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(57) ABSTRACT 

In producing high-quality Steel with use of copper-containing 
steel scraps as an iron Source, the copper-containing steel 
scraps are melted with addition of carbon to produce hot 
metal for steelmaking, then, copper contained in the hot metal 
is removed by Sulfur-containing flux, and Sulfur contained in 
the hot metal is removed. With this method, the copper in the 
steel scraps can be removed efficiently and without the need 
for large facilities. Preferably, the sulfur-containing flux used 
is flux having Na2S as the main component. The treatment for 
removing copper in the hot metal is preferably carried out 
with use of refining equipment with mechanical stirrer or by 
the flux injecting method. Besides, it is preferable that a shaft 
furnace having a coke bed formed inside is used to produce 
hot metal having a higher concentration of Sulfur for the 
copper removal treatment. 
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METHOD FOR REMOVING COPPER IN 
STEEL SCRAPS 

TECHNICAL FIELD 

0001. The present invention relates to a method for remov 
ing copper in steel scraps that may pose a quality problem 
when producing high-quality steel with use of the steel Scraps 
as an iron Source. 

BACKGROUND ART 

0002 An iron source used in steel making is principally 
hot metal obtained by reduction of iron ore in a blast furnace. 
However, Steel scraps generated in processing of ferrous 
materials and steel scraps generated with deterioration of 
mechanical products and building and plants are also used 
much as iron. Production of hot metal in blast furnace needs 
a considerable amount of energy for reducing and melting of 
iron ore. However, the Steel scraps only need melting heat and 
use of steel Scraps in Steelmaking is advantageous in that the 
amount of used energy corresponding to reduction heat of 
iron ore can be reduced. Accordingly, acceleration of use of 
steel scraps is desirable in terms of prevention of global 
warming by reduction of carbon-dioxide emissions and 
energy saving. 
0003 Conventionally, steel scraps are often used by being 
inserted directly into a steel furnace Such as an electric arc 
furnace or converter. However, if various steel scraps are used 
as the iron source, composition adjustment of produced mol 
ten steel is difficult. Besides, as the converteruses combustion 
heat of carbon in hot metal as melting heat of the steel scraps, 
if the blend ratio of steel scraps is increased, it becomes 
difficult to maintain the temperature required for the next 
steps, which is a drawback. On the other hand, the electric arc 
furnace is low in energy efficiency and has a drawback in 
terms of energy use amount. Then, in recent years, attention 
has been focused on a method of using a shaft furnace, which 
is of high energy efficiency, and melting steel scraps simply 
and at low costs as a previous step to the converter to obtain as 
uniform a composition as possible. 
0004 Meanwhile, in reuse of steel scraps, tramp elements, 
notably copper and tin accompanying these steel scraps are 
inevitably mixed in the molten iron during melting of the steel 
scraps. The tramp elements are components that impair steel 
property and need to be held at a fixed concentration or less. 
Therefore, as an iron source for producing high-quality steel, 
it is difficult to use low-quality steel Scraps that may contain 
copper and tin. However, considering increase of generated 
steel scraps and increasing demands for use of steel Scraps to 
reduce CO, it is necessary to accelerate reuse of low-quality 
steel scraps. 
0005. As a current, sole, effective and practical technique 
for using low-quality steel scraps, there is a method for 
decomposing steel Scraps physically, separating harmful con 
stituents by humans or magnetic separation, mixing the sepa 
rated harmful constituents with a material that hardly con 
tains harmful constituents and using the mixture within the 
bounds of no problem as material for steel. However, in this 
method, it is difficult to reuse the steel scraps of used cars in 
large amounts and this method is not sufficient as a solution to 
remove copper in Steel scraps for an expected future time 
when steel scraps are generated in large amounts. 
0006. On the other hand, as a method for removing copper 
after the copper is mixed in molten iron, the following prin 
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ciple invention is known. That is, the principle technical 
knowledge of bringing copper-containing high carbon mol 
ten iron and FeS-NaS flux into contact and separating and 
removing a copper component in the molten iron into the flux 
as CuS is disclosed in a report in “Tetsu-to-Hagane' (iron 
and steel) vol.74 (1988) No. 4. p. 640 (IMAI Tadashi et al.) 
(non-patent document 1) and “Tetsu-to-Hagane' vol.77 
(1991) No. 4. p. 504 (Chao Wang et al.) (non-patent document 
2). This technique proposes the possibility of wider applica 
tion than the above-mentioned physical removal method as a 
technique for removing the copper. 
0007 As the method for removing copper based on this 
principle technical knowledge, Japanese Unexamined Patent 
Application Laid-open No. 4-198431 (patent document 1) 
discloses a method of after melting copper-containing steel 
scraps with addition of carbon to produce copper-containing 
high carbon molten iron and then making the molten iron 
contact and react with flux containing NaS as the main 
component thereby to separate and remove a copper compo 
nent of the molten iron into NaS base flux as CuS. 

DISCLOSURE OF THE INVENTION 

0008 Problems to be solved by the Invention 
0009. However, in the above-mentioned principle techni 
cal knowledge, a sulfur (S) component from the NaS base 
flux is mixed into the molten iron. Besides, the ratio of the 
concentration of Cu in slag formed on the molten iron by 
melting of the flux and the concentration of Cu in the molten 
iron (partition ratio) is at most about 30 and it is necessary to 
prevent the partition ratio from decreasing, by stirring the slag 
sufficiently. 
0010. In addition, the patent document 1 does not disclose 
desulfurization of the high carbon molten iron after removal 
of copper at all. Further, in the patent document 1, the copper 
removal treatment is carried out by agitation of the slag and 
molten iron by injecting Argas from the bottom of a refining 
vessel (hot-metal transfer ladle). However, the agitation of 
slag is not enough and the facilities are complicated as the gas 
blown-in tuyere needs to be provided at the bottom of the 
hot-metal transfer ladle. Furthermore, in order to compensate 
for insufficient agitation, an electric heater is provided for 
holding the reaction temperature at 1200 to 1500 °C., and a 
refining vessel with a cover is used to prevent contact with the 
air, however, such facilities become large. 
0011. Therefore, there are still many problems to put the 
technique disclosed in the patent document 1 and the above 
mentioned principle technical knowledge to practical use. 
0012. The present invention was carried out in view of the 
foregoing, and has an object to provide a method for remov 
ing copper in copper-containing steel Scraps efficiently and 
without large facilities when producing high-quality Steel 
with use of the steel scraps as an iron source. 
Means for solving the problems 
0013. In order to solve the above-mentioned problems, a 

first invention provides a method for removing copper in Steel 
scraps characterized in comprising the steps of : melting 
copper-containing steel scraps with addition of carbon to 
produce hot metal for steelmaking; then, removing copper 
contained in the hot metal with use of sulfur-containing flux: 
and removing Sulfur contained in the hot metal. 
0014. A method for removing copper in steel scraps 
according to a second invention is characterized in that, in the 
first invention, the Sulfur-containing flux has Na2S as a main 
component. 
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0015. A method for removing copper in steel scraps 
according to a third invention is characterized in that, in the 
first or second invention, a material having Na2CO as a main 
component and an iron-sulfur alloy are used as starting mate 
rials of the Sulfur-containing flux. 
0016. A method for removing copper in steel scraps 
according to a fourth invention is characterized in that, in any 
one of the first to third inventions, the hot metal before copper 
removal by the Sulfur-containing flux has a temperature of 
1200° C. or higher and 1500° C. or lower, and contains carbon 
at a concentration of 2% by mass or more and copper at a 
concentration of 0.1% or more by mass and 1.0% by mass or 
less. 
0017. A method for removing copper in steel scraps 
according to a fifth invention is characterized in that, in the 
fourth invention, the hot metal before copper removal by the 
sulfur-containing flux has a temperature of 1250° C. or higher 
and 1350° C. or lower. 
0018. A method for removing copper in steel scraps 
according to a sixth invention is characterized in that, in any 
one of the first to fifth inventions, the hot metal before copper 
removal by the Sulfur-containing flux contains Sulfur at a 
concentration of 0.01% by mass or more. 
0019. A method for removing copper in steel scraps 
according to a seventh invention is characterized in that, in 
any one of the first to sixth inventions, removing of the copper 
contained in the hot metal is carried out by refining equipment 
with mechanical stirrer. 
0020. A method for removing copper in steel scraps 
according to an eighth invention is characterized in that, in 
any one of the first to sixth inventions, removing of the copper 
contained in the hot metal is carried out by injecting the 
Sulfur-containing flux with a carrier gas into the hot metal in 
a refining vessel. 
0021 Here, the sulfur-containing flux may be at least par 

tially added by injection (injection adding). As an application 
of the eighth invention, at least a part of a starting material of 
the Sulfur-containing flux (for example, Soda ash and ferro 
Sulfur) may be injected with a carrier gas into the hot metal in 
the refining vessel. When a part of the starting material is 
injected, a starting material that does not contain Sulfur (for 
example, Soda ash) may be only injected and a starting mate 
rial that contains sulfur (for example, ferrosulfur) may be 
Supplied by other means. 
0022. A method for removing copper in steel scraps 
according to a ninth invention is characterized in that, in any 
one of the first to eighth inventions, melting of the copper 
containing steel scraps with addition of the carbon is con 
ducted by using a shaft furnace having a coke bed formed 
inside. 
0023. A method for removing copper in steel scraps 
according to a tenth invention is characterized in that, in any 
one of the first to sixth inventions, melting of the copper 
containing steel scraps with addition of the carbon is con 
ducted by using a shaft furnace having a coke bed formed 
inside, and the Sulfur-containing flux is Supplied to the hot 
metal passing through a tilting runner at casthouse from the 
shaft furnace to a hot metal vessel thereby to remove the 
copper in the hot metal. 
0024. A method for removing copper in steel scraps 
according to an eleventh invention is characterized in that, in 
any one of the first to tenth inventions, removing of the sulfur 
contained in the hot metal is carried out by refining equipment 
with mechanical stirrer. 
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0025. A method for removing copper in steel scraps 
according to a twelfth invention is characterized in that, in any 
one of the first to eleventh inventions, the hot metal from 
which the copper is removed with use of the sulfur-containing 
flux is mixed with blast furnace hot metal, and then, the sulfur 
contained in the hot metal that is mixed with the blast furnace 
hot metal is removed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 is a view illustrating relationship between the 
temperature of hot metal before copper removal treatment 
(horizontal axis: “C.) and copper removal ratio of the copper 
removal treatment (vertical axis: %) 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0027 
below. 

The present invention will be described concretely 

<Production of Hot Metal and Copper Removal Treatment> 
0028. When melting copper-containing steel scraps with 
addition of carbon and producing hot metal for steelmaking 
that contains carbon, an almost all amount of copper in the 
steel Scraps is melted in the hot metal. According to the 
present invention, as means for removing this copper, Sulfur 
containing flux is brought into contact with the hot metal and 
the copper in the hot metal is removed in the Sulfur-containing 
flux as copper sulfide CuS. The sulfur-containing flux is 
preferably flux containing sulfide of alkaline earth metal or 
alkaline metal as the main component. In order to increase the 
amount of Sulfur contained in the Sulfur-containing flux, an 
iron-sulfur alloy (ferrosulfur) may be mixed. 
0029. The flux is particularly preferably flux containing 
Na2S as the main component. Use of the flux containing Na2S 
as the main component is extremely advantageous interms of 
the cost efficiency and copper removal efficiency if industri 
ally broadly available NaCO (soda ash) is used as the Na 
source and the iron-sulfur alloy (ferrosulfur) is used as the 
Sulfur source. In other words, when a material containing 
NaCO as the main component and the iron-sulfur alloy are 
brought into contact NaS is generated in the flux. This NaS 
exerts the copper removal effect as the main component in the 
flux. Therefore, there is no need to produce NaS in advance. 
0030 The amount of sulfur in the sulfur-containing flux 
and the amount of flux used may be determined appropriately 
in consideration of the desired concentration of copper, the 
copper removal efficiency and the cost. For the flux contain 
ing Na2S as the main component, it is preferable the mole 
fraction of NaS in the flux is about 0.2 or more in terms of 
more efficient copper removal. This goes for other sulfur 
containing flux (for example, flux containing Sulfide of alka 
line earth metal oralkaline metal as the main component), the 
mole fraction of S in the sulfur-containing material is prefer 
ably about 0.2 or more. Here, when the material containing 
Na2CO as the main component and the iron-sulfur alloy are 
used, the weight ratio thereof is preferably 1:0.4 to 1:4, and 
mole fraction of S may be determined such that the mole 
fraction of estimated generated NaS is about 0.2 or more. 
0031 Here, copper removal with use of the sulfur-contain 
ing flux is confirmed in principle, however, as it is a process of 
low partition ratio (ratio of Cu concentration in the flux to Cu 
concentration in the hot metal), it is effective for expediting 
copper removal to expedite material transfer at the slag part 
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formed in the refining vessel by adding the Sulfur-containing 
flux. For this purpose, it is effective to stir also the slag layer. 
Particularly, in the present invention, the copper removal 
treatment is carried out at the hot metal stage, however, the 
temperature range of the hot metal (1200 to 1400 °C.) is 
lower than the temperature range of molten steel (1550 to 
1700 °C.), the slag fluidity is low, and therefore, the copper 
removal can be expedited more effectively by stirring of the 
slag. 
0032. As a method for stirring the hot metal and the slag on 
the hot metal simultaneously, stirring gas may be injected into 
the hot metal via an injection lance immersed in the hot metal 
in the refining vessel or a tuyere set at the bottom of the 
refining vessel thereby to stir the slag and the hot metal. 
However, refining equipment with mechanical stirrer may be 
used to perform the copper removal treatment for more effi 
cient stirring. 
0033. As a representative example of the refining equip 
ment with mechanical stirrer, there is equipment for stirring 
with use of impeller (stirring blades). That is, the impeller is 
immersed (generally from above) in the hot metal in the ladle 
refining vessel, and then, the impeller is rotated around the 
axis center as the rotational axis thereby to stir the hot metal 
and the sulfur-containing flux added on the hot metal forcibly. 
In the case of the refining equipment with mechanical stirrer, 
the sulfur-containing flux added onto the hot metal is suffi 
ciently mixed into the hot metal so that the hot metal and the 
sulfur-containing flux are stirred extremely efficiently. For 
example, the mechanical stirrer type has greater effect in 
mixing of the slag in the hot metal than the gas stirring method 
disclosed in the patent document 1 and allows significantly 
improved stirring. 
0034) Further, a method of injecting powdery sulfur-con 
taining flux together with a carrier gas into the hot metal from 
an injection lance immersed in the hot metal, that is, so-called 
flux injecting method is also preferable. In this case, the 
powdery Sulfur-containing flux injected in the hot metal is in 
direct contact with the hot metal. Further, as new not-yet 
reacted Sulfur-containing flux comes into contact with the hot 
metal continuously, the effect is exerted that is equivalent to 
that of the case where material transfer in the slag part is 
expedited and reaction of the hot metal with the sulfur-con 
taining flux is expedited. In addition, as the carrier gas func 
tions as stirring gas, though its stirring strength is lower than 
that of the refining equipment with mechanical stirrer, the 
stirring of the hot metal with the slag in the hot metal may be 
carried out much more effectively than the gas stirring 
method or the like. 

0035. In this copper removal treatment, in order to prevent 
mixture of air into the atmosphere, reducing gas such as 
propane gas or inert gas Such as Argas may be Supplied onto 
the surface of the hot metal bath. 

0036. After the copper removal treatment, slag formed by 
addition of Sulfur-containing flux is removed outside the sys 
tem 

0037. In the present invention, the temperature and con 
tent of carbon, copper, sulfur and the like of hot metal before 
copper removal treatment, that is, hot metal for steelmaking 
containing carbon that is produced by melting of copper 
containing steel Scraps with addition of carbon can be deter 
mined appropriately in accordance with the type and capacity 
of treatment facilities and properties of flux and hot metal, 
rough standards of which are described below. 
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0038. The temperature of the hot metal prior to the copper 
removal treatment preferably is 1200°C. or higher, and 1500 
C. or lower, and preferably is 1250° C. or higher, and 1350° C. 
or lower. If the temperature of the hot metal is less than 1200° 
C., there may be a problem of solidification of the hot metal 
and flux due to low temperatures. Particularly, in consider 
ation of assurance oftemperatures in the Subsequent desulfu 
rization step and converter decarburization step, the tempera 
ture is preferably 1250° C. or more. On the other hand, if the 
temperature is 1500° C. or more, evaporation of the flux due 
to high temperatures is unignorable. That is, in order to per 
form copper removal reaction effectively by preventing 
evaporation of the sulfur-containing flux, it is preferable that 
the temperature is as low as possible. Therefore, the tempera 
ture of the hot metal is preferably 1350° C. or less for effective 
copper removal reaction. 
0039. Further, the concentration of carbon prior to the 
copper removal treatment is preferably 2% by mass or more. 
The reaction in which the copper in the hot metal becomes 
copper Sulfide proceeds thermodynamically more easily, the 
concentration of the carbon in the hot metal is higher. If the 
concentration is 2% by mass or more, the reaction to generate 
the copper sulfide proceeds remarkably. On the other hand, if 
the concentration of carbon prior to the copper removal treat 
ment is less than 2% by mass, the liquidus temperature of the 
hot metal increases and there may be a problem such as 
adhesion of the hot metal to the vessel wall. Here, there is no 
problem if the concentration of the carbon contained is 
increased to the saturated concentration. 

0040. The concentration of copper in the hot metal prior to 
the copper removal treatment preferably is 0.1% or more by 
mass, and 1.0% by mass or less. If the concentration of copper 
in the hot metal prior to the copper removal treatment exceeds 
1.0% by mass, the amount of Sulfur-containing flux required 
for removal of copper becomes excessively large and practi 
cally, the burden is heavy. On the other hand, if the concen 
tration is less than 0.1% by mass, it can be applied to high 
quality steel without performing the copper removal 
treatment, for example, by dilution with hot metal containing 
a small amount of copper. 
0041. Further, the concentration of sulfur in the hot metal 
before the copper removal treatment is preferably 0.01% by 
mass or more, and more preferably 0.05% by mass or more. If 
the concentration of sulfur in the hot metal before the copper 
removal treatment is less than 0.01% by mass, the amount of 
sulfur dissolved from the sulfur-containing flux into the hot 
metal becomes too large and the efficiency of use of the 
Sulfur-containing flux is decreased and is not cost effective. 
The upper limit of concentration of sulfur needs not be speci 
fied particularly, however, it is preferably 0.5% by mass or 
less as a too high concentration of sulfurposes a problem for 
the desulfurization treatment. 

0042. As to components of the hot metal before the copper 
removal treatment other than those mentioned above, any 
composition basically for steel purposes may be selected 
without problem. As a preferable composition, for example, 
the concentration of silicon is 0.5% by mass or less, and the 
concentration of manganese is 0.5% by mass or less. If they 
exceed these values, silicon oxide and manganese oxide 
resultant from oxidation of these components in the copper 
removal treatment transfer into slag, and the amount of slag is 
increased and the burden of slag treatment is increased. 
Besides, the efficiency of copper removal reaction of the 



US 2011/0000340 A1 

Sulfur-containing flux can be improved more by preventing 
too much existence of silicon oxide and manganese oxide. 
0043. Here, the hot metal for steelmaking produced by 
melting the copper-containing steel scraps with addition of 
carbon may be mixed with hot metal tapped from a blast 
furnace (hereinafter referred to as “blast furnace hot metal') 
according to need and then, the copper contained in the mixed 
hot metal may be removed with use of sulfur-containing flux. 
0044) The composition of the copper-containing steel 
scraps may be such that the concentration of copper in the 
obtained hot metal is 0.1% by mass or more. As dilution by 
the blast furnace hot metal is possible, the upper limit of the 
concentration of copper in the hot metal from steep scraps is 
permissibly the order of 1.0% by mass. Here, the concentra 
tion of copper of low-quality steel scraps generally falls 
within the above-mentioned range. 
0045 Producing of the hot metal by melting copper-con 
taining steel scraps with addition of carbon may be conducted 
by a method of using an electric arc furnace, a method of 
using a converter, a methodofusing a shaft furnace or the like. 
Particularly, the method of using the shaft furnace having a 
coke bed formed inside is preferable. 
0046. Here, the shaft furnace with the coke bed formed 
inside is a device for charging carbon containing steel scraps 
and coke and, if necessary, fluxes from an upper part of the 
shaft furnace, blowing air, oxygen-enriched air, oxygen gas or 
the like via a tuyere provided at a lower part of the shaft 
furnace, preferably as hot gas to burn the coke, melting the 
fluxes and copper containing steel scraps inside the furnace 
by combustionheat of the coke and bringing the hot metaland 
liquid slag out of the outlet at the furnace bottom. The hot 
metal tapped off from the outlet at the furnace bottom flows in 
a refractory tilting runner provided at a casthouse in front of 
the furnace, falls down on a hot-metal vessel Such as a hot 
metal transfer ladle arranged under the tip end of the tilting 
runner, and is stored in the hot-metal vessel. Further, in the 
shaft furnace with the coke bed formed inside, solely coke is 
filled in a range from the furnace bottom to a certain level 
above the tuyere and burned to melt the copper-containing 
steel scraps charged onto the coke. The coke filled at the 
furnace bottom is called 'coke bed'. As this coke bed is 
burned out, coke is charged from the upper part of the furnace 
to compensate for the coke bed and continue melting. Molten 
iron generated by melting of the copper-containing steel 
scraps flows down between pieces of coke and is mixed with 
coke to become hot metal. This shaft furnace with the coke 
bed formed inside shows higher energy efficiency than the 
electric arc furnace or the like. 

0047. When such a shaft furnace having the coke bed 
formed inside is used to produce hot metal, generally the 
concentration of sulfur in the hot metal becomes higher than 
that of blast furnace hot metal. This high-concentration of 
Sulfur can be used to promote copper removal with use of 
Sulfur-containing flux extremely advantageously. That is, as 
the concentration of sulfur in the hot metal is high, transfer of 
sulfur from the sulfur-containing flux into the hot metal is 
minimized and the efficiency of use of the Sulfur-containing 
flux can be increased remarkably. Here, the concentration of 
sulfur in the blast furnace hot metal depends on raw materials, 
however, it is generally 0.04% by mass or less except at the 
very initial period of operation or at the start-up time after a 
shutdown. 
0048 If the shaft furnace is used to melt the copper-con 
taining Steel Scraps, the hot metal tapped off from the outlet 
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passes through the tilting runner at casthouse and is dropped, 
and poured into a hot metal vessel. Here, this hot metal 
passing through the tilting runner at casthouse may be Sup 
plied with sulfur-containing flux by addition from above, 
blasting with gas, injecting with gas or the like for the copper 
removal treatment. The Sulfur-containing flux Supplied in the 
hot metal passing through the tilting runner at casthouse not 
only conducts the copper removal treatment to the hot metal 
while the hot metal passes through the tilting runner at cast 
house, but also is stirred intensively with the hot metal by 
falling down from the tilting runner at casthouse into the hot 
metal vessel so that the copper removal treatment of the hot 
metal can be conducted efficiently. In this case, the copper 
removal reaction is expedited further by placing Sulfur-con 
taining flux in the hot metal vessel in advance and separately. 
Here, if copper removal only in this tilting runner at casthouse 
is insufficient, further copper removal can be carried out by 
the above-mentioned method, for example, by using the refin 
ing equipment with mechanical stirrer, flux injection method 
or the like. 
0049. The concentration of copper in the hot metal after 
copper removal treatment in the present invention may be set 
in accordance with a use purpose of steel, and it is usually 
about 0.25% by mass or less. 

<Desulfurization Treatment> 

0050. With copper removal treatment, sulfur in the sulfur 
containing flux is inevitably moved to the hot metal so that the 
concentration of Sulfur in the hot metal increases. Further, in 
terms of copper removal efficiency, the concentration of Sul 
fur is often set to be higher before the copper removal treat 
ment. Therefore, after the copper removal treatment, desulfu 
rization treatment for removing the sulfur in the hot metal is 
carried out. The desulfurization is carried out through letting 
the desulfurization agent react with the hot metal. Specifi 
cally, the desulfurization may be carried out by any well 
known method of a method using refining equipment with 
mechanical stirrer, a method of injecting powder (of desulfu 
rization agent) from a lance and a method using a converter. 
For example, after the copper removal treatment in the refin 
ing equipment with mechanical stirrer, generated slag may be 
removed and then, desulfurization may be carried out in the 
same refining equipment with mechanical stirrer. In this 
method, the extremely high stirring effect can be utilized in 
both of the copper removal treatment and the desulfurization. 
0051. As the desulfurization agent, a desulfurization agent 
having CaO as the main component, a desulfurization agent 
having calcium carbide as the main component, a desulfur 
ization agent having Soda ash as the main component, metal 
Mg or the like may be used. 
0.052 Further, in performing of the desulfurization, blast 
furnace hot metal may be mixed with the copper-removed hot 
metal additionally, and then, the mixed hot metal may be 
subjected to desulfurization. 
0053. Furthermore, the desulfurized hot metal may be 
mixed with blast furnace hot metal. 
0054 Prior to desulfurization, the sulfur-containing flux 
that is subjected to the copper removal treatment is removed 
from the refining vessel. If the desulfurization is carried out 
without removing the Sulfur-containing flux, copper Sulfide 
(CuS) in the Sulfur-containing flux is decomposed and 
returned into the hot metal so that the concentration of copper 
in the hot metal may be increased. The slag removal operation 
may be carried out by a well known method such as a method 
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using slag skimmer, a method using a slag Suction device, or 
a method of inclining the hot metal vessel to discharge slag in 
the vessel, and the method may be selected as suitable for 
facilities each steel plant has. 
0055. The concentration of sulfur contained in the hot 
metal after desulfurization in the present invention may be set 
in accordance with the purpose of using steel, however, it is 
usually set to be about 0.25% by mass or less. 
0056. As described up to this point, according to the 
above-described method, as after melting of copper-contain 
ing steel scraps with addition of carbon, copper in hot metal of 
the steel Scraps are removed in the Sulfur-containing flux, the 
copper can be effectively removed which is difficult to sepa 
rate by the method for removing the copper by magnetic 
separation or the like after decomposing the steel Scraps 
physically. Further, as after removal of the copper, the sulfur 
contained in the hot metal that was brought from the sulfur 
containing flux was removed, it is possible to obtain hot metal 
containing low copper and Sulfur from the copper-containing 
steel scraps efficiently. 

EXAMPLES 

Example 1 

0057 Tests were conducted as follows: a shaft furnace 
having a coke bed formed inside was used to melt copper 
containing Steel Scraps and produce hot metal for steelmak 
ing, and this hot metal was subjected to the copper removal 
treatment with use of flux having FeS-NaS as the main 
component. After the copper removal treatment, the hot metal 
was further subjected to desulfurization with use of a CaO 
base desulfurization agent. 
0058. The copper removal treatment was carried out in the 
following three methods, that is, after charging about 5 tons of 
hot metal for steelmaking in a ladle-shaped refining vessel, a 
method of adding flux having FeS-NaS (mole fraction of 
NaS in the flux: 0.4) as the main component onto the hot 
metal in refining equipment with mechanical stirrer, immers 
ing, in the hot metal, impeller covered with a refractory mate 
rial and rotating the impeller to stir the hot metal and flux (test 
No. 1), a method of injecting stirring gas from an injection 
lance immersed in the hot metal inside the refining vessel to 
stir the hot metal while adding flux having FeS-NaS as the 
main component (test No. 2), and a method of injecting flux 
having FeS NaS as the main component as well as carrier 
gas from an injection lance immersed in the hot metal inside 
the refining vessel (test No. 3). In all of the tests, the flux 
having FeS NaS as the main component added was 200 kg 
per 1 ton of hot metal. 
0059. After the copper removal treatment, generated slag 
was removed and in all of the test Nos. 1 to 3, in the refining 
equipment with mechanical stirrer, the impeller covered with 
the refractory material was immersed in the hot metal and the 
impeller was rotated to stir the hot metal and desulfurization 
agent thereby to conduct the desulfurization. Table 1 shows 
change in of concentrations of copper and Sulfur in the hot 
metal and change in of temperature of the hot metal. 

TABLE 1. 

Test No. 1 Test No. 2 Test No. 3 

Concentration Before copper O.33 O.30 O.30 
of removal treatment 

copper in After copper O.10 O.25 O.11 
hot metal removal treatment 
(% by mass) After desulfurization O.10 O.25 O.11 
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TABLE 1-continued 

Test No. 1 Test No. 2 Test No. 3 

Concentration Before copper O.10 O.10 O.10 
of removal treatment 

Sulfur After copper removal O.SO OSO O.49 
in hot metal treatinent 
(% bymass) After desulfurization O.OS O.OS O.OS 
Temperature Before copper 1350 1350 1350 

of hot removal treatment 
metal (C.) After copper removal 

treatinent 1300 1300 1300 
After desulfurization 12SO 12SO 12SO 

0060. As shown in Table 1, in the test No. 1 where the 
impeller was used to stir the hot metal and Sulfur-containing 
flux in the refining equipment with mechanical stirrer, the 
concentration of copper in the hot metal was drastically low 
ered from 0.33% by mass to 0.10% by mass. Besides, in the 
test No. 3 in which the sulfur-containing flux was added by 
injection, like in the test No. 1, the concentration of copper in 
the hot metal was drastically lowered from 0.30% by mass to 
0.11% by mass. On the other hand, in the test No. 2 in which 
the sulfur-containing flux was added while stirring the hot 
metal with stirring gas, the copper was removed but the cop 
per removal ratio was low. It was found that the copper 
removal treatment was preferably conducted with the refining 
equipment with mechanical stirrer. 
0061. As seen from the test Nos.1 and 3, it was possible to 
obtain hot metal having a lower concentration of copper and 
a lower concentration of sulfur finally, by conducting desulfu 
rization, and to use this as hot metal for high-quality Steel 
without problem. 

Example 2 

0062 Tests were conducted such that hot metal for steel 
making of different temperature and composition was used to 
perform copper removal treatment and desulfurization treat 
ment after the copper removal treatment (test Nos. 4 to 15). 
0063. The copper removal treatment was conducted by 
charging about 5 tons of hot metal for Steelmaking in a ladle 
shaped refining vessel and adding refining flux for copper 
removal from a refining agent Supplying hopper provided 
above the ladle. The refining flux for copper removal used was 
40kg of iron-sulfur alloy (ferrosulfur, the percentage of sulfur 
content: 48% by mass) perton of hot metal and 30 kg of soda 
ash (NaCO) per ton of hot metal. In the test No. 15, the 
refining flux for copper removal used was 53 kg of iron-sulfur 
alloy (ferrosulfur, the percentage of sulfur content: 36% by 
mass) perton of hot metal and 30kg of soda ash (Na2CO) per 
ton of hot metal. 
0064. Stirring of the hot metal in the ladle was conducted 
by immersing impeller covered with a refractory material in 
the hot metal and rotating the impeller to stir the hot metal and 
flux. 
0065. In all of the tests, slag generated after the copper 
removal treatment was removed and after removal of the slag, 
desulfurization was conducted in the refining equipment with 
mechanical stirrer. The desulfurization was carried out by 
charging 20 kg of CaO base desulfurization agent perton of 
hot metal, immersing impeller covered with the refractory 
material in the hot metal and rotating the impeller to stir the 
hot metal and desulfurization agent. Table 2 shows a list of 
temperatures and components of the hot metal before and 
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after the copper removal treatment and after the desulfuriza 
tion treatment. Here, components of the hot metal other than 
those listed in Table 2 were 0.05 to 0.4% by mass of silicon, 
0.05 to 0.4% by mass of manganese and 0.02 to 0.2% by mass 
of phosphorus. 
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0069. The copper removal treatment was conducted by 
charging about 60 tons of hot metal for Steelmaking in a 
ladle-shaped refining vessel, adding 50 kg of iron-sulfur alloy 
(the concentration of sulfur in the alloy: 48% by mass) and 35 
kg of Soda ash perton of the hot metal onto the hot metal in 

TABLE 2 

Before copper removal treatment After copper removal treatment After desulfurization 

Hot metal Hot metal Hot metal Temperature Hot metal Hot metal Copper Hot metal Hot metal 
IS) Cu C of hot IS) Cu removal IS) Cu 

Test No. (% by mass) (% by mass) (% by mass) metal (C.) (% by mass) (% by mass) ratio (%) (% by mass) (% by mass) 

4 O.10 O.30 3.8 300 O.SO O16 47 O.15 O16 
5 O.10 O.30 2.5 300 O.45 O.18 40 O.10 O.18 
6 O.10 O.30 4.7 300 O.SO O.14 53 O.15 O.14 
7 O.10 O.30 4.2 250 O.40 O.11 63 O.10 O.11 
8 O.10 O.30 4.7 400 0.55 O.15 50 O.2O O.15 
9 O.2O O.30 4.7 400 O.60 O.13 57 O.25 O.13 
10 O.10 O.30 1.5 450 O.30 O.21 30 O.OS O.21 
11 O.10 O.30 4.2 190 O.30 O.28 7 O.28 O.28 
12 O.10 O.30 4.7 600 O.60 O.22 27 O.15 O.22 
13 O.O2 O.30 3.8 300 O.30 O.19 37 O.08 O.19 
14 O.04 O.30 4.2 300 O.19 O.19 37 O.OS O.19 
15 O.10 O.30 4.1 300 O.20 O16 47 O.O3 O16 

0066. In the tests Nos. 4 to 9 and 15, the temperature of hot refining equipment with mechanical stirrer, immersing 
metal is 1200° C. or higher and 1500° C. or lower, and the 
concentration of carbon was 2% by mass or more, the con 
centration of copper was 0.1% or more by mass and 1.0% by 
mass or less, and the concentration of sulfur was 0.01% by 
mass or more, which fell within a range of preferable condi 
tions of the present invention, and the copper removal ratio 
(the concentration of copper in the hot metal after the treat 
ment/the concentration of copper in the hot metal before the 
treatment) was 0.4 or more, and these proved that the copper 
removal was carried out well. On the other hand, in the test 
Nos. 10 to 12, as the copper removal treatment was conducted 
out of the preferable conditions of the present invention, the 
copper removal ratio ( (the concentration of copper in the hot 
metal before the treatment—the concentration of copper in 
the hot metal after the treatment)x100/the concentration of 
copper in the hot metal before the treatment) was less than 
40%. In addition, in the test Nos. 13 and 14, the concentration 
of sulfur was 0.01% by mass or more, which was a preferable 
condition, however, it did not meet more preferable condition 
of 0.05% by mass or more. Therefore, the copper removal 
ratio remained near 40% (less than 40%). 

Example 3 

0067 Tests were conducted as follows: a shaft furnace 
having a coke bed formed inside was used to melt copper 
containing Steel Scraps and produce hot metal for steelmak 
ing, this hot metal was subjected to the copper removal treat 
ment with use of flux having Soda ash (Na2CO) and iron 
Sulfur alloy (ferrosulfur) as starting materials, after the copper 
removal treatment, blast furnace hot metal was mixed with 
the copper-removed hot metal and this mixed hot metal was 
subjected to desulfurization with use of a CaO base desulfu 
rization agent. 
0068. The temperature of the hot metal for steelmaking 
produced in the shaft furnace was 1400°C., the concentration 
of carbon was 4.0% by mass, the concentration of copper was 
0.30% by mass and the concentration of sulfur was 0.11% by 

a SS. 

impeller covered with a refractory material in the hot metal 
and rotating the impeller to stir the hot metal and flux. The 
concentration of copper in the hot metal after the copper 
removal treatment was 0.14% by mass and the concentration 
of sulfur was 0.44% by mass. 
0070 The slag generated by the copper removal treatment 
was removed by a slag skimmer, and then, about 60 tons of 
copper-removed hot metal was mixed, in the ladle-shaped 
refining vessel, with about 240 tons of blast furnace hot metal 
produced in the furnace. Of the mixed hot metal, the concen 
tration of copper was 0.03% by mass and the concentration of 
sulfur was 0.09% by mass. 
0071. The mixed hot metal was subjected to the desulfur 
ization treatment in the refining equipment with mechanical 
stirrer by adding 20 kg of the CaO base desulfurization agent 
perton of the hot metal, immersing the impeller covered with 
the refractory material in the hot metal and rotating the impel 
ler to stir the hot metal and desulfurization agent. Of the 
desulfurized hot metal, the concentration of copper was0. 
03% by mass and the concentration of sulfur as 0.01% by 

a SS. 

Example 4 

0072 Tests were conducted for detailed study of influence 
of the temperature of hot metal on the copper removal ratio. 
The copper removal tests were conducted by charging about 
5 tons of hot metal for Steelmaking in a ladle-shaped refining 
vessel (test Nos. 16 to 22). Refining flux for copper removal 
was added from a refining agent Supplying hopper provided 
above the ladle. The refining flux for copper removal used was 
iron-sulfur alloy (ferrosulfur, the percentage of sulfur con 
tent: 48% by mass) and sodaash (NaCO). Stirring of the hot 
metal in the ladle was carried out by immersing impeller 
covered with a refractory material in the hot metal and rotat 
ing the impeller. Table 3 shows a list of test conditions and test 
results. Components of the hot metal before the copper 
removal treatment other than those listed in Table 3 were 
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prepared to have 4.5 to 4.7% by mass of carbon, 0.20% by 
mass of silicon, 0.15% by mass of manganese and 0.050% by 
mass of phosphorus. 
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0075. The refining flux for copper removal used was iron 
sulfur alloy (ferrosulfur, the percentage of sulfur content: 
48% by mass) and soda ash (NaCO). Table 4 shows a list of 

TABLE 3 

Flux for copper removal After copper removal 
Before copper removal treatment treatinent treatinent 

Hot metal Hot metal Temperature Soda ash Ferrosulfur Hot metal Hot metal Copper 
IS) Cu of hot metal (kg/t-hot (kg/t-hot IS) Cu removal ratio 

Test No. (% by mass) (% by mass) (° C.) metal) metal) (% by mass) (% by mass) (%) 

16 O.10 O.30 1200 30 40 0.27 O.20 33 
17 O.10 O.30 12SO 30 40 O.33 O.10 67 
18 O.10 O.30 1300 30 40 O.31 O.12 60 
19 O.10 O.30 1350 30 40 O.29 O.13 57 
2O O.10 O.30 14OO 30 40 O.28 O.15 50 
21 O.10 O.30 1450 30 40 O.30 O.18 40 
22 O.10 O.30 1SOO 30 40 O.29 O.20 33 

0073 FIG. 1 illustrates the relationship between the cop 
per removal ratio and the temperature of hot metal prior to the 
copper removal treatment. When the temperature of the hot 
metal ranged from 1250° C. to 1500° C., the lower the tem 
perature of the hot metal was, the higher the copper removal 
ratio was. Here, in the test of 1200° C., the copper removal 
ratio was lowered to 33.3%. This was because of deterioration 
of reactivity of the refining flux for copper removal due to 
decrease in temperature. From these results, it was found that 
higher copper removal ratio exceeding 50% could be 
obtained by keeping the temperature of the hot metal in a 
range of 1250° C. to 1350° C. preferably. 

Example 5 

0074 The copper removal treatment tests was carried out 
on about 5 tons of hot metal for steelmaking stored in the 
ladle-shaped refining vessel by injecting refining flux for 
copper removal into the hot metal via an injection lance (test 
No. 23 to 29). In the tests, the injection lance covered with a 
refractory material was immersed in the hot metal in the ladle 

test conditions and test results. Components of the hot metal 
before the copper removal treatment other than those listed in 
Table 4 were prepared to have 4.5 to 4.7% by mass of carbon, 
0.20% by mass of silicon, 0.15% by mass of manganese and 
0.050% by mass of phosphorus. The temperature of the hot 
metal was 1400° C. 

0076. Here, as to the depth of immersion of the injection 
lance, it is confirmed in another experiment that where the 
depth of the hot metal bath is H (m) and the distance from the 
surface of the hot metal bath to the tip end of the injection 
lance is L. (m), L/H of 0.3 or more is sufficient for contribution 
of the injected flux to copper removal reaction. Besides, as to 
specification of the used injection lance, any injection lance 
may be used as far as it can bear immersion in the hot metal 
and injection of flux. Further, as to the relationship between 
the flow rate of carrier gas and the speed of injection of flux, 
it has no influence on metallurgical performance as far as 
there is no clogging of the injection lance with flux. As to the 
kind of carrier gas, any inert gas may be used without prob 
lem, and for example, an Argas may be used as the carriergas. 

TABLE 4 

Before copper After copper removal 
removal treatment Addition by injection Total treatinent 

Hot metal Hot metal lance Addition by hopper Percentage Hot metal Hot metal 

IS) Cu Soda ash Ferrosulfur Soda ash Ferrosulfur Soda ash Ferrosulfur of addition IS) Cu Copper 
(% by (% by (kg/t-hot (kg/t-hot (kg/t-hot (kg/t-hot (kg/t-hot (kg/t-hot by injection (% by (% by removal 

Test No. mass) mass) metal) metal) metal) metal) metal) metal) lance (%) mass) mass) ratio (%) 

23 O.10 O.30 30 40 O O 30 40 100 O.29 O.14 53 
24 O.10 O.30 2O 25 10 15 30 40 64 O.28 O.13 57 
25 O.10 O.30 10 15 2O 25 30 40 36 O.30 O.14 53 
26 O.10 O.30 5 5 25 35 30 40 14 O.31 O.15 50 
27 O.10 O.30 30 O O 40 30 40 43 0.27 O.15 50 
28 O.10 O.30 O 40 30 O 30 40 57 O.30 O.14 53 
29 O.10 O.30 O O 30 40 30 40 O O.30 O.18 40 

and refining flux for copper removal was partially or fully (0077. In the test Nos. 23 to 28, the percentage of addition 
blown, together with nitrogen gas as carrier gas, into the hot 
metal via the injection lance. Besides addition by injecting via 
the injection lance, the flux was added by a refining agent 
Supplying hopper above the ladle. 

by the injection lance was changed, however, it was con 
firmed that there was no significant difference in copper 
removal ratio, which was about 50%, and that result was 
almost identical to that of the case using refining equipment 
with mechanical stirrer. In addition, in the test No. 27, soda 
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ash was only added by injecting via the injection lance and in 
the test No. 28, ferrosulfur was added by injection only. In 
these tests, the copper removal ratio were equal to each other. 
0078 From the above-described results, it has been con 
firmed that the copper removal treatment can be also carried 
out by the method of injecting flux via the injection lance 
partially or fully, instead of using the refining equipment with 
mechanical stirrer. 
007.9 Here, in the test No. 29, the nitrogen gas was only 
blown via the injection lance and refining flux for copper 
removal was added from a refining agent Supplying hopper 
above the ladle. As a result of this test, the copper removal 
ratio was 40%, which was lower than that of the mechanical 
stirring and injection cases. 

INDUSTRIAL APPLICABILITY 

0080 According to the present invention, after copper 
containing steel scraps are melted with addition of carbon, 
copper in hot metal resulting from the Steel scraps is removed 
in sulfur-containing flux. With this method, the copper can be 
separated efficiently, which is difficult if copper is separated 
by magnetic separation after steel Scraps are decomposed 
physically. Further, as sulfur in the hot metal that is brought 
from the sulfur-containing flux or the like is removed after the 
copper removal treatment, it is possible to obtain the hot metal 
with less copper and Sulfur from the copper-containing Steel 
scraps efficiently, and consequently, to make the copper-con 
taining steel scraps usable as an iron Source of high-quality 
steel and promote use of low-quality steel scraps. 
0081 Furthermore, as a shaft furnace having a coke bed 
inside is used to produce hot metal having a higher-concen 
tration of sulfur, which is then subjected to the copper 
removal treatment, the copper removal ratio is further 
improved and the economical efficiency can be also 
improved. 

1-14. (canceled) 
15. A method for removing copper in Steel Scraps compris 

ing the steps of 
melting copper-containing steel scraps with addition of 

carbon to produce hot metal for Steelmaking; 
then, removing copper contained in the hot metal with use 

of Sulfur-containing flux; and 
removing Sulfur contained in the hot metal. 
16. The method of claim 14, wherein the sulfur-containing 

flux has Na2S as a main component. 
17. The method of claim 14, wherein a material having 

Na2CO as a main component and an iron-sulfur alloy are 
used as starting materials of the Sulfur-containing flux. 

18. The method of claim 14, wherein the hot metal before 
copper removal by the Sulfur-containing flux has a tempera 
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ture of 1200°C. or higher and 1500° C. or lower, and contains 
carbon at a concentration of 2% by mass or more and copper 
at a concentration of 0.1% or more by mass and 1.0% by mass 
or less. 

19. The method of claim 18, wherein the hot metal before 
copper removal by the Sulfur-containing flux has a tempera 
ture of 1250° C. or higher and 1350° C. or lower. 

20. The method of claim 14, wherein the hot metal before 
copper removal by the Sulfur-containing flux contains Sulfur 
at a concentration of 0.01% by mass or more. 

21. The method of claim 14, wherein removing of the 
copper contained in the hot metal is carried out by refining 
equipment with mechanical stirrer. 

22. The method of claim 14, wherein removing of the 
copper contained in the hot metal is carried out by injecting 
the Sulfur-containing flux with a carrier gas into the hot metal 
in a refining vessel. 

23. The method of claim 14, wherein removing of the 
copper contained in the hot metal is carried out by injecting at 
least a part of a starting material of the Sulfur-containing flux 
with a carrier gas into the hot metal in a refining vessel. 

24. The method of claim 14, wherein melting of the copper 
containing steel Scraps with addition of the carbon is con 
ducted by using a shaft furnace having a coke bed formed 
inside. 

25. The method of claim 20, wherein melting of the copper 
containing steel Scraps with addition of the carbon is con 
ducted by using a shaft furnace having a coke bed formed 
inside. 

26. The method claim 14, wherein melting of the copper 
containing steel Scraps with addition of the carbon is con 
ducted by using a shaft furnace having a coke bed formed 
inside, and the Sulfur-containing flux is Supplied to the hot 
metal passing through a tilting runner at casthouse from the 
shaft furnace to a hot metal vessel thereby to remove the 
copper in the hot metal. 

27. The method of claim 14, wherein removing of the 
sulfur contained in the hot metal is carried out by refining 
equipment with mechanical stirrer. 

28. The method of claim 14, wherein the hot metal from 
which the copper is removed with use of the sulfur-containing 
flux is mixed with blast furnace hot metal, and then, the sulfur 
contained in the hot metal that is mixed with the blast furnace 
hot metal is removed. 


