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Abstract: The kinetics of high-temperature oxidation of copper of various chemical compositions by gaseous oxygen follows a parabolic
rate law within the temperature range of 350—1050 °C. For specialists engaged in the theory and practice of fire refining, of particular
interest is the kinetics of copper oxidation over a broader temperature interval of 350—1160 °C. Within this range, the processes include
oxidation of solid copper and its melting, oxidation of liquid copper by oxygen introduced into the melt, oxygen solubility in copper,
and slag formation. The duration of high-temperature interaction between copper and oxygen has a considerable effect on both the
technical and economic indicators of anode smelting and the electrical properties of copper. Therefore, investigating the kinetics of
high-temperature oxidation of copper and its influence on the electrical properties of the metal is essential for the optimal organization of
fire refining. In the temperature range of 1100—1200 °C, copper oxidation occurs predominantly due to oxygen introduced into the melt
with air. The copper(l) oxide formed migrates from the zone of direct contact with gaseous oxygen into the depth of the melt with lower
oxygen concentration, where it dissociates into copper and oxygen, thus increasing oxygen concentration in the melt. Overoxidation of
copper and excessive saturation of the anode metal with gases lead to its transfer into slag in the form of oxides, to excessive consumption
of resources and refractory materials, and to a deterioration of the electrical properties of the metal. To identify optimal oxidation modes
and to assess the influence of copper oxidation kinetics on the electrical properties of the melt, a comparative analysis was conducted of the
kinetic patterns of oxidation of solid and liquid copper of various chemical compositions under identical experimental conditions, using
differential thermogravimetric analysis (DTA) and by surface blowing of the copper melt with an air mixture. The results show that copper
samples oxidize at nearly the same rate and that the presence of impurities does not affect the process. All oxygen intended for copper (1)
oxide formation dissolves in copper up to the thermodynamic limit (up to 12 % Cu,0). It was established that oxygen concentrations in the
melt above 0.06% adversely affect the electrical properties of copper.
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AnHoTauus: KuHeTrKa BBICOKOTEMIIEPATyPHOTO OKMCIICHUSI MEIU Pa3JTMYHOTO XMMUYECKOTO COCTaBa KMCIOPOJAOM ra30Boii ha3bl mpoTe-
KaeT 1Mo napaboimyeckoMy 3aKOHY OKUCJIeHU S B TeMnepaTypHoM uHTepBase 350—1050 °C. Iy cnenunaJucToB, 3aHUMAKOIIMXCSI TEOPUT U
MPaKTUKON OrHEBOTo paMHUPOBAaHM I, UHTEPECHAa KUHETHKA BHICOKOTEMIIEPATyPHOTO OKMCICHU I MEU B OoJiee IMPOKOM TeMITepaTyp-
HoM auamna3zoHe 350—1160 °C, B mpeseax KOTOPOTO OCYIIECTBISIOTCS OKMCIEHKE TBEPAO MU U €€ MIaBJIeHUe, OKUCIEHUE KU IKOI Me-
II1 KMCJIOPOJIOM BO3/lyXa, BBOAMMOTO B pacijaB, pacCTBOPUMOCTDb B Heil Kuciaopoa, mpoliecc njaakoodpazoaHust. [IpogoskuTeabHOCTh
BBICOKOTEMIIEPATYPHOTO B3aMMOACHUCTBHUSI MEIM C KUCIOPOIOM OKa3bIBaeT OOJIBIIOE BIUSIHUE HA TEXHMKO-3KOHOMUYECKHE TTOKa3aTeln
aHOIHOW MJIABKU U 3JIEKTPOTEXHUYECK1Ee CBOMCTBA Mequ. [1oaTOMY McclieoBaHE KWHETUKH BBICOKOTEMIIEPATy PHOTO OKMCICHU I MEN
Y BJIUSIHUSI €€ Ha DJISKTPOTEXHUYECK e CBOICTBA MeTalyla UMeeT MPUHIUITUATbHOE 3HAYeHUE [IJ151 ONITUMAaJIbHOI OpraHM3al i OTHEBOTO
padbuHupoBaHus. B remneparypHom uHtepBasie 1100—1200 °C okucieHUe MeIu OCYIIECTBISCTCS MPEUMYLIECTBEHHO 3a CYET KUCI0poia
BO3/yXa, BBOAMMOro B pacriaB. O6pasoBaBiuuiicss okcua meau (1) nepeMeiiaeTcs U3 30HbI HEMOCPEACTBEHHOTO KOHTaKTa ¢ ra3000pas-
HBIM KMCJIOPOJIOM B IIIYOMHY pacriiaBa ¢ HU3KOM KOHLEHTpalueil KMUCI0poaa U TUCCOLMUPYET Ha MElb U KUCIOPOJ, YTO CIIOCOOCTBYET
MOBBIIIIEHU O KOHIIEHTPALIM U KUCIOpoAaa B paciuiaBe. [lepeokucieHne Meau 1 Ype3MEPHOE HACHIIIIEHE aHOIHOTO MeTaJlljla ra3aMu Mpu-
BOJSIT K TIEPEBOJY €€ B LIJIaK B BUAE OKCUAOB, Mepepacxoy MaTepuaJbHbIX PECYyPCOB U OTHEYIOPHBIX MAaTEepPUAIOB U OKa3bIBAIOT OTPU-
LaTeJIbHOE BIMSIHUE Ha JIEKTPOTEXHUYECKUE CBOMCTBA MeTasia. [IJist morcKa ONTUMAaNbHBIX PEKMMOB OKUCIEHUS ¥ OLICHKU BIMSTHU I
KUHETUKY OKMCIICHUS MEIM Ha 3JIEKTPOTEXHUYECK e CBOMCTBA pacijiaBa MPOBEICH COMOCTABUMBIif aHATN3 KUHETUYECKMX 3aKOHOMEP-
HOCTEI OKMCJIEHU S TBEPAOH U KUAKON MeIU pa3IuyHOr0 XMMUYECKOT0 cOCTaBa, MoJyYeHHOI B OMHAKOBBIX YCJIOBUSIX 9KCIIEPUMEHTA,
MeToaoM nuddepeHiinaibHO-TepMorpaBuMeTpuyeckoro aHaausa (JATA) u myTeM moBEpXHOCTHOr0 00yBa BO3AYIITHOM CMEChIO METHOTO
pacruiaBa. [IpoBeeHHbIE UcCeOBAHU S TOKA3aau, YTO 00pa31bl MeIM OKUCISIIOTCS TPaKTUUYEeCKU C OMMHAKOBOI CKOPOCTBIO M HAJTUYUe
MpUMeceil He BJUSET Ha 9TOT mpolecc. Beck Kuciopon, npenHazHaueHHbIH 1151 oOpa3oBaHust okcuaa Mmeau (I), pacTBopsieTcst B HEM 10
npezesa TepMoAMHaMKueckoro orpanuueHus (10 12 % Cu,0). YeraHoBJIEHO, YTO HaJM4Ke KUciopoaa B pacruiase 6osbiire 0,06 % oTpu-

1aTCJIbHO BJIUACT HA SJICKTPOTCXHUYCCKUEC CBOICTBA MEU.

KuiioueBbie cioBa: KMHETHKA BICOKOTEMIIEPATYPHOTO OKMCJIEHU I, YePHOBAsI Me/lb, AHOAHAsI Me/lb, OTHEBOe paMHUPOBAHUE MEIU, KOH-
LEHTPAaL s KUCIOPOAa, JIEKTPOCONPOTHUBIEHUE pacrjiaBba.
Jns uuruposanus: Xonon C.U., XKykos B.I1., Mamsuenkos C.B., Poraues B.B. BiusiHue KWHETUKY BBICOKOTEMIIEPATYPHOTO OKUCIEHU S

MeIM Ha BJIEKTPOTEXHUYECK e CBOICTBaA pacriaBa. M3eecmus 6y306. Lleemnas memannypeus. 2025;31(3):7—15.
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Introduction

The kinetics of high-temperature oxidation of cop-
per by gaseous oxygen was the subject of extensive the-
oretical and practical research in the second half of the
20" century. Domestic and international studies exa-
mined in detail the mechanisms of oxidation of cop-
per of various chemical compositions. A parabolic rate
law for oxidation was established in the temperature

interval of 350—1050 °C, conventionally divided into
three ranges: low-temperature (350—550 °C), inter-
mediate (550—850 °C), and high-temperature (850—
1050 °C) [1]. For specialists engaged in the theory and
practice of fire refining, the oxidation kinetics of cop-
per in the wider temperature interval of 350—1170 °C
are of particular interest. Within this range, the fol-
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lowing processes occur: oxidation of solid copper (in a
furnace oxidizing atmosphere with an oxidizer excess
coefficient oo = 1.1+1.15), melting of copper, oxidation
of liquid copper by oxygen from the air introduced in-
to the melt, dissolution of oxygen in the melt, and slag
formation.

The duration of high-temperature interaction be-
tween copper and oxygen has a considerable effect on
the technical and economic indicators of anode smelt-
ing and on the electrical properties of the metal. There-
fore, investigation of the kinetics of this process and its
effect on the electrical properties of copper is of funda-
mental importance for the optimal organization of fire
refining.

Studies [1; 2] have shown that impurities in copper
exert different effects on the oxidation rate. These ef-
fects are present in the low- and intermediate-tempe-
rature ranges, while in the high-temperature range the
oxidation rates of copper of different purities are practi-
cally identical [1]. In general, the kinetic behavior of the
process depends on the formation of a copper (I) oxide
film on the surface of solid copper. In the high-tempe-
rature interval (600—1050 °C), it is mainly governed by
the growth of the copper(I) oxide phase, limited by the
oxygen partial pressure (Poz)-

At 1100—1200 °C, copper oxidation proceeds pre-
dominantly by oxygen from the air introduced into the
melt:

4Cu + O, = 2Cu,0.

The Cu,O formed migrates from the zone of di-
rect contact with gaseous oxygen into the deeper
layers of the melt, where the oxygen concentration
is lower. The direction of reaction (1) then reverses:
Cu,0 dissolves in the copper melt, thereby increas-
ing the concentration of O, in the melt. In this case,
the kinetic patterns of high-temperature oxidation of
copper are limited by the transfer of copper into slag
when the melt is saturated with oxygen (1.4 %) up to
12.4 % Cu,O0.

Overoxidation of copper and excessive oxygen satu-
ration of the melt result in transfer of the metal into slag
in the form of oxides, leading to excessive consumption
of materials and refractories and to deterioration of the
electrical properties of the metal.

The aim of the present study was to carry out a com-
parative analysis of the kinetic patterns of oxidation of
solid and liquid copper of different chemical composi-
tions, obtained under identical experimental conditions
and by surface blowing of the copper melt with an air
mixture, as well as to evaluate the degree of oxygen solu-
bility in liquid copper and its influence on the electrical

properties of the melt, particularly at oxygen concentra-
tions above 0.08 wt. %.

Methods

The comparison of the kinetic patterns of copper
oxidation was carried out using simultaneous ther-
mogravimetric and differential scanning calorimetry
(TG—DSC) on a NETZSCH STA 449 F3 thermal
analyzer (Germany), coupled with a Tensor 27 Fou-
rier-transform infrared (FTIR) spectrometer (Bru-
ker, USA). The instrument simultaneously recorded
changes in sample mass (Am;) and heat release/ab-
sorption (DSC) during continuous heating at a rate of
10 °C/min up to 1150 °C.

The objects of study were solid copper samples:
49.5 mg of pure copper (99.98 % Cu) and 48.47 mg of
blister copper (98.7 % Cu). The samples were placed
in a crucible with an inner diameter of 6 mm and a
height of 4 mm. During the tests, the working space
above the crucible surface was blown with air at a
flow rate of 250 mL/min. In the experiment with
pure copper, the change in sample mass (Am;) was
interpreted as the oxygen mass Mo incorporated
into copper oxides of the Cu—O system. For blis-
ter copper, Am; was taken as the integral amount of
oxygen incorporated into oxides of the Cu—Mei—O
system.

To assess the degree of oxygen solubility and evaluate
its effect on the electrical properties of copper, surface
oxidation of blister and pure (anode) copper melt sam-
ples was performed using an air mixture. The experi-
ments were carried out under laboratory conditions with
the following equipment:

— an electric furnace with silicon carbide heaters
and a temperature control unit, operating at approxi-
mately 1170 °C;

— a crucible with batch loading of blister and anode
copper chips, with a melt surface area S of approxima-
tely 7539 mm?;

— a laboratory compressor with a capacity of 7 m3/h
and an air-blowing rate of 1.75—2.45 m’/h.

Three samples of blister copper and three samples
of anode copper of different chemical compositions,
each weighing approximately 5000 g, were selected
for study. All samples were melted under a charcoal
layer. After the copper melted, slag was removed from
the crucible surface, and oxidation was carried out by
blowing with an air mixture or approximately 12—
18 min.

The degree of oxygen solubility was determined by
periodic sampling (one sample per measurement), fol-

9
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lowed by analysis on an ELTRA CS-2000 (Germany)
carbon/sulfur analyzer, a SPECTROLAB S (Germa-
ny) optical emission spectrometer for copper com-
position, and an ELTRA ON-900 (Germany) oxy-
gen/nitrogen analyzer. The effect of copper oxida-
tion kinetics on its electrical properties was studied by
measuring the electrical resistivity of the anode cop-
per melt [3].

Results and discussion

The TG—DSC curves obtained during 120 min of
heating pure and blister copper samples to 1150 °C were
plotted on the same coordinate system for clarity (Fig. 1).
The numerical values of Am;, T, and #; at the most cha-
racteristic points are shown separately in the diagram
field [4].

The kinetic dependences of sample mass change
on oxidation time in the temperature interval of 300—
1050 °C exhibit a complex rate law close to parabolic,
consistent with most previous studies (Fig. 1, curve 2a —
pure copper, curve 2b — blister copper) [5].

The complex oxidation behavior can be explained
by thermodynamically probable reactions in the Cu—O
system: oxidation of copper to Cu,O by atomic and mo-

lecular oxygen, and recombination reduction of CuO to
Cu,0.

At temperatures of approximately 650 °C and above,
bulk diffusion of copper cations within the Cu,O crystal
lattice begins to dominate over grain-boundary diffu-
sion. As a result of grain growth, both the size and the
mass fraction of Cu,0 in the oxide layer increase, ensur-
ing complete oxidation of copper to Cu,O [6—15]. The
oxygen diffusion rate also rises, which is reflected in the
increase in sample mass and confirms the parabolic rate
law (Fig. 1).

A comparison of the Cu,O masses formed during
oxidation of pure and blister copper shows close agree-
ment (3.55 and 3.01 mg, respectively). This indicates
that the samples oxidize at nearly the same rate and
that the presence of impurities has little effect on the
process.

The oxygen required for Cu,O formation during oxi-
dation of pure and blister copper was calculated based
on the mass change. It was established that, to ob-
tain 3.55 mg of Cu,O in the pure-copper experiment,
0.267 mL of oxygen is required, whereas in the blis-
ter-copper experiment 0.234 mL is required; this
corresponds to 0.00355 at. % (8.8-107* wt. %) and
0.00301 at.% (7.5-10~* wt. %), respectively.

Am, mg DSC, mV/mg
Area: -357.8 Jig
Onset: 1061.1°C
3.5 Area -3679 J/g \ exo
Onset: 10503 °C : T L 0
_f' M
3.0
- —1
2.5 )
2.0 B
1.5 =
- —5
1.0 1
- —6
0.5 Peak: 1071.3 C, -7.079 mW mg\
Peak: 1080.30C. -6.335 mW/mg— =
700 800 900 1000 1100 1,°C
70 80 90 100 110 T, min

Fig. 1. TG—DSC curves of copper oxidation: pure copper (a), blister copper (b)

1— DSC signal, 2 — sample mass change, mg

Puc. 1. Kpussie JITA okucieHUs YUCTOM (@) 1 uepHOBOI (b) Mmenu

1—JICK, 2 — u3smMeHeH1e MacChl HABECKU, MT'
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The maximum solubility of oxygen in copper (at. %)
at 750—1030 °Cis determined according to the following
equation [11; 12]

12[%O0], 0y = — 6600

max

+3,41.

At 1030 °C, the solubility limit of oxygen in solid
copper is 0.02215 at. % (0.0055 wt. %). This indicates
that at the given temperature all oxygen intended for
copper (I) oxide formation dissolves in the metal, and
a continuous oxide layer does not form at the Cu—Cu,0O
interface.

During fire refining in the temperature range of
1100—1200 °C, copper is oxidized primarily by atomic
oxygen from the air introduced into the melt [16]. The
maximum solubility of oxygen in copper in this interval
is determined as follows:

9260

18[% 0],y = -

max

+7,15.

At 1170 °C, the solubility limit of oxygen in liquid
copperis 5.4 at. % (1.41 wt. %).

To assess the degree of oxygen solubility and to eva-
luate its effect on the electrical properties of blister cop-
per, three samples with an average chemical composi-
tion were used (Table 1).

The kinetic oxidation curves of blister copper sam-
ples with different chemical compositions at 1170 °C are
shown in Fig. 2.

Analysis of the empirical curves (Fig. 2) shows that
blister copper samples of different chemical composi-
tions exhibit complex oxidation behavior. At the initial
stage (up to 6 min), deviations from linear oxidation
kinetics are observed. This is explained by the fact that
most of the oxygen is consumed in oxidizing impuri-
ties (Zn, Fe, Ni, S) and transferring them into the slag
and gas phase. The deviation from linearity is most
pronounced for curve 2 (Fig. 2). After 3 min of blow-
ing, the oxygen concentration decreases from 0.06 to
0.047 % before starting to rise again. This behavior is
attributed to the relatively high sulfur content in this
blister copper sample (0.23 %) compared with the other

[O], %

1.2
1.0 1

0.8 5 3
0.6
0.44
0.2-

0 T é T 1IO T 1!5 T

Fig. 2. Empirical dependence of oxygen concentration
in copper melt on oxidation time

T, min

1-3 — blister copper samples of different chemical compositions
(see Table 1)

Puc. 2. SMHI/IpI/I‘ICCKaH 3aBUCUMOCTb KOHLIECHTpAL K
KHUCI0poaa B pacijiaBe MEAU OT MPOAOJIKUTEIBbHOCTU
OKMCJIEHU A

1—3 — 06pasLbl YepHOBOI MM Pa3TMYHOIO XUMUYECKOTO COCTaBa
(cM. Taba. 1)

samples (0.019 and 0.083 %). Since the experiments were
conducted under isothermal conditions, 1 min of air
blowing was sufficient to saturate the melt with oxygen
(from 0.02 to 0.06 %) and to oxidize Zn and Fe. How-
ever, this time was insufficient for complete degassing
of the copper melt as SO,, so sulfur largely remained in
the melt as dissolved SO, bubbles. Prolonged air blow-
ing subsequently removed SO, from the melt, while si-
multaneously reducing the oxygen concentration from
0.06 to 0.047 % [17—22].

After oxidation of the impurities, slag removal, and
further oxidation of the melt (from the 6th minute on-
ward), the oxidation of copper follows an almost lin-
ear course, with the oxygen concentration in the melt
increasing at an average rate of A[O] = 0.07 %/min.
This is due to the fact that, at the given temperature,
all oxygen dissolves in copper, forming Cu,O and act-
ing as a reactive impurity that promotes overoxidation
of the melt.

To assess the degree of oxygen solubility and to eva-
luate its effect on the electrical properties of anode cop-
per, three samples with an average chemical composition
were used (Table 2). The kinetic oxidation curves of ano-

Table 1. Average chemical composition of blister copper samples

Tabnuua 1. CpenHeB3BeIIEHHBIN COCTAB 00pa310B YePHOBOI Mean

Sample Content, %
No. Pb Sn As Sb Zn Fe | Ni | O s
I 0.03 0.001 0.048 0076 00027 00017 0115 028 0083
2 0.041 0.001 0.045 0077 00055 0037 0015 0.0 0.23
3 0.13 0.004 0.156 0.24 00039 00059 04 0047 0.019

1
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de copper of different chemical compositions at 1170 °C
are shown in Fig. 3. Analysis of these data shows a linear
increase in the oxygen concentration in the melt, with
an average rate of A|O] = 0.05 %/min. This trend can be
attributed to the fact that molten anode copper contains
almost no impurities, allowing its atomic structure to
undergo continuous short-range ordering and disorder-
ing. This dynamic process creates fluctuating free vo-
lume (up to 6 %) and alters interatomic distances by
1—2 %. Because the atomic radius of oxygen (ro =
= 48-10~'2 m) is smaller than that of copper (rcy =
= 145-102 m), oxygen atoms are generally accommo-
dated uniformly in interstitial positions, saturating the
copper with oxygen up to its solubility limit.

The influence of oxygen on the electrical properties
of copper in the solid state (binary Cu—O system) has
been extensively studied in the literature. Experimen-
tal data show that the dependence of copper resistivity
on oxygen concentration is nonlinear [23]. To obtain a
quantitative description of this dependence, the pub-
lished data were digitized with WebPlotDigitizer. The

[0], %

0.7
0.6+
0.5
0.4 -
0.3
0.2
0.1+

0 5 10 T, min
Fig. 3. Empirical dependence of oxygen concentration
in copper melt on oxidation time

1—3 — anode copper samples of different chemical compositions
(see Table 2)

Puc. 3. Omnupuyeckasi 3aBUCMMOCTb KOHLIEHTPALM U
KMCJIOPOJa B pacIljlaBe MEAU OT ITPOJOJIKUATETbHOCTU
OKUCJIEHUSA

1—3 — 00Opa3s1ibl aHOIHOI MeIN Pa3INYHOTO XMMUYECKOTO COCTaBa
(cm. Tab. 2)

results are shown in Fig. 4. The graph indicates that
low oxygen concentrations, up to 0.06 %, enhance the
electrical conductivity of copper [23]. This effect is
explained by the fact that oxygen in copper may exist
not only as copper (I) oxide, but also in solid solution,
where it interacts with detrimental metallic impurities
(e.g., nickel), oxidizing them into less harmful forms
[24—26].

In the oxygen concentration range above 0.06 %,
copper resistivity increases linearly (Fig. 4), with oxygen
acting as a detrimental impurity that reduces electrical
conductivity.

By contrast, the effect of oxygen on the electrical
conductivity of liquid copper of different chemical
compositions has been studied only to a limited extent,
and the available information is fragmentary. To eva-
luate the influence of oxidation kinetics of liquid cop-
per on its electrical conductivity, resistivity of anode
copper melts was measured simultaneously with oxy-
gen sampling.

The empirical relationships between melt resistivity
and oxygen dissolution in anode copper samples of dif-
ferent chemical compositions (Fig. 5) are comparable
with the dependence of resistivity on oxygen content in
solid copper in the region above 0.06 % (Fig. 4). Ana-
lysis of curves 7/ and 3 (Fig. 5) shows a similar increase
in melt resistivity with oxygen concentration, which
can be approximated by an exponential function. This
suggests that these anode copper samples have similar
chemical compositions and contain only minor impu-
rity levels. Curve 2 in Fig. 5 shows no increase in melt
resistivity during oxygen saturation in the initial range
of 0.066—0.3 %. This indicates that this anode copper
sample has elevated impurity levels. In this case, the
dissolved oxygen was consumed by further oxidation
of impurities (Pb, Zn, Fe, S) that were not removed
during anode smelting, which was manifested in slag
formation during melt oxidation. After slag removal
and continued oxygen dissolution, an increase in melt
resistivity was recorded.

In conclusion, these results demonstrate the Kki-
netic regularities of oxidation of solid and liquid cop-

Table 2. Average chemical composition of anode copper samples

Ta6nuua 2. CpenHeB3BeIIEHHBIN COCTaB 00Pa31I0B aHOIHOM Mean

Sample Content, %
No. Pb Sn As Sb Zn Fe | Ni | O s
I 0081 0005 00055 009 00028 00016 009 0018 00071
2 0.08 00056 00054 0099 00049 00032 0092 0023  0.0086
3 0081 0.0054  0.0054 0099 00023 00015  0.088  0.024  0.0055

12
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Fig. 4. Dependence of copper resistivity on oxygen
concentration [23]

Puc. 4. 3aBUCUMOCTD yIEIbHOIO COIIPOTUBIEHU S MEAU
OT coaepKaHust Kuciopoaa [23]
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Fig. 5. Dependence of the resistance of copper (I—3) melt
samples of different chemical (see table 2) composition
on the oxygen content

Puc. 5. 3aBUCHUMOCTB 2JIEKTPOCOITPOTUBJIEHU I 00pa31I0B
(I-3) pacriaBa Meau pa3IMYHOTO XUMHUYECKOTO COCTaBa
(cM. TabuI. 2) OT comepKaHMsI KUCIOpoaa

per of different chemical compositions and the effect
of oxygen solubility on the electrical properties of
the melt.

According to the Cu—Cu,0 phase diagram, the
main condition for fire refining is to maintain the
oxygen concentration in copper above the equilibrium
level required for impurity oxidation (0.4—0.8 % at
temperatures up to 1170 °C). Therefore, it is important
to analyze the kinetics of oxygen dissolution in liquid
copper during the oxidation stage to evaluate impu-
rity transfer into slag and to avoid overoxidation. The
influence of oxygen dissolution kinetics on the elec-
trical conductivity of liquid copper should be assessed
only after maximum impurity removal. This approach
makes it possible to calculate and control the residual
oxygen concentration in the copper melt by measuring
melt resistivity [3].

Conclusion

The macroscopic oxidation kinetics of pure and
blister copper samples of different chemical compo-
sitions were investigated using TG—DSC and surface
oxidation by air blowing. The results show that all
samples oxidize at almost the same rate and that the
presence of impurities does not significantly influence
copper oxidation.

All oxygen available for copper (I) oxide formation
dissolves in copper up to the thermodynamic limit of
12 % Cu,0. The effect of oxygen solubility in copper
melts on their electrical properties was demonstrated.
It was established that oxygen concentrations in the melt
exceeding 0.08 % deteriorate the electrical properties of
copper.
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