
ppm
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