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Abstract

MgO is the main impurity in calcium aluminate slags. The
presence of MgO will change the nature of the alumina bearing
phases and decrease the alumina leaching properties of the slag. In
order to remove or reduce the negative effect of MgO, the method
of changing the C/A (CaO/Al,O;, molar ratio, excluding CaO in
2Ca0-Si0,) of the calcium aluminate slag was studied and the
effect on leaching mechanism was also analyzed. The results
showed that the formation of the quaternary compound
20Ca0-13A1,03-3Mg0-38i0; (CxA;3M;3S3) is inhibited with
increasing C/A in the calcium aluminate slag, and the MgO
crystallized in the form of periclase under these conditions. There
is an optimal C/A to improve the alumina leachability of the
calcium aluminate slag. The increase of C/A could not remove the
negative effect of MgO on leachability completely, and the
optimal C/A of the slag increases with increasing MgO content.

Introduction

Calcium aluminate slag is obtained from blast furnaces when
smelting iron-bearing bauxite. The ideal components of calcium
aluminate slags are 12Ca0-7A1L,05 and y-2Ca0-SiO; [1, 2]. The
slag can react with a sodium carbonate solution and its alumina
leaching rate can reach 85%. This method realizes the
comprehensive utilization of iron and alumina values in the ore
[3-5].

The existence of impurity MgO which comes from iron-bearing
bauxite and lime, will affect the alumina leaching rate of calcium
aluminate slag during the industrial process [6-8].

Eremin [9] studied the effect of MgO on calcium aluminate slag
and pointed out that the compound 6Ca0-4Al,0;-MgO-SiO,
(CwAM,S,) would be formed in the slag when MgO was present.
This compound does not react with the sodium carbonate solution.
Wang Bo[10, 11] studied the mechanism of MgO effects on such
slags systematically. The results showed that MgO will dissolve
into the crystal lattice of 12Ca0-7A1,0; and forms limited
CyA13M;S; when the MgO content is less than 1.0%. Above this
level, a large amount of CpA;3M3S3 was formed which decreased
the alumina leaching rate. The results also showed that this
quaternary compound could react with sodium carbonate solution
but its alumina leaching rate was very low [12].

Therefore, it is clear MgO will affect the alumina leachability.
The presence of MgO could not be avoided because it is the main
impurity of the slag, so how to remove or reduce the negative
effect of MgO became the focus of this research.

There are two methods to remove the negative effect of MgO
from the phase components of the calcium aluminate slag. One is
to make MgO form a more stable component which contained no,
or little Al;O3;. The other method is to stabilize the compound
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12Ca0+7AlL,05 and to inhibit the formation of CyA3M3S; [13-
15].

Previous research demonstrates that the alteration of the CaO
content could improve the alumina leaching properties of the slag.
So the alteration of C/A (CaO/Al,O3, molar ratio, excluding the
Ca0 of 2Ca0-Si0,) of the calcium aluminate slag, to remove the
negative effect of MgO, was studied and mechanism of this effect
are discussed in this paper.

Experimental
2.1 Materials

CaCOs, Na,CO;, NaOH, SiO, and MgO used in the experimental
studies were chemical pure reagents. AI(OH); used in the
experimental was an industrial pure reagent. The A/S
(A1,04/Si0,, mass ratio) of the calcium aluminate slag was 1.3.

2.2 Smelting of calcium aluminate slag

Samples with different C/A were smelted in a MoSi, resistance
furnace, and the container was a graphite crucible. Another
corundum crucible was used outside of the graphite crucible in
order to prevent the break-out of the slag which could disintegrate
and destroy the graphite crucible during cooling, thus
contaminating the furnace. The smelting temperature was 1500C
and the holding time was one hour. The sample was taken out at
400°C from the resistance furnace, and its cooling rate was
5C/min.

2.3 Leaching of calcium aluminate slag

The sodium aluminate solution obtained from leaching the slag
was treating using the carbonization precipitation process, and
the circulating mother liquid is then used to leach new calcium
aluminate slag. The feasible conditions for alumina digestion are:
leaching temperature 75°C, leaching time 2h, L/S ratio 4.5,
caustic alkali concentration 7g/l. and sodium carbonate
concentration 120 g/L. The leaching experiments are carried out
in magnetically stirred constant temperature water bath. After
leaching and dry filtration, the filtrate is used to analyze the
composition of the solution, and the filter residue is washed and
dried for analysis.

2.4 Analysis

The contents of Al,O; and Na,O in samples and filtrate were
analyzed by a chemical method. Phase components of the calcium
aluminate slag were identified by X-ray diffraction (PANalytical
PW3040/60). A Malvern laser particle analyzer was used to
analyze the particle size of the slag.



Results and discussion

3.1 Effect of C/A on self-disintegrating property of slag

The self-disintegration of calcium aluminate slag can reduce the
energy consumption during leaching and alumina production, and
this is a very important characteristic of calcium aluminate slags.
The percent content of granularity which is lower than 74pm in
samples is defined as the self-disintegrating rate. Slags with
different MgO contents were cooled slowly and then well-mixed
in order to analyze the granularity of the slag. The particle size
results analyzed by Malvern 2000 are shown in Fig.1.
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Fig.1 Granularity of slag with different C/A and MgO content

The results of granularity showed that the self-disintegrating rate
of calcium aluminate slag with different MgO content and C/A
were good, and they were basically higher than 95%. The self-
disintegrating rate was lower than 95% only when C/A was very
low. It can be seen that when the C/A of slag was fixed the self-
disintegrating rate decreased with the increase of MgO content,
and also when the MgO content was fixed the self-disintegrating
rate increased with the increase of C/A.

The self-disintegration of slag was caused by the crystal
transformation from B-2Ca0-SiO; to y-2Ca0-Si0,. With the
increase of MgO content, self-disintegration of slag decreased
because of the increase of CyA3M3S; content. A certain amount
of SiO, was consumed when the quaternary compound
CyA3M3S; was formed. Therefore, the content of 2Ca0-SiO,
decreased in the slag and the self-disintegrating rate of the slag
decreased. The content of C,0A 3M3S; decreased with the increase
in C/A when the MgO content was fixed, so the self-disintegrating
properties were improved. But the content of SiO, in CyA13M3S;
was low, so the decrease of 2Ca0-SiO, was also low and had little
effect on self-disintegration rate of the slag. Therefore, the self-
disintegration rate of the slag was still sufficient to meet the
demand of the alumina leaching process.

3.2 Effect of C/A on alumina leaching property of slag

The alumina leaching experiment on the calcium aluminate slags
was carried out in order to study the effect of C/A on the alumina
leaching properties of MgO containing slags. The leaching
conditions were as in section 2.3, and the results are shown in
Fig.2.
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Fig.2 Leaching rate of containing MgO slag with different C/A

Fig.1 shows that the alumina leaching rate of slag increased at
first and then decreased with increase of C/A. The highest
alumina leaching rate of a slag which did not contain MgO
appeared when C/A was 1.7. The highest alumina leaching rate of
slag whose MgO content was 1% appeared when C/A was 1.8.
The higher alumina leaching rate of slag whose MgO content was
3% appeared when C/A was between 1.8 and 2.0, and then the
leaching rate decreased smoothly. The highest alumina leaching
rate of slag with MgO content of 5% appeared when C/A was 2.0,
and a maximum rate did not appear under these conditions.

Therefore, the alumina leaching rate of calcium aluminate slag
decreased with increasing MgO content when C/A was 1.7. The
increase of C/A could improve the leaching property of slag to
some extent, and the optimal C/A of the slag also increased with
increasing MgO content. In addition, the variation of C/A could
not remove the negative effect completely, because the optimal
alumina leaching rate decreased with the increase in MgO content.

3.3 Effect mechanism of C/A on MgO containing calcium
aluminate slag

The increase of CaO can reduce the negative effect of MgO on
leachability of calcium aluminate slags, so the mechanism of
effect of C/A on MgO containing slags was analyzed by XRD.
The existence of the quaternary compound Cy;pAsM3S; was also
investigated. The XRD spectra are shown in Fig.3~Fig.5. Fig.6
and Fig.7 showed the relative intensity of independent
characteristic peaks of 12Ca0*7A1,0; and CyA;3M3S; as a
function of MgO content and C/A.
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Fig.5 XRD spectra of slag with MgO=5%

The compound C,,A3M;3S; which is difficult to leach was found
in the slag whose C/A was 1.8, but it could not be found in the
slag whose C/A was 2.0. The intensity of characteristic peaks of
12Ca0+7AlL, 03 were clearly enhanced when the C/A of the slag
increased. Thus some of the CxpA;3sM3S; transformed into
12Ca0¢7Al,05 which is easy to leach, with the increase of C/A of
the slag. Some 3Ca0*Al,0; was also found in slag when the C/A
was 2.0, and that was the reason why the alumina leaching rate of
slag whose C/A was 2.0 was lower than that of a slag whose C/A
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was 1.8. Crystalline MgO or its mineral forms, was not found in
the slag under these conditions.
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Fig.6 Relative intensity of characteristic peaks of 12CaQ*7Al,0,
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Fig.7 Relative intensity of characteristic peaks of CA3M3S;3
with C/A=1.8

Fig.6 and Fig.7 show the relative intensity of characteristic peaks
of 12Ca0+7AL 05 and C;0A|3M;S;. Relative intensity is defined
as a peak intensity ratio between the strongest independent
characteristic peaks of 12Ca0*7AlL,0; or CxA3M3S; of slag and
the strongest peak of slag.

The main phase in the calcium aluminate slag whose MgO content
was 3% and C/A was 1.8, were y-2Ca098i0,, 12Ca0+7Al,0;, and
CyA;3M;S;. The intensity of the characteristic peaks of
Cy0A13M;S; is strong showing that a large amount of CyA 3M3S;
was generated. A great deal of 12Ca0+7Al,0; transformed into
Cy0A3M;S; under these conditions. This is why alumina leaching
rate decreased. When the C/A of slag increased to 2.0, compound
C2A13M;S; disappeared and 3CaOeAl,O; was not found either.
Meanwhile periclase was found in the slag. So the extra-addition
of CaO decomposed the quaternary compound CyA;3M3S; and
that was the reason why the alumina leaching rate increased. The
reaction between CyA3M3S; and CaO is shown below:

7(20Ca0-13A1,05-3MgO-35i0,)+58Ca0—
13(12Ca0+7AL,03)+21(2Ca0-Si0,)+21MgO



The analysis of a slag whose C/A MgO content was 5% was
similar to that of a slag whose MgO content was 3%. The only
difference between them was the intensity of the characteristic
peaks of periclase (MgO).

Therefore, the increase of C/A of calcium aluminate slag
improved alumina leaching properties and decreased the negative
effect of MgO on leachability of the slag, but it could not remove
the negative effect of MgO completely. Thus the mechanism of
this effect needs to be studied further.

Conclusions

1) MgO content and C/A of calcium aluminate slags had little
effect on self-disintegration rate of the slag. The self-
disintegrating rate of most samples was above 95%.

2) The increase of C/A could decrease the negative effect of MgO
on leachability of the slag, but it could not remove the effect
completely when the MgO content was less than 5%. The
optimum C/A of the slag increased with the increase of MgO
content.

3) The addition of CaO could decompose the quaternary
compound CyA(3M;S3;, and MgO crystallized in the form of
periclase.
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