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Introduction

The present trends in the consumption of mineral rutile
which is mainly used for the production of pigment by the chloride
process, titanium sponge and welding electrodes show that the de-
mand for the mineral will outstrip supplies very shortly. Aust-
ralia which currently supplies more than 90% of the world's rutile
requirements will have considerable difficulties in stepping up
substantially its present production of about 360,000 tons of rut-
ile concentrates per year due to economic, environmental and tech-
nical problems until new deposits of the mineral are discovered
and developed. The shortfall in supplies of high TiO, feed mat-
erial is expected to be of the order of 400,000 tons by 1975. This
gap between demand and supply can only be filled by producing rut-
ile grade (95+% TiO,) material by upgrading ilmenite, the supplies
of which are plentiful.

The problem of upgrading ilmenite is essentially one of
cost and TiO, content which is acceptable to the consumers of nat-
ural rutile. During the past few years, a number of processes
have been developed as a result of the potentially strong demand
for a substitute for rutile. However, only very few of these,
includino the Murso process,meet the above requirements and are,
as such, veing considered for commercial exploitation.
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The Murso Process

The Murso process which derives its name from the joint
developers (Murphyores and CSIRO) was the first to upgrade ilmen-
ite to a product containing 95-96% TiO.. The other properties
of the product i.e. particle size and chlorination characteristics
are such that it can substitute successfully for natural rutile
in its conventional uses. The process is capable of treating
rock as well as alluvial deposits. Also, because of the selective
nature of the process, chromite and other ferruginous impurities
which occur in association with some ilmenite deposits can be mag-
netically separated from the upgrade after leaching without any
significant loss of titanium values. Thus an ilmenite containing
as high as 5.5% Cr_0_ in the feed material may be upgraded to a
product containing 96% TiO,_, and less than 0O.1% Crp03. In treating
chrome contaminated ilmeni%es, the Murso process is unique because
it is the only process so far reported which provides a method of
converting this hitherto unsaleable material into rutile grade
product.

Ilmenite is an extraordinarily inactive mineral from which
the selective leaching of iron is rather difficult (1). Select-
ive leaching of iron from natural ilmenite by hydrochloric acid
has been proposed (2), but this involves the use of high acid con-
centrations and temperatures so that leaching operations have to
be carried out under pressure and in two stages. The design and
the materials of construction for leaching vessels also present
considerable problems and efficient recovery of 32% HCl from chlor-
ide containing effluents by existing commercial processes is con-
siderably more difficult and expensive than is the recovery of 20%
HC1. The presence of ferric iron retards the leaching reaction
as it is difficult to dissolve.

The core of the Murso process lies in converting ilmenite
and other titaniferous ores into a material of high chemical
reactivity, whereby iron associated with titanium is readily
leached out with dilute acids, without the use of pressure and
high temperatures. The enhanced reactivity is achieved by pro-
ducing a "synthetic ilmenite" structure. While the x-ray diff-
raction pattern of the product is similar to original ilmenite,
the micro-structure is quite different and consists of a large
number of lattice defects, mainly sub-grain boundaries.

Prosser (3) has discussed the effect of changes in the
mineralogical factors (i.e. crystal structure, inclusions, part-
icle size, polycrystallinity, porosity, surface orientation, dis-
locations, dissolved impurities and non-stoichiometry) associated
with a mineral phase,on its rate of reaction and a change as much
as two orders of magnitude has been suggested. Experimental work
done by the author on ilmenite prior to the publication of Pross-—
er's paper and reported elsewhere (4) agrees with his findings.
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Results in Figure 1 show that the rate of leaching of natural
ilmenite in 20% HCl at 108°C is much slower than for ilmenite which
has a large number of sub-grains.

The "synthetic ilmenite" structure is produced through
the steps of oxidation and reduction. Figure 2 shows the micro-
structure of ilmenite at different stages of treatment. Thus
in the Murso process, substantially all the iron values associated
with titanium in the ore are oxidized to the ferric state. The
ferric iron is then reduced to the ferrous state and the product
so produced is leached in 20% HCl at 108-110°C at atmospheric
pressure. After leaching, the solids are separated from the
liquor, dried and calcined, and the ferrous chloride leach liquor
is regenerated to produce hydrochloric acid which is recycled.

Oxidation
In the Murso process, oxidation has the following functions.

1. 1Introducing defects (grain-boundaries, micro-cracks,
etc.) in the ilmenite grain.

2. Converting all the ferrous iron into ferric state
which overcomes the problem of different ferrous
to ferric ratios in ilmenites from different local-
ities. Thus the process is capable of treating all
ilmenites, irrespective of their origin.

3. Altering the equilibrium conditions,and the rate of
reduction from ferric to ferrous state.

As may be seen in Figure 2 (b), the formation of sub-
grains in the main ilmenite grain starts at the oxidation stage
and the oxidized material has a granular texture.

The rate and degree of leaching is dependent upon the changes
in the micro-structure of ilmenite grain,and if the oxidation step
is omitted, the rate of leaching is slow (Figure 1), consequently
affecting the quality of the end product. The results show that
a high degree of oxidation of ferrous to ferric iron (> 90%) is
required to produce a high TiO2 (> 95%) product.

Temperature of Oxidation

The oxidation is preferably carried out in a fluidized bed
reactor below the sintering temperature of ilmenite which, though
dependent on the chemical composition of the ore, is in most cases
just above 1000°C. The rate of oxidation is temperature depend-
ent also, and increases with increase in temperature as shown in
Figure 3. Taking into consideration the above factors, as well
as the fact that costly materials of construction would be requir-
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Figure 1. Effect of pre-treatment on the rate of
leaching of ilmenite in 20% HC1.
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Figure 2 (a) Photomicrograph of natural ilmenite x 200 using
polarized light.

Figure 2 (b) Photomicrograph of oxidised ilmenite x 200 using
polarized light.

Figure 2 (c) Photomicrograph of oxidised and reduced ilmenite
x 200 using polarized light.
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ed for fluid bed reactors operating above 1000°¢, sub-sintering
temperatures are used and the typical oxidation temperature in the
Murso process is 900-950°C.

The oxidation reaction is exothermic (AHll7
gm. mole of ilmenite) but the heat of reaction is nog sufficient to
maintain the ilmenite at the oxidation temperature. The heating
of the charge is achieved by fuel injection in the fluid bed with
an excess of air to give approximately 10% oxygen in the fluidiz-
ing gas. This does not affect the rate of oxidation as shown in
Figure 3.

=-27.61 K Cal/

Reduction

The reduction of oxidized ilmenite is carried out firstly
to convert ferric iron to the ferrous state, the solubility of the
latter being higher, and secondly to create further changes in the
micro-structure of the ilmenite grain. The process of formation
of sub-grains which starts at the oxidation stage continues, and
a large number of small grains are formed (Figure 2c). After the
reduction treatment, there are hundreds of crystalline individual
grains within an original grain. The change of micro-structure
during oxidation and reduction means that whereas individual crys-
tals of untreated ilmenite average perhaps 200 j; in diameter, the
average diameter of pseudobrookite crystals formed after oxidation
is only perhaps 20 y and after reduction the ilmenite crystals are
less than 5 4 in diameter.

Microscopic studies show
after reduction has approximately
ation. However, even the region
ation shows a shadowy granularity
actual differences of crystalline

that much of each original grain
the same crystallographic orient-
of approximately similar orient-
due either to strain or to small
orientation. X-ray diffraction

studies provide no evidence of increased strain after treatment
and it is probable that the shadowy granularity is an actual poly-
crystalline texture with a very slight difference in the crystal
orientation, and probably pseudomorphing the granularity of the
pseudobrookite phase formed during oxidation.

While a number of studies (5-9) have been carried out on
the reduction of ilmenite to metallic iron, very little data is
available on the reduction of ferric iron in oxidized ilmenite

to the ferrous state;
Murso process.

this being

the region of interest to the

Results show that the reduction of oxidized ilmenite is

a step-wise process and occurs in
to ferrous,

followed by ferrous to metallic iron.

two well defined stages of ferric
The rate of

reduction and equilibrium conditions in the first stage are much
more favourable than in the second stage.
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Effect of temperature and partial pressure of

oxygen on the rate of oxidation of ilmenite.
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Reduction Temperature

Like oxidation, the rate of reduction is also temperature
dependent and increases with increase in temperature as shown in
Figure 4. The equilibrium also becomes more favourable at higher
temperatures. In operating a full scale plant, however, the
actual temperature is governed by considerations similar to the
oxidation step i.e. sintering of ilmenite and materials of constr-
uction for reactors. Added to this is the fact that the reaction
is only slightly exothermic(-16.4 Cal./gm of the oxidized ilmenite)
and it is difficult to provide heat in a system where strong re-
ducing conditions are required. Considering the above factors,
the optimum temperature of reduction as determined from experi-
mental work for the Murso process is 850-900°C.

In view of the very favourable equilibrium for the partial
reduction of oxidized ilmenite, a high utilization of the reductant
is achieved, particularly in a two stage process. Experiments
show that in two stage simulated tests, using hydrogen as a reduc-
tant, hydrogen utilization in excess of 75% is achieved. The
favourable equilibrium also abviates the need for high purity
hydrogen. A gas mixture consisting of hydrogen, carbon monoxide,
carbon dioxide and water vapour i.e. a gas composition which may
be economically produced by steam reforming of naptha or natural

gas is as effective as hydrogen,as shown in Figure 4. A typical
reductant gas composition is 70% H2, 13% CO, 13% CO2 and 4% water
vapour.

Leaching

Having produced "synthetic ilmenite," the next step in the
upgrading process is to remove iron oxide (and the oxides of man-
ganese, magnesium and aluminium which invariably substitute iron
oxides in the ilmenite lattice) selectively with a minimum of loss
of titanium values and without substantial change in the particle
size of the end product. The conditions of leaching should be mild
so as not to impose serious limitations on the materials of constr-
uction for the leaching vessels. The leachant used, besides being
reasonably cheap, should also be such that it can be regenerated
from the iron compound produced in the leaching step, so as to leave
no effluent disposal problems, the latter being one of the main
reasons for the change from the sulphate to the chloride route for
manufacturing titanium pigment. In view of the above factors,
hydrochloric acid was found to be the most satisfactory leachant.

Since the oxides to be removed from the ilmenite lattice
constitute approximately 45% of the grain and are chemically bound
with Ti0,, the dissolution of these could result in the disinteg-
ration o% the original grain during leaching, if conditions favour-
able to the reconstitution of the rutile structure are not available,
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The main factors which affect the above are acid strength and temp-
erature of leaching.

Experiments show that the rate of dissolution of iron in-
creases with increase in acid concentration and so does the amount
of titanium in solution. However, the titanium which goes into
solution in the initial stages of leaching precipitates as the
acid concentration of the solution goes down. The rate of leach-
ing and hydrolysis of titanium are also temperature dependent and
the higher the temperature, the higher are the rates of leaching
and hydrolysis of titanium at a given acid concentration. The
optimum conditions for leaching in the Murso process were found
to be 20% HCl and a temperature of 108-110°C at atmospheric press-
ure. In practice, a 20% excess of 20% HCl over the stoichiometric
amount required for leaching iron and other acid soluble non-tit-
aniferous values is used,and in batch-wise leaching, leaching time
of 3-4 hours is required.

The hydrolysis of titanium during leaching results in a
certain amount of fine TiO2 being produced. Figure 5, showing
the amount of titanium in solution against the weight of fines
produced, suggests that the hydrolysis phenomenon is quite com-
plex as some of the titanium is precipitated as fine suspension
from solution while the majority of it is deposited within the
pores of the grain. It would appear that the reaction during
leaching is a topotactic one, as the leached product has a well
defined rutile structure and is quite stable.

The hydrochloric acid leaching of "synthetic ilmenite"
removes oxides of manganese, magnesium, vanadium and to a certain
extent aluminium along with iron. The rate of removal of mangan-
ese and magnesium follow very closely that of iron. A typical
analysis of the upgrade is 96% TiO 1.5% Fe O 0.07% Mn0, 0.08%

r ’
Mg0 and 0.05% V,0.. 2 23

The low amounts of manganese, magnesium and vanadium in the
upgrade are a distinct asset of the Murso process over some other
processes where these impurities are not removed, as they are un-
desirable in the feed material for chlorination.

Regeneration of Hydrochloric Acid

The regeneration of hydrochloric acid from ferrous
chloride liquors is based on the principle of hydrolysis of a
metal chloride to give hydrochloric acid and the corresponding
metal oxide. Since the chlorides of iron, manganese, magnesium,
and titanium,which go into solution are all readily hydrolyzable,
hydrochloric acid can be easily regenerated from the leach liquor.
Based on the above principle, many commercial processes e.qg.
Woodall-Duckham, Otto, and Lurgi, are in operation and produce
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19 - 20% HC1l economically.

Pilot Plant Tests

The Murso process has already been tested in a small
scale pilot plant. Oxidation and reduction tests were csnducted in
a 30 cm. diameter fluid bed reactor and the leaching in a 50 litre
vessel. While most of the tests were batch tests, some contin-
uous oxidation and reduction experiments were also conducted.

The upgrade has TiO, content and particle size equivalent
to natural rutile and chlorinates much faster than natural rutile
because of its much larger surface area (upgrade 8.4 m“/gm, rutile
0.32 m“/gm). Also, the degree of chlorination of the upgrade
in a batch test is much higher tham rutile because of its high
porosity. small scale chlorination tests at 950”C and chlorine
flow of 16.5 cm/sec gave a chlorine conversion of 99%, and the
carry over loss of the solids was of the order of 1.8%. These
results compare very favourably with the tests on natural rutile.
Also, the material has been used satisfactorily as a coating on
welding electrodes. These tests confirm that the upgrade may be
used as a substitute for natural rutile.
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