
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




1.0 . " 7 s 

22 

111111. ~ 11!:::

1

;;' 

111111. 
25 

111111.
4
_ 11111_1.

6 
_ 

.. ;, . ' ' ... ;.;' 



/3lf-95 
=--=-=-"=--= -.::':"" "====- FINAL REPORT 

on 

Investigation on the~oduction of Sponge 
Iron Suitable for Steel-making ---with Iron Ores and Coals 

----------- - ·-

from Hungary.~ 

~ 
ENGINEERING AND PROJECTS DIVISION 

SPONGE IRON INDIA LTD. 
HYDERABAD - A. P. 



- -.......__ - -

•••***•*****************•••***************••··~··················~· * • * • 
* * ! DRAFT FIN,\l REPORT or~ INVESTIGATION OrJ TllE ! 
! PRODUCTION OF SPONGE IRON SUITABLE FOR ! 
! STEELMAKING \·IITH IRON ORES AND COl\LS ! 
: FROM HUNGARY ! 
* * ****•••••····~·········································~··········· 



-

CONTENTS 

CHAPTER NO. TITU PAG[ NO. 

1.0 

2.0 

3.0 

4.0 

s.o 

6.0 

1.0 

1. 

INTRODUCTION 

PRELI HI NARY TE ST WORK ON 
HUNGARIAN RAW MATERIALS 

DENEfICIATION or IRON ORE 

PREPARATION Of HEAT HARDENED PELLE TS 

REDUCTION TESTS 

1'£LTING Of SPONGE IRON 

CONCLUSIONS AND RECOMl'£.NDATIONS 

ANPLXyRES 

PRELIMINARY TEST RESULTS ON FIRST COAL 
SAMPLES. 

11. BCNEfltlATION TESTS WITH IRON ORE 
SAMPLES fROM HUNGARY. 

1 

3 

7 

B 

11 

14 

18 

II I. PREPARATION Of HIGH GRADE FIRED PELU TS 

IV. SPlClrICATION Of RAW MATERIALS USED FOR 
REDUCTION TESTS 

V. REDUCIBILITY AND DECREPITATION RESULTS 

VI• CHARGE FOR f.£LTING TRIALS 

VII• CHE MIC AL COMPOSITION Of' TAPPED STEEL 

! 

I 

ti 



-

DRAFT FINAL REPORT ON l~VESTIGATlON ON THE 
PRODUCTIJN Of SPONGE IRON SUIT&BL£ FOR 

STEELHAKING WITH IRON OR£S AND COALS 
FROM HUNGARY 

1.0 INTRODUCTION; 

1.1 United Nations Industrial revelopment Organise-

tion (UNIDO) vide their Contract No.83/12, Project 

No.Sl/HUN/82/802, awarded the work relating to 

carrying out investigations on the feasibility of 

production of sponge iron, suitable for steelmaking, 

with iron ore end coals from Hungary. 

1.2 In terms of the contract the scope of the work is 

as follows: 

a) Beneficietion and upgrading of low grade iron 

ores to high grede green concentrates consistent 

with optimum recovery/yield figures. 

b) Pelletizati~n of the green concentrates to yield 

high quality heat hardened pellets. 

c) Investigation work using pellets (vide 1 b 1 above) 

end Hungarian non-coking coals to produce highly 

••tallized sponge iron through ~irect reduction 

in rotary kiln operations. 

• d) Melting trial• of" highly metallised sponge 

(vide •c• above) to produce acceptable grades • 
of eteel in Electric Arc Furnace. • 
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e) Detailed ~echno-economic analysis of all opera-

tions (vide 1
8 to d' above) for commercial scale 

operations. 

f) Preparation of e comprehensive self-contained 

detail report covering "a to e" above. 

1.J Insofar es testing of raw materials are concerned 

the following pro~remme was drawn up. 

STAGE- I Preliminary inveatigatior.e on Hungarian 

Iron Ore end Ccal by conducting labors-

tory tests to assess their quality end 

aui tabili ty. 

&· •. 
· .STAGL-11 Beneficiation tests on Hungarian ores 

for ~iroduction of high grade concentrates. 

STAGE-III: Production of high grade heat hardened 

~ellets from ore concentrates. 

STAGE-IV 1 Reduction of heat hardened pellets with 

Hungarian Coals to produce highly metal-

lised sponge iron for steelmeking. 

STAliE-V Melting trials cf sponge iron rroduced. 
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2.0 STAGE-I: PRELIM:NARY TEST WORK ON HUNGARIAN RAW 
MATERIALS: 

2.1.0 

2.1.1 The Coal sample received from Hungary 1o1as tested 

for following: 

1. Proximate analysis of coal 

2. Ash softening characteristics 

J. Tests on suitability as a reductent in laboratory 

rotary furnace. 

2.1.2 The preliminary tests have shown that the coel sam~le 

received consisted of contamin•nts of wood like 

fibrous material. In view of this two s~ts of 

proximate analysis were carried one without seggre-

getion of contaminants and othFr with seggregation 

of contaminants. The teats have shown that the 

volatile matter in the coal is reasonably high, 

above 55~ average, end esM content 17~ average. 

However the fixed carbon in both seggregated and 

unseggregated samples appear to be on the lower 

aide • .. 
2.1.3 Insofar as ash softening teats are concerned they 

very between 1160° to 1100° which is reasonably 

satisfactory. 
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The preliminary reduction tests with the coal 

samples with Indian ores revealed that 1.65 Kg 

of codl is required for reducing 1 Kg of ore. 

The high consumption of coal is mainly due to 

low content of fixed carbon. High consumption 

of coal also resulted in high sulphur pick up 

in the sponge iron produced. The details of 

test reaultsare placed at Annexure-I. 

On the basis of preliminary test, it is app•rent 

that the coal does not appear to be representative 

as has been confirmed by the Hungarian representa-

tives who were present during thE test programme. 

As the tests had to be repeated with the right type 

of coal it was agreed that UNIDO would supply addi

tional quantities of representative coal samples. 

Fresh coal samples were received in September 1983. 

Preliminary inspection and investigation has shown 

that these sample• appear more like char with less 

volatile matter. Tnis aspect was brought to the 

notice of UNIDO before taking up the tests. 

The proximate analysis of the fresh coal samole is 

given belows 

Ash 15.10~ 

Volatile Meitter 11.2~ 

fixed Carbon 73.70~ 
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2 .1 .8 As the volatile matter epµears to be on lower 

aide it was decided to carryout ultimate analysis 

of these coal samples the rEsulte of which are 

given below: 

Ultimate Analyeist 

Moist<Jre 9.09% 

Ash 13.47~ 

Carbon 69.71~ 

Hydrogen 1 .2 t,( 

Nitrogen 1.03~ 

I 
Sulphur 2.43~ 

Oxygen 3.0~ 
11 

Total 100.00~ 

2.2 Iron Ore 

Insofar as iron ore samples are concerned the 

chemical 3nd physical analysis of samples as 

receive~ were carried out and the details of 

the analysis are given celow: 

2.2.1 , Chemical Analysis: 

a) As received Fe-total ss.es~ 

b) -1m~ fraction, Fe-total 

c) -3mm' +1 mm fraction, Fe-total 53.62~ 
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2.2.2 Screen Anglysis (As received) 

Wt. 1. 

IS + 280 <2 .8 mm) 1.34 

IS + 200 (2.0 mm) 9. 77 

IS + 120 (1 • 2 mm) 14 .1 B 

15 + 100 (1 • 0 mm) 2.49 

ASTM + 60 (250 micros) 29.69 

ASTM + 80 (180 micros) 5.~6 

ASTM - 80 (177 micros) 37.17 

Total 100.00 
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3.0 STAGE-II: ECNEflCATIDI~ Of IRON ORE: 

3.1 The beneficiation testb for producing high g~ade 
I 

ore concentrates from iron ore samples of Hu~gary 
I 

was conducted at National Mineral Developmen-,: 
I 

Corporation (NMDC) Laboratory, Hyderabad, af~er 

seeking the approval of UNI DO. The test a were 
I 

carried out on the beaia of the flow-sheet a~proved 
I 

by the Hungarian Engineers, who were present, et 

that time. 

' 

3.2 1250 Kg of iron ore sample was supplied to NMDC 

by Sponge Iron India limited (Sill) for carrying 

out the beneficiation tests. Petrological exami-

nation end study on the behaviour of ore sample 

for gravity concentration was conducted on a, 

sample of 150 Kg. On the basis of th~ prelimi-

nary studies, the actual beneficiation work was 

carried in the presence of the Hungarian engineers. 

The details of tests are given at Annexure-I~. The 

beneficiation teat• have shown that it is fe•aible 

to pr:>duce concEntrates with average Fe tota'l 66.Sc;;b 

'and with en yield of 32 .e~. The tests also 'este-

blished that 801 of th~se concentrates is af 30-60 

'microns size which is considered suitable fo'r 

'pell.atization. The total quantity of such c'on-

'centratee oroduced is 265 Kg. 
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4.0 STAGE - III: PREPARATION OF HEAT HARDENED PELLETS: 

4.1 The ore concentrates at NMDC Laboratory were sent 

to Indian Bureau of Mines, Nagpur (IBM), who have 

the requisite facilities for prepar~tion of 

pellets at laboratory scale. 

4.2 Before taking up preparation of pellets, tests 

"for optimisation of parameters of pellets were 

c~rried and the following broad parameters were 

arrived at: 

Ore Concentrate: 

§iie analysis of concentrates: 

Size Microns 

+ 104 

- 1 04 + 74 

74 + 53 

53 + 44 

44 

Blain Number 

Green pellet making; 

Moisture , 
I 

Total 

~ Binder~Bantonite used: 
(weight qasis) 

'~ 

Wt, '$i 

1 .o 
4.3 

1.0 

87. 7 

1 oo.o 

2 
21 40 Cm /gm 

6% 

o. 75% 

-
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Properties of Green Pellets: 

a) Drop Index No. 
(from 450 mm) 

b) Green strength 

c) Size of Pellets 

d) Heat Sensibility 

6 to 7 

2 Kg 

12to15mm 

1 30°C ;t_ 1 o0 c 

Conditions for various stages in induration of 

~reen Pellets, 

Type of pot used : Gratepot 

Bed thickness of green pellets: 175 to 200 mm 

S.No. Stages of Test Conditions 
Induration 

Pressure 
differential Temperatur8 

mm water o0 c 
gauge 

1 • Drying 300 1 30 :!:. 10 

2. Pre-heating 

i) 300 700 - 750 

ii) 400 1 000 

3. firing 500 1220+2 0 

•• • 

...,Ill$ 

Time 
minutes 

8 

8 

3 

1 2 



-- -
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4.3 Based on the above optimum reremetera, preps-

ration of pellets was carried out on the evaila-

ble concentrate, by IBM, Nagpur. The ~etailed 

test report is at Annexure-III. 

4.4 In view of the need to carry out a number of 

preliminary tests far optimisation of para-

meters the quantity of pellfte that could be 

finally produced was slightly on the lower 

side then expected. It was possible to produce 

only 150 Kg of pellets against 265 Kg of con-

centratet supplied. 

1 . 

•·· .. 
't· . 

•• • 
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S.O STAGE-I y1 REDUCTION TESTS 

The reducibility tests on pellete produced from 

Hungarian Iron Ore co nce;,trate were carriLd out 

in the laboratory rotary furnace at Sill Test Centre 

KothJgudem. Hungnrian Coal was used es reductant 

during above test. Singareni Coal wes also used 

for a comparitive study of the test results. 

The detailed ~hysical end chemical analysis of 

Hungarian pellets and the reductants used namely 

Hungarian Coal and Singareni Coal are given at 

Annexure-IV. The results of the reducibility tests 

including decrepitative behaviour of the pellets 

during reducibility tests ere given et Annexure-V. 

Review of the Test Results: 

s.1.1 Chemical Anolvsiaa 

1> The results of the physical end chemical analysis 

of Hungary ircn ore pellets and the coal revealed 

that the raw material& are suitable for the ~roduc-

tion of Sponge Iron by Direct Reduction and that the 

Sponge Iron could be effectively melted in Electric 

Arc Furnace for steel making. The pellet size as 

well as the tumbler tPst results indicate satisfactory 

abrasion resistance. Also the crushing strength of 

the pellets is found to be about 120 Kg per sq.cm. 

which is satisfactory. 

-

I 
I 
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ii) The physicel appeerance of the coal received 

and the proximate analysis carried out, indicate 

that the coal may be of char type with less volatile 

matter. The other properties of the coal such as 

reactivity, ash !;Oftening tempc rature were found 

to be within acceptable limits. 

III) Sulphur in coHl is found to be higher than 

acceptable limit of one percent maximum. However 

it hos been observed that sulphur is of organic 

type and in the reduction teots, Sulphur level could 

he brought down to D.033 percent with the addition 

of about six percent of limestone. 

Reduction Tests: 

The anelysis results of the reduction tests on the 

pellets with Hungarian Coal and Singareni Coal 

indicate the following• 

i) The reducibility characteristics of the pellets 

is found to be good. The degree of metallication 

levelo achieved with both Hungarian and Singareni 

Co~l£ was well above 92~ average. The deyres of 

reduction was alBo found to be well above 90%. 

ii) The results showed th~t the pellets are not 

decrepiteting type and the -1mm fraction, gen~

rated during the test w2s found to ha not more 
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than six percent. It was noticed that 1 to 5 mm 

fraction was marginally lower when treated with 

Hungarian coal in comparison to the results 

obtained with Singareni coal. It has also been 

observed that the pellets are of uniform size end 

the average meen particle size of the pellets wos 

around 10 mm which is considered acceptable for 

the rotary kiln opera ::ion. 

iii) The decrepitating behaviour of the char 

gP~ereted from coal after the reduction test 

indicated that the coal is of medium decrepi-

tati,,g t1pe and may require lower particl• size 

of the coal when treated in a commercial rotary 

kiln. 

iv) As the ptrcentege of volatiles in the coal 

are found t~ be low, it may be necessary to 

inject high volatile coal preferrebly bituminous 

type in the discharge end of the kiln for maintaining 

the temperature profile. 
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6.0 STAGE - Vi ~NG Of SPONGE IRON 

6.1.0 Sponge Iron Pellets pr?pared in the Siil laboratory 

kiln were tested for melting in a laboratory electric 

furnacs to study the melting behaviour. Three 

melting heats ware taken with varying sponge iron 

proportions of 20't., 30'% &. 50% of size above 3 mm 

and the balan~e charge being heavy melting scrap. 

As the leboratory furnace did not have the facility 

for continuous charging of sponge iron, batch 

charging technique wes adopted. 

Sµonge iron pellets were added intermittantly to 

a pool of molten bath obtained by melting of 

scrap. Calcined lime was added during spon~e 

iron addition as well as during refining so as 

to obtain slag of desired basici ty and to ensure 

phosphorus and sulphur control. At the end of 

refining period carbon and ferroelloys additions 

were carried out in the furnace to tap metal of 

desired chemical composition. 

Two heats were aimed at producing structural steel 

of standard quality confirmina to Indian Standard 

Specifications 15:226/75 (similar to 85:15, ASTM:A 75, 

DIN-17100, JIS.G. 3101 ). The third heat was aimed 

to produce eteel of composition suitable for. 

making carbon steel bars for production of machine 

I 
\l 
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6 .2 .1 
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parts for general engineering purposes confirming 

to Indian Standard Specifications IS:a:J7J/70 
.. 

si~ilar to B5:970, EN B, DIN 17210, JIS.G. 4051. 

MELTING PRACTICE: 

The melting practice followed during 3 heats carried 

out is given below. 

Charging: 

Scrap formed the first charge in all the three 

heats. After complete melting of scrap sponge iron 

was added as second and third charge. Some quantity 

of lime was also added along with sponge iron 

additions so as to have a combined melting and 

refining operations. The details of charge is given 

Jtlft,t Annexure No.VI. As furnace WAS of smaller ... 
capacity, the h~at times (Power on to tap) were 

higher and non representative when compared to 

commerci~l melting practice. 

Slag: The s.W g volume and W"ight was normal.as 

scrap u~ed w.·1s highly metallic and the gangue 

content of sponge iron being around 6%. The 

slag weight incre~sed marginally when 50~ sponge 

iron pellets were u3ed. Sinco gangue content of 

sµonge iron WRS mainly acidic, slag had good 

fluidity and the b~sicity maintained around 1 .5 
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6.2.3 

6.2.4 

6.2.S 

6.2. 6 

1 6 

by li.e addition did not pose any major 

problems ir. phosphorus and sulphur removal. 

Product Quality: 

The chemical composition of the steel obtained in 

the three heats ia pl~ced at Annexure VII. 

Phosphorous Content: 

The phosphorous levels in tapped steel finished 

at D.04 to a.as percent and were below the 

permissible levele of the specified composition 

of structural steel ~ carbon steel sections suit-

able fO'l. fabri=ation and general machining 

applications. 

Sulphur Content: 

The sulphur levels in tapped steel finish~d at 

a.OJ to 0.04 percent end were below the permissible 

levels. 

Carbon; 

Carbon level in the structural steel heat was 0.20 

to o.25~ • While in the carbon steel heat it 

was D.4~. To control the carbon content et the 

end of sponge iron mel~ing it was found necessary to 

select scrap with eppropriilte carbon content and make 

carbon additions in the bath in the form of hard 

coke or graphite. 
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6.3 M~LTING PERFOR~~~CE: 

To study melting performance yield, heat time, 

power consumption,Electrode co~suraption, 

Refractory consumption need to be evaluated 

for each hedt. But since the melting trials 

carried out were small, in a laboratory type 

meltinJ furnace due to limited quantity of 

sponge iron pellets available, these parameters 

could not be assessed. However, it was 
i 
i 

i established that sponge iron pellets prepared 

from Hungarian iron ore concentrate could be 
11 

melted successfully to obtain steeL~ of various 

grades. 
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CONCLUSIONS AND RECOMt'.ENDATIONS: 

Beneficiation: 

from mineralogical, chemical tests and beneficiation 

studies of the sctnpleit is observed that it i~ 

feasiblP. to produc~ concentrdte from low grade 

Hungarian iron ore suitable for preparation of 

heat hardened pellets for direct reduction 

application. 

The mineralogical composition of co~centrate 

obtained is moinly hematite with minor amounts 

of magnetite and goethite and gangue minerals 

like quartz, clay and amphibole. The mineralogical 

as well as chemical composition is considered 

suitable for m3king heot hardened pellets for 

direct reduction applic~tion. 

It is possible to produce concentr~te with iron 

content around 66 per cent with an yield of 32.B 

percent from the sample of iron ore supplied, 

using gravity concentration and magnetic 

separation. 

Based on the yielrl figures obtained, it is 

concluded that approximately 3 tonnes of 

Iron Ore fines would have to be processed 

for beneficiation to obtain one tonne of 

concentrate. 
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PELLE T:i.ZA TION: 

Concentrate to be pelletized should have "'iron 

content above 66~ and gangue content should be 

limited to 5 per cent maximum. 

From physical and chemical tests carried out on 

concentrate and pellets the following conditions 

are considered optimum for preparation of heat 

hardened pellets. 

i) 

ii) 

iii) 

iv) 

Concentrate Blaine Number - 2000-2150 

Binder (Bentonite) o. 75't. 

Moisture 61' 

lnduration Cycle: 

a) Drying Temperature/time: 1 20-1 40°C 

8 minutes 

6. P • JOO mm Water gauge • 

b) Preheating - (in two stages) 

i) 700°C-7S0°c for 8 minutes 

6 P • JOO mm Water guage. 

ii) 1000°C for J minutes 

.Q.p • 400 mm Water guage. 

c) firing 

2 Cm /gm 

for 

i) Temperature 12D0-12S0°C - for 12 minutes 

ii) Pressure - l\.P - 500 mm ~ater gauge. 

7 .2 .3 t , ·Pellets prepared for direct reduction should be in 

the size range 9 to 16 mm (average size around 12 mm) 

' \tfhich has been establishod in the tests. 

I· 
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7 .2 .4 The fines in the prepared pellets i.e., -6mm 

should be limited to 2 per cent maximum and 

this has been established in the tests. 

7.3 SPONGE IRON PRODUCTION IN ROTARY KILN: 

7.3.1 Reduction and Uecrepitation Behaviour of Pellets: 

7.3.1.1 from reduction tests carried out in laboratory 

rotary kiln it was obsP.rved that it is possible to 

reduce pellets to a desired metallis<ltion le" els 

i.e., 92 ~ 23 , at 1D00°C with 3 hours of 

retention time. 

7.3.1.2 Pellets have shown good reducibility as indicated 

by uniform metallisation in different. size 

fractions. Based on the test results, it is 

considered that average particle size of pellet 

should be 10 to 12 mm. 

7.3.1 .3 The decrepitation behaviour of the pellets during 

• .. 

• ~ .. ·"· .. '· .. 

, ~--... 

reduction (-1mm = 6~ and -3mm = 103) i~ considered 

satisfactory. However, it is further possible 

to attempt at lower decrepitation levP.ls by 

~djustment of pellet hardening ccnditions 

prefer~bly in pilot plant sc ·l~ or semi-commerci~l 

scale, induration systems instead of laboratory 

type pat grate furnace • 
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7.3.1.4 From laboratory rotary kiln reduction tests it is 

observed that thu bed tempcr~tures of the order 

of 950 to 102D°C would be reouired to be maintained 

in commerci8l sizes of the rotary kiln in order to 

produce sponge iron of acceptable levels of 

metallisation for steel making in Electric r,rc Furnace. 

7.3.2.1 It was observed that first co;;l sample supplied was 

contaminated with wooo like fibrous structure, having 

low and inconsistent fixed carbon. Therefore, it w~s 

considered unsuitable for direct reduction. 

7.3.2.2 From proximat~ analysis, ultimate ennlysis, calorific 

value and behaviour in reduction tests, it was observed 

that second coal sample w;is generally suitable for 

dir~ct reduction. However, coal hAd relatively low 

volatile matter(around113). Considering this 

difficiency, blending of coal with high volatile 

codl may be necessary to improve the reactivity of 

of the co1:1l. This is considered particularly 

relevant for the co~l requirPd to be inje ct~d from 

the discharg~ end of the Rotary Kiln to maintain 

proper temperature profile. 
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7.3.2.3 Sulphur in coal was on higher side and sp~nge iron 

showed tendency to pie!~ up sulphur during reduction. 

However, sulphur pick up could be controlled by 

addition of adequate quantities of suitable 

desulphurizer like limestone or dolomite~ 

7.3.2.4 The coal to be fed alongwith the pellets should 

be in the size range 1 to 10 mm. The cc~l 

~equi:-e.! f •. 11. injection from discharge end shoulci 

be in the size range of 0 to 6 mm. 

MELTING Of SPONGE IRON: 

The finished product suitable for steel making 

was in the following two sizes: 

i) 3 - 20 mm 

ii) 0 - 3 mm 

• 
7.4.2 The product of 3 to 20 mm was considered as prime 

product and was suitable for direct use in the 

electric arc furnace steel making. Sponge Iron 

fines below - 3mm could be utilized for steel 

making eith€r by briquetting or adoptin~ special 

techniques like pneumatic injection. 

To maintain minimum levels of phosphoru• anc to 

achieve shorter refining periods in steel makin9, 

• fl• it i• deeirahle that phosphorue and sulphur ,,. 
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in reduced pellets be controlled et o.oa%-m3ximum 

and 0.033 maximum resrectively by regulatin9 

phosphorua in ore c1•ncentrate .md sulphur in 

coal. 

To recover iron from unreduced iron (FeO) in 

Sponge Iron aru reduce Fe looses in slag, it 

was observed that high opening carbon in the 

melt before sponge iron addition as well as 

additional carbon in the form of coke or 

graphite was necessary. 
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,MNE)(URE-I 

PRELIMINARY TEST RESULTS ON FIRST COAL SAMPLES 

1. PROXIMATE ANALYS 15 OF COAL: (\vithout segs;.re-gation of; wood like 
fibrous materi~l) 

Constituent SAMPLE NUMBER 
2 3 4 5 

Volatile matter % .5 9. 0 3 57."f'!i 55.75 59.21 49.04 

Ash % 28.8:.J 23.30 10. 60 19.o1 22~62 

Fixed ~arban % 12.17 19.DO 33.65 21.78 28. 34 

2. PROXIMATE A-t.'(SIS :· (With 5 egg~:regation of wood like fibrous ,. material) 

Constituent Sample Number 
2 J 4 

Volatile matter % ss.10 52.50 57. 20 52.35 

Ash % 19.40 17. 70 15.60 17 .oo 
Fixed Carbon % 25.50 29. 80 27. 20 30 .65 

3. .6._s_~ Softaning Characteristic!'l: 

1 2 3 
Ash 5oftenin~ temp. (oC) 1160 1160 11 80 

Melting Tempdrature (oC) 1280 1220 1260 

Flow Tempera~i::e (oC) 1300 1250 1280 

REDUCTION TEST RESULTS OrJ Li:.JORhT_D_RY RO fi\RY FU_f~~JACE 

A) Iron Ore Ho5pe t - India 
F c Ct ) "" 6 6. 00 % size 6 fo 1 5 mm 

B) Coal : Hungary Coal samples 
.~Fixed carbon 20% Size= 1 to 15 mm .. 

C) .fil.!llLC_TI ON CD~fH T IONS 

i) Reduction tqmp:~rature 90!J°C 

ii) Retention time 3 hrs, at 900°C 

iii) C-fix/'f:e (t )ratio o.s 
iv) Desulphurizer Not used. 

• • • • 2 • • 
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D) SCREEN ANALYSIS Of PRODUCT: 

Size URE COAL 
mm Before Test After Test Before Test f•fter Test 

+ 20 NIL NIL NIL NIL 

<+,5 .. 20> 16.5 NIL NIL NIL 
(+10 .. 15) 40.0 9.93 30.30 15.90 

(+B - 10) 28.5 8.26 30. 91 23.0B 

(+5 .. B) 15.0 17.35 20 .61 20.51 

(+3 - 5) NIL 33.06 14.54 21 .54 

( + 1 - Jj NIL 20. 74 3.64 6.67 

. ' NIL 20.66 ~~IL 12.30 

To tel 100.00 100.00 100.00 100.00 

E. CHEMICAL ANAL YSJS Of MAGNETIC PRODUCT: 

Size mm fe. Total Fe.Met MetallisatioJl .£ 5 -- -
(+B-15) 95.50 es. 12 89. 76 0.40 0.21 

(+1-B) 97.74 88.24 90.28 0.32 0.38 

(-1) 91.04 84.89 93.24 1.90 0.92 
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PREklMINARY REPQRT ON THE TESTS WITH IRQN QRE 

SAMPLES FROM HUNG!RY 

••• ·.'t<he ore concentration teste were undertaken in 

the Reeeerch end Development Leboratoriee of Netionel 

Minerel Development Corporation, Hyderabad at the request 

of Sponge Iron India Liaited. The expert• of VASKUT 

(Hungarian Iron and Steel Research Enterpriaee) took 

part in .. ~ha whole teat run of ore concentration and on 
, . 

the bae'.is of the final teeta and reeulte thereof it waa 

agreed be~ween VASKUT, NMDC and Sill upon the type of 

flow-ah~·~ for further benefication te•ta which were 

•ubaequ~ntly carried out at NMDC Laboratory. 
~ 

The concentrate thua prepared ready for the pelletiza-

tion proce•• analysed 66.J~ fa and ita weight waa 265 Kga • 

. 
~. 

Siil propa•• to have the work relating to Palletization 

with baqtonite eddition be carried out by the Indian Bureau 

of Min._.., Negpur. After this the direct reduction teat 

would be u~derteken at Kothegudem by Sill. 

The d•livery of th1 fin•l product b•ck to Hung1ry will be 

undertaken by air from New Delhi. The cesta of thi• .. 
\, 

tranaport·will be peid by the Hungarien Government, accord-
. 

ing to t.be UNIDO contrect • 

• . . 
f 



A• fer a• the aodalitie• of the transportation ere 

concerned VA~UT wo~ld give detailed information to 

SIIL in th'ia reepect aoon after SIIL givee informe-

tion of the pecking details (weight end mode of peck-

ing) of the •etalliaed pellet• to be transported. 

Encl91yre1s Benefication taste with iron ore sample 

from Hun'gary • 

• 

Hydereb~d; 27th April, 1963. 

Sd/• 
for s ..... l.L • 

• • 

Sd/-
for VASKUT 

Sd/-
for N.M.D.c. 



BENEFICATION TESTS WITH IRON ORE SA~PLES FRUM HUNGARY 

To concentrate the low grade test sample, suitable for 

Sponge Iron production using HungariGn non-coking coal 

which in turn can be used for m<i king high purity special 

steels. 

SOURCE &. DESCRIPTION Of THE ..Ql!f.:.. 

This ore is imported to Hungary from KRIWOY ROG Pit mines 

u.s.S.R. in a lump size of 0-30 mm. Iron content of the 

impct.cted ore rang~s fro;, 51 to 54i;.. 

Minerologic3l studies c~rricd out eo=licr h~ve sho~n 

that the ~min constituents of the or?. 3re ~s follows: 

Hem<"'ti te 

:Jua:;tdte . . 
Magn!il;tite 

Quartzite 

Hematite 

Magnetite 

'". MartJ.te 

Quar.1;z 
.,;,· .. 

Kaolinite 

Goe~ite 

• 
'· Pre limina :-y 
~· 

Yu9•eJ isvia, 

~ral composition 

Fe
3 

o
4 

x 5i02 

Fe2 o
3 

x Fe
3
o

4 

fe2o3 

Si02 

fe
2
o

3 
x Al203 

x Si02 

Fe
2
o

3 
x H2o 

'.leiQht percent 

57 

4-5 

20-25 

5 

6 

3-5 (See 
Appendix) 

concentration tests were carried out in 

u.s.s.R. &. Sweden and D technology is developed 

for beneficiation of this ore, whP-rf: a concentrate with ~n 

' . .. . 
• ,··. 

'· 
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.. ncentr•t• -ith en iron content o~ 6•~ ia obtained. This 

concentrate is sintere~ and used in Blast Furnnce at present. 

BAC:KGROUND1 

I~.il a well known fact that to produce high purity 

ap~ciei steels, the iron aour~e should be free fro• 

tr~mp elements like Cu, Sn, Ni etc.4and Sponge Iron 

ia a possible aolution for thia problem. Hungary, 

••·a part of it• development programme, intend t~ ... 
produce high purity spacial steels for which it req.iiree 

• 
t~ concentrate further the presently available ore to 

1 

an ii-on content of 67~. As µer minerological studies 

this is possible only if martite {fe
2
o

3
> and Goethite ... 

(f~Z~J H20) are aeparted from the run of mine ore, the 
.• 

ott1er parts are being not sui tabla for concentre1tion • 
. 

Pei~ographic studies have shown that those two compo-

nent.s viz. Martite &. Goathita are preeent only in the 
.. 

siz~ fraction below 3.15 mm. 

To ~e.Qelop appropri.te technology, for concentration 
•, 

and:·oirect Reduction of this concentrate, Hungdry hae 

aoug~~ the asaistance of UNIDO, as there e1re no pilot 

plan~ ~acilitiea available in that country. It's but• 
, .. 

natural, 
;' " . 

Sponge J.ron India limited (Siil), a UNJ.DO/UNDP 

aid~~ project end now a wall estaoliahed n.me in the 

'.· .. ~ 

~· 

II 
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•·field of Uirect Reduction technology W•• assigned '·· .... 
·thi• problem. Jn rft>vembar 1982 Hungerian Govern-
'· 
ment waa informed by UNIDO that the tests Can be 

carried out at Siil and UNlUU was also willing to 

give financidl wS•istance. ~fter receiving the 

"1:epiy from UNJDO a sample of 10 tonnes has been .. .. 
taken from 0•30 mm aize range. Thia ore we• screened . •t -3.1) mm and a sample of 4 tonnes wga taken. In 

December laet year, 1n a diacuaeion with Dr.Nijhawan 

ot UN1DO it ha• been decided to supply 1400 Kgs af ore 

••~e .. long .. ith ·100 Kga of Hungarian Non-coking 

coal for carry1ng out reduction teats. The materials 

were received by Sill -t ~he plant site in the month 
• 
of· January 1983. 

TE$J PROGRAMME AT N.M.D.C, bABORATORYs 

a) B1neficiation1 A• Siil ha• no facilitie• for 

carrying out beneficietion teats the fir•t part of 

the te•t programme i.e., beneficiation studia• were 

carried out in the R~D Centre of M/a, National 

M~eral Development Corporation Ltd., Hyderabad 

which ia capable of developing auitebla technology 

for ~oncentration with the highly competent technical 

pareonnel and 'the excellent testing facilitil!s. (Sea 

Appenllb•U ), ' 
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.· 
After receiving the ore sample of about 1250 Kg from 

SIIL, ae a first step, a repreaentative sa•ple was 

taken for petrological examination, screen analysis 

end chemical analysis. The results arP. presented in 

Table I & II and Apoendix-I. To study the behaviour 

o~ o~e sample for gravity concentration, a trial run 

wee taken with the contents of one drum weighing appro-

ximately 150 Koe. This was a double etage gravimetry 

con.centration using cyclone and Humphrey apirala. The 

Fe content of the concentrate after 2nd spiral wee 

66.2~. Results are presented in Table III. 4ccording 

to microscopic inveatigation the concentrate alaa con-

tained free Quartz. It was alee observed that the 

coaraer fraction (+1 to -J.15 mm) was causing flow 

problem• in the operation of spirals. So it was daci-

dad to screen out +1 m• fraction from the remaining 

aampla. The wt of the -1 111111 sample after acreeni~g 

out;+1 •m was 735 Kga. Gravity concentration was 

carried out on this material •• the reaulta of trial .. 
r~n were encouraging. The results of this two step 

gravity concentration• ie preeented in the flowaheet 1. 

Th~ next step was the Magnetic separation of the spiral 
,.· ... 

c~entrate (weight 351 Kgs) with which the -1 mm spiral 
\ . 

~c.;.ntration weighing around 35 Kge from trial run 
•·. . 

(er.t!r screening off +1 mm fraction) was mixed. The . . 
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total feed for •agnetic separation was around 386 Kgs. 

The firat step in this wa• separation in low intensity 

one •tep •agnetic separation (LIMS). Here the magnetic 

part i.e., magnetite present wee separated. The second 

step wa• treating the low intensity non-magnetic tailings 

in high inten•ity one step •agnetic eeperation (HIMS). 

Here the feebly iaagnetic part viz martite, goethite & 

magnetite (around 1~) that e•caped LIMS, was aeparted. 

Aa·the separation can not be expected to be 10~ effi-

cient some grains of quartz were present in the concen-

trate. Thia wee continued by microscopic investigation 

which revealed the presence of martite ea basic conati-

tuent, Go•thite and some grains of quartz. Results 

were presented in flowaheet-2. Chemical analysis Screen 

analyaia, Blain Nu•ber and Petrological examination of 

the concentrate are preaa~ted in Table IV ~ V and 

Appendix-II. 

b) Grindings In order to get the fineness required for 
I 

pelletizetion the concentrate and ~iddlinge obtained from 

high intensity magnetic separation w•s ground in a ball 
.· 

mill. The aim of grinding was to produce a product of 

d 80~ -so to 60 micronea. 

The epecification of equipment used are presented in 

Appendix-I I I. 
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CONCLUSION a 

The beneficiation teats ae di~cribed above have shown 

that it ie feeeible to produce the concentrate with a 

•ini•u• of 66.~ fe with en yield of 32.~ from the 

teet •••plea eupplied. It ie also established that 

Bed of the produce is under 50 to 60 micronee which 

1'. ·considered eui table for pe lletisation. The above 

yield i• higher then what was expected by the Veekut 

·.~ngineer• •• thie waa e single eta;e concentration 
' .. 
progre111••· 

.· 
' 
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Table I 

_3CREEN AND CHEMICAL ANALYSIS OF' AS RECEIVED SAMPLE 

i f"e Size 
Wt. ~ °'SiO 

Microns Tot el 2 

+ 1168 25.2 51.2e 24.85 

-1168 + 295 24.6 57.14 15.11 

- 295 + 104 15.o 62.01 B.13 

- 104 + 74 6.9 62. 21 9.65 

- H + 44 6.8 55.58 18.32 

- 44 21.5 54.21 16.47 

Table I I 

CHEMICAL ANALYSIS OF' AS RECEIVED SAMPLE 

Constituent Assay ~ 

f"e 56.01 

F'e304 2.s 

Si0
2 16.65 

A1
2
0 3 1.43 

Cao a.so 
MgO 0.25 

LOI 0.82 
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Table II I 

RESULTS or GRAVITY CON CE NT RA Tl ON 

Size Spiral Tailings Spiral Cyclone 
Microns Concentrate1 Wt. ~ C:oncentrate2 Underflow 

Wt. ~ 

+ 833 3.8 19.S 3.7 11 .1 

417 - 833 12.0 23.0 s.1 21 .1 

208 - 417 21.3 4.1 25.9 12.1 

147 - 208 14.6 o.s 16.9 6.7 

74 - 147 31.S 2.e 34.2 16.6 

44 - 74 13.6 23.1 12 .1 15.4 

-44 3p2 27.0 2.0 17.0 

tvclone overflow 99i - 44 microns 
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Teb.!.e IV 

' 
CHEMICAL ANALYSIS Of' CONCENTRATE 

' 

Constituent A~sey "' 

' 

Fe ~6.15 

Mag Fe 'a.1a 

Sia
2 

' 4.21 

A1
2

a
3 

, a.ss 

LOI , a.4a 

p 'a.a2 

5 Traces 

Cao ' a.22 

Mga ' a.25 

Mna , a.as 

Tia
2 

f,:r.:ices 

Ne
2

a ' a.19a 

K
2

0 ' 0.06 

Cu 'Fr aces 

Ni 'firacea 

V205 Tracee 

Zn Traces 
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Table V 

SCREEN ANALYSIS Of THE CONCENTRATE 

Size in 
microns 

+ 104 

-104 + 74 

- 74 + 53 

- 53 + 44 

- 44 

Tot el 

Wt. ~ 

2.1 

5.1 

15 .1 

B .1 

69.6 

-
100.0 

2 
Specific Sl!rface Area 1 1854 Cm /gm 
(Blain Number) of the 
Concentrete 
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Aspendix - II 

PETROLOGICAL REPORT ON THE CONCENTRATE 

The sample was a fine powdery material. It waa 

reddish brown in colour. It was found to be fe£bly 

magnetic. 

for the purpose of finding out the mineralogical 

composition the fine powdery material was made into 

briquettes and polished. 

The microscopic examination revealed the pr£sence 

of hematite, martite, goethite and little magnetite. 
! 

The gangue was siliceous in nature and was very minor. I· 

Due to fineness of the material the detailed character-

istica could not be noticed. The texture was crypto-

crystalline. It was difficult to even se~arately 

determine the size of the individual grains. However, 

the majority of the portion wee occupied by the h~matite 

and goethite. The gangue was very minor. 
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Appendix - I II 

£QUIPC-'ENT 5:i[CifICATIONS 

1. Cyclone 

Make 

Size 

Apex 

2. Spiral 

Make 

Type 

' 

Concentrator 

Krebs 

4" dia 

Y2" 

SALA International 

Two stage of 5 turns each 

3. bow I nte nsi ty Wet Magnetic Seearator 

Make Boxmag Rapid 

Type [rum type Permanent magnet 

Size 15" dia, 12" width 

field Intensity 1500 Gauss 

4. High Intensity Wet Mggnetic Seearator 

r-1eke 

Size 

Operating 
empeerage &. 
field Intensity 

5. Ball Mill 

Make 

Size 

Erietz 

Cf-5 Pilot Plant model 

2.5 amps - 8500 Gauss 

Denver 

16" die x 32" length 

QPE~ATlNG CONDITIONS 

1. Cxclone Underflow 

Pulp Lensi ty 

Sp. Grevity 

2. Bell Mill Discharge 

Pulp Density 

Sp. Gravity 

65~ Solids by weight 

4.28 

60~ s 
4.76 
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ANNEXURE - III 

PREPERATION Cf" HIGH GRADE FIRED PELLETS 

INTRODUCTION 

1.0 About 260 Kg of Hungarian Iron Ore Concentrate 

(fines) was received from M/s. Sponge Iron India 

Limited (SIIL) with a request for (a) conducting 

pellatization studies to determine (i) bentonite 

quantity required for making green pellets of 

satisfactory strength i.e.drop number 6-7 

(ii) Induration cycle for producing about 150-200 Kg 

of fired pellets of the following specifications. 

Specifications; 

(i) Size (9 mm - 16 mm) / 85~ 

(ii) Tumbler strength (+6.3mm) i 

(iii) Dust Index C-0.5 mm) a 

(iv) Compression strength I > 15 0 Kg/Pellet 

The difficulties in producingabout 150-200 Kg of fired 

pellets of desired quality out of such a small 

q!ianti ty of sample (260 Kg only) we rs pointed out t? 

Sill. Siil hes emphasized thnt attempts should be 

made to produce at least 150 Kg of fired pellets 

of desired quality to enable them to carry out 

further teat of reduction and melting. 



-

111/2 

The objective of this investigation was limited 

to produce fired pellets of stipulated specifications. 

Therefore, green pellets were made and fired, based 

on the knowledge of general behaviour of similar 

typo of materials in palletization plants elsewhere. 

2.0 CHARACTERISTICS Of THE AS RECEIVED SAMPLf. 

2 .1 Physical 

(i) Specific gravity 4.89 

(ii) Blaine No. Cm2/gm 1500 

(iii) Size (Mesh/Tyler) I Wt." 
(Microns) 

+ 150 ( + 1 04) 2.0 

- 150 + 200<+104+ 74)1 5.2 

- 200 + 270(- 74+ 53) I 9.2 

- 270 + 325(- 53+ 44)1 7.6 

- 325 <- 44) I 76.0 

2.2 Chemical: A representative portion of the sample 

was chemically analysed. The results are presented 

in Table No. 1. 

Constituents 

fe (T) 

fe O 

Si02 
A120J 
tao 
MgO 

s 
p 

L.O.I (at J00°C) 

TABLE NO. 1. 

Aaaay S 

65. 78 

0.38 

4.64 

O.Btl 

0.14 

0.11 

Tr•c•• 
.028 

0.11 

I 

I' 
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2.3 Hinefalogicali The as received sample consisted 

mainly of hematite with minor amounts of magnetite 

and goethite. Quartz, clay and amphibola were the 

gangue minerals present in minor amounts in the 

sample. 

Presence of small remnants of unaltered magnetite 

within ground mass of hematite indicated that the 

hematite might be the alteration product of 

magnetite. Hematite at places was found to be 

replaced by goethite. Fine inclusions of hematite 

were also seen in some goethite grains. Goethite 
I 

generally occured as fine inregular patches. 
11 

The essociBted gangue minerals were alTiost free 

except a few grains which were either interlocked 

with hematite or contained inclusions of hematite. 

3.0 PELLETIZATION STUDIES 

The palletization studies were carried out to 

determine (i) the fineness of the feed and quantity 

of betonite needed to produce green pellets of 

satisfactory strength and (ii) the induretion cycle 

for producing fired pellets of desired quality. 

A general material flow sheet of pellet making 

process is given at Annexure - A. 



• 

III/4 

J.1 Jests to determine feed size and bentonite quantity 

3.1 .1 

reguired for making green pellets of satisfactory 

strength:-

Batches of 2 Kg sample of different fineness were 

subjected to ballinQ, employing varying quantities 

of bentonite and water. The steps involved in 

making and evaluating green balls were (1) feed 

preparation (ii) balling and (iii) quality 

evoluation. 

Feed preparetioni Two batches of each 2 Kg. each 

were dry ground for JO minutes, and 60 minutes in 

a 300 x 125 mm denver laboratory ball mill with 

a ball charge of 18.12 Kg (25 m~ steel bells). 

Representative portions of the ground products 

as well as original sample were subjected to 

2 
sieve analysis end surface area (blaine No; cm /gm) 

determinations. The results are presented in 

Table No. 2. 

ii 



111/5 

TABLE rm. 2 ! 

Size (Mesh/Tyler) 

Grinding time in minutes 

i·!esh Microns Orginal sample 30 60 

+ 150 ( + 1 04) 2.0 

15 0 + 200 (-104+ 74) s.2 1 .o 0.1 

200 + 270 (-74 + 53) 9.2 4.3 2,5 

270 + 325 (-53 + 44) 7.6 7.0 4,8 

- 325 ( - ;14) 76.0 87.7 92.0 

Total 1 oo.o 1 oo.o 1 oo.o 

Surf ace area 
2 

(cm /gm 1500 2140 Net determined 

Balling: Green balls were made from the original 

sample as well as from the ground products, usinq 

different dosages of bentonite in a 0.9 m disc 

pelletizer, In ~ach cuse initially a v~ry small 

quantity of material wes put in the rotating disc 

and water sprayed on it by a sprayer to form seeds. 

After the seeds are formed, ground material and 

water in the form of spray were added alternatively 

until the seeds grew to the required size and 

developed adequate green strength. Then the disc 

was stopped and 40 pellets (9-15 mm size) from each 

batch were taken for evaluation of their quality 

in terms of drop number and crushing strength. 



-

3.1 • 3 

111/6 

Quality Evaluation: 

Drop Number: The drop n~mber of green pellets 

was determined by droppinu 20 balls from a height 

of 450 mm on to a steel plate until they showed 

cracks or crumbled. The number of drops withstood 

by the balls before breaking was noted and average 

of 20 noted values was taken as the drop number of 

e single pellet. This value is the measure of the 

ability of green bells to withstand drops encountered 

et conveyor belt transfer points in transit from 

balling to firing plant. The satisfactory values 

ere 15 & 6 drops from heights of 300 mm & 450 mm 

respectively. 

Crushing Strength: The averaoe strength was ~etermined 

by individually compressing 20 pellets on a •Salter' 

top pan balance until they crumbled. The position 

of the indicator st which crumbling took place was 

noted and mean of the twenty readings was taken as 

the crushing strength of the green pellets. The 

crushing strength valce of 1.8 to 2.3 Kg is considered 

satisfactory. 

The feed size, bentonite quantity and quality 

evaluation results for different tests are presented 

in Tab le No. 3. 
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Test 
No, 

2 

3 

4 

5 

6 

3 .1 .4 

Size 
(r-lesh/ 
Tyler) 
-::i:::; "" 

76.o 

67.7 

92.0 

TABLE NO, 3 • 

Conditions 

Blaine 
~o 

Cm /gm 

1500 

2140 

~ Mois
ture re
quired 

1 

6 

5 
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Quality 

~ Bento- Crush-
nite ing 

stren-
gth 
Kg/pe-
llet 

0.75 1 .o 
1 .oo 1.0 

1 .so 1 .2 

0.75 '• 2 

a.so I 2 

0, 75 2.0 

Drop 
rJumber 
{x from 
a height 
of 450mm 

Nil 

Nil 

1,0 

6.4 

3,6 

4.0 

Discussiona of the ~ults of green pellets pre..Paration 

I) Results pres~nted in Table No,3 indic~te that 

as received smaple being coarse failed to produce green 

pellets of satisfactory strength even after employing 

1.5~ of bentonite as binder (test No.1 ,2 & 3) 

11) The as received sample when ground to 67. 73-325 

mesh size (Blaine No,2140 Cm
2

/gm)needed 0,75~ 

bentonite end about 6~ moisture to produce green 

pellet of satisfactory strength (test No.4) 
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III) Pellets quality deteoriated when a very 

fine feed (921.-325 mesh) was used for pellet 

making, possibly due to inadequate water addition. 

It was decided to grind the as received sample 

to B7.7'1i - 325 mesh size, (Blaine No.2140 em 2
/gm) 

and employ o. 75'7i. bentonite for making green 

pellets for further test work. 

3.2 Tests to ascertain Induration Cyc.le needed to 

produce fired pellets of desired quality: 

Various induraticn tests were conducted on batches 

cf 16-22 Kg green pellets, employing differePt 

induraticn cycles to select a Cycle suitable to 

produce fired pellets of desired quality. The 

details of Equipment used and procedure followed 

for induration of green pellets arc as follows: 

Equipment; 

A pot grate of 500 mm (height) X 210 mm (dia) 

designed to simulate the straight grate pelletieing 

system was used for induration of the green pellets. 

Thougi; this equipment is meant to simulate the 

Dravo-Lurgi process with ~ green pellet bed height 

of 300 - 400 mm, in the present study only 

150 - 200 mm bed heights were used mainly to 

conserve the limited quantity of sample available 

and thus to conduct as many tests as possible 

I 

I 

(I 
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for collecting the required data. The bed height 

used in this c~se are more or less similar to those 

employed in the Allis - Chalmers Grate - kiln sy~tem. 

The schematic diagram of the pot grate simulation 

unit indegencously fabric2ted and installed in 

IBM 15 Pilot Plan~ is given at annexure - B. The 

main features of this unit are as follows: 

(1 ) A horizontally mounted oil-fired burner (diesel 

oil used as fuel and air to support combustion) 

for producting hot gas. 

(2) Regulated supply of ambient air into the burner

hood to control tha temperature of heating gas durinJ 

drying and preheating. 

(J) Automatic control of differential pressure across 

the pellet bed by a pneumatic system. 

(4) A Chimney over burnerhood for exit of excess hot 

gases and avoiding the possibility of explosion 

within the furn9cG. 

(5) Temperature probe in burnerhood (T3 ), connected 

to single point graphical recorder. 

(6) Temperatures probes at two points, one close to 

the top of the bed and the other at the bottom of the 

bed immediately above the hearth layer (T1 & T2 in 

our case) connected to multipoint recorder to record 

temperuture at different depths. 
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(7) Supply of constant volume of air to bu~er 

throughout the process to obviate frequent manu-

pulations of air/fuel ratio. 

(8) AU-bend with circular cross section to ensure 

smooth gas flow. 

(9) Pneumatic lift arrangement for LI-bends for 

making and breaking of gas seals. 

(10) Quick pot rotation by pneumatic actuations to 

change gas flow directions. 

Procedure: The dummy pots were placed under 

burnerhood and suction hood respectively. 

About 16-2~ Kg of green pellets (bed-height= 150 -200mm) 

of satisfactory strength were placed in the pot over 

a hearth layer of JOO - 350 mm depth of fired 

pellets already placed over the grate bottom of the 

pot. Two platinum and platinum-rhodium thermocouples 

were introduced into the pellet pot; the first one 

(T
1

) above hearth layer before putting green pellets 

and the second (T
2

) over the top layer of green pellets. 

The burner was lighted and ambient air blower was 

switched on with its butterfly valve fully open. 

After stabiligetion of flame (25-30 minutes) 

0 
the pot under burnerhood was rotated by 120 on 

actuating pneumatic jack to bring the pellet pot 

under burnerhood for down-draught drying. The U-bund 
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was raised to effect gas-seal. Suction fan and 

temperature recorders were switched on and 

pressure controller w~s set at desired value. The 

valve in the ambient air supply was manipulated 

to control the drying temperature to avoid spalling 

of pellets. The drying was continuted for the 

required time. After completion of drying, the 

hot gas temperature was raised by gradual reduction 

in the input of ambient air. Preheating was 

conducted at desired temperatures for required time. 

After preheating the dilution air was cut off, the 

pressure controller set at desired higher level, if 

required and burner oil supply manipulated to attain 

the firing temperature. The firing was continued 

till T
1 

and T2 showed almost identical temperature. 

This temperature was maintained for required time to 

ensure complete firing of pellets. After compl~tion 

of firing the burner was switched off, the U-bend 

lowered, pellet pot rotated and brought under suction 

hood for up draught cooling. The cooled pellets were 

unloaded by means of an electric hoist, and the 

pellets were evaluated for compression strength 

adoptin~ the following procedure. 
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Test 
No. 

II I/12 

Compression strength: 30 pellets of 10 - 12 mm 

size were chosen from representative portion of 

pellets and then compressed separately between 

two parallel steel plates on a hydraulic press 

until they break. Tho indicator position 

at the breaking point was noted and average of 

JO values was taken as the compression stren~th 

of pellet (Kg/pellet). 

Results o!. Indur~tion studies: The test conditions 

for various induration tests, visual o~servations 

made during test work anJ compression strength of 

' 

fired pellets obtained from different tests are 

given in Table No. 4. 

TABLE ND. 4 , 

Test Stages of I ndu!!Ltj.._qn_ Comp- Cbserva-

Condi- Drying Pre- Pr•- Fir- ression ti on 

tions heat- heat- ing st'rength (Visuc.l) 

ing ing Kr;t/pcllet 

2 
.,._.. .. ·-

6.P 425-450 425-450 Pellets 
spalled 

T 22Dt,20 700-600 Bed Chocked 

t B 4 



I II/1 3 

--- .. -~- ---------- ---------------
Test 
No. 

2 

3 

4 

5 

6 

Test 
Condi· 
tions 

L\ p 

T 

t 

6P 

T 

t 

f'.. p 

T 

t 

/\. p 

T 

t 

Stages of lnduration 
Drying Pre Pre firing 

heating heat-

425-450 425-450 

1 30±. 10 

11 

425-450 

1 Jot, 10 

12 

BOO 

4 

425-450 

BOO 

5 

in ~ 

-

425-450 

123ot_10 

B 

425-450 

1230±. 10 

12 

-----·· 
450-475 450-475 450-475 

1 30;t 1 0 800-850 1 220±. 1 0 

12 1 0 1 5 

425-450 425-450 425-450 425-450 

1 30±. 1 0 800-850 1 000 1220;t'.I 0 

B 4 3 10 

Comp
ress ion 
stren
gth 
Kg/pel
let 

1 35 

275 

320 

1 60 

Observ
ation 
(Visual) 

Pellet 
shelled 
Surface 
Cracks 
on pel
lets. 

Shelling 
of pel-
lets 
Surf aces 
Cracks on 
pellets. 

Less she!-
ling some 
surface 
Cracks on 
Pellets. 

Pellets 
Shelled 
surface 
Cracks on 
pellets. 

-- - -- - -- - e•-- --~- -
45 0-475 450-475 450-475 45 0-4 75 325 Some sur-. 

face 
1 30±_ 1 0 800 1 000 1220,:t 20 Cracks on 

e 7 3 15 pellets. 

,.. . 

~·· 
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-·--
Test Stages of lnduration 

Test Condi- Drying Pre Pre 
No. tions heating heat-

ing 

-·---· 
7 I\. p 250 250 250 

T 1 30;t_1 0 BOO 1 ODO 

t 7 7 3 

B l\P 300 300 400 

T 1 30±.1 0 700-75 o 1 000 

t B B 3 

firing 

---
375 

122~20 

5 

500 

1220;t.20 

1 2 

Comp-
ression 
stren-
gth 
Kg/pel-
let 

240 

Obs er-
a ti on 
(Visua 1) 

Some 
shelling 
Occured 

No sur
face 
cracks 

----- - . ---- ----- ---- -··-------
9 h.P 

T 

t 

450-475 450-475 

1 30;t. 10 700-750 

10 7 

450-4 75 450-4 75 

1 000 1 220;t,20 

3 15 

Surface 
Cracks 
on pellets. 

~p 1 Pressure differential (mm of water) across the pellet 
bed. 

T Temperature in centrigrade 

t 1 Time in minutes. 
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Discussions of induration results 

1 ) Drying of green pellets at about 200°c 

(Test No.:::) caused pellet spalling which presumably 

was due to rapid release of moisture from the 

balls. Therefore a lower drying temperature 

(130 ±. 10°c) was employed to prevent the spalling 

of pellets. 

2) When preheating ti•• was short, pellets shelled 

eppreciab ly ( iest Nos. 2, 3 &. 5); therefore, attempts 

were made to prevent pellet shelling and spalling 

by maintainglow pressure drops across pellet bed 

and by raising the temperature gradually (Test No.B) 

3) Two stage preheating, first at 700°c - aoo
0

c 

for a few minutes and then at 1000°C for about 

3 minutes adopted in some tests to prevent shelling 

of the outer layers of the pEllets. It hes been 

an established fact that maximum fired strength is 

developed on hematitie pellets during preheating 

0 et temperature of 1000-1100 C as indicated by 

results of test Nos. 6,7,B & 9. 

4) Prolonged firing was needed to ensure ccnplete 

firing of the pellet upto the core end thereby to 

attain sufficient strength (Test Nos. 4,6 &. B). 

5) When firing temperature rose above 1 300°C 

eurfac• cr•ck• war• •••n en fired pellets (Test No.9). 
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6) The induration cycle which produced pellets of 

sufficient strength comp..rised of (i) Drying at 

0 
about 120-140 C for eight minutes (ii) Two staae 

preheating, first at 700 - 750°C for eight minutes & 

then at 1000°C for three minutes. (iii) Finally 

firing ate temperature of 1200 - 125o0 c for about 

twelve minutes (Test No.8). Maintaining low 

pressure drops across pellet bed during drying 

and preheating stages was found to be beneficial. 

PRUilUCTIUN OF FIRED PELLETS Of DESIRED QUALITY 

Green pellets of satisfactory strength were made 

employing the conditions of test No.4, Table No.3 

and fired pellets of desired quality produced 

employing the induration cycle of test No.a, 

iable No.4. 

4.1 4uality Evaluation of fired pellets; 

The fired pellets were tested for their Tumbler and 

Abrasion indices. 

Tumbler and Abrasion indices: 

15 Kg of+ 8 mm size pellet3 were fed into a drum 

of 0.5 m length and 1.0 m di3meter, tho in~ide of 

whi'ch contoined 2 liftera of 5 cm height. The drum 

al~ng with the pellets was rotated at 25 ~ r p m 

foi 200 re~olutions. 
' 

I 
11 
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Subsequently the tumbled product was screened 

to separate + 6.35 mm and - 0.5 mm fractionB. 

The percentages of + 6.35 mm material and - o.s mm 

material gave the tumbler index and abrasion 

index af fired pellets respectively. 

4 .1 .2 Characteri~tics of Fired Pellets 

The characteristics of fired pellets produced are 

as follows: 

1. Bulk Density 2.38 tonnes/cubic 
meter 

2. Compression Strength 330 Kgs/pellet 
(Average) 

. 93.3% • 3. Tumbler Index (+ 6.35 mm) 

4. Abrasion Index (-o.s mm) s 2.6% 

s. Size composition: 

+ 15 mm o.3 % 

- 15 mm+ 9.52 mm 

• 9.52 mm + 6.35 mm 



6. Chemical Analysis: 

Constituent 

Fe (T) 

FeO 

5 

p 

: 

. . 

. . 

. . 

. . 

II I/1 B 

..:L 

65.51 

D.76 

5.o4 

1 .37 

o.26 

0.22 

0.001 

0.037 

4.2 The pellets produced met the SIIL'S specifications 

in all respects an~ about 105 Kg of fired pellets 

of above characteristics was huncied over to 

Sponge Iron India Limited. 

I 

I 
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5.0 CONCLUSIONS AND RECOMMENDATIONS: 

1. The sample dry-grounJ to 87.73 - 325 mesh size 

(surfwce area of 2140 cm
2/gm) required about 0.75% 

bentonite ~nd 6% water to produce green pellets of 

satsifactory strength (drop number : 6 to 7 and 

green compression strength of more than 2 Kgs). 

2. The green pellets were heAt sensitive and required 

0 
a lower dryin~ temperature (120-140 C) for removal of 

moisture from them. 

3. The induration cycle whichproduced fired pellets 

meeting party's specifications, comprised of 

(i) drying at a temperatur~ of 130~ 10°c for 

8 mintuae. 

(ii) 

(iii) 

Two stage preheating, firat at 7DD-750°C 

for 8 minutes and then at 1000°c for 3 minutes. 

0 Firing at a temperature of 1200-1250 C for 

12 minutes. 

4. Short preheating tim~ caust?d shelling while highnr 

firing temperature (more th~n 1 Joo0 c) produced 

surface crack::; on the pellets. 

s. About 150 Kgs of fir~d pellets o; desired quality 

w~s supplied to the party to enable them to conduct 

reduction tests in thei~ laboratory. 

6. In order to investigate the various palletising 

parameters and optimise them, further work is c~lled 

for on a larger sample of the concentrate. 



------- --- -

flCJW ~)~1EET FOR PELLETlZATION 

... 
I' 

8.:...LL MILL 

Dl5C PELLETIIER 

• 

DOWN DR AUG HT 
KILN 

ORE CONCENTRATES 

GRINDING 

Mi XI NG 

PELLETIZATION 

DRYING 

PRE -~EATING 

FIRING 

PELLETS 

ANNEXURE - A' 

i...-l si:N-roN 1TE J 

AT 136 c 

. " 
AT 700 c - 1,000 C 

. 
AT 1,200 C 



- - ~HlMNY 

l;lURNER ~, 

FUEL-- ---

I 

11GO 

SECTION 1 

SCHEMATIC DIAGRAM OF POT GRATE f 

• 

CYC 

T 1 - BOTTOM TD· 

T2- TOP TEMF 

Tr HOT GAS TF 



AGRAM OF -POT GRATE FURNACE 

• 

I . 

CYCLONE 

Ti - BOTTOM TEMP l 
T2- TOP TEMf> j 
Tr HOT GAS TEMP 

--- . -- . -

t 
. PNEMATICALLY 

vPERATEL' 
8UTTH<FlYVALVE 

C!JNNECTED TO 
MULTI CHANNEL 
TEMP RECGROER 

SINGLE CHAtHJEL 
'TE t'1P REO)~<OER 

SECTION 2 

ANNEXURE- ~ 

AIR 

l 

SUCTIC ·~l 
FAN 



ANNEXURE -~ 

SPECIFICATIONS Of RAW r-,ATERlALS USED FDR REDUCTION TESTS 

i) Iron Dre: 

Iron ore fines 
Con&tituents as received 

from Hungary 

fe ( T) 56.01 

Si02 + Al
2
o3 

1 B.OB 

Cao + MgO o. 75 

L.O .1 0.02 

ii) Hungary Coa 1: 

Proximate Analysio 

Volatile matter • 

Ash 

fixed Carbon 

Sulphur 

Ultimate Analvsisi 

Moisture 

Ash 

Carbon 

H2 

N2 

Sulphur 

02 

• 
• 
• 

• 9.09 

• 1 3.47 

.. 69. 71 

• 1 • 2 

""' 1 .03 

.. 2.43 

• 3.07 

Concentrate Pellets 
after bene- made from 
fication et Hungarian 

NMDC concentrate 

66.30 65. 78 

s.os 5 .44 

N A N A 

o. 31 0 .11 

Average Results 

11 • 20 

1 5 .1 0 

73.70 

3.86 
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--- ---· - ---- -----· - ·-·. - - - - - -. -----· - -·--- ···-

Scr'3en size 'Im 
'·'r.i']ht P~rcrnt 

(-20 + 1 5 ) 

(-15 + 1 0) 

(-1 0 + 0) 

(-B + 5) 

-5 

TDHL 

IP.st 1 Test 7 

?0.52 02.2f1 

9 .40 7. f3 0 

1 no.a 1DO.0 

------------ -- -

03.28 

6 "// . ' -

1 no. o 

92. fl 

8.f1 

1 on. o 

ii) Tumbler Te:1t. (i'1n rer !1STM or l'JI St:')ndC1r.d) 

Tumbler Index 
(+6. 3 MM) 

Abrasinn Incex 

(-0.5 mm) 

~ 
' 

Test -1 

91 • 513 

4.42 

Test -2 

89.00 90.29 

5.83 5. 1 3 



ANNEX URE-.¥ 

REDUCIBILITY AND DECREPITATION RESULTS 

1.0 CHEMICAL ANALYSIS OF THE PRODUCT 

1. 1 With Hungorv Coal 

Size mm Test No. Fe (T) Fe (M) Metn r: s 

-s 91. 59 B6.01 93.91 

2 92. 71 B5.45 92 .17 

3 91 .92 BS.70 93.23 II > > 
Cl .c < 

11 

Ave 92.07 B5. 72 93.10 c 
0 M 
a. ,._ M 

Ul N 0 . . 
II 0 0 
.J: 

+5 to -10 94.93 BB.BO 93.10 ... 
c II 

2 93.83 8 7 .1 J 92.86 •rl c 
0 

c ... Ill 
3 93.97 01 .ee 93.52 0 UJ c 

.0 II 0 

93.31 
~ in E ... 

Av 94.24 8 7. 94 Ill N •rl UJ 
u • ...J GI 

0 E 

+10 to -15 1 92.71 86.54 93.37 GI ... •rl 
Cl .. :i ..J 
Ill 0 

2 92.15 83. 78 90.91 ~ c .t:. .t:. 
llJ 0 ... ... 
> ~ •rl •rl 

3 92.42 84 .12 91. 92 c .... 3 3: 

Av 92.44 84.82 91.76 
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1.2 ~ith Sina~r~ni Coal 

Size Test Fe (T) Fe (r1} Miltn c s 
r.im tJo. 

---· ----
-5 90.~13 85.45 94.44 

2 El9.36 83.21 93. i 2 

3 90.05 8 3. 91 93 .10 
C!i 
l~' > 
c: :; ... ..-:: 

AV A9.96 84.19 93.58 
(] < 
c.. 
L1 I'-

'<;! ('\j 

c: G CJ 

+5 to 92.15 86. 57 93.94 ·ri • . 
0 0 

-1 0 
+: 

2 BB.BO 79.59 [J0.63 c: 
Ql 

J fl9.99 84. 81 04.24 c: 
c tJ 
u c: 

,\V 90. 31 83.IJ(, 02. 63 0 
c: ~· rJ 
0 Ill c: 

.!J Cl 'J 

"" I.Cl 
E +) 

+1 c to 91 005 R4.33 92. 62 r.: .- ·rf L~ 
u . _, : . 

-1 5 
C• E 

2 09.36 8 3. 21 9 3. 11 !!; +' 'rl 
c· •. :J -' 
I!. 0 

3 90.17 f1'.l. 4 5 92 .55 H c: r .r. 
t' n .._, 

+' 
> I-! •rl •rl 

.w 90.1 9 03.66 92. 76 < •rl : 
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2.0 Decrepitation Behaviour During Reduction 

- - - - - - - - - - - - - - -- - - - - --- - - - - - - - - - - -
Screen Screen Analysis after Reduction Test 

Pellet 
Size feed Hungary Coal Singereni Coal for mm 

test 
2 3 Ave 2 3 4 

- - - - - ------ - - - - - - - -
(-15+10) 90.00 52.00 43.17 47 .18 47.45 41 .10 35.53 36 .41 37.68 

(-1 O+ B) 10.00 25.33 21.22 23.47 23.34 23.97 32.93 26.47 28.45 

(- B+ 5) 9.33 10.79 10 .11 10.06 B.90 7.BO 7 .12 7. 94 

<- 5+ 3) 6.00 10.00 9 .17 6.39 14.38 1 3.65 14.41 14.15 

(- 3+ 1 ) 3.33 s. 72 3.37 4.47 4.79 3.90 7 .11 5.26 

<- 4.01 9 .10 6. 70 6.27 6.86 6.19 6.48 6. 52 

- -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Proceee Degradation Index 

With Hungarian Coal 24. 77 

With Singareni Coal 30.12 

'. 



AWJEXURE - VI 

CHARGE FOR M:: LTI NG TRIALS 

---·- - - . ...._,__. ______ - ---··· ------------
Heat 
Number 

1 

2 

J 

Proportion 
~ 

20 

JO 

50 

Quantity 
Kg 

Scrap 

Proportion 
~ 

Quantity 
Kg 

Yield 
"/.. 

-- --- -- - - .... -- -- --------
1 0 BO 40 90.6 

1 5 70 35 89.9 

25 50 25 BB.5 

-------------- --- ----- -



ANNEXURE - VII 

CHEMICAL £0.!:lP.Dill.LON OF TAPPED STEEL 

--·--· ---------
Heat Number Carbon Sulphur Phosphorus 

------··--· --·---- ----

0.22 0.032 0.046 

A 0.26 0.034 0.046 

2 0.41 0.036 0.049 

3 o.24 o.036 0.046 1! 
11 

------
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