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Abstract : Ilmenite and rutile deposits of Sii Lanka are found as bezch sands in the 
East and North-West Coasts. Some 65,000 tons of ihnenite conce?tratcs are currently 
exported from Sri Lanka each year, primarily to pigment manufactrrrers, without iny ' 
bencficiation. This paper reviews some results of laboratory studies that have been 
carried out by the Ceylon Institute of Scientific and Industrial Research (CISIR) to 
prepare synthetic rutile from ilmenite using locally available raw materials. The main 
feeture cf this process is the use of saw dust for the first time in a beileficiation method 
as the reducing agent to reduce iron values in ilmenite to acid leachable Form. In the 
process developed ilmenite is first oxidized and this is then reduced by using saw- 
dust. Reduced ilmenite is leached with hydrochloric acid to remove iron ar,d the final 
concentrate is calcined t s  rutile having about 95 O/,TiOz. The hydrochloric acid could 
be recovered from the leached l i q~~or  and iron oxide is obtained as a byproduct which 
could be used as a red pigment. 

Ilmenite and rutile are the only two naturally occurring titanimn bearing minerals 
that have been seriously considered as suitable feedstock for either metal-producing 
or pigment industries. This is because only rutile and ilmefiite are found in large 
enough cornnlercial concentrations compared witb other naturally occurring minerals 
containing titanium, so as to be suitable for industrial exploitqt' ion. 

There has been a continuing growth in demand for titanium dioxide pigment, and 
this industry in th-e world has continued to expand to meet the spectacular growth 
in demand due to this inherent superior properties. The total titanium dioxide pro- 
duction capacity is more than 2 million tons a year and the gtowth rate of TiO, 
consumption averaged 5.5 % during the period 1964 to 1972. The futu~e growth is 
predicted to be about 5 % a year.22 

The existence of naturalconcentIates of titanium beating mineral sands such as 
ilmenite and rutile in a high degree of purity in many places in the coasts of Sri Lanka 
has been known as far back as 1903. Over the last few decades systematic work 
on the beach sands of the islands referred to as "black sands" have been carried out 
by the Geological Survey Department of S I ~  Lanka; and at p~esent the distribution 
of these deposits, and their mineralogy is known.8J2 
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2. Jlmeraite aild Rutile Deposits of Sri Lanka 

These deposits in Sri Eanka are found as beach sands in the East and North-West 
Coast and occur in association with othe~s namely, rutile, zircon and monazite. The 
largest and most important beach sand deposit occms at Pulmoddai in the North-East 
Coast of the island, 34 miles North of Trjncomalee. The deposit is approximately 
4 miles in length with an average width of about 200 feet. The richest part of the 
deposit is in the Southern coast, where the percentage of heavy mineral amount to 
95%. The approximate composition of the sand is as follows: 

w/w % 
Ilmenite (FeO. TiOd 
Rutile (TiO,) 
Zircon (ZrO,. SiO,) 

Besides the Pulmoddai deposit there are other deposits of mineral sands in several 
scattered points on the West Coast from Kundiramalai Bay on the North West Coast 
to  Kirinda on the South of Sri Lanka. These deposits contain heavy minerals 
varying from 10-20 % while occasionally the concentration rises over 80 %. In all 
these deposits ilmenite is the main constituent wi~hzircon next in order of importance.18 

The Mineral Sands Corporation of Sri Lanka commenced co~mercial production 
of ilmenite from Pulmoddai sand in 1963 and rutile in 1968. About 65,000 tons of 
ilmenite concentrates are currently exported from Sri Lanka each year, primarily to 
pigment manufacturers, without any beneficiation. 

The following Table gives the results of chemical analysis of ilmenite from 
Pu1mod.d ai. 

TABLE 1. Chemical Composition of Sri Lanka Ilmenite 

, SiOz 
TiOz 
A1203 
Fe203 
FeO 
MnO 
MgO 
CaO 
Cr203 

The immense and expanding uses of high purity TiO, in the pigment and paper 
industries, combined with increasing demand for titanium metal, are expected to 
outstrip the production capacitjl of available sources of rutile. Therefore deve- 
lopment of commercial processes for upgrading these ores is becoming increasingly 
important. 
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The traditional pigment-producing process is the "Sulphate Process", in which 
finely ground ikenite is digested in sulphuric acid and titanium hydroxide precipi- 
tated by hydrolysis. This process creates large quantities of waste in the form of 
hydrated ferrous sulphate and sulphuric acid, and methods of disposal, such as dis- 
charge into livers or sea, create pollution problems.l.2 

The ~ecently developed "Chloride Process" is becoming more attractively7 to 
pigment producers because it produces less effluent and is cheaper to operate. 
However, the present economics of the chloride process are only favourable for feed 
materials containing at least 90 % titanium dioxide (Ti0.J and with low proportions 
of metal oxide impurities, such as iron and manganese, which not only consume 
chlorine but also form troublesome liquid chlorides. 

The preferred chloride process feedstock has always been natural rutile of which 
Sri Lanka currently exports about 16,000 mettic tons per annum. Australia 
currently supplies more than 95 % of the world demand of rutile. In recent years, 
however, the world prodccticn of rutile kept pace with demand and prices have been 
much inflated. Pigment producers have therefore been seeking alternative feeds, 
particularly high-grade slags and beneficiated ilmenite. Raving considered these 
facts the Ceylon Institute of Scientific aod Industrial Research (CISIR) c~rried out a 
series of laboratory experiments to upgrade Sri Lanka ilmenite to th.e more useful 
and more expensive rutile form by using locally available raw materials. 

During the last two decades, many processes have been proposed for upgrading 
ilmenite, including high temperature smelting, direct and leaching, methods, and 
reduction processes in which the iron content is reduced either to fer~ous oxide and 
extracted with acid or to metdic iron and removed by acid leaching or accelerated 
c ~ r r o s i o n . ~ ~ , ~ ~  

The fundamental steps of the process that we have investigated in the CISIR 
laboratoiies are as follows- 

Ilmenite is first oxidized at a temperature range 900-1000°C for 3.00 hrs. 
This will facilitate the subsequent reduction stage. This oxidized ilmenite is 
then reduced in a closed vessel at 1 100°C using sawdust which contains a high 
percentage of carbonaceous material as the reductant. Iron in reduced ilmenitc 
is then leached with dilute E.yd~cchloric acid. Hydrcchloric acid leaching was 
investigated since Sri Lanka has a hydroch101,ic zcid industry and also it was 
known that commercial units were available for converting ferrous chloride 
liquor to iron oxide pigment, the latter being recycled in the leaching stage.',' 
The leached product obtained is calcined at 1000°C to get synthetic rutile 
having about 95 % TiO,. 
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3. Experimental 

The ilmenite used through out the present work was obtained from the ilmenite 
separation plant at Pulmoddai. Aftex each stage: chemical analysis and X-ray 
characterisation of all samples were carried out. 

3.1 Chemical Analysis 

The chemical analysis of treated samples was always carried out in duplicate. 
Thc titan1u.m content of the treated sm-ples was detemlned by a spectrophoto- 
metrlc mcthod.13 Atomc absorption methods were employed for the determination 
of other constitue~.ts except A1 and Si. Ferrous iron determination was carried 
out according to the "Wilson" method.13 

3.2 X-ray characterisation 

Solid products were examined by means of a JEOL SD 8X X-rsry powder diffrzc- 
tometer equipped with a graphite monochrometer using Cu K a  radiztion. XRD 
patterns were obtained at a scanning rate of 2O/min for qualitztive study. The pro- 
polZion.s of different phzscs present in the reacti6n products were determined by 
comparing the peak heights of most intense diffraction lines. Powder diffraction 
patterns were identified from patterns listed in the JCPDS Index.17 

The differential thermal analysis of samples was carried out by using "MOM Q- 
Derivatograph". Scanning Electron Microscope microphotographs were taken 
using a JEOE Scanning Electron Microscope. Other experimental conditions that 
were used at each stage were as fo!lows :- 

3.3 Oxidation 

Oxidation of ilmenite ore was carried out in temperature controlled electric furnaces. 
Calcined samples were quenched into water rapidly to  study the phases p~,esent. 

3.4 Reduction 

Reduction of ilmenite was carried out in a sealed stainless steel vessel (Figure 1). 

3.5 Dressing 

Unreacted saw dust ash was separated out using a simple flotation technique without 
adding any activating agents or frothers. ,Running water was passed through 
a stirred aqueous,midure of reduced ilmenite in a flask and sawdust was collected 
fiom the overflowing water. Reduced ilmenite remained in the bottom of the flask. 

3.6 Leaching 

Leaching of reduced ilmenite was carried out under refluxing conditions at atmos- 
pheric pressure. Dilute hydrochloric acid (31 % w/v) was used as the leaching agent. 
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3.7 Calcining 

El , AUTO C U V E  U S E 0  POP 

ILMENITE REWCTION 

* 

Calcination of leached ilmenite was carried out in a temperatwe controlled furnace 
and the final product was quenched into water to study the phases present. 

I 

4. Results and Discussion 

4.1 Preliminary Investigation 

A sieve analysis was carried out on the beach sand ilmenite from the Pulmod'dai 
plant and the results obtained are given in Table 2. 

TABLE 2. Screen Analysis of nmenite Used 

Screen s i x  Percentage 
(BS mesh) W/w 

+ 60 0.4 
-60 + 100 16.0 
-100 83.6 

A chemical analysis of the above fractions (Table 3) showed that ilmenite of 
particle size + 60 mesh had low TiO, and Fe,O, content when compared with other 
fractions. X-ray powder diffraction analysis showed that this was due to the pre- 
sence of other impurities such as a -quartz, zircon, etc. 



M. G.  M. U. Isman, J. Amarasekera and .T. S. N. Kmarasinghe 

TABLE 3. Variation of Ti and Fe Content of Different Particle Size of Ilmenite 

Particle size TiO, Total Fe as Fq03 % 

-100 mesh 48-57 4 5 4 8  
100-60 mesh 52-59 38-42 

+ 60 mesh 39-43 37-39 

Raw Ilmenite 52-54 44-46 

The XRD pattern of natural ilmenite is given in Figure 2. In addition to the peaks 
corresponding to the mineral ilmenite and rutile there are several peaks which 
resemble the compound Pseudor~tile Fe,03.3Ti02 (or Fe2Ti3O,).lg This is a transi- 
tion phase between ilmenite and rutile. 

The identification of Pseudorutile depends solely on the two peaks at d = 3.82 
and 1.375 A, since the remaining lines in the powder patterns also characterize 
rutile. 

Ilmenite of particle size-60 mesh was selected for further investigation since this 
fraction was comparatively free of impurities. 

4.2 Oxidation Stage 

Ilmenite samples were oxidized at different temperatures for the same duration and 
the change in composition observed. 

The XRD patterns of the samples oxidized at 800°, 900°C and 1000°C for duration 
of 3 hrs are given in Figure 2. 

The major products formed by oxidation of ilmenite at temperatures greatei than 
900°C are ferric pseudobrookite and mtile.I4 

This reaction proceeds according to the equation (1) and (2). 

To study the optimum duration necessary for oxidation of ilmenite, samples were 
oxidised at 9W0C for different durations. The Scanning Electron Micrographs of 
the samples oxidised at 900°C for 3 hrs 7 hrs and 24 hrs are given in Figure 3. 

Formation of fine pores on the ilmenite particles was observed. With the increase 
of duration of oxidation the pores are more visible. The presence of mbo.oracks 
and pores on the ilmenite particles facilitates the reduction of ilmenite to mtile. 
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Figure 2. X-ray patteins of raw Ilmenite and oxidjsed Jlrnenite 

A - Raw Ilrnenite 
B - Oxidised Ilrnenite 800°C 3 hrs. 
C - Oxidised Ilrnenite 900°C 3 hrs. 
D - Oxidised Ilrnenite 10aO°C 3 hrs. 
11 - Ilrnenite PsR - pseudo~ti le  
R - Rutile Q - Quartz 
PsB .- Pseudobrookite H - Hematite 
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(A) 

Figure 3. Scanning Electron Micrograph of Oxidised Ilrnenite at 900°C 

Conditionr - Acceleratingvoltage - 10 KV 
Madca t ion  - 2000 
Micron value - 10 1 

(A) Raw Ilmenite -without OXidizing 

(E!) Oxidized for 3.0 hrs. 

(C) Oxidized for 7.0 hrs. 

@) Oxidized for 24.0 hrs. 
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Chemical analyses of oxidized ilmenite are given in Tables 4 and 5. These tables 
indicate the mean value obtained in analysing several samples in each stage. 

TABLE N - Chemical Composition of Oxidized Ilmenite at Different Temperatures 

-- 

Temperature ( O C )  

Component 
800 . 9 W -  lo00 

TABLE V - Chemical Analysis of Natural Ilmenite After Each Stage 

Composition (weight per cent) 

Component Oxidized Reduced 
Raw ' Ilmenite Ilrnenite Final product 
Ilmenitc 1000°C; 1 100°C (synthetic mtile) 

3 h  3h .. . 
- 

TiOz 53.85 68.5 66.07 94.64 
FeO 16.76 0.0 - - 

26.35 29.0 - 1.50 
E?:~tal, - - 28.06 - 
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b Figure 4 shows the diffraction patterns of m~xidized reduced ilmenite and also 
preoxidized reduced ilmenite of same time duration. It is clearly seen that unoxi- 
dized reduced ilrnenite still contains unreacted ilmenite and we can conclude that 
for better reduction, ilmenite has to be preoxidized. The amount of iron in the 
final product is largely decreased if ilmenite is cxidized at a higher temperature (lOOO°C 
3 hrs). Table 6 shows the variation of iron cortte4t of synthetic rude with 
oxida ion temperature. 

TABLE 6. Variation of Ti and Fe content cf : 

Synthetic Rutile on Preoxidation 
Temperature of Jlmenite 

Synthetic Rutile 
Oxidation 
Temperature Ti02 Total Fe 

(. C) as Fq 0 3  
% % 

> % 

From the above observation it is clear that to get a higher T40, percentage in 
in the final product oxidztion has to be carried out around 1000°C. Hence, for 
furthet studies the oxidation stage was carried out at 1000°C foi 3.00 hours duration. 

4.3 Reduction Stage 

Samples of preoxidized ilmenite were reduced in an autoclave (Figure 1) by using 
sawdust as the reducing agent, since this contained mainly carbonaceous tnatjctial. 
Typical chemical analysis of the sawdust used is given in Table 7. 

TABLE 7. Chemical Composition of Sawdust 

Loss on ignition 
SO2. 
CaO 
MgO 
F%o3 
A1203 
TiOz 
K20 
NazO 

. - 99.44 
0.21 

,0.21 
Oi03 
0.02 
0.1 1 
0.00 
0.01 
0.01 -- 

Total 100.06 
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Figure 4. X-ray patterns of reduced ilmenite 

A - Raw Ilmenite reduced at 1100QC 3 hrs. 
B - Oxidized Ilmenite 800°C reduced at l 100°C 3 hrs. 
C - Oxidized Ilmenite 900°C reduced at llOO°C 3 hrs. 
D - Oxidized Ilmenite 1000'C reduced at 1 1003C 3 hrs. 

I1 - Ihenite RR - Reduce3 rutile 
Fe3C - Cementite R - Rutile 

Fe - Iron 
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4.3.1 Effect of redastion temperature and duration 

Initially a 1 : 1 mixture of sawdust (psrt.icle size - 44 BS mesh) mixture was used iri 
the reduction stage for 3.00 hrs durs-tion at diEerent temperatures. Figure 4 shows 
the X-ray patterns of the reduced ilmenite. These observations reveal that sawdust 
could be used for successful reduction of iron values in ilmenite to metallic iron. 
In the reduction with sawdust, the reductant is ostensibly solid carbon, and much 
of the chemistry of carbon in the form of coke and CO has been found by several 
~ o r k e r s . 6 ~ ~ ~ ~ 0 ~ ~ 1 ~ ~ 4  It is also clear that 

(i) by keeping the duration of reduction for 3.00 hrs s.uccessfu1 reduction 
occurs at temperatures around 1100°C. 

(ii) the first stage of reduction is conversion of Fe3+ in pseudobrookite to 
Fez+ in the form of ilmenite, (Figure 4). As a result the pseudo 
brookite concentration progressively decreases whereas that of ilmenite 
increases. This indicates that in the early stage of reduction ilmenite 
is ~eformed by a recombioation reduction mechanism. The d - spacings 
of the reformed ilmenite were close to those for stoichiometric FeTiO,. 

Fe,Ti05 + TiO, + C ---- -t 2 FeTiO, + CO (1) 

(iii) the second stage of reduction is conversion of Fe2+ to metallic iron, as 
shown by XRD patterns. Hence, the ilmenite concentration progress- 
ively decreased and there was corresponding increase in the concen- 
tration of metallic iron an.$ reduced mtile. The reduced rutile form 
(eq.3) was suboxides of titanjum,'O and no attempt was made to identify 
these oxides in this paper. (Figure 4). 

FeTiO, + C + Fe + TiO, + CO 

nTi0, + C --- -t Ti, O,,-, + CO 

Formation of cementite (Fe,C) was also observed (reaction 4) in the reduced 
phases of ilmenite, as a result of the reaction between iron and czrbon. 

3 F e f  C + F2,C 
, . 

(4) 

Also it was clear from these results that, the optimum duration necessary for 
complete reduction of ilmenite at a temperature- of 1100°C is 3.00,hrs. Figure 5 
shows the reduction phases at different temperatures- at different time durations. 

Hence, for further studies a xeduction temperature ot 1100°C and a duration of 
3 hrs was selected. 

Chemical analyses of reduced phases are given in Table VI. 
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TIME ( Hours ) , 

Figure 5. Effect of duration of reduction at different temperaares 

(Intensity of Fe line (110) 
Intensity ratio - (Intensity of Ilmenite line (104) 

A - Preoxidized Ilmenite reduced at llOO°C 
B - Preoxidized Ilmenite reduced at 1000°C ,. 
C - Preoxidized llmenite reduced at 900°C 
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k 4.3.2 Effect of amount of sawdust used for reduction 

A series of experiments were carried out with varying amounts of sawdust and 
oxidized ilmenite at 1100°C for 3 hrs in an autoclave to study the effect of sawdust 
to ilmenite ratio on reduction. It was noted that sawdust to ilmenite ratio up to 
1 : 4 could be used and with this ratio also a little amount of unreacted sawdust was 
left after reduction. This unreacted sawdust could be separated out and re-cycled. 
Therefore for further studies equal amounts of sawdust and ilmenite were used for 
the reduction. 

4.3.3 Effect of particle size of sawdust 

Sawdust of different particle sizes (-44, 44 - 30, 30 - 22,+22 BS mesh) was used for 
reduction and it WRS found that irrespective of the pal-ticle size of sawdust used, 
oxidized ilmenite is reduced at 1100°C. But it wasnoted that ifthe particle size is 
small the mixing before reduction with ilmenite and subsequent dressing of unreact- 
ed sawdust was easy. 

4.3.4 Dressing 

The purpose of this step is to separate unreacted burnt sawdust from reduced ilmenite, 
Since reduced ilmenite contains metallic iron, this sepzration could be easily carried 
out by using a magnetic separator. Also as the density of unburnt sawdust is com- 
paratively low when compared to ilmenite, the separation also could be done by using 
a flotation technique. For our studies we used a simple gravity flotation technique. 
Separated unreacted burnt sawd~~st could be re-used in the reduction process. 

5. Leaching Stage 

The initial experiments were carried out by using laboratory grade hydrochloric acid 
(31 % wlv) under refluxing conditions at normal atmospheric pressure. 

5.1 Effect of Acid Concentration 

~ c i d s  of different dilutions were used for leaching and each time the  amount of 
metallic iron, TiO, and Mg dissolved in the solution were determined (Table 8). 

- 
Strength of Weight loss  mount dissolved (% w/w) 
acid % in the 
v/v of 31% soample 
W/V acid A w/w TiOl Mg Fe 
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From these observations, it is clear that by increasing the concentration of acid 
the amount of iron Icacl~ed out also increases. But accordinglythe amount of TiO, 
dissolving also increases. Therefore, 20 - 15 % v/v of 31 % w/v HCl acid is good 
for the leaching stage. 

5.2 Effect of Leaching Time Duration 

15 % and 20 % v/v HC1 zcid was med for leachipig and the amount of metallic iron 
dissolved in the solution at different time intervds was arzdysed to  study the duration 
for complete leacl1.ing. Results obtained are given in 'Figure 6. 

It is clear that for complete leaching of iron in reduced ilmenite at least 4.00 hrs 
is essentid if 20 % HC1 of 3 1 % w/v is used. 

XRD patterns of acid lezched samples consisted of reduced rutile phases. Therefore, 
these samples were calcined to convert them to rutile. The DTA of acid leached 
sample was taken (Figure 7) md it was found to  have an endothermic peak at about 
550°C and an exothermic peak at about 970°C. The endothermic peak at 550°C 
indicates the oxidztion of the leached sample. The exothermic peak at 970°C 
indicates the converson of titanium dioxide present in the m p l e  to the rut& type 
of titanium dioxide. 

6.1 Duration of Calcination 

Acid leached reduccd ilxenite sm-plcs m r e  calcined at 1000°C for diff'erent time 
durations to study tb.e op tkum t ine  durs.tion required f ~ r  conversion of reduced 
titanium dioxide to rutilc. The XRD patterns of the oxidized samples were taken 
and it showed the presec.ce of only tb.e rutile phase. 

From these observ~tions the calcining tm~era tu re  was selected as 11000°C and 
duration as 3.00 hrs to ensure good results. . . , 

6.2 . Final Product 

Figure 8 shows clearly t$.2.t the final produ.ct is essentially pure ~utile, and the mean 
value of chemical analysis of several samples obtained by this process is given in 
Table 9. 

TABLE 9. Chemical Analysis of Synthetic Rutile Obtained 

Component %W/W 

A I ; ~  
MnO 
SiO, 
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Figure 6. Effect of leaching time duration on the amount of iron leached out from 
the reduced sample in different acid solutions. 
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Figure 7. DTA of acid leached reduced ilmenite 
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Figure 8. XWD patterns of synthetic rutile 

A'- from unoxidized f lmenite 
B - from oxidized ilmenite 
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7. Conclusion 

On the basis of above results it is clear that Pulmoddai ihenite could be converted 
to synthetic futile having a high titanium dioxide value (90 - 95 :/,) using locally 
available raw materials. 

Processes similar to this type of beneficiation of ilmenite on a large scale have been 
developed in several countries in the world s u c c e ~ s f u l l y . ~ ~ ~ ~ ~ ~ ~ ~  

- The process developed has the following advantages :- 

(a) The artificial rutile produced shou7s as high as 95 to 97 % TiO, content, 
while the grain size of the pioduct is almost the same as that of the 
starting one. Tne product has a good appearance and is free of fine 
powders, thus being suitable as the starting material for titanium tetra- 
chloride manufacture. 

(b) Saw dust which is at present a waste material is used as the reductant. 

(c) The hydrochloric acid used in the leaching stage can be recovered and 
reuszd and the process is free of the pollution problem. 

(4 The hydrogen gas evolved in leaching of iron in reduced ilmenite can 
be utilized in the reduction stage as it is a good reducing agent and also 
much of the chemistry of hydrogen reduction of ilmenite is already 
known. 6,21 

(e) The process czn be applied to almost zny kind of ilmenite ore having 
different ferrous to ferric ratios. 

This synthetic rutile can compete with other ilmenite beneficiates obtained in 
similar types of processes in different countries (Table 10). 

TABLE 10. Analysis of Ilmenite Beneficiate (WT :o 1 

Company Ti02 FeO Fez05 A1203 MgO CaO MnO Crf13 Si02 

Western Titanium 91.1 4.91 - 1.10 0.36 0.12 2.08 0.05 0.71 
(Australia) 

Gulf Chemical Metallurgical 90.0 - 5.86 - - - - - - 
Corporation (USA) 

Tiron Chemical Corporation 92.6 2.71 - 1.65 0.28 0.43 1.57 0.08 0.67 
(Canada) 

Murphyores & CSIRO 95.4 - 1.43 0.30 0.14 0.40 0.05 - 0.64 
(Australla) 

British Titen (U.K.) 92.1 2.62 1.17 - - - - - 0.86 
Ishihara (Japan) 96.1. - 1.30 0.46 0.07 0.01 0.03 0.15 0.15 
CISIR 95.97 - 1.57 0.80 0.86 - 1.21 - 0.69 . - 
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