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Sur'LnTY

A Demonstration Plant for production of 

Sponge Iron has been established by Sponge Iron 
India Limited (5IIL) at Paloncha, near Kothaguriem 
in Khammam District of Andhra Pradesn with UNDP/

UNIDO assistance. The plant is intended to test 

various combinations of iron ores and coals occurring 

in India to establish the techno-economic feasibility 
of producing sponge iron from lump iron ore and nun­
coking coal. The plant has an adjunct a well equip­

ped laboratory for carr/ing out bench scale test 
work.

This slant based on the 5L/RN process of 
Lurgi was construe bee by 3IIL Engineers under the 
supervision of Lurgi. 5TIL have also received do­
cumentation which would facilitate settina op af
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identical plants elsewhere in the Country. The 
SIIL Plant is well equipped tc render assistance 
in carrying out feasibility studies on raw mate­
rials, erection, commissioning end optimisation 

of future sponge iron plants. It has also faci­

lities tc import training for the operating crew 
of sponge iron plants. Recognising these faci­

lities, UNIDO have registered SIIL as a consul­
tancy organisation in this -fielu.



0 SACK GROUND

1 Tha Indian Steel Industry has an installed

capacity of 15.62^ million tonnes of which
211.40 million tonnes is in integrate^ 

steel plants which smalt iron ore using 

metallurgical coke and the hot metal thus 
obtained is refined into steel in basic 
oxygen or open hearth furnaces. The remai­

ning capacity is available in electric 
arc furnaces which recycle axisings of 
ferrous scrap and produce steel ingots/ 

billets which provide the feed material 
for a number of small rolling mills.

Proceedings on ilectxic Steel making - A strategy 
for c .velopmcfit ^nd future growth - The Indian 
Institute of 'letals (Delhi Chapter) - Page 20.

Proceedings on electric Steel Maying - A strategy 
for development and future growth - The Indian 
Inst; cute of i. at els (Delhi Chapter,' - Page 20.



1.2 The Country has over 20,000 million 
tonnes of iron ore reserves, whereas the 
reserves of prime metallurgical coking 

coa1 from which coko is produced are li­

mited to only to 5,000^ million tonnes. 

Further, the avilable coking coal is of 
high ash contributing to lowered produc­

tivity of the blast furnaces. From pre­

sent indications, the available coking 
coal reserves are estimated to sustain 

production for about 40 years only.^

In recent times, the Country has started, 

imports of coking coal to a limited ex­

tent for blending with domestic coal 

and thereby limit ash content.

1.3 The Electric Arc Furnaces have also not 

been operated to full capacity due to

3

3 Project Document of Demonstration Plant for
th ; production uf sponge iron, Kothagudcm, 
Andhra Pradesh.

4. Project Document of Demonstration Plant for 
the production of sponge iron, Kothagudem, 
Andhra Pradesh - Page III - 1.
The Economic Times dt 15.6.1980



constraints in the .availability of

power anr ferrous scrap. The capacity 
utilisation of the Electric Arc Furnace 

Industry is furnished in the table below:

Table
Region 3?aSÎ № *

ts licenced
Installsd^ 
Caoacitv

Actual^ 
Production 
in 78-79

Eastern 46 983,700 450,310
Northern 54 1,230,000 609,330
Western 65 1,348,000 538,900
Southern 29 663,300 343,540

1?4 4.224.000 1.942.080

2.0 NEED FOR DEVELOPMENT OF 5P0NGE IRON
PRODUCTION CAPACITY

2.1 •'ith the recant investrents made in the
• ... c • sector and the improvement already 

recorded in the availability of power, 

it is anticipated chat lack of electrical

5 Steel rjrn->cc. Monthly - February 1980 - 
Page 56

6 Proceedings on Electric steel making - A 
strategy far duveloprnent end future growth - 
The In lien Institute of Metals (Delhi 
Chapter) - Page i. 6 .
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energy nay no longer be an impediment 

for fuller utilisation of electric fur­
nace cr.or.city. As such, providing a. de­

pendable feed material to the electric arc 

furnaces was accorded a high priority by 

the Government of India. Sponge Iron 

which is a product of the Direct Reducti- 

6n of iron ore into metallic state has 

been established as a substitute for 

ferrous scrap. However, of the commer­

cial production capacity of 22.86^ mill­

ion tonnes existing in the world today 

for production of Sponge Iron, the bulk 

is based on iron ore pellets and natural 
gas. India has a small capacity for pro­
duction of iron ore pellets which is com­

pletely earmarked for export. The natu­

ral gas reserves available have so far 
been committed to other critical indust­
rial needs and it seems unlikely, on 

present indications, thet large quantities

Skillings' Mining Ruview, January 3, 1931;
Vol 70 fio. ! Fag a - 12

7



2.2

of naturel gas will be available for 
production of sponge iron.

0
The Country has reserves of 65,000 mi­

llion tonnes of non-coking cool end even 

on global basis, the availability of non­

coking coal far exceeds that of natural 
gas and other petroleum based fuels, as 
can be seen from the table below:

T able
ENERGY RESOURCES IN THE WORLD INdlA

Energy
Source Unit World

Reserve
I ndia 

reserve-
Coal Lionite 105K cals 58,000 467.3
Oil I f 730 1 .7
Natural Gas f t 410 0.8
Hydro Power Million K • i. . - 25

2.3 Government of India, therefore, conside­
red it expedient to develop capacity in 

the country for production of sponge iron 
using lump iron ore and non-coking coal,

8 C AI Monthly News Latter Vol. X, May, 1981 
Noi . 2 Page - 20
Trensnetiors of thr Indian Institute of Metals 
Vnl. 31,Nu. 2, Mpril, 1973 Page -123

9
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so that sponge iron could '■upplement 

the raw macerial requirements of the 
electric ore furnaces ana provide an al­

ternative steelmaking route which does 

not depend nn scrace metallurgical coal. 
Further, the sponge iron - electric arc 

furnace roui’5 has the following additi­
onal Advantages:

li) Lower investment in comparison 
to the Blast Furnace - Basic 
Oxygen Furnace route.

(ii) Permits smaller incremental
growth of steelmaking capacity.

(iii) Enables dispersal of steel indu­
stry so that small capacities 
can be created close to raw ma­
terial sources to cater to regie- 
nal demands.

(iv) Plants have a shorter gestatior 
period.

( v} i-'.ekes aval’ able feed material
of consistent quality to the arc 
v urnacos anJ insulates them 
'ram aha vagaries of scrap 
m a r k a a .

f



3.0 ASSOCIATION CF UNDP/UMTSO
3.1 nils the production of sponge iron

from natural gas is now on established 
practice considtituting shout 35% of 

the total installed capacity all over 

ths world, in cuntrast processes u^ing 
non-coking cool hive not made much head­
way. These processes uss Rotary Kiln as 

■••he main equipment, the Rotary Kiln re­
presenting a well understood technology, 

being mechanically reliable and well 

suited for continuous processing.

¡Nearly 4 ^  million tonne capacity based 
on Rotary Kilns has been set up during 

the last 15 years in different parts of 
the world. Qf these plants, some have 

closed down due to technological prob.Le- 

~s ~nd economic reasons. However, in 

i=cent times, the technology using non- 
coking coal has gained some ground as 

thw earlier problems on account of pro- 
cuss and equipment have been overcome

1G Transactions oT Iran 1 Steel Institute of Japan 
Vol. 21, 1981 . - Page - 90.
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through careful selection of raw materials 

end better designed equipment. Yet a break-- 

through in this field could not be achieved 

due to the following reasons:
(i' The process is sensitive to the 

characteristics of raw materials 
used.

(ii) Detailed test work and process ad­
justments are essential before re­
liable commercial scale operations 
can be achieved.

(iii) Process success with one set of 
raw materials does not automati­
cally ensure success with a diffe­
rent set cf raw materials.

3.2 '.-‘hen Government of Indj.3 approached UNDP
for assistance; in developing a technology 
for production of sponge iron from non­

coking cod, the above considerations and 

constraints of the rotary kiln processes 
wbrs taken due note of by UNIjG, who de­
puted a Mission of ur. Nijhow-an and 
Id. Miller to study . ->e scheme. UNDP
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endorsed the recommendations of the team 
that in the first instance a Demonstration 
Sponge .Iron Plant of 100 tonnes per day 
capacity be set up to establish the techno- 

economic feasibility of producing sponge 
iron from lump iron ore and non—coking 

coal. fhe immediate objectives for such

a plant wore set out s follows:

(i) To demonstrate the technical and 
economic feasibility on a jemi- 
commercial basis of producing sponge 
iron by a direct reduction process 
using iron ore and non-coking coal 
available in Andhra Pradesh in 
India.

(ii) Therebr -to supplement local supplies 
of iron and steel scrap and make 
possible an increase in local steel 
production.

(iii) Tc crrry out semi-commercial scale 
tests to determine the feasibility 
c f prcd-.cine sponge iron from ma­
terials ie--'1. o from other locali-
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(iv) To develop sponge iron produc­
tion technology appropriate to 
the raw materials available at 
various regions in India.

3.3 Government of Indie accepted the recommen­

dations of UNDP/Ui-ilDO and decided jpon set 
ting up such a plant near Kothagudem in 

the Singareni Collieries region of Andhra 
Pradesh which produces about 10^ million 
tonnes of non-coking coal per year. It 

was decided that the plant would be set 
up by Sponge Iron India Limited (5IIL), a 

Joint Undertaking of the Government of 

India and the Government of Andhra Pradesh 
Govt, of India aecided to implement the 

project on the cost sharing principle 

whereby they would provide the balance 
foreign exchange cost after accounting fox 

th._- UNEP contribution as well as the rupee 

cost of the project. Thu various tech­

nology options available were considered

1 1 Eeccan Chronicle. 12.5.1980
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snd it was decided to adopt the 5L/RN 

process of Lurgi Chemie (Lurgi) as this 
process envisages use of 1 00>j non-coking 

coal and a contract was awarded by UNIDO 

in November 1977 to Lurgi far the equip­
ment, engineering and personnel services 
needed for the plant.

¿efora taking up the engineering design, 

extensive tests were carried out on the 

raw materials at the National Metallurgical 
Laboratory, Jamshedpur and also at the 

Plant Laboratory at Paioncha. This was 
followed by bulk tests conducted at the 

Lurgi Test Centre in Frankfurt Main, FRG. 
The results wore carefully evaluated before 

deciding upon tn.: parameters for the de­
sign r:.d ocerction of the plant.

'ill- s'-I-ct^d . N . D ~ з t ur &. Company as con­

sultants Гог th". Lngi.nuering and inter- 
prosing of I rdl'.l equipment, building
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and structural designs.

4.0 PROJECT I ¡PLEMcNTATIGN;
4.1 Tiajor civil construction at the Site star­

ted in June, 1978 and the erection was com­
pleted by March, 19801 The trial run* of 
the Plant commenced immediately thereafter 
when it emerged that certain modifications 
sru required in the -equipment supplied by 
Lurgi. This was ettended to and the plant 
commenced regular manufacture from 1.11.80 
and was formally inaugurated by the Vice- 
President of India on 31.12.1980.«

4.2 As an adjunct to the Reduction Plant,. UNIDO 
assisted in establishing a well equipped 
labofeto-ry fox testing of jraw /materials
to establish their suitability for sponge 
iron oroduction., for process control and 
for testing the quality of the product. 
Taking note of the facilities available 
in the l'bcr^tary and at the damonstration 
plant, UNIDO have recognised SIIL os a 
Consultancy Orgarvisation in the field of 
Direct Reduction.
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hcVIc- OF THE C F E.: A T10 ¡15 SC FAR

5IIL Spcncc _r_ Vary stable end high quality 
pro :uct:
During the last twelve months over 25f0G0 
tonnes of high quality Sponge Iron produced 
at this plant hes bean used by Electric 

Arc Furnaces at Hyderabad, Bombay, Madras 

and Mcopur uith vary satisfactory results. 
Sponge Iron, a substitute material for scrap 

used in Electric Arc Furnaces is a highly 
metallised form of iron ore, i.e., the iron 

oxide in ore is converted to metallic iron 

at temperatures well balow the molten state 

of iren. 31IL sponge iron is extremely 

stable anc; can be stored with minimal pre­
caution in stacks of average height of 1 
m<_tre. All that is required is a roof 
pr^v-nt r '.in trier fro:- getting in. i 

perimerts crn^ct.-d -.a the plant revealed 
that ta _ dr'.z in metallisation in a 1,0C0 

ton pilu is not '-.ere than 0.5 per cent in
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- month. Gome roil wagons carrying the 

material encountered a cyclonic storm 
close tc Madras and even though the wagons 

had a tarpaulin cover some water leaked 

through. About 10 days later when analy­

sed it was found that only 5>i of the- total 

consignment of about 250 tonnes suffered 
a drop in metallisation of about. 4*j.

5.2 Halting trials with 5IIL sponge:
When the Plant began making sponge iron, 

the pru-j.at was introduced into the market 

according to a carefully planned out pro­
gramme. First, experimental melting tri­
als were conducted in a 3 tonne furncce 

in the steel foundry of 5incareni Colli­
eries Company Limited with varying pro­

portions of sponge iron in the charge 

from 5 to SOS. This was followed by tri­
als ir a 5 tonne furncce nt Padmavethy 
St^ei i-ielt̂ ro, o j ohmundry . This plant 
produces billet size ingots for rolling



• • 1 i • •
•  « ! J  •  •

into bars and rods. In this furnace pro­
portions of sponge iron upto 85^ of the 
charge ore being used. In the operation 
of the furnace, sponge iron amounting to 

60'¡b of the charge is first spread over the 
Dottom of the furnace upto the charging 

door level. Contrary to normal practice 

arcing is initiated directly on the bed 
of the sponge iron and as melting starts, 
the remaining sponge iron is contir.uously 

shovelled into the molten bath through the 

door. This plant has reported that the 
melting behaviour of sponge iron is excel­

lent anc sc is the quality of bars rolled 
from billet sized ingots. To evaluate the 
results .n bigger furnaces having conti­

nuous casting facilities and also see the 
affect on pra auction cf special quality 

steels; m iiting trials were conducted at 
Trail -.o : d 61 .e 1 s , Arakkcncm; Zenith 

Steels, U'rbry; Poddcr Steels-, Hyderabad

I
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end A.F. Steels next door. In these 

furnaces proportions uptc 25% of the cha­
rge were tried. A summary of these re­

sults i9 shown at Annexure.

5.2.1 A.P.Stools, where between 700-900 tonnes 
of sponge iron is consumed on a regular 

basis every month, had the advantage of 
closer monitoring of operations by SIIL 

and our computer analysis reveals that 
there has been sn increase of 10% in the 

over all productivity. Even though there 
hove been marginal increases in the con­

sumption of electrical energy (about 
30 iv.:!-! per tonne) and Limestone 15 to 
20 kg per tonne with a drop in yield by 

atout 1 to 2%, the increase in the pro­

ductivity rrising from the lesser num­

ber of b ~ jch charges -as also the density 

of the charge, low sulphur and phospho­

rous levels resulting in b_tter quality 

have rare than off-set the disadvanta-
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5.3 Batch charging technique:
All the furnaces have used the intermit­
tent or the batch charging technique. In 
the batch charging technique, a mixture 

of Scrap and Sponge Iron is carefully 

leaded into the bucket. Charge prepara­
tion consists in taking required propor­
tion of sponge iron and distributing the 

material within scrap in the charging bu- 
cuket in sandwiched layers of Heavy Melt­

ing Scrap, Sponge Iron end Commercial 

Scrap. The sandwiched layer helps in uni­
form distribution and minimises/avoids 

sticking prcblom in furnace. After care­

ful charge preparation, the material is cha­

rged in the first charge, followed by a 
second charge. .'•¡urmally, it would be pos­
sible to complete, entire charging of 

sponge iron and scrap in 2 to 3 changes.

5.4 Continuous Charcino:
Th_ above preparation ensures that 
Sponge Iron gees into the pool of liquid

: : 17 : :
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natul and gats rapidly malted. Otherwise, 

sponge iron being of tha acme density as 

slag, it tends either to float on the me­

tal when it will be carried away in the slag 

•or stick to the walls of the furnaces. Tc 

derive, however, the bust advantages from 

the use of sponge iron, it is to be fed 
from on overhead bin on top of the furnace 
through a hole in the furnace roof into the 

bath. In this method,; the furnace is filled 

with light scrap and after the electrode 
bores a hole through the charge and a pool 

of liquid metal is formed, the feeding of 

sponge iron starts. Melting and refining 

take place simultaneously the slag being 

flushed continuously. This contributes to 

a reduced ccp-to-top time. Our own ,asti- 

mrtus suggest that upto an hour’s saving 

could be obtained for every heat. As the 

spenge ir_r. is of known chemistry, it is 

possible t: keep tramp elements low, which

is .an advantage to continuous costers.
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5.5 ¿heroine 5vstem developed bv 5IIL: 

v'ith the assistance of UNIDO, a simple 

end inexpensive continuous feeding system, 

which is within the reach of most of the 

Ministeel Plants in India has been develop­

ed by 51IL. Due, however, to practical 
limitations, continuous charging system

is not suitable for furnaces smaller than 
10 tonnes. For the smaller fixed roof 
furnaces, continuour shovelling through 
the door as practised by Padmavathy Steel 
belters is recommended. Through conti­

nuous charging, sponge iron could be used 

upto 50% of the charge weight.

5.6 SIIL is equipped with the largest labora­
tory "’nd testing facilities available in

Direct Reduction Plant anywhere in the 

world backed by Engineers and batallurgists 
who have had experience in production 

of span ¿u iron, molting of steel in Ele­
ctric ,-.rc Furnaces, continuous casting



and railing. When the first supply is 

made of SIIL Sponge Iron, Metallurgists 

are outposted at the user's plant to ass­
ist in charge preparation, develop nn op­

erating Sequence sc that the proportion 
of sponge iron in the feed is adjusted 
to achieve optimum results. The opera­

tional data is analysed to ensure that the 

Steel Plants can deal with further opera­
tions on their own. Test checks, if re­

quired, ere carried out at the SIIL labo­

ratory. Thereafter, a continuous customer 

liaison is maintained so that technical 

information is exchanged. This is a free 

service being provided with the view of 
establishing satisfactory use of sponge 

iron. tvury consignment of sponge iron 
despatched from the plant is accompanied 
by a Test certificate covering the 
following:
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(i) Metallisation is the ratio of ms- 
tnllic iron to total iron present 
in sponge iron and indicates per­
centage of metallic irrn present 
in the product.

(ii) Total Iron is a combination of me­
tallic iron and iron oxide in the 
form of FeO (wustite) and the va­
lue helps to estimate free iron 
oxide and consequent necessary 
carbon adjustment required for con­
verting Fer, into metal'ic iron 
while melting in electric arc fur­
nace .

(iii) Soinhur Content.

Through r. process adjustment made recently, 
we have b=wn able to supply sponge iron 

having 0.3 to G.5 Carbon in the product.

Such - oroduct when melted behaves as if it 

v.orw having vn additional 2 to 3% metalli- 
s tion i.e., if thu product supplied by 
us is 90% rrw. ta.Ilis-tion with 0.4% Carbon 

it has in eff ct an equivalent metallisation
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between S2.0',3 and 92.5>. Being from lump 

ors our product has a size range of 6-15mm. 

Due to handling it may generate about 20% 
of a frac- on having a size range of 1-6mm. 

Thus compared with sponge iron made from 
pellets it would seem that the 5IIL sponge 

iron has a let of fine material. However, 

there is no difficulty in handling and mel­
ting of this material if the charge is 
carefully prepared.

5.6.2 The success of the plant is, in the main, 

due to the considerable amount of test 

work carried out on ths raw materials prior 
to engineering. This has helped in asse­
ssing correctly ths behaviour of raw mate­

rials and the plant could be designed ade­
quately. is ohu process is very sensitive 

tc t^a characteristics of raw materials 
sue!' testing iu essential before engi­

neering uni design parameters arc 
finalisec .
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5.6.3 The operating crew were selected during 
the construction stage itself and were 

fully associated in the construction and 
erection of the plant. In addition, se­

lectee engineers and technicians were 
sent abroad for training in the operation 

and maintenance of the plant os a result 

of which the :: learning pericd ,! after 
start-up was kept to the absolute minimum.

5.6.4 Right from the beginning of the plant op­
erations a system was developed for care­

fully logging the operations using the 
computer facility available st the Diant. 
The computer analyses hcs enabled thu 
jr,gin..̂ rs to make process adjustments to 

r.- .o'. and optimise the technology to lo­
cal conditions. It has thcrofore been 
cossiblc to ope:, ate the plant on a sus­
tained basis ~t hig • levels of capacity 
utilisation.
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5.6.5

6.0
6.1

A close end conscious effort is directed 
at continuously improving the operating 

end maintenance practices. This is ne­

cessary as replacement parts ore not al­

ways readily available and due care has to 

be taken to avoid easily and expensive 

plant stoppages.
SLRVICcS THAT CAM BE MADE AVAILABLE BY 5IIL 

y.’th the experience gained in the setting 

up and operation of the Demonstration 

Sponge Iron Plant,(SIIL) is in a position to 

offer the following services for future 

coal based Sponge Iron Plants:

(i) Laboratory Scale Tests
Detailed tests can be carried out 
on the raw material proposed to 
be used, to establish their com­
patibility far production of 
spang.; iren. On the basis of these 
tests, feasibility of setting 
up a commercial plant with any 
s-t of raw materials can be 
'Jeturr-.inad.

I
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( ii ) Pilot end Demonstration Scale 
Tests :
After selection of row materials, 
further tests con bo carried out 
on bulk qu-ntities of row matériels 
to establisn the eng .ncering end 
process pa.rrmeters for commercial 
plants.

(iii) Training ;
Theoretical and practical training 
can be imported to the operating 
era'.-; in operation, maintenance and 
qua_ity control aspects.

(iv ) 5uo3ivision, Erection and Start-up 
Assistance can be provided for su­
pervising erection of equipment, 
trial runs and commissioning of 
the plant. After the plant is 
run in, a programme of continued 
assistance could be worked out 
for optimising the pi*nt operations.



ANNEXURE
SUMMARY OF RESULTS OF MELTING PERFORMANCE

Description A.P.Steele Rodder Steele Zenith Steels Ttmil Nadu eels Padinyv/a thy 
Steel Molters

i) Proportion 
of Sponge 
Iron used

10 to 20* 10 to 30* 10 to 25* 10 to 25* .10 to 0 5*

ii) Type of 
Charging

Batch Charg­
ing

Batch Charging 
L shoveling of 
material

Batch Charging Batoh
Charging

Shovelling of 
material simula­
ting continuous 
oharging condi­
tions

iii) He’ting
Behnviour

Good with 
tendency for 
sticking

Very good Good Good with 
tendenoy 
for Btiofc- 
ing

Exoellent

iv) Lii;jid 89.0 (1* to B7.0 (1/. lens 89 (1% to 2* 88.0 (2* 87.0 (1* less
me ♦. ii 2* loss then than with 100* less than with lees than than with 100*
yie d (*) with tOG* 

scrap)
sc rap) 100* scrap) with 100* 

■orap)
eorap)

v) Po.vor cun- Marginal, in- Marginal in- 30 KWH in- Same ae 20 KWH inoreasesumption creaHu of
30KWH phen 
20i* propor­
tion used.

crease of 10 to 
30 KWH

c rease. 100* eorap 
with mar­
ginal in­
crease in' 
a few heate

when higher 
proportlone are 
used

i/i) Eloctrodu Almost ваяю Seme as with Samo ae ,-iith Saaie an with Same as with
Consumption with margi­

nal incruaeu
100* scrap 100* scrap 100* eorap 100* eorap



SUMMARY OP RESUUTS OF MELTING FERPCRMANDE (Continued)

vii ) Slay volume 10,4 in­
crease

101 to 1 5̂4 in- 
c rease

15^ increase 1 5̂4 increase 15 to 50)i in- 
c rease

» iii) Lime consum- 
pti on

-do- -do- . -do- -do- -do-

ix) Hé f rac tories Same with 
bank cutt­
ing in a 
few heats

Same with banl 
cutting in a 
few heats.

Same with 
bank cutting 
in a few 
haats

Same with 
bank cutting 
in a few 
haats.

Same with bank 
cutting in a 
few heats.

x) Heat Timo 15 tu 20 
mts. saving

20 to 25 mts. 
saving•

No chango. No chango. 30 tu 40 mts. 
saving.

xi ) P rodue t 
Quali ty

Sulphur and 
Phosphorous 
in Sti_t; 1 
Iuwl: rwd 
bol OW
0.0 35 level

Sulphur and 
Phosphorous 
bcluw Q.04 
lovol and in­
got quality 
better.

1) Same as 
with 1UO# 
scrap* Pos­
sible to 
produco qua­
lity stools 
En 31 , £n 44, 
En 45A.( ?) Tramp olw- 
mont lavala 
wore low.

1____

i) Sulphur 
and phospho­
rous leva Is 
lowered und 
sulphur con­
trol ciasiwr. 
(ii) carbon opens low 
and nc.ids ad­
justment.

Sulphur lovol 
nolow 0.03 in 
smnu hunts and 
ingot quality 
a xr ul lent with 
1 0'/i improvement 
in productivity





À


