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EXPLANATORY NOTES 

_.,...,... __ --

During the period of the mission the following exchange 

rate and prices were effective: 

Exchange rate 1 USO = Rs 28.00 

Furnace oil Rs IJ.-5.00/l 

Electric power Rs 2.00/kWh, for industry 

R!5 1.10/kWh, domestic 

Petrol for car Rs 20.00/l 

Labour salC\ry, average Rs 3000.-/month 
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I. ABSTRACT 
Number of project: 
UC/IND/87/146/11-51 

Title of project: 
DEVELOPMENT OF TECHNOLOGY FOR PRODUCTION OF 
SYNTHETIC RUTILE THROUGH DIRECT REDUCTION - MAGNETIC 
SEPARATION AND ELECTkOSMELTING TECHNOLOGY. 

Purpose of project: 

. -,-

Technical assistance in the investigation of a process for 
production of synthetic rutile from ilmenite by adopting 
direct reduction - magnetic separation and smelting 
techniques. 

Implementation: 
The project was implemented between the 7th October and 
2nd November. 1992 in India. 

Main conclusions and reconmendations: 

In the project the results of the previous studies were 

thoroughly analyzed, some check-up tests made and pre-

reduction and smelting trials carried out. 

Production of synthetic rutile was investigated in 

addition to a prolonged (up to 12 hrs) treatment also by 

using "flash reduction" i.e. very short C< lh) reduction 

time in order to form mainly magnetic iron rather than 

metallic iron. The aim was to remove a bulk of iron 

magnetically and the rest by leaching or smelting. 

In the electrosmelting tests of the ilmenite concentrate 

and the pre-red~ced ilmenite the effects of reductant 

quantities, basicity and viscosity of slag were the 

objects of the research work as well as operational 

technique. 

Although there is still room for labor~tory 

investigations to study certain details of pr.ocessing it 

is suggested to proceed to the pre-feasibility study 

phase with larger scale test runs. 
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III. INTRODUCTION 

Sponge Iror1 India Limited <SIIL> has set a target 

to develop a technology to increase the rate of Ti02 in 

Indian Ilmenite concentrate from the present level of ab. 

55 ~ to > 90 ~- The iron content should be recovered as 

s~leable product. 

The aim of the present project is to investigate 

the production possibilities of synthetic rutile 

especially concentrating on the direct reduction -

magnetic separation - smelting technologies. To carry out 

this investigati~n the UNIDO, Metallurgical Industries 

Branch, Vienna, Austria made a contract for one month with 

the undersigned, Mr. Osmo Vartiainen, Dr.Eng., OV-Eng Oy, 

Helsinki, Finland to assist the research personnel of SIIL 

at Paloncha plant. The project was implemented between 

the 7th October and 2nd November, 1992 <8-29.10. at 

Paloncha). 

During the project work the previous 

investigations made by SIIL with various contractors were 

thoroughly studied. Some results of the investigations in 

que5tion were rechecked, processing possibilities surveyed 

and future development lines planned. A detailed study of 

magnetic separation has been carried out earlier as a 

separate work by Mr. Moon Kim (see VI.3.1). 
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A serie of pre-reduction tests on condit:ons 

which have not been studied earlier were made. Al5o some 

reduction smelting trials in the newly installed submerged 

arc furnace were carried out by using ilmenite co~centrate 

and pre-reduced ilmenite. The amount of the latte= 

material available was only ab. 10 kgs, enough fo= one 

smelting test only. As a conclusion of the comple~ed 

project work it is been suggested to proceed to t._~e pre-

feasibility study phase based only on a few processing 

alternatives. 
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IV. PROJECT WORK 

~ 

Sunmarized conclu~ from investigat~ I , 
·' 

~arrieg_Q..~~ previously 
~ 

The composition of the ilmenite concentrate 

used in the SIIL's Paloncha plant corresponds to 

the Indian ilmenite concentrates described 

in literature, see Annex VI.~. 

"Indian ilmenites" are very well comparable in 

composition with those of USA and Australian 

ilmenite concentrates though Zr02-content is a bit 

high in Indian ilmenites. 

- Rather high Ti02-content, ab. 56 % is due to 

occurrences of rutile, pseudorutilo and pseudo-

brookite, oxidation of Fe2+ to Fe3+ resulting to 

e.g. pseudorutile Fe2Ti309 and leucoxene minerals 

in ilmenite concentrate. 

- Ilmenite concen'\:rate has gone through the 

magnetic-electrostatic separation processes in the 

Indian Rear Earths Limited plant. • 

- When Ti02··content in Ti-concentrates mined in 

Australia is mostly as rutile and ilmenite,in 

China as titani-ferrous magnetites, so Indian 

ilmenite~ are found to contain pseudorutile, 

ps~udobrook.ite and various other weathered 

producta. 
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Ilmenite beach sand concentrate from Malaysia 

is known for its fair amount of radioactive 
' l 

minerals. 

1v.1.2 Pre-reduced ilmenite 

' Practically all grains in pre-reduced ilmenite 

are magnetic containing various amounts of 

metallic iron (5-50 vol.%) 

.. 
- Iron reduction by using low value coal has 

' brought reasonable good results although optimum 

conditions have to be detennined further. The 

laboratory scale tests have proven that the degree 

of reduction to metal can reach a level of ab. 90 

% at a temperature of 1100 oC. 

IV. 1. 3 

i.1.menite concentr~ 

- The preliminary trial tests in an arc furnace 

gave low iron slag with 87.5 % of Ti02. This is 

thought to be suitable for TiCl~-processing. High-

iron Cab. 9.~ %) slag with 78.9 % of TiO~ was 

obtained. This product is suited for use in 

:nanufacturing of pigment grade titanium dioxide. 

t 



... ~. •••• 

-

-

' 

. . . -.--

UC/IND/87/lft6/11-51 

- 8 -

- More investigations are needed to specify 

suitabilities of the above products for different 

uses. 

- The metal phase from smelting contained 1.2-1.5 

%C and 0.55 - 1.02 % Ti02 sulphur amount being 

0.3-0.5 % and silicon 0.07-0.75 % 

- More refining tests about iron metal being 

suitable as r•w material in cast iron and steel 

industry is suggested to be made. 

llJ,_,_._ft __ _Ex:Qdlic.tion of Ti02-slag and pig iron from p~ 

- Low-iron C2.9 ~) slag with 87.5 % TiOc and 

high-iron (8.5 %) slag with 81.3 % of Ti02 were 

obtained in test runs. 

- The metal in the tests above contained 0.39 and 

~.72 % Ti depending on Fe-content of the slag. Si-

contents were 0.5ft % and 0.13 ~correspondingly 

and Mn 0.07 ~ and 0.08 8-' the carbon content being 

0. 3 %. 

- The total amount of impurities in pre-reduced 

ilmenite is rather low being less than 10 %. 

However, the suitabil\ty of Ti-slag for the 

manufacturing of Ti Clft needs more systematic 

investigations. 
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_lY....1.5 Magnetic concentra~on of pre-redu~__j~ 

- Reduction of ilmenite concentrate has been 

tested in variable conditions against temperature 

(up tc 1100 oC}, reaction time (3-7 hrs) and 

amount of reductant (over 2 x theoretical>. 

- Because practically all particles of pre-

reduced ilmenite lot are found to contain metallic 

iron, thus being highly magnetic, the magnetically 

removed metallic iron will not increase the degree 

of Ti02 more than removal of ash and nonburnt 

carbon might cause. 

Electric energy consumption in smelting of 

i~_c_Qncentrate 

It is estimated that an industrial scale 

application <ref. USSR technology) for the 

production of slags from Indian ilmenite 

concentrate needs 2980 kWh/t slag of electric 

~nergy and 5 MVA furnace output is 10800 t/a when 

~roducing low-iron (~ % FeO) slag. The 

corresponding figures with high-iron (10 % FeO) 

slag are 2650 and 12100. 
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Electric energy consumption in smelting of ..i>.re-= 

reduced ilmenite 

With pre-reduced ilmenite (80 % reduction) the 

electric energy consumption is estimated to be 

1720 kWh/t slag and the annual capacity of 18650 

• t. When high-iron slag is produced the values are 

1~50 kWh/t slag and 22150 t/o correspondingly. 

\ To become convinced of the results of the 

previously made trials a few elementary tests were 

carried out. 

lY...J.a.L I!menite concentr~ 

- When using an electromagnetic laboratory drum 

type rotating separator CPaloncha R/D) with 1000 

gauss no magnetic portion was recovered 

- Handmagnet (ferrite magnet) in close contact to 

mat~rial brought 99 % of the concentrate sample 

into the maanetic portion. 
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IV. 2._z_ __ _..Prf:.-....-reduced ilmenfu 

- Hand magnet test showed the material being 

highly magnetic; only ash and unburnt carbon were 

found in non-magnetic portion. 

- By leaching the material in 1 X NHt..Cl solution 

at temperature of 95oC in non-oxidizing conditions 

only ab. 1 % of the total iron was leached out 

during 4 hrs. 

- 100 gpl ff2 SOt.. solution correspondingly gave 

similar results. 

- The NH4 Cl test above was repeated in oxidizing 

conditions, T 40oC, lh, with the same results as 

mentioned earlier. 

- But a test with 100 gpl H2SOt.. in oxidizing 

conditions, T 40oC, lh, gave the following 

results: 

ab. 82 ~ of total iron and 97 % of metallic 

iron went into solution the residue having 1.12 % 

Fe; Ti02-content in residue was 83.2 ~ in figures. . . 
The test above showed, that 

- There are no possibilities to remove iron 

either from ilmenite concentrate or pre-reduced 

ilmenite by magnetic S6paration . 
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This concerns the available test material in 

Paloncha RID. 

Pre-reduced ilmenite has not been after-

oxidized significantly. 

- Iron can be leached out effectively in 

oxidizing conditions using acid like H~SO~ (or 

HCl). 

Pre-reduction tests 

The pre-reduction tests were carried out by 

using the laboratory rotary furnace (Salvis kiln) 

in the R/D department of Paloncha plant, see 

VI. 3. 7 

The main goal of these tests was to find out 

the impact trends of the following main factors: 

- reduction time from ab. 1/3h to 12 hrs (3-7hrs 
in previous trials) 

- reduction temperature, lOOOoC/llOOoC 

- effect of iron sulfide in reduction. 

The amount of carbon used was constant being 

C/Fe 0.6 equal to ab. 2.1 x theoretical. 

~'he results obta;.ned are given in Table VI.3.8 

They indicate that 

- the amount of Fe2+ decreases by increasing 
reduction time 

- the amount of Fe3+ was ab. 2.5-3 % already from 
20 min. (20+171/2) to 12hrs 
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- by increasing the reduction temperature from 

lOOOoC to llOOoC the Fe3+ content decreased to 

1.6% 

- by using a small amount of iron sulfide Fe3+ 

content drops to 0.8 % and amount of Fe2+ doubles 

correspondingly 

- Fe met., metallization reached the level of 70 

% already in 20 (+171/2) min. at lOOOoC increasing 

to 75 % at temperature of llOOoC 

- t.~e degree of metallization was to 79 % by 

using 12hrs reduction time at lOOOoC 

- addition of iron sulfide has effected reduction 

of Fe3+ to Fe2+ very strongly befo1:e Fe met. is 

f onned 

- reduction - oxidizing process obviously 

reoxidizes metallic iron to Fe2+ quite effectively 

as assuned. 

_IY_._/t ________ Smtl_t.ing tests 

The smelting tests were conducted on ilmenite 

by using the laboratory submerged arc furnace, 50 

kVA, at Paloncha R/D, see VI.3.9. 

The aim of the trials was to investigate 

tentatively effects of the following main factors 

in smelting process as well as to practise the 

operation of the furnace b6i1•g installed 

recently: 

- amount of reductant, 1.0-2.0 x theoretical (+ 

carbon from electrodes> 

- basicity of slag 1.5-2.1 

- viscosity of slag, fluorspar 3-5.~ % of amount 
of slag. 
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The amount of reductant was calculated basing 

on the following chemical reactions: 

FeO + C = Fe + CO 

Fe203 + 3C 2Fe • 3CO 

3Ti02 -+ C Ti305 • CO 

The further rec~ction of Ti305 was not taken into 

account. 

The first trial runs were carried out as batch 

tests emptying the furnace by tilting after each 

heat. It was net possible to measure the 

temperature accurately; the op~ical pyrometer 

available gave measurements only to 1200oC max. 

The estimate C·f the temperature visual! y in the 

tests was ab. l600-1700oC. The matte and slag were 

separated from each other when pouring out the 

ma~erial. the slag crushed to -lnm, magnetic part 

was separated by using low magnetic drum separator 

and combined with matte; non-magnetic portion 

fo:rmed slag still contained ash and unburnt coal. 

Matte was to be analyzed for C and Ti and slag for 

Fe and Ti02 . 

The amount of pre-reduced ilmenite available 

was ab. 10 kgs which was enough for one test run 

only. 

A second test series was planned thus that the 

material (100 kgs) should be charged continuously 

into the furnace at the pace of melting. When the 

furnace has become full of melt it is emptied to 

the half through the lower outlet, rnelt recovered, 

charging nf th~ furnace continued, and so on. This 

type of invest:gation will give more relevant 

information ab~~t the distributions of iron and 

titanium, powe:- and electrode consumption, slag 

composition, e~~. This test seri~ had to b~ 
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The test results are given in Table VI.3.10 
They show that: 

. ---

the average amount of slag in tests 211-215 was 

ab. 5.5 kgs per heat amounting to ab. 78 % of tr.e 

discharge material 

- by using the figures above the iron recovery in 

matte is 90.8 % in average in all the smelting 
tests completed. 

- a good fluid slag was obtained by using ab. 3 % 

of fluorspar with the basicity of 1.6-2.1 

- the carbon content of the matte varied between 
1.2 and 1.8 ~ 

- the iron content of the slag <with ash and 

unburnt coal) was between 3.3 and 5.5 ~ 

- by using pre-reduced ilmenite smelting test 

results were well comparable to the use of 

ilmenite concentrate. 
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The following examinations concern the ilmenite 

concentrates (Indian ilmenite) investigated at 

SIIL's Palancha plant. There are the following 

essential alternatives to treat the concentrates 

keeping in mind the goals ~t . 

IV.5.1 Upgrading of reduced original concentrate by 
physical methods 

IV.5.1.1 Iron converted into magnetic iron and then 
magnetic separation either 

1.1 by accurate ~ontrol of reduction process or 
1.2 by bringing reduced iron to magnetic iron 

by oxidation and then magnetic separation 

IV.5.2 
2.1 

2.2 

2.3 

IV.5.3 
3.1 

3.2 
3.2.1 
3.2.2 

IV.5.~ 

By hydro-and pyrometallurgical methods 
Removal of iron by acid leaching from pre­
reduced ilmenite 
Chloridizing of ilmenite directly to TiCl~ by 
using fl~idized bed technology 
Oxidizing - reduction - acid leaching treatment 
of ilmenite 

By smelting reduction 
<Submerged) arc furnace process, iron 
separation 
Arc furnace process with slag purification and 
Removal of iron in slag by acid-leaching or 
Oxidation of iron in slag to Fe3 O~ and 
removing it by magnetic separation 

Stationary requirements and their conditions; 
effect on various alternative production 
routes 

- . ~.-
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In the following the alternatives listed above are 

examined more in detail. 

The ilmenite concentrate has been originally 

processed by magnetic-electrostatic separation. 

The purity of t.~e produced concentrate is rather 

high the content of magnetite being very low << 5 

%. > . Thus further concentration by the methods 

mentioned does not bring any significant 

improvement. 

1.1 Accurate control of the reduction process. 

It appears that the reduction of weathered 

ilmenite proceeas in two main steps. The first 

step, which occurs during the first few minutes, 

is the reduction of Fe 3+ to Fe 2+. It is found in 

some laboratory tests <ref. literature> that over 

half of the Fe 3+ is reduced during this initial 

period. After 12 hrs Fe 3+ fonns only 2-3 %. of the 

total iron. If it is assumed that Fe 3+ is 

contained in the pseudorutile the reaction can be 

written as follows: 

Fe2 Ti3 09 + CO = 2Fe Ti03 + Ti02 + C02. 

The second step being much slower than ~he 

first one, corresponds to the reduction of Fe 2+ 

to metallic iron as follows: 

FeTi03 + CO = Fe + Ti02 + C02 

- ~-n 0 
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Thus metallic iron formation starts first after 

a cextain period, when magnetic iron formation has 

reach·~ its peak values. Controlling the reactions 

accurately might give, at least theoretically, a 

possibility to remove a significant amount of iron 

by using low magnetic separation. The optimum 

reduction time is probably between a few minutes 

and a half an hour. 

1.2 Bringing reduced iron to ~4gnetic iron by 

oxidation and then magnetic separation. The aim is 

to oxidize the reduced iron to magnetite as 

follows: 

3Fe + 202 = Fe30~ 

Fe30~ can be separated by magnetic means. And 

the rest of iron staying in upgraded ilmenite 

could be removed by using acid leaching. 

2.1 Removal of iron by acid leaching trom pre-

reduced ilmenite. 

Leaching of metallic iron from ?re-reduced 

ilmenite where metallization of b·on is 85-92 %, 

could be expected to ~roduce TiC2-recidue 

containing nearly 90 ~ of Ti02. 
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2.2 Chloridizing of ilmenite directly to TiCl~ by 

using fluidized bed technology. 

The tests of using ilmenite concentrates 

instead of rutile for manufacturing TiCl~ by the 

ch:oridizing process in the fluidized bed reactor 

have been quite promising. Though about some 

co=rosion and operational difficulties have beeu 

re~ort~d in the literature. The chloridizing 

treatment with coal as reductant is done at the 

te~perature of 800-lOOOoC. Iron will be mainly in 

the fonn of FeC13. The reactions are highly 

ex~thennic. 

2.3 Oxidizing - reduction - acid leaching treatment 

of ilmenite. 

This method is so called MURSO-process, where 

the iron of ilmenite is changed into such a composition 

that it can be leached out with acid. Oxidation is done at 

a temperature of ab. 950oC e.g. in a fluidized bed 

reactor, where Fe 2+ oxidizes to Fe 3+. After that, in the 

reduction stage temperature being ab. 900oC, Fe 3+ is 

reduced tc Fe 2+ . In this treatment the structux·e of 

ilmenite :nineral becomes weaker and iron will be converted 

into leachable fonn. The synthetic rutile as a final 

product is reported to contain ab. 96 % Ti02 and 1.5 % 

Fe203. 

- -~ -
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JY_--~ ._J ___ H_ijy~me_lling_reducticm_ 

As only iron should be reduced thus the 

conditions have to be determined by such a way 

that titanium stays in oxide form in slag. 

However. the following reduction reactions are 

possible 

3 Ti02 + C = Ti305 + CO 

2 Ti305 + C = 3 Ti203 + CO 

Ti203 + C = 2 TiO + CO 

In the arc fernace c~nditions titanium is 

mostly in the form of Ti~03 and Ti305. To avoid 

further reduction the te~perature is reconwnended 

to be kept lower than 1525oC. Also Ca0/Si02 -

ratio in slag.is suggested to be ab. 2.2 - 3.5 . 

3.1 Arc furnace process. iron separation. 

Reduction of Indian ilmenites brings irou into 

metallic form with a rate of ab. 89 ~- The arc 

furnace treatment of this pre-reduced ilmenite 

gives rather pure iron matte with good separation 

from Ti02-rich slag when its composition 

(viscocity. temperature> is kept correct during 

smelting. 

Smelting ilmenite concentrate directly needs 

electric energy ab. twice as much as starting from 

pre-:·educed ilmenite. Also the unit capacity of 

the furnace is only abo~t 50-60 % of the last 

mentioned. 

Price of energy, prcduction requirements, 

market prices and condi~ions, etc. effect the 

selection of the produc~icn route. 

- -.-
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One of the latest developments concerning 

ilmenite and titaniferrous magnetites by smelting 

reduction is a technology called "the melt 

circulation" technology. In this method coal ash 

being used as reducer, is kept separate from the 

titanic slag. Thus it does not matter what quality 

of coal is used in the process. However, the 

method is still under an intensive basic research. 

3.2 Arc furnace process with slag purification 

The slag received from the smelting-reduction 

process normally contain still some iron which can 

be removed either 

3.2.1 by using acid (sulphuric/hydrochlorid) leaching 

or • 

3.2.2 by oxidizing iron to Fe3 O~ and removing it 

magnetically. 

IY_._5_._/t ____ -.S.!.~ti.o.Mn'____n,~ts and th.e_ir conditio™-

~f~t on variQYs alt~ative~QQ1w_tiQ...Q_ 

X:QUt.~~L 

The following facts effective for SIIL and 

India have to be taken into notice when selecting 

a technology for synthetic rutile production and 

its refining: 

- There are large and high quality ilmenite raw 

material resources in suitable grain size and 

easily to be mined 

- There are large coal resources though low grade 
in consistency 

- SIIL has long time experience in production of 

~ponge iron from granular hematite ore 

- Cheap and abundant labor force 

- Expensive electric energy 

Environmental protection requirements; 

difficulties accumalating on industries. 

·. 
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Taking the above into account there appear to be 

the following processing routes which should get the high 

priorities when planning the future development work. 

. -.-

lt.1 Smelting reduction of ilmenite concentrate by 

using (submerged) arc furnace process, matte and 

slag separation and either 

1,t.1.1 Oxidation of iron in slag to be removed 

magnetically 

or 

1,t. l. 2 Removal of iron left-over in slag by a;id 

leaching 
1,t.2 Pre-reduction of ilmenite concentrate and 

,,. . 2. 1 

lt.2.2 

then smelting and either 

Oxidation of iron in slag and then to be 

removed magnetically 

or 
Removal of iron in slag by acid leaching 

--~-
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The refining of Indian ilmenites has been studied 

intensively during the last 5-6 years by SIIL. It 

was found necessary in the present project work to 

analyze thoroughly the previous results obtained • 

to check over and run a few pre-reduction and 

smelting trials to define preliminarily the 

effects of the main parameters in the technologies 

co:icerned. 

The chemical Ti-analyses supposed to be made at the 

Paloncha plant were not completed before this 

report was revised. Thus the conclusions are based 

mainly on the iron analyses. 

It was found that to increase the Ti02-content of 

ilmenite concentrate or that of pre-reduced 

ilmenite produced earlier at Paloncha is not 

possible by using magnetic separation. Only ash 

and unburnt coal can be recovered as non-magnetic 

product when treating pre-reduced ilmenite 

material. 

There are laboratory results based on the 

literature that when using fairly short reduction 

time, from 5 to 30 minutes, in the pre-reduction 

process a certain part of the iron is forming 

magnetic iron before it is L~ the metallic form. 

Thus it should be possible to remove a part of 

the iron content of ilmenite magne~ically. A 

couple of test runs with the reduction time of 37 

1/2 min. (20 + 17 1/2) showed that the 

metallization of the iron had reached already the 

level of ab. 70 ~- Although the question of the 

reduction time (fla5h-reduction?> is quite 

i~teresting it is probably rather difficult to 

c-:ntrol the required conditions well enough on an 

i~dustrial scale rotary kiln type furnace. 
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In the tests the metallization degree of iron has 

been slightly less than 90 % . 

To remove iron from the ilmenite con~-entrate on an 

industrial scale there are two main routes. Viz. 

the direct electrosmelting - reduction process 

where the most of iron is recovered as matte and 

the rest in slag by magnetic separation and/or 

acid leaching. The iron in slag can be 

oxidized to magnetite by using hematite ore or 

oxygen and then be removed by magnetic separation. 

Another processing route is to pre-reduce iliilenite 

and then to carry out the smelting process and 

iron removal as described above. Also the pre­

reduced ilmenite can be upgraded by removing iron 

directly by leaching, of cou~se. 

The re-oxidizing processes of iron mentioned above 

need more laboratory tests. Whereas the acid 

leaching of iron from pre-reduced ilmenite seems 

to work well. In this project work 97 ~of 

metallic iron went into solution the residue 

having 1.12 % Fe and 83.2 % Ti02. 

Removal of ash and unburnt carbon 

effectively in industrial scale operations has to 

be looked after. 

To find out an optimwn technic-economic solution 

for processing of Indian ilmenite concentrate one 

has to take into account the local conditions 

considering v~rious prices and costs as well as 

marketing possibilities of the final products. 
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V. RECOMMENDATIONS 

In order to find out the optimum technic - economic 

processing solution for upgrading Indiar. ilmenite 

concentrate by SIIL it is necessary to carry out a pre­

feasibility study with larger .scale tests. Meanwhile it is 

recOll'l'l\ended that both the pre-reduction and smelting 

reduction tests ~hould continue systematically. 

Limiting the reduction time to be between 5 

minutes and half an hour at various temperature levels in 

the ilmenite reduction process with the magnetic 

separation of the pre-reduced material is an interesting 

subject. 

Removal of ash and unburnt carbon has to be 

investigated more closely. 

The dif ferencies between laboratory and production 

sc~le tests when treating hematite ore to produce sponge 

iron should be cleared up. This can be important in 

designing t.~e continuous pre-reduction process for 

ilmenite concentrate, too. 

The operation of the submerged arc furnace should 

be practised and improved by the research personnel thus 

that the conditions in the furnace could be controlled 

well and exactly. Some extra auxiliaries should be 

purchased, like a pyrometer with a scale up to ab. 1750oC. 

(prese~t to 12000 C max.). When the matters above are in 

order it is recomnended that a systematic factorial 

experimentatjon procedure should be carried out to find 

out the optimum processing conditions. Experience thus 

obtained could be utilized later on when running the 

process on a larger scale. Of course, the results of the 

laboratory tests mentioned are necessary also for basic 

engineering work . , / 

Helsinki, Finland L,, £;zf:::~__, 
O~mo Vart.iainen, consultant 
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UN.ITED NATIONS INDUSTRIA'_;. ~EV~~O.JlG"NIZATION 
:.J- . 

I N D l A 

&>evelo~ment of Technology for Production of 
Synthetic Rutile through Direct P.educt!on­
Hagnetic Separation and Electrosmelting Technology 

JOB DESCRIPTION Ut/J /lb/ ZT-/-1'fo 
11-51 

Metallurgical Consultant/Expert in 
Rotary Kiln Reduction of Ilmenite Concentrate 

One month 

As early as possible 

Y.othagudem/Byderabad vith travel vithin the country. 
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ANNEX Vl.1 \ 

Purpose of project Technical assistance in the investigation of a process for 
production of synthetic rutile from ilmenite by ado?ting 

·~ 
Duties 

'~ ~ 

... ~ 4~ 

t 

direct reduction - magnetic separation and smel~ing techni~ues. 

The Heu llurgical Consultant/Expert vill be requirec! to· work 
in collaboration vit~ a Consultant/Expert in Magnetic separation 
techniques (11-52) ·and undertake the folloving: 

(1)- Examine·various methods of and selection of an ootimwn 
method for the ~reparation.of ilmenite and coal to 
render them suitable for direct reduction tests in a 
rotary !dln. / . . .. . . . ... ........... . 

(2) Conduct various tests in reduction of ~lmenite vitb coal 
in a rotary kiln for determining optiaua ,arameters for 
r~ductlon. 

(3) Examine suitable methods for the l!beratlon of the 
produ<t of reduction as in (2) above in order to separate 
individual mineral entitles by differential magnetic 
separation. 

(4) Conduc: various tests in differential ..asnetic se~aration 
on the product of reduction and deter~ine the optimum 
?aranieters for separat!on. 

(~) Tr~in the local technical Stoff ir. conducting tests as 
in o~ to (4) above. 

I .... : .. 

At>c••:..:-o:i~ •no comtr.u:i1c•1•ons 'C9•'d""~ this Jo~ ~:~~·.··:.;•or. shOOJld bt u~: ~c. 

Pro1tc: Fcrson~t Rec•urtment ~c;ron. lndustri• uocra:ions D•vrS•CY.! 
ur~•)C· VIENt-t~ 11.r!'cRNA"tlONA;. CENTRC: P.O. Sor 30:• V1e!\nc Austria 
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V l_.___i_ _ _ _ __ P~Itl~ 

VL__2_. l ____ ~terpart . staff 
SPONGE IRON INDIA LIMITED, Khanij Bhavan (6th 

Floor) 10-3-311/A, Castle Hills, Masab T~nk 

Hyderabad 500 028 <A.P.) 

Mr. Chiranjiv Singh, Chairman and Managing 

Di::. .. ·ector 
Mr. K.P.Patnaik. Chief General Manager 

Mr. J.M. Reddy, Manager (Engg.&.Proj.) 

Mr. Mr. K. Hari Kishan, Assistant F..ngineer 

SPONGE IRON INDIA LIMITED, SIIL Campus-50715~. 

Paloncha, Dist. Khanwnam, Andhra Pradesh 

Mr.K.S.N. Murthy, Chief Works Manager 

Mr. K. Suryanaryana, Personnel Manager 

Mr. G.V. Subramanyam, Assistant Manager (R&D) 

Mr. Chirra L. Nath, Metallurgist <R&D) 

Mr.V.B.S. Sastry, Chemist (R&O) 

Mr. S. Vijayanand, Sr. Chemist 

Mr. L.V. Sastry, Sr. Personnel Officer <IR> 

Mr.P.Ankineedu, DM (END) 

Mr. N.Ananda Rao, Senior Supervisor 

Mr. L.V. Sastry, Sr. Personnel Officer <R> 

Mr. P. Satyanarayana, Manager (Constructions) 

Mr. K. Sreenivasa Reddy, Assistant Engineer 

Mr. D. Venkateswarh, Assistant Manager, Power 

plant 
Mr.P.V. Ramana, Assistant Engineer<Mechanicall 
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YLZi_a_ __ -9.thex.~_o_pl_e 

UNIDO. 55, Lodi Estate. New Delhi-110003 

Mr. MD. Matiul Islam, UNIDO Country Director 

f o-= India and Bhutan 

Mr. Lasse Moller, Ph.D .• IPO. UNIDO 

EI.KEM Metallurgy (P) Limited. 66/67 Mahavir 

Centre. Plot No. 77. Sector 17. Vashi. New 

Bor..bay-t..00 703 
Mr. G.R. Shama Rao, Technical Representative 
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ANNEX VI.3 

Vl .. -3..._ ___ ~~d figures 

VI. 3.1 

VI. 3. 2 

VI. 3. 3 

VI. 3. (l 

VI. 3. 5 

VI. 3. 6 

VI. 3. 7 

VI. 3. 8 

VI. 3. 9 

VI. 3 .10 

Previous reports available during mission 

Chemical Analyses of Indian ilmenites in 

comparison with others 

Screenanalysis of ilmenite concentrate 

Screenanalysis of pre-reduced ilmenite 

Analyses of various additives used in test work 

Reduction of ilmenite concentrate : Sunmarized 

results of previous tests 
Laboratory rotary furnace (Salvis kiln) 

arrangement 

Reduc~ion tests conducted on ilmenite 

Laboratory submerged arc furnace arrangement 

Smelting tests on ilmenite 
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ANNEX VI. 3 • 1 

VI_._,J_J ______ Ib.~previous reoorts availat>l~t2._th~L 

.un.c;l~_ug~~in~~i.Qil_.LJL_J..O_~ 

Lll....~ 

0 

0 

0 

0 

0 

0 

"Test Results of Ilmenite Fines of Indian Rare 

Earths Limited", SIIL Test Centre. 1986 

(report not dated> 

Technical report of Mr. Valery P. Pechenkin. 

UNIDO SSA Expert to India, on the work 

fulfilled in India for "Sponge Iron India 

Ltd." Company, ab. 1987-88 (report not dated) 

"Laboratory and Bench Scale Testing of OSCOM 

Ilmenite Concentrate For Electro5melting to 

Titania Slag and Pig Iron Products", by 

Technoexport USSR, All-Union Research and 

Design Titanium Institute, UNIDO Contract 

90/062, 1991 

as above but concerning processing of Abu­

Chalaga <Egypt) deposit ilmenite, by 

Technoexport, UNIDO 90/063, 1991 

"Final Report on Laboratory Reduction Tests 

Conducted on Aku-Chalaga (EgY1)t) Ilmenite 

Samples", SIIL Test Centre, Hyderabad, June 

1991 

Technical Report: "Magnetic Separation of 

Ores/Minerals", UC/IND/87/lt.6/11-52, UNIOO, 

by Mr. Moon Kim, June 1992 

re: Development of technology for Production of 

Synthetic Rutile Through Direct Reduction­

Magnetic Separation and Electrosmelting 

Technology 
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VI . 3. 2 Ch~_i_c~l_-™~e~ 

Paloncha 
Element Ilmenite 

Cone. 

~ 

Ti02 55.98 
Fe tot. 28.t..8 
FeO 18. 67 
Fe203 19.96 
Fe met. 
SiOt. 1.80 
cao 0.25 
MgO O.lt5 
Al203 1.00 
MnO 0.56 x 
Cr203 0.09 x 
P205 0.05 x 
V205 0.2l.t x 
Zr02 0.13 x 
s 0.01 x 

x OSCOM-ilmenite 

of Indian 

Redused 
ilmenite 

~ 

58. (1.9 
3<..63 

t,.. 31 
0.80 

30.72 
2. 31.t 
0.35 
0.55 
1.20 
0.55 x 
0.08 x 
0.03 x 
0.26 x 
0.09 x 
0.06 x 
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i~i.t~s _i_n_gQJn~.mL 1"..i:th __ o_the.l".S 

Ilmenite concentrate 
Indian USA Australia 
ilmenites. 
generally 
% ~ ~ 

51..-61 t..t..-65 t..7-57 

9-27 IJ.-t..O ll,J-27 
l<t-25 1-26 11-26 

0.1.-1.IJ. 0.3-1,t.6 0.1-1.S 
0.05-0.2 0.05-1 0.02-0.2 
0. 6-1.0 0.05-2.lt 0.2-2 
0.9-1.3 0.1-3 0.5-lt 
0.3-0.l.t 0.05-1.t.i. 0.5-l.8 
0.05-0.25 <0.01-0.3 0.02-l.t 
0.1-0.3 0.01-1.0 0.02-0.oi. 
0.1-0.6 <0.01-0.20 0.10-0.22 
0.5-2.2 <0.01-0.6 <0.01-0.1 
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ANNEX VI.3.3-~ 

VJ..z J_._i _________ S~enanalysis of ilmen.i_~ncentrate 

Screen 

Br.St. 
mesh u 

22 710 100.00 

30 500 0.15 99.85 

52 300 

72 212 57.04 42.81 

100 150 24.85 17.92 

150 106 17.33 0.59 

200 75 0.59 

100.00 

52900120 

Vl_.~ft.. _ __Sg~si:s of pre-reduced ilmenite, 

wt~ 

Br.ST. u Product 1 Product 2 
mesh x% y% x 94 y% 

16 1000 19.02 80.98 1"6.09 85.91 
18 850 0.98 80.00 1. 78 81t .13 
22 710 1.6(t 78.36 2.70 81. (t3 
30 500 2.30 76.06 2.78 78.65 
52 300 6.6t.. 72.01 
72 212 56.72 19.3"6 22.61 "69. ltO • 

100 150 10.66 8.68 36.07 13.33 
150 106 7.05 1.63 
200 75 0.65 0.98 11.80 1. 53 

-200 -75 0.98 1. 53 

100.00 100.00 

--: .• , 
I ' 



~~-· . ~.I . -. . 
I· • 

i -

-

·' 

' 

-----L--- ...:: -
' . - - ---

UC/IND/87/1~6/11-51 

- 33 -

ANNEX VI. 3. 5 

VL .. 3 ... S ... ________ .Anaill~~~QY~_q_ddit_iy~_s_. u_sed __ i.tL _t~s_t__ 

-- - - -- - -- --·- --- _WQ.~ 

Lime: 

CaO 

Si02 

R203 

LOI 

Fluorspar: 

CaF2 

Si02 

Le co coal: 

Fixed carbon 

Ash 
Volat.m. 

85 ~ 

2-3 

2-3 

10 

92 ~ 

2-3 

62 ~ 

15 

23 
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VI .) . -6 Re_d._~9...n __ Qf ilmenite ~2o~~ntr~~ 
___ $~.ll~~!L.2f-Rn.viws t~.;s 

"X. 
Reduction 

Selvis-test Toe time. hrs Fe.tot 

1986 1000 3 36.8 

1986 1050 '* 39.0 

1986 1100 Ct 38.6 

1986 1100 ,. 37.07 

1986 1050 5 38.5 

1991 1100 6 37.3 

1992 1060 1 31.t.6 

- - ---
\ 

ANNEX VI. 3. 6 

~ 
I 

1 
{ 

Metalli-
Fe met. zation C/Fe 

28.3 76.9 0.7 

32. '* 81it.3 0.7 

31.2 81.3 0.65 

30.9 83.3 0.7 

33.1 85.9 0.7 

21.1 56.7 Theoretical 

30.7 88.7 0.6 
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- 35 - ANNEX Vl.3.7 

LABORATCRY RQfARy fll\HACE (5ALYIS K!l.N) 

ROTATING VESSEL CC»«TAINJG 
SAMPLE 

. 

,..-.._,ci.lll::::r==;r:::::IL_-..&. - ... T~MOC<X.PLE :.~? 

: .... 
FURNACE ._._.. 

Rotary drum dia 
. . . t • 

.. Reactor le~h · 

Connected load. 

Maxi~um operating 

Conn9cted voltage 

Thermocouple 

Heating of tube 

RPM of tube 

• • 

• 
' • 

• • 

temp.·: 

• • 

• • 

: 

• • 

.• 

• 
150f 90 mm ·- , , 
. 
650 mm: 

18 l<W 

1100°c 

3 x 415V AC 50 HZ 

pt-Rh-pt 

5°C/min 

8 
. 

\· . ......... 

· . . . 
.;,,_, 

- i·u. 

\ 

' 1 ' 

1 
' 
~ . 

• 



- -,.. M. ....... .. 
I 

-- ~ . . ... :: w.,, .• : .. 

·, ~. 3 -; :!~.~t:t~ ,; 1itt,1te ~~nctr!ri'f 

if it ~~:!. t lit' J!ldil\. fpap, VIHl\o! ~~ U\lr, A~l!ys:\ ~f eign~ltti, S 

II.>. ti".:!\ tin ~~ ·~· liT 
0·1;: - ~ U9"• 11-ugn. ,, t\• l<\l 

?)~ ~·-1 
. 10Ul 1~•2 75.93 2'1 .17 J~< I~ 

2·~3 l 2\. - 10~1 ms o7.S? 32.\S ~6. 3\i 

20' ... .,_ 10.)0 J(l3! 72.•)S 27.95 35.7~ 

2,\5 ~ •5 . 1002 109t 7c.36 23.6' 36. 3~\ 

?O!i ~I) - 1000 liHi 77." 22.96 35.7~ 

2\·2 !2~ - 1(103 1oe1 77.61 22.11 36.30 
2~1 12h 100(1 90\ 1n.\O 16.60 Jb.36 

2r.a 20 - 1095 ~9\ iS.7o 21t.2' 34.63 
20~ "" l()t: tOOO 10'.1~ 6S.37 31.63 33.S? 
.'10 ~h 1(11\ 1001 l(li'J .~9 .'.i7 30.03 n.9i' 

11 sulph1df •dd1t1on 

i>rocf~urt: llut1r.g - !o•ding - hutin9 - ;·:·~ling Ill •b. 200oC - dishi1r9e 
T~t•i tre•t1ent ~11e • r!~uc~ion tilt + av. I~ \!? tin. 
i~•Pt!ilt~re drop ~~r1r.~ loi1d1~: ilY. c8oC 
?p~uct•rt: ~~~o cz•I i!q•ut!', Fnt1;: .)2 ': n~ i~ x, Yolatilt Hihrs 23 ~: 
c;~, = ::·.:: 
~1t"ll?tr. i~l~S~~tr! 

~11dit10~ ~, t11~~!n ;•s 
3d~h:c!l: i•t'~. ~t.:lf1d~ ~•lei~~ 11i~" ~.e '\ S, ~.l :: S ~i irt1n in chu~! 

·' 
~ 

•e2• Fil+ 

j(I, 78 2.3'1 
20. II) (1.80 
~.), 3.19 
22.26 0.80 
1a.J1 2.79 
7 .19 3.9'1 
5.75 ~.79 

9.lt3 1.60 
20.11 11.16 
17.9~ 3,q9 

\ .. 

~ e u t 1: ! l '. r.e t j 11: -
atio11 

2S. I:; 7 t. 't3 
20.11 =-~ .. 4·) 

26.25 7:. ·~ 
IU3 5.).77 
19.S5 54.7~ 

27.9: ?6.ql 

29 .c·~ 7S.1G 
26.25 75.00 
9.-9 28.27 
II. 17 ~ro, llO 

' 

Ar1ilY~IS 

r, t c· 11o: 

27.9j 
31.26 
27.92 
3?.39 
29.04 
31.83 
32.Cl:O 
31.83 
27.113 
j''l,011 

~· ~:sc"•'~' 1aterial. \ 

f'tc• Ft3+ Ft '"'" 

13.b4 1.b~ lO.~O 

18.!:7 ~.BO 11t.2~ 

21), i I 9.58 5.SB 
4.31 20.76 llt.57 
q,70 5.19 17. ~·1 
17.95 2.3Y 16.c' 
12.511 5.5~ 19.n 
10.(.6 6.38 19.55 
6.82 25.96 "·"' ,,~ •• 1 ~ 6.30 ~.03 

,,...,, ...... J!l!I.' 

t 

• 

~eta 11: • 
iation 
~a,(i~I 

"7 .~I 
l9.9B 
~1t.e2 

~1.53 

50.H 
~J.i.a 

61.1t2 . ....., 

°' llo.M 
l'.JZ 

> z 
~ 
>< 
< .... . 
"' . 
CX> 

... . -- -:-.. .. 

,,. 
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I 

. ~ . 
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1. Tranator8.r ~•ting a ~KYA 
2. Rat~ curr•nt • 667. A •x. 
3. ••1ght I 4'19 ICQ. 
4. Ovuall d1Mna1ona 

Width I 61~ -
0.pth a ~-
H•lQht I 848 -

~. Electrod• di• a 10-
6. D1atanc• ~t ... n tap hol• & · 1 100-h....rtA. . 

7. Tap hol• dl•MtV I 40· -
e. lnt•rna'l d•pth I 4"0 -
9. Electrod• atroto I 600-

1 o. Elect.rod• f-.d a.,..cl a 0.21 • 
111. _, n. 

~ 

~ ......- • -
I... -~·•. r - ,. 

, ... _· 1 .... .. , .. . 
~-,,. 
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'<1.3.10 S.tltinq tnts on 1latn1t1 

rut Char91, •9s Prllducts 
Nn 11•.ni t• I •r11 l i•fl r1u11r\r1r ~l\lrity "•th Shq ~ .... ,k, 

I 
DY~· ~01\C. co•I kq C I kq f e lc·L X l 
Cl: 10.0 1.30 ~.6 . 2. I o. 71tii I. 78 5.200 5.59 Crust for11tion ~b11rv1d. S111 t1st r1pt1t1d. I I 

"et•l t11p. good, sl1g viscous. 
Sltg could cont•in cokt ash lift in F/C, 

2i2 10.0 1.50 ~.6 0.2S 2.1 2.m I. 71 S. I IB 4.~7 "•l•I t11p. good, slag still visc~us. "" CD 

' 211 10.0 2.00 0.6 0.25 2.1 0.320 t.83 5.t\62 It.OS C•F2 1dd1d. l!ehl 1.nd Slag t11p. g~c·d.sl•g fluid 
5011 11tal in tht F/C 

i'I~ :o.o ~.so (1.6 0.40 2.1 t. lbO t.S 2.34~ 5.30 Krtal and Slag hip. 1011. Slag is viscous. 
Contider•blt 1et1l quantity i~ F/C. 

215 10.0 2.50 o."s o.cs I.II 1.liO~ 1.32 9.668 J.32 Slag is fluid. 611od yitld of pr1viou1 he•t. I 
216 10.0 2.50 0.25 - 1.5 ! .366 1.20 ~.~70 5.50 All 11tal drained. "et•I and 3119 fluid. i ! 

1 
1.0 Kg lton ore added to oxldltt Ft to Ftl04, . ' 

'' Prt·rtductd il•e~itt : I 
i I 

c:P 09.5 o.21i \'l.b~ 0.1!> 2.2 2.JBB I.~ 2.~32 5.t\2 Prr·reduced ll1enit1 used for 1tlt1nq. I 

Mttal an~ Sl~g fluid. 
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ANNEX VI .lit 

The following articles and papers were given by the 

undersigned to the SIIL's Head office in Hyderabad and R/D 

department in Paloncha. The content of the documents was 

thoroughly discussed with the persons concerned. 

o "Arc-furnace research and development",K.J. Irvine. 

Ironmaking and Steelmaking. 1977 No.2 

o Discussion: Sp~cial technique and the future. 

Chairman: Dr H.W. Kirkby. CBE (Firth Brown Ltd) 

"A new constituent for slags used in Steelmaking". 

Ironmaking and Steelmalcing. 1977 No.2 

o "Industrial process for recovery of metal values 

from alloy scraps - pretreatment of alloy scrap". 

Osmo Vartiainen. OV-Eng Oy(Osmo Vartiainen 

Engineering Co.), Helsinki. Finland, MMIJ/IMM. Kyoto 

1989 

0 "Factorial design and analysis to obtain optimum 

operation conditions", Osmo Vartiainen, MSc., 

Lie.Sc .• etc. IFAC Symposium, Helsinki, Finland, 1983 

o "Process for recovering metal values from alloy 

scraps", Osmo Vartiainen. Helsinki. Finland. USA­

pat.. 199t.. 

o "Westralian Sands". Internat.ional Mining, June 1997 
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