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ABSTRACT

In order to obtain the fundamental data in ferro-
nickel and cupro-nickel smelting, equilibrium experiments
between magnesia saturated FeOx-SiO2-MgO slags and
liquid Cu-Ni-Fe alloys were carried out under controlled
oxygen potential at 1673 and 1773K. The MgO solubility
in the FeOx-SiO7 slag increases from 16 to 32 mass%
with increasing SiOj content at 1773K. The Ni and Cu
contents in the slag decrease with reducing oxygen
potential or increasing temperature. By comparing the
values of the distribution ratio, Lf(/m, Fe will remain
basically in the slag while Ni and Cu will concentrate in
the alloy phase. At 1673K, the Ni dissolution will be lower
than Cu at Po, = 3x104 Pa. Based on the logarithmic
relationship between the distribution ratio and the oxygen
potential, the predominant species dissolved in the slag are
NiO, CuOgs, FeO, CoO and SbO; 5. Using the activity
values of Ni and Cu determined by a Knudsen cell mass
spectrometer, the activity coefficients of NiO and CuOg 5
in the slag were estimated to be approximately 3.5 and 4 to
7, respectively. The high content of MgO does not
significantly affect the dissolution of these metals in slag.

1. INTRODUCTION

With the limited natural resources and the rapid
depletion of higher grade sulfidic ores, greater attention is
now focused on the treatment of other resources. Laterite
ores, although containing lower grades, represent more
than 3/4 of the world’s estimated reserves for nickell.
These large and relatively underdeveloped resources have
the potential of becoming an increasingly important source
for nickel. Lateritic ores particularly garnierite which is
the main raw material for Fe-Ni production contains very
high levels of silica and magnesia. Thus this work is
undertaken to provide basic information on metal losses
during laterite smelting. Nickel solubility in silicate slags

had been investigated by several researchers 2-5. However,

there are no reported papers on slags with high magnesia
content or on the effect of magnesia on the solubility of
metals in slag equilibrating with nickel alloys.
Furthermore, the basic data on nickel alloys and slag
equilibria related to ferro-nickel and cupro-nickel
production process are limited. Equilibrium experiments
between magnesia saturated FeOx-SiOp-MgO slag and
liquid Cu-Ni-Fe alloy were carried out to determine the
solubility of Ni, Cu and few minor elements in slag. The
activity coefficients of the component elements in the slag
phase were also estimated to analyze their behavior in the
smelting process.

2. EXPERIMENTAL PROCEDURE

Three grams of high purity Ni alloyed with three
grams of copper were equilibrated with five grams of pre-
melted fayalite slag in a dense sintered magnesia crucible
at 1673 and 1773K. In some experiments antimony and
sulfur were added in the form of NisSby and Ni3S; master
alloys while metallic cobalt was directly charged with the
sample. To prevent the premature erosion of the magnesia
crucible, some amount of magnesia powder was also
added in the charge. The CO and CO, gas mixture was
used to maintain the oxygen potential from 10-1- 10-5 Pa
over the slag melt. The gas train was connected with a
moisture absorber and a capillary flowmeter with a bleeder
system to regulate the gas flow. The stream of purified and
dried CO/CO, gas passing over the sample was approxi-
mately 100 ml/min at the standard state.

The schematic diagram of the furnace assembly is
shown in Fig. 1. A silicon carbide heating element was
used to heat up the furnace. The temperature was
controlled by a SCR controller which maintained the
temperature to within +2K and measured by an alumina
shielded Pt-Pt13%Rh thermocouple lodged on the
refractory platform beside the holding crucible. The
CO/CO;, gas mixture enters the reaction chamber through
an alumina tube that was inserted into the holding crucible.
Both ends of the reaction chamber were sealed by silicon
rubber stoppers to prevent the ingress of air.
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Fig. 1. Schematic diagram of the reaction tube
assembly.
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The experimental system has seven components
(Ni, Cu, Fe, Si, Mg, Oand C) and four phases (alloy, slag,
gas and crucible). Based on the phase rule, the degree of
freedom is five. These can be accommodated by
specifying the temperature, total pressure of the system,
Ni/Cu ratio, CO/CO ratio and the Fe content in the alloy
or the SiOy content in the slag in the present
investigations.

In a typical run, the metal alloy and the slag were
loaded inside a 50 mmH x 11 mmID magnesia crucible.
This was placed in a 100 mmH x 17 mmID alumina
holding crucible and then hooked with a molybdenum
wire. The sample was gradually lowered to the constant
temperature zone after the desired CO/CO; gas ratio has
been set. After attaining the equilibrium time, the sample
was quickly taken out of the furnace and quenched in
nitrogen atmosphere. Ni, Cu and other elements were
analyzed by using the ICP while silica was determined
gravimetrically. The Fe2+ content in the slag was analyzed
by titration with K,Cr,O7 after dissolving the sample in a
stream of CO, gas.

3. EQUILIBRIUM TIME

A series of experiments were carried out to
determine the time required to reach equilibrium. Initially,
the Ni-Cu alloy was melted with the slag and held at
1673K for 12 to 60 hours. The oxygen partial pressure

was maintained at 2x104 Pa. The results are shown in Fig.
2 where the mass% Ni in slag is plotted against holding
time. The equilibrium condition was also approached from
the slag side with the addition of 3 mass% NiO under the
same condition. After 40 hours, the Ni content in the slag
from both sides has approached the level of 0.65 mass%.
The Cu content in the slag was different but a similar trend
was observed in the Cu solubility with holding time. The
study showed that it takes 40 hours for the equilibrium
between the metal and the slag phase to be established.
Subsequently, all samples were maintained at the set
temperature under a constant gas flowrate of CO/CO for
44 hours before quenching.
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Fig. 2. Change of nickel content in slag with the
holding time at logpo, =-8.6 at 1673K.

4. EXPERIMENTRAL RESULTS

4.1 MgO Solubility in Slag

The MgO solubility in the FeOx-SiO3 slag is shown
in Fig 3. The MgO solubility increases with increasing
silica content. At 1673K, the MgO content in slag is
around 8 mass% corresponding to around 10 mass% SiO;.
This increases to around 17 mass% when the SiO content
is increased to 30 mass%. The MgO solubility increases
about 5 mass% on the average when the temperature was
increased by 100K.
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Fig. 3. MgO solubility in the FeOx-SiO, fayalite
slag equilibrating with the Ni-Cu-Fe alloy
at 1673 and 1773K.

Since the FeOx-SiO7-MgO slag is basically used in
the converting process of the iron smelting where the
operating temperatures are much higher than this
experimental condition, the MgO solubility curve at
temperatures below 1823K is not available. The MgO
solubility in FeO x-SiO3 slag equilibrating with liquid iron
under inert gas atmosphere at 1873K was reported by
Shim et al. and their results are plotted in broken lines in
Fig. 3 6. While the alloy phases in both experiments are
different, similar MgO solubilities are observed at the
lower FeO content region. This could be attributed to the
significantly high Fe content in the Cu-Ni alloy at the
reduced oxygen potential. However, the MgO solubility
near the FeOx corner is much higher because, in this
region of higher oxygen potential, the high dissolution of
Ni and Cu in the slag increases the MgO solubility to be
larger than that reported by Shim.

4.2 Fe3+/Fe2* Ratioin Slag

The (Fe3+/Fe? ratio is one factor of knowing the
degree of oxidation of Fe in the slag. The FeO and FeO 5
relationship is given by reaction 1

FeO(l) + 1/4 Oa(g) = FeO1 5(1) (1)

and from the equilibrium relationship,

log(Fe3+/Fe2+) = logKj + 1/4 logpos +
log(YFeO/YFeO1.5) (2)
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where K is the equilibrium constant of reaction 1. From
Eq. (2), if the ratio of the activity coefficients is constant,
the log(Fe3+/Fe2) and the oxygen potential will give a
linear relationship with a slope equal to 1/4. Fig. 4 shows
the relationship between log(Fe3+/Fe?) and the oxygen
potential at 1673 and 1773K. With increasing oxygen
potential, the FeO in slag is oxidized and the FeOj s
content increases. At logpo, = -6, the (Fe3+/Fe? ratio is
about 0.5 and about 1/3 of the total Fe in slag is of the
form FeO 5. At logpoy = -9, the Fe3+ content in slag is
decreased to less than 10%. The figure also shows that at
the same oxygen potential, when the temperature is
increased, the (Fe3*+/Fe?) ratio is decreased. The linear
relationship between log(Fe3+/FeZ) and the oxygen
potential has a slope of near 1/4 thus the (YFeO/YFeO1.5
ratio in Eq. (2) is almost constant.
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Fig. 4. Relationship between (Fe3+/Fe2+) ratio and
the oxygen potential at 1673 and 1773K.

4.3 Nickel and Cu Solubility in Slag

The nickel content in slag equilibrating with an
alloy where the ratio of (mass% Ni/mass% Cu) is equal to
1 is plotted against the oxygen potential in Fig. 5. The
general trends show that the solubility of Ni in-slag
increases with increasing oxygen potential. At 1673K, the
Ni in slag increases from 0.4 to over 8 mass% when the
oxygen potential is increased from logpos = -9 to - 6.5.
Increasing the temperature decreases the Ni solubility in
slag at constant oxygen potential.

In this series of experiments, the composition of the
alloy phase can be changed even for the same oxygen
potential as explained in the degree of freedom. By
varying the Ni content of the alloy, the consequent
change in the mass% Ni in slag was found to be very
small. For example, the Ni content in slag increased
slightly from 0.08 to 0.14 mass% when the Ni content in
the alloy was increased from 19 to 34 mass% at constant
logpo, = -9 at 1773K. In the nickel matte smelting
process, the nickel activity in matte is similar with that in
the present alloy?. If 0.5 mass% Ni is accepted as the
nickel dissolution in slag, then the process can be operated
at Po, = 10-4Pa at 1673K based on the present result. In
order to reduce Ni loss in slag further would require a
further reduction of the oxygen potential.
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Fig. 5. Relationship between the Ni solubility in
slag and logpo, at 1673 and 1773K.

Similar trends can be observed for the Cu solubility
in slag as shown in Fig. 6. The mass% Cu in slag
decreases with decreasing oxygen potential and increasing
temperature. The experiment similar to the Ni solubility
was carried out for the Cu dissolution in slag at logpo; =
-9 at 1673 and 1773K. In the case of copper, there is a
bigger change in the copper solubility with changes in the
copper content in the alloy. This difference in the copper
and nickel solubility with varying alloy contents will be
discussed in the distribution ratio. By comparing Fig 5
and 6, the Cu content in slag is lower than Ni at high
oxygen potential but becomes higher than the Ni solubility
at the lower oxygen potential region.
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Fig. 6. Relationship between the Cu solubility in
slag and logpo, at 1673 and 1773K.

5. DISCUSSION

5.1 Oxidic Dissolution of Metal in Slag

The distribution ratio of an element X between the
slag and metal phases in this investigation is defined as

LY™ = (mass% X in slag)/[mass% X in alloy] (3)
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This relationship can be reasonably explained based on the
metal-metal oxide equilibria where

X(1) + v/402(8) = XOwy2 4

and the valence of the metal X is v and XO»y/3 is represen-

ted with one cation base. The equilibrium constant K 4 for
reaction 4 is given by

K 4 = axovp lax - poa V' 5

By rearranging Eq. 5, the distribution ratio of an element
X between metal and slag is given by Eq (6)

logLy™ =log {(nr)/[nt]} +log{[yx)/(Yx0Ovh) }
+ log K4 + vidlogpos (6)

where ( ) and [ ] denote the values in the slag and the
alloy phases respectively and nt is the total number of
moles in 100g of each phase. If the ratios of the activity
coefficients and the total number of moles in the slag and
alloy phases are kept constant, the linear relationship
between the logarithmic plot of the 7Y™ and the oxygen
partial pressure would suggest the valence of the dissolved
species in slag.

Fig. 7 shows the relationship between the (n 1)/[n T]
and the oxygen potential. The total number of moles per
100g sample is around 1.6 - 1.7 in both slag and metal
phases. While the oxygen potential changed over the
experimental range, the (n 1)/n 7] ratio almost remained
constant. This experimentally determined factor in Eq. 6.
does not significantly affect the relationship between the
distribution ratio and the oxygen potential.
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Fig. 7. Relationship between the (n1)/[nt] ratio and
the oxygen potential at 1673 and 1773K.

5.2 Distribution Ratio

The distribution ratios of Ni, Cu and Fe are plotted
against the oxygen potential in Fig. 8. To make a clearer
figure, the distribution ratio of Fe is given at 1673 and
1773K while those for Ni and Cu are at 1673K. The
experimental data for Ni and Cu at 1773K will be
presented later. Looking at the general trends, the
distribution ratios increase with increasing oxygen
potential. Also the distribution ratio for Fe shifted
downwards with increase in temperature. From the slope
of the distribution ratio against the oxygen potential, the
valence of the metal dissolved in slag can be estimated by

applying Eq. (6).
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Fig. 8. Relationship between [ 3™ and logpoy, for Fe
at 1673 and 1773K and Ni and Cu at 1673K.

Judging from the value of the distribution ratio, Lg"
is greater than 1 indicating that Fe will distribute mainly in
the slag phase. On the other hand, the values for Ni and Cu
are very low and are expected to make up the alloy phase.
At 1673K and logpo, = -9, the Ly is about 1/100.
However when the oxygen potential is increased to -7, the
distribution ratio becomes 10 times more.

The distribution ratio lines for Ni and Cu cross at
about logpo, = -8.6 at 1673K. In the oxygen partial
pressure range below this value, the Cu dissolution in the
slag is higher than Ni. Thus in highly reductive smelting
such as the Fe-Ni operation, the Cu dissolved in the slag is
expected to be higher than Ni. On the other hand, at the
higher oxygen potential representative of the Ni and Cu
smelting, the Cu and Ni loss in the slag should be a major
concern.

In this research regarding Ni and Cu alloy (where
the Ni/Cu ratio is equal to 1) and slag equilibrium, varying
the oxygen potential can be done but keeping the alloy
composition constant is difficult to maintain. This is
because the distribution ratio of Fe changes with changes
in the oxygen potential and accordingly, the alloy
composition also changes even if the charge comgmsition
is kept constant. From Fig. 8, at logpo, = -9 the LEm s 2.
Keeping the mass% Fe in slag to less than 30% is difficult
because silica saturation occurs at about 40% FeOy. Thus
the Fe content in the slag can be varied only from 16-35
mass%. At logpo, = -7, the LE™ is 30. Since the
maximum content of FeOx in the present study is about
90% FeOx, the mass% Fe in the alloy cannot be higher
than 2.5%. Thus in carrying out these experiments over a
wide oxygen potential region, the alloy composition
consequently must change in a wide range.

324 - MOLTEN SLAGS, FLUXES AND SALTS ‘97 CONFERENCE



To know the behavior of Fe, the slag composition
was varied from 50 - 87 and 29 - 52 mass% Fe at logpo, =
-9, for 1673 and 1773K respectively. The change in the
distribution ratio of Fe is small and almost constant. This
suggests that even with changes in the slag composition,
the L™ is almost fixed and basically is only a function
of the oxygen potential.

5.3 Distribution Ratio of Ni

The distribution ratio of Ni obtained in the present
study is exhibited in Fig 9. From the figure, the
distribution ratio decreases with decreasing oxygen
potential.  Also with increasing temperature, the
distribution ratio decreases for the same oxygen potential.
As was previously discussed, the alloy composition can be
varied even with a fixed oxygen potential. From the figure,
the distribution ratios changed very slightly while the Ni
content in the alloy was varied from 33 - 39 and 19 - 34
mass% for 1673 and 1773K respectively at logpo, = -9.
The Lyi" is also basically a function of the oxygen partial
pressure.
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Fig. 9. Relationship between L™ and logpoy, at
1637 and 1773K.
---- Wang et al. at 1573K 2.3
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There are very few investigations on the equilibrium
between nickel alloy and fayalite silicate slag while the Ni
and Cu solubility in MgO saturated FeOx-SiO2-MgO slag
had not been reported. Wang er al. investigated the Ni
solubility in Ni-Cu and Ni-Au alloy equilibrating with
silica saturated slag23. The distribution ratio calculated
from their data at 1573K is plotted in broken lines in Fig
9. If the temperature dependence is considered, the present
results are consistent with their data. Similarly, Taylor and
Jeffes reported the slag composition and rounded figures
of the alloy composition in the investigation on the
equilibrium between the Ni-Cu alloy and silica unsaturated
silicate slag at 1673K4. Their results that are plotted in the
dotted lines in Fig. 9 agree with the present result.
Befause of the similar tendencies of the distribution ratio
Lyi" in the present study when compared to the silicate
slags, the MgO content in slag does not show a
significant effect on the dissolution of Ni in the slag. From
these investigations as well as the present data, the linear
relationship between logLyi" and the oxygen potential
shows a slope of 1/2. This suggests that the predominant
species of Ni in slag is NiO.

5.4 Distribution Ratio of Copper

The relationship between the distribution ratio of Cu
and the oxygen potential is plotted in Fig. 10 . The general
tendencies are similar with Ni. The distribution ratio
increases with oxygen potential and decreasing tempe-
rature. The dependence of L%{," with the oxygen potential
is more scattered when compared with Ly;". While there
are many investigations on the Cu metal and slag
equilibrium related to the copper smelting process, there
are very limited reports on the dissolution of Cu
equilibrating with Ni/Cu alloy. Wang et. al. investigated
the Cu solubility in silica saturated slag equilibrating with
Ni/Cu alloy at 1573K as shown in broken lines in the
figure2. The present results agree with their report if the
temperature dependence is considered in this study.
Takeda et al. also reported the Cu solubility in the FeO -
SiO slag using an MgO crucible at 1673K as shown by
the dotted lines in Fig.10 8. Deviation of their results could
be attributed to the different composition of the Cu-Ni-Fe
alloy and the corresponding [Ycy] in their study  as
expressed in Eq. 6. Similarly comparing the Ly with
their slag system, the MgO content in slag again shows no
significant effect on the dissolution of Cp. From the figure,
the linear relationship between the LE and the oxygen
potential is near 1/4 thus the species of Cu dissolved in
slag is of the form CuQgqs.

1 T T T
O 1673K
O 1773K
0.1 | -
-
€ ~7 __~o
B\lo /gfo.-‘ o
ot dlom T
001 b ~go - p-0~ .
R
jXOO.L:,
0.001 l | |
-10 -9 -8 -7 -6
logpo,

Fig. 10. Relationship between L%um and logpy, at
1673 and 1773K.
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5.5 Distribution Ratios of Minor Elements

To determine the solubility of minor elements in the
slag, cobalt, antimony and sulfur were added as a metal or
a master alloy separately with the charge. The amount of
each element was limited to less than 5 % of the total alloy
weight. Fig. 11 shows the relationship of the distribution
ratios of Co, Sb and S against the oxygen poteptial at 1673
and 1773K. Looking at the tendency of L, cobalt is
distributed in the slag phase but then concentrates in the
all%/ phase at the lower oxygen potential. The value of
L¢o decreases by 0.1 when the oxygen potential is
increased from 102 to 104 Pa at 1673K. The linear
relationship between log L ¢ and logpo, has a gradient of
about 1/2. This suggests that the predominant species of
cobalt in the slag phase is CoO. Comparing Figs. 9 and 11,
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the distribution ratio of cobalt is higher than nickel. Thus,
cobalt will dissolve more in slag than nickel. At the lower
oxygen potential region, the dissolution of cobalt in slag
may even be lower than Cu because of the difference in
their slopes. The antimony solubility in the slag is very
low. At these experimental temperatures, the antimony
content in the slag is hardly detected particularly at the
lower oxygen potential. From the figure, the distribution
ratio of antimony is very low and as such would distribute
itsglf mainly in the alloy phase. Judging from the value of
Ly, it will be very difficult to remove antimony even at
the higher oxygen potential. Over the experimental region,
the dissolved species of antimony is presumed to be
SbOy 5. However, the slope of the relationship between
logL gy’ and logpo, is nearer to 1/2 and does not agree
with the expected slope. The distribution ratio is affected
greatly by the activity coefficients of both the alloy and the
slag phases as expressed by Eq. 6. The Fe content in the
alloy phase increases with decreasing oxygen potential.
The activity coefficient of antimony is not available at
dilute solution in the Cu-Ni-Fe alloy. However, ysp in the
Ni-Cu alloy must increase by the addition of Fe because
the ysp in Fe-Sb system shows a larger value compared to
the Cu-Sb and Ni-Sb systems?:10, The distribution ratio
of S against the oxygen potential shows a reverse trend.
Keeping the mass% S in the alloy to around 4, the mass%
S in slag increase with decreasing oxygen potential. Thus
the distribution ratio of sulfur decreases with increasing
oxygen potential as seen in Fig.11.

10 T T T
A OO0 1673K
A NGO 1773K
P
ik Co _o .
OO/O ./
SO o” ~®
A\OA/A /.
7 ~
0.1 F —

EPAL
P ® ACA S
raRd LA
/.’ ° \\A‘\\

0.01 X015 3
X0
U’D
Sb -0

s/m
Ly

0.001 - T
- g0
/D pd
b =
7~ -
| -1 ]

0'0001-10 -9 -8 -7 -6

logp02

Fig. 11. Relationship between 3™ and logpo, at
1673 and 1773K.

5.6 Activity Coefficients in the Metal Phase

The activity coefficient of minor elements in slag is
required to analyze the behavior of these elements in the
smelting process. For this purpose, the activity coefficient
of the elements in the slag phase is estimated in the present
study. The activity coefficients of Ni, Cu and Fe in the
ternary alloy had been determined by mass spectrometric
measurements at 1623K.11. The activity coefficient of Ni in

the alloy composition range where the ratio of mass% Ni/
mass% Cu is equal to 1 is almost constant as listed in
Table 1. This is expected from the Cu-Ni binary system
where the activities of Ni and Cu show almost ideal
behavior!2. The addition of Fe in the Ni-Cu alloy phase
does not cause a significant change in the activity
coefficient of nickel. The activity coefficient of Ni in the
ternary alloy was estimated to be about 1.4 after
extrapolating the [‘yNj] at the experimental temperature by
assuming that the regular solution model holds. Inputting
this value in Eq.6 would give the (Ynjo) equal to 3.5.

Table I. Calculated activity coefficients of Ni and Cu in
the Cu-Ni-Fe ternary system at 1623K.

L )S(/m [ YX ] (YXOvlz)
Ni 0.181-0.0055 | 1.3-1.4 3-35
Cu 0.043 - 0.0087 | 1.3-2.3 4-7

On the other hand, the behavior of Cu in the alloy
phase is different from Ni. The iso-activity curves of
copper in the Cu-Ni-Fe ternary alloy at 1623K is
illustrated in Fig. 12. As can be seen in the figure, the
[Ycul increases with increasing Fe content in the alloy.
This can be expected from the behavior of Cu in the binary
system. The Ni-Cu binary represents almost ideal beha-
vior but the Cu-Fe binary shows very positive deviation
from ideality!3. The addition of Fe in the Cu-Ni binary
must show a positive change in the activity coefficient of
copper as shown in Table I. Increasing Fe content in the
alloy phase with decreasing oxygen potential causes a
tendency of the Ly, to increase according to Eq. (6). This
behavior of Cu in the alloy phase could explain the
scattering of points and the linear dependency of less than
1/4 in Fig 10. Comparing the Ly of alloys with almost
the same Fe content in the alloy would show a linear
tendency of about 1/4. Similarly plugging the [Ycyl
corresponding to the alloy composition into Eq. (6) would
give the value of 4to 7 for (Ycuoo.9)-

mass% Ni

Fig. 12. Iso-activity curves of Cu in the Cu-Ni-Fe
ternary system at 1623K.
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6. CONCLUSION

The phase relations between MgO saturated FeO x-
Si07-MgO slag and nickel alloys were undertaken to
obtain basic information related to the ferro-nickel and
cupro-nickel smelting. The results of this investigation are
as follows:

1. The MgO solubility in the FeOx-SiO; slag increased
from 8 to 17 mass% corresponding to 10 to 30 mass%
SiO; at 1673K. The MgO solubility curve shifts by about
5 mass% when the temperature was increased from 1673
to 1773K.

2. The Ni and Cu solubility in slag increases with
increasing oxygen potential at constant temperature.
Increasing the temperature decreases the dissolution of Ni
and Cuinslag .

3. Basing on the value of 7Y™ Fe will remain mostly in
the slag phase while Ni and Cu will be concentrated in the
alloy phase. At 1673K, the Cu content in the slag will be
higher than Ni at logpo, lower than 3x10-4 Pa because of
the difference in the slopes of L™ against logpos..

4. From slope of the linear relationship between the
distribution ratio and the oxygen potential, the species
dissolved in the slag are estimated to be of the forms NiO,
CuOg 5 and CoO and SbO 1 5 is expected for antimony.

5. Using the activity values of Ni and Cu derived from the
mass spectromectric measurement of the alloy phase, the
activity coefficients of NiO and CuQOg 5 were estimated to
be 3.5 and 4 to 7 respectively.

6. The MgO content has minor effect on the dissolution of
these metals into the slag phase.
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