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DRAFT FHJAL REPORT ON TESTING Of PAKISTAN COALS 

AND lNDIAtJ IRON ORES FOR SPDrJGE IRON PRODUCTION 

1. 0 INTRODUCTION 

1.1 United Nations Industrial Development Organisation 

(UNIDO) vide their Contract rJo.82/74, Project r;o. 

DP/PAK/79/020 awarded the work relating to carrying 

out investigations on the feasibility of using 

Pakistan Coals for production of sponge iron (Master 

Plan for the Iron and Steel Industry in Pakistan). 

1 .2 In terms of the Contract the scope of work is as 

follows: 

Phase I: Bench Scale Tests covering determination 

of proximate· analysis, calorific value 

sulphur content, ash softening temperature, reactivity 

of Pakistan Coals and study of their behaviour as 

reductant with Indian Iron Ores in the Laboratory Rotary 

Furnace and Short Rotary Kiln • 

f!:!..ase II: If the Dench Scale Test results are 

found satisfactory, a demonstration test 

in the 100 tonnes per day capncity kiln of Siil, with 

the selected coal sample, would be carried out so as 

to produce approximately 50 tonnes of sponge iron.of 

•uiteble qualit~ for st•elmaking in Electric A~c 
Furnace. 
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1.J Hospet Iron Ore of India is to be considered 

for testing suitability of Pakistan Coal as a 

reductant. This arrangement was considered 

acceptable as soma quantity of iron ore from 

this region is being imported by Pakistan for 

their Steel Plants based on the conventional 

Bla9t Furnace route • 

2.0 

2.1.0 

2 .1 .1 

2 .1 .2 

TEST PROGRAMME 

The resultA of the Phase-I test programme 

carried out at SIIL Test Centre were discussed 

in the interim report (copy enclosed). 

The following salient observations (alread~ 

indicated in the interim report) emerged from 

the above test work. 

The high sulphur content in P~!dstan Coals is 

contributing to the high sulphur pick-up by 

sponge iron. Even by addition of high amounts 

of desulphurizer (9 to 15~) the sulphur pick-up 

could not be controlled within the acceptable 

levels of 0.03 max. in sponge iron. 

Use of large quantities of desulphurizer to 

control sulphur pick-up in sponge iron is not 

considered desirnble as it would have an 

adverse affect on the throughput. Further the 

-
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2 .1. 3 

2 .1 .4 

low ash softening temperatures (1150-11BO•C) 

of Pakistan Coals also do not permit usage of 

higher proportions of desulphurizing agent. 

High sulphur content in coal ~ould also lead 

to generation of sulphur dioxide in large 

percentages in the waste gases which would 

have to be treated before letting out into 

the atmosphere. This would involve elabo­

rate and extensive waste gas handling and 

treatment plant. 

for production of ~uality steel though the 

use of sponge iron, sulphur levels of 0.03~ 

and below are required to be established in 

bench scale samples in the first instance 

before attempting production of sponge iron 

in bulk scale. 

3.0 CONCLUSION 

3.1 fro~ the above findings of the Phase-I tests, 

it can be conciuded that it is not feasible 

to produce acceptable quality of sponge iron 

(Sulphur levels not more than 0.03%) for steel­

m1king. 

3 .2 The results also conf irmcd very low ash fusion 

characteristics of coals which would be more 

pronounced if higher proportions of desulphurizer 

are used on commercial scale operations. In view 

of this it is considered not advant~geous to 

carry out bulk scale tests in the 100 TPD Rotary 

Kiln. as sponge iron produced would not be suita­

ble for industrial use in steelmaking. 
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INTlHH. Ht:PORT ON Tt.ST .. UHK CJN PAKISTAN COA!Ji 

IN nrn uUC Tl (;i>J: 

Test work was taken up on Bench Scale and LJemonstra­

tion scale on coal from Pakistan for ~~onge Iron Production 

using Indian Iron Ure at the request of United Nations 

Industrial Development Organisation (UNIDO) (Re~ence request 

for proposal No. P. 82/30 and project No. DP/PAK/79/020). 

As outlined in the proposal submitted by Sill, the 

work involved is to be completed in two phases. Phase-I 

includes bench scale tests covering determination of proximate 

analysis,calorific vulue, s~lphur cont~nt, ash softening 

temperature, reactivity and a study of the behaviour of the 

coal as a reductant with Indian Iron Ore, in the salvis tube 

furnace and in the Short Rotary Kiln. The phase-I exrer)­

mentation was completed in two stages. In the first stag~, 

the proximate analysis of the coals from various regions of 

Pakistan and ~alvis Tube tests were taken up. In the second 

stage, detailed salvis tube and short rotary kiln tests 

were completed. The present report covers findings from the 

I phase experiments. 

The second phase i.e., Uemonstration test in a 100 

tonnes per day kiln is to be carried out with the selected 

coal and ore aimed at producing approximately 50 tonnes of 

good quality sponge iron suitable for conversion to steel in 

tlEctric Arc Furnace. 

Hospet iron ore was considered for testing reduction 

behaviour of Pakistan coal as some quantity of iron ore from 

this region is being exported to Pakistan and used for 

smelting in the Integrated Steel Plant near Karachi. 
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A review of the summary of characteristics of 

?akistan coals provided in substantive terms of reference 

indicated that in the Bench Scale experiments. there will 

be a need to study the effect of high sulphur level in 

Sponge iron product. Therefore a few experiments were 

planned on o~timization of proportion of desulphurizer so 

that sulphur pick up by sponge iron would be minimal. 

T[ ST Oi:lJt.C.: Tl Vl 5: 

The prime objective of the test work was to test the 

suitability of Pakistan coal for sponge iron production in 

a rotary kiln. further it was also aimed at producing 

approximately SO tonnes of good quality sponge iron in the 

demonstration kiln, suitable for conversion to steel in 

tlectric Arc furnace. 

The Bench ~cale tests have been carried out to fulfill 

the following objectives. 

a) To determine proximate analysis and sulphur content 

of reductant coal samples. 

b) To deterwine calorific value of reductant coal samples. 

c) To determine Heactivity of coal which has a bearing 

on the reduction temperatures to be maintained in the 

kiln. 

d) To determine ash soft~ning and fusion characteristics 

of reductant coals. 

SAr-iPLi:.5: 

The coal samples for test work were received totally 

in 6 drums. The identification marks mentioned on the drums 

were retained and the same have been used for the purpose of 

this test work. 
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Tc. 5T rte .. SULT;;: 

£.r.oxjmate_An.a..ly~~: All the reJuctant samples received 

were analysed to determine proximate analysis. The proximate 

analysis was carried out on dry basis as per procedure out­

lined in Indian Standard IS: 1350 (Part-I)-1969. The results 

of proximate analysis are presented in fable - I • Proximate 

analysis values indicated that coals mainly fall under the 

classification of lignites. The ash percentage, volatile 

matter and fixed carbon are generally found to be acceptable 

for sponge iron production. 

~ulphur Content: All the reductant samples were analysed by 

the Gravimetric ~ethod as per the procedure outlined in 

Indian ~tandard: IS: 1350 (Part-III) - 1969. The sulphur 

content of all the samples were found to be in the range 4 to 

6 per cent as can be seen from results presented in Tabl'2 -I I . 

The sulphur content of all samples were found to be on the high 

side endangering the risk of high sulphur pick-up by sponge 

iron when considared as reductant for sponge iron production. 

High sulphur content of coals necessiated study of the beha­

viour of reductant coals with varying proportions of desul­

phurizer i.e., limestone. Also studies ~ere taken up for 

establishing the nature of sulphur whether organic or inor­

ganic, which would help in determining the extent of sulphur 

pick up by sponue iron. 

Calorific Value: The Gross Calorific Vcilue of all the 

reductant coal samples presented in Table-I II were determined 

by using Gallenkamp Adiabatic Domb Calorimeter. The values 

were found to be within acceptable limits. 

Reactivity of Hed~ctants; The reactivity of coals was 

determined at 1000 C by the weight loss method. The results 

of reactivity tests are presented in Table-Iv • Coals 
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appeared to fall under lignite classification and showed 

high reactivity of 4.32 to 5.50 cc of CO per gram carbon 

per second. This would facilitate operating the kiln and 
0 

lower material bed temperature of the order of 900 L to 

950° c. 

Melting Characteristics of Aeductant Ash~: 

The three stages of melting charactEristics of 

reductant ashes namely softening point, melting point and 

f lowpoint were determined for all the samples of coals in 

the Leitz Heating l'-;icroscrope and are presi:mted in Table 

•. V The plates 1 to 5 show the photo graphic 

views of ash samples during heating indicating various 

stages of melting. The ash softening temperature for most 
0 

of the samples was around 1150 C. Some samples such as 2/2 

Lakara coal field, 1/2 coal, Baluchistan had relatively 

narrow range of melting i.e., the difference in temperature 

between flow point and ash softening point. The overall 

ash melting behaviour of all samples indicates that safe 

operating temperatures for bed would be 9DOaC to 950DC 

and for gas phase it would be 1050°C in the reduction kiln. 

Reduction Test~n Laboratory ~alvis Tube Furnace: 

rieduction test was carried out with Hosp8t ore at the 

standard test temperature of 1000cC with 3 hour~ of retention 

time. The reducibility index, metallisation level and the 

decrepitation of ore during re·:luction are presented in Table -VI 

The metnllisation lev8ls & Reducibility index values obtained 

indicated that ores have good reducibility and it is possible 

to reduce ore completely at 1000LC with 3 hours of retention 

time. High metallisation values attained indicated that 

desired level of metallisation i.~ •• 92+2~ could be obtained -at lower temperature. Hence a few additional experiments 
() 

were carried out at temperatures of 650 &. 900 C • The 

results of these tests are presented in Table-VII . The 
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results indicate that Pakistan ccal being mainly of 

lignite type and hence more reactive, the desired 

metallisation level (92+2~) could be obtained at bed 

temperature around 900°C to 950cC. 

Qptimization of Desulphurizer (Limes!.£.D£): 

Inorder to study the effect of desulphurizer on 

sulphur pick up in sponge iron and optimise the proportion 

of limestone addition, reduction tests were carried out 

with varying proportions of locally available limestone. 

~he.proportions of limestone were varied from 0 to 15 per 

cent. The results are presented in figure The 

results indicate that while sulphur levels could be 

brought down with increase in limestone proportion, it 

may be difficult to achieve desirable standard level of 

0.03~ maximum with Pakistan coals. Further relatively 

low ash softening temperatures of Pakistan coals 

( 1150(1 C - 11 BO"C) may not permit usage of higher propor­

tions of desulphurizing agent. 

keduction Tests in Short hotary Kiln: 

Heduction tests on short rotary kiln have been 

taken up and two tests have been completed. The initial 

results have confirmed the behaviour exhibited in salvis 

tube tests. further tests to study particle size of 

coal and ore and mixing behaviour are in progress. 

Discussion &. Heview _gf Test llesults: 

i) From a review of the test results it can be seen 

that the behaviour of Pakistan coal as Heductant with 

respect tu metallisation levels echievabl~ in spon;e iron 

in the temperature range 850 to 1000°C wee found to bo 

satisf sc tc:•ry. 
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Also the high reactivity of the coal facilitates main­

tenance of lower operating temperatures in the actual plant 

operation. 

ii) High volatile matter in the coal hLJs enhanced the 

decrepitation rate of the iron ore and the percentage of iron 

ore fines generated is higher by 7 percent in comparison 

to the results obtained on same ore with subbituminous 

~anuguru coal of India. 

iii) However, high percentage of sulphur in coal is giving 

rise to higher levels of sulphur in sponge iron which is not 

desired in subsequent steel making. Considerable refining 

would be required to bring down sulphur level in steel 

making stage. Therefore it is felt that while using sponge 

iron obtained using Pakistan coal as reductant " lxt8rnal 

Desulphurizing Techniques" such as Ladle Refining may have 

to be employed in order to bring down sulphur levels in the 

molten steel. 

High sulphur levels also necessiate use of higher 

proportion of desulphurizer (limestone) f~r controliing 

sulchur pick up by sponge iron. 

iv) Pakistan coals being of lignite type which are more 

reactive compared to bituminous & sub-bituminous coals 

their consumption is likely to be ~ore when used as reductant 

a s vJtd l as a source of he at in ri o t .:1 r y k i l n 1.1 i r e ct 11 e du c t i o n 

processes. 

v) Hiuh sulphur levels would give higher amount of 

sulphur dioxide gas in waste ga~. Therefore waste gas 

cleaning systumG would require adequate design to take 

extra load of SU2 in order to minimize so 2 levels in gases 

let out in accordance with lnternaltional stipulations 

on rollution Control. 
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vi) On the basis of bench scale tests carried out 

so far it c ld be concluded that Pakistan coal 

is suitable as reductant for direct reduction. 

if the problem of high sulphur in sponge iron 

is taken care of in subs~quent melting stage 

through adoption o~ modern ladle desulphurizing 

techniques. This could be further studied in 

the phase-II programme when demonstration tests 

would be taken up • 

!oQo! 



Table No, 1 

Proximate Analysis of Caal (an dry basis) 

Sample ~;ark Volatile Ash Fixed Carbon 
matter 

' -, a: io ill /0 

Lakara Coal Field 2/2 46,73 8 .90 44,37 

• Upper Seam of degari- 42,06 14,28 42.86 
Beluchistan 44 
Degari-Beluchistan 4/3 4 5, 74 i 2,90 41,?6 

SOR- Hange Beluchistan 4~ 50.26 5,55 44,19 
ii-

4R 44,72 7,54 47.74 

Thimpur !'lines 39.35 B.05 52.60 

~OR-Beluchistan 46.80 9.87 43.33 

Y2 coal 47.55 17 .96 34.47 

• * I den ti f ic at ion r•1 ark/ source not cl ear. 
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Table No, II 

Sulphur content of Samples 

Sample Mark Sulphur (on dry basis) 
at 

Lakara Coal field 2/2 4,29 

Upper seam of Degari- 5.97 • Beluchistan 4/4 

Degari-Beluchistan 4/
3 4,88 

SOR- Range Beluchistan 4/2 4,50 

4Rf 4.37 

Thimpur Mines 4,80 
SOR - Beluchistan 4,62 

Y2 coal 4.55 

•• * Identification Mark/source not clear, 



Table No, I!! 

Gross Calorific Values of samples. 

Sample t-'1 ark Gross Calorific value 

Kcal/Kg, 

Lakara coal field 2/ 2 6233 

• Upper seam of Degari-Beluchi- 5765 
stan 4/ 4 

Degari - BeluGhistan 4/3 
5961 

SOR-Range Beluchistan 4/2 
6133 

* 4R 6260 

Thimpur Mines 6312 

SOR - Beluchistan 5840 

Y2 coal 5610 

• * Identification Mark/source not clear. 
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Heactivity of ~amples 

Sample f·,ark 

Lakara Coal field 2/
2 

Upper seam of ilegari­
Beluchistan 4/ 

4 

Degari-Beluchistan 4/
3 

SUR - Range Beluchistan 4/
2 

* 4R 

Thimpur fv: ine s 

SOR - Beluchistan 

Y.: coal 

Table No. IV 

Heactivity 
cm

3 
of CO gas/gc-~ce. 

4.75 

4.50 

4.70 

s.so 
4.65 

4.32 

4. 74 

4.80 

* Identification ~ark/source not clear. 



Table No. V 

Ash Softening temperatures of samples 

Sample hark Softening ~'.el ting( Hemi- Flow point 
(Initial spherical) oc 
deformation point°C 
PointO"c 

Lakara Coal field 2/
2 1140 1180 1200 

• Upper seam of Degari-
Beluchistan 4/4 

1135 1230 1335 

Degari-Eeluchistan 4/3 1150 1200 1250 

SOR-Range Helue;histan 4/2 1160 1220 1250 

* 4R 1240 1300 1330 

Th.J.mpur Mines 1150 1295 1360 

SOR-Beluchistan 1130 11 BO 1235 

Y2 coal 1140 1200 1220 

* Identification Mark/Source not clear. 
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Table No~ 

RtDUCTION T~STS IN ~ALVI~ TUBE HDTKHY fUHNAC£ AT 1000°C 

Iron Reductant Re due- r-1etal- Heduci-
ilecrepitation 

Process behaviour 
Ore source ti on lisa- bility IJegra-

Temp. ti on Index -1 mm -J mm -5 mm dation 
oc Index. 

H.et Pakistan coal 1000 93.50 95.44 15.22 27.16 66. 31 60.19 
(Lakara coal 
field 2/2) 

Hos pet Pakistan coal 1000 91.63 94.26 17 .14 28.57 62.86 57.83 
ore (Lakara coal 

field 2/2) 

Hos pet Pakist~n coal 1000 75.96 83.13 20.56 29.78 62.40 56.62 
blend (Lakara co31 

field 2/2) 

Kudre- Pakistan coal 1000 91.95 94.35 19 .40 24.62 32.08 43.62 
mukh (Lakara coal 
pellets field 2/2) 

Hos pet Pakistan coal 1000 92.87 94.99 14.90 23.41 55.32 SS.OJ 
blend (Lakara coal 

field 2/2) 

Hotlet Pakistan coal 1000 95.11 96.57 11. 21 18.69 48.60 49.96 
blena (Lakara coal 

field 2/2) 

Hospet Pakistan coal 1000 96.30 97.40 16.66 27.19 55.26 53.54 
blend (Lekara coal 

field 2/2) 



Iron 
ore 

• 
Hospet 
blend 

Hos pet 
blend 

•• 
IJ;11 .. 

Table No, VII 

REDUCTION TlSTS IN SALVIS TUBE ROTARY FURNACE AT 9oo~c & eso~c 

Reductant 
source 

Pakistan coal 
(Lakara coal 
field 2/2) 

Pakistan coal 
(Lakara coal 
field 

A educ-
ti on 
Temp, 
oc 

900 

850 

l-ietal-
lisa-
ti on 

89.79 

68.63 

Reduci-
Decrepitation Proceos behaviour 

bility Degracia-
Index -1 mm -3 mm -5 mm ti on 

Index • 

92.BJ 24.24 37.37 69,69 63.69 

77.98 17.89 27.64 53.6S 49.06 
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SPONGE IRON IN 0 IA LIMITED 
TEST CENTRE 

ASH SOFTENING CHARACTtRISTICS Of PAKISTAN COAL(LAKARA COAL f IELD2/ ) 

PLA"T E Nc.1 
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SPONGE IRON IND IA LIMITED 
TEST CENTRE 

ASH SOFTENING CHARACTtRISTICS Of PAKISTAN COAL(1/2 COAL) 

"f'--t-1-1 
' . 

PLATE NO. '2 



SPONGE IRON IN 0 I A LIMITED 
TEST CENTRE 

ASH SOfTENING CHARACTERISTICS Of PAKISTAN COAL(THIMPUR MINES) 

,, 
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I PLATE NO.~ 
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SPONGE IR ON INDIA LIMITED 
TEST CENTRE 

ASH SOFTENING CHARACTERISTICS Of PAKISTAN COAL 
(SOR RANGE-BELUCHISTAN) 
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~LATE NC. 4 
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SPONGE IRON INDIA LIMITED 

If 1,, I , r-~ 

TEST CENTRE 

ASH SOFTENING CHARACTtRISTICS Of PAKISTAN COAL 
(UPPER SEAM Of DEGARl-BELUCHISTAN 4/4) 
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