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Synthesis of rutile from high titania slag by pyrometallurgical route
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Abstract: A new technique was developed for the conversion of high titania slag, containing 70%—75% TiO, and with MgO, FeO,
Ca0O, ALO; and SiO, as main impurities, into a synthetic rutile, 90%—-95% TiO,, which satisfies the requirements for fluidizing
chlorination process with respect to impurity contents. After a pre-oxidation at around 1 042 °C and a heat-treatment above 1 510 °C,
the Ti components in high titania slag can be enriched into the rutile phase which can precipitate and grow, and can be separated with
dilute hydrochloric and sulfuric acid, respectively. The results show that the average crystal size of rutile phase is over 25 um, and
the synthetic rutile containing more than 95% TiO, can be produced by selective leaching.
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1 Introduction

During the smelting of ilmenite by a suitable
carbonaceous reductant, high titania slag containing
60%—80% TiO, was produced. The slag represents a
more valuable raw-material for the sulphate process, but
it is not suitable as a raw material for a pigment
production by the chlorination process because of the
large amount of impurity, such as SiO,, Al,O;, CaO,
MnO, V,0s and MgO, especially, the high CaO and
MgO contents. Therefore, it is necessary to develop a
new technique for increasing the TiO, content in the slag
[1]. The main titanium-containing phase in the slag is
M;0s phase (anosovite) which is composed of Ti*" and
Ti**, and contains some Al,O; and other impurities. In
addition to the M;05 phase, the solidified slag contains a
glassy silicate phase, in addition to SiO, comprises MgO,
CaO and TiO, [2]. Although most of the Ti components
in the slag could be enriched into M;0s phase through a
heat treatment, and M;0s crystal could grow and coarsen,
but it is difficult to separate M;0s phase from the slag
through an ore-dressing method due to its high fragility
and low hardness [3].

On the basis of high level Ti*" in the slag and
thermodynamic considerations of the oxidation of Ti*" to

Ti*" [4-12], after modifying by a pre-oxidation at low
temperature (around 1042 °C) and a heat treatment at
higher temperature(>1500 °C), Ti’" in the slag was
oxidized to Ti*', and most of the Ti components in the
slag were taken up into the rutile phase which is
composed of Ti*" due to the addition of P,Os and CaO. In
addition, the rutile phase could fully grow and coarsen
during the heat treatment. Since the rutile cannot be
dissolved in dilute hydrochloric acid and sulfuric acid, it
is suitable for the rutile phase to be separated from
modified slag by leaching the impurities with dilute acid.
In order to obtain further information about the
precipitation and separation of the rutile phase, it is
necessary to study the conversion and separation of high
titania slag.

The purpose of the present work is to study the
selective separation of the Ti components in high titania
slag through three aspects: 1) the selective enrichment of
the Ti components into the rutile phase; 2) the selective
precipitation and growth of the rutile phase; 3) the
selective separation of the rutile phase from impurities.

2 Experimental

The slag from Panzhihua Iron and Steel Corporation
was used in this study. The chemical composition of the
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slag is listed in Table 1. The additive agents of P,Os and
CaO were analytical grade. The slag for experiments was
milled to 120 um and dried in an oven at 100 °C for 3 h.

Table 1 Composition of high titania slag and dosages of CaO
and P,05 additives

W(TiO,)/ W(MgO)/ W(FeO)/ W(CaO)/
% % % %

Un-oxidized slag 0.80 0.07 0.06 0.03

Sample

Oxidized slag 0.75 0.04 0.03 0.04

w(SiO,)/ W(ALO;)/ w(P,05)/
Sample % % %
Un-oxidized slag 0.03 0.03 -
Oxidized slag 0.02 0.01 0.04

The experiments with 200 g slag were carried out in
a horizontal MoSi, furnace fitted with a type
thermocouple, which was controlled by a Shimaden
SR—53 temperature programmed control instrument. The
length of isothermal section was 60 mm, and the
temperature accuracy was within £3 °C. The
pre-oxidation and the heat-treatment of the slag were
carried out under static air.

The experiment consisted of three steps: 1) Ti*" and
Ti*" were pre-oxidized to Ti*" during the pre-oxidation
process at 1 042 °C; 2) After the pre-oxidized slag was
mixed with the additive agents of P,Os and CaO, the
enrichment and growth of the Ti components were
carried out through the heat-treatment at higher
temperature under static air (>1 500 °C); 3) The selective
separation of the Ti components was carried out through
leaching the treated slag with dilute hydrochloric and
sulfuric acid, respectively.

The un-oxidized and oxidized slag samples were
polished and then characterized by Quantime520 image
analyzer, scanning electron microscope (SEM) equipped
with energy dispersive spectrometer (EDX) and X-ray
diffractometer (XRD). The volume fraction and average
grain size of the rutile phase were measured on a
Quantime520 image analyzer by the line intercept
method (the average of 10 fields).

The TiO, contents in the un-oxidized, oxidized slag
and leaching product were determined by ammonium
ferric sulfate titration.

3 Results and discussion

3.1 Selective enrichment of Ti components in slag
After cooling, the mineral phases in the un-oxidized
and oxidized slags were examined by XRD, SEM and
EDS. The XRD patterns of the un-oxidized slag, the slag
pre-oxidized at 1 042 °C and the slag oxidized at 1 510

°C are shown in Fig. 1. The SEM images of the

un-oxidized and oxidized slags are shown in Fig. 2 and
Fig. 3. It can be seen that the main mineral phases in the
un-oxidized slag are anosovite (M;Os), pseudobrookite

and iron; when pre-oxidizing at 1 042 °C, the rutile phase
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Fig. 1 XRD patterns of un-oxidized slag and oxidized slag at
different temperatures

Fig. 2 Back-scattered electron image of un-oxidized slag
(Spl—Anosovite; Sp2—Silicate glass; Sp3—iron)

Fig. 3 Back-scattered electron image of slag oxidized at 1 510
°C (4% Ca0, 4% P,0s) (Spl—Rutile; Sp2—Phosphate glassy
phase)
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gradually precipitates, and the phase changes from the
anosovite (M;0s) and pseudobrookite to a mixture of the
rutile, anosovite (M30s) and pseudobrookite; but
oxidizing at 1 510 °C favours the transport of oxygen
due to the molten state and the increase oxidation
reaction rate, which results in most of Ti*" and Ti*" in the
slag being oxidized to Ti'', so the anosovite phase
(M;05) in the slag almost vanishes. The oxidation at
1 510 °C together with the additive agents alters the
structure of the slag to rutile phase in a phosphate matrix,
most of the Ti components are enriched into the rutile
phase and almost all the impurities partition to the
phosphate glassy matrix. Consequently, there only is the
rutile phase as a titanium-containing phase and a
phosphate glassy phase.

During the oxidation process at 1 510 °C, the
majority of the impurities are transferred into the glassy
phase in the form of phosphate. The reason is that the
phosphorus oxide in the molten slag is an acid oxide,
which reacts strongly with the basic oxide in the molten
slag including FeO, MgO, CaO and so on. Accordingly,
most of the impurities in the molten slag are selectively
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enriched into the phosphate glassy phase.

3.2 Selective precipitation and growth of Ti

components in slag

Based on studies on the growth and coarsening of
the Ti components in Ti-bearing slag [13—16], the effects
of the melting temperature, the cooling rate and the
holding time on the volume fraction and the grain size of
the rutile phase were studied in order to optimize the
heat-treatment conditions. The experimental results show
that the melting temperature, the cooling rate and the
holding time have significant effects on the grain size
and a little effect on the volume fraction of the rutile
phase (Figs. 4-6). This indicates that the precipitation
rate of the rutile phase is very quick and it mainly occurs
during the isothermal process, but the growth and
coarsening of the rutile phase occur both in the
isothermal and the cooling stages.

3.3 Selective separation of Ti components in slag
On the basis of the selective enrichment and
precipitation, the effects of the stirring rate, the leaching
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Fig. 4 Relationship between grain size (a) and volume fraction (b) of rutile phase with melting temperature
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Fig. 5 Relationship between grain size (a) and volume fraction (b) of rutile phase with cooling rate
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Fig. 6 Relationship between grain size (a) and volume fraction (b) of rutile phase with holding time

temperature and the acid concentration on the leaching of
the modified slag were studied. The leaching results in
hydrochloric acid are shown in Figs. 7-9. The
experimental results indicate that the stirring speed has
little effects on the TiO, content, and causes the modified
slag to be suspended in the leaching solution. Compared
with the stirring speed, the leaching temperature and the
leaching time markedly affect the TiO, content (Fig. 8).
When the leaching temperature is 70 °C and leaching
time is 10 min, the majority of the impurities are
dissolved, and the TiO, content in the product
approaches 96%. When the leaching temperature is 35
°C and the leaching time is 10 min, a part of the
impurities are dissolved in hydrochloric acid, and the
TiO, content in the product approaches 93%. But with a
longer time, the TiO, content change is negligible. The
leaching rate markedly increases in the region of 35-55
°C, but very little in the region of 55—70 °C. The acid
concentration also affects the leaching rate. The higher
the acid concentration is, the higher the TiO, content in
the product is.

97.5
Leaching temperature of 55 °C,
leaching time of 15 min,

970k 9% HCl1 of 30 mL

w(TiO,)/%
©
=
n

96.0 +

95.5

2 4 6 8 10
Stirring speed/(r-min™")

Fig. 7 Effect of stirring speed on TiO, content in leaching
product
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Fig. 8 Effects of leaching temperature and time on TiO, content
in leaching product
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Fig. 9 Effect of acid concentration on TiO, content in leaching

product

X-ray diffraction analysis of the leaching product
(un-dissolved phase) of the modified slag through a
heat-treatment at high temperature (1 510 °C) is shown
in Fig. 10. It can be seen from Fig. 10 that the main
mineral phase in the leaching product is rutile, which
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contains a little metallic iron. This indicates that most of
the impurities in the modified slag are dissolved in
hydrochloric acid during the leaching process.
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Fig. 10 XRD pattern of leaching product of modified slag at
1510°C

The TiO, content in the leaching product of the slag
pre-oxidized at low temperature (1 042 °C) is lower than
that of the slag oxidized at high temperature (1 510 °C)
(Fig. 11). X-ray diffraction analysis of the leaching
product of the pre-oxidized slag is shown in Fig. 12.
It indicates that the oxidation at higher temperature
(1 510 °C) contributes to the leaching rate increase of the
slag. The reason is that the enrichment of the Ti
components in the pre-oxidized slag due to the oxidation
of the solid state at low temperature (1 042 °C) is
markedly lower than that in the modified slag due to the
addition of P,0sand the oxidation of the molten slag at
high temperature (1 510 °C) (Fig. 1).
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Fig. 11 Effect of pre-oxidizing at low temperature (around
1 042 °C) and oxidizing at high temperature (1 510 °C) for slag
on TiO, content in leaching product (leaching temperature
55 °C, 9% HC1 30 mL, stirring speed 4 r/min)
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Fig. 12 XRD pattern of leaching product of slag pre-oxidized at
1042 °C

The leaching experiments of the modified slag with
sulfuric acid were carried out. Figure 13 shows the effect
of leaching time on the TiO, content in the leaching
product. When the leaching temperature is 35 °C, the
consumption of sulfuric acid is 140 mL and the leaching
time is 250 min. The TiO, content in the product
approaches 89%, which is lower than that in the product
leached in hydrochloric acid at 35 °C. Meanwhile, the
leaching time of the modified slag with sulfuric acid is
much greater than that in hydrochloric acid (Fig. 8). This
indicates that the leaching result of the modified slag
with hydrochloric acid is much better than that with
sulfuric acid.
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Fig. 13 Effect of sulfuric acid leaching time on TiO, content in
leaching product (leaching temperature 35 °C, stirring speed
4 r/min, 20% H,SO,4 140 mL)

4 Conclusions

1) A modification of high titania slag through the
additions of CaO and P,0s together with a pre-oxidation
at around 1 042 °C and a heat-treatment above 1 510 °C
is in favor of the selective enrichment of the Ti
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components into the rutile phase, and promotes the
precipitation and growth of the rutile phase.

with

2) The separation of the modified slag is carried out

dilute hydrochloric acid by a selective leaching.

Stirring is necessary for the leaching. With a longer
leaching time, by increasing leaching temperature and

acid

concentration, the TiO, content in the leaching

product increases. The leaching effect of the modified

slag

in dilute hydrochloric acid is much better than in

dilute sulfuric acid.
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