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ABSTRACT 

Beneficiation of ilmenite through structural 
alteration produced by thermal treatment followed by 
acid leaching has been attempted. The paper discusses 
the changes in the structure of ilmenite when heated to 
different temperatures. The altered structures have been 
examined for their amenability to acid leaching to 
selectively dissolve iron values. Pseudo-brookite 
structure formed at 1300 Κ from ilmenite was found to 
respond favourably to leaching with 20 wt% HCl. The 
Ti02 content of the product amounted to 92.48 wt%. 
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1. INTRODUCTION 

The excellent properties of titanium and its alloys 
along with the use of titanium dioxide in the 
manufacture of white pigment have been responsible for 
the increasing exploitation of titanium resources the 
world over. The economically exploitable titanium 
minerals are chiefly ilmenite (FeTi03) and rutile (Ti02). 
Limited availability and fall in working grade of rutile 
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has directed efforts towards the processing of the more 
abundant and easily recoverable ilmenite. In India, vast 
deposits of ilmenite occur as beach sands along the 
western and eastern coastline of the southern peninsula 
along with other important minerals like monazite, 
zircon, garnet and quartz. 

Of the available ilmenite concentrates in India, 
Oscom grade from Chatrapur, Orissa has the lowest 
Ti02 content, Table 1. Among the several processes 
available for the upgrading of ilmenite on a commercial 
scale, few measure up to the challenge posed by Oscom 
grade. Smelting is a highly energy intensive process 
with the added complexity of a corrosive molten titania 
slag coupled with the high cost of local electrical power 
although iron is recovered as pig iron /3/. Owing to its 
inert nature, an oxidation step is found to be necessary 
before carbothermic reduction of Oscom ilmenite in a 
rotary furnace. Further, direct chlorination in the 
presence of carbon at elevated temperature yields large 
quantities of iron chloride that have little commercial 
value and its disposal poses an environmental hazard. 

Selective leaching with mineral acids /2,7,8/ requires 
a reduction step in order to convert associated iron to its 
elemental form. Alternatively, the metallic iron is 
separated from Ti0 2 as hydrated oxide by aqueous 
oxidation in the presence of a catalyst /4,5/. 
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Table 1 
Average Chemical Analysis of Oscom Ilmenite 

from Chatrapur, Orissa 

Constitutent Wt% 

Ti0 2 49.45 
FeO 34.50 

Fe203 11.80 
Si02 0.76-0.93 

A1203 0.35-1.35 
Nb 2 0 5 0.11 
MgO 0.57 
MnO 0.22-0.50 

v205 0.20-0.23 
Cr 20 3 0.06-0.046 
Zr0 2 0.02 

P2o5 0.03 
S 0.055 

REOXIDES 0.05 

A scheme which merits research involves heating of 
ilmenite in inert atmosphere, and its subsequent 
leaching with HCl will remove iron as ferrous chloride 
liquor, that can be recycled to recover HCl. Extensive 
studies have been carried out on the heating of 
Australian and Florida ilmenites in argon /13/. The 
phase changes that have been reported on heating 
i lmenite · ' ' i t" Virious temperatures have aided in 
increasing significantly the overall rates of dissolution. 
No work has been reported on the heating of Oscom 
ilmenite in argon and subsequent leaching of the heated 
mass on the extent of upgrading, to produce a rutile 
substitute. This paper presents efforts towards the study 
of thermal treatment of Oscom ilmenite followed by 
selective leaching of iron values. 

2. EXPERIMENTAL 

2.1. Materials 

2.1.1. Ilmenite 
Oscom ilmenite concentrate was supplied by M/s. 

Indian Rare Earths Ltd., India The average chemical 
composition and particle size distribution of the raw 
material are given in Tables 1 and 2. 

Table 2 
Sieve Analysis of As Received 

Oscom Ilmenite 

Tyler series wt% retained 

+60 5.97 
-60, +80 42.81 

-80, +100 24.73 
-100,+120 19.19 
-120, +140 3.56 
-140,+170 3.11 
-170,+200 0.44 
-200, +230 0.15 

-230 0.04 

2.1.2. Argon 
High purity argon was supplied by M/s. Gujarat 

State Fertilizers and Chemicals Ltd., India. 

2.1.3. Hydrochloric acid 
Locally available commercial grade HCl was used. 

2.2. Equipment 

2.2.1. Heating Assembly 
Preliminary thermal analysis investigations were 

carried out in a SETARAM™ thermobalance, provided 
with a strip chart recorder. The detailed studies on 
heating the ilmenite were carried out in an inconel 
reactor of 0.05 m dia and 0.6 m long. The reactor was 
provided with openings for evacuation and backfilling 
with argon. The ilmenite charge was placed in the 
vertical reactor and heated in an electric resistance 
furnace to desired temperatures for different periods of 
time under flowing argon. Fig. 1 represents the 
schematic diagram of the reactor assembly in these 
investigations. 

2.2.2. Leaching Assembly 
The leaching equipment was a glass bulb fabricated 

from 0.045m dia pyrex tube. This bulb was 0.225 m 
long and had a narrow stem to place inside both heated 
ilmenite and HCl solution for iron removal. The stem 
was sealed to prevent escape of HCl to atmosphere 
during heating. A Tabletop shaker was used to agitate 
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Fig. 1: Heating unit for alteration of ilmenite. 

suspended in a constant temperature zone. Argon flow 
was maintained throughout the heating schedule to 
eliminate possible reaction with the environment. A 
heating rate of 10 K/min was maintained during heating 
from room temperature to the desired temperature. The 
thermal changes observed on heating were recorded on 
a strip chart recorder. Based upon the observations of 
this study, detailed studies were carried out in an 
inconel reactor to observe changes on heating. 

The samples were taken in a mild steel crucible, then 
placed inside the inconel reactor. The reactor was 
evacuated, back filled with argon to a positive pressure 
of 26.6 Pa. and heated at different temperatures for 
different intervals of time. Samples were cooled to room 
temperature and subsequently analysed for any physical 
or chemical changes. 

3.2. Leaching studies 

50 g. of heated ilmenite and 8xl0"2 m3 of 20 wt% 
HCl were taken in the bulb. The bulb was sealed at the 
narrow stem, mounted on a tabletop shaker for agitation 

Fig. 2: Leaching unit 

the contents of the bulb during leaching. A heating tape 
was used to heat the bulb to the desired temperature of 
leaching. Fig. 2 represents the acid leaching setup. 

3. P R O C E D U R E 

3.1. Preliminary studies 

Thermal analysis studies on ilmenite were carried 

out using 100 mg samples in a platinum pan that was 

and heated with a thermal pad to a temperature of 383 
K. Leaching experiments were carried out for a duration 
of 14 hours. After leaching, heating was discontinued 
and contents of the bulb were taken out by breaking the 
narrow stem. The leached liquor was filtered and the 
solid residue washed free of acid and iron chloride with 
water before calcining at 1173 K. Calcined samples 
were analysed for T i 0 2 and Fe 2 0 3 contents to compute 
the extent of iron removal. Leaching tests were 
conducted to ensure reproducibility of results. 
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4. RESULTS AND DISCUSSION 

The experimental parameters that were likely to 
introduce changes in ilmenite structure on heating were 
believed to be temperature and duration of soaking. 
Thermal analysis experiments carried out in a 
thermobalance show small endothermic and exothermic 
changes in DSC trace up to 1073 Κ as indicated in Fig. 
3. These changes were believed to be too small to 
represent significant changes in structure. Above 1073 
K, an exothermic change has been observed which 
represents structural alteration having taken place in the 
ilmenite. 

The detailed studies on the changes occurring in 
ilmenite above 1073 Κ were carried out by isothermal 
studies. The isothermal temperatures were kept from 
1073 Κ to 1323 Κ for soaking periods varying from 1 
hour to 5 hours. Above 1323 K, fusion of the charge 
was observed and it was difficult to observe structural 
change. The heated samples were cooled to room 

temperature and subsequently leached with 20 wt % 
HCl to remove iron and the results of these tests are 
presented in Fig. 4. It can be observed that up to 1300 
K, the Ti02 content in the beneficiated product increases 
with the soaking temperature. Little increase in Ti02 

content was observed in the product beyond 4 hours of 
soaking. The highest Ti02 in the beneficiated product is 
92.44% at 1300 Κ as compared to 53.54% obtained 
after leaching the as received concentrate, without any 
thermal treatment, with 20 wt% HCl under the identical 
conditions of leaching. The recovery of Ti02 with 
respect to the raw material was computed to be 87.45%. 

The observed improvement in leaching behaviour of 
heated samples may be attributed to either enhanced 
specific reactivity, change in surface morphology or 
solid state transformation. Surface area measurements, 
scanning electron microscopy and x-ray diffraction 
studies were utilized to characterize the altered mass 
before and after heating. 

MIHI i n . 
F ig : E^MRIMANL: ILMENITE I Atm : Crucible: PtlOOrttf 

(FN IJM 
F ig : E^MRIMANL: ILMENITE I Atm : Ar Crucible: PtlOOrttf 

( M » 1 I 03-25» Procedure: TGDTA(5«q.1) MTALMJ): 9·.? 

Fig. 3: DTA trace 
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Fig. 4: Effect of heat treatment on T i 0 2 content of leached products 

4.1. Surface Area Measurement Studies 

At the outset, it was believed that thermal treatment 
would lead to changes in specific surface area of the 
charge, besides other physical and chemical changes, 
that may result in improved leaching behaviour. Heating 
of ilmenite may either homogenize or break up the 
structure leading to an increase in surface area. For a 
comparative study, measurements of the specific surface 
of the samples heated at various temperatures for 4 
hours were considered for investigations. Quantabsorb 
QSIO" instrument was used to measure the specific 
surface areas. The results of these studies are presented 
in Table 3. From this Table, it can be seen that specific 
surface areas of the samples are found to decrease with 
increasing temperatures of heating. The observed 
specific surface area was lower than that of the starting 
material. From this study, it can be interpreted that any 
decrease in specific surface is unlikely to contribute to 
the observed improvement in leaching behaviour of 
thermally treated ilmenite samples. 

4.2. Surface Morphological Studies 

Heating of ilmenite may initiate chemical 

inhomogenities owing to the diffusion of either T i 0 2 or 

Table 3 
Measurement of Specific Surface of Ilmenite Samples 

Heated to Various Temperatures 
Atmosphere = argon 

Surface area of original concentrate = 0.44 χ 103 m2 kg"1. 

Heat Treatment 
Temperatures, 

Κ 

Specific Surface 
x l o V k g · ' 

1073 0.22 

1173 0.07 
1273 0.067 
1298 0.038 
1323 0.037 

Fe 2 0 3 from the surface to the bulk or vice versa. This 
rearrangement of atoms in all probability influences 
surface characteristics and causes a change in surface 
morphology of ilmenite. The changed morphology of 
the altered mass may also influence changes in leaching 
characteristics. The changes, if any, in surface 
characteristics were studied with the help of a scanning 
electron microscope. A J E O L " make scanning 
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microscope was used in these investigations. The 
thermally treated samples were placed on a brass stud 
and a conducting copper metal coating was provided. 
The magnifications varying from 250x to 221 Ox were 

used to record the samples. The photomicrographs of 
the various samples, as recorded by scanning 
microscope, are shown in Fig. 5 (a-e). No surface 
morphological changes have been observed with the 

23KU X208 100nm 0 2 7 J 8 J 

Fig. 5 (a): Photomicrograph ot natural ilmenite 
concentrate. 

Fig.5 (c): Photomicrograph of ilmenite heated at 
1223 Κ 

Fig.5 (b): Photomicrograph of ilmenite heated at Fig.5 (d): Photomicrograph of ilmenite heated at 
1073 K. 1273 Κ 
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Fig. 5 (e): Photomicrograph of ilmenite heated at 
1300 Κ 
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samples heated at these temperatures. However, some 
samples heated at higher temperatures, when pulverized, 
exhibit a two-phase structure. Fig. 6 is a photo-
micrograph of powdered ilmenite sample heated at 1300 
Κ for 4 hours. The results show that transformations 
occur within the grains of ilmenite samples at higher 
temperatures. 

Fig. 6: Photomicrograph of pulverized ilmenite heated 
at 1300 Κ 

4.3. X-ray diffraction Studies 

The phase tranformation occurring in ilmenite at 
higher temperatures was analysed by XRD studies using 
CuKK radiation. Table 4 lists the X-ray powder 
diffraction data of samples before and after heating with 
that of standard d-spacings of various iron-titanium 
oxide compounds, as listed in JCPDF data files. From 
this comparative study, phases present in heated 
samples are indicated in Table 5. From the Table, it can 
be observed that the ilmenite phase is the dominant 
phase, up to 1225 K. Above 1225 K, a few lines of 
hematite phase appear along with lines of ilmenite. On 
heating the samples at higher temperature, hematite 
phase disappears and at 1273 K, pseudo-brookite phase 
nucleates. At 1300 K, both ilmenite and pseudo-
brookite phases are present. At 1323 K, pseudo-brookite 
is the predominant phase present in the thermally treated 
mass. From these studies, it can be presumed that the 
new phases formed at high temperatures lead to 
enhanced rates of leaching of iron from transformed 
ilmenite. X-ray diffraction studies of T i 0 2 rich product 
indicate a similarity with that of natural rutile as seen in 
Fig.7. Table 6 gives the chemical analysis of the rutile 

Table 4 

Comparison of XRD Patterns of Heated Ilmenite Samples with the Standard Titanium and Iron Compounds 
Period of Soaking = 4 hrs. 

Atmosphere = Argon 

d values of heated products at various temperatures Κ Standard values from JCPDF Files 

χ 10·'° m Ilmenite hematite Pseudobrookite 

S.N. 1223 1248 1273 1298 1323 d I/Io d I/Io d I/Io 

1 2.750 2.751 2.750 2.752 3.484 2.754 100 2.700 100 3.486 100 

2 2.235 2.545 2.545 1.725 2.748 2.544 70 2.519 70 2.752 77 

3 2.544 3.733 1.724 2.545 1.865 1.726 55 1.6941 45 4.901 42 

4 1.725 1.725 1.506 1.867 2.407 1.8683 40 1.8406 40 2.458 23 

5 1.586 1.505 3.732 2.235 1.542 2.737 35 3.684 30 1.867 23 

6 3.734 1.867 1.867 3.727 1.969 2.237 30 1.4806 30 2.407 22 

7 1.634 1.375 2.234 1.506 3.241 1.4686 30 2.21 30 1.973 22 

8 1.654 9 2.207 20 2.451 16 

9 1.311 10 1.976 14 

10 1.2592 8 4.99 13 

11 1.3864 6 2.224 10 

12 1.6833 5 1.542 10 

13 2.29 3 2.46 1 

14 1.73 <1 
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Table 5 
X-Ray Diffraction Analysis of Heated Ilmenite Samples 

Atmosphere = Argon 
Period of heating = 4 hrs. 

Table 6 
Chemical Analysis of Synthetic Rutile 

Temperature Phases observed 
Κ 

1073 Ilmenite 
1123 <C 

1173 4C 

1223 ilmenite + hematite 
1248 c< <c 

1273 α κ 

1300 ilmenite + pseudobrookite 
1323 pseudobrookite 

Constitutents Wt% 

T i0 2 92.48 

Fe 20 3 3.8 

Cr 2 0 3 0.24 

v 2 o 5 0.06 

A1203 0.19 

MnO 0.03 

Si0 2 0.96 

RE Oxides 0.08 

Nb2O s 0.20 

Zr0 2 0.03 

MgO 0.9 

MnO 0.15 

Synth·!Ic Rutile 

<11 .111 I , 11 I I 

Natural Rutile 

d spacing, mx 10 

r 
to 

Argon 

HCl 
(JOwtv.) 

H,0 

Oscom Ilmenite 

Htatlng at 1296 Κ Argon 

I 
Altered Ma· · 

I 
Leaching at 383Κ FeClj liquor 

1 
TlOt rich residue 

i 
Washing Waste liquor 

i 
Calcination at 1173K 

Synthetic rutile 

Fig. 8: Flow sheet for production of synthetic rutile 
"3 from Oscom ilmenite 

Fig. 7: X-ray patterns of synthetic rutile and natural substitute produced from the ilmenite after alteration 
rutile and leaching. 
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5. CONCLUSION 

From these studies, it can be concluded that thermal 
treatment of ilmenite in an inert atmosphere brings 
about alterations in ilmenite structure as a result of 
chemical inhomogenity developed. The resulting two-
phase structure was determined by XRD studies. The 
new phases observed respond favorably to selective iron 
leaching leading to a higher extent of beneficiation. The 
extent of beneficiation depends upon the phase formed 
on heating and formation of pseudo-brookite phase has 
provided the optimum beneficiation under the 
experimental conditions. 
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