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METHODS AND COMPOSITIONS FOR DEOXIDIZED STEEL

BACKGROUND

[0001] Killed and semi-killed steels are traditionally deoxidized with an alloy of iron-
silicon (Fe-Si) or iron-silicon-manganese (Fe-Si-Mn) with some addition of aluminum (Al)
during tapping. However, the residual oxygen levels in the steel can vary between 20-30
ppm. Consequently, when oxygen levels in the steel are above 23 ppm, there is a higher
probability of forming more surface defects in cast billets. To avoid these surface and sub-
surface defects, most steel making plants inject an alloy of calcium-silicon (CaSi) wire to
decrease the residual oxygen levels to below 18 ppm. However, in many situations, CaSi is
too light to be added during tapping, and injection of CaSi at the ladle furnace cannot be done

in large quantities at many steel making plants due to space constraints.

[0002] Accordingly, there exists a growing need for deoxidizing materials for use in the

steel making process, and which can also provide good yields.
SUMMARY

[0003] In accordance with the purpose(s) of the invention, as embodied and broadly
described herein, the invention, in one aspect, relates to a method for producing deoxidized

steel.

[0004] In an exemplary aspect, disclosed is a method, comprising combining molten steel
and at least one deoxidizing agent under conditions effective to provide deoxidized steel,
wherein the at least one deoxidizing agent comprises an alloy of iron-manganese-silicon-

calcium (Fe-Mn-Si-Ca).

[0005] In another exemplary aspect, disclosed are steel compositions produced by the

disclosed methods.

[0006] In another exemplary aspect, disclosed are steel compositions comprising at least

one oxide of the alloy of Fe-Mn-Si-Ca.
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[0007] In another exemplary aspect, disclosed are articles of manufacture comprising the

disclosed compositions.

[0008] Additional advantages of the invention will be set forth in part in the description
which follows, and in part will be obvious from the description, or can be learned by practice
of the invention. The advantages of the invention will be realized and attained by means of
the elements and combinations particularly pointed out in the appended claims. It is to be
understood that both the foregoing general description and the following detailed description

are exemplary and explanatory only and are not restrictive of the invention, as claimed.
DESCRIPTION

[0009] The present invention can be understood more readily by reference to the

following detailed description of the invention and the Examples included therein.

[0010] Before the present compounds, compositions, articles, systems, devices, and/or
methods are disclosed and described, it is to be understood that they are not limited to
specific synthetic methods unless otherwise specified, or to particular reagents unless
otherwise specified, as such may, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular aspects only and is not
intended to be limiting. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, example

methods and materials are now described.

[0011] All publications mentioned herein are incorporated herein by reference to disclose
and describe the methods and/or materials in connection with which the publications are
cited. The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that
the present invention is not entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided herein can be different from the actual publication

dates, which can require independent confirmation.
A. DEFINITIONS

[0012] As used herein, nomenclature for compounds, including organic compounds, can
be given using common names, [UPAC, IUBMB, or CAS recommendations for

nomenclature.
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[0013] As used in the specification and the appended claims, the singular forms “a,” “an”
and “the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to “an oxidation product,” includes mixtures of two or more such

oxidation products, and the like.

[0014] Ranges can be expressed herein as from “about” one particular value, and/or to
“about” another particular value. When such a range is expressed, a further aspect includes
from the one particular value and/or to the other particular value. Similarly, when values are
expressed as approximations, by use of the antecedent “about,” it will be understood that the
particular value forms a further aspect. It will be further understood that the endpoints of
each of the ranges are significant both in relation to the other endpoint, and independently of
the other endpoint. It is also understood that there are a number of values disclosed herein,
and that each value is also herein disclosed as “about” that particular value in addition to the
value itself. For example, if the value “10” is disclosed, then “about 10” is also disclosed. It
is also understood that each unit between two particular units are also disclosed. For

example, if 10 and 15 are disclosed, then 11, 12, 13, and 14 are also disclosed.

[0015] References in the specification and concluding claims to parts by weight of a
particular element or component in a composition denotes the weight relationship between
the element or component and any other elements or components in the composition or article
for which a part by weight is expressed. Thus, in a compound containing 2 parts by weight of
component X and 5 parts by weight component Y, X and Y are present at a weight ratio of
2:5, and are present in such ratio regardless of whether additional components are contained

in the compound.

[0016] A weight percent (wt. %) of a component, unless specifically stated to the
contrary, is based on the total weight of the formulation or composition in which the

component is included.

[0017] As used herein, the terms “optional” or “optionally” means that the subsequently
described event or circumstance can or cannot occur, and that the description includes

instances where said event or circumstance occurs and instances where it does not.

[0018] Unless otherwise expressly stated, it is in no way intended that any method set
forth herein be construed as requiring that its steps be performed in a specific order.
Accordingly, where a method claim does not actually recite an order to be followed by its

steps or it is not otherwise specifically stated in the claims or descriptions that the steps are to
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be limited to a specific order, it is no way intended that an order be inferred, in any respect.
This holds for any possible non-express basis for interpretation, including: matters of logic
with respect to arrangement of steps or operational flow; plain meaning derived from
grammatical organization or punctuation; and the number or type of embodiments described

in the specification.

[0019] Disclosed are the components to be used to prepare the compositions of the
invention as well as the compositions themselves to be used within the methods disclosed
herein. These and other materials are disclosed herein, and it is understood that when
combinations, subsets, interactions, groups, etc. of these materials are disclosed that while
specific reference of each various individual and collective combinations and permutation of
these compounds cannot be explicitly disclosed, each is specifically contemplated and
described herein. For example, if a particular compound is disclosed and discussed and a
number of modifications that can be made to a number of molecules including the
compounds are discussed, specifically contemplated is each and every combination and
permutation of the compound and the modifications that are possible unless specifically
indicated to the contrary. Thus, if a class of molecules A, B, and C are disclosed as well as a
class of molecules D, E, and F and an example of a combination molecule, A-D is disclosed,
then even if each is not individually recited each is individually and collectively
contemplated meaning combinations, A-E, A-F, B-D, B-E, B-F, C-D, C-E, and C-F are
considered disclosed. Likewise, any subset or combination of these is also disclosed. Thus,
for example, the sub-group of A-E, B-F, and C-E would be considered disclosed. This
concept applies to all aspects of this application including, but not limited to, steps in
methods of making and using the compositions of the invention. Thus, if there are a variety
of additional steps that can be performed it is understood that each of these additional steps
can be performed with any specific embodiment or combination of embodiments of the

methods of the invention.

[0020] As used herein, the term “slag” refers to a by-product of the steelmaking process,

which separates the desired metal fraction from the unwanted fraction.

[0021] As used herein, the terms “steel ladle furnace slag,” and “deoxidized slag” are

used interchangeably and refers to the slag produced by the deoxidized steel making process.

[0022] As used herein, the term “killed steel” refers to steel that has been treated to

substantially or fully deoxidize the steel during the steel making process.



WO 2016/016718 PCT/IB2015/001754

[0023] As used herein, the term “semi-killed steel” refers to steel that has been treated to

partially deoxidize the steel during the steel making process.

[0024] It is understood that the compositions disclosed herein have certain functions.
Disclosed herein are certain structural requirements for performing the disclosed functions,
and it is understood that there are a variety of structures that can perform the same function
that are related to the disclosed structures, and that these structures will typically achieve the

same result.
B. METHOD
[0025] In various aspects, disclosed herein are methods for producing deoxidized steel.

[0026] In one aspect, disclosed herein is a method, comprising: combining molten steel
and at least one deoxidizing agent under conditions effective to provide deoxidized steel,

wherein the at least one deoxidizing agent comprises an alloy of Fe-Mn-Si-Ca.

[0027] In a further aspect, the underlying steel making process comprises the same or
substantially same steps as in the steel making process utilizing a conventional electric arc

| furnace (EAF). According to various aspects of the present invention, the electric arc furnace
is used for melting materials that has been fed into the furnace. In one aspect, and as one of
ordinary skill in the art would appreciate, the energy required for melting in the electric arc
furnace, is introduced by means of an electric current via one or more electrodes, and the heat
is transferred to the metallic charge via an electric arc. In further aspects of the invention, the
materials fed into the electric arc furnace have to avoid contact with the electrodes and

damage the same when charging the furnace.

[0028] In various aspects, the steps can comprise a melting step, a refining step, and a
tapping step. In a further aspect, the steel making process comprises liquefying the steel,
tapping in the ladle, and transferring to the ladle processing station. In a still further aspect,
the steel making process can comprise any desired process parameters, for example, and
without limitation, the parameters used in the conventional electric arc furnace (EAF), such

as temperature, residence time, reactors, and pressure.

[0029] The steel making process can follow any number of process routes or steps before
proceeding to the final casting step. Generally, the process can start with the raw material,
then proceed to the direct reduction, then proceed to the steelmaking, and then to the ladle

treatment.
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[0030] In one aspect, the molten steel is tapped into a ladle furnace prior to combining the
molten steel and at least one deoxidizing agent. In a further aspect, the step of combining the
molten steel and at least one deoxidizing agent is performed at the tapping stage of the steel

making process.

[0031] In various aspects, the deoxidizing agent is typically added at a tapping stage to
deoxidize steel in order to reduce the oxygen content and form a slag. In one aspect, the steel
making process involves removing the slag. In a further aspect, the slag can have a lower
density than the liquid steel. As such, the slag can float on top of the liquid steel. In a still
further aspect, the slag floats in the steel ladle and remains in the ladle. In a yet further
aspect, the slag can be removed prior to the casting from the ladle. In various aspects, the
conditions effective to provide deoxidized steel can comprise forming a slag layer over the
molten steel. In a further aspect, the slag layer comprises at least one oxidation product of the

Fe-Mn-Si-Ca alloy.

[0032] In various aspects, molten steels can contain residual dissolved oxygen after their
conversion from molten iron. Therefore, several strategies have been developed for
deoxidation based on the final product requirement. According to the degree of deoxidation,
carbon steels may be subdivided into three groups: (1) killed steel, (2) semi-killed and (3)
rimming steel. Killed steel is free from oxygen, semi—killed steel is incompletely deoxidized
steels containing some amount of oxygen, and rimming steel is non-deoxidized or partly

deoxidized steel.

[0033] In one aspect, the deoxidized steel can comprise killed or semi-killed steel. In
some aspects, the deoxidized steel is killed steel. In other aspects, the deoxidized steel is

semi-killed steel.

[0034] In one aspect, the deoxidized steel has an oxygen content of less than about 23
ppm. In a further aspect, the deoxidized steel has an oxygen content of less than about 20
ppm. In a still further aspect, the deoxidized steel has an oxygen content of less than about

18 ppm. In a yet further aspect, the deoxidized steel has an oxygen content of less about 15
ppm.

[0035] In one aspect, the deoxidized steel has an oxygen content ranging from about 1
ppm to 20 ppm, including exemplary values 2 ppm, 3 ppm, 4 ppm, 5 ppm, 6 ppm, 7 ppm, 8
ppm, 9 ppm, 10 ppm, 11 ppm, 12 ppm, 13 ppm, 14 ppm, 15 ppm, 16 ppm, 17 ppm, 18 ppm,

and 19 ppm. In another aspect, the range can be derived from any two exemplary values. In
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another aspect, the range can be derived from any two exemplary values. For example, the

oxygen content can range from 1 ppm to 18 ppm.

[0036] According to aspects of the disclosure, a deoxidizing agent is added at a ladle step
in the steel making process. In another aspect, the ladle step can comprises heating,
desulfurization, alloying, or rinsing, or combinations thereof. In a further aspect, the ladle
treatment step can be used for desulfurization, homogenization of temperature, or to adjust

the chemical composition for casting, or combinations thereof.

[0037] In a further aspect, a ladle step in the steel making process serves to refine the
steel. For example, unwanted impurities in the steel can be removed and the steel can be
homogenized. A ladle step can comprise heating molten steel by the use of electrodes, which
are operated by electricity. Homogenization of the steel temperature and chemistry can be
achieved by use of inert gas which is stirred with the molten steel. The production of alloys
can also be achieved through bulk or trim chemical control. The ladle step can also be used
for desulfurization of the steel. The ladle step acts as a buffer for downstream steelmaking
equipment. As such, the addition of a deoxidizing agent to the steel process during the ladle
step promotes the refinement of the final product, deoxidized steel. The composition of the

deoxidizing agent has beneficial properties for the deoxidized steel process.

[0038] In one aspect, the deoxidizing agent comprises an alloy of Fe-Mn-Si-Ca. In a
further aspect, the alloy comprises calcium in an amount ranging from 1 wt % to 30 wt %,
including exemplary values of 2 wt %, 3 wt %, 4 wt %, 5 wt %, 6 wt %, 7 wt %, 8 wt %, 9 wt
%, 10 wt %, 11 wt %, 12 wt %, 13 wt %, 14 wt %, 15 wt %, 16 wt %, 17 wt %, 18 wt %, 19
wt %, 20 wt %, 21 wt %, 22 wt %, 23 wt %, 24 wt %, 25 wt %, 26 wt %, 27 wt %, 28 wt %,
or 29 wt %. In another aspect, the range can be derived from any two of the foregoing
exemplary values. For example, the alloy can comprise calcium in an amount ranging from 1

wt % to 29 wt %, based on the total weight percentage of the alloy.

[0039] In a further aspect, the alloy comprises manganese in an amount ranging from 1
wt % to 20 wt %, including exemplary values of 2 wt %, 3 wt %, 4 wt %, 5 wt %, 6 wt %, 7
wt %, 8 wt %, 9 wt %, 10 wt %, 11 wt %, 12 wt %, 13 wt %, 14 wt %, 15 wt %, 16 wt %, 17
wt %, 18 wt %, or 19 wt %. In another aspect, the range can be derived from any two of the
foregoing exemplary values. For example, the alloy can comprise manganese in an amount

ranging from 1 wt % to 19 wt %, based on the total weight percentage of the alloy.
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[0040] In a further aspect, the alloy comprises silicon in an amount ranging from 40 wt %
to 60 wt %, including exemplary values of 41wt %, 42 wt %, 43 wt %, 44 wt %, 45 wt %, 46
wt %, 47 wt %, 48 wt %, 49 wt %, 50 wt %, 51 wt %, 52 wt %, 53 wt %, 54 wt %, 55 wt %,
56 wt %, 57 wt %, 58 wt %, or 59 wt %. In another aspect, the range can be derived from
any two of the foregoing exemplary values. For example, the alloy can comprise silicon in an

amount ranging from 41 wt % to 59 wt %, based on the total weight percentage of the alloy.

[0041] In a further aspect, the alloy comprises iron in an amount ranging from greater
than 0 wt % to 10 wt %, including exemplary values of 2 wt %, 3 wt %, 4 wt %, 5 wt %, 6 wt
%, 7 wt %, 8 wt %, or 9 wt %. In another aspect, the range can be derived from any two of
the foregoing exemplary values. For example, the alloy can comprise iron in an amount

ranging from 1 wt % to 9 wt %, based on the total weight percentage of the alloy.

[0042] In a further aspect, the alloy comprises: calcium in an amount ranging from 1 wt
% to 30 wt %; manganese in an amount ranging from 1 wt % to 20 wt %; silicon in an

amount ranging from 40 wt % to 60 wt %; and wt % balance of Fe.

[0043] In some aspects, the alloy is an alloy consisting essentially of Fe-Mn-Si-Ca. In
other aspects, the alloy is an alloy consisting of Fe-Mn-Si-Ca. In further aspects, the alloy
does not comprise a substantial amount of aluminum, barium, or strontium. In still further

aspects, the alloy is substantially free of any amount of aluminum, barium, or strontium.

[0044] In one aspect, the deoxidizing agent is added before the molten steel to the ladle
furnace. In another aspect, the deoxidizing agent is added at the same time as the molten
steel to the ladle furnace. In a further aspect, the deoxidizing agent is added after 20 wt % to
25 wt % of the total amount of the molten steel has been added to the ladle, including
exemplary values of 21 wt %, 22 wt %, 23 wt %, and 24 wt %. In another aspect, the range
can be derived from any two exemplary values. For example, the deoxidizing agent is added

after 21 wt % to 25 wt % of the total amount of the molten steel has been added to the ladle.

[0045] In a further aspect, the ladle step can have any desired residence time. In a still
further aspect, the ladle step has a residence time in an amount ranging from 25 min to 50
min after the tapping step, including exemplary values of 26 min, 27 min, 28 min, 29 min, 30
min, 31 min, 32 min, 33 min, 34 min, 35 min, 36 min, 37 min, 38 min, 39 min, 40 min, 41
min, 42 min, 43 min, 44 min, 45 min, 46 min, 47 min, 48 min, and 49 min. In another aspect,

the range can be derived from any two exemplary values. For example, the ladle step can
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have a residence time in an amount ranging from 30 minutes to 45 minutes after the tapping

step.
[0046] After the ladle step, the process continues to the billet caster step.

[0047] In a further aspect, method comprises adding the deoxidizing agent to a ladle
under conditions effective to provide deoxidized steel, wherein the conditions effective
comprises adjusting the ladle to a temperature ranging from about 1500 °C to about 1700 °C,
including exemplary values 1510 °C, 1520 °C, 1530 °C, 1540 °C, 1550 °C, 1560 °C, 1570
°C, 1580 °C, 1590 °C, 1600 °C, 1610 °C, 1620 °C, 1630 °C, 1640 °C, 1650 °C, 1660 °C,
1670°C, 1680 °C, and 1690 °C. In another aspect, the range can be derived from any two

exemplary values. For example, the temperature ranges from 1510 °C to 1690 °C.

[0048] In one aspect, the method comprises a tapping step. In a further aspect, the
deoxidizing agent can be added at the time of tapping. In a still further aspect, the molten

steel is tapped prior to combining the molten steel and at least one deoxidizing agent.

[0049] The tapping step occurs once the desired steel composition and temperature are
achieved in the electric arc furnace, then the tap-hole is opened, the furnace is tilted, and the
steel pours into a ladle for transfer to the next batch operation (usually a ladle furnace or ladle

station).

[0050] In one aspect, the method comprises a casting or forming step. In a further aspect,
the deoxidized molten steel is casted into an article of manufacture. In a still further aspect,

the casting steel is a billet caster step.

[0051] In a further aspect, the billet caster step can produce the steel as a long product. In
one aspect, the long product comprises a bar, rod, wire, and/or beam. In another aspect, the
size of the billet cross section produced by the billet caster can vary from 100x100mm to

250x250 mm.

[0052] In various aspects, the disclosed methods can be used to make the disclosed steel
compositions.

C. STEEL COMPOSITIONS

[0053] In various aspect, the invention relates to a steel composition. In a further aspect,

the steel composition is produced by a disclosed method.
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[0054] In one aspect, disclosed herein is a steel composition comprising at least one oxide

of the alloy of Fe-Mn-Si-Ca.

[0055] In another aspect, disclosed herein is a steel composition produced by the step of
combining molten steel and at least one deoxidizing agent under conditions effective to
provide deoxidized steel, wherein the at least one deoxidizing agent comprises an alloy of Fe-

Mn-Si-Ca.

[0056] In one aspect, the steel composition comprises at least one oxide of the alloy of
Fe-Mn-Si-Ca. In a further aspect, the at least one oxide is present in the steel is Si02, MnO,
CaO, FeO, or a combination thereof. In a still further aspect, the steel composition comprises

Si02, MnO, CaO, and FeO.

[0057] In one aspect, the steel composition can comprise killed or semi-killed steel. In
some aspects, the steel composition is killed steel. In other aspects, the deoxidized steel is

semi-killed steel.

[0058] In a one aspect, the steel composition has an oxygen content of less than about 23
ppm. In a further aspect, the steel composition has an oxygen content of less than about 20
ppm. In a still further aspect, the steel composition has an oxygen content of less than about

18 ppm. In a yet further aspect, the steel composition has an oxygen content of less about 15

[0059] In one aspect, the steel composition has an oxygen content ranging from about 1
ppm to 20 ppm, including exemplary values 2 ppm, 3 ppm, 4 ppm, 5 ppm, 6 ppm, 7 ppm, 8
ppm, 9 ppm, 10 ppm, 11 ppm, 12 ppm, 13 ppm, 14 ppm, 15 ppm, 16 ppm, 17 ppm, 18 ppm,
and 19 ppm. In another aspect, the range can be derived from any two exemplary values. In
another aspect, the range can be derived from any two exemplary values. For example, the

oxygen content can range from 1 ppm to 18 ppm.

[0060] In one aspect, the deoxidizing agent comprises an alloy of Fe-Mn-Si-Ca. In a
further aspect, the alloy comprises calcium in an amount ranging from 1 wt % to 30 wt %,
including exemplary values of 2 wt %, 3 wt %, 4 wt %, 5 wt %, 6 wt %, 7 wt %, 8 wt %, 9 wt
%, 10 wt %, 11 wt %, 12 wt %, 13 wt %, 14 wt %, 15 wt %, 16 wt %, 17 wt %, 18 wt %, 19
wt %, 20 wt %, 21 wt %, 22 wt %, 23 wt %, 24 wt %, 25 wt %, 26 wt %, 27 wt %, 28 wt %,
or 29 wt %. In another aspect, the range can be derived from any two of the foregoing
exemplary values. For example, the alloy can comprise calcium in an amount ranging from 1

wt % to 29 wt %, based on the total weight percentage of the alloy.

10
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[0061] In a further aspect, the alloy comprises manganese in an amount ranging from 1
wt % to 20 wt %, including exemplary values of 2 wt %, 3 wt %, 4 wt %, 5 wt %, 6 wt %, 7
wt %, 8 wt %, 9 wt %, 10 wt %, 11 wt %, 12 wt %, 13 wt %, 14 wt %, 15 wt %, 16 wt %, 17
wt %, 18 wt %, or 19 wt %. In another aspect, the range can be derived from any two of the
foregoing exemplary values. For example, the alloy can comprise manganese in an amount

ranging from 1 wt % to 19 wt %, based on the total weight percentage of the alloy.

[0062] In a further aspect, the alloy comprises silicon in an amount ranging from 40 wt %
to 60 wt %, including exemplary values of 41 wt %, 42 wt %, 43 wt %, 44 wt %, 45 wt %, 46
wt %, 47 wt %, 48 wt %, 49 wt %, 50 wt %, 51 wt %, 52 wt %, 53 wt %, 54 wt %, 55 wt %,
56 wt %, 57 wt %, 58 wt %, or 59 wt %. In another aspect, the range can be derived from
any two of the foregoing exemplary values. For example, the alloy can comprise silicon in an

amount ranging from 41 wt % to 59 wt %, based on the total weight percentage of the alloy.

[0063] In a further aspect, the alloy comprises iron in an amount ranging from greater
than 0 wt % to 10 wt %, including exemplary values of 2 wt %, 3 wt %, 4 wt %, 5 wt %, 6 wt
%, 7 wt %, 8 wt %, or 9 wt %. In another aspect, the range can be derived from any two of
the foregoing exemplary values. For example, the alloy can comprise iron in an amount

ranging from 1 wt % to 9 wt %, based on the total weight percentage of the alloy.

[0064] In a further aspect, the alloy comprises: calcium in an amount ranging from 1 wt
% to 30 wt %; manganese in an amount ranging from 1 wt % to 20 wt %; silicon in an

amount ranging from 40 wt % to 60 wt %; and wt % balance of Fe.

[0065] In some aspects, the alloy is an alloy consisting essentially of Fe-Mn-Si-Ca. In
other aspects, the alloy is an alloy consisting of Fe-Mn-Si-Ca. In further aspects, the alloy
does not comprise a substantial amount of aluminum, barium, or strontium. In still further

aspects, the alloy is substantially free of any amount of aluminum, barium, or strontium.
[0066] In various aspects, the disclosed methods and steel compositions can be used to
make the disclosed articles of manufacture.

D. ARTICLE OF MANUFACTURE

[0067] In one aspect, the invention relates to an article of manufacture comprising
deoxidized steel produced using the disclosed methods. In a further aspect, the article is a

long product.

11
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[0068] In one aspect, the long product comprises a bar, a rod, a wire, or a beam. Such

articles can be used in construction and structural applications.

[0069] It is also understood that the disclosed methods can be employed to make the

articles of manufacture.

E. ASPECTS

[0070] The disclosed methods and articles include at least the following aspects.

[0071]) Aspect 1: A method, comprising:

combining molten steel and at least one deoxidizing agent under conditions effective to
provide deoxidized steel, wherein the at least one deoxidizing agent comprises an alloy of Fe-

Mn-Si-Ca.

[0072] Aspect 2: The method of claim 1, wherein the molten steel is tapped into a ladle

furnace prior to combining the molten steel and at least one deoxidizing agent.

[0073] Aspect 3: The method of claim 1 or 2, wherein step of combining the molten
steel and at least one deoxidizing agent is performed at the tapping stage of the steel making

process.

[0074] Aspect 4: The method of claims 1-3, wherein the conditions effective to provide

deoxidized steel comprises forming a slag layer over the molten steel.

[0075] Aspect 5: The method of claim 4, wherein the slag layer comprises at least one

oxidation product of the FeMnSiCa alloy.

[0076] Aspect 6: The method of claim 5, wherein the oxidization product comprises at

least one of CaO, MnO, SiO2, FeO, or a combination thereof.

[0077] Aspect 7:  The method of claims 1-6, wherein the deoxidized steel is semi-killed
or killed steel.

[0078] Aspect 8: The method of claims 1-7, wherein the deoxidized steel has a oxygen

content of less than about 23 ppm.

[0079] Aspect 9: The method of claims 1-8, wherein the deoxidized steel has a oxygen

content of less than about 20 ppm.

[0080] Aspect 10: The method of claimss 1-9, wherein the deoxidized steel has a oxygen

content of less than about 18 ppm.
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[0081] Aspect 11: The method of claims 1-10, wherein deoxidized steel has a oxygen

content of less about 15 ppm.

[0082] Aspect 12: The method of claims 1-11, wherein the alloy comprises calcium in an

amount ranging from 1 wt % to 30 wt %.

[0083] Aspect 13: The method of claims 1-12, wherein the alloy comprises manganese in

an amount ranging from 1 wt % to 20 wt %.

[0084] Aspect 14: The method of claims 1-13, wherein the alloy comprises silicon in an

amount ranging from 40 wt % to 60 wt %.

[0085] Aspect 15: The method of claims 1-14, wherein the alloy comprises iron in an

amount ranging from greater than 0 wt % to 10 wt %.

[0086] Aspect 16: The method of claims 1-15, wherein the alloy comprises

a. calcium in an amount ranging from 1 wt % to 30 wt %;

b. manganese in an amount ranging from 1 wt % to 20 wt %;
c. silicon in an amount ranging from 40 wt % to 60 wt %; and
d. wt % balance of Fe.

[0087] Aspect 17: The method of claims 1-15, wherein the alloy is an alloy consisting
essentially of Fe-Mn-Si-Ca.

[0088] Aspect 18: The method of claims 1-15, wherein the alloy is an alloy consisting of
Fe-Mn-Si-Ca.
[0089] Aspect 19: The method of claims 1-18, wherein the alloy does not comprise a

substantial amount of aluminum, barium, or strontium.

[0090] Aspect 20: The method of claims 1-19, wherein the oxygen content of the
deoxidized molten steel is less than the oxygen content of the molten steel prior to combining

with the at least one deoxidizing agent.

[0091] Aspect 21: The method of claims 1-20, wherein the deoxidized molten steel is

casted into an article of manufacture.
[0092] Aspect 22: The method of claim 21, wherein the article is a long product.
[0093] Aspect 23: The method of claim 21, wherein the long product comprises a bar, a

rod, a wire, or a beam.
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[0094] Aspect 24: A steel composition produced by the method of any preceding claim.

[0095] Aspect 25: The composition of claim 21, where the steel composition comprises at

least one oxide of the alloy of Fe-Mn-Si-Ca.

[0096] Aspect 26: The composition of claim 25, wherein the at least one oxide is present

in the steel is Si02, MnO, CaO, FeO, or a combination thereof.

[0097] Aspect 27: The composition of claim 25, wherein the steel composition comprises

Si02, MnO, CaO0, and FeO.

[0098] Aspect 28: The composition of claims 21-27, wherein the steel composition has a

oxygen content of less than about 23 ppm.

[0099] Aspect 29: The composition of claim 21-27, wherein steel composition has a

oxygen content less tham about 20 ppm.

[00100]  Aspect 30: The composition of of claims 21-27, wherein steel composition has a

oxygen content less than about 18 ppm.

[00101] Aspect 31: A steel composition comprising at least one oxide of the alloy of Fe-
Mn-Si-Ca.

[00102] Aspect 32: The composition of claim 31, wherein the alloy is an alloy consisting

essentially of Fe-Mn-Si-Ca.

[00103] Aspect 33: The composition of claim 31, wherein the steel composition comprises

SiO2, MnO, CaO, and FeO.

[00104]  Aspect 34: The composition of claims 31-33, wherein the the steel composition

has a oxygen content of less than about 23 ppm.

[00105]  Aspect 35: The composition of claims 31-33, wherein the the steel composition

has a oxygen content of less than about 20 ppm.

[00106] Aspect 36: The composition of claims 31-33, wherein the the steel composition

has a oxygen content of less than about 18 ppm.

[00107]  Aspect 37: An article of manufacture comprising the composition of any

preceding claim.

[00108]  Aspect 38: The article of manufacture of claim 37, wherein the article is a long

product.
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[00109]  Aspect 39: The article of manufacture of any preceding claim, wherein the long

product comprises a bar, a rod, a wire, or a beam.
F. EXPERIMENTAL

[00110] While aspects of the present invention can be described and claimed in a
particular statutory class, such as the system statutory class, this is for convenience only and
one of skill in the art will understand that each aspect of the present invention can be
described and claimed in any statutory class. Unless otherwise expressly stated, it is in no
way intended that any method or aspect set forth herein be construed as requiring that its
steps be performed in a specific order. Accordingly, where a method claim does not
specifically state in the claims or descriptions that the steps are to be limited to a specific
order, it is no way. Appreciably intended that an order be inferred, in any respect. This holds
for any possible non-express basis for interpretation, including matters of logic with respect
to arrangement of steps or operational flow, plain meaning derived from grammatical

organization or punctuation, or the number or type of aspects described in the specification.

[00111] Throughout this application, various publications are referenced. The disclosures
of these publications in their entireties are hereby incorporated by reference into this
application in order to more fully describe the state of the art to which this pertains. The
references disclosed are also individually and specifically incorporated by reference herein
for the material contained in them that is discussed in the sentence in which the reference is
relied upon. Nothing herein is to be construed as an admission that the present invention is
not entitled to antedate such publication by virtue of prior invention. Further, the dates of
publication provided herein can be different from the actual publication dates, which can

require independent confirmation.
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CLAIMS

What is claimed is:

1.

10.

11.

12.

13.

14.

A method, comprising:

combining molten steel and at least one deoxidizing agent under conditions
effective to provide deoxidized steel, wherein the at least one deoxidizing
agent comprises an alloy of Fe-Mn-Si-Ca.

The method of claim 1, wherein the molten steel is tapped into a ladle furnace prior to
combining the molten steel and at least one deoxidizing agent.

The method of claim 1 or 2, wherein step of combining the molten steel and at least
one deoxidizing agent is performed at the tapping stage of the steel making process.

The method of claims 1-3, wherein the conditions effective to provide deoxidized
steel comprises forming a slag layer over the molten steel.

The method of claim 4, wherein the slag layer comprises at least one oxidation
product of the FeMnSiCa alloy.

The method of claim 5, wherein the oxidization product comprises at least one of
CaO, MnO, Si102, FeO, or a combination thereof.

The method of claims 1-6, wherein the deoxidized steel is semi-killed or killed steel.

The method of claims 1-7, wherein the deoxidized steel has a oxygen content of less
than about 23 ppm.

The method of claims 1-8, wherein the deoxidized steel has a oxygen content of less
than about 20 ppm.

The method of claimss 1-9, wherein the deoxidized steel has a oxygen content of less
than about 18 ppm.

The method of claims 1-10, wherein deoxidized steel has a oxygen content of less
about 15 ppm.

The method of claims 1-11, wherein the alloy comprises calcium in an amount
ranging from 1 wt % to 30 wt %.

The method of claims 1-12, wherein the alloy comprises manganese in an amount
ranging from 1 wt % to 20 wt %.

The method of claims 1-13, wherein the alloy comprises silicon in an amount ranging
from 40 wt % to 60 wt %.
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15. The method of claims 1-14, wherein the alloy comprises iron in an amount ranging
from greater than 0 wt % to 10 wt %.

16. The method of claims 1-15, wherein the alloy comprises
a. calcium in an amount ranging from 1 wt % to 30 wt %;
b. manganese in an amount ranging from 1 wt % to 20 wt %;
c. silicon in an amount ranging from 40 wt % to 60 wt %; and
d. wt % balance of Fe.

17. The method of claims 1-15, wherein the alloy is an alloy consisting essentially of Fe-
Mn-Si-Ca.

18. The method of claims 1-15, wherein the alloy is an alloy consisting of Fe-Mn-Si-Ca.

19. The method of claims 1-18, wherein the alloy does not comprise a substantial amount
of aluminum, barium, or strontium.

20. The method of claims 1-19, wherein the oxygen content of the deoxidized molten
steel is less than the oxygen content of the molten steel prior to combining with the at
least one deoxidizing agent.

21. The method of claims 1-20, wherein the deoxidized molten steel is casted into an
article of manufacture.

22. The method of claim 21, wherein the article is a long product.

23. The method of claim 21, wherein the long product comprises a bar, a rod, a wire, or a
beam.

24. A steel composition produced by the method of any preceding claim.

25. The composition of claim 21, where the steel composition comprises at least one
oxide of the alloy of Fe-Mn-Si-Ca.

26. The composition of claim 25, wherein the at least one oxide is present in the steel is
Si02, MnO, Ca0, FeO, or a combination thereof.

27. The composition of claim 25, wherein the steel composition comprises Si02, MnO,
Ca0, and FeO.

28. The composition of claims 21-27, wherein the steel composition has a oxygen content
of less than about 23 ppm.
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29. The composition of claim 21-27, wherein steel composition has a oxygen content less
tham about 20 ppm.

30. The composition of of claims 21-27, wherein steel composition has a oxygen content
less than about 18 ppm.

31. A steel composition comprising at least one oxide of the alloy of Fe-Mn-Si-Ca.

32. The composition of claim 31, wherein the alloy is an alloy consisting essentially of
Fe-Mn-Si-Ca.

33. The composition of claim 31, wherein the steel composition comprises SiO2, MnO,
Ca0, and FeO.

34. The composition of claims 31-33, wherein the the steel composition has a oxygen
content of less than about 23 ppm.

35. The composition of claims 31-33, wherein the the steel composition has a oxygen
content of less than about 20 ppm.

36. The composition of claims 31-33, wherein the the steel composition has a oxygen
content of less than about 18 ppm.

37. An article of manufacture comprising the composition of any preceding claim.
38. The article of manufacture of claim 37, wherein the article is a long product.

39. The article of manufacture of any preceding claim, wherein the long product
comprises a bar, a rod, a wire, or a beam.
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