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Abstract: A method of activation roasting followed by acid leaching using titanium slag was introduced to prepare Ti-rich material.
The effects of H;PO,4 dosage, roasting temperature, and roasting time on TiO, grade were investigated. A Ti-rich material containing
88.54% Ti0,, 0.42% (CaO+MgO) was obtained when finely ground titanium slag was roasted with 7.5% H;PO, at 1000 °C for 2 h,
followed by a two-stage leaching in boiling dilute sulfuric acid for 2 h. The XRD patterns show that the product is titanium dioxide
with a rutile structure. Mechanism studies show that structures of anosovite solid solution and silicate minerals are destroyed in the
roasting process. As a result, titanium components in titanium slag are transformed into TiO, (rutile) while impurities are transformed

into acid-soluble phosphate and quartz.
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1 Introduction

Titanium dioxide is the best quality inorganic
pigment. Because of its whiteness, high refractive index
and light-scattering ability, TiO, has become the
predominant white pigment for paints, paper, plastics, etc
[1,2]. TiO, pigment can be manufactured by either the
older sulfate or the newer chloride processes [2,3]. The
sulfate process is the first commercial technology used to
convert ilmenite or titanium slag to titanium dioxide. In
this process, ilmenite and titanium slag are leached with
sulfuric acid, and large quantities of waste and toxic
by-products are produced, resulting in
environ-mental problems [4,5]. In the chloride process,
titanium dioxide pigment is produced from rutile,
titanium slag and some TiO,-rich sand ilmenite, via a
TiCl, stage at high temperatures [6]. Due to the
advantages of the chloride process such as the yield of
high-quality product, environmentally friendly and the
smaller amount of waste product, the chloride process is
more favorable for the TiO, pigment production.
However, the chloride process has higher requirement for
the qualification of the feedstock, in which the contents
of Ca and Mg have to be low [7,8].

Ilmenite resources are rich in Panzhihua, accounting

serious

for 90.54% of total ilmenite reserves in China [9]. The
titanium slag produced by electric smelting of Panzhihua
ilmenite concentrate has high contents of Ca and Mg;
thus, it is unsuitable for chloride. For upgrading titanium
slag, several methods have been studied, which are
primarily focused on the destruction of its refractory
nature [10—12]. The treatments of titanium slag mainly
included oxidation roasting, oxidation-reduction roasting,
sulphidization, chlorination and salt roasting, in which
impurities were subsequently removed by water or
diluted hydrochloric acid leaching [13—15]. Canada QIT
Company has successfully produced high-quality
titanium-rich material from titanium slag, and achieved
commercial production, but the kernel technology is
unknown to the outside. Many other processes, however,
demand oxidation and reduction at a high-temperature
pretreatment. Furthermore, in the acid leaching, they
require high temperature and high pressure. High-energy
consumption, environmental pollution and high
requirements for equipment limit the industrial
application of those processes.

In the present work, a titanium slag manufactured
by smelting ilmenite in electric arc furnace was provided
by Panzhihua Iron & Steel Company, China. A process
was proposed to upgrade titanium slag. Impurities in
titanium slag such as Ca and Mg are effectively removed.
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The product obtained is suitable as a raw material for
chloride.

2 Experimental

2.1 Material

The main chemical compositions of the titanium
slag are shown in Table 1. All chemicals and reagents
used in this study are of analytical grade.

Table 1 Chemical compositions of titanium slag (mass fraction,
%)

TiO, TFe SiO, MgO Ca0O

72.42 7.02 5.37 8.21 1.36

AlL,O4 MnO P S Ig

2.65 0.74 0.0035 0.045 0.10
2.2 Method

The slag samples were finely ground to size less
than 74 pm, and mixed with phosphoric acid to pelletize.
The pellets were then dried in an oven at 110 °C for 24 h
and roasted at various temperatures in a tube furnace
(d60 mm) with free-access air. After a period of time, the
roasted samples were drawn out of the reactor and
allowed to cool down to the room temperature. The

roasted samples were then ground to size less than 74 pm.

Specified amount of preheated sulfuric acid of known
concentration, as well as the roasted samples, was loaded
into the glass reactor for a two-stage leaching, 2 h with
25% H,SO, for the first stage leaching, 2 h with 40%
H,S0O, for the second leaching. The stirring speed was
maintained at 500 r/min by a digital controlled stirrer. At
the end of the runs, the slurry was filtered under vacuum.
The leached residues were washed with water and then
calcined at 900 °C for 30 min. The final product was
analyzed chemically; the crystal structures of the
titanium slag and the treated samples were characterized
by X-ray diffraction (Cu K, radiation, 1=1.54056 A,
D/Max2200, Rigaku, Japan).

3 Results and discussion

3.1 Effects of phosphoric acid dosage

To study the effects of phosphoric acid dosage on
TiO, grade, several experiments were conducted.
Parameters were kept constant during tests, as 1000 °C
and 2 h roasting. Figure 1 indicates that the phosphoric
acid dosage has a significant influence on the TiO, grade,
which is increased rapidly as the phosphoric acid dosage
increases from 0 to 10%. As the phosphoric acid content
increases to 10%, the TiO, grade reaches 91.57%. It can
be explained that roasting with phosphoric acid damages
the stable structure of anosovite in titanium slag.

Impurities, which are dissolved in anosovite, are more
likely to be leached with acid.

92

TiO, grade/%
o0
(=21

2 4 6 8 10
Phosphoric acid dosage/%

80

=k

Fig. 1 Effect of phosphoric acid dosage on TiO, grade

3.2 Effects of roasting temperature

The effects of roasting temperature on the TiO,
grade were studied in the temperature range of 900—1200
°C. Parameters were kept constant during the tests as
7.5% H;PO4 and 2 h roasting. Figure 2 shows that the
TiO, grade is improved with the roasting temperature
increasing from 900 °C to 1000 °C; beyond 1000 °C,
TiO, grade starts to decrease. Therefore, the roasting
temperature of 1000 °C is recommended, at which the
TiO, grade of 88.54% could be achieved.
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Fig. 2 Effect of roasting temperature on TiO, grade (7.5%

H;PO,)

3.3 Effect of roasting time

To study the effect of roasting time on the TiO,
grade, experiments were conducted with different
roasting duration periods (1—2.5 h) whilst keeping the
roasting temperature fixed at 1000 °C and 7.5% H;PO,
added. Figure 3 shows that as the roasting time increases
from 1 h to 2.5 h, TiO, grade increases inconspicuously
and always stays at about 88%. The results indicate that
roasting time has little effect on the experiment. In this
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work, in order to make the titanium slag and phosphoric
acid react completely, the roasting time is selected to be
2h.
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Fig. 3 Effect of roasting time on TiO, grade (7.5% H;PO,)

3.4 Final product

The main chemical compositions of the product
prepared under the conditions of 7.5% H;PO, added,
roasting at 1000 °C for 2 h are shown in Table 2. As
shown in Table 2, the product contains 88.54% TiO,, and
0.42% (CaO+Mg0O). The XRD pattern in Fig. 4 shows
that it is TiO, (rutile) and meets the requirements of the
chloride process.

Table 2 Main chemical compositions of product (mass fraction,
%)

MnO ALO; CaO S

88.54 031 773 215 0.13 0.64 0.11 0.02

M + — TiO, (Rutile)
o — TiO, (Anatase)
a8 — M305
s — 8i0,

10 20 30 40 50 60 70 80
26/(°)
Fig. 4 XRD pattern of product

3.5 Mechanism analysis

For conversion to titanium slag, ilmenite was mixed
with coal and subjected to a reduction smelting at
1500—-1700 °C [16,17]. The main crystalline phase in

titanium slag is typically pseudobrookite. Pseudobrookite
is a solid solution of FeTi,Os, MgTi,Os and MnTi,Os
[18]. Its stoichiometric composition is M3;0s, which is
consistent with the compositional invariance [19]. The
so-called M30s is insoluble in HCI, NaOH, H;PO, and
cold H,SO, solution. Therefore, it is difficult to upgrade
titanium slag by direct acid leaching.

TiO, is a weak acidic oxide, and occurs as a
complex anion Ti, 03D~
strong acidic oxide. Due to the bonding force between
PO?{ and Mg%, Mn*, Fe*, A1*" in M;0s is greater

than that of Ti, O3, impurities are then released

in titanium slag. P,Os is a

from anosovite in form of a phosphate glass phase [11].
In the present study, with the phosphoric acid added,
under the conditions of high temperature and oxygen, the
slag phase was changed as follows: 1) The Ti(Ill)-oxide
in the slag was converted to Ti(IV)-oxide (rutile); 2) The
Fe(IT) oxide was converted to Fe(III) oxide; 3) Impurities
reacted with phosphoric acid to generate phosphate; 4)
Silicate minerals reacted with phosphoric acid to
generate a new silicon material phase.

According to the analysis, after roasting with H;POy,,
the stable structure of the anosovite was destroyed;
resulting in the fact that impurities were released, while
the new titanium phase (rutile) was insoluble in dilute
sulfuric acid. Therefore, the impurities in titanium slag
can be removed by acid leaching to obtain a Ti-rich
material. To identify the mechanism of activation
roasting, XRD analyses of titanium slag samples roasted
with different H;PO, dosages at different temperatures
were studied. The results are shown in Figs. 5 and 6.

. "— M;O;
+ — TiO, (rutile)
+— Si0,

1. 7.5% H,PO,
e U

1 & — Mgy(PO,),
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ey, e
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Fig. 5 XRD patterns of titanium slag roasting with different
dosages of H;PO, (Roasting temperature 1000 °C, roasting time
2h)

As shown in Fig. 5, the diffraction peak of the M;05
is weakened, the diffraction peak of TiO, (rutile)
strengthens and silicate mineral disappears with the
H;PO, increasing. TiO, (rutile), M3Os and silicate
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mineral are the major phases recorded in the sample
roasted without H3PO,. For the sample roasted with
7.5 % H;PO,, the major phases are TiO, (rutile), M;0Os,
SiO, and Mg3(POy),. The results indicate that titanium
slag roasted with H;PO, promotes titanium phases
changing to TiO, (rutile), silicate mineral changing to
SiO,, and the solid solution structure of anosovite and
silicate mineral is destroyed. Therefore, impurities in
titanium slag could be removed by acid leaching.
However, because of the gallertartig generated during
SiO, and leaching in the acid, SiO, cannot be removed
effectively [20]. The results well explain the high content
of Si0, in the final product.

. " M305
*— TiO, (rutile)
+— Si0, &— Mg;(POy),
. * —, Silicate mineral

1000 °C
‘0

u A roeo. = e+ m 600 °C
N «1 = L__Umreated

10 20 30 40 50 60 70 80
20/(°)

Fig. 6 XRD patterns of titanium slag roasted at different
temperatures (H;PO, content 7.5%, roasting time 2 h)

The results in Fig. 6 show that the major phase of
the sample changes little when it was roasted at 600 °C,
TiO, (rutile) appears and the diffraction peak of the
M;05 weakens at 800 °C. As the temperature is raised to
1000 °C, two diffraction peaks of Mg;(PO,), and a
diffraction peak of SiO, appear at diffraction angles
between 20° and 25°. The results indicate that upon heat
treatment, the slag sample displays changes in phase
structure, namely M;0s changes to TiO, (rutile) and
silicate mineral changes to SiO,.

4 Conclusions

1) Ti-rich material containing 88.54% TiO, and
0.42% (CaO+MgO) was obtained under the conditions of
roasting at 1000 °C for 2 h with 7.5% H;PO,, 2 h with
25% H,SO, for the first stage leaching, 2 h with 40%
H,SO, for the second stage leaching. Ca and Mg in
titanium slag are effectively removed by activation
roasting followed by acid leaching.

2) Structures of anosovite solid solution and silicate
minerals are destroyed in the roasting. As a result,
titanium components in titanium slag are transformed
into TiO, (rutile) while impurities are transformed into

acid-soluble phosphate and quartz.
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