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Abstract: The distribution behavior of residual elements copper and tin between FeO-rich slag and iron solution was in-

vestigated under the condition of an induction furnace. The results indicate that a part of copper and tin is incidently oxr

dized when oxygen is blasted into bath to react with iron element. The distribution ratio of copper and tin between slag

and metal is about 0. 1. Phenomena of Cu and Sn elements segregation and accumulation in slag were observed by means

of EPMA analysis. The distribution ratio of copper and tin between slag and metal may descend with increasing of CaO

content in slag.
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1 INTRODUCTION

Copper has been widely used in various kinds of in-
dustrial fields due to its excellent electric property and heat
conduction. But as alloy element, copper exists generally
with the form of harmful element in steel products except
in the atmosphere resisting steel.

Copper and tin in molten steel are hard to be re-
moved out in conventional refining process. So the
reuse value of scrap steel containing copper or tin is
greatly reduced'''. In Japan, for example, unrecy-
clable obsolete scrap has begun to be actualized since
2000, and 155 ~ 300 million tons of obsolete scrap
will be heaped up throughout the land in 2015 !*
Scrap steel, which is actually valuable material in in-
dustry, has been gradually regarded as rubbish. The
typical scrap steel is discarded from vehicles and elec
tric appliance. They must be recovered by its produc
er in many developed countries because they are not
directly used as the raw materials of steelmaking.

In many developed countries, great attention has
been paid to study the influence of residual elements
on the properties of steel, which is becoming more
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and more serious .

Many suggestions have been
proposed and studied, such as mechanical separation,
melting separation ( molten Al or Pb), vaporous sepa
ration ( Cl, HCl, NH4Cl etc.), CaO-CaC; reaction
separation, vacuum separation, sulfide flux (or mat-
te) reaction, injecting metallurgical method and fil-
tering method. Up to now, no economically feasible
methods were industrialized yet. Furthermore these
methods are difficult to further develop because the
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efficiencies of removing are too low or the conditions
are too strict. These studies were just aimed at the
certain element or a few of elements. It cannot satisfy
the requirement of clean steel to control residual ele-
ments in this situation. In Shanghai University!®, a
new technology has been proposed to separate residual
elements from irom-base solution, that is, slagging
reduction process. The basic principle of this technol-
ogy is selectively oxidized. Residual elements, like
Cu, Sn, As, Sb and Bi, in the course of steelmak-
ing, are not easy to be oxidized, Fe is oxidized into
slag and other tramp elements are kept to stay and ac-
cumulate in the molten steel. Iron element would be
successfully separated from residual elements. Pure
FeO-rich slag was transfered into another container
and reduced by means of hydrogen reduction and then
further refined into clean steel. This technology is
based on metallurgical principle of residual elements in
steelmaking and is different from the approaches of all
has been studied before. It is possible to exploit a new
technology to remove many residual elements at the
same time. The increasing tendency of residual ele-
ments in steel products will be largely reduced or dis-
appear. Scrap recycle, finally, can be thoroughly
achieved.

The distribution behaviors of elements between
FeO-rich slag and iron solution involved in this tech-
nological route have rarely been reported. Under the
condition of induction furnace melting, the distribu-
tion behavior of copper and tin elements between
FeO-rich slag and iron solution are investigated.
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2 EXPERIMENTAL

2.1 Procedure

When the iron element is continuously oxidized
into slag, copper and tin elements will be accumulated
in the raffinate of steel if slagging process is used. In
order to observe the distribution behavior of residual
elements between FeO-rich slag and iron solution, the
contents of residual elements in experiment is higher
than in practical scrap. Experiments were conducted
in an induction furnace of nominal capacity 10 kg and
2 500 Hz. After the charge was totally melted, Cu,
Sn, As, Sb, and Bi were added into the molten bath
in terms of its proportion to obtain the aimed compo-
sition. Sn and As elements were added in the state to
prepare SnAs alloy in advance, the others were added
in the state to get pure metal. After blowing oxygen
to the molten bath for 5 min, the slag floating on the
surface of the molten steel was moved with iron rod.
The temperature of molten bath was measured with
thermocouple and the sample was taken by silica
tube. Seamless steel pipe of d 12 mm X 2 mm that lin-
ing quartz tube was used to blow oxygen. The purity
of oxygen was 99. 99% and blowing flow was 10 L/
min. After continuously blowing oxygen for 5 min,
sample Z; was taken by iron rod. At the same time,
the bath temperature was measured. The temperature
in the whole test was controlled within the range of
1540~ 1 580 C. After fetching the slag completely,
60 g lime was put into the molten bath. The same
operation as mentioned above was repeated before
sample Z; was taken. Another 120 g lime was put in-
to the molten bath, the same operation was repeated
and sample Z3 was got.

2.2 Results
Table 1 and Table 2 show the chemical analyses

results of samples.

Table 1 Composition of iron solution( % )
Element Cu Sn As Sb Bi Fe

Content 1.960 0.721 0.182 0.283 0.053 96.801

Table 2 Compositions of FeO-rich slags (%)
Sample No. CaO Cu Sn As Sh Bi

7, 1.80 0.22 0.15 <0.01 0.01 0.03

VA) 9.90 0.20 0.10 <0.01 0.02 0.02

73 19.6 0.18 0.10 <0.01 0.01 <0.01

The distribution ratio of the minor element X
(X: Cu, Sn, As, Sb, and Bi) between the slag and
molten metal was defined by the follow ing equation:

Lx= (mass % X in slag)/

(mass % X in molten metal)
They were determined from the results of chemical
analysis of slag and iron solution, as shown in Table

3.

Table 3 Distribution ratios of elements
in FeO-rich slag and motlen metal

Number Ly Ls, L, L
1 0.1122 0.2080 0.0353 0.569 2
2 0.1020 0.1387 0.0705 0.3795
3 0.0918 0.1387 0.0353

3 ANALYSES AND DISCUSSION

The practice of steelmaking showed that copper
and tin remained almost entirely in molten steel
whenever in LD furnace or EAF furnace. But the ex-
perimental results shown in Table 2 indicated that
FeO-rich slag contains a certain amount of copper and
tin. This meant that a part of copper and tin was in-
cidently oxidized as oxygen was blasted into bath to
react with iron element.

As oxygen was blown into the molten bath, oxy-
gen contacted directly with steel to create so called
burning point. The pressure of blown oxygen was
higher than 0. 101 3 MPa and it was largely higher
than partial pressure of balancing with pure FeO
phase. The molten steel near the nozzle was over-oxi
dation. So iron, copper and tin can be oxidized in this
burning point zone, then become high oxidation po-

tential. Following reactions would occur:

[C]+ 1/2 0,= CO (1)
[Fe]+ 1/2 0= (FeO) (2)
2[ Cu]+ 1/2 02= (Cu20) or

2[Cu]+ [O] = (Cu0) (3)

[Sn]+ 1/2 Oz= (Sn0O) or [ Sn] + [ O]

1l
wn
=

=

[Fe]+ (Cux0)= (FeO)+ 2[ Cu]

[Fe]+ (SnO) = [Sn]+ (FeO) (

In terms of the principle of selective oxidation,
the composition of the slag would be controlled by re-
action (5) and reaction (6). When reaction products
formed in the high oxygen potential zone were float-
ing, they would further react with molten steel. Cop-
per oxide (tin oxide) would be reduced back into
molten steel by iron element because of preferential
potential. The reduction was determined by contact-
ing with area of slag/ iron, floating time and dynamic
conditions of reaction in the slag. On the surface of

bath, reaction (5) and reaction(6) would continue in



* 196 -

Trans. Nonferrous Met. Soc. China

Feb. 2004

the interface of slag and molten steel.

It was not convenient to explore the influence of
activity, activity coefficient and activity interaction
coefficient on these reactions, because basic thermo-
dynamics data of their oxides in the FeO-rich slag
were lack. Discussions were carried out here in the
condition of standard state. Within the range of steel-
making temperature, the standard free energies of re-
action (5) and reaction (6) are respectively as fol-
[9, 10],

AGS/ (Jemol Y= - 67 425- 68.73T7  (7)
AGE (Jemol™ 1) = = 246 665+ 59.46T (8)

lows

Table 4 K, of reaction (5) and reaction ( 6)
under condition of standard state
K, of K, of

Temperature/ K

reaction ( 5) reaction ( 6)
1 673 4.94x 10° 3.93x 10*
1773 3.77x 10° 1.45x% 10°
1 873 2.96x 10° 5.94% 10°

The distribution ratios of Cu, Sn in the FeO-
rich slag and metal would be on the level from 10™ *to
10" ® orders of magnitude if the reaction reached
the equilibrium under the temperature of steelmaking.

But the actual distribution ratios appeared to be in
10” " orders of magnitude. There were many possible
reasons, some of which are as follows: 1) the reac
tions between slag and molten metal did not carry out
completely because the floating distance of copper
(tin) oxide formed in the burning point was very
short and the temperature of slag in induction furnace
was relatively lower, so the reduction of copper and
tin oxide back to molten steel was restricted; 2) the
separation of FeO-rich slag and molten steel was not
perfect. Metallic bead was observed in the FeO-rich
So the

content of copper (tin) in slag appears higher than its

slag with microscope, as shown in Fig. 1( a).

actual content for the presence of metallic bead.

Elements are not wellkdistributed in the slag,
where copper and tin are segregated and accumulated
easily, as shown in Fig. 1.

Fig. 2 shows that the contents of Cu and Sn in
the FeO-rich slag decrease with the increasing of CaO
content of the slag. The reason seemed that the den-
sity and viscosity of CaO-FeO-Fe,03 slag decreased
with the increasing of CaO content, which caused the
enhancement of Cu20 activity in slag.

CuzO'FezO3+ Ca0= CaO'FezO3+ CuzO (9)

:
;

Fig.1 EPMA photos of sample of FeO-rich slag

(a) —Metallic bead + slag matrices; (b) —Cu element surface scan of metallic bead;

(¢) —Cu element surface scan of segregation spot; (d) —Backscattered electron image of segregation spot



Vol.14  Ne 1 Distribution behavior of elements Copper and T in .+ 197 +
0.30 REFERENCES
0251 :: g: [1] Iwase M. Removal of copper from ferrous scrap[ J]. Den-
ki Seiko( Electric Furnace Steel), 1995, 66(1): 20 ~ 26.
© 0204+ \\ [2] Noro K. Necessity of scrap reclamation technologies and
/\E present conditions of technical development[J]. ISIJ In-
Y015tk ternational, 1997, 37(3): 198 ~ 206.
6 \ [3] XIAN Arping, ZHANG Dun. Impurities in steel and
h-Y 0.10 } o their influence on steel properties[ J]. Iron and Steel,
1999, 34(10): 64 ~ 68. (in Chinese)
[4] Toshihiko E, Wik O. Residuals in steel products[ A].
0.05¢ Proceedings of 79th Steelmaking Conference[ C]. War
1 . rendale Iron and Steel Society of USA, 1996. 551 ~
0 5 10 15 20 265.

w(CaO)/%

Fig. 2 Plots of Cu and Sn contents in
FeO-Ca0 slag vs CaO content

4 CONCLUSIONS

1) Under the condition of induction furnace,
parts of copper and tin in the iron solution were oxi
dized and remained in the FeO-rich slag when oxygen
was blasted into bath to react with iron element. The
distribution ratios of copper and tin in slag and molten
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2) The spread of copper and tin in the FeO-rich
slag was not homogeneous. They were segregated and
accumulated easily.

3) The distribution ratios of copper and tin in
FeO-rich slag and iron solution may descend with the
‘ increasing of Ca0 content.
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