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Abstract

Complex processing of the oil-containing flotation leucoxene concentrate accompanied by recoating the
organic fraction was investigated. In order to obtain the pigment titanium dioxide concentrate from the leucoxene
concentrate, reducing roasting with petroleum coke was used, at the temperature of 1100�1150 °C.
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INTRODUCTION

High demand in the domestic and foreign
markets for high-quality mineral titanium con-
centrates for the production of titanium pig-
ments, titanium metal, titanium alloys and
welding electrodes determine the relevance of
studying the complex processing of oil-contain-
ing flotation leucoxene concentrate. In particu-
lar, of a great practical value is the leucoxene
concentrate with the following composition, %:
TiO2 39.6�43.6, SiO2 31.5�41.1, Fe2O3 1.1�1.8,
FeO 2.8�3.9, Al2O3 2.4�4.5, CaO 0.2�0.3, MgO
0.8�1.0, MnO 0.05�0.15.

Leucoxene concentrates are characterized by
thin (2�3 µm) mutual germination of  rutile and
quartz: the dominant mass of  leucoxene grains
of greenish-gray colour is covered on the out-
side with �shirts� or �fringes� consisting of a
fine-grained peach quartz aggregate, sometimes
containing siderite. Inside the leucoxene grains
there are quartz or pyrite inclusions of a few
micrometers in size, thus well-known pyromet-
allurgical methods [1, 2] for the processing of
leucoxene concentrates are inapplicable.

The alkaline autoclave leaching of the leu-
coxene flotation concentrate,  preliminary cal-
cined at 900�1000 °C, with the following treat-

ment of an enriched product by hydrochloric
acid and fine-tuning at the concentration ta-
ble, resulted in obtaining a product containing
80�85 % of titanium dioxide [3]. This process-
ing method has the following disadvantages:
1) need for an additional operation such as acidic
leaching, 2) a significant consumption of alka-
line reagent and large amounts of alkaline so-
lutions (5�6 m3 per 1 t of TiO2) with a high
content of SiO2 (~110 g/dm3), which does not
allow one to utilize these solutions (e. g.,
CaSiO3 precipitation) with the regeneration of
the alkaline reagent, and 3) irreversible oil loss in
the course of roasting the flotation concentrate.

It is interesting to investigate the complex
processing of petroleum- and titanium-
containing flotation concentrate with utilizing
the organic phase and obtaining artificial rutile.

EXPERIMENTAL

The object of studies was presented by leu-
coxene flotation concentrate, the product of
enriching petroliferous siliceous titanium ore
from the Yareg deposit with the following com-
position, %: TiO2 9.1�9.3, SiO2 67.1�69.3, Fe2O3

0.3�0.4, FeO 6.9�7.1, Al2O3 3.5�3.8, CaO 0.6�0.7,
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Fig. 1. Thermal analysis curves DTA (1�3) and TG (4�6)
for the samples of flotation concentrate: 1, 2, 4, 5 �
initial; 1, 3, 4, 6 � heated in air; 2, 5 � heated in a
helium; 3, 6 � washed in benzene.

MgO 0.7�0.8, MnO 0.1�0.12, oil 7�9. The leu-
coxene flotation concentrate is supplied from the
processing plant as a slurry wherein the frac-
tion of the mineral phase (leucoxene concen-
trate) amounts to 34.3 %, the fraction of the
organic phase (oil) is equal to 34 %, the frac-
tion of water being of 31.7 %.

In the course of the initial flotation of sili-
ceous titanium ore the concentrate obtained is
enriched with the oil fraction, whose content
increases from 9.7 to 34 % due to oil preferen-
tial adsorption onto the surface of the leucox-
ene concentrate grains, comparing to silica. Due
to the high adhesion of organic and mineral
phases one cannot quantitatively extract oil from
the flotation concentrate, using mechanical meth-
ods, such as rubbing-off (the process based on
the friction of high-density particles in the pulp.
As the result of this process the surface of par-
ticles is cleaned and polished whereas aggregates
bound together are disintegrated.

The recovery of the organic fraction could
be performed via washing the flotation concen-
trate by a solvent or the distillation of oil. In
order to study these processes, derivatogfaphy
was used,  the method of  thermal analysis con-
cerning physical transformations, accompanied
by changing in the internal heat of  the system
(enthalpy, ∆H) [4, 5].

The samples of the source and washed in
benzene flotation concentrate were analyzed
using a Paulik-Paulik-Erdey Q-1500 derivato-
graph (MOM, Hungary) and a Rigaku Ther-
moflex  thermal analyzer (Japan)  in the dy-
namic and quasi-isothermal (Q-mode) modes,
in air and helium atmosphere.

RESULTS AND DISCUSSION

The data of the thermogravimetry (TG),
derivative thermogravimetry (TGP) and the dif-
ferential thermal analysis (DTA) were obtained
under the following conditions: the weighed
sample portion amounting to 0.3 g, the potential
magnitude equal to 500 mV, the heating rate of
5 °C/min, helium flow rate equal to 5.5 dm3/min,
the heating temperature of 700 °C (Fig. 1).

Upon heating the samples of the source flo-
tation concentrate in air, the DTA curves ex-
hibited four peaks at the temperature values

of 82�88, 218�224, 346�352 and 625�630 °C
corresponding to the maximum mass loss rate
of the samples (d2m/dτ2 = 0).

The small endothermic effect (+Q) at 85 °C
is associated with the removal of adsorbed
moisture (∆m = 2.4 %). The further three exother-
mic effects (�Q) at temperature values, °C: 220
(∆m = 7.6 %), 350 (∆m = 6.8 %), 628 (∆m = 14.8
%) is caused by the oxidation of the hydrocar-
bons of  the methane naphthene and aromatic
series, respectively (Σ∆m = 29.2 %).The values
of the exothermic effect for the series of hy-
drocarbons decreases according the following
sequence: naphthene > methane > aromatic.

As the temperature increases from 700 to
1000 °C, the petroleum coke (∆m = 4.8 %) re-
maining in the flotation concentrate after oxi-
dation of hydrocarbons is burning out.

In the course of in-air heating the samples
of flotation concentrate washed in benzene the
curves of DTA-3 also exhibited four peaks at
the characteristic temperature values, °C: 62�
68 (∆m = 0.4 %), 238�242 (∆m = 1.5 %), 338�342
(∆m = 3.7 %),  603�607 (∆m = 4.9 %). These peaks
correspond to the dehydration of the samples,
as well as the oxidation of  methane naphthene
and aromatic series hydrocarbons (Σ∆m = 10.1 %).

Thus, washing in an organic solvent pro-
vides removing 65.4 %  of  oil (from its original
content in the flotation concentrate).

Upon heating the samples of the source flo-
tation concentrate in an atmosphere of helium
volatile components of the organic phase are
sublimated, being condensed then in a water
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cooler. The DTA-2 curves demonstrate five peaks
at the characteristic temperature values of 60�
64, 268�272, 308�312, 358�362 and 538�542 °C.

The only exothermic effect at 270 °C is due
to the thermal decomposition of the most part
of  methane and naphthene series higher ho-
mologues to the lower homologues. The first
endothermic effect at the temperature of 62 °C
is associated with the removal of moisture
(∆m = 1.4 %); the following three effects at the
temperature of 310 (∆m = 15.7 %), 360 (∆m =
1 %) and 540 °C (∆m = 3.3 %) are due to the
sublimation of lower and higher hydrocarbon
homologues from methane,  naphthene and ar-
omatic series, respectively (Σ∆m = 20 %).

Thus, after first removing the water from
the source flotation concentrate via the subli-
mation of the organic phase at the tempera-
ture of 700 °C in the helium atmosphere with
the subsequent condensation of the gas phase
one could perform recycling 59 % of oil, most-
ly of light fractions from the flotation concen-
trate,  whose final composition is represented
by a mineral phase (leucoxene concentrate) and
the organic phase (oil cake) with the content
of 71 and 29 %, respectively.

The further processing of the flotation con-
centrate consists in performing the reducing
roasting in an inclined rotary kiln, which al-
lows destroying the higher oxide such as rutile
(TiO2) to yield a more soluble lower oxide such
as anosovite (Ti3O5). The lattice of the latter
being more defective is more reactive, too. The
total reactions are as it follows:
6TiO2 + Ñ = 2Ti3O5 + ÑÎ2     (1)
ÑÎ2 + Ñ = 2ÑÎ   (2)
3TiO2 + ÑÎ = Ti3O5 + ÑÎ2    (3)

In the course of roasting the flotation con-
centrate at the temperature values above 700 °C
the oil cake is converted into petroleum coke
(4.1�4.7 %) in the composition of titanium-con-
taining mineral residue (leucoxene concentrate
95.9 %, TiO2 38�41.8 %), whose amount is suf-
ficient for the reactions (1)�(3) to proceed.

Table 1 demonstrates the results of the reduc-
tive roasting of rutile for 1�2.5 h in the samples of
flotation concentrate (40.3 % TiO2, 4.5 % C) and
the mixture containing 40 % TiO2 and 4.6 % C.

The solid-phase transition of higher titani-
um oxides into lower oxides at the decomposi-
tion level of rutile (γ) equal to 99 % in the flota-

tion concentrate occurs at lower temperature
values (t = 1100�1150 °C) and during less time
interval (τ = 50�60 min) as compared to sam-
ples of working mixture, where the titanium
dioxide decomposition level is equal to 96.5 % at
the temperature of 1200�1300 °C during 2�2.5 h.

The best parameters of the rutile reduction
process are achieved due to the presence ad-
sorbed oil cake on the surface of the leucox-
ene flotation concentrate grains which cake is
converted into petroleum coke in the course of
calcination.

After preliminary grinding the cinder in a rod
mill to obtain the particle size of �0.1 mm, the
sulphatization of obtained anosovite
[Ti3O5]m ⋅ [SO3]n was carried out by oleum (SO3 >
19 %) and concentrated sulphuric acid in a sealed
heat-insulated unit with the ratio S/L = 1 : 1,
temperature τs = 150�200 °C during τs = 12 h. A
cooled slurry of titanium sulphate was leached
with water at S/L = 1 : (1�5), temperature tl =
90�95 °C for during τl = 0.85�1 h (Table 2).

TABLE 2

Exponents for the sulphatization of anosovite (α)

by oleum and sulphuric acid and for leaching titanium

sulphate (β) by water

S/L α/β, %

Oleum Sulphuric acid

(ts = 150 °Ñ, τs = 1 h) (ts = 200 °Ñ, τs = 2 h)

1 : 1 99/54.5 97.5/53.7

1 : 2 99/69.3 97.5/68.3

1 : 3 99/81.2 97.5/80.0

1 : 4 99/91.1 97.5/89.7

1 : 5 99/97.8 97.5/96.3

1 : 10 99/98.0 97.5/96.5

TABLE 1

Parameters of rutile reduction

Roasting TiO2 content/Decomposition level, %

temperature, °C Flotation concentrate Mixture

(τ = 0.85�1 h) (τ = 2�2.5 h)

     20 40.3/0 40.0/0

  900   4.7/88.3   8.8/78.0

1000   2.5/93.8   5.4/86.5

1100   0.4/99.0   2.7/93.3

1200   0.5/98.8   1.4/96.5

1300   0.6/98.5   1.45/96.4
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The chemical processing titanium-containing
cinder results in further destroying the struc-
ture of silicates to form a fine-disperse frac-
tion, which contributes to cleaning the grains
of anosovite from splices. The best parameters
of titanium sulphatization by oleum (α = 99 %,
ts = 150 °C, τs = 1 h) and leaching it with wa-
ter (β = 98 %) comparing to concentrated sul-
phuric acid (α = 97.5 %, ts = 200 °C, τs = 2 h,
β = 96.5 %) are caused by the presence of 19�24 %
free sulphur trioxide SO3 in oleum, contributing
to the completion of sulphatization reaction.

If the ratio S/L = 1 : 5, the process of
leaching the titanium sulphate solutions results
in forming the following composition g/dm3:
TiO2 80 (in the form of TiOSO4), Fe 6.7, H2SO4

50. Filtered TiOSO4 solution was hydrolyzed at
the boiling point temperature.  After calcination
the precipitate at 800 °C a product was obtained
with the following composition, %: ÒiO2 98.5,
Fe2O3 0.5, SiO2 0.05, Al2O3, ÑàÎ, MgO 0.03.

SUMMARY

1. Owing to the utilization of a part of oil
from the leucoxene flotation concentrate via the
sublimation of light fractions in an inert gas
(59 % of the initial oil content), a profitability
was increased for the process of obtaining ti-
tanium dioxide pigment.

2. Increasing the reactivity of titanium was
performed via obtaining anosovite (Ti3O5) in the
course of the reductive roasting of rutile (TiO2)
with heavy oil fractions (oil cake) from the leucox-
ene flotation concentrate with no additional con-
sumption of metallurgical coke (a reducing agent).

3. In the course of the sulphatization lower
oxides of titanium and the destruction of sili-
cate structure,  an additional purification level
of anosovite grains from splices was achieved.

4. The presence of 19�24 % free sulphur tri-
oxide (SO3) in oleum provides a more completion
of the sulphatization reaction at lower tempera-
ture values and duration time of the process, in
comparison with concentrated sulphuric acid.

5. As the result of the leucoxene flotation con-
centrate complex processing, a concentrate was
obtained with the following composition, %: TiO2

98.5, Fe2O3 0.5, SiO2 0.05, Al2O3, ÑàÎ, MgO 0.03.
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