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Abstract The pyrometallurgical processing of copper
concentrates generates large amounts of iron and copper-
containing slag. It is an available way to separate and
recover iron and copper by oxidative modification slag.
The copper slag used in this experiment is water-quenched
copper slag tailings. The method of the experiment is to
separate copper and iron in the copper slag by oxidation-
magnetic separation method, and the amount of copper and
iron recovered in the later stage is also greatly reduced.
Mineralogical phase transform of copper slag during oxi-
dation modification process has been investigated with the
goal to provide valuable information for the recovery of
copper and iron. The influence of temperature and time on
the mineral phase transformation has mainly been studied
during the oxidation modification. XRD combined with
FT-IR has been used to characterise the mineral phase
change. The experimental results showed that the oxidation
temperature and time were favorable for modification of
copper slag under medium- and low-temperature condi-
tions. When the oxidation temperature was 950 °C, fayalite
was transformed to hematite and quartz, which provided
the necessary conditions for separating iron and silicon,
and copper embedded in fayalite was also released. In
addition, the copper slag particles were significantly grown

X Qiuju Li
ligj@t.shu.edu.cn

State Key Laboratory of Advanced Special Steels, Shanghai
University, Shanghai 200444, China

Shanghai Key Laboratory of Modern Metallurgy and
Materials Processing, Shanghai University, Shanghai 200444,
China

School of Materials Science and Engineering, Shanghai
University, Shanghai 200444, China

under the action of oxidation reaction which was also
beneficial to subsequent selection and treatment.
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1 Introduction

The copper output in the world has grown rapidly and has
reached 23.50 million tons in 2017 [1]. At present, 80% of
the world’s copper production is produced by pyrometal-
lurgical process. It will produce about 2.2 t [2] slag as
product of one ton copper, and the yield of about 24.6
million tons of copper smelting slag is produced per year.
The pyrometallurgical copper slag contains more than
0.5% of copper and 40% of iron which are mainly in the
mineralogical compositions of fayalite and magnetite. It is
critical for developing a method to recover the copper and
iron resources from the copper slag with lower energy and
the heavy metals in the residue slag. The knowledge of
chemical composition and mineralogical phase transfor-
mation of slag are of industrial interest for recovery of
copper and iron resources.

The fayalite and magnetite were directly reduced to
metal iron by the addition of a co-reducing agent under
high-temperature melting conditions [3, 4]. The flotation-
magnetic separation method could effectively recover
copper and iron in copper slag [5]. The content of magnetic
iron oxide in copper slag was about 20-30%, while the
main iron-containing phase of fayalite and other silicate
phases entered the tailings during the magnetic separation
process [6]. Some researchers [7] studied copper slag at
temperature of 1250 °C by direct reduction-magnetic sep-
aration, and the recovery of iron was about 39.96 wt%.
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Pang et al. [8] studied the enrichment of iron in high-
temperature molten copper oxide slag, and the addition of
CaO to roast copper slag under an oxygen atmosphere at
high temperature would promote the decomposition of
Fe,SiO,4, and ao-Fe,0j3 increased in the later stage of the
reaction. In our present work, the recovery iron resources
from copper slag with oxidative modification at low tem-
peratures were discussed in detail [9]. The reaction factors
such as oxygen potential and temperature were the
important influencing factor for converting the olivine to
magnetic iron. The result showed that oxidative modifica-
tion of copper slag was beneficial to improve the iron grade
and recovery rate in the subsequent treatment.

The method of the experiment is to separate copper and
iron in the copper slag by the oxidation-magnetic separa-
tion method, and the copper is concentrated in the non-
magnetic residual slag, followed by leaching extraction.
Iron enrichment is recovered in the magnetic slag. Not only
can copper and iron be effectively separated, but the
amount of copper and iron recovered can be greatly
reduced. The aim of this paper is to research the miner-
alogical phase transform copper slag during process of
oxidation modification, with the goal to provide valuable
information for the recovery of copper and iron from
copper slag. The possibility of fayalite decomposition
reaction was estimated by the thermodynamics data. The
distribution of species in copper slag was investigated. The
structure variety during oxidation was detected. The min-
eralogical phases and morphology transformation during
oxidation at different temperature were characterized. The
transformation mechanism of iron-containing and copper-
containing mineral during oxidation was explored in detail.

2 Experimental Equipment and Method

It was difficult to separate copper and iron from copper slag
because of copper embedded into iron fayalite. It had to
break fayalite phase and release copper to recover copper
and iron. Iron fayalite phase in copper slag could be broken
and oxidized and modified into a magnetic mineral phase at
low temperature under oxidizing conditions on the basis of
literature research and thermodynamic analysis. Oxidation
modification of copper slag was affected by factors such as
temperature, time, particle size and partial pressure of
oxygen.

2.1 Experimental Equipment
The experimental tubular resistance furnace is schemati-

cally shown in Fig. 1. The reaction tube was made with
stainless steel which was connected to the intake and outlet
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ports at both ends. Copper slag put into corundum crucibles
was placed into the stainless steel tube.

2.2 Experiment Method

Before the start of the experiment, the reactor was purged
by nitrogen flow before oxidation reaction. Corundum
crucible containing 10 g of copper slag particles was
placed in a tube furnace. The samples were first heated in a
nitrogen flow to the desired temperature, and then the
nitrogen was switched to O,—N, gas mixture. When the
reaction finished, the samples were cooled down with cold
water.

The cooled oxidized modification slags were crushed
and ground, and separated with magnetic separation. The
particle size was characterized with laser particle sizer. The
composition of copper slag sample was analyzed by X-ray
fluorescence spectrometry (XRF). The structure and com-
position of slag were detected with X-ray diffraction
(XRD) and infrared spectroscopy (IR). The elemental
composition and elemental distribution in the copper slag
were determined by scanning electron microscopy—energy-
dispersive spectrometer (SEM-EDS).

3 Results and Discussion
3.1 Characterization of Copper Slag

The copper slag used in this experiment is a secondary
copper resource which has been crushed, ground and
floated by a company in Gansu province. The size of the
copper slag particle exceeding 70% of which is very fine
with less than 10 um in diameter are shown in Fig. 2.

The chemical composition of the copper slag is shown in
Table 1. It shows that the main elements in the slag are Fe,
O, Si and small amount of Cu and the content of Cu is
0.48 wt%, while the content of Fe is 38.5 wt%. In addition,
there are many other elements such as Zn, Ca and Al in the
slag. There are many kinds of trace metal elements such as
Ni, Mn, Sr, Mo and P in the slag, and their contents are
below 0.1%. These elements are mostly in the form of
oxides.

The copper slag has been studied by an X-ray diffrac-
tometer, and the phase of the original slag has been found
to contain fayalite (Fe,SiO4), magnetite, quartz and sili-
cate, as shown in Fig. 3. [ron mainly exists in the form of
fayalite and magnetite. Silicon is mainly in the form of
combined and silicate; Ca and Al in slag are mainly in the
form of complex aluminosilicate. Metal elements such as
Mg and Zn in the slag are mainly in the form of oxide-
fayalite. The average content of fayalite in copper slag is
about 73 wt % with semiquantitative calculation, while
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Fig. 1 Diagram of pipe electric
furnace

Stainless steel reaction tube

N\

\ \H il Hhh i M @

Water-cooled flanges

[

~

//// . .

-

///

Fig. 2 Particle size of copper 100.0 5.0 Sizefum | Content%
slag 0.0 45
050 0.06
.0 : d e 0.80 4.79
70.0 ’ -"" 3.5 - -
)
® 60.0 s h . 302 129 21,42
L i w208 3417
50.0 i 25 ™ . :
S «w.0 it E: 202 | 335 48.77
L
30.0 AN 1.5 539 5937
20.0 I 1.0 867 7245
b
10.0 i 0.5 1394 | 8385
0.0 0.0
0.1 1.0 10.0 100.0 2243 97.44
Size(Mm 36.08 100.00
Table 1 The composition of copper slag (wt%)
Composition Fe (6] Si Zn Al Ca Mg Cu S
Content 38.51 33.00 18.72 2.66 1.55 1.27 0.91 0.48 0.38
400 - .
m FeaSi04
350 aFes0q
¢ CaFeS104
300 =] Ca3Alzsi3012
250
e
‘@ 200
=
L.
£ 150
100
50
0
-5 10 20 30 40 50 60 70 80 90
20 ( * )

Fig. 3 Phase structure analysis of copper slag

magnetite is only about 7 wt %, and the rest are other
mineral phases.

The microscopy morphology of copper slag is observed
by SEM combined with EDS shown in Fig. 4. From the
results of Fig. 4a, the particle size of the copper slag

particles is unevenly distributed from several micrometers
to several tens of micrometers. The slag has apparently
smooth and dense structure whether it is a large or small
particle. The results of energy spectrum analysis of the
original copper slag in Fig. 4a shows that Fe content in
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Fig. 4 Microscopy morphology of copper slag

the region 1 of larger particles is higher, while the content
of Si, Ca and Al in the regions 2 of the small particles is
relatively high. The EDS combined with XRD results
show that the large particle copper slag is fayalite-mag-
netite phase. The larger particles are in the form of
massive and short columns, and the angular angle looks
obvious. The small particles are the fayalite-silicate phase
coated with impurities such as calcium and aluminum. Cu
is intercalated in the fayalite phase according to the
energy spectrum analysis which make it difficult to
recover copper from copper slag. Figure 4b shows the
microprobe of backscattered imaging of copper slag.
There are two phases in copper slag, region 3 and region
4. The composition and content of mineral phase about
region 4 is rich Fe, Al and O which means magnetite
phase. The composition of region 3 contains element of
Fe, Al, Si, Ca and Cu which means copper is embedded
into the fayalite phase.

3.2 Temperature Effect on Phase Transition

The purpose of this experiment is to completely oxidize
and decompose the fayalite into magnetic iron oxides and
silica under medium- and low-temperature conditions.
Fayalite is beneficial to decomposition under oxidation at
high ambient temperature according to reactive Gibbs free
energy. The oxidation reaction is selected under the con-
dition at the range of 800—1000 °C, with the oxidation time
of about 60 min and the oxygen flow of 0.1 L/min. The
mineral phase transformation of the copper slag during
oxidation process with the temperature increasing is shown
in Fig. 5.

The XRD patterns of copper slag exhibits more Fe;O4
and Fe,Oj; characteristic peaks at 800 °C, indicating that
the copper slag has undergone significant phase
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Fig. 5 XRD of copper slag at different oxidation temperatures

transformation at 800 °C. The fayalite in the copper slag
transforms into magnetite and amorphous silica (Fe,SiO,.
+ O, — Fe30,4 + Si0O,), and the magnetite is oxidized to
form hematite (Fe;04 + O, — Fe;03). The main phases
of calcined copper slag at 800-850 °C are Fe;O4 and
Fe,03, but there is still a small amount of Fe,SiO,4 phase,
indicating that the oxidation of fayalite is not complete at
temperature of 850 °C. With the increase in oxidation
temperature, the intensity of Fe,SiO, decreases, and the
intensity of Fe;O4 and Fe,O; increases. When the oxida-
tion temperature rises to 900 °C, the characteristic peak of
Fe,Si0, disappears completely, and the characteristic peak
intensity of Fe;O,4 begin to decrease. The reason is that,
Fe,Si04 decomposes to Fe;O, and SiO, completely.
Magnetite continues to oxidize to form hematite (Fe;O4.
— Fe,03), and the intensity of Fe,O5 peak increases. At
950 °C, the weaker SiO, characteristic peaks appear at
21.6°, 26.5°, 27.6° (20) (the characteristic peaks of
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cristobalite at 21.6° and 27.6°, and the characteristic peaks
of quartz at 26.5°). It has been indicated that a small
amount of quartz crystal and cristobalite crystals begin to
crystallize at 950 °C.

Figure 6 shows the FT-IR spectrum of copper slag’s
transformation at different oxidation temperatures. The FT-
IR spectrum of the original slag mainly shows the vibration
of the complex Si—O group in complex anion [Si04]*~ of
the Fe,SiO4. There are three absorption bands in the
original slag in the wavenumber range of 1200-400 cm ™"
The absorption peaks with wave number of 951 cm ™' and
873 cm ™' in the first band between 1100 and 850 cm™" are
attributed to the asymmetric stretching vibration of Si—O
bond. The absorption peak of the second wavelength band
between 850 cm ™' and 600 cm ™' with a wave number of
825 cm ™! is attributed to the symmetric stretching vibra-
tion of the Si—O bond, and an absorption peak of the third
band with a wave number of 474 cm ™' between 600 cm ™'
and 400 cm ™" is attributed to the bending vibration of Si—O
bond. The vibration at 562 cm ™' indicates Fe—O bond of
magnetite.

The FT-IR spectrum of the copper slag transforms sig-
nificantly with the increasing temperature. A new absorp-
tion peak appears at 1072 cm ™" at 800 °C which indicates
that a new phase is formed at this temperature. The
absorption peak with strong intensity and wide shape in the
wavenumber range of 11001050 cm™" is the characteris-
tic of amorphous SiO, [10], which is caused by the
asymmetric stretching vibration of Si—O bond in SiO,. No
quartz crystal can be detected in the copper slag in the
XRD pattern at 800° which means the formed phase of
amorphous SiO,. Due to the different Si—-O bonds of
complex anion [SiO4]4_ strengths in the Fe,SiO,4, copper
slag has multi-peak splitting in the range of
1000850 cm ™! calcined at 800 °C, and there appears two
peaks, which are located at 902 and 875 cm_l, respec-
tively. The peaks of these two are not deep; the absorption
peak at 825 cm™' also split into two peaks at 835 and
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Fig. 6 FT-IR of copper slag at different oxidation temperatures

800 cm ™', respectively. When the calcination temperature
rises from 800 to 900 °C, the absorption peak intensity
increased to around 1072 cm™' and moves to a high
wavenumber of 1082 cm™}, indicating that the content of
amorphous SiO, in the copper slag increases with the
increase in calcination temperature. The absorption peaks
around 902, 875, 835 and 800 cm ™' completely disappear,
indicating that Fe,SiO, completely decomposes into Fe,03
and SiO; at 900 °C, and the content of SiO, in the copper
oxide slag reaches a maximum at this temperature. At
950 °C, the intensity of the absorption peak near 474 cm™'
decreases and moves in the vicinity of 462 cm™'. The
weak shoulder peak appears at 1162 cm™', and the
absorption peak appearing near 790 cm™ ' is characterized
as the absorption peak of quartz minerals [11] which
indicates that a small amount of quartz crystal precipitates
at this temperature, and it is consistent with the XRD
analysis results in Fig. 5. When the oxidation temperature
rises to 1000 °C, the intensity of absorption peak at
1162 cmfl, 790 cm ™! and 462 cm ™! get enhanced, and the
FT-IR spectrum of the calcined copper residue at 1000 °C
shows obvious infrared absorption of quartz crystal. It has
been indicated that the content of quartz crystal (quartz,
cristobalite) in the calcined copper slag increases with the
rising of temperature.

3.3 Oxidation Time Effect on Phase Transition

Figure 7 shows the XRD patterns of copper slag after
different reaction times at a temperature of 950° C and an
oxygen flow rate of 0.1 L/min. The characteristic peak of
the fayalite disappears completely after 60 min, which
indicates that the fayalite phase in the slag had been
completely oxidized to a high-valent iron oxide. The main
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Fig. 7 XRD of copper slag at different oxidation times
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phase of copper slag is Fe,Oj after oxidizing at 950 °C
for 60 min, and the secondary phases are Fe;O4 and SiO,.
The difference between the diffraction peak intensities of
two iron oxides is not large, and the characteristic peak of
SiO, is weak. With the prolongation of oxidation time,
the characteristic peak intensity of Fe,O; increases
slightly, the characteristic peak intensity of Fe;O,4
decreases slightly, and the characteristic peak intensity of
quartz increases obviously. The main phase of copper slag
oxidized at 950 °C for 150 min is Fe,Os3, and the sec-
ondary phase is Fe;O4. Quartz and cristobalite phases
appear obvious, indicating that prolonged time is benefi-
cial to the crystallization and growth of hematite phase
and also beneficial to the precipitation and growth of
cristobalite phase.

Figure 8 shows the FT-IR spectrum of copper slag at
different reaction times at 950 °C. The FT-IR spectra of
copper slag are characteristic absorption peaks of quartz,
and the positions of the absorption peaks are basically the
same, but the intensity of each absorption peak increases
with the increase in oxidation temperature. It indicates
prolonging of oxidation time is beneficial to increase the
crystallinity of quartz.

3.4 Morphology Transformation During
the Oxidation

The mineral phases transformed before and after the
reaction are only judged qualitatively and semiquantita-
tively with XRD analysis, while the quantitative transfor-
mation of the mineral phase composition before and after
the reaction is uncertain. Therefore, the scanning electron
microscopy—energy-dispersive spectrometer (SEM-EDS)
has been used to detect and analyze the copper slag com-
position before and after the reaction.

Figure 9 shows SEM images of copper slag after oxi-

dation under different temperature conditions. The
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Fig. 8 FT-IR of copper slag in different oxidation times
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oxidation temperature and oxidation time have a great
influence on the microscopic morphology of the copper
slag. After oxidation, the surface of the original copper slag
is smooth and the dense structure disappears, becoming a
rough and loose porous structure caused by oxidation. The
structure of Fe,SiO, in the copper slag is broken and
decomposes into iron oxide and SiO,.

The morphology of copper slag transformed at different
temperatures is characterized with SEM shown in Fig. 9
A-D. A-D show the copper slag morphology at tempera-
ture of 800°, 900°, 950° and 1000°, respectively. With the
increase in oxidation temperature, the number of larger
particles in copper slag increases, and the surface rough-
ness of large granular mineral phase increases. The element
content of the different particles transform greatly with the
increase in the oxidation temperature. After oxidation, the
larger particles contain more iron than the small ones and
the silicon content is lower, which means that the main
mineral phase of large particles is hematite and magnetite
at temperature lower than 900 °C, and fine particle is sil-
icate phase. The content of iron increases with temperature
at 950 °C. The main iron-bearing mineral phase in the
larger particle size are hematite phase, and magnetite phase
in smaller particle size.

Figure 9 E and F shows SEM images of 1000 °C
oxidation for 60 min and 120 min at high magnification
amplification (5 K times). The results show that there are
two mineral phases on the surface of the particles, namely
the fayalite-oxidized decomposition products. A large
number of fine and uniform dot-shaped Fe,O; crystal
particles are distributed on the surface with the particle’s
size less than 1 pum. There are also some embedded sili-
cate phases on the surface of the particles with a particle
size of 1-2 um. When the oxidation time extends to
120 min, there is enrichment of Fe,Oj particles on the
surface which has a quasi-spherical shape with an average
particle size of about 3 pum. It can be indicated that the
precipitation of Fe,O; crystals has occurred with the
prolongation of oxidation time. The “embedded” silicate
phase with the particle size of 3 um has been separated
and have become the form of “adsorption.” The silicon
content in the hematite phase is less than 1 wt%, while
other impurity elements such as Al and Ca decreases
slightly. This is because element’s diffused rate increases
with improving temperature.

3.5 Oxidation Mechanism on Phase Transformation
of Oxidation Copper Slag

During the oxidation reaction, the Fe,O5 “crystal nucleus”
is first generated by oxidation reaction. The newly formed
Fe;O3 “crystal nucleus” is connected to each other and
they grow up. The interconnection process causes a
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Fig. 9 SEM image of copper slag after oxidation

decrease in surface energy, which make the elemental
diffusion a spontaneous process. Fe migrate to the gas—
solid reaction interface of slag through the newly formed
iron oxide layer. With the oxidation temperature increasing
and the oxidation time prolonging, small particles disap-
pear and large particles are continued to form. The
migration and diffusion of iron increases, and the original
structure of the fayalite phase breaks. The silicon-oxygen
bond in the fayalite get continuously saturated, forming a
chain shape, and the silicate structure of the frame-shaped
transforms into an island shape. The silicate structure

breaks and is thus peeled off from the whole magnetite in
the form of small particles, and the final part get detached
into small particles of iron silicate, and a part get adsorbed
on the surface of the hematite phase.

The content of Fe,SiO,4 in copper slag is accounted for
more than 70% in the copper slag composition, and Fe;O4
is only accounted for about 7%. Therefore, the oxidation
reaction of Fe,SiO, occurrs mainly in the calcination
process of copper slag. The results of XRD patterns show
that Fe;0, and Fe,O5 are the oxidation products of copper
slag at 800 °C. At the same time, the wide and blunt
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characteristic peak of amorphous SiO, appears. The fay-
alite get transferred to magnetite and amorphous silica
(Fe,Si04 + O, — Fesz04 4+ SiO,) during oxidation at
800 °C, and the magnetite is oxidized to form hematite
(Fe304 4+ O, — Fe,05). The characteristic peak of Fe,.
Si0,4 disappear completely in the XRD pattern at 900 °C,
indicating the transition of Fe,SiO, to iron oxide com-
pletely. In the range of 800-900 °C, the transition from
Fe,Si0O,4 to Fe;0,4 and from Fe;0,4 to Fe,O5; occurs simul-
taneously. The transition from Fe3;0,4 to Fe,O5 occurs with
temperature increased to 900 °C.

The amorphous SiO, is glass phase formed from 950° C,
and the glass phase products are quartz and cristobalite
crystals. The cristobalite crystals are unstable in the range
of 870-1270 °C on the basis of the literature [12]. The
temperature range for transition to cristobalite is
1470-1670 °C according to thermodynamics. However,
many non-metallic mineral materials also has
metastable cristobalite formed during oxidation reaction.
Cristobalite get precipitated [13] from different mineral
phases at a wide range of temperature. Diatomite is con-
verted into cristobalite at 900-1300 °C [13]; opal is con-
verted into cristobalite at 1200 °C [14]; kaolinite also
produces cristobalite at 1260 °C [15]; synthetic MCM-41
mesoporous SiO, molecular sieve transforms into cristo-
balite at 1000 °C [16]. Other processes such as ceramic
sintering and  mullite  preparation  also  has
metastable cristobalite formation. All the informations
above indicate that the formation of cristobalite in the
thermodynamic metastable state is a common phe-
nomenon. The formation of metastable cristobalite is
consistently considered to be a non-equilibrium thermo-
dynamic process, which is mainly controlled by the reac-
tion kinetic mechanism.

Amorphous SiO, ordered structure is similar to the
disordered structure of cristobalite, and this similarity
greatly increases the effective nucleation rate of cristobalite
during the crystallization of amorphous SiO,. The impurity
element contained in the amorphous SiO, is advantageous
for the formation of cristobalite at lower temperature and
accelerating the progress of the reaction. Mollah et al. [17]
found that lignite-burning ash had a cristobalite crystal
formed during heat treatment at 1000 °C. The conclusion
of the authors was that, alkali metal oxides (Na,O and
K50) and alkaline metal oxides (CaO and MgO) and Fe,O3
in ash led to the crystallization formation of cristobalite at
lower temperature. Chen Meiyi et al. [18] also believed that
impurity elements such as Mg, K and Ca were beneficial to
decrease the cristobalite crystallization formation temper-
ature. When the amorphous SiO, and quartz get converted
to cristobalite, the Si—O-Si bond is broken and recon-
structed. The metal ions can increase the number of Si—O-
Si bond ruptures and form more lattice defects. These
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defects improve the free energy of the system and increases
the reactivity of SiO,, which is beneficial to the nucleation
of cristobalite crystals at lower temperature.

According to the analysis above, the multiphase trans-
formation reaction in the oxidation process of copper slag
can be summarized as:

sporc_gure Fe;04 + SiO, (amorphous)

(1)
FC3O4 +0, 8()()°(3—_)10()0°C F6203 (2)

2FeO - Si0; + O,

SiO; (amorphous) 20C si0, (cristobalite) (3)

The copper slag oxidized at 950 °C from 60 min to
150 min mainly undergoes multiphase transformation from
Fe;04 to Fe,O; and amorphous SiO, to quartz and
cristobalite. The prolongation of oxidation time has a
great influence on the size of Fe,O; and quartz particles.
The particle size of Fe,O3 and quartz become larger as the
oxidation time get prolonged. The median particle size of
the copper slag increases to 22.74 um under the condition
of 950 °C for 120 min. The proportion of the particles
smaller than 10 pum is less than 30%. The proportion of
particles larger than 35 um increases to 60%.

4 Conclusion

The oxidation modification of copper slag mainly was
investigated to provide the information about phase trans-
formation which made it convenient for recovery of copper
and iron from copper slag. The results of the experiment
are shown as follows:

1. The study on process mineralogy showed that the
particle size of copper slag was very fine. The median
particle size was less than 10 pm. Si and Fe in copper
slag mainly existed in the form of fayalite, and the
content of Fe,SiO,4 accounted for about 73% in copper
slag which was much higher than that of Fe;O,.
Therefore, the oxidation process of copper slag was
mainly about the oxidation of Fe,SiO,.

2. The results of copper slag oxidation showed that the
oxidization of the fayalite in the copper slag decom-
posed into iron oxide and silica by selecting suit-
able oxidation conditions. The phase transformation
during the oxidation of copper slag is as follows: The
phase transition of the origin slag at 800 °C had
transformed from Fe,SiO4 to Fe;0, and amorphous
SiO,, and the transition of Fe,SiO4 to Fe;O,4 ended at
900 °C. The transition of Fe;04 to Fe,Os; occured
simultaneously at 800 °C, and the transition almost
finished at 1000 °C. The transition from Fe,SiO4 to
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Fe;04 and Fe30,4 to Fe,O3 occured simultaneously at
800 ~ 900 °C; after 900 °C, the main transition from
Fe;04 to Fe,O5 occured.

3. Quartz and cristobalite were formed by transformation
of amorphous SiO,, and the crystallization temperature
of quartz and cristobalite was 950 °C. Prolongation of
oxidation time was beneficial to both the crystalliza-
tion and growth of the hematite phase and the growth
precipitation of the quartz phase.

4. The median particle size of the copper slag was
increased to 22.74 pm under the condition of 950 °C
for 120 min. The proportion of particles smaller than
10 um was less than 30%. The particle size larger than
35 um was increased to 60%.
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