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EXECUTIVE SUMMARY AND CONCLUSIONS 

Ex.Summary 
Paqe 1 

Maharashtra Electrosmelt Ltd., ~EL, a wholly owned sub­
sidiary of State Industrial and Development Corporation 
of Maharashtra (SICOM) established in 1977 a ministeel 
plant in Chandrapur. The plant location was based on 
large coal resources in Chandrapur which gave basis for 
a large thermoelectric power plant, and on the nearby 
deposits of iron ores. 

The plant was equipp~d with one 33 MVA electric pig 
iron furnace, two LO converters and facilities for small 
sections ingot casting. (Later on a 2-strand continuous 
cas~er was added) • 

Rowever, a profitable steel operation was for a number 
of reasons never established. 

In the present situation the only activity at the MEL 
works is the production of standard ferro manganese in a 
no. II electric smelting furnace, while the no. I pig 
iron furnace and the steelmaking facilities have bePn 
idle since May 1982. 

The ferro~anganese furnace is running on reduced load, 
due to market limitations, and the economic contribution 
from the present activity is far from covering the works 
fixed costs burden. 

The United Nations Industrial Development Orgainization 
(UNIDO) invited, amon; others, Elkem a/s, Engineering 
Division to look inta possible ways of making the future 
activity at the ~EL works viable by doing a study of: 
"Technological Choise and Appraisal of Appropirate 
Metallugical Process Routes for Maharashtra Elektrosmelt 
Company ~f State Industrial and Development corporation 
of Maharashtra". 

A contract was awarded El~em a/s, and the rep~rt presen­
ted is the result of the expert team's work in ccopera­
tion with HEL officers an~ the technical staff in Flkem 
a/s. 

QNIDO has in "Substantive Terms of Ref~-ence" 9ive~ 

qu ide 1 ii'\ es for the con su 1 tants worlc. ..closed nex·: to 
this summarv, referred to as "ToR"). 

To reac~ a recommen~ation for opti~al product mix an~ 

process routes (ToR, r>age 1) follo•d1~q areas are ana­
lysed to give some background: 
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existing plant and production faciliti~s 

historical events 

pla~t organisation and ~anning. 

Ex.summary 
Page 2 

The existing plant and production facilities are con­
sidered in Chapter 1. 

The MEL plant with one electric smeltin~ furnace for 
ferromanganese, one electric pig iron furnace, two LO 
converters, one continuous caster and auxilliary equip­
ment is well planned and have a good layout. 

The pig iron/steelmaking facilities represent a small 
scale steel plant of qood desiqn with adequate production 
units adjusted mainly to mild steel production. 

The pig iron furnace have a partly damagei lining and a 
major lining repair is necessary before ~estart. 

The general impression is that the equipment has been 
taken good care of during idleness. 

~emarks on the ?Vents since incorporation of the com­
pany are given in Chaper 3. 

The ferromanganese production has been continuous since 
1977 when delayed steelmating equipment led MEL to start 
the furnace no. I on ferromanganese instead of piq iron. 

The steel production started December 1979 based on hut 
metal from cupola furnaces. Pig iron production startP.d 
in November 1981 after the furnace no II was started on 
ferro manganese, a•d only in a short period until May 
1982 the pig iron based steel productign was ~unning, 

before it was shut down because the production costs 
exceeded the ex-works realization value. 

~ain reason for the loss experienced was the dramati­
cally increase in power price, small scale operation not 
adequately metallurgical controlled, and the general 
recession. 

MF.L have themselves considered a large number of pro­
jects to improve on the company's economic situation, 
the most important or. this is the converting to stainless 
steel hy the CLU process. 
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Ex.Summary 
Page 3 

Organization and manning at the HEL works are studied 
(Chapter 4) and it is noted that we would prefer a 
more flat orgainization with fewer ~evels between super­
intendants and foremen. 

The manning is very numerous, compared to our practice, 
but this does not affect the produciton costs seriously. 

The question is raised if optimal relationships exsist, 
regarding responsibility and decision making, between 
the works manaqement and the aombay and Nagpur offices. 

The selection of product areas and processes are treated 
in Chapter s. 

The ferro manganese product area (ToR, pages 2.3) is 
considered in sub-chapter s.1. 

The exsistinq ferro managanese production can be 
substancially improved by increased metallugical 
control of the process. 

Recommendations ar~ given for selection of ores, 
blendiug and sampling, slag composition and carbon 
balance. An optimal range, for manganese oxide in 
the slag is qiven. 

Establishing a oroduction of medium or low carbon ferro­
mangane3e is nGt considered possible at present, becau~~ 
of lacl of commercially available technology and 
subst~ntial development work to be performed - even if 
the ~LU process in principle should work. 

0ur. general view on the future MEL activity in ferro 
manganese is influenced by the following factors~ 

The exisisting surplus production capacity for 
ferromanganese in India will most likely last for 
several years. 

The high power price excludes any exporting 
~ossibilities. 

Limited supply of high quality manganese ores in 
India. 

~e do not think that ferro manganese production 
be a part of the long term strategy for ~EL • 

shoul~ 
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Ex.Sul'lmary 
Pa~e 4 

As soon as the MEL steel operation has developed so far 
that more pig iron than the production from furnace no I 
is needed, the furnace no II should be converted to pig 
iron. 

Ferrochrome or chargechrome production could ~e taken 
up instead of fer~omanganese at a cost of aporoximately 
10 mill. Rs for ~he converting, but we do not consider 
this as viable. 

There are no suitable chrome ores nearby Chandrapur and 
a suhstantial part of the production had to be exported. 
With the present high power price this export would give 
a loss • 

In Chapter 5.2 the smelting of the Khursipur vanadium 
containing ore is considered. (ToR, page 4, point Ia) 

The ore deposit is not sufficiently explored to give a 
reliable estimate for mininq costs and ore benefication 
costs. 

A smelting process with prereduction of the ore is con­
sidered to be the only reliable process way because of 
the high content of titaniumdioxyde in the ore. 

Investments for agglomeration and prereduction would 
cost approximately 250 mill. Rs. 

Based on a guestimated ore concentrate price the produc­
tion costs for pig iron are calculated to 2.600 Rs per 
tonne, on the same level as for the MEL pig iron from 
Lohdra ore • 

The value of vanadiul'l obtained as slag from oxy­
genblowing of the vanadium containing pig iron amounts 
to approximatelv 50 mill. Rs per year. This wculd give 
a pav-back periode of approximately 5 years, and the 
project seems to he viable. 

There are, however, richer sources of vanadi~m con­
taining ores in India, and we will raise the question 
if the Xhursipur deposit is the first to be attacked, 
and if r.handraour is the riqht place for this first 
operation of this kind in India. 

This project is certainly n0~ of short term interest for 
MEL, and more informations, especially abo·tt the ores, 
are neccessary to consider it as a long term project. 
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Ex.Summary 
Page 5 

The pig iron smelting is qiven a detailed consideration 
in Chapter 5.3. 

Recommendations ar~ given for achieving a more succe5ful 
operation than experienced during the short period in 
operation in 1981/82. 

~etter raw materials control by blendinq - screening -
sampling is necessary. 

Control of slag hasicity, silicion content and metal 
temperature can be improved hy better sampli,g and ana­
lysing practice • 

The operational period for the pig iron furnace was too 
short to establish good control and qood working routi­
nes, and we suggest that a restartinq of the furnace 
should be done with the assistance from experienced 
engineers and foremen to ~stablish a consistent opera­
tion in shortest possible time. 

Calculati~ns of production costs for electric smelted 
pig iron and hot metal from the cupola furnaces are 
showing that the cupola hct metal will hav~ no cost 
advantages that can outweigh the pig irons supremacy in 
quality, even if the cupola furnaces are rebuiit to hot 
blast. (ToR, page 7, point IIIiii) 

Installment of a low shaft blast furnace (ToR, p~ge 7, 
point IIIii) has been discharged by ~EL because of 
experiences from Kalinga Iron Works. 

We support this decision • 

Regarding the future supply for iron ores we point to 
the fact th~t the Lohara Mines will last only for 5-7 
years of operation. Prospecting, evaluating and starting 
of a new mine will need that long ti~e, and decision 
about future ore supply should be ~aken in the near 
future. 

Preheatinq/prereduction of the ore prlor to sm~lting 
(Tor., cage 6, point II) will need investments of 
approxim~tely 180 mill. qs. ~ith the existin~ high power 
price the production costs would be subst3ntially 
reduced - with AOO Rs per tonne of pig iron. The produc­
tion capacity would he increased fro~ 65.onn to 1~n.non 

tonn~s per year. 
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Ex.summary 
Paqe 6 

The project is most interestinq and $hould be worked out 
more in detail when more piq iron is needed and capital 
availability is more likely. 

The viability of restarting the MEL steel operation is 
considered in Chapter 5.4. (ToR, paqe 3) 

Experiences from previous operations and recent calcula­
tions make clear that steel operation at MEL based on 
mild steel or ~ther ordinary steel grades is not viable. 

Market informations points toward stainless steel as the 
most interesting product for MEL. Limitations ~n the 
market possibilities for stainless steel makes a produc­
tion of special carbon and low alloyed steel actual. 

~arket nemand is qood in these areas, but a=tual market 
penetration is very much depeadent on steel technoloqy 
level and product quality. Durinq the development 
period, ruild steel and special foundry iron are outlets 
f~r oiq iron production and surplus steelmaking 
capacity. 

Piq iron from the electric smelting furnace will be the 
main raw material, and this represents a qood basis for 
high quality steel production. 

Special low phosohorous foundry iron (ToR, page 6, Iii) 
will he ~ natural pact of the product mix, but a pig 
casting machine for the special foundry iron is 
necessary to market the actual tonnages of this product. 

The existing steel melt shop represents a good basis for 
an effective small ~cale steel operation, which can be 
modified to a high quality steel production with 
moderate investments. 

MEL's plans for rebuilding one of the LO converters to 
CLO reactor for stainless steel are based on sound 
techno-economical considerations. 

The remaining LO converter must be rebuilt to bo~tom 
stirrinq to allow a good dephosphorization in the 
stainless steel production and to qive a metallurgic. 
well balanced steel ba~is for the special steels produc­
tion. 

Gas stirring and injection in the teeming ladles are 
necessary to cope with the special steel production • 
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Ex.Summary 
Page 7 

Total investment costs for the modifications in equio­
ment are calculated to app-oximately 17. mill. Rs with 
4-5 mill. Rs in addition for the pig casting machine. 

The process routes are discussed and calculations are 
made of production capacity and production costs. 

The production costs for stainless steel are calculated 
to 18.000 Rs per tonne of hillets, and for special car­
bon steel to 3.900 Rs per tonne of billets. (Direct 
costs). 

Alternative develcpment schemes for MEL steel operation 
are discussed, and alternative 3 cf these have oor 
qreatest confidence. 

A successfull, but realistic development in the 
stainless steel operatfon is foreseen with tonnaqes 
increasinq from 10.000 tonnes per year tn 36.000 tonnes 
per year (21% market share) durinq the first 5 years of 
operation. 

A conservative estimation is made of the development of 
increasing tonnaqes in the premium price range of spe­
cial steels and decreasing mild steel/foundry iron ton­
naqes to match with the frame set by the piq iron 
production of 65.000 tonnnes per year. 

~he resultin~ contrihutions from this operation are 
calculated to be ap~roxiAately - for the 5 first years 
of operation-respectively: 

30 - 56 - 73 - 86 - 96 mill. Rs. 

~ith total fixed =osts per year of 53.S rnill. Rs, the 
breakeven point will be reached durinq the second year 
of operation , a~d substantial orofit will be possible 
thereafter. 

Reopeninq of the MEL steel operation will be viable 
- provided that a level of steel technoloqy and product 
quality can be developed, and provided stronq marketinq 
eff:>rts. 

The importance of collectinq tnow how from outside 
expertise is hiqhly stressed upon. Assistance from SAIL 
is ·upposed to be available, and some Scandinavian 
potential advisers are recommended. 

~ell planned, extensive proqams for recruiting, education 
and eraininq must be worked out and performed. 
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Ex.summary 
Page 8 

MEL has basically no special premises for a steel opera­
tion, and only if the steel techn~logy and organization 
of the operation are on a high level, a succesful opera­
tion can be achieved. 

A summary of recommendations is given in Chapter 6, 
where a long-term development of the MEL plant into a 
pure iron and steel works with capacity in the 200,000 
tonnes per year range is indicated. 

The diaqram on the next page illustrates a tentative 
development scheme. 

The consultants have additionally been asked to give 
their opinion on the desirability of SAIL, Re~earch and 
Development Center, taking over the ~EL plant. 

We have too little knowledge ahout the financial 
situation a~d the SAIL plans for the MEL plant inside 
their organisation to give a well-based opinion in this 
matter. 

Some point of view can however be qiven in this 
connectir.n. 

~e think th3t the MEL plant can be developed into a pro­
fitable steel producing plant. For this development the 
technical resources from SAIL, Research and Develoment 
Cen~er are of great value. 

Flexibili~y and aggressive marketing afforts are also 
important factors, that are more often found in small 
independant. companies than in hig organisations • 

Perhaps a cooperation model for the relati~nship between 
MEL and the SAIL, Research and Developmen~ Center would 
be more effective than a ~ull taking OVP.r. 

If the MEL pla~t should be userl partly as a Research/ 
D~velopment station, a profitable production should not 
be expected, and the ouestion if the Research/Develop­
ment value will outweigh the profit loss cannot be 
answered by us. 
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PROJECT 1995 19R6 1987 19R8 1989 1990 - ~ 1991-95 1996 -

Ferro manganese production 
' 

Restart electric pig iron production 

Prerecluction of pig iron charge 

Piq casting machine installed - ._ 

Furnar.e no II converted to pig 
iron 

One LO converted to CLU - -
LO-convertor to hottom stirrinq - .... 
Production of mild steel 

._ - -- --- --- - -- - - - --- - - - - - - -
Production of special steP.l s -- f-- -

Production of stainless steels ---
Install one nnre LO converter --
Install one rrnre casting machine --
Install rolling mill -. 
Pre-reduction nn furnace II 

Rebuild converters to 30 t - ._.. 

Rebuild casters to 3 strands - ._.. 

1H 1 1Cf> P.A 1 
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Project T:tlc: Technological Choice n.nc Appraisal. of Appropriate 
Hctallu:-gic~l Froce~s Routes for Haharkshtra r.1ectro­
Smelt Cocp~nr of St~te In~ustrial and Development 
Corporatic~ o: ~.s.harashtr~ (SICOK). 

Pf:oJect No.: SI/IND/64/602 

Cour.t:-v: India 

1. Objectives 

A) Developaent Objectives 

Development objective~ of the project ar~ to ensure maxilllUlll 

productivity of optimu~ product-mix, 12se~ on.Judicious choice.and 

applications of appropriate metallur&ical technology at the Maharashtra 

El.ectro-Si:ielt Plant of SICCM at Chandrapur a."I~ thereby to up-grade its 

operatior.a1 results con1"orn:in~ to souni tech."lo-economic parameters. 

B) !c:ediate Objectives 

a) To study, analyse and selec~ a?propria e technological process route(s) 

for plant operations of Maharashtra. Electro-Smelt at Chandrapur a::d 

based thereon to: 
1) formulate the most appropriate product-mix (pig iron, &teel a::d 

.fe:-ro-alloys) vhich can lead to: 

ii). - maxic:um productivity 

iii) at lovest production costs possible 

iv) of high quality product-r.:'.x 

b) To up-grade the ocierational results of ?!ant operations adjudged on 

soWld ~e~hno-econo~ic parameters to accecitacle levels, of Mz..~a.rashtra 

c) 

Electro-Smelt project at Chandrar~r. 

To define tech."1olog~c:al r.iea~urcs requir~ to achieve (a) and (b) ,\bove 

and arran&e to syste~~tic:al:y a~?lY requisite measures at the Corp~rate 

inanaee::ient levels of SICOM. 

d) To provide the service• or i~ter~ationally renoYncd Technical Consultants 

for ir.:ylemc~ting (a), (b) ar.~ c~> a~ove, and whereby, 

e) To prepa:-_e a. deta!.'.:.ed Tec:hn~c:al/Zi.:bstar.t.i'le ?.eport cor.:;>iling and 

analysing the results or (a) t.c: (~) above fer the Sta.te 4n:hl5tr!al l!.nd 

Developr.i!:r,t Corp~ratio:-. c~ ~c:..."!c.:-a=.r.~ra (S:COM) i-"1d r.iake a11;iro;>riate 
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recommendations . 

f} To define requisi~e folloY-up action required to be undertaken by SICOM 

and UNIDO on the completion of this SIS project 1 to ensure techno­

economically acceptable and met.allurg~cally stable operations of 

Maharashtra El.ectro-Sraelt plant at Chandrapur of the State Ind~strial and 

Deve~:pment Corporation of ~.a!&arashtra (SICOM). 

2. St>ecie.1 Considerations - Not applicable. 

3. Backg:-ound e.nd Justificatic~ 

The plant of Maharashtra Electro-Smelt Limited is located at Chandrapur, 

about l6o Kms south c~ Nagpur. It has the folloving major production fac1l1tie 

• 

l. l no. of 33,000 KVA electric smelting furnace to produce high carbon 

ferro manganese (carbon around 8%) from manganese ore. 

2. l no~ of 33,000 K'/A ele~tric smelting furnace to produce pig iron 

from iron ore. 

3. 2 nos. of L-D converters ~o produce steel from liquid pig iron 

~. l no. of 1100 cu.~ metres per hour oxygen plant to produce oxygen 

required in steel caking 

5. l no. of 35 tor.nes per day kiln to produce calcined lime required 

in steel making 

6. 6 metre Radius Continuou$ Casting machine to cast bil!ets upt.o 

180 mm square section 

7. 2 nos. of 15 tonnes per hour capacity cupolas to melt solid pig 

iron fer further use in steel making • 

High Carbon Ferro ~.anganese 

The Corr:pa.ny is currently p:rocucing !":igh car'bo·n ferro rr.a:.ga.nese since 

1977. The technical problem facec is the higher slag volume (about 900 to 

1000 kgs. per ~onne of FeM.1 as com?~-ed to nor::l~l 600 k~s. µe:r tonne of F~MD 

leacir.g ~o high po~er cc~su~?tion. :~ t~e area o! !er:ro rnangan~se, the 
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Company is facing the problem of lov demand vithin the country and non­

remunerative prices in the ex?ort market •. As a result.ferro manganese unit is 

·being operated to 403 of its ca?acity. These lov capacity level operations 

have detrimental. effects on consumption norms and pover costs. 

Lov Carbon Ferro Manga.~ese 

The Company tried to ?reduce mediura/low carbon ferro manganese (carbon 

less than ~ by transferring the liquid high carbon ferro manganese to L-D 

converters and bloving oxygen from the top through a lance to reduce the 

carbon content. However, in ~his process the manganese loss vas also very 

high a.~d hence low carbon FeMn, with manganese much less than the desired 

limit and phosphorous much higher than the desired limit, vas produced. This 

technical problem may be solved by creating partial pressure conditions in 

the converter either by use of vacuum or by blowing of argon/oxygen from 

bottom of t~e converter. 

Steel 

Production o~ steel by first producing pig iron in electric smelting 

furnace and then converting the sa.r.ie into steel is a very power intensive 

process like 'the prod.uctio:i of hig!J. ce.rbon Fe-Mi. About 3200 to 3500 Kvh of 

pover is required to produce one to:me of steel billets. A plant based on 

this process is therefore, economical. in a situation vhere power cost is 

lov and stable. 

The consumption of raw materials and pover to produce pig iren in 

electric smelting furnace largely depends on control of slag composition. 

The basicity of the slag needs to be closely con-trolled. However, this is 

possible only if tne GUality of ra~ materials used is consistent. MEL had 

a problem of not being able to control the slag basicity very closely • 

• 
Another problem being faced is lower te~peratureof the liquid pig iron 

corning out of the smelting furnace. T'ne temperatues were around 1200 to 

l250°c, whereas the req~ired temperatures should be 1350 to l40o0c. Thit 

lower te~perature o! pig ircn led to quality and operational problems in steel 

making, 

Due to lower te=?erat~re and var:at:o::s in the si.licon coct~nt o! ?l6 iro~ 

-:.he oxygen blc•:ing :;::a:-a.:::e-:.ed have -:.o be cc::-:.::.nuo..,;s:;r change~. '!'h~s le:a.d~ to la:-
, 
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am~unt of gas content in the steel as vell as higher re~ractory consumption • 

Tb~ larger quantity Of gas Can.DO~ be removed completely by ~dditiOD Of 

deoxidi~ers like ferro ~e.nge.nese end ferro silicon, as large quantities o! 

these vill bring dovn the temperature cf steel and also e~fect the c01tposition. 

·This leads to· the problP.m of clea.Lli.:.ess of steel e.nd a.. ~cts internal 

soundness of steel billets/ingots. 

!>\le to high pover consumption and costs, it is n~cessa..."'Y to produce 

special al1oy and stainless steels fetching high sales realisation. Rovever, 

productiou of high grade steel is not possible as tbe cleanliness of steel. 

cannot be ensured in the absence of facilities to remove the gases from the 

steel and ensure proper temperatures for continu~us casting or billets. Here 

again an intermediate secon<lary refining ~ra.11gement using vacuum is required 

if high grade alloy and stainless gteels ere to be produced. 

Tbe major :;iroblem in steel ma.king is the high pove:r conSUI:lption 

intensiveness of the process, vhicn at today's pover costs of nearly 50 paise 

~er unit, equal. to about US 5 cents/KW?., makes production of mild steel an~ 

ether ordi.o.e.r.r steels uneccnomi cal. T'oe i:iroduction of good que.l.i ty high grade a.lie 

steels including stlliri.less steels is dependent on availability of optimu:n 

secondary refining ~e.cili ties. 

Yitb. tbe above background and ~urrent plant operations/status, tb~ 

se::-vices o! inter:i.ationallv ~enovned tech:lice.J. consulte.nts ~re. 

retJuired to undertue tbe study o'!' tbe folloving tecz.Dolo5ical alterne.tives/. 

'Drocess routes. 

I. Stu~, analyse and techno-ecoootl.ice.lly a~judge tbe folloving technologice.l 

and metal1urgical process routes i: relatioo to multiple product-mix 

obtainable in eacb case e.nc in terms of tbe c&pite.l co:ts/invest~eots ~her 

reqi;.ired over &:ld above the ~le.:t equi¥I:leDt and in!ra-st1~cture facilities 

alr~e.dy installed l!.:ld e.vaile.ble at Cba.odrapur of Ma!::.ari?.sbtra Electro-Smelt 

Comp&Dy of SICOM. 

e.) Smelting iD electric submerged arc furnace~~nst&lled e.t Cb&od.r&¥ur 

of JCoursi:pur iron ore de¥::si i:.s in Mahar~shtre. con:fo:ini::i; to tbe 

:follo~~r.g e.ve~ag~ che~ical a~alysis: 
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Total Fe 55.68 (percentages) 

TiO 
2 

13.6 

Va o.4 

5102 2.71 

AJ.2°3 3.54 

s o.oo8 
p 0.01 

CaO Traces 

to produce the folloving: 

i) Vanadium rich pig iron for further processing by the 'High Veld' 

route based on the follo~ing Flov Sheet with or vithout prior pre­

reduction in rotary kiln operations of the Khursipur iron ore. 

Coal---~----- Vanadium rich ---c;,,,----- Limestone 

, 

titaniferous iron ore 

"' "" "' Mixing bunkers 

Pre-rtduction rotary kilns 
or vithout pre-reduction 

"' Electric sub-merged arc electric 
fu:-naces 

~ 
V-bearing pig iron 

Shaki;g ladle o:­
or stationary ladle vith 
oxygen lancing in beth cases 

Slag containing 25% 
v2o~ to be processed to 
produce v

2
o5 concentrate from the Va rich slag 

(cy chemical treatment) for sale as such and/or 

t 
Pig iron for L.D. 
steel converters : 
oxygen steelmakin~ 

+ Ccntinuous castin£ 
of steel billets 

+ 
Steel billets for 
sale 

after the production of ferro-va.na.dium by e.lw:U.:oo-ther:dc technology 
for sale. 

t 
The va..~adium rich slag is crushed and ground to the requisite si~e • 
The ground slag and s~da ash in the required proportion are 
thoroughly rnixed in a mixer and roasted in the roasting furnace. The 
roasted product is then passed through a cooler and the cold product 
is next thoroughly leached vith hot vater and vashed in mixer settler: 
in five cour.~er cu~rent stages. Sulphuric &£id is added to the leach 
liquor and it is allowed to-settle in pre.cipitation vessels. The 
red cake precipita~e is !il~ered in a !ilter press and dried; and 
melted in a melting furnace. T'ne fused V~5 (vanadium pent.oxide) is 
solidifie~ iu a rotating cisc in ~he form of flakes and is available 
for sale as such. 

Additionally, ~he·vanaci~~ pentoxide is ~educed ~ith alu~inium powde: 
in ~agnesite linec the~~it vesse:s to rroduce fe~ro-vanadi~~ fo~ sa:~. 
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Tbe cbarge cix contains v2o ~13.kes, alu:inium povder a-d iron sbots 
or ~ill scale in requis~te iroportions 31.ong •~th the prili:e.ry ignition 
:i.Ature. Af'ter the reaction is comrleted in the vessel a!ld the product 
is cold, the ferro-va.i;adiu: is sepa:-ate~ from the slag. cleaned.. si~ed 
and packed for sale. 

The current sale price FOB (USA) of the ferro-vanadium is of the 
order of US $ 8-19 per lJC>und or US $ 15-20 per Y~. of contained 
vanadiUM&. Its sale price in InC.ia should be correspondingly increased 
U"ter adding to it the freight charges, customs duty, port haniling 
e.nd inland transport costs, etc. · 

ii) !Dcidentelly, it is mentioned that the pho~phorous content or 
tbe pig i:-on so fer ~elted at Che.nerapur or that vhich vould resu1t 
!'rem the use of Kbursipur iron ore, vou.ld be around 0.06 t.o 0.08% or 
0.09~ and •~th suitable adjustment of its silicon contents to 
correspond to high grades o~ fou;iciry pig iron, its direct 
dom~stic sales and/or ex-,tt0rt should fetch a preI:lium/high price; 
the curre~t prices in the U.K. of the lov phos?horous foundry 
grades of pig iron are Pounds Sterling 130 l:S per ton; 1/ this 
subject needs to be equally studied further. :Sre.:dl .. s producing 
in charcoal. blast furnaces 4-5 i::illicn tons of ~ov phosphorous 
pig iron o!' !ound..-y grades e.nC. is exporting the latter reportecll:y 
at the FOB price of 200-225 US$ per ton. 

It is e.lso to be pointe~ out that i!' the iron ore is first 
pre-reduced in rcta...~· kiln cperaticos and tbe pre-reduced product is 
cbe.rged hot in the electric sub-~ereed arc f;;.rnace for s::ielting 
(es in the-case cu:-rently cf Eigb-veld process at Dunsv~ (S.A.) 
and e.s is z>roJected in l~e,. Zea.lane ple..nt), 'the pover conSl:ption per 
ton of pig iron produced s~ould co=ie do~"M to about 1500 KvH/ton or 
bot metal !rem over 3,200 K~F./ton of bot ~e'tal •hen the iron ore is 
not first pre-reduced. ':'his brings into focus the second possible 
tecllnologica.J. process route/e.lterne.tive ne:nel7; 

II. Pre-reduction or iron ore in rote..~ kiln onere.tio:s ~rior to smelting 
in sub-merged e.rc electric rurDaces and vbic~ vill include tbe cb:uogi~g into 
the latter of the bot pre-reduced charge and not cold pre-reduced charge; 
hot charge is being done at Eighveld ple..:it at D'..t!ls~e...-t in S.A. and cur:-ently 
e.lso being success~ul.ly done e.t the Skpoje iron &:ld steel •"Crks in Yugoslavia 2/ 
and nov p:-ojected in tbc Nev Zeale.nd steel corporation in Nev Z-::ale.nd. T'oe pover 
eonsu:ption per ton of bot met&!. (pig iron) in the electric sub-cerged e.rc 
:!'urnace has dropped to 1530 to 1550 KvE/ton o! pig i:-on from 3200-3300 KvH/ton 
o! pig iron based·on continuous orerations as re?Jrted by the Skpoje iron e.nd 
steel vorks in !ueoslavia. 

). complete rota.:-j kiln DR/s~or.ge p!e.::t \."i~: e. capacity or 65.000 tons/yee:: 
of D~ sponge is for sale in TeD.Desse (USA). S!COM could investig~te its 
sale/procure:nent for tbe above pcrpose vitb or •~thout UNIDO involvement.. 
!t vould, or course, be imde~stood that tbe i:iste.llation or a rote.:y kil~ 
fer pre-reduction e.nd charging er b~t rre-reduced charge to t~e electric 
sub-:ierged arc electric furnace vould ~ntaj._l a.ddi tiona.l .. capital expe:id:O:::.-.:.res 

Fou:i~ry Trade Jo~::ial, Ma.rcb 24, 1983 :ssue, ?. 422 (UK) 

Skpoje iro~ and steel vcrY.s - Doc~e~t. ~o s:~~~/SEM.9/R.!5 
u?:/~C~ D.?.. Se::.ine: - de.tee 15 Feb:-.:a.r:r :s;e;. 
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oy SICOM vhich has to be vorked out by the inter~ationnl. technical consu1tants 
uz;der this L"NIJ..'""O/S:S project undei· ~he current plant conditions and layout of 
Ma!:iar~htra Elec~ro-Scel~ Co. at Cha=crapur. · 

III. Another technological ltl.t.ern~~ive/proce~s route ~o be considered and 
~valuated vould be based on: 

i) Operatior:s of both the sub-.:ierged arc e!.t·ctric fu..-naces for t.he 
product.ion of ferro-~e.."'lganese ~fer dc:.:nest.ic sales, end 

ii) Instaliation of a soell blast t'u:nace (150 to 250 t~ns per 
cay capacity) for pig iron production as cll:"r~ntly practised 
at Kalinga Iron Yorks in Orissa using Maha:-asht.ra iron ore 
deposits and Lov Tewperatll!"e Carbonized Coke (LTC) from 'Hyderabad 
based on Singrenni coal. The a~;ailability e.."'ld costs of' the LTC 
~-ou1d need to be determined by the internatio=al technical 
consu1tants as also the e.d~itione..l capital costs/investment needed 
for the installation of the s::ie.ll blast furnace (Kalinga type) etc. 
The estimated capital 2.!?d p:-oductio:J cos~s fo:- each of the e.bove lis-:.e:: 
alternatives vill needed to be ~"Orked out/elaborated by the 
international consultants ll:lder this UNIDO sponsored SIS project 
along v.ith appropriate reco::i~:Jdations as referred to ee.rlier on 
in the foregoing. The melt.en basic grade of pig iron v.ill be 
converted into steel in the existing LD steel converters installed 
at Che.ndrapur and no e.ciditione.l. st.eel :::.a.ki::.g ce.pacity is envisaged. 

iii) 'J'he conversion o~ exis~i~g cold blast c~pola(s) into hot blast cupola 
tb!"ough the ~pplica~ion o~ a siI::~le recu~e::-ation svste!II \IOUld also 
need to be ext!!!!in"!ti so tb.a:t. t!::.e ~se of C.l sc::-ap e.nd steel· scrap in 

. appropriate blends, ~~ll yield re~uisite quality bot metal for the 
:.0 oxygen steel converters ~eady installed at Che.nd:apur. 

IV. :ntcrnatione.l technical cc:isulte.n-:s ... -ill f~he!'" integrate their studies/ 
investigations to cover additio~ally the folloving: 

a) In line .,.-itb different. tech:lologice.l. process :-outes, ~o::-mulate 
the more appropria~e prod~ct ~ J:ix viz pig iron - f o'l:!lC..--y ~e.des a.od 
basic iron, steel arid !erro~al!oys vhich ca.~ lead to: 

i) ca.xi:nu::i pl&nt uti!ization a:id ~roductivity; 

ii) at least production costs; 

iii) of high ~ue.lity outp~~s. 

• b) Capital costs estimates fer each of the technological 

alternatives ~ill be worked out a.lcn& with the production costs 

of the indu~trial product - mix as appropriate. 

c) ?repa?"e a detailed ;:>reject repc:-t to cover cases ! and I! above, 

and make arpropriate :-ecom.~endat:cns in each case in orde?" 

to prepare the grounds for appropriate cor;>orate/rnanagement 

act.!.ons :reejuired by Ul'\IDO as a;ipropriate. Tne foregoi"lg thus 

provide the bac~g~oun~ and just:ficatio;.s for this UNIDO/SIS p~o-

jec~ for urgent/expe~i~icus ' 
i~r:e~e~ta~ion by tn~ !a~ter. 
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1. INTRODUCTION 

Maharashtra Elektrosmelt Ltd. (~EL) is a whoily owned 
subsidiary of State Industrial and Development Cor­
poration of Maharashtra (SICOM). 

The MEL company, as its first and only enterprise, 
established a mini-steel plant in Chandrapur 
(Maharashtr1) in 1977. Because of very late equipment 
deliveries to the oxyqen plant, which is an essential 
part of the plant to supply oxygen to the steel produc­
tion, the plant was not started as an iron and steel 
plant in 1977. The electric furnace was started on 
standard ferromanqanese instead • 

Only in 1979 did the oxyqen plant become operative, and 
steel production could commence. This was done on the 
basis of hot metal produced in two cupola furnaces 
installed for that purpose, as it was found desirable to 
continue the ferromanqanese production in the electric 
pig iron furnace. ~ new electric ferromanganese unit 
was started in 199 , and late autumn the original 
electric pig iron furnace was transferred to pig i~on 
production. 

gecause of heavy recession in the steel ~arket, and also 
because of, in our opinion, excessive increases in the 
price for electric power from the nearby state-owned 
thermal power station, the plant operated with heavy 
losses, and it had to discontinue the steel production 
in May 1qa2. The iron and steel units have been 
standing idle since t~en. The ferromanqanese furnace, 
however, has been in operation, partly on low load, and 
is now the only unit in production at the plant. 

The MEL iron and steel plant in Chandrapur is a well 
equipped modern plant, well laid out and well connected 
to the rail road trans~ort system, both the narrow and 
the broad qauqe tracks. The nearby hematite iron ores 
are of a pure and good quality and provide a useful 
basis !or the production of high quality steels. ~ith 

the prevailing prices for electric power the mini plant 
in Chandrapur has no chance to meet the market com­
petition in ordinary mild steel qualities. Our tas~, as 
·11e see it, uill in this connection be to investigate i~ 

~EL can adjust their steel operations to niches i~ the 
markets tor steel grades with premi~m prices. ~lectric 
pig iron can provide a pure raw material for high 
auality steel ?roduction • 
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The United Nations Industrial Development Organization 
(ONIDO) invited, among other companies, Elkem a/s Engi­
neering Division in a letter dated 19 April 1904 to do a 
•Technological Choice and Appraisal of Appropriate 
Metallurqical Process Routes for Maharashtra Elektrosm~lt 
Company of State Industrial and Development Corporation 
of Maharashtra (SICOM)". A contract was awarded Elkem 
for such s~rvices dated 13 September 1984. 

According to the terms of the contract the selected pro­
je:t team, consisting of Birger Ydstie (team leader) and 
Maqne Mohagen, both of them process metallurgists, 
visited the project area and had discussions with 
leadinq officers and managers of Maharashtra 
Elektrosmelt Ltd. in two periods: 

12 to 30 September 1984, equal 16 workinq days 
23 November to 8 December 1984, equal 14 working days. 

In addition one working day was spent in discussions on 
modern processes f~r stainless steels with the 
Metallurgical Resear~ .. Station of the Swedish Iron and 
Steel Association (~efosl in Lule!, Sweden. 

The present report is produced with the support of the 
technical staff in Elkem a/s Engineering Division as 
well as the El~em Ferro Alloy Division, Steel Division 

and R&D Center • 

• 
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TERMS OF P.EFERENC~ 

a) 

b) 

c) 

d) 

e) 

f) 

To study, analyse and select appropriate technoloqical 
process routeCs) for plant operations of Maharashtra 
Electrosmelt at Chandrapur and based therecn to: 

formulat~ the most appropriate product mix (piq 
iron, steel and ferro alloys) w~ich can lead to: 

maximum productivity 

at lowest possible production costs 

of hiqh quality product mix • 

To upqrade operational results of present operation 
(which is on!7 hiqh carbon FeMn). 

To define technological measures required to achieve (a) 
and (b) above. Apply requisite measures at the corporat~ 
management levels of SICOM. 

To provide thP. servi~~s ~f internationally renown~d tech­
nical consulants fo= implementinq (a), (b) and Cc) 
above, \Rd whereby: 

To prepare a detailed ~erhnical/substantive r~port com­
pilinq and analysinq the results of (a) to (d) above 
for the State Industrial afid Development Corpo:ation of 
Maharashtra (SICOM) and make appropriate recommendations. 

To define requisite follow-up action req~ir~d to be 
undertaken by SICOM and ONIDO on the completion ~f this 
SIS project, to ensure techno-economically accep~able 
and metallurgically stable operations of MEL. 



2 
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2. 

2 • 1 

DESCRIPTION OF THE PRESENT PLANT AND ITS PRODUCTION 
FACILITIES 

The lay-out of the present plant is shown in Enclosure 
No. 2.a. 

The main production units are: 

The electric ?iq iron plant 

One modern and well equipped electric piq iron plant 
with one 33 MVA electric smelting furnace, supplied by 
Elkem a/s, Norway - complete with weighing and charging 
equipment, Venturi gas cleaning plant and equipment for 
electrode operations and automatic furnace operatinq 
control. 

The furnace was started in February 1977 to produce 
50,000 tpa of high carbon ferro manqanese, and recon­
verted to pig iron production in November 81. It was, 
however, stopped again in May 82 because of too high 
operational costs and has been idle since. 

During our last visit to Chandrapur in Nov/Dec. we were 
presented with the problem of restart of the pig iron 
furnace to produce foundry pig ~or a marked that sud­
denly opened for a while (6 months was said) because of 
a power shortage at another producer. 

This qave us a chance to a thorough inspection of the 
furnace hearth and tapoing region - both of which proved 
to be severely damaged, partly through the period the 
furnace was operated on FeMn, partly through the time 
the furnace has been standing idle from May 82. ~hat 
happens is that the tar dolomite hearth, exposed to 
moisture in the air, will hydrolize and gradually 
disintegrate. Besides there are signs (by ins?ecti~n 
done in the tapping reqion) that the magnesite brick 
layer unddrneath the tar dolomite hearth may be partly 
destroyed by water having leaked in to ~he furnace 
through cracks in the 3/4• steel plate furnace shell. 

Conclusion: the furnace lining and hearth must be sub­
ject to a major repair/replacement before this furnace 
can be restarted. 

The cost of complete relining would be in the order of: 
3.3 mill.~s • 
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Paqe 2 

One cupola plant supplied by Fafeco Enqineers Pvt. Ltd. 
of Bombay, consistinq of two 15 t/h cold blast cupola 
furnaces, one 30 t hot metal receiver and one St 
charqinq crane. 

The plant has a capacity for supplyinq 45,000 tpa of hot 
metal. !t was started in December 1979, but stopped when 
the steel production was discontinued in May 02. 

The plant seems to be fai=ly ~ell in-tact. 

LD steel ~lant 

One steel plant supplied by Otkal Machinery Ltd., Kaus­
bahal, in collaboration with Gute-Roffnunqs-Rutte, 
Sterkrade CW.Germany). The plan~ is equipped with one 
300 t hot metal mixe~. two 15 t concentric mouth LO 
converters, oxyqen lancinq and flux charqinq equi?ment, 
qas coolinq stacks, transfer cars, cranes and all auxi­
liary equi?ment to make it fully operational for mild 
steel production. 

Major auxiliary equi?ment is: 

Conventional ingot teeminq in duplex moulds up to 
5~ x 6. with bottom pourinq practice 

Philips emission spectrometer 

Philips electronic hot metal weiqhbridqe 

Stand for surface inspection of billets with manual 
qrindinq machines. • 

Capacity: 100,000 tpa of inqot steel. 

2.4 Continuous Castinq Plant 

Mai~ equipment supplied by Indust=ial & Structurals Pvt. 
Ltd., Bombay, in collaooration with Demaq of w.Germany. 

2 strand, 6 metre radi~s billet caster for billets 
from 100 x 100 upto 190 x 220 section. 

Capacity - 60,000 tpa Con basis of 100/120 sqare billets). 

Commissioned in June 1931. 
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2.s oxyqen plant 

Supplied by Indian Oxyqen Limited in collaboration with 
Cryoplants Li~ited, u.x. 

Main equipment -

·one 740 kW 3-staqe turbo compressor supplied by Joy 
(USA) 

one air separation unit with reversinq heat 
exchanqer 

one 40 kW expansion turb~ne of Linde type 

three 600 N.ml/h 3-staqe dry type reciprocatinq 
oxyqen compressor supplied by VEB (~.Germany) 

two 17,000 litre vacuum insulated liquid oxyqen 
storaqe vessels 

one 1000 N. ml. /h centrifuqal liquid oxyqen pump 
supplied by Cryostar 

Capacity -

1100 N.m3/h of qaseous oxyqen of 99.5~ purity 

36 N.ml/h of liquid oxyqen 

1980 N.~3/h qaseous nitroqen with less than 10 
Vpm oxyqen content 

Commissioned in November, 1979. The plant seems to be 
well taken care of durinq its i~leness from May 1982. 

2.~ Lime Calcination Plant 

Main equipment s~pplied by Westerwo~k Enqineers Ltd., 
Sombay, in collaboration with West's Pyro Ltd., ry.K. 

one 35 tpd vertical shaft lime calcinatinq kiln 
vith EP!F qas/oil !irinq 

skip charqinq system for limestone 

Auxiliary equipment -

lime storaqe bu~ker with skip charqing system 
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one double roll chrusher 

one double deck vibratinq screen 

Ferro manqanese Plant 

Main equipment 

Chapter 2 
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one 33 MVA submerqed arc electric smeltinq furnace 
supplied by Slkem a/s, Nor~ay 

Capacity - 50,000 tpa of hiqh carbon ferro manqanese 

Commissioned in Auqust, 1981. 
This is the only unit operatinq at present. 

Sinterinq Plant (Paramount S~nters Pvt. ~td.) 

Main equipment supplied by m/s Paramount Furn~ce Co., 
Naqpur. 

one 4 tph down drauqht type sinter strand 

one 5 tph disc type sinter breaker 

one 5 t/h sinter cooler 

Capacity tS,000 tpa of manqanese ore sinter 

Commissioned in May, 1981. 
This plant is owned and operated by Paramount Sinters 
and produces sinter for ~EL of the fines that are 
screened from the manqanese ores and cokes. 

General consideration 

Maharashtra Elektrosmelt Ltd. ,1ant is adequately 
equipped ~ith railwa¥ yards, both for the broad qauqe 
and narrow qauqe tracks servicinq the si~e, and with 
unloadinq !acilities for raw materials, maintenance 
shop, off ices etc. Oay silos with charqinq and ~eiqhinq 
systems are very well equipped with remote control load 
cell weiqhinq systems f.or accurate charqe contr~l The 
plant qives the impression of beinq well planned and 
is essentally a well equipped ~inisteel mill which can be 
qeared for specialized production proqrams. 

Total investement for the whole ?lant ~as 3~ated to be 
Rs. 300 ~illion. 

. ' 
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5 SINTERING PLANT '° DIESEL P\W 
6 OFFCE Al() YARD FOREMAN 41 ~PLANT 
7 GAOUf() tl>PPER 42 STORAGE llUN<EAS I FE..,I 
I CRUSHER HOUSE 4l SOFTNM> PL.ANT 
9 SCREEN HOUSE " FERAO MANGMESE PLANT. 

10 STORAGE lll.H<ER IPIG IAONI 45 SETTLIG PLANT 
11 PIG IRON PLANT " PlH' HOUSE tC> 12 
12 STEELMELT 9(JP 47 CONTIEOUS CASTNi PL.ANT 

°" D 
13 OVERHEAD WATER TANK " IMTER COMPLEX 
14 GAOUf() LEVEL RESERVOIR 49 8 G fWL.-WElliH llAIOGE 

~ c::::J 15 PlH' HOUSE 1 50 CONSTRUCTION WATER TANK 
16 WEIGH BAIOGE AN> OFFCE 120TI 51 REFRACltlRY STORES. 

~51c:J 17 <XH'RE~ RD4 Al() 52 OXYGEN 5roRAGE TANK. 
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21 OnGEN PLANT 8Ul.DH1 57 F~ COOLltG TOWEA-2 
22 WINCH HOUSE 51 LIME S1tlNE ltlf) STCJIAGE lkJNKER 
23 THICl<ENER. 58 LM STORAGE IUl.ONi. 
24 FUEL OI. COMPLEX IO LIME KILN 
25 GARAGE 61 EPIF GAS COOLltG TOWER 
26 MAWTENANCE SHOP ANO STORES 62 T\JAN TAILE 
'r1 SECURITY. G4TE HOUSE 63 ASH PIT 

AND TIME OFFCE 64 PAO.ET SltlfE 
28 220122KV MAIN RECEMNG STATION 65 0P£N STOCK YAAO 
29 ~STRl.CTION POttEA STATION 16 SLAG PIT 
JO CONTln ROOM FOR MAIN 67 STOAE StlEO 

RECE1V1NG STATION 61 COKE IAIQUETTE PLANT 
31 Sl.8 STATION NO 1 
32 SUB STATION NO 2 AND LABORATORY 
33 REFRACTORY STORE 
l4 CANTEEN. FIRST-Al() OIANGE ROOM 

AND CYCLE STAND 6 

SECTION 2 JS WEIGH BAIOGE AND OFFCE I JOT I I 
l6 BOOSTER tl>USE ' 

I MAHARASHTRA ELEKTROSMELT LTD. CHANORAPUR 
I PLANT GENERAL LAYOUT o' 8 ~ 0 

"' ~ t:: -, 

• !ICll - 1-69!.85 ~ .... ~ ·~ 
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3. HISTO~Y 

The ~aharashtra Elektrosmelt Li~ited was incorporated in 
1974, essentialy promoted by the Government of 
~aharashtra through its •state Industrial & Investment 
Corporation• (SICOM) which holds 49~ of the company's 
equity share capital of RS 50 million. 49~ of the share 
capital is held mainly by Indian financial institutions, 
banks and insurance companies, and the remaining 2~ is 
held by the Development Corporation of Viderbha Limited, 
another ~aharashtra Government development agency. 

The company's production facilities are located at 
Chandrapur, abt. 160 km south of Naqpur in Maharashtra 
State. The head office is in Bombay, ana a district 
sales office is located in Nagpur. The ~aqpur office 
takes care of raw materials and other supplies for the 
plant. 

The oriqi~al plant was built with one electric piq iron 
furnace 33,ooo kVA with capacity for 75,000 tpa of piq 
iron, a steel melt shop with two top-blown LD-convertors 
15 tons capacity each, and a billet castinq stand to pro­
duce conventional inqot teeminq in duplex moulds up to 
5" x n• size - capacity 100,000 tpa ingot steel. 

gecause of serious delays in the delivery of equipment 
for the oxygen plant it was decided to produce high car­
bon ferro manqanese in the electric oig iron furnace for 
a pe~iod of time. The furnace was therefore commissioned 
on !erromanqanese in February 1977, and not until Sept. 
tq13 was the oxygen plant started. At that time it was 
decided to continue ferromanganese ~roduction and 
install two cupola furnaces to supply the Qelt shop with 
liquid hot metal, based on iron and steel scrap. The two 
cupolas ~ere commissioned in December 73 and steel pro­
duct ion could commence. Simultaneously it was decided to 
add ~o. II electric furnace 33,ryoo kVA for ferro manga­
~ese ~ith a ca~acity of 50,000 tpa ~eHn. This furnace 
was sta~ted in August 1~81 and the oriqinal pig iron 
furnace could be made available to produce electric piq 
iron for the steel pro~uction, as originally planned. 
The cupola f.urnaces have not heen operated since. 

A 2-strand continuous casting machine for 100 x 100 uo 
to 180 x 220 mm billets with a capacity of ~0,000 tpa 
~as also i~stalled in June lqBl • 



) 

•• 

2 1A1 1 
February 1985 

Chapter 3 
Page 2 

However, already in May 1982 the pig iron and steel pro­
duction was stopped again , and the equipment has been 
idle since. They were reportedlv loosing money for each 
ton of steel they produced. 

The ferro manganese furnace, which was commissioned in 
August 1981, has been in continuous operation but it was 
running only half capacity during our team's visit in 
September 1984, due to the general marked situation for 
steel (and ferro alloys) in India. 

~e think it is essential to note these developments to 
understand that the plant has never had the chance to 
develop a working team of operators, supervisors, pro­
duction routines and controls to achieve normal 
operating standards. 

At the same time the economic basis for electric 
smel~ing of pig ir~n changed drastically already during 
th~ planning stage of this small iron and steel works. 
The original price for electricity from the coalbased 
powerplant in Chandrapur (Maharashtra State Electricity 
Board) rose from 15 paisa to 30 paisa already during 
the construction of the plant. Since then the price has 
risen to 60 paisa (Sept. 84) with an expected further 
rise already at the end of 1984. (see ~ncl. 3.a, the 
development of power price for ~EL). 

It is evident that under these circumstances the 
planning of future use and development of the plant 
would be very difficult. The world wide recession in the 
iron and steel industry in the beginning of the BO's did 
not make the situation any easier. It seems, however, 
that it is essentially the burdens put upon the company 
by way of extreme increases in the power price that has 
torn the carpet from under the economics of the plant. 

A lot of suggestions have been made to introduce new 
processes, improvements and production schemes hy ~EL's 
own staff. (list of "New Projects" in enclosure 3.b). 

Of these only the sintering plant for manganese ore 
fines has been successfully established. The tests to 
produce medium/low carbon ferro manganese in the LO con­
verters were not successful, because of too high dust 

losses. 

A project for stainless steels based on the CLU process 
is now un~er consideration hy MEL. They are in the final 
stages of negociations with Uddeholm in Sweden. 

Ref.: ~otes on MEL, (ref. list 1) • 
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B) 

1. 

3. 

s. 
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~. 

1 0. 

NEW PROJECTS 

FERRO MANGANESE 

Sinters 

~oke Rriqu ... ttes 

Manganese Ore Briquettes 

Drying/Preheating/Prereduction of Raw Materials 
(Outokumpu) 

Ferro Manganese Casting in ~oulds 

Expert Assistance from MMC Japan 

Silico Manganese 

Medium/Low Carbon Ferro Manqanese 

Ferro Chrome/Charge Chrome 

Ilmenite Smelting 

Ferro Nickel 

PIG IRON/STEEL 

Oxygen Bottling 

Oxygen injection in Cupolas 

Hot Blast Cupolas 

I N R E D 

'lCR' Process 

Ladle injection/~4sulphurization (Ovako) 

~icro Alloying of Steels 

Low Shaft Rlast Furnace 

'Clockner 

rJg i ne 



• 

• 

• 

2 18 1 t 
February 1985 

1 t. Uddeholm 

12. Ductile 

13. Forgings 

14. Rolling 

Iron 

Mills 

1 5 • Vanadiferrous 

Spun Pipes 

Slag/Ferrovanadium 

Encl.3.b 
Page 2 
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4. PLANT MANAGEMENT ANO LABOUR FORCE 

The organization ch~rt as of 1984 will be seen in encl. 
No. 4.a. It appears that for the maintenance and 
op~rat~ng supervision there may be too many line levels 
between foremen and superintendant of the specific 
ectivity. This tends to present hinderances in decision 
making and to lessen line responsibili~y. ~e would 
prefer a more •flat• organization with more direct con­
tact to first line leaders. 

The labour force was qiven as follows: 

Top management 
Line superintendants 
Enqineers and qeneral foremen 
Foremen and officers 

Transport and yard, storaqe 
~erromanganese plant (furnace) 
Piq iron furnace 
Sinter plant 

Cupolas 
LO's 
Refractory 

Present 
Fe Mn 
operation 

135 

48-90 

C&stinq (continuous & billets) 
Quality control 

Mechanical 
Electrical 
Instruments 
Civil engineers 

Oxyqeri plant 
Calcining furnace 
Laboratory 

Complete 
plant 
working 

6 
15 
31 
63 

11 5 

181 
135 
71 

56 
141 
44 
s 1 
9 

18 3 
75 
1 1 
13 
18 
1 5 
60 
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Operations 
Office workers, stores watch etc. 
Contract labour 

Grand total 

Chapter 4 
Paqe 2 

1063 
204 
400 

1782 

Compared to our practices the plant is rather 
overstaffed also on the labour force side, but we 
realize that the siqnifica~ce of a somewhat overstaffed 
labour force is not of the sam~ importance in India as 
it is in our country. 

On the contrary, a well orqanized, ample labour force, 
quided by experienced and well developed leaders may be 
an advantaqe in an area where waqes are comparatively 
low compared to international standards. 

We raise the question to what measure the off ices in 
Nagpur and Bombay take part in the decision process and 
to which extent the plant manaqement may be tied by 
strategic plans, purchase and sales policy etc. outside 
of their influence. In our experience ie is extremely 
important that the plant top manaqement takes part in 
all kinds of strategic decisions havinq an influence on 
plant operation and economy, and that the plant 
manaqement is qiven full authority and responsibility, 
for the pr~duction according to a marketinq plan and a 
budget, determined in cooperation and accordance with 
the plant management. 
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s. 

5. , 

SELECTION OF PRODOCT AREAS AND PROC~SSES 

FERROMANGANESE AND MEDIUM CARBON F~RROHA~GA~ESE, 

FER ROCH ROME 

The ferromanqanese furnace is the only workinq 11nit at 
present in the plant. The furnace is runninq half load 
only, because of the qeneral recession in the steel 
production in India and market quota systems imposed by 
the Central Government. 

The charqe balance 

The 
ore 
Ore 
from 

tion 

plant is contractually obliqed to take 60\ of the 
for manqanese alloys production from Manqanese 
(India) Limited (MOIL) Encl. S.1.a. They buy ores 
several other sources as ~ell (Encl. s.1.b) Reduc­
materials are: 

Pearl Coke from Steel Authority of India Ltd. 
(SAIL) 

Tisco Pearl Coke from Tata !ron & Steel 

Sinqarani Low Temperature Coke CLTC) 

Seehive Hard Coke (Blast furnace coke) 

The charge mix and material ~alance sheets are shown in 
Encl. s.1.c and the cost of production is shown in Encl. 
s.1.d. 

Both the manganese ores and the reduction materials are 
• screened to remove !ines, and t~e fines are sintered in 

a sinterinq plant ~it~ a capacity of 1s.ryoo tonnes per 
year adjacent to the plan~. The sinterinq plant is built, 
owned and operated by ?aramount Sinters ?vt. Ltd., a 
~agpur enqineering com?any. It is more or less a pilot 
plant for further devetopment of Paramount's engi­
neering of sinter plants and it makes sinter for MEL from 
the ore and coke fines (+ some ~ime) for a fixed price 
of 200 Rs per tonne. 

The Paramount Sinters Pvt. Ltd. is a rather remar~able 
research and engineering orqanization aiming at ~aking 
use of the huge amounts of manganese ore fines whi~h now 
apparantly are stored at the various manganese ~ines. !t 
is an effort that should be given all possible support 
and attention, consi1ering ehat the manganese or~ depo­
sits in !nd~a are limited resources • 

~ef. "Recent Trends in Ferro-Alloys Technology". A:L 
India se~inars hel~ in Ha1pur 'ec 17-19 l~77. 
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~e suggest that the research will be conducted on two 
levels: 

upgrading of the ore fines to remove impurities, 
essentially silica and other gangue materials. This 
may be done at the Visvesaraya ~eqional College of 
Engineering, Metallurqical Dept., Professor dr. 
M.s. Jakkiwar. 

Sintering tests at the sinterplant in Chandrapur on 
the produced, upgraded ore fines and furnace tests 
in the Fe~n furnace with various amounts of sinter 
in the burden • 

The first comment a~out the standard ferromanganese 
operation at ~EL is that there seems to be little control 
of the charqe mix and analysis. There is a variety of 
different ores and cokes used simultaneously, and even 
if the charqinq and weighinq system allows for 8 dif­
ferent comconents it is bound to be too frequent chanqes 
in charqe composition. 

Under these circumstances it must be very difficul~ to 
maintanin control of the furnace operating conditions. 
Slag analyses take ti~e to be done by the laboratory, 
and uncontrolled chanqes in the charge composition are 
difficult to correct in time. 

A well defined and constant charge composition is impera­
tive to the operation of large electric smeltinq fur­
naces to obtain optimal results. 

Then there is a question of the selection of suitable 
ores. In the charge mix reported there are too much of 
ores hiqh in silica• This is very unfavourable for stan­
dard ferromanqanese production. High silica ores should 
be used for silica-manganese, and not for standard 
Ferromanganese. ~owever, looking at ~OIL's "menu" for 
different manganese ores i~ should be ooss~ble to select 
low silica ores, the "02" for instance, and to avoid the 
mixinq in of so many various tyoes of ores in the bur­
den. 

The MOIL ore type "0-4" which is reporterl used to 36\ in 
the charge is a hiqh silica ore (13' Si~2>• This also is 
a friable ore, producing fines which qo to the sinter 
?lant - and a hiqh silica sinter is produced. Therefore 
the normally qoo~ influence on furnace operation which 
are reported ~ram other ferromanqanese plants using 
sinter, will not be experienced at MEL ~i~h this hiqh 
silica sinter, because this sinter produces larger 3lag 
volume~, higher mangane~e losses and higher coke con­
SUl'l\ption. 
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In the produ~tion of standard ferromanqanese the ratio 
slaq/metal should preferably be below 1.0. At the MEL 
furnace the ratio was about 1.3 - almost the double of 
normal operations. A hiqh slaq/metal ratio will lead to 
larqe variations in slaq levels in the furnace, and 
especially on low load it may lead to the formation of 
separate craters and slaq pockets, supressinq the metal 

-and qivinq tappinq difficulties as well ~s unstable 
electrical conditions. 

The furnace electrodes under these conditions tend to 
ride hiqh and will also have excessive electrode 
movements. The dust losses and temperatures in the fur­
nace off-gases also increase markedly, and even more so 
because the furnace is run with excessive reduction 
~aterials in the charqe (see later). 

The effects of poor furnace operation on off-qas tem­
peratures and dust losses are illustrated in curves 
enclosures 5.1.e anrl 5.1.f. 

The slag composition 

Accordinq to information received the slag is unusally 
basic at M~L. Our basisity formulae: 

a 3 = (CaO + 1,39 MgO + 0,79 MnO) 
Si02 

qives a ~asisity number of 2,75. The figure should rat~er 
be kept at 1,8 - 2,3 • 

The MgO-content in itself is another matter. ~EL charges 
more dolmite than limestone to the mix. Substituting ~qO 
for CaO lowers the liquidus temperature and the visco­
sity, and increases the electrical conductivity in the 
slaq. ~s the electrical conductivity also increases 
markedly ~ith the MnO-content, a high amount of ~q~+~nO 

is unfavourable. Only in slags with low Mn~ .we do recom­
mend to substitute can with MqO, to optimize liquidus 
temperature, viscosity and slag/metal. 

Reduction materials - Pix Carbon 

~ccording to our analyses of the operation the ?ix Car­
bon ( F :C. l ratio at the MEL furnace is 1 .16'i of the 
theoretical 7alue • 
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5.1.4 

This is a strongly •overcoked" furnace giving very poor 
operating conditions with high electrode positions and 
a tendency to slag boil. The electrode consumption will 
then also be high, and at MEL it is reported to be 22 
kg/tonne FeMn, which is 2-3 times higher than normal. ~s 
mentioned before this also accounts for high off-gas 
temperatures and high dust losses. 

Metal 

The selection of ores reported will give a rather low 
Mn-content in the metal - 76-80% - lower than our spe­
cifications, - but of course, this depends only on what 
the ma~ket will accept. 

Recommendations 

The comments above are based on an analysis of the 
information received in Chandrapur in September 1984. 
The information was presented to the technical manage­
ment at Elkem's ferromanganese plant, the Sauda Smelte­
verk A/S, and also discussed with metallurgists at 
Elkem's Beauharnois ferromanga~ese plant in Quebec, 

Canada. 

Their recommandations are as follows: 

Taking the same ores, but assuming that the ore mix can 
be changed to use less high silica and more 02 ore, 
optimal operating conditions and the lowest production 
costs will be obtained with 25-30% MnO in the slag. A 
curve giving metal cost (in rupies) as a function of MnO 
in the slag is shown om encl. 5.1.q. The corresponding 
kwh figures are also shown. 

In these examples there is assumed a sinter made from 
D-2 fines instead of D-4 fines. The slag is regulated to 
right basisity and MgO+MnO amount and the coke amount 
is adjusted to the actual needs for the reduction. 

It will be seen that the amount of coke per tonne of 
metal produced is reduced from about 615 kq to alter­
natively 510, 530, 512 kg. The slag amount is lowered 
from 1330 kg per tonne metal t> alternatively 695, 670 

and 643 kg. 

The r~w materials and other unit costs as well as the 
current ~~wer orice of 60 Rs/kWh are used in the com­
puterized cost calculations • 
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5. 1 • 5 

The manganese ores are supplied by MOIL in "parcel's" of 
approx. 5000 t each. These parcels consist of ores from 
various mines to give a mix of high silica ore and lower 
silica ore to meet a specification "less than 1~\ Si02" 
for the total parcel. The ores are not mixed, but deli­
vered to the plant separately. Examples of such parcels 
are given in encl. 5.1.b. 

Since good furnace operation requires that ore analyses 
do not vary excessively the different ores should be 
mixed - blended - to equalize the variations in ore 
quality. This is best done by "bedding" of the diff.erent 
ores in horizontal layers and ret~ieving ore charge 
from one end of the bed to the other. Negative economic 
effect is of course the need fo1 higher inventories, but 
that should be more than offset by better furnace 
performance. 

We would stress the importance of controlling - and 
keeping - the right carbon balance, and particulary not 
to "overcoke" the furnace. 

In enclosure 5.1.d direct costs are given to ~.928 Rs 
per tonne and price ex-works to 5.900 Rs per tonne. 

The recommended improvements in the ferro manganese pro­
duction should result in some 800 Rs cost reduction per 
tonne (enclosure 5.1.g), and a confirmed production 
seems viable even with somewhat reduced load on the 
furnace. 

Medium and low carbon Ferromanqanese 

Medium Carbon Ferromanganese and Low Carbon Ferromanga­
nese have fo~ many years been produced by reducing 
manganese cres with a silicon alloy, usually 
silicomanganese. 

During the recent years a few companies have started to 
make medium carbon ferromanganese by blowing high car­
bon ferromanganese with oxygen and thus reducing the 
carbon content to the specification required for this 
alloy, normally to 1.0-2.0 '· 

There a~e two principally different procedures, 
topblowing and bottomblowing anrl there are sereval 
patents on on both procedures. However, the technique is 
very different and requires special know-h~w or tech­
nology to obtain feasible results. The two main problems 
are low manganese recovery and heavy lining wear. ~ low 
manganese recovery also gives severe dust. prohlems • 
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The technology in this field is difficult to obtain as 
the companies who have developed the process at substan­
tial costs hesitate to sell their know-how to 
competitors. 

Elkum•s Engineerin~ Division is not supplier of such 
~echnology, and does not know from whom it can be 

obtained. 

Uddeholm has given some consideration to the use of the 
CLU reactor to nake medium or low carbon ferromanqanese. 
(Ref. List 4} Theoretically it should be possible, but 
the development work to estatlish the right process 
parameters could be substantia~ • 

Production of medium or low carbon ferromanganese is 
therefore not recommended by us for the MEL ~lant. 

Ferrochrome - Charqechrome 

It has been suggested to look in to the possibilities 
for using one of the electric smelting furnaces ~o make 
chargechrome. Some of the produced chargechrome could 
be used for the proposed production of stainless steel, 
and the balance could be exported. Looking further into 
this concept it does not look viable. There is no 
suitable chromium ore for charge~hrome to be found in 
Maharashtra or the neighbouring states (ref.: book on 
chromium ores oubliched by Indian Bureau of Mines). 
Therefore the logistics would be against MEL both on raw 
materials supplies and for export of the product. T~e 
consumption of chargechrome for stainless in Chandrapur 
may increase to between 10.000 and 15.0CO tonnes, while 
the ferromanganese furnace ccnvert~d to chargechrome 
wonld produce approx. 30.000 tonnes per year. It is to 
be expected that the competitive situation for MEL in 
Chandrapur shall be tn disadvantage for product~on of 
chargechrome, if the plant cannot get consessions on t~e 
power price from the nearby thermal po~er station. 

To convert the ferromanganese furnace at MEL to 
chargechrome production would require some investments -
in the order of 10 million Rs • 



Encl. s.1.a 

• GRADES OF ORE PRODUCED BY MOIL 

NAME OF MINE GRADE OF OR~ QUALITY OF ORE 

Mn p Si01 Fe 

% % % % 

BAL•GHAT I Gr LP Lumpy 60.00 0.08 6.50 4.50 

I Gr LP Jigged '8.50 0.08 7.50 5.30 

I Gr HP lumDY 49.00 0.30 B.00 4.50 

44-46% Mn lumpy Ore (Dumps) 46.00 0.19 10.00 6.00 

LG.H.S. 30.00 0.10 40.00 5.50 

Fines 46.00 0.10 10.00 6.00 

UICWA I Gr Bed LP Lumpy 60.50 0.08 5.20 5.20 

I Gr Bed HP lumpy 50.50 0.15 5.60 5.00 

!CANORI I Gr Bed Ore 50.00 0.20 13.00 5.57 

LG.H.S 31.00 0.27 32.00 5.50 

e TIROOI I Gr Bed Ore 50.00 0.19 7.60 7.00 

11 Gr Beel Ore 47.00 020 9.00 8.00 

low Gr DumD Ore 40.00 0.18 15.00 775 

II Gr Dump Ore HP 43.00 0.27 11.00 9.00 

LG. H. S. 28.50 0.30 32.00 6.75 

CHIKLA 11 Gr Bed 48.50 0.23 12.00 7.25 

II Gr Dump 4590 0.107 13.00 8.75 

l- G. H. S. 35.00 0.24 23.50 7.10 

DONGRI BUZURG 
(1\111ng1nese Ore) D.R. O.M. •9.50 0.26 450 7.50 

LG.H. S. 32.00 0.20 21.00 1000 

MnO, SiO, Fe 

(M1ng1nese Dio11id•) 88-89~~ Dioxide Ore 89"' ,o 1.00 1.00 

(low ferruginou1J 

85-86% Oiox1d1 Ore 85"~ 1.60 3.20 

82-84% Dioxide Ore 821>' 2.00 3.50 
·" 

80-82% Dioxide Ore 9111• HC 400 

• '" 
72-77~ 0 Dioxide Ore 74"' 4.2•) 7.60 ,o 

GRADES AVAILABLE FOR EXPORT 

MANGANESE Mn p SiO, Fe Al10 1 

(1 I Lumpy Ore 48/46 0.18 to 0.25 10 10 12 9 to 10 3 to 5 

' (2) Lumpy Ore 44f42 0.20 ro 0.25 12 10 14 9 fO 10 3 to 5 

(l) Lumpy Ore 42/40 0.20 to 0.25 14 10 15 9 ro 10 3 ro 5 

(4) FinH 4'!42 015 15 t, 16 8 to 10 3 to 5 

DIOXIDE ORE Mn01 

88'90 80 0.20 1.00 1.00 

85!86 56 0.30 1.60 3.20 

82/81 56 0.30 2.00 3.50 

80.'81 55 0.30 2.50 4.00 

72!77 51 030 • 2') 7 GO 

----- ---·· ·-· --------------

• 
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11~ ASltC r.o." l'UOS." I 
lia.:ae of the eolU'ce I 

" • 
1•4':.lctonts 1 

f£IL(Penrl Co~e) 
Shol AutborJ. v 

ot India Ltd.. ) 2.50 27.50 10.0 o.n 16.0 2.0 1.0 .c.o 

fI~O(Pearl Coke) 
(Tata Iro~ A Stool Co) ,.oo 26.00 71.0 0.19 16.o 2.0 1.0 4,0 

L'N Co'.;o,S1o.t;nran1 
(L:>w ~oc:;i.Ce.r't.oza-
eaUo:i). 6.0 ,2.0 62.0 o.o., 1e.o ).0 1.5 5.0 

2oe~1vo !la..-d. Coke 2.50 '8.0 59.50 0.15 20.0 4.0 2.0 6.0 

Ca<>.! ltsO~ S1v2'.i il2o3!! Pl:.OS;~ 1'e ~ 

I ~"ti:.:!: 

L!.::a:.>to~• 47.0 .,.o 5.5 1.0 0.(12 1.0 

Dclo::H~ .,, .o 19.0 2.5 1.0 0.02 1.0 

1.5 

1.0 

t .5 

2.0 

• • 

wymB! I (QMl~ 
I:.~ .. , .:. ( ~ -.I · - (c.,r1-c../ ) 

v~ v~ 

,.o 
I ,.o 59.0 1a.o 9.0 

2.0 4.0 62.0 16.0 a.o 

3.0 40.0 40.0 10.0 1.0 

4.0 :t_20'J!"..:i tr.(r +1 2,:-.= n:o- ~=a o- .t2Q:'-'D 
11.0 

-e~25o=/ilt.;~ :-•nil s~fi'.rw'\.'ll 

5~ tolorc.:ice OD eit!ler aide. 

5~ toleracce OD either aide. 

Lanc!ld 
Coat 

v~ l•./J:! 
R1,P1 • 

,, .oo 8'.58-24 

10.00 817•'4 

).0 700-Y.> 
(~c.e;,> 

-:i1'::!'1 4.o 1000.?0 
(Dec.S') 

La.nded con ~--

.s. !J 

97 .. 00( Dec .e3) 

I • .:.- . ; i 
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Parcel lllo& 

HE/1/84-85 

,.1E/3/t34-85 

.. lt:/4/84-85 

Mt:/5/04-85 

• • 

~T~TEMENT ~HOWING TON~AGES ~NU HVERHGE ~N~LY~IS Of 
HIGH GR,\t.E MN OHC :;,U~PLH.u l:IY H/S. MOIL l'\Gt\IN~.ff VAUIOUS p,,uCELS. 
----------------------------------------------------------------

Tonnages 

5996.559 

4153.4:13 

5U91.409 

5321.739 

Mn~ 

48.498 

4 B. 73 2 

48. 54.5 

46.t:l08 

Pho a,,: 

0~170 

0.165 

0.159 

0CJ175 

Si02% 

B.4ll5 

e .45 

10.31 

8.04 

f e')l 

6.605 

6.83 

5.84 

7 .17 
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Maharashtra Elcktrosm~lt Limil¢d 

Conoumption ~11\llrco PUT For: l 

Groo3 Consumption Urilt Cost 

Raw Material.s PitT FeI!n PrevaillD(J 
C rr.r > in l98,_84 

Is) 

l.fanbanoeo Ore: 

1-tOIL D4 0.853 547=48 
Dongribuzurg (HG~ 0.07; 542=00 -·- (?·1G 0.113 439=00 
Adil.abnd 0.099 551a00 
l-JOIL" (D2) 0.412 551=00 
Hanea Patel. 0.012 460=0C. 
-6;.io D2 tines 0.010 270::00 
Sandur 0.555 443=24 
RegUl.ar Sinters 0.467 426=0C) 
Hi&h grade D2 Sinters 0.073 620=00 
Fe:tn fines 0.002 500=00 
.Recl.o.iced Ore 0.006 424=00 

A) total. J.!n Ore 2.675 

Coke : -:JAIL f Pearl. Coke) 0.522 803=85 
fi SCO Pearl. Coke) 0.111 842=10 
Haru Co:te 0.015 1116=00 
Col:e Briquetteo 0.055 300=00 

B)Total. Coke 0.743 

Fl.uxes : 

Licesto:ie o.oa5 67::00 
Dolo::!ito 0.611 102=00 

C)Total. Fl.ux 0.696 
D)E1ectrode Paste 0.022 8346=00 

Grand Total -
Be..:Jic raw caterinls 
B)Electric Power )092 KWh 0.6041 

Rote:- Gross consu.~ption incl.udes furnace consumption, 
• fines screened out nni h&r.dl.inG lossos. 

Encl. 5.1.c 
Paqe 1 

Coat/Rf 
Pelfn 

(!s) 

467 
40 
50 
55 

227 
6 
3 

245 
199 

45 
1 
3 

1342 

418 
144 

17 
10 

589 

7 
63 
70 

183 

2184 
1868 
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Mn • Jt 
Mno = 21 
Pho• : O.llJ 
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Maharashtra Elclttrosmc:lt Li:;iit'Zd 

• 

Cost of production (1983-84) : 

Description 

1 ) Basic rau mater.1.a.la 

2) Po•er 

;) Con~U!:la.blea/Rcfrnctorica 

4) Contract L~bour 

5) Stores & Spares 

6) Ilead Office/Factory \lagt?s/EAponoes 

ns./nir 

2184 

1868 

20 

30 

149 

677 

Price for Hi&h Carbon Fe I-rn nt uorka 

COPY 

Encl. 5.1.d 

4928 

1 ) normal. :furnace .lood . r & ~ oo - 2- l:J C""\)<l \( .... ...J 
• 

2) :·Iaxir.iu::i furnace .load • 2 '3:, c ~.:. \(~ 
• 

3) :·Iinicuci fw:nace .load . • 
Go cc IC. \N 

0 p)~iV\ t ~' r-.:l. ( ' 
Iv~ \C,JC\!C -\2..aC~ tc 1,,..J 

• 

• 
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DUST LOSS- OFF-GAS TEMPERATURE. 

FURNACE ·NO. 11. 

x 

y = 0,0325 • e 90 

y = dust loss, tomes I day 
x = temperature . ° C 
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COST IN RUPIES PER TONNE FeMn. 

3000 

2000 

1000 

"LANDED COST Rs/ MT" 

M1'NO I COST Rs. I RED. O/o 
.. SLAG PMT NET. 

ACT~~Pq.~~~DRAPU~45 I 4060,72 I 0,00 

ALT. I 

ALT. ll 

ALT. m 

n 

----.._ kwh/t ~~~~- -----0----------0----------

20 30 40 

36,15 3165, - 22,05 

28,41 3051,40 24,85 

19,37 3286,60 19,06 

Cost in Rs calculated on 
the basis of actual 
operating data at 
MEL in September 1984. 
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5.2 

5.2.1 

5.2.2 

SMP.LTING OF KHURSIPUR TITANIFEROUS 

ORE AND RECOVERY OF VANADIUM 

Introduction 

In "Substantive Terms of Reference" (see Ex.summary) it 
is requested that a study of the smelting of Khursipur 
titaniferous iron ore is included. No mining has yet 
started, but the deposit is explored by diamond drilling 
to some extent, and evaluated by the Exploration Divi­
sion of Century Cement in a report prepared for 
Mahara~htra State Mining Corporation Ltd. aated January 
1984. (enclosure 5.2.a shows excerpts) 

The issue was discussed with dr. B.R. Nijahawan * in 
Vienna in August 04, and in Ranchi in December 84. We 
have obtained more information on the ore deposits, ana­
lyses and physical characteristics from Maharashtra 
State Mining Corp. (~SMC) and from meetings with pro­
fessor dr. M.S. Jakkiwar** in Nagpur. 

About the ore deposit 

The ore deposit is apparantely nivided into many dif­
ferent sections having been explored by diamond 
drilling. 

The upper portion estimated at about 50% of the deposit 
is weathered ore. About 35% underneath the weathered ore 
is a massive ore, and below that again there is a lower 
15% of banded ore. 

By analysis of ores from diamond drillings at 45° 
through the ore body from both sides, it is found that 
there are very great variations in Ti0 2 content anc 

V205 contents. 

I 19% of the ore body estimaten at 1 I 8\ V205 

II 51" " .. .. " " 0,5-0,8 " 
III 16 .. " " II " II 0,3-0,5 " 
IV 411 .. n II n " < 0,3 n 

* Dr. B.R. Nijha~an, ~enior Inter-regional ~dvisor to 
United Nation~ Industrial Development Organization. 

** Dr. ~.s. Jakkiwar, Professor in Metallurgy, 
Visvesvaranja Regional College nf F.ngineerinq, Nagpur • 
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The enclosed excerpts from Century Cements report (encl. 
5.2.a) gives an account of the variations in V205 con­
tents analysed in the drilled core samples. The deposit 
has consequently been defined into 11 different ore sec­
tions and the indicated cut-off qrades and mineable 
depths have been estimated in each, on the basis of V205 
analysis,- taking 0,5\ v 205 as the minimum cutoff grade. 
The total mineable reserves then comes to abo~t 4,5 
million tonnes from this estimation. 

It is not known to us to which extent the deposit has 
been proven by diamond drilling, but according to the 
State Mining Corporation too little diamond drilling has 
been done. It would be expected that further exploration 
of this deposit has to be done before a proper eva­
luation can be made. 

Ore benefication and analyses: 

The analyses of the core samples indicate very great 
variations both in Ti02 and V205. Tiu2 is reported to 
vary between 11 and 19\ and V205 from< o,3 to 1,9\. In 
addition 2-3\ s (pyrite) is found in zones. 

Professor Jakkiwar has done some preliminary tests with 
magnetic separation of the ore and found that it m~y be 
possible to upgrade the ore to some extent. The ore 
samples were crushed and ground to 150 mesh. Tylor and 
treated on a laboratory scale, high intensity magnetic 
separator. Re got 3 fractions: One high magnetic frac­
tion with 11\ Ti02, 56\ Fe and about 1\ V205. one lo~ 

magnetic fraction where some of the free-crushed il~~­
nite was collected - low in V205. One non-magnetic frac­
tion where hopefully ~ost of the pyrite and gauqe woul1 
be found, although this was not analysed. 

Enclosure s.2.b gives a summary of prof. ~akkiwar's 
laboratory results. 

We woul~ agree that more exploration should be don~ to 
prove reserves and ore values (analyses) and to ~ake 
estim~tes of mining costs - both investments and 
operating costs. The findings so far indicate selactive 
mining, which of course influences the mi~ing costs. 

It is further suggested that the metallurgical depart­
ment of Viswesvaraya College is given t~e resources to 
do an independent study of th~ ore benefication problem, ~o 
establish optimal grinding and millinq for ~inarals 
separation and to estimate costs and analysis of the 
V205 rich concentrate. 
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Mining costs has roughly been guestimated at aot. 100 Rs 
per tonne, grinding milling and magnetic separation was 
estimated at 60 Rs per tonne of ore and transportation 
cost to Chandrapur from Khursipur would be approx. 100 
Rs per tonne of concentrate. 

Concentrate cost at plant, roughly according to above: 

Mining 

Magnetic separation 
Transport 
Handling, •••• 

Rs.pr. tonne ore 

100 

Landed cost per tonne concentrate: 

Rs.pr. tonne 
concentrate 

167 

120 
100 
15 

402 
a========= 

These are of course ve~y rouqh and uncertain figures! 

Process considerations 

There are two processe~ industrially developed for this 
type of concentrates: 

Smelting of prereduced, hotcharqed pellets in 
electric furnace, followed by o~ygen lancing of the 
pig iron to collect the vanadium into a 
V205 containing slag and further treatment of this 
slaq to vanadium products (FeV er V205) or sale. 

The Otanmaki leaching process 

In the Otanm~ki process, as developed in Finland by 
Raut~ruukki 0y, the concentrate is agglomerated with 
alkali or ammomiu~ ~alts followed by roasting, leaching 
and precipitation of ammonium vanadate, which is sub­
seqently tused into a saleable ~205 oroduct. The 
Otanmaki process may be an al~ernative for Khursipur and 
other vanadium containing ores in India, hut it is con­
sidered no alt&rnative for vanadium rich slag produced 
by the smelting of ore in dn electric furnace. For MEL 
the Otanmaki pro~ess cherefore is n~ alternative. 
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s.2.s Notes on the smelting process 

In its research laboratories in Kristiansand, Norway, 
Elkem a/s has studied the smelting of titaniferrous ores 
in many pilot trials on various ores from all over the 
world. F~r most of the projects the aim has been to pro­
duce a slag rich in titanium oxide for the production of 
pigment, but sevaral projects in later years have also 
been concerned with ores containing vanadium, normally 
too low in ~i02 to produce a valuable ~i02 - rich slag. 
For many years Christiania Spiqerverk in Norway, now 
merged with Elkem, have smelted a Ti02 - and 
v 2 o5 containing iron ore from its own iron mine in its 
Bremanqer Smelteverk on the west coast of Norway. The 
ore was upgraded to a concentrate containing only 2-3% 
Ti0 2 and approx. 0,5 \ V205. The purpose ~as initially 
to produce a special foundry pig iron. 

Because of its low content of Ti02 this concentrate 
could be smelted directly, without prereduction, in an 
electric furnace, but first it was agglomerated by 
sintering. Oxygen lancing was introduced in the early 
60ies to collect the vanadium in a V20s - rich (12 -
15\) slag, and a Silicothermic process was developed to 
produce ferrovanadium from the slag. The process is 
available for licencing from Elkem a/s. 

The process was licenced to Riqhveld Steel and Vanadium 
Corporation in Witbank s.A. This company developed a 
smelting technique for more ~i02 - rich vanadium con­
taining ore, also in the 1960-ies. This process applies 
prereduction of of the ore in a 60 m long 4 m dia. 
rotary kiln followed by submerged arch smelting in an 
electric furnace. The process has been developed to a 
high deqree of automatio~ and comprises today 6 complete 
~nits with 4 extra rotating kilns, to increase the 
availability of the plant. 

In other words: the Highveld plant comprises today 6 
large smelting furnaces and 10 rotary kilns. The electric 
smelting furnaces are supplied by Elkem a/s and have a 
rated capacity of 30 to 45 ~VA each. The plant is now 
being extended further. 

The capacity of the Highveld plant is close to 1 mill. 
tonnes of steel ~nd approximately 6000 tonnes of 
V205 per year. ~he company dominates the World market 
and controls the market prices. 
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~n ~ew Zealand a process is developed for titanium and 
vanadium containing iron sand which is upgraded and 
smelted without agglomeration (because the sand is 
rather coarse). The process involves preheating of the 
sand and simultaneous charrinq of coal in a multiple 
hearth furnace. Further the hot charge is fed to a 75 m 
lonq rotary kiln where the iron oxide is prereduced to 
at least 80% metallization, followed by meltinq and car­
bonization of the charge in electric furnace. A piq iron 
containing the vanadium is produced. The vanadium is 
collected in a V205 rich slaq by oxygen blowinq in LO 
converters with bottom qas stirrinq, and the iron is 
converted into steel. In India the National Metallurqi­
cal Laboratories in Jamshedpur have done pilot tests 
with direct smeltinq in electric furnace with Bihar & 
Orissa Ores. 

Industrial tests have been done at Viswesvaraya !ron & 
Steel Ltd. in Bhadravati, in a 10 Mw electric piq iron 
furnace. Difficulties with slaq boils and high viscosity 
slaqs were reported. These difficulties are well known 
also from the pilot tests in Elkem with direct smelting 
of titanium containg ores. A certain reduction pressure 
is necessary to qet the vanadium oxide reduced to the 
iron phase, but on the other hand too much carbon reduc­
tion pressure will reduce Ti02 to lower oxides and pro­
duce slag boils and sticky slaqs. The balance is very 
delicate, and has been possible to maintain by accurate 
control of the smelting conditions in pilot plant opera­
tion only. 

No direct smelting of titaniferous ores of these types 
has been done successfully on industrial scale as yet. 

It should be mentioned here that Elkem was engaged by 
The Industrial Development Corporation of Orissa to do 
pilot smeltinq of the Orissa deposits of titaniferous, 
vanadium containi~q Ore in 1971. The smelting tests wer~ 
done both directly on ore pellets and on prereduced ore 
pellets alternatively. The ore pellets were sintered. 

Smelting of Khursipur ore at ~EL in Chandrapur: 

If Khursipur ore should be processed in the MEL iron ~ 

steel plant in Chandrapur, we must recommend the 
following process steps, based on the available 
experiences with similar ores • 
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Upgrading of the ore to produce a concen~rate with 
essentially all V205 where some of ~he ilmenite and 
most of the pyrite minerals are removed. Apparantly 
this is best done by magnetic separation. 

A program for finding the optimal ore benef ication 
conditions and desiqn parameters should be ini­
tiated, and the expected concentrate cost eva­
luated. 

The ~oncentrate must be aqglomerated by pelle-
t izinq and sinterinq of the pellets, followed by 

a prereduction in a.rotatinq kiln, usinq the 
electric furnace gas and additional coal, and 

the electric furnace finally, to carbonise the iron 
to a pig iron and reduce the vanadium content to 
this piq iron. The slaq, containing some 30' 
Ti02 will be without value. 

~he LO - plant has to be used to produce a vanadium 
rich slaq (12 - 15') for eventual further treat­
ment to FeV or for sale. 

After the removal of the vanadium rich slag, the 
piq iron is further processed to steel in the con­
ventic•nal •11ay. 

Investments and operating costs: 

A very rough estimation of the necessary installations 
for the plant in Chandrapur to treat the ~ursiour ore 
concentrate gives a fiqure of: 

approx. NOK 180 million 
or Rs 250 million 

This estimate includes equipment costs, ~esiqn and engi­
neering, purchasing, foundations and erecti~n of the 
equipment. Tie complete rotating kiln alone will cost 
approx. ~5 million Rs. 

Operating costs {Enclosure s.2.c), calculated on the 
same basis as for pig iron cost from normal iron ords in 
chapter 5.3., {Enclosure 5.3.e), will amount to Rs 2600 
per tonne. 

This is very near to the cost of the MEL pig iron from 
Lohara ore {see chapter 5.3) • 
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Of the approx. 1q kg vanadium per tonne of pig iron ori­
qinally contained in the ore concentrate, approximately 
45' or e kq pr. tonne pig iron will be recovered in the 
oxygen blown slag with 12-15\ V205. 

At full furnace load - 20 Mw power input - 96000 tonnes 
of pig iron will be produced. 

The corresponding amount of V205 containinq converter 
slag at say 15\ V205 will be 4.900 per year. ~e assume 
that vanadium slag would be the logical sales product 
from MEL. 

The current price for V205 slag in India has been given 
as 15 Rs per kg for 20 - 22 \ V205 slag. (ref. professor 
Jakkiwar at the Oniversity of Nagpur). Cor=es?onding to 
this a 15\ slaq will have a value of apcrox. t0.000 Rs 
per tonne. 4.qoo tonnes V205 slag will then qive aproxi­
mately 48 mill. ~s per. year. 

In other words: Approx: 50 milli~~ Rs pe= year will be 
available to carry capital costs and profits, compared 
to the ~resent operation. With a roughly esti~ated 5 
years oay-back period the project actually looks viable. 

Analysis of project viability 

~ooking at the development of prices for vanadium, enc. 
5.2.d, it seems that in constant (1984) crss value, the 
average price ~as been varyinq around a pretty constant 
figure of approximately OSS 13 per kq corresponding to 
Rs 156 per kg v. Accordingly V20s would be priced at 86 
Rs and a 15' slaq at aoprox. 13 Rs per kg. Subtracting 
operating and investment costs in the various steps to 
arrive at ferro-vanadium, approx. OS! 2.ts ?er kq V, the 
?rice for v in slaq woul~ be 10.q5 crss per kq. ?rices 
~ave been declining lately. 

This Fiqure checks well with the ~igure deducted from 
dr. Jakkivar's 15000 Rs per tonne slag with 20-22' V205, 

correspondinq to 11-12~ v, giving aper. 130 ?s or 10.90 
CJS$ per kg v. 

The various croject steps ~rom ore concentrates to the 
vanadiu~ enriched slag are well investigate~ in many 
cilot operations on similar concentrates, and a succes­
ful in~ustrial operation on a very large scale is 
established by ~ighveld Steel and vanadium ~orporation. 
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There are, however, richer sources of ~anadium con­
taining titanomagnetites in India (encl. 5.2.e). 

Por instance, the deposits in Rihar and Orissa are 
reported to contain 1\ v and the Masanikere deposit in 
Karnataka reports 0,63\ v compared to only 0,4-0,5\ Vin 
Khursipur. The question then arises ¥hether Khursipur is 
the deposit that first should be attacked and whether 
Chandrapur is the right place for the first project of 
this kind in India. It will take time, at least 3-5 
years, before a production of ore concentrates from the 
~hursipur deposits may be developed. Uneil the ore body 
is better explored and benefication of the ore has been 
studied in more detail, it is of little value to go 
further into a !easibility study of smelting ehe Khursi­
pur ore in Chandrapur at this time • 
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A NOTE ON VAtUATICN OF GRALES IN suas~Ft>CE 
ANO ITS BEARING al MINABILITY OF VANADIFEROUS 

TITANOl-!AGNETITE D.c:POSITS OF KHURSIPAR 

Encl. 5.2.a 
Paqe 2 

'lbe main con~ituent of the vanadifercus titanomagnetite 
ore is V 2os- and on the basis of which different grades bl ve beer:i 
determined. An overview of nature an:! var iaticn of gra<E s _ 
of cres has already been given in chcpter 15 of the main report. 
lrased on the basic exploration data, a further review~ variation 
in grade is beirg furni.S\ed £ran ndnirg stari'.ard point. For this, 
the following factors have b.aen emphasised:-

1. 

2. 

Avera;e grade fer every 5 Mtr. depth cf each ore body 
hasbeen comp.l ted. 

In vic:w of o.s% v2o5 as acc:eptable ore - cut off 
grades and minablc nepths fer each ore body have 
been discussed. 

V}.!UAT!ON OF GRAIES IN rukiUK~ 

This factor has been cxmsidered separ3ely for eadl cf 
the ere bodies. To canpute averaga grades for every 5 metres 
~th, a ralytical data cf bore hole ccres were used aoo 
follow! ll:J procedure was adcpated. 

Top level of ore bc...Cy was co nsi cered as the starting 
pcint frcm wlilre 5 Mtrs. each dcwnward depth levels were 
fixe"'. Corres90nding to these levels, lert;;ths of boreholes 
whidl have intersected the ere body were also determinee. 
Si rce these boreholes were drilled at 45° inclinaticn as per 
trigooornetric calcul" tions. 7 .07 Mtrs. of inclined l£: :igth 
equals to 5 Mtrs. of vertical lell:Jth. This was arrived at 
by dividing inclined length with a tritJoncmetrical function 
of 1.414. Analytical data falling in each such corresponding 
lengths of boreholes were weighed and average~. l\J.l such 
average a ra lysis o f different bore holes in an ore body 
falling in a plrtiaibr 5 Mtr •. level_were further added 
ana their mP.an w~ calculate···. Thus, subsurface variation 
in gra ~ fbr each 5 Mtr. depth for differnt ore ccdies has been 
canputed(Table-I). 

While de~ucing any conclusion fr~.Jll this data, 
inherent prqJertias of the ore bodies regarding their three 
r!imensional chemistry are nls o to ba tn!(Cn into acQ)unt. 
Accordingly, there are not much variations in weat.,ered zones 
either laterally or vertically. In hard ere zones, grade vaies 
from footwall to harging wall i.e. from e.::.st to west. Since 
the boreholes are inclined cutting across the or~bcdies from 
either side, tncy show intersection frcm rich to lean ores 
and vice versa. In thi.s situ;!tion to get more repxesentative 
c!at<l, number of intersection by bore holes fran eitl"e r si 1a 
of th:! ore bodies shcu ldLsuff iciently more. In the ptesent L be 
case whs re bcrehc.les could not be mcnitorad in tha above 
fashion in some of the ore bcdies, the data regarding grade 
variation hav~ their own limitations. 

etrr OFF GRADES AND MIU )8L£ DEPTHS 

In the previous report whil·~ di ~uss.ing gr.'l1es of eras, 
the foll~ing dassificution was m•:rlc (P.93) • 

CrC\de-I Ore •• Vi''s' 0.0"-' and at.eve 



• 1 
I 

I 

• 

• 

Encl • 

Page No.2, Paqe 

Grade-II Oro I I v2o5, 0,S91' to less than o.8%. 

Grade-III Ore •• V205, 0.3% to less than o.5%. 
. 

Grade-IV Ore •• v2os, l~ss than 0,3% 

It was estirr..:ltcd that in th..: cxplcrc~ portion of the 
ere bndL:s mast prevalent is grace II ore, a:nounting to 

'5.2.a 
3 

51%, followed by gr.'.lda-I o.ro 19%, grade III ore 16% arr grade IV 
or·~ 1•1%. T.:iking 0,5% v 2o5 as minimtrn eccncmic gradG of the 
ore, entire I and II gra~c crcs bccc~ marketable ore:?, Overall: 
avercgc of these two gracl:s will be mere than 0,5% v

2
o

5
• 

Thus, s~mc 11'.>'cr grad: era can be bkndcd to bri rg ie 
::!own to lQlfel of 0.5% v o • In tret case the lo.r~st graoo 

which can be ~incd acq~~ically i.~. cut off grade will 
be £ ss than 0,5% v2o

5
• · 

When dif:i:. rent ore booies are considemcl seper3tely 
it is pcinte'1 out that in S"'mc of them the grad:?s of om 
canes out to be ma:- e than 0. 5% V 2oc;_~n all the levels of 5 Mtr. 
depths ( Orebcdy lbs. I 1 II, lY, v / -v.n, IX ) •· <>res fr cm these 
dc.mosi. ts can be b lcnd.""Cl with lean crc.:s frcm other ore bodies. 
Question of cut off gral.12 fer th.:se ere boCies does not arise, 
For other era bodies, cut .;ff grades have b~cn canputed 
on ~ha basis of mean avcrag:s of gr;1dcs for every 5 Mtr, 
depths. Accordin;;ily, r.ut of::.: gr."!<.!as and minable d!ipths 
of ore c~di~s have been coputed(Table.2) 

Tcblc-2 

Average grade-;, Cut Off Grades an:! Minabk IX:pt.hs c£ ore bcdies. 

Or~ body No. Average gr~de ".:ut off Grade Minablc Dapth 

VO % VO " (M) 

I 0,813 30 
II 0.609 30 

III 0.709 0.155 35 
r:v 0.937 35 
v 0.122 25 

VI 0,63·~ o.034 90 
VII o. 717 10 

VIII 0.586 0.293 40 
DC 0,690 20 
x 0.487 0,391 75 

XI o.586 0.091 so 

Cut off gr<ioos shewn .i,n th;.; abov<.: t±].;? arc <?.pplicablc 
to the ccna?rn~:~ era bcrlics • 
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EXCERPTS FROM THE FINDINGS OF THE UTI~ISATION OF PANADIFERROUS 
TITAN! MAGNETITE FROM KHURSIPAR DISTRICT BHANOARA, MAHARASHTRA 
STATE, INDIA 

(Based on the tests caried out at the Departmetn of Metallurgy, 
Visvesvaraya Regional College of EnginP.ering, Nagpur, Maharashtra 
State, Na-Jpur) 

1 • 

2. 

4. 

.. .J. 

ANALYSIS OF HEAD SAMPLES 

CHEMICAL 

54.44 
12-20 
5-12 
0.096 

SPECIFIC GRAVITY - 4e42 

MINEROLOGICAL 

Magnetite 
Ilmenite 
Martite 
Amphibole 
Quartz 
Chlorite 

50-52 
35- ~ 8 
5-8 
S-10 

WORK INDEX - 16.3 1 Kwh/t. 

LIBEFATION OF ILMENITE:-

1 at 60 mesh - 50% 
2 at 150 mesh - 60% 
3 at 270 mesh - 75 % 

DRY MAGNETIC SEPARATION:- {At - 150 Mesh martitizeo 
sample). 

Wt% 

Jistribution% 

Gra6e1! 

Maqnetic 

58.91 

6R.23 
J4.IJ6 
92.26 

56.3R 
1 1 • 2 1 

1. I) s 

Weakly Mq. Non Mag. 

40.93 

31.~3 

65.75 
7.-=; 5 

4 1. 1 5 
3 2. 15 
0. 0 1 

0. 16 
fJ. 18 
0. 1)9 

1Rl 1C52EB2 
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Encl.5.2.c 

Cost of p~g iron from prereduced ~hurisipur concentrate - com­
parable figurez. 

1 • Concentrate 1670 400 668 

2. Agglomaration and 
sintering 1670 170 284 

3. Coke 50 719 36 

4 • Coal 779 480 374 

s. Limesto~e & Dolomite 460 11 0 50 

6. Power, furnace 1500 60 900 

Power, auxilliary 

7. T!:lectrodes 10 7100 7 0 

8. Labour 55 

9. Refractories 50 

1 !) < Consumables 20 

1 ~ • Stores and spares 60 

1 2. Interest on ~:orking cap. 50 

1 3. Transport 1 5 

Cost of pig iron 2632 
============= 

Compared to 2700 Rs/tonne for pig iron produced by direct 
smelting of Lohara ore this calculation shows about sam~ 

operating cost!'!. 

1911C52EC 1 

• 
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Table Annual U.S. Price of vanadium 
contained in vanadium pentoxide 

Current USWlb 

' 
- - - - Constant 1981. USO 
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Oxide Singbhum & 

Mayurbhang 
Deposits, 
Bihar & Orissa 

Total Fe 57.12 

Ti02 12.52 

v 1. o 

Si02 1. 2 

Al203 2.21 

CaO trace 

s trace 

p trace 

1811C52EF.1 

Encl.5.2.e 

TABLE 

Khursipar Depoosit Masanikere 
Maharastra Deposit, 

'!Carnataka 

55.68 53.8 

13.6 0.16 

0.40 o.63 

2.11 5.40 

3.54 1.64 

trace trace 

o.ooa 0. f) 1 

0.01 0.011 
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ELECTRIC PIG IRON SMELTING 

Introduction 

Chapter 5.3 
Paqe 1 

The main idea for the Maharashtra Elektrosmelt Company 
to be established, was to make use of local iron ores 
and thermoelectric power based on the waste resources of 
coal in the area to produce mild steel. 

As mentioned in chapter 3 an electric piCJ iron furnace 
of 33 MVA or approximately 20 MW capacity was built and 
ready for start in 1977 to supply liquid piq iron to the 
steel production. 

However, the electric pig iron production was not 
started in 1977. Instead the furnace was used to pro­
duce standard ferro manganese. Only from December 1981 
till May 1982 was pig iron produced. Then the furnace 
was stopped and has not been restarted since. 

The power cost has shown a very unfortunate development 
for the plant since it was planned (1974). Enclosure 
3.a, chapter 3, shows the development in power price 
from 16 paisa in 1977 to 60 paisa in 1984. This probably 
was the main reason why the company decided to stop 
the piq iron production in 1982. 

Raw materials and operation 

Enclosure 5.3.a shows analyses and prices for the iron 
ores, reductants and flux materials used at the plant 
i9q1/82. 

Doring the short period the furnace was operated on pig 
i~on difficulties were experienced with low tappinq 
t~mperature and too great variations in Si-content of 
the iron. 

We feel that the main reason has been insuf f icent 
metallurgi~al and operational control of the furnace. 

It should be said, however, that durinq the short period 
the furnace was in operation, it would hardly be 
expected that operators and technical supervisors would 
be sufficiently trained for the variou,s jobs and 
problems normally encountered in metal,lurgical opera­
tions. 
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Chapter 5.3 
Paqe 2 

In a rather comprehensive report dated June 9, 1qR2 
Elkem's metallurqical enqineer Mr Per Hyldmo commented 
upon the operation at MEL. Here are some excerpts from 
this report: 

To obtain a better raw material control the followinq 
should be considered: 

Limitinq the ore supply to one or possibly two 
suppliers. 

Keepinq sufficient ore in stock to allow operation 
at constant ore mix ratio. In addition beddinq of 
the ores should be introduced. (see Section 5.1). 

As the ratio of coarse ore and fines normally may 
vary considerably, samplinq of ore fractions -10 mm 
and +10 mm should be carried out on a routine 
basis. If siqnificant difference in chemical com­
position is found, the ore should be screened and 
fed from separate day bins to qet a constant 
ratio of coarse and fine ores to the furnace. 

Considerable prereduction is carried out by the CO-qas 
in the charqe layers above the smeltinq zone. Therefore 
relatively small size of ores is preferential. Good 
results are obtained at Norsk Jernverk with iron ore 
pellets 10-20 mm in 40 MW furnaces. On the other hand 
the contents of fines are more pronounced with 
decreasinq ore size, hence a compromise has to be made • 
For MEL we recommend an ore sizinq of 20-50 mm with 5\ 
below 10 mm. 

The s~me sizinq is recommended for the fluxes: dolomite, 
limestone, etc. 

Reductants 

What is said ~bout consistency of ore supply above 
should also apply for reductants (cokes}. Purchase of 
coke should be limited to 2-3 suppliers and sufficient 
stocks be kept at site to avoid frequent changes. 

We have found up to 12\ difference in fixed carbon the 
fines and the coarser particles in different types of 
reductants. As carbon control is of main importa11ce for 
control of Si in metal, this should emphasize the 1~por­
tance cf well screened and homoqP.neous reductants. 
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Chapter 5.3 
Page 3 

Sizing of reductants is equ&lly important. Two dif­
ferent coke sizes is normally required, a coarse frac­
tion 27-75 mm and a fine fraction 10-25 mm. The coarse 
coke is required partly for stabilization of the 
necessary coke bed in the furnace and partly to counter­
act segregation in the furnace due to different 
sizing of the other raw materials. Normally 40-50\ of 
coarse coke is required. The correct ratio coarse to 
fine coke will depend on the actual screen analysis of 
the two fractions. 

When more stable furnace operation is obtained, the dif­
ferent cokes available should be tested, and an optimal 
coke mixture should be established. One difficulty in 
the MEL case is that the tc~al phosphorous content of the 
cokes must be controlled to avoid too high phosphor in 
metal. 

It is of vital imnortance to the metallurgist to know 
any changes in composition of the products, metal and 
slag. Thus, correct sampling and analysis is important. 

Metal 

Variations in metal composition (i.e. Si-content), do 
occur during tapping. Thus, a single sample of metal 
from the runner may deviate considerably from the 
average. Samplinq of metal should preferably be done 
from the full ladle at the hot metal mixer. If this is 
not possible, a composite sample from three runner 
samples taken at intervals should be taken and forwarded 
to the lah • 

In the range 0,9-2% Si in metal it is possible to judge 
the Si-content fairly accurate from sparks and fumes. 
The shift foremen ano furnace operators should train 
themselves by observing the tappings to enahla them to 
judge the Si-level and note this in the log book. This 
is valuable information when conditions are changing, 
and the approx. Si-content will be available as soon as 
the metal is tapped. This is a valuable signal to the 
steel plant operators. 

Reliable information on sla9 composition is as important 
tor the metallurqist as metal composition. The impor­
tance is illustrated by the tact that at Norsk Jernverk 
slag from every second tappinq is analysed, in spite of 
more stahle raw materials than at MEL and with many 
years of experienc-. in piq iron production • 
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Chapter 5.3 
Page 4 

Composition of slag will also vary during tappings. Thus, 
to obtain a representative slag sample, the sample 
should be taken only after approx. 1/3 of the slag has 
been tapped. Samples taken from the first slag running 
and towards the end of the tapping may give erratic 
results. 

To obtain hiqher metal temperature it is normal to 
increase slaq melting point by increasing the slag basi­
ci ty. However, increased temperature will normally also 
result in increased Si-reduction. In practice the basi­
city should probably be kept in the range 1.2-1.3 with 
Si-metal approx. 1.3%. It should in this contex~ be men­
tioned that a stable si-content of 1.3 is imposslble to 
obtain. To control the Si-content within 1.1 to 1.5 is 
possible with good operational control. However, with 
the variatio~s in raw material composition which seem to 
prevail, even that may prove to be difficult. 

Recommendations: 

Based on the comments above, the following recommen­
dations are giv~n to obtain more stable and consistent 
furnace control: 

Better raw material control is necessary. More 
stable supply and homogenization of raw materials 
is essential (bedding/screening of ores and 
reductants). 

Part of the coke (40-50\) has to be coarse coke 
25-75 mm. The remaining coke should be 10-25 mm. 
The two coke fractions should be charged from dif­
ferent day silos and the ratio adjusted to regulate 
the metallurgical and electrical parameters in the 
furnace operation. 

The available data from the furnace operation so 
far cannot be used to determine operation strategy. 
However, as mentioned, a basicity of 1.2-1.3 should 
be aimed for. Operating resistance should be chosen 
to qiv~ c 3-values in the range 10.e to 11.6. (See 
encl. s.3.b). 

Correct basi:it~ range and C3-values should be 
tested out when o~her factors has been brought 
under control and stabilized. 

Samplinq p1ccedures for slag and metal should be 
changed to nbtain representative samples. 
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The cperational staff should train themselves to 
estimate Si in metal during tapping and to avaluate 
appearance of slaq samples to enable faster eva­
luation of furnace conditions. 

Control analysis of raw materials and products 
(slag and metal) should be implemented to check 
performance of lab. 

Tapping procedures should be improved: 

Tapping at regular intervals in one ladle only 
with sufficient capacity for one metal 
tapping. 

Taphole to be opened with drill with preferable 
90 mm diameter drilling bit. The use of the oxygen 
lance should be reduced to a minimum. 

Preheating/use of lid on ladle in between tap­
p ings to reduce scull formation. 

We suggest that for the restartinq of the pig iron 
production MEL should employ engineers and foremen 
experienced in electric furnace operation to qive 
advice and instruct the operating crew. 

Electric pig iron price 

The following prices were qiven to us durinq our stay in 
Chandrapur in September 1984: 

Cost at plant 

Basic grade pig iron 2775.-

Pig iron chips 2550.-

Bottom plates (50 kgs pieces) 2400.-

Cast iron scull scrap 2250.-

Using the prices from enc~osure 5 3.a and unit prices 
from cost calculations received in discussions with MEL 
- enclosure 5.3.c and 5.3.d, we arrive at comparative 
prices for piq iron at the plant: 
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5. 3. 5 

Cost at plant 
(Rs) 

9asic qrad pig iron 277 s .-

Electric furnace pig iron (liquid) 266 3 .-

Cupola furnace metal (liquid) 3025.-

The operating cost breakdown is shown in enclosure 
S.3.e and 5.3.f • 

From this it has become clear that the plant can produce 
liquid pig iron for its steel production cheaper from 
its own electric pig iron furnace than from any other 
source. Furthermore, own production of pig iron give a 
basis for better special steels with better control of 
impurities. 

Low shaft blast furnace 

It has been suggested to install a low shaft blast fur­
nace at MEL similar to the furnaces installed at Kalinga 
Iron Works in Orissa. (Terms of Reference, page 7) 

This project has been considered by MEL and discarded on 
the basis of information received from Kalinga (see 
letter to MEL dated 12th July 1983, enclosure 5.3.g.). 

A low shaft blast furnace uses approx. 1500 kg nut coke 
per ton of pig iron compared to approx. 500 kq coke for 
electric pig iron. 

Low shaft Electric 

E lee': r: ic power 1500 Rs/t 

Nut coke 1200 Rs/t 1800 Rs/t 

Coke 800 Rs/t 400 Rs/t 

1800 Rs/t 1900 Rs/t 

With the prevailing prices reported for electric furnace 
coke, nut coke for low shaft furnace and electric ~ower 
it would appear that an investmert in a low shaft fur­
nace i3 not advisable. 
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It should also be noted that blast furnace iron will 
contain more unwanted impurities (from the coke) than 
electric pig iron. 

Since an electric furnace of modern design is already 
installed, good iron ores are available fro• nearby 
mines and the consumption of reduction mate~ials is less 
than for any other process, it seems loqical to use 
this advantage to produce good quality pig iron for the 
production of good quality steels in the steel plant. 

Iron ores 

According to enclosure 5.3.a quite a number of iron ores 
have been used in the short period pig iron was produced 
in 1981/82. We have recommended to select only a few 
sources (in fact, preferably 2 at the most) and to use 
bedding techniques if more ores shall be mixed, to give 
a constant feed to the furnace. 

According to information received from MAHARASHTRA STATE 
MINING CORPORATION in Nagpur the ore at LOHARA MINES is 
a very pure hematite of hard, massive, lumpy character 
and as such a very desirable feed for the electric fur­
nace. 
This ore was used, mixed with other ores. 

However, the proven reserves are rather limited, only 
1.5 '"ill. tonnes. If more ore cannot be proven by 
p~ospecting, diamond drilling, etc. at this mine, 
investigations into other sources suitable for MEL's 
electric pig iron production for special steels should 
be started soonest. 

Ore reserves of 1,5 million tonnes will last for 5-7 
years of operation only, and it will take that long to 
prospect, evaluate and start a new mine. 

MSMC has pointed to another source, The SURGAGARH depo­
sit of a very pure hematite ore. The reserves here are 
reported to be 75 mill. tons, proven by diamond 
drilling. There is no railroad to the deposit, and road 
transport is estimated at 100 Rs/tonne. The location is 
about 150 km from Chandrapur. This could be a logical 
source for MEL's production in the future. Encl. 5.3.h • 
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5.3.7 

The iron ores referred to are hematite ores. The Lohara 
ore is said to be hard and lumpy, producing little 
fi .• es, but the Surgagarh ore is brittle and presumably a 
quantity of the ore will have too much fines and will 
have to be screened before bPing used in the furnace 
charge. The fines should be agglomerated. 
What is said about sinter under chapter 5.1 also applies 
to iron ore fines. Paramount Sinters will be in position 
to study the sintering of hematite ore fines and to 
supply a sinter plant to MEL when Surgagarh ore is con­
sidered for the pig iron production. 

Preheating/prereduction of furnace charge 

Pre-reduction of iron ore is suggested in Terms of 
Reference, page 6. 

An evaluation was done by M.~. DASTUR's Engineering Com­
pany in Calcutta ~or MEL in 1979. At that time the cost 
of electric power in Chandrapur was 30 paisa per kWh. 
It was found at that time that the investments in the 
prereduction equipment could not be justified by the 
reduced power consumption. 

Now, when the power price is doubled, the picture may be 
different. A calculation of the necessary equipment 
costs and erection of same is shown in ~nclosure 5.3.i 
and the expected operating costs, compared to the 
operating data from the 1981/82 pig iron operation are 
shown in enclosure 5.3.j. 

This project should therefore be studied in more detail 
when the iron/s?ecial steel plant has been operating for 
some time and t.he production and market developments are 
well advanced. •ith an investment of approximately 1~0 
mill. rupies and a saving in operating costs of approx. 
800 Rs per tonne of pig iron produced, the proj~ct seems 
to be very interesting, ~lso taken into consideration 
that the production capacity will increase from 66000 
tonnes to 100 000 tonnes per year. 

Cupola furnaces 

we have found no use for the two installed cupola 
furnaces. They could be used as hasis for a mild steel 
operation in periods when the electric Pig iron furnace 
is down for a scheduled maintenance job (yearly) or when 
it is stopped for major repairs, but this operation 
would hardly give any contribution. 

Rebuilding to hot blast i~ not recommended. (Terms of 
Reference, page 7) 
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mJ2' 2,0 1,5 

• Data from MEL'• furn. 1. 

March/April 1982. . 
Number of days in brackets. 

------------------ ... -- ----
Encl. 5.3.b 

J.O 0, 9 ll," tJ, 7 0,5 

PIG IRON OPERATION 

2. 6 tJbs.:Cj '10,IU; Sr /./11 
19. 7- 74 //!/( . 
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DinECT COST OF ~D l-'lG :::r\01~ 1rthOUGH SfJ'iEL'IER 

Sr. De.ficrip tion 
No. Kg/HT r:-f L.'lnded cost Total cost 

:Liqu.id at works (~) · 
Pig Iron ?.s.,~1T 

--~-------------------------------------------------------------. 
1. Iron ore 

2. Coke - Ln: Ccke 
(25 - 1-JOmm) 

3. Flux 

4. Power 

Pearl Coke 
. (10 - 20rnm) 

Main 

Auxiliary 

·5.. E:.ectrode Paste 

6. ·Labour 

~. Refractories 

.8. ConsumablP.s 

9. Stores & Spares 

·1,q. Interest on w.c. 

11'. Transport 

1834 

121 

400 

400 

2542 

100 

22 

120.00 

700.00 

825.00 

120.00 

0.62 

O.f2 

7300.00 

Direct Cn~q; of :i.iquid Pig Ir,:>n 

840920 

220.00 

85.00 

330.00 

48.oo 

1576.00 

62.00 

160.00 

so.oo 

35.00 

20.90 

so.co 

,o.oo 

15.00 

2702.00 
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Encl. 5.3.d 

~NI-k.X.TJHE 11 .. 

DIREC1' COS!. OF _ti.QT r:.?. T~L 'IH:lOUGti CUPO~. 

Sr. Descripti·::>n 
No. 

Kg/I·;T c.f L."\nded Total Cost · 
Hot i-1£ t:-ll cost :it · (Rs) 

works 
R~./MT 

---------------------------------------------------------
1. C. I. Skull Scr-1p 1000 1875 1875.00 

2. Stee: Scrnp 112 2000 224.00 

3; Beehive Coke 236 1425 336.00 

4. Limestone 75 120 9.00 

5. Soda /.sh 4 3000 12.00-

6. BriX B a.oo 
1. Fire wood 8.00 

8. Refractories 18.00 

9. Power & Fuel 21.00 

10. Labour 10.00 

11. Consumables 20.00 

12. Stores & Spares 20.00 

13. Interest on WC 40~00 

14. Trc:.nsport 15.00 
• 

Cost cf Hot Metal/MT 2622.00 

840920 
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Electric Furnace Pig Iron and Foundry iron 

Production cost figures 
(1980/81 - updated) 

kg/t unitcost 
Rs 

Encl. 5.3.e 

Total 

------------------------------------------------------
1. I-con ores 

Tawakkal 1270 126 160 

Lo hara 564 141 80 

2. Reduction 

LTC coke 121 700 95 

Pearl coke. 400 838 335 

3. Limestone 400 97 JC) 

4. Power, furn. 2540} 0. I) 1584 

• aux. 100 , 

5. Electrodes 22 7100 156 

6. Labour 50 

1. Refractories 35 

a. Consumables 20 

9. Stores & rpares 50 

1 0. Interest on working capital 50 

1 1 • Transport 15 

Direct cost pie; iron 2659 

Purchased piq iron ci f Chandrapur: 2775 

Note: For comparison purposes only. 

1~11C53EE1 
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Cupola Furnace Pig Iron Cost 
(Updated 1980/81 fiqures) 

Various pi CJ iron scrap 

112 l;q steel scrap 

236 kq beehive coke 

75 kg limestone 

4 kg soda ash 

Bricks B 

Firewood 

Refractories 

Power & fuel 

Labour 

Consumables 

Stores & spare parts 

Interest on workinq capital 

Transport 

Note: Por comparison purposes only 

1R11C53!F1 

Encl. 5.3.f 

2400 

210 

23b 

7 

1.l 

8 

9 

18 

22 

10 

20 

20 

40 

15 

3025 
s===~=== 
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KALI~GA IRON ~ORKS 

Encl. 5.3.q 

Ref. No. 4600 Date 12 th July 1983 

To 

The General Manager (Projects) 
~aharashtra F.lectrosmelt, 
~irmal, 2nd floor 
Narillllln Point 
BOMBAY: 400 021 

Dear Sir, 

Ref. your letter No. Tech/~B 14/AKK dte 21.st June'83. 

We have got three Low 5haft Furnaces designed to use for 
coke. Due to non-availability of required quantity of 
Nut Coke one of the Furnaces is always kept shut down. 
As a result we are always forced to operate wi~h 2/3 
of our rated capacity and thereby increase our cost of 
production by increased overheads due to lower ca~acity 
utilisation. 

~iq Iron users in our country in qeneral are not pre­
pared to pay hiqhe~ price for foundry grade Pig Iron 
{Righ silicon) as a result we ~ave to sell our Pig Iron 
in J.P.c. price. Since the coke consumptinn in low shaft 
furnaces is bound to be higher than conventional blast 
furnaces, the cost of p~oduction i& higher than Pig Iron 
in conventional blast furnaces. Since May, 1982 there 
has been an increase in B.P. Coke price by ~s. 350/- per 
M.T. thereby increasing our cost of production by about 
550/- per tonne and since then our cost of Raw Materials 
alone per tonne of productio~ is nearly eqsal to on loss 
and we are force~ to think of dive1sification. To use 
about 40 percent of our own Pig Iron we have already 
started producing c.I. Spun Pi?e and going to manufac­
ture doctile Iron Pipes shortly. 

However, if you are interested in visiting our plant 
with your Managing Director, you are welcome to come or. 
any workingday with pri?r intimation to us. 

Wic~ kind regards, 

1811C53EG1 

Your~ faithfully, 
For: ~ALI~GA IRON WORKS 

Sd/­
CGENERAL MA~A~ER) 
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BRIRF NOTE ON ~U~REA HILLS IRON ORE DEPOSIT 
OF SURJAGAD RILL RANGE 

DISTRICT GADCHIROLI, MARARASHTRA STATE 

Encl. 5.3.h 
Paqe 1 

This iron ore deposit occurs on the top and southern 
slopes of the wurrea hills which from the central part 
of the Surjaqad hill ranqe in Gadchiroli District, 
~aharashtra State. ~he deposit is approachable by road 
from Chandrapur (where L~~ plant of Maharashtra 
Elektrosmelt Ltd., is located) via Allapalli and Eta­
palli and is 165 ~m. from Chandrapur. 

The deposit has been prospected by geolocial mapppinq, 
core drillinq and analysis by the Di~ectorate ~f Geoloqy 
and mininq, Govt. of Mahharashtra between the period 
1q63-64 to 1970-71. This prosoectinq has shown that 
there are six major ore bodies which h~ve been covered 
by drillinq and where reserves and qrade of the ore has 
been arrived at on "proved" basis. Reserve of ore on 
"indicated" basis has also been calculaten for these ore 
bodie9 which have been disiqnated as "blocks" numberinq 
serially from (i) to (vii). In addition, there are 1A 
small ore bodies which have not been covered by drillinq 
and where reserve of ore has been estimated on 
"indicated" hasis. Float ore is seen on the low grounG 
to the south ~f the ffurrea hills and the reserves of 
float ore h~s been calculated on "indicated" basis. 

The summary of iron or~ reserve calculated for in-situ 
ore and float ore in the proved, indicated and inferred 
category is as below: 

1) 

2) 

3) 

4) 

1R11C53Etf1 

Reserves of in situ 
ore included in the 
various blocks. 

Reserves of 1~ situ 
ore in Small Lenticular 
Ore bodies. 

In situ ore under 
cover. 

Total in situ nre 

:'loat nre 

?roved Indicated Inferred 
(in Million Tonnes) 

75.297 16.136 

15.00 

75.279 15.'lO 
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Blockwise reserves and average grade of the proved iron 
ore in the ffurrea hill is as below: 

-------------------------------------------------------
Sr. Block Proved Reser- Fe Al203 Si02 p s 
No. ~o. ves in million ' 

Tonnes 

-------------------------------------------------------
1. I 37.92 63.43 5.115 1.997 0.11 0.042 

2. II 20.726 65.19 1.65 2.eq o.046 0.014 

3. III 1. 291 66.36 1.33 2.55 0.0367 0.0273 

4. IV 13.314 63.83 2.2a 2.91 0.0891 0.0120 

5 9 v 1. 30 66.'>6 1.67 1.76 0.0433 0.0165 

6. 'TI 0.120 65.61 0.976 1.49 0.039 0.005 

75.279 

-------------------------------------------------------
The average grade ( fl ) of the float ore is as below: 

Fe Si02 A1203 p 

64.62 3. 39 2.14 0.034 

1811C53EH2 
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EXTRACT OBTAINED FROM DGM's REPORT N0.16 

LOHARA IRON ORE DEPOSIT, TAH. BRAHMAPURI, 
DIST. CHA~DRAPUR, MAHARASHTRA STATE. 

Encl. 5.3.h 
Page 3 

Lohara Iron Ore Deposit is located about 1 mile South of 
Lohara village in Chandrapur District. The deposit lies 
about 2'¥2 miles north east of Alewahi Railway Station on 
Nagbhir-Ch2ndrapur narrow gauge railway line of t~e 
South Easter~ Railway. The deposit is under mining lease 
rights of the Maharashtra Elektrosmelt Limited. 

The Iron Ore Deposit occurs on a hillock which rises to 
a hight of about 205 feet from the general ground level, 
associated with bauded hematite -quartzite rock and 
surrounded by granitic intrusion with anaureole of com­
posite and injection gneisses. ~he strike of the ore 
body is generally N30°W with steep dips of 60~ to 80° 
both towards due to ~ast and West, but predominently 
towards east. The length of the ore body along strike is 
about 1350 feet. The wi~th of the ore body varies 
greatly at different places along the strike with maxi­
mum width of 430 ft. near the peak of the hillock, and 
about 200 feet at the North end of the ore body. The ore 
outcrop comprises of massive and compact boulders of 
crystalline hematite and at places both hematite and 
magnetite. Float ore is seen on both the slopes of the 
hill. A considerable portion of the iron ore at the 
southern end of the hill is seen to have b~en completely 
spoiled by intrusive granite. 

The deposit was prospected by diamond core drilling in 
1963 by the Directorate of Geology & Mining, Govt. of 
Maharashtra, Nagpur. In all 9 bore-holes were drilled 
with agregate footage of 957 feet 2 inches. The deter­
mination of gradd of ore was d~ne from the bore-hole 
samples as well aa surface samples from reef ore, 
~poile~ ore and float ore. For the purpose of calcula­
tion of ore reserves, the area of the deposit was 
divided into seve~ different blocks. The reserves an~ 
the grade of Iron Ores is stated as below: 

1811C53EK3 
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--------------------------------------------------------------------------
Slock Ne. r.ategory of Ore Estimated Reserves 

(-U.llion Tons) 

( 1) ( 2) (3) 

Fe 

( 4) 

Average Analysis 

Si02 Al203 Ph. 

(5) (6) (7) 

--------------------------------------------------------------------------
I Reef Ore o.e9 62.21 4.4'5 J.55 0.049 

II ~eef Ore o.o9 60.98 a.10 2.11 0.010 

III Reef Ore 0.20 62.26 6.oo 2.01 o.IJSJ 

IV Float Ore o.o4a 59.<n 7.31 1. 77 0.02 

v Float Ore o. 0115 ----------- .. ------------
VI Float Ore 0.231 ----------- n ------------
VII Spoiled Ore o.oaa 44.1 ·• 34.90 0.13 0.021 

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

The combined reserves of the reef and float categories of ore with average 
Fe content of these categories is as below: 

Sr.lll'o Cateqory of Ore Reserves Average ?e Content 

1. ~eef Ore 

2. Float Ore o.Jo 

TOTAL: 1e48 

Spoiled ore havinq o.oee "illion tons of estimated ore has not been taken 
into account because of loss iron content in it. 

1811C53F.H4 
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1 ) CP.EMICAL ANALYISIS OF ~URJAGARH IRON ORE 

Fe 60.14 69.42 
Si02 0.35 6.10 
Al2o3 0.68 7.32 
p 0.011 o.196 
s 0.005 0.033 

Ti02 Trace 

2) CHEMICAL ANALYSIS OF LOHARA IRON ORE 

Fe 

Bore holes 61.a1 6.19 

Float ore 1. 77 

1R11C53EH5 

p 

0.021 

Encl. 5.3.h 
Page 5 

0.009 
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Cost estimate for a prereduction unit for the pig iron 
furnace, comprising raw material handling from the pre­
sent day silos, foundations 0 transport systems, rotary 
kiln with auxiliary electrical and mechanical equipment, 
gas cle~ninq, spare parts, erection costs and engi­
neering: 

Foundations, site preparations 

Foundations for the elevated 
rotary kiln 

Transport equipment 

Electronic weighing control 

Rotary kiln with auxiliary 
equipment 

Service crane and steel 
constructions 

Gas cleaning plant 

Transport of hot charqa 

Refractory lined furnace bins 

Spare parts 

Misc. & Contiqencies 

in 

Design, eniqneerinq, purchasing 
services, etc. 

Grand total 

Approximately 180 mill rupies. 

1q11C53EI1 

1000 Rs 

3.l=JOO 

10.200 

18.900 

6.801) 

47.000 

10.000 

6.800 

10.soo 

1.200 

5.400 

:rn.ooo 

40.000 

176.000 
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Pig iron production 
Prereduced and hot furnace charge 
Comparative nperating costs (see encl. ~.4.c) 

Encl. 5.3.j 

--------------------------------------------------
1. Iron ore 1834 120 220 

2. Pearl coke 310 719 220 

3. Coal 400 480 192 

4. Limestone 200 97 20 

s. Dolomite 200 120 24 

6. Power lSOOkwh/t 0. fj 900 

1. Electrodes 10 7100 70 

8. Labour SS 

9. Refractories so 

10. Consumables 20 

1 1. Stores & Spares 60 

1 2. Interest on w.i:apital so 

13. Transport 1S 

14. 11usc. 

Cost of liquid pig iron 1896 

. 
Compared to liquid pig iron cost of Rs. 2700 (encl. 
S.4.c) for normal cold charge the savings woul~ be in 
the order of Rs BOO per tonne of pig iron. The produc­
tion capacity woul~ increase from 6fi.OOO tonnes to 
approx. 100.00~ tonnes per year. 

Conclusion: The project warrants further studies 

1911C53EJ1 
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5.4 

5. 4. 1 

Steel operation 

Introduction 

The steel production at MEL was started in December 
1979. The operation of 2 LD converters were then based 
on hot metal from 2 cupola furnaces. 

The electric smelting furnace no. 1, originally planned 
for pig iron production, had been producing ferromanga­
nese since February 1977, and MEL wished to continue 
this production. 

The electric smelting furnace no. 2 was commissioned on 
FeMr production and pig iron production could be taken 
up on furnace no. 1 in November 1981. 

Lack of metallurgical control, both in pig iron produc­
tion and in LO operation, made a consistent production 
of steel grades with premium prices impossible. The hot 
metal bases were expensive, the cu~ola hot metal because 
of expensive raw materials, the pig iron because of high 
and increasing power price. 

The ordinary mild steel grades produced had higher 
direct costs than the ex-factory realization value, and 
the loss-bringing pig iron/steel operation was shut down 
in May 1982. 

More recent studies of the market conditions and up to 
date production costs which have been conducted by MEL in 
September '84, showed that the contribution from mild 
steel billets production also at that time would be 
around 250 Rs per tonne negative (ref. list 2). 

Whan considering the possibilities for reopening of the 
steel operation at MEL, it seems obvious that a product 
mix of steel grades must he sought that: 

have a oremium price 

have a sufficient demand in the Indian market 

could be produced without major changes in existing 
production facilities. 

In this study we will try to reach a conclusion whether 
or not the MEL steel operation can be reopened on a 
sound basis. ~onsiderations must in the following sec­
tions of this ch~pter he qiven to: 
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5.4.2 

5.4.2.1 

the market situation 

the raw material situation 

the existing process equipment 

necessary modif icatinns in process and process 
equipment with investment costs 

Recommended process routes will be described and ~Loduc­
tion capacities and production costs will be calcu~ated. 

Product mix will be discussed and total ecooomy of 
the steel operaton will be discussed. 

Market conditions 

General considerations 

Market investiqations are not a par~ of this study, and 
market considerations will be based on informations from 
investigations made by MEL personell: 

Ref. list 3: K.K. Banerjee: 
Market survey on stainless steel and other alloy steels. 
Aug/Sept 1984. 

Enclosure 5.4.a: ~ishant Tanksale: 
Letter of 7 th Nov. '84 giving sale potential for dif­
ferent steel grades • 

The special steel market of India is strongly influenced 
by government policy with strict import control and duty 
regulations. The price level is high compared with 
inteinational market prices and deliveries of imported 
prod1 =ts are hampered by bureaucratic orocedures. 

The domestic production is in this way strongly pro­
moted. P.or some special stee: grades the domestic 
quality level has been inferior. 

With strong marketing efforts and a good quality level of 
products, there should be qocd possibilities for substan­
cial penetration into interesting market segments. 

!nclosure 5.4.b qives a list of st~el grades of interest 
for MEL. 
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The Indian stainless steel market seems to offer 
interesting possibilities, with a volume of approxima­
tely 100.000 tonnes in 1984 and a yearly growth of 
approximately 10,. 

Stainless steel import is restricted and duty is hiqh, 
giving a high price level and hampered deliveries of 
imported products. 

The domestic production is partly inferior in quality 

level. 

In Enclosure 5.4.a a forecast for potensial sales is 
qiven for the years 1995/86 to 1990. The tonnages given 
are estimates for what the market could absorb from MEL 
provided a sufficient quality level of products. 

It will be noted that billets sale would be very 
limited. ~lats would be the main product with some 
rounds and heavy gauqe sheets in addition. MEL would 
accordingly be marketing rolled products, based on hire 
rolling of MEL-produced billets. 

The obvious disadvantage for MEL in lack of self­
controlled rolling operation must be best possible com­
pensated by close cooperation with rolling mills with 
high standard of equipment and procedures, and with an 
open mind for giving feedback for developwent of billet 

quality. 

The forecast for potential sales of stainless steeel 
corresponds roughly with market shares from 20% in the 
first year of operation to 30% i~ the fifth year. This 
high degree of market penetration must be regar~ed as 
very opitimistic and can most likely not be achieved. 

In general a market share of 20' obtain~d in a 5 year 
period is regarded as a good re~ult for a new producer 
in an established, but rising market. 

The table in Enclosure 5.4.c gives a suomary of total 
stainless steel market and estimated MEL sales potential 
of different products tor 1996-1991. The contributions 
for different products are calculated from market ori­
ces, direct billet production costs and hire rolling 
fees given in Ref. list 3. 

The resulting contributions are within the range of 1.90 
Rs per kq to 5 Rs per kg. 



• 

fl 

.. , 

2 18 1 1 
February 1985 

Chapter 5.4 
Page 4 

The rolling fees and figures for scrap arising during 
rolling are uncertain, and contributions figures must be 
taken as appr?ximates. An overall contribution of 2 Rs 
per ~g will be used in further calculations. 

According to information received about the stainless 
steel market we will draw the conslusion that MEL 
stainless steel tonnages increasing from around 10.000 t 
to 36.000 t during the first 5 years of operation can be 
sol~, providing that an adequate auality level is 
secured and that strong marketing efforts are performed. 
This corresponds to market shares from 8\ to 21%. qigh 
contribution values point out the stainless steelmarket 
as most interesting. 

5.4.2.3 Carbon and low-alloyed special steels oarket 

.HEL will, with full operation of the pig iron furnace, 
have appproximately 65.QOO tonnes of pig iron per year 
as basis for the steel production. Even with 36.000 ton­
nes of stainless steel produced there will be a surplus 
of approximately 40.QOO tonnes of pig iron. 

Some tonnages can be sold as special foundry iron, but 
with a substancial surplus production capacity for steel 
making, other steel qrades than stainless has to be 
sought which can qive a higher contribution than special 
foundry iron. 

The market situation for carbon and low-alloyed special 
steels are discussed in the second part of Ref. list 3 
and a forecast or potensial sale figures for MEL is 
given in Enclosure 5.4.c. 

The table in Enclosure 5.4.~ gives a summary ot total 
market and estimated sale potensial for MEL for some 
interesting steel grades. Market orices and produc~i?n 
plus delivery costs are also given to calculate th~ 
contributions for the most interesting steel grades. 
~arket prices are mostly given for groups of steel qra­
des and the calculated contributions must be taken ns 
approxiinate. 

The contribution from ordinary grade mild steel is most 
likely negative. 

When establishing a ~roduct range f.or MEL, the 
contribution values indicate that the steel grades 
should be given priotity in the f.o11Jwing order: 

' t 
I 
i 
I 
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2. 

J. 

4. 

s • 

Wire rod 

Constructional 

Constructional 
like EN 24 

Case hardeninq 
like 16 Mn Cr 

Sprinq steels 

carbon steels 

alloyed steels 

steels 
5 
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Contribution 
Rs/ICCJ 

t.25 

t.05 

0.60 

0.60 

Weldinq electrodes/cold-headinq steels are difficult to 
produce and will qive a small contribution. These qrades 
are not recommended as a part of the product specter. 

A certain tonnaqe of ordinary mild steel will always be 
actual, at least as an outlet for heats not fillinq the 
specia! steels specifications. 

Aqain the sales potential suqqested by MEL seems to be 
very optimistic, Enclosure 5.4.c. 

The tonnaqes qiven can, however, be substantially 
reduced without affectinq the validity of the conclusion 
that market conditions will not be an important limitinq 
factor for special steel produciton from ~EL. 

One condition is essential, however, - namely to develop 
and maintain the necessary level of quality. If this can 
be achieved, it seems to be outlet in the market for any 
actual production tonnaqes from ~EL, and the contribu­
tion that can be obtained should be well above o.so Rs 
per !cq. 
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5.4.2.4 S~ecial foundry iron market 

5.4.3 

At present special low phosphorous pig iron for 
foundries is in good demand. However, the situation is 
somewhat special because an important producer is tem­
porarily out of operation. 

Several units for spun pipe and S.G. ircn castings are 
expected to co~e into operation in the near future and 
the good demand fer low phosphourous pig iron is 
expected to continue. 

According tc forecast frvm MEL, increasinq tonnage~ from 
15.000 tonnes in 1986/87 to 25.000 tonnes in 1990/91 c~n 
be sol~. (Enclosure 5.4.e}. 

It is possible that sales can be arranged on a cost + 
profit basis, giving a steady contribution, but MEL 
has estimated the contribution so far, to only 750 Rs 
per tonne. This is based on lump castings. Investment 
in a pig casting machine is ner 0 ssary to market these 
qantities of foundry iron. The corresponding price 
increase for foundry iron in pigs is expected to be 
50-100 Rs per tonne. 

Before reachinq any conclusion regarding an optimal pro­
duct mix we have to consider saveral aspects in the 
following sections of this chapter. 

Raw materials for steel production 

The oxygen blowing process for steel making demands a 
basis of liquid hot metal. 

This could be produced either in the electric arc fur­
nace or in the existing cupola furnaces. 

In Ref. list 2 the direct costs for liquid pig iron and 
cupola hot metal are qiven to respective 2702 and 2~22 
Rs per tonne. 

Our calculations in Section 5.3.4 are showing direct 
costs beinq respectively 2663 and 3025 Rs per tonne. The 
reason for discrepancy is mainly different prices used 
for the cupola raw material, cast iron scrap. The cost 
relationship between piq iron and cupola hot met~l can 
obviously vary with the price situation for cast iron 
scrap, but there will most likelv not be a cost a~van­
taqe of any significance by using cupola hot metal in 
the steP.l production • 
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Both ~aterials are re~resenting a hiqh cost starting 
material, demanding a further processing into high 
quality products. 

That is possible only with the hiqh quality electric 
smelted piq iron. 

Besides being the base for steel production, the piq 
iron can be cast and ~old as a special low phosphorous 
~oundry iron, thus qivinq flexibility in the product 
mix. 

The piq iron operation is delt with in cha?ter 3, from 
where it can be concluded that an improved metallurgical 
controlled s~eltinq operation should qive a pi~ iron 
with consistent composition nf approximately J.R \ C, 
1.2 ~Mn, 1.4 ' ~i, ~.o9 ~ P and 0.02 ' s. 

The electric piq iron smelting furnace will have a 
capacity of approximately B.3 tonnes per hr. or ~s.ooo 
tonnes oer year. 

The oxyqen blowinq process will give a scrap melting 
capacity more than sufficient to melt all internal scrap 
arisinq, and additional scrap for cooling has to he 
purchased, orobably up to around 15\ of the need for 
iron-bearinq materials. 

The availability of steel scrap seems to be poor 
according to investigations conducted by MEL in 
July/Auqust 1984. Limited quantities were offered, and 
the lowest orice was 2000 Rs per tonne. Iron ore could 
be used for cooling, but in smaller quantities because 
of the hiqher cooling effect. Increased consumption of 
piq iron woul~ then qive a ~ore costly raw ~aterial mix. 

Compared ~o other steel producers - scrapbased electric 
arc melting and blas~~urnace based oxyqenprocesses - ~EL 

has a hiqh cost iron-bearinq raw material basis. 

For oroduction of ~talnless steel the cost of chromium -
and nic~el - hearina raw-materials, ar~ far ~ore i~por­

tant than the cost of the iron bearinq basis. 

A oroducer of stainless steel operatinq in the inter­
national mar~et woul1 have a serious disadvantaqe in 
beinq dependent on onl'l primary c~romium and nic~el. 

The oossibility to plav on fluctuation in ~~r~et prices 
!or stain!ess steel scrap and tor primary 
chromium/nickel sou~ces can ma~e all the ~i~ference bet­
ween loss and profit. 
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Facilities for meltinq of stainless scrao are in qeneral 
very important. 

In the scrap-based stainless steel production in 
electric arc steel furnaces, the chromium and nickel­
bearing raw materials can be a costwise optimal mixture 
of stainless steel scrap and primary nickel- and chro­
mium sources. Primary chromium has to be mostly the 
expensive low-carbon grade. 

The actual process for making stainless steel at ~EL 
will he either the AOC-process or the CLU-process. 
Both processes can use the cheaper chargechrome with 
hiqh content of silicon and carbon. This can more than 
compensate for the missinq ability to melt stainless 
steel scrap. 

Limited amounts of stainless steel scrap are available 
in India, and the price is hiqh, 15.~00 Rs per tonne. 
The value of one tonne 18/8 stainless steel scrao, 
corresponding to the price for raw materials to be used 
at ~EL, will he less than the scrap price: 

Cr:l~O ~g, as 56~ charge chr., 330 kq at 
Ni: ~5 kq, as Ni0-90i at 105 Rs/kg Ni 
Fe: 740 kq, as steel scrap at 2 Rs/kg 

12 Rs/kq 39~0 Rs 
3925 " 
1480 " 

14.3~5 Rs 

The MEL raw material situation for the steel ?roduction 
is characterize~ hy: 

Main iron-bearing basis is a high-cost, high­
quality piq iron. 

Competition situation towards blast furnace based 
and scrap base~ production is costwise rather 
weak. ~uality level may compensate for this. 

Charqechrome as the mai .. chromiumbearinq raw 
material for the stainless steel pro~uction ma~es 
the raw material situation for stainless steel 
comoetitive • 
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5.4.4 Existing production equipment. 

The main production equipment is listed in chapter 2, 
also for the steel melting plant. 

Enclosure 5.4.f shows the steel melt shop layout. 

The layout is well planned with a good logistic. The 
different production units - pig iron furnace - LO con­
verters - castig mac~ine are matching well in capacity. 

The JOO t hot metal mixer has sufficient capacity as a 
buffer. Availability of overhead cranes is good, espe­
cially with the ladles moving on cars • 

There is sufficient space for auxilliary equipment and 
activities. 

The LO converters are small, 15-20 tonnes, givi~g rela­
tively higher heat loss and higher production costs than 
large scale converters, but the size is not uncommon and 
must be regarded ~s exceptable - especially for soecial 
steels. 

The plain LO process is however, in principle not very 
well suited for soecial steel production. The lack of 
metallurgical balance in this process makes close con­
trol of the finished steel difficult. 

The casting machine has a sufficient bow radius to cope 
with most steel qrades. The strand dimension range from 
100 x 100 mm up to 180 x 220 mm should satisfy most 
rolling mills specifications • 

Lack of automatic steel level control in the mould and 
automatic cutting of the strand to billet lenqth are 
disadvantages that to a large extent, can be compen3ated 
for by a skilled and reliable crew. 

There are no facilities for sequence casting, hut the 
need for regular sequence casting is not very likely. 

~aboratory facilities and billet controlling procedures 
are adjusted to and sufficient for controlled production 
of ordinary steel grades. 

The steel melting shoo is a well ~lanned shop with pro­
duction equipment that can he adjusted to production of 
soecial steels with minor efforts. 
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5.4.5 ~edifications in orocesses and process equi:>ment. 

5.4.5.1 General aspects 

The market situation as outlined in Section 5.4.2 ooints 
toward a product ranqe of stainless steel and some S?e­
cial qrades of carbon and low-alloyed steel as 
interesting. 

Steel processes and production facilities ~ust be 
mndified to allow a production with sufficient flexibi­
lity to meet variations in market demand. 

Special processes for stainless steel are de7eloped and 
are commercially available o~ a licen~inq baais • 

The LO operation can with minor chanqes be substantially 
improved reqardinq metallurqical control, and ladle 
refininq processes can further increase the quality 
controllinq ability. 

Castinq ooeration and billet inspection/trimminq must be 
adjusted to the ste~: qrades. 

S.4.5.2 Stainless steel production crocess 

There are two commercially available ~recesses for pro­
cessinq hot metal to stainless steel, which can fairly 
easy be taken uo by ~EL: 

1 • The AOD process. 
(Arqon oxygen decarburization, developed by Union 
Carbide.) 

2. The CLn process. 
(neveloped by Creusot-Loire-ryddehol~l 

3oth of the two orocesses are ai~inq at =ecarburiza~ion 
of chromium-rich melts with reduced loss of chromium. 

ourinq ~ecarburization by oxygen injection two reactions 
will take place simultanuesly. 

T' 

By reducinq the partial pressure o~ en by 1el~tinq wi~h 
a gas inert to the reactions, the reaction : will be 
oromoted and less chromi~m will qo to the slaa • 
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In the AOD process arqon was originally used as the 
diluting qas, but has lately been replaced b~ nitrogen 
to a larqe extent. 

At the end of blowinq, arqon must be used to flush out 
the nitrogen that has been picked up. 

In the CLO process superheated steam is added for dilu­
tion. Th~ water vapour reacts to give hydroqen gas as 
the dilutinq qas. The hydroqen picked up by the melt 
must be flushed out with arqon or an argon/nitroqen 
mixture. Hydroqen will be flushed out more easily than 
nitroqen, and therefore the CLn process has a lowe~ 
arqon consumption than the AOD process • 

Some chromium will be oxidised in both processes aad 
this is reduced by ferrosilicon addition in the final 
staqe. 

In the CLO process more ferrosilicion has to be added 
due to a somewhat hiqher degree of chromium oxidation 
durinq the oxygen blow. 

The extra heat lo~s a~e to water dissociation must alsc 
be compensated. 

The addition of ni~roqen/arqon or steam has a ~ouble 
effect by also cooling t~e oxygen orifices and 
controlling the heat evolv~d by th~ oxygen injection. 

Steam will have a hiqher cooling effect than 
nitroqen/argon, an advantage when reqa~ding heat control, 
but a disadvantaqe when regarding the total heat 
balance. 

In the AOD process, the injection orifices are pla:ed in 
the reactor wall, while in the CLO oroc2ss they are 
placed in the reactor botto~. ~here should, however, not 
be a substantial di~terence between the two processes 
with regards to efforts·to rebu:ld a LD r~actor. 

T~e refractory wear will follow different patterns, but 
the lining life wil be almost equal. ~ormally 60 heats 
per lining is obtained. 

The main difference in oroducti~n costs for the two pro­
cesses seems to be dependant on relationship between 
argon and ferrosilicion in orice and availability. 

MEL has a production capacity for crude a~gon of 
35~m3 oer hour in ~heir oxygen plant. 
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Additional facilities for purifying and storing this 
argon will demand a heavy inv~stment (several mill. ~s.) 

To purchase argon 5eems ~o be the hest solution, at 
least for the first years of operation. Transport and 
handling of great quantities will cause problems and the 
landed cost will be high, 60 Rs per Nm3. 

Savings in argon con3urnption is therefore important for 
~EL, but this has to be considered against the ferrosi­
licon consumption a~d price. 

Hormal consumption figures given for the ACD process and 
the CLU process can he summerized ~o: 

AOD 
CLU 

Ar-consumption 

5 - 10 Nm3 /t 
2 - 3 Nml/t 

75\ FeSi-consumption 

22 lcg/t 
30 kg/t 

With the given argon price and with the MEL price for 
75\ ferrosilicon at 10 Rs per kg., a saving of less than 
1.s Nm3 of argon will compensate for the increased 
consumption of ferrosilicon in the CLU process. A larger 
saving than that is expected. 

The chaise between these two processes will also be 
influenced by the licencing costs, and the very impor­
tant know-how assistance and training program that is 
offered. 

We know that MEL has found the CLU-process and the 
contract conditions for thi3 process most attractive, 
and we have no objections to this choise. 

Uddeholm International has given a feasibility study for 
MEL (Ref. list 4) where converting the MEL LO melt shop 
to a combined LD-CLn melt shop for stainless steel pro­
duction is suqqested. 

In that study the conclusion is drawn that one LO con­
verter can be rebuilt to CLU reactor, while one LO con­
verter is kept unchanged and is used for dephosphori­
zation. 

The production capacity is matched to the oxygen rlant 
capacity and is estimated to 12 tonnes of liauid 
stainless steel rer net hr. of production. This gives 
some surplus of pig iron. 
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A shortness of lime from the calcining kiln i5 foreseen 
i~ all steelworking capacity should be utilized for 
stainless steel production. 

Investment costs for converting to the CLU process are 
given to be 7.480.000 Rs. 

Production costs are calculated and the payoff time for 
the invest~ent is very short - 15 days of operation on 

stainless steel. 

Break even point when considering the total fixed costs 
is 12.000 tonnes of stainless steel production per year • 

In a consideration given by MEL (Ref. list 
S)calculations of total investment costs are showing 
around 10 million Rs to ta~e up the CLU process. ~ith 
corrections of production costs, the pay-off time is 
given to 68 days of operation and the break-even point 
to 18.000 tonnes per year. 

In this study we will go into an examination of the full 
process from pig iron to billets when a combinen produc­
tion is foreseen of stainless steel and special carbon 
and low alloyed steels. The LO-operation is the first 
step for both product groups, and will be discussed in 

the first place. 

5.4.S.J Modifications in the LO-plant 

To meet the demand of production of both stainless steel 
and special quality steel, the most suitable solution 
will be a steel plant built up of one LO-converter and 
one converter specially modified for stainless steel 
production. The LO-converter will then he used as a 
dephosphorising unit when stainless steel is produced, 
and as a steel producing unit in the special steel 

production. 

To meet these two applications in the best oossible way, 
we would recommend a modification of ~he LO-converter to 
a converter with bottom stirring by inert gases. 

By doing this, the followinq imoortant advantages 

appear: 

less spluttering ~uring blowing 
better mixing of th~ steel 
faster slag formation 
better possibilities for process control leading 

to: 
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lower alloyinq costs because of improved yiel~s 
less slaq inclusion in the steel 
more accurate steel analysis 
hiqher scrap meltinq rate, and the size of scrap 
added can be increased 

Some extra costs will follow a modi~ication to an LO 
with bottom stirring, but the installation costs and 
extra qas costs will be considerably lover than the 
savinqs • 

Scandinavian cractice usually shows savings around 10 
SEK/tonne steel produced, when all the production costs 
are included (correspondinq to aporoximately 15 
Rs/tonne). 

A bottom-stirred converter is arranqed with an iner.t qas 
system throuqh the converter bottom either by bottom 
nozzles or by porous pluqs. The inert qases to be used 
should either be nitroqen or argon, or both of them as 
the best alternative. If a system with both nitroqen 
an~ arqon is arranqed, it will qive a flexible blowinq 
practice and increase the ranqe of steel grades that can 
be ?rocuced. 

When it is used as a dephosphorisinq unit, only ni~roqen 
stirrinq would be necessary, just to obtain some mixinq 
effect and to keep the qas channels ooen. 

~or the production of some soecial steel qualities, a 
stirring practice in two st~ps would be preferable, with 
nitroqen stirrinq ~urinq the oxvqen blowing and arqon to 
adjust the steel analysis. 

The process qas system ~hich can be used for the two 
qases will be the sa~e, only the supoly to che plant 
~ill need to be done separately. 

The arqon requirement ~or special steel pro~uction will 
be in the ranqe of n.~-1.~ Nm3/tonne of. steel. ~ith a 
converter caoacity of 20 tonne~ and a tap-to-tao time of 
SO minute~, the arqon flow rate will be approxi~ately 2~ 
~m3 per hour. 

The investment costs will he in the ranqe of 1-1.s mill. 
~s. The ~etallurqical Research Statinn (Mef.osl, in 
Lule!, Swe~en has been qivinq ~nowhow in such rehuil~in~ 
cases an~ is also recommended for assis~ance to ~EL. 
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The HEL piq iron will have a phosphor content of around 
0.1,, while specifications for stainless steels are max. 
0.045,. A dephosphorisinq step must therefore be laid 
into the process line. 

Some development work is qoinq on in Sweden to reach a 
process for phosphor removal from stainless steel melts, 
but today there is no feasible way to remove phosphor 
from a chromium rich steel melt. The phosphor refininq 
must take place before the chromium is added to the 
stainless steel reactor. 

Processes for dephosphorisinq of piq iron by injection 
of dephosphorisinq aqents like lime-based fluxes or soda 
exist, but the silicon content must be removed before 
such injection treatment. 

Removal of the rather hiqh silicon content in the MEL 
~iq iron will be a difficult and time-consuminq process 
if performed in the ladle. 

The LO proces~ is reqarded as the most convenient first 
dephosphorisinq step in the stainless steel process. To 
secure a sufficient phosphor refininq, the piq iron has 
to be oxyqen blown down to a carbon content below 0.1, 
under a highly basic slaq. 

Nic~el is a~ded as nic~eloxide durinq the blowing opera­
tion and scrap is added to control the temperature. 

~ material balance for 1 tonne of stainlesR steel 
billecs is given in Enclosure 5.4.q and a heat balance 
is qiven in Enclosure 5.4.h. 

4\ reclaimable internal stainless ste~l scrap is thouqht 
to be added in this step. It can be discussed 
whether or not this is the best usaqe of this scrap, 
ta~inq into consideration chromium loss and prices for 
sellinq scrap. 

In addition 2.S\ purchased scrap is taken into the 
material balance. The heat balance is showinq a heat 
surplus of approximately 10\ (155 H)) per tonne and more 
scrap can most li~ely be added • 
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The foreseen tapping temperature of 1700° C is disadvan­
tageous for the phosphor refining, but a sufficient 
refining can be expected with a slag basicity above 3, 
low carbon content and a good stirring action at the end 

of the blow. 

The slag amount will be approximately 2400 kg per heat. 
Good slag removing possibility is important and some 
device to withhold the remaining slag in the vessel may 
be necessary (the floating ball is an example). The 
receiving ladle must be very well preheated. 

The CLU process performance 

The pre-blown metal from the LO converter is a very 
uncommon starting material for the CLU process. ~ost 
commonly used is a hot metal with carbon content of 
around t.5\ carbon and with all chromium and nickel 

added. 

The low carbon content, complete lack of silicon and the 
neccessity to add all chromium in the CLU proce~s, indi­
cate that a heat shortness can occur. 

Material balance is given in Enclosure 5.4.i and heat 
balance in Enclosure 5.4.j. 

Approximately 15 tonnes of pre-blown metal is charged to 
the well preheated CLU reactor. Metal temperature in 
the reactor is estimated to 1650°C. Chargechrome with 
56\ Cr, 7\ C and 4\ Si is added during oxygen blowing. 
Steam is added during the decarburising oeriod, to 
reduce the chromium oxydation. Lime is added to ensure 
a minimum basicity of 2 in the slag (approximately 60 kg 
per tonne). 

At the end of the decarburising period the chromium con­
tent of the slag must be reduced by adding ferrosilicon 
together with lime. 

In the last step in the process the melt must be ~urged 
by argon to flush out hydrogen. 

The material an~ heat balance are mostly based on data 
given from nrldeholm. They orescribe a very high ferro­
silicon consumption of 50 kq per tonne of steel. 

We would recommend a charqechrome with a high silicon 
content, 4\, ani reduce the ferrosilicon additi~n to 40 
kg per tonne. 
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The silicon in the charqechrome is chea?, if not free, 
and vith portionvise addition there should be no preblem 
in keeping the slag above 2 in basicity during oxygen 
blowing. 

The heat balance shovs a large heat surplus, and we 
think that rrddeholm has exaqqerated the heat needed. 
A reduction in ferrosilic~n addition and/or increased 
scrap addition seems to be possible, but Ye have not 
taken this benefit into the calculations. Addition of 
internal stainlass steel scrap seems possible. 

The slaq amount will be high during the reduction step 
and a good stirring action and qood facilities to remove 
slaq from the vessel is important. 

The final adjustments of analysis and tappi~q tem­
?erature are made in the vessel while the Aelt is purged 
with argon. 

Castinq ooeration 

The tapoi~g temperature from the CLU vessel should pre­
ferably not exceed 11o~·c. The casting ladles have to 
be very well preheated. ?reheating stands exist, but 
s~ould preferably be moved to stand alongside the ladle 
car track to reduce heat loss during ladle trans?ort. 

Use of stopper rods in the ladles will set up limita­
tions for the preheating and should be replaced by 
sliding qate nozzles. 

Porous oluq in the lad~e bottom should be introduced for 
gas purging. This will he necessary !or the s~ecial 
steel oroduction and will be advantageous for the 
stainless steel oroduction, mainly for teMperature 
equalisation. 

Installing of sliding qate nozzlas and porous ?l~gs in 
the 5 castinq ladles ~ill reoresent an invest~ent of 
approximately 1 million ~upees. 

Ladle lining can be either dolomite or hiqh al~min~ 

bricks. 

~ll the steel 9roduction is foreseen to be continuously 
cast. ~he casting pits ~?r ingots can be removed. One 
emerqency Pit woul~ hcwever be needed. 

Durinq the casting ooerati?n the steel strea~s from 
la~le to tundish an~ ~rom tun~ish to moul~s shoul~ be 
protected ~ro~ air oxi1ation. 
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The use of immersed casting tubes sets a lower limit for 
the mould sizes to 140-150 mm square. Strand dimension 

of minimum 150 mm square is well within the casting 
machine range and is acceptable for most actual rolling 
mills. If smaller di~ensions are actual, some stream 
shielding device must be used. 

Stopper rods must be introduced in the tundishes when 
using immersed casting tubes. 

The qas-oxyqen torches for cuttinq the billets to length 
must be replaced by powder torches when cutting 
stainless steelw ~echanical or hydraulic shears would 
have 9iven nicer cuts and a better yield of steel, but 
the investment costs are regarded as prohibitive. 

For internal soundness and surface quality of the 
~illets, the castinq temperature must be closely 
controlled. 

Mould condition and well adjusted, even secondary 
water cooling is important. 

Process cvcle times 

The production capacity for stainless steel foreseen by 
Oddeholm to 12 tonnes of liauid steel per net operating 
hour is considered as realistic. 

With batches corres?onding to 20 tonnes of billets the 
followinq cycle times will be actual: 

Dephosphorization i~ the LO converter 

Approximately 15 tonnes heat 

Blowinq rate: 
Jm3N per tonne min. s 45 m~H/min 

Oxyqen consumption per heat: 
42 m3N oer tonne. of billets :s 841J :n3N/heat 

Blowinq time: 
840 m3~ : 45 m3N/min • 19 min. 

Total treatment time, estimaterl • 40 minutes. 

CLU-~rocess 

Blowinq rate: 
1 m3~ per tonne ~in 
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Oxygen consumption per heat 
49 m3N per tonne of billets 

Blowing time: 
980 m3N : 20 m3N/min = 49 min 

980 m3N/heat 

Total treatment time, estimated 80 minutes 

Casting: 

Casting speed, estimated 

2 strand, 150mm square, gives 

20 t of billets corresponds 
to 20:0.95 of strands 

Casting time per heat: 
21,000 kg : 480 kg/min 

Real casting time, estimated 

Preparing for next heat, 
estimated 

Total time, estimated 

1.4 m/min. 

480 kg/min. 

21 t 

44 min 

50 min 

30 min 

80 min 

Production capacity of 12 tonnes liauid steel per hour 
corresponds to 100 min cycle time and there is a safe 
margin for all three process steps. 

A diagram of the stainless steel process cycle is given 
in Enclosure 5.4.~ • 

5.4.5.5 Production of carbon and low-alloyed special steels 

__ , 

The LO process 

The introduction of bottom stirring in the LO reactor 
will be most advantageous for the special steel produc­
tion. After finished treatment in the bottom stirred LO 
reactor a low carbon steel melt in good metallurgical 
balance should represent an excellent base for further 
treatment to finished steel. 

Material balance, as an example for wire rod billets, is 
given in Enclosure 5.4.l and heat balance is given in 
Enclosure 5.4.m. 

In th~ material balance a scrap addition of 14\ is 
fores'een. 
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The heat balance shows a heat surplus of 129 MJ 
corres~onding to relting of approximately 9' more scrap. 
There should accordingly be no heat shortness, even with 
the foreseen tapping temperature of 11oo•c. 

From the list of interesting steel grades in Enclosure 
5.4.b it will be seen that most steel grades are charac­
terised by a medium carbon content and a low phsphor 
content. This is not possible to achieve with a catch 
carbon procedure in the LD converter. The carbon con­
tent has to be brought down to a low level to secure a 
low phosphor content. The lime-rich phosphor-containing 
slag must be separated from the steel before the steel 
can be recarburised • 

In the bottom-stirred reactor the possioility exists to 
deoxidise, recarburise and alloy the steel up to speci­
fications before tapping. There are however two main 
reasons for doing these operations in the ladle. 

Steel treatment in the ladle 

By doing the recarburising and the alloying in the 
ladle two important advantages are achieved: 

1. Production capacity of the reactor vessel can be 
increased by shortening the process time 

2. Remaining slag can be kept within the reactor 
vessel and back reduction of phosphor from the slag 
to the steel can be avoided. 

In this case the increase in production capacity for the 
reactor vessel can hardly be utilised. ~ith a cycles 
time for the caster of approximately 80 min. there is 
ample time for the extra operation in the reactor 
vessel. 

It is, however, very important to avoid the back reaction 
of phosphor from the slag. There is in practice almost 
impossible to deslag a LO reactor completely. Even if 
the steel surface is slag-free, some slag penetrated 
into the vessel lining can give an increased phosphor 
content in the steel during the deoxidation. 

Our recommendation is to tap the LO-reactor after a suf­
ficient slag-off has been performed and after the 
remainin~ slag has been sti~fened by li~e addition, ~nd 

do the finishing of the steel in the ladle. 
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With this practice there should be only minor amounts of 
slaq comin~ into the ladle, and the deoxidation, recar­
burisinq and alloyinq can be performed in the ladle 
under controlled conditions. 

The ladles must be equipped with slidin9 qate stoppers 
and with porous pluqs for qas stirrinq. 

Due to injection the ladles should be increased in 
heiqht to obtain more freebord. Preheatinq of the ladles 
with the bulk of the alloying additions is very impor-
tant. 

Recarburising must be done by injection • 

A full injection plant like the Scandinavian Lancer 
system (see sketch in Enclosure 5.4.n) will cost approx. 
6 mill Rs based on delivery FOB Swedish harbour, without 
duty and taxes. The limited injection work in this case 
shr;uld however be managed with less sophisticated equip-
ment. 

With the ladle standing on a car, the mast for guidance 
of the lance-holding arm can be fixed, not swinqable. 
Lance changing can be done by the overhead crane, and 
the ladle hood should not need connection to a fume­
extraction and cleaning system. 

Carbon material and calcium silicon shou!d be the only 
agents that have to be injected, and one single powder 
dispenser should do with a 250 litre volume, olaced on 
weiqhinq cells • 

The dispenser can be filled by screw/belt feeders or 
even hy hand from day siloes • 

• 
Instrumentation could be limited to weighinq facilities 
for the dispenser and metering devices for the carrier 
qas stream to qive a controlled feedinq rate. 

Lime injection should be necessary only for steel qrades 
with extra low phosphor or sulfur, and these steel qra­
des are not likely taken into the product ranqe 
durinq the first years of operation. 

A plat~orm in steel construction is needed with day 
siloes for allovinq elements and weiqhinq equip~ent 
beside the injection equipment. This can be erected 
alonqside the track for the ladle car from the LD 
converter. 
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The area is indicated as item 33 on the drawing, ~nclo­
sure 5.4.f. 

One heating stand for the ladle should preferably be 
moved to a stand alongside the same track, between the 
refining station and the LO tapping station to minimise 
the heat loss during ladle transport to the tapping 
position. 

The investment costs connected to the injection and pre­
heating equip~ent are estimated to approximately 2.5 
million Rupees. 

Castin~ o~~~ation 

Some rolling mills demand special steel billets with 
dimensions less than the lower limit for use of immersed 
casting tubes. 

If the steel grades in question demand gas protection of 
the steel streams from tundish to mould, some shielding 
arrangement must be used. 

A simple T-shaped tube that can be swung in to enclose 
the steel stream, has given qood results at the Elkem 
plant, Christiania Spigerverk, Oslo. The arrangement is 
cheap and the steel level in the mould can be followed 
optically. This makes manual control of the strand with­
drawal speed possible, while most shielding arrangements 
demand automatic level control. 

If skilled and reliable operators can be made available, 
the manual casting speed control is satisfying, and the 
investment cost for an automatic system can be avoided. 

The cold tundish practise has been used. This is in most 
cases more expensive than a hot-tundish practise and a 
slightly higher starting steel temperature (5-10°) is 
needed for a trouhlefree casting start. 

A good nozzle-blocking practise with fiber rope and sand 
is important when stopper rods are not in use. 

Casting temperature control, mould condition and closely 
controlled secondary waterspray is very important for 
billet quality. 

The control of billet quality haR been basP.d on visuall 
inspecton and spot qrinding with manually operated 
grinding machines of the penrlulum type. 
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Removal of millscale may be necessary by shot blasting 
or brushing to improve the inspection, and more 
grinding capacity may be needed. 

Testing equipment for controlling internal soundness of 
billets may also be needed. (Ultra sound apparatus). 

A prediction of the need for upgrading in this area is 
difficult to do. Operating experiences only must prove 
the need. 

Production cycle times and capacity 

The pig iron furnace will tap approximately 40 tonnes 
every 4.5-5 hrs, giving an average of B.3 tonnes per hr. 

The cycle times for the steel making process steps for 
heats corresponding to 20 tonnes of billets will be 
approximately: 

Ln - operation 
Ladle refining - max. 
casting + ~reparing time 

50 min 
45 min 
80 min 

The casting operation will be the capacity limitirg pro­
cess step. 

Sequence casting is not regarded as actual, because of 
bad influence on flexihility in production program and 
high investment costs for facilities for ladle change 
during casting. 

The steel making process capacity will roughly be 20 ton­
nes of billets every 80 min, corresponding to 15 tonnes 
per hour. 

From the material balance for a carbon steel (Enclosure 
5.4.1) it will be seen that 1 tonne of pig iron will be 
needed for 1 tonne of billets. 

The day production of approximately 200 tonnes of pig 
iron corresponds to 2·10 tonnes of steel billets. r.Jith a 
steelmakinq capacity of 15 tonnes per hour, the 2r~ ton­
nes can be produce~ in 13.3 hours, or on a 2 shifL per 
day opera t ion • 

The 300 t pig iron mixer has sufficient capacity to act 
as a pig iron reservoir. 

A diagram for the process cycles is given in Enclosure 
S.4.1). 

! ' 
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5.4.s.; Production of special foundry iron 

5.4.5.7 

A part of the piq iron production can be sold as a spe­
cial low phosphorous foundry iron with some 
contribution. With the foreseen combined production, 
there will be a surplus of approximately 5-7000 
tonnes of pig iron per year which cannot be processed to 
steel. ~elining of the LD converter is the main reson. 

The outlet for pig iron as special foundry iron beyond 
this tonnage can be advantageous fron a mar~ed point of 
view a~d in situations with steel making troubles. 

Without facilities for pig casting the spec~al foundry 
iron must be sold as lump castings. This is maybe 
possible for marketing ~inor tonrages, but marketing 
actual tonnages of 10-25 tonne can hardly be done i~ 
irregular lu~p form. A pig casting machine is regarded 
as necessary. 

MEL has a cancelled order for a pig casting machine and 
this can ~aybe be reopened for a sum of 3.5 - 4 million 
Rs. A contribution value of minimun 300 ~s per tonne 
will give a short pay off period for the casting 
machine. 

The pig casting machine has been part of MEL development 
plans and is shown on the drawing, enclosure 5.4.f. 

Outline of the combined production 

The combined production of stainless steel, special 
steels and speical foundry iron must be performed in a 
flexible way, according to the marked demand • 

• 
A main pattern for the production planning can, however, 
be outlined: 

A steady pig iron production is setting a frame with 
the hot metal mixer as a buffer. 

40 tonnes of pig iron will be tapped and transferred to 
the mixer every 4.5 - 5 hour. 

The stainless steel production is foreseen to be per­
formed in campaigns and the CLU converter lining life is 
deciding the number of hP.ats in each campaign. 
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60 heats heat a~e foreseen, corresponding to rocghly 100 
operatinq hours, during which ooth converters are in 
use. The full crew is working on 3 shifts. Some 1150 
tonnes of stainless steel billets are produced per cam­
paign and 790 tonnes of pig iron are consumed, while 
around 830 tonnes are produced. 

The CLO converter has to be relined, after these 60 
heats, but the LO converter lining is foreseen to take 
2011 heats more. 

Special steel production is then taken up in the LD con­
verter, with thP LO converter, injection plant and 
castinq machi~e operating on 2 sh~fts per day. Extra 
crew for the CLO operation are then operatinq the injec­
tion plant. Surplus crew from the 3. shift are engaged 
in maintena~ce, training, etc. 

The hot metal mixer must have room for approximately 100 
~onnes of fluctuation in content. 

Around 10 heats of steel are produced per day, 
corresponding to 2on tonnes of billets. 

A comolete stop in the steel produciton is foreseen 
during the relining of the LO converter. Princioally the 
CLU converter coul~ be used for special steel produciton 
during these relining periods. This would complicate 
the production routes an~ is not recommended. 

Steel proauction potential ~ill be dependant on the ton­
nages of stainless steel product. In the followi~g table 
the possible sale/produciton of stainles steel is 
estimated. Th~ full production of pig iron (~5.111)0 

tonn/year) is foreseen to be processed t~ steel except 
for the LO relining periods. ~~lining period is esti­
mated to 72 hours. 

1. year 

Stainless steel, 9 camoaigns 
LO orod~ction 12.6 camoaiqns 
F'ountlry iron 

2. year 

~tainless steel, ~7.4 camoaiqns 
LD production, 11.1 campaigns 
?oun<1ry iron 

tonnes/year 

10.000 
5 0. 51) () 
1.soo 

20.001) 
44.li011 
.;.1no 
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3. year 

St~inlass steel, 23.5 campaigns 
LO produciton, 10 campaigns 
Foundry iron 

4. year 

Stainless steel, 27.8 campaigns 
LO production, 9.3 campaigns 
Foundry iron 

5. year 

Stainless steel, 31.3 campaigns 
LO production, 8.7 campaigns 
Foundry iron 

Production costs 

tonnes/year 

27. 0 0 0 
40.000 

6.000 

32.000 
37.200 

5.600 

36.000 
34.000 

s.200 

The direct production costs of the oig iron and steel 
products are calculated in accordance with the given 
process routes, material balances and updated processing 
costs given by MEL. 

Stainless steel 

The direct production costs are calculated for AISI 304 
10/0 Cr/Ni. (Se Enclosure 5.4.p) 

The preblown metal from the LO converter must carry the 
full costs of an LO operation and the CLU process costs 
are additional. 

It is foreseen that 4 more men pr. shift is necessary to 
operate the two reactors simultaneously. ~ome additinnal 
ladle lining costs are taken into the account F.or the 
transfer of steel from the LO converter to the CLU 
reactor. 

Total direct costs are calculated to 18.000 Rupies 
per tonne of billet. This i~ matching with the cost 
fiqure qiven hy ~EL. 

It will most likely be possible to reduce the ferrosili­
con consum~tion and/or increase the scrap additon. ~ny 
substantial reductions in production costs are, however 
not to be foreseen • 
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Special steels 

The direct product· .1 costs are calculated for a wire 
rod steel grade with around 0.5 \ carbon, (See Enclosure 
5.4.g). Th~ extra costs for ladle refining are taken 
into~account, but it is foreseen that the extra men on 
shift when producing stainless steel will be engaged in 
ladle refining and injection when special steels are 
produced. 

The calculations give 3.870 Rupies ?er tonne of 
billets. 

This is also very close to the cost figure given by MEL 
for mild steel pr. Sept. 84 (Ref. list 2, 3.850 Rs per 
tonne) and the updated cost figures pr. Jan. '85, 3.900 
Rs per tonne). 

The higher scrap melting ability i~ our calculations is 
the main factor in compensation for the added ladle 
treatment costs. 

The LO lining life of approximately 260 heats is short 
compared with European figurP.s, but the Indian refrac­
tory materials may he somewhat inferior. Sustantial 
reductions in production costs are not likely. 

Summary of investments 

1. ~ebuilding of LO convertor 
to bottom stirring 

2. ~ebuilding LO convertor to 
CLCJ reactor 

3. Installing sliding gate 
stoppers and porous plugs 
in 5 ladles, including spare 
parts 

4. Installing injection station 
and moving ladle preheating 

Mill Rs. 

1 • 5 

1.0 

stand 2.5 

5. Tundish changes for use of 
stopper rods and casting tubes 0.3 

Transferred 1 5 • 3 
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S.4.8 

Mill. Rs 

Transferred 

6. Powder burners for billet 
catting 

7. Miscellanceous and unfore­
seen 

15 • 3 

0.2 

1 • 5 

17.0 

Approximately 17 mill. Rs has to be invested to modify 
the production facilities at MEL to establish a combined 
production of stainless steel and carbon/low alloyed spe-

cial steels. 

A pig casting machine for special foundry iron in addi­
tion is strongly recommended. Investment costs are esti­
mated to 4-5 mill. Rs. 

Fixed costs 

Basis for the calculations are found in Ref. list 5, 
page 5, where a summary of :ixed costs connected to the 
pig iron and steel operation is given. 

Capital for excisting assets 
Additional investment: 

CLU-conne:ted rebuildings 
Additinonal rebuilding 
recommended: 

Steel operation 

Pig casting machine 

Total plant capital 

Capital costs per y'!ar, 16\ 

Overhead costs and other 
expences including fixed labour 
costs 

Total fixed costs per year 

250 mill. Rs 

10 mill.'R.s 

7 mill. Rs 

5 mill. 'R.s 

272 mill. Rs 

43.S mill.'R.s 

10 mill.Rs 

53.'5 mill.Rs 
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5.4.q Discussion 

5.4.9.1 General considerations 

In the previous sections of this chapter we have tried 
to qive a backqround materials for discussinq the main 
question: 

~an a steel operation at the MEL works be restarted on a 
sound techno/economical basis? 

The MEL situation as a steel producer can shortly be 
summerized: 

The ~EL electric piq iron furnace, hot metal mixer, 
LO converters and castinq machine represent a qood 
basis for an effecti7e, small scale steel 
production. 

Siqh power price and small scale operation make the 
~EL competitive position qenerally weak, and mild 
steel and other ordinary steel qrades can not be 
produced profitably. 

~he MEL steel plant can with moderate invest~ent be 
turned into a plant with e~uipment adapted for 
stainless steel and special steel production. 

The modified oroduction equipment and the hiqh 
quality piq iron represent a qood basis for hiqh 
qrade steel produciton • 

~ hiqh level of steel technoloqy must be built up 
by extensive recruitinq and educatinq proqrams com­
bined with purchased know-how assistance. 

The market conditions for both stainless steel and 
special steels qive ample opoortunities for ~arket 
pdnetration with qood ~uality oroducts. 

~he lack of self-controlled rollinq operation is a 
disadvantaqe for quality development and marketinq, 
but the possibilities for estahlishinq close 
cooperation with hirerollers seem to be qood. 

?or implementation of the equinment modifica~ions and 
t~e new processes much attention has to be pai~ on know­
how assistance and personnel recruiti~q an~ traininq. 
~ome moments in this connection will be qiven: 
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The equipment modifications and commission•,q of 
the CLCT process are relyinq on Oddeho:m In~!r­
national. ~now-hov assistance and traininq proqram 
offered by Oddeholm 3USt be fully utilized, and 
extended if necessary. 9ecruitinq and/or selP.ction 
of personel to underqo the traininq proqra~ is 
important and nust be paid much attention. 

~ebuildinq of the LO converter to bottom stirrinq 
must be planned to be finished at the same time c~ 
earlier than the CLO commissioninq. 

Assistance for rebuildinq and process know-how can 
be qiven by the ~etallurqical Research Station 
(Mefos) in Lule!, Sweden. For practical traininq 
Norsk Jernverk A/S, Mo i Rana, Norway, could be 
contacted. They rehuilt their LO converter to bot­
tom stirrinq one year aqo. 

Peqardinq special steel production, know-how and 
practical traininq ~ay be possible to buy from 
Ovako Oy, Kooverhar, Finland. They have extensive 
experience in special steel production based on 
blast furnace, LO converters and continuous castinq, 
and they are familiar ~ith this kind of assistance. 

Even if the special steel operation will have 
second priority from start on at ~EL, personnel 
traininq could be taken up before the steel opera­
tion is started. 

~e take for qranted that t~e possibility for 
assistance from SAIL will be !ully investiqated and 
utilized. 

Cooperation neqotiations should be taken u~ wi~h 
potential ~irerollers in due time. 

Traininq programs for ~EL personnel in rolled oro­
duct control should be cart of the cooperation 
deal. 

'!'raininq proqrains shoul"1 also include laboratory 
personnel. 
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According to the most recent market information given by 
MEL (Enclosure 5.4.e) there will be a small contribution 
from mild steel production, and there will be qood 
demand for special foundry iron, which also will give 
some contribution. 

Reqarding special steels there will he only the steel 
qraJes with hiqh quality stringen~y that may qive 
contribution up to approximately the same level as for 
stainless steel. 

Accordingly the stainless steel mus~ be the first 
priority product, and even more so, because the CLtT­
operation gives MEL a general good competitive position 
toward other Indian producers. None of these are 
operating the CLU or AOD process. 

Development schemes for alternative product mix and the 
resulting contributions are given in Enclosure 5.4.r. 

Trial production is foreseen to start in January 1986. 
The first half year is con~idered as a trial periode 
with no resultinq contribution. 

The regular production period starts in July 1986 and 
the first 5 year of operation are considered. In the 
production period 1986/87 a somewhat reduced pig iron 
production is foreseen, but full pig iron production of 
65.000 tonnes are taken as the basis for t~e operations 
from the second year • 

A penetration into the stainless steel market 
corresponding to market shares increasinq from a~ in 
1986/87 to 21\ in 1990/91 is considered as obtainable 
with aqgressive marketing efforts. 

The strateqy qiven in Development Scheme, ~lt.1, is to 
concentrate maximal on stainless steel and regard pro­
duction of S?ecial foundry iron and mild steel as margi­
nal utilization of pig iron and steel production 
capacity. 

The resulting contributions per year woul~ be 
respectively: 

31 - 52.~ - &5.7 - 75.1 - 82.5 milt. ~s • 
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It will be seen that a break-even point (53.5 mill. Rs) 
can almost be reached in the second year of operation 
and that the followinq years would qive increasinq pro-

f it. 

Such a narrow product mix would be vulnerable for 
chanqes in mild steel prices and production costs rela­
tionship and for chanqes in demand in the limited spe­
cial foundry iron market. Above all the alternative 
would be vulnerable for less sucess in the stainless 
steel operation. 

This is shown in Development sc~eme, Alt. 2, where 
reduced market shares are foreseen - from 6\ in 1986/97 
increa!inq to 15\ in 1990/9t. 

The resultinq contributions per year would qo down to: 

27.4 - 43.3 - 49.S - 54.9 - 60.3 mil"l. Rs 

Break-even point ~ould be reached as late as in the 4. 
year and just a small ~rofit would occur in the 5. year. 

A different strateqy is qiven in Development scheme, 

Alt.3. 

Full concent.ration - beside the well known routine pro­
duction of mild steel and foundry iron - is qiven to the 
stainless steel operation the !irst year. 

In the 2 year the production of small quantities of 
steel qrades known from the previous steel production 
pe=iode in 1979 - ~2, ard taken up • 

!he further development in increasinq ~uantities of 
these steel qrades and penetratinq into the higher 
quality fields is reqarded as possible without 
distur~inq the stainless steel ooeration. 

We consider this development into the special steel area 
as necessary and the resources to do so must be made 
available. The development rate cannot be predicted or 
nailed down in a fixed proqram, but the developnent 
scheme gives an examole that would qive contribution per 
year of: 

30 - 56.2 - 72.7 - 95.9 - 96.S mill. Rs. 

~~e break-even point is reac~ed in the 2 year of opera­
~ion, ~nd the profit made t~e following years are most 
satis!yinq. 
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The influence of a less sucessful stainless steel opera­
tion can with a somewhat intensifien development in spe­
cial steels, be substancially reduced. 

This is shown in Development scheme, Alt. 4. 

Market shares in stainless steel is foreseen to 6-15\, 
as in Alt. 2, but the contributions per year are main­
tained on an acceptable level: 

30.2 - 52.4 - 63.2 - 73.S - 82.0 mill. ~s. 

The strategy in alternative 3 is most successful and 
should be aimed at. ~esides the stainless steel opera­
tion spring steel should be a reliable product - no 
great problems in production and good demand in the 

market. 

The •Btc• grades of the case hardening steel group and 
the carbon steel qroun should also create minor 
problems in produciton and marketing. 

The MEL ambitions, however, should be to increase the 
production voulme of the grade "A" with high quality 
stringency and premium prices. 

In our opinion the medium carbon steels for wire rod 
are interesting with qood demand in the market and good 
prices. Sufficient level of steel technology to cope 
with quality claims must be developed anyway. 

Regarding the further development beyond the 5. year of 
operation, we think that the same strategy should be 
followed, building up the technology in production and 
the reputation in the market for stainless steel and 
premium grades of special steels. 

From the development scheme, Alt. 3, it will be seen 
that the stainless steel and special steel production 
will after 5 years, approach a level that leaves only 
the minimum of mild steel and foundry iron quantities in 
the product mix. ~ith a continuing successful develop­
ment more pig iron may be needed together with more 
steel-making capacity. 

The MEL plant should at this stage have a steel tech­
nology, a production organisation and a market reputa­
tion that should be very competitive and a stepwise 
development as given below is considered as realistic 
with an existinq 10\ increase in market demand per year. 
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5.4.10 

1. Step 

2. 

Installing pre-reduction of iron ore prior to 
smelting in furnace no. 1. 

Tonnage of pig iron per year: 100,000 tonnes. 
Changing from two shift operation to 3 shift opera­
tion for special steels/mild steel would give a 
product mix tentatively estimated to: 
40,000 tonnes of stainless steal 
55,000 tonnes of special/mild steel 
10,000 tonnes of special foundry iron. 

Step 

Converting the furnace no. 2 from ferromanganese to 
pig iron. Tonnage of pig iron per year 165,000 
tonnes, steelmaking capacity increase by installing 
one new bottom stirred LO reactor, 30 t capacity, 
and a new 2-strands casting machine, prepared for a 
later 3. strand. Produc~ion tonnages tentatively 

estimated to: 
50-60,000 tonnes of stainless steel 
90-100,000 tonnes of special/mild steel 
10-15,000 tonnes of special foundry iron. 

3. Step 

Introducing pre-reduction on pig iron furnace 2. 

Increase in pig iron production to 200,000 tonnes. 
Rebuildling CLU reactor and LO reactor for 
dephosphorization to 30 t capacity. 
Installing one more strand on each of the casting 

machines. 
Tentative production figures: 
60-70,000 tonnes of stainless steel 
120-130,000 tonnes of special/mild steel 
10-20,000 tonnes of foundry iron. 

Conclusions 

The pig iron and steel operation at MEL can be restarted 
on a sound techno/economi~al basis, providing that cer­
tain conditions are fulfilled: 

The pig iron operation must reach a level of good 
mP.tallurgical control and give a pig iron with 
accept~ble variations in composition and 
temperature. 
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A piq casting machine has to be installed to sell 
important pig iron quantities as special foundry 
iron. 

Investment estimated to 17. mill. Rs is needed to 
modify the steel plant to a comoined production of 
stainless steel and special steels. 

The stainless steel operation based on the CLU pro­
cess is regarded competitive, and contract con­
ditions regardig know-how assistance and traininq 
are satisfyinq. 

Reqarding special steel operation MEL should have high 
ambitions and go into areas where quality stringency is 
demanded. 

Know-how and training assistance should be provided for, 
also in this field. 

Establishing a highly qualified staff on all levels must 
be done by adequate recruiting and training programs. 
The M~L management must achieve a deep penetration of 
knowledge and skill into all staff levels and obtain a 
well controlled operation performance. 

This represents a qreat challenge that has to be met 
successfully. Steel technology on a hig~ level and a 
well organized operation are the only reliable weapons 
for MEL in the fight for a sucessful future in the steel 
business. 



Enc 1 • 5 • 4 • a. 
Paqe 1 

Maharashtra Elektrosmelt Limited 
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Telephones: 202•285 (5 linH) Grems: ELEICSMElT Telex· 011-5652 

Ref: Tecb/NC2/NT/ '}'1'1 j -

M/se Blkem a/s., 
Middelthunsgt 27, 
Oslo 3, 
Norway, 

Dear Sirs, 

7tb November, 1984 

We bave recently compiled most of the information 
de sired by you and the same is enclosed in Annexure I 
and II. Kindly note that Annexure I is not sales plan, 
but gives realistic estimate of the quantities of diff­
erent grades wbicb can be sold provided we are able to 
produce them economically. The cost estimates for 
steels other than sta1n1ess steel are not available with 
us at present. Hence it is difficult to ascertain 
wbetber steels of other grades would give positive con­
tribution or not. 

We have received your telex informing about the 
proposed visit. We welcome you and Mrs. Ydstie to India. 

Thanking you, 

Encl: As above • 

Yours !aitbfully 
for MAHARASH~/ BlBK~SMElT LD1ITED 

I·~-~ -:.-----
( N ~NT TANKSALE ) 
DY. GENERAL MANAGER 
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ANNEXURE I 

SALES FORECAST 

Encl. 5.4.a 
Page 2 

-----~~-----------~-,__ _____ _,_, _______ ~---------------------~---...~~~ . : 

Sr.No. SmEL 85-86 86-87 67-88 88-89 89-~ I 
-----_,_~------~~ . ----------~-----~--~-----~-~-------~-----------
1) Stainless Steel 

Billets 200 100 100 150 NU 

Flats 1500 2000 2500 2700 3000 

Rounds 300 350 400 450 500 

Heavy Guage Hll 50 100 200 500 

Total: 2000 pm 2500 pm 3000 pm 3500 pll 4000 pm 

24,000 pa 30,000 pa 36,000 pa 42,000 pa 48,000 pa 

2) Spring Steel 

Billets 1000 1200 1500 2000 2500 

Flats 80 x 10mm - 100 - -
100 x 12mm 

Rounds (40mm dia) - - 100 - -
1000 pm 1300 pm 1600 pm 2000 pm 2500 pm 

12,000 pa 15,600 pa 19,200 pa 24,000 pa 30,000 pa 

3) HC Virs Rod Steel (0.4 - o.69' C) 

Billet/Rod/tf ire 500 pm 1000 pm 1200 pm 1400 pm 1:600 pm 

6,000 pa 12,000 pa 14,400 pa 16,800 pa 19,200 pa 

••••• 2/-
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_______ _._. ______ -________________ ..._._ _______________________________ ,_,_ _____ ~-----

Sr.No. STEEL 85-86 86-87 87-68 88-89 89-90 
------------------------~---~-~---------------~-------.-....--------~------

4) Electrode Quality Steel 

Billets/6/Bmm 
wire 

500 pa 

6,000 pa 

1':1J pm 1000 pa 1250 pm 1.500 pa 

9,000 :pa 12,000 pa 15,000 pa 18,000 pa 

• 5) Carbon Construction Steel 

Billets/Rounds 100C p~ 1500 pm 2000 pm 2500 pm 3000 pm 

12,000 pa 18,000 pa 24,000 pa 30,000 pa 36,000 pa 

6) Alloy Construction Steel 

Billets/Rounds 1000 pm 1500 pm 2000 pm 25'..~ pm 3000 pm 

12,000 pa 18,000 pa 24,000 pa 30,000 pa 36,000 pa 

D 
'l'OTAL:- 72,000 pa 1,02,600 pa 1,07,6oo pa 1,57,800 pa 1,87,2 

'I 
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~tailed Olemical O:rnrnsition of resire, Pinisl-ei Prnitcts (Steel) 

~ fication 'l'Y!:ie arrl Aflllicatinn c 

1. EN A "40" Qu:-bon Cbntrolled .35/.45 

grain (Joot:> Qrl.d-Eln grain • 
siz.e of S-8) 

2. EN 9 55 carbon steel suitable .SO/.nO 
for cylimers, «]earS, 

machine tnols, rifle 
barrels etc. 

3. EN 24 fbr reat treat:e-\ oon­
ponents of larger 
sections ard subject 
to vecy ecact re­
quiranents such as 
connecting mis, ear 
shafts, i:rq1e).ler 
shafts, camp shafts 
P.tc. 

1811C54EJ>1 

.35/.45 

~ 

.6/1.0 

e'>O/.BO 

.45/. 70 

Si Ni Cr 1't> 

.o5/.3'> 

.05/.35 

.10/.35 1.3/1.B .C)()/1.4G .20/.35 

s 
Max 

0.03 

0.03 

p 

M:lx 

0.03 

O.U3 

others 

• 

'ti C'll 
Ill =' 

t,Q 0 
ID ,..... 
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Detailed o-.emtcal empositioo of desired Finist-ed Prcx\JctS (Steel) 

Sfeclficatmn Type am Application c ~ Si Ni Cr 1-t> s p Ot.n:ns 
Max Mme 

5. 91 45 Silicon 1":.rqanese .so/.60 • 70/1.0 1.s;2.o - - - 0.03 o.o3 

Sprirq steel fur oil 
hardeni.rq & ~rirg 

6. 2!M\Cr5 case hudeir¥J steel .111.22 1.011.4 0.110.35 - 1.1.3 - .o5 .o5 

1. 91 451\. Silicon Marv;JaneSe .ss; .65 .111.0 1.v2.o - - - 0.03 0.03 

SJrlrq st.eel l'or oi 1 
hardeni.R) & 'I'l:rnp!rin,J 

a. 16ltr.r5 Oise hardenil'V] steel .14;.1q 1.1/3 Oo 1/w35 - 0.011.1 - .os n.os 

q. A.lSI 302 Al\9tenitic StaWes::i o.1s 2.0 1.0 0.10 17.19 - .n3 .045 

s~.l 

10. A.ISI 304 Austentic Stainless o.oanax. 2.0max. 1.0 11\31CoBo5/10.5 18/20 - .03 .045 

steel 

11 0 A.ISi 310 Austenitic Stainless o.o&nax. 2.0max. 1.!:nax. 19/22 24/26 - .03 .045 

steel 

17. Sl\E 1010 Chld l~adin;r steel 00/0.13 0.4 o., 0.04 0.04 

1B. SN': 1006 Electraie qrcrie 
quliity .oanax. o.3 0.03 0.04 0.04 

'ti Cl! 
Al ::J 

1811~Fl>2 
<'I 0 
ID I-' 

• 
'" ..n 

• .... 
• o· 
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Market Rituation - Stainless steel 

Estimated MEL sale potensial~, prices an~ margins 

Est.MEL sales potential Price Prod. G deliverv cost 
1000 t/year billets rolling tot. 

'Product years Rs/kg Rs/kg Rs/kg Rs/kq 
1. 2. 3. 4. s. 

R6/87 B9/81 08/B~ 89/91 90/91 
Total market 117 12R 140 155 170 

MEL sales potential 

Bil h cs 2.4 1.2 1.2 1.s 0 20.i;o 10.6 

Flats 1A 24 30 32 16 24.55 1A 4 22 

Rounds 3.f°> 4.2 4.B 4.A 6 2q 18 6 24 

Sheets 22 ganqe 35 18 13.so 31.'>0 

-- " -- 14-1B qanqe 0 o.,; 1.2 2.4 6 33 18 12 3 

SUM sales potential 24 30 '37.2 40.7 4R 

1811C54F.E1 

--

"1argin 

Rs/kg 

1.90 

2.i;o 

5 

1.so 

'3 

ti! 
:J 
0 ,.... 
• 
..,.. 
• 
~ 

• 
0 
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- - - 'l'otal 
market pot. 
1000 t/year 

Product 1C}A5 

JJil lets: 
Spring steel BO 

Wire rod, 0,4-0,6%C 22 

Welding electrodes 
36 

Cold heading steel 

~onstructional: 

Carbon steel 150 

>.l loyed steel, F.N 24 60 
16MnCr5 

Mild steel, ord.qrade great 

Sum special/steels 

1A 11C54F.F 1 

...,, • 
Market situation - Carbon and low alloyed steels 

Estimated MF.L sale potensials, prices and margins 

Est.MEL sales potensial Price Pron. & delivery cost 
1000 t/year billets rolling tot. 

years Rs/kq Rs/kg Rs/kg Rs, 'kg 
06/87 R7/RB 88/89 B9/90 90/91 

12 15.6 19.2 24 30 '5,50 5,0 

6 12 14.4 1F.eA 11}. 2 6 4,75 

6 9 12 15 18 5 4,70 

12 1B 24 30 36 S,F.10 4,75 

12 1A 24 10 36 R 7 I 10 
7 s,10 
4,20 4,45 

4A 72.6 cn.4 115.F 139. 2 

• 

llllarqin 

Rs/kg 

o,'50 

1, 2 5 

0,30 

1,05 

o,9o 
0,60 

- 0,25 

Pl 
:J 
n ,.... 
• 
..n 
• 
A 
• 
(J. 



CONFIRMATION OF UDllBAM/TELEX 

From To 

Encl. 5.4.e 
Paqe 1 

I tHARASHTRA ELEKTROSMEL T LTD. K/S. EL~ A/S. 
MIDDEL'lnUNSGT 27 
OSLO 3 

Nirmal. 2nd rloor. Nariman Point. 

Bombay 400 021. 

Telepl\onas : 202•2&5 NORWAY. 
Telex : 011-5652 TLX: 78 229 

, 

.· 

Our Ref: Tech/N:.2/NT/// 31,. t Date 14th Dec. '84. 

We Confirm having sent the following T.allQ[J(l'll'ITelex 

KIND ATTN: KR. BIRGER YDSTIE 

AS RE..iUE.STED oY YOU WE AP.£ GIVING hER.EU!~DER FOR.EC~ST 

FIGURES FOR 5 YR OPER.kTION. 

'lliE CW PROC~SS IS EXPt.CTED TO START EJ.RLIEST BY J.hS '86. 

JA~ '86 TO JUNE '86 ALL PRODUCTio:·l 'WOULD p.E. TRihL FR.ODUCTIO:-t. 

FOR 5 YRS STARTirv:; FROt-: JULY '86 '!HE FIGURES WOULD BE AS 

FOLLO\"lS:-

( ALL FIG'VC\ES Th TnO:JSh.}t'D MT ) 

--------------------------------------------------------------------
GRADE 86/87 87/88 88/89 89/90 90/91 

--------------------------------------------------------------------
STAIN"wESS 

SPR.ING 

fo~S/CS 

PI 

10 

15 

15 

5 

4 

18 

20 

6 

5 

7 

20 

25 

6 

6 

7 

22 

30 

6.5 

6.5 

'7 
I 

25 

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

SW.ILAR CO~T t.::D PRICE. 

. ••.. 2/-



From 

CONFIRMATION OF Bk~/TELEX 

To 

Encl. 5.4.e 
Paqe 2 

.AHARASHTRA ELEKTROSMELT LTD. 
Nirmal. 2nd Floor. Nariman Point. 

Bombay •OO 021. 

Telepllones : 202•2&5 
Telex : 011-5652 

• 

• 

.... 

:: 2 
Our Ref : !ech/?C2/'NT/ 

.. . . 

We Confirm having sent the following lWeu<MO/Telex 

Oate _.....:.1_4.._/-'1 :=" ·......:/8=-4-'--_ 

------------------------------------------------------------
GRADE COST/TOX 

'SHJ.Z:T 

------------------------------------------------------------
S':'.AI:·iG..:.S ~-w::1:7' 

----~ 18,000 2C.,OC-O 

SP:U:iG 4,800 5,300 

c.:.sE :-.....\. RDE:; I :-x; 5,000 5,500 

··~/C' RB"'' 1•,,J .iO. v~'i 4,000 4,200 

FI 3,000 3,250 

-----------------------------------------------------------
:~c:.:Gn ?M.COCC:'IC:~ CF BILLET3, ROUl\DS, STRIPS E!C: IS 

?J..CK TO BILLET STAG~. COSTS -';•D Ffe.:CES ..\~ AS i.XI.ST::;G 

AT P~SE:IT. IT IS E:NISAGeD T:-=.nT r:·~CRE;.SE ns C::>ST 

liOUL;) E'.E COHPt.:·t3A rr:o oY r:c~sE H• PRI~E. 

OliR M .o. IS EX?EC':'ED TO BE IN OSLO er~ 17Th i.)~C. TE.::~r. 

FIGURES i·1.AY BE SnO',,,N TO nIM FOR ,\HY ALTE?..ATIOr-iS IF Af:\.&UI?.ED. 

1 HOPE T:tAT YOU #ILL FIND THE ;.:ovc: AS PER YR ;IB, ... uim::E;~!S. 

SHOULD YOU REwUIRE .\NY ~DDITIC~;AL I:·iFCRr-1~ TION, ·.,c; "'40ULD :SE 

PJ..E,\SED TO FCRNISH THE SAME. 

'.-#ARM :iEG~RDS, 

<,]' ·J~ .----
( ~I ~.A~ST TA~n<~LE ) 
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• 

Raw materials Alnount Fe 
leg 

Pig iron 6RB 635 

NiO 101 

Scrap inter-
national 40 29 
purchased 25 22 

Lime ao 

02, Nm) 42 -14 

Sum 672 

Losses,dust etc.1% 22 

Sum, net 650 

In metal 761 650 

\ 86 •• 

In slag 121 
\ 

1>l11C'i4F.K1 

• • 
Material balance - Stainless Steel - Dephosphorisinq step 

FeO c Si 

26 9.5 

+ 18 -25.6 -9.5 

18 0.4 0 

19 0.4 0 

0.4 0 
o.os 

1B 
15 

• 

Si02 Mn MnO 

R 

2 

+20 -5 +6 

22 3 6 

1 

21 3 5 

3 
4 

21 5 
17 • r 4.5 

Ca + MqO = 3,5 
Si02 

Cr Cr203 Ni 

91 

7.5 2 

-1.s +2 

6 2 93 

2 

6 2 91 

6 91 
o.8 12 

2 n 
1.s 

p s cao 

o.6 o.3 

72 

o.6 0.3 72 

3 

o.6 0.3 69 

0.2 o. 1 
o.02f o.o,. 

o.4 0.2 69 
0.35 0.10 58 

e 

MgO 

3 

3 

3 

'] 

2.s 

Al203 

1 

2 

2 

2 
1.6 

VJ 
::s 
0 
...... 
• 
..,, 
• 
oil> 
• 

\Q 
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2 1a11 
February 1985 

Heat balance 

1. step of stainless steel production 

Dephosphorization in LO converter 

ffeat input Reat output 

Pig iron, 688 kq,1300°c 77BM] Preblowm metal 

Slag formation 1;06 kg Fe,1100°c 

q.5kg Si-Si02 308 91 kg Ni 1100°c 

5kg Hn-MnO 35 1 t) kg Mn/Cr, 1100°c 

12kg Pe-FeO 57 Slag 1 2 1 kg, 1100°c 

100kg Ca3Si05 50 n 20 kq dust 
Off gases 

1. i:; kg Cr-C203 17 467 .. Heat loss 
through vessel 1 ) 

ff eat surplus 
Decarburising 

25.i:;kgC-CO/C02 326M} 

110.7kg NiO-Ni 35 .. 

1606H] 

. 

Encl. 5.4.h 
Page 1 

877 HJ 

11 0 n 

12 n 

17 7 n 

30 n 

135 n 

120 

155 

1606MJ 

1) Heat loss though vessel calculated from measured value from 
Mefos: 
Mefos: capacity f; t, heat loss 25 M)/min. Heat loss de~en­
dent on vessel surface, not volume, hence for 15 t vessel: 

25 x 15 2/3 
f; 

40 min. treatment time 
Heat loss per tonne 

45 M)/min. 

1800 M] 
120 M) 



• 

Raw materials Amount Fe 
kg 

Prehlown metal 761 650 

Charge chrome 56\ 340 110 

FeCr, LOW c, 65\ 6 2 

FeSi, 75\ 40 9 

Oxygen, Nm) 42 5 

Fe Mn ~. 5 

Lime 130 

Sum 79 

t.osses,dust etc.2\ 20 

Sum, net 151 

Tn metal 1057 751 

~s b~llets,lOOOkg,, 

In slag 212 

\ 

1011C'l4EM 1 

• 
Material balance - Stainless Steel -

FeO c Si 

o.4 

?.3 13 

30 

6 -24 35 

1 

6 o.4 B 

- - -
6 o.4 8 

n.4 B 

0.04 o. 1~ 

6 

3 

Si02 "1n MnO 

3 

75 -3 4 

15 

2 

77 15 4 

2 

75 15 4 

15 

1.4 

75 4 

'36 i.q 

Ca+ MgO = 1,6 
Si02 

• 
CLU step 

Cr Cr203 Ni p 

6 91 0.2 

190 0.1 0.1 

4 

-4 6 

196 6 91 o.3 

3 2 

193 6 89 o.3 

193 F.19 0.3 

1A., B.5 0.020 

6 o.3 

2.0 o.13 

s can 

0.1 

117 

0.1 1 17 

2 

o., 115 

0.1 

0.01 

o. 1 11 s 

0.04 55 

• 

MgO 

4 

4 

4 

4 

, .q 

Al201 

2 

2 

2 

1 

1:11 
:l 
0 
I'-' 

• 
V'I 

• ... 
• ..... 
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2HI11 
February 1905 

Heat balance 

Encl. 5.4. J 

Stainless steel - CLU-process 

Heat input 

Preblown metal 

650 kg Fe, 1650°C 

" Ni, • 

Slag formation 

form. 2 Ca0-Si02 

4 kg. 'l:'eO 

4 " MnO 

I Decarburising 

24 kg C- CO/C02 

PJ11C'i4~1 

q31 

110 n 

417 .. 
706 .. 
129 " 

15 " 

22 n 

45 .. 

276 . I 
2650 HJ 

Heat output 

Metal 

751 kg Fe, 1100°c 
193 .. Cr, .. 

139 .. Ni, .. 
13 .. Si, .. 

1 5 .. Mn, • 

c;lag 

11 5 kq CaO 1100°c 

75 .. Si02 .. 
22 .. others .. 

gases 

12 Nm3 H20-H2 

12 Nm3 H2 1soo 0 c 

45 Nm3 co/co2,1soo 0 c 

3 ~Jm3 Ar, 1soo 0 c 

Heat loss from 
vessel 

45 HJ/min. 130 min:20t 

'feat surplus 

1086 
207 .. 
116 .. 

26 .. 
24 n 

18 0 

145 .. 

35 .. 

129 .. 

24 " 

10 2 " 

4 " 

18 0 " 

392 .. 

26 50 MJ 

I 

1 



• • 
PROCESS CYCLE- STAINLESS STEEL. 

HOURS 0 1 2 3 

PIG IRON 
TAPPING 

MIXER 40 

FILLING. mt. • 
MIXER 14 14 

TAPPING. mt. - -
LO 
CHARGING • • 
LO 
TREATMENT 

LO • • 
TAPPING 

CLU 
CHARGING • • . 
CLU 
PROCESSING 

CLU 
TAPPING -
CASTING 

CASTER 
PREPARATION 

• 

I. 5 

-
40 
I 

14 --
-

-

6 7 

• 

• 

-

• 

IT1 
~ 

!:!. 
0 
Ill 
c ... 
111 

UI 

,.... 
r:-

I W --~·---·- -- ~ ----~-- _ ____.__ _____________________________ _ 



9 

--

11,,w mdt~r i al s amount Fe 

l'ig iron 1000 935 
Scrap, i ntcrna l 60 59 
'.~.::r<ip, purchijsc 80 78 
l. i Int! 105 
1)xy~cn, Nm3 62 -20 

-

Sum 1052 
Loss.:s, 2S 20 

Sum 1032 

In mt!tal ~0112,8 1032 
s 

In slag 167 
s 

Alloying, FeSi 3, ') 1 
Ft!Mn 7,5 1, 5 
c 

Sum metal 10119 1035 

Billet:>, 1000 kg, comp. S: 

• • •• 
MATERIAL BALANCE - WIRE ROD BILLETS 

kg/tonne of billets 

FeO c Si Si02 Mn MnO p s Cao MgO Al203 Anrn 

-
38 14 12 1 0,2 

2 95 3 2 
+26 -37 ,5 -14 +30 -9 +,, '5 

0,5 0 32 3 11 '5 1 0,2 95 3 2 
o,6 0,2 2 

26 0,5 0 31,4 11,3 1 0,2 93 3 2 

0,5 3 0,2 0' 1 As tapped 
0,05 0,3 0,02 0,01 

26 31,4 11 '3 0,8 0' 1 93 3 2 
15,5 18,8 6,7 0,5 0,06 55,7 2 1 B = 3,1 

2 , Ladle 
0,5 4,5 1 additions 
11,5 C-Injection 

c:: 2 7,5 0,2 0', .,, 

o,~ 0,2 0,75 1 I I I I 0' 02 I 0' 01 I I ' I I 
1 I I I I I 

(11 

:I 
n 
..... 
• 
V1 

• 
""' ~ 



• 21811 Encl.5.4.m 

February 1985 

Heat balance 

Wire rod billets production 

M] per tonne billets 

Heat input Heat output 

Pig iron,1000 kg,1300°C 11 30M] Steel, 1700°C 1520 

' 
slag formation Slag, 1300°C 270 

14kg Si-Si02 454 oust, 20 kg JI) 

qkg Mn-MnO 63 Off gases, 1500°c 19 0 

20kg Fe-FeO 95 N2/Ar-stirring gac: 6 

120kg Ca3Si05 60 672 n Heat loss vessel 135 

Heat surplus i29 

Decarburising 

37.5 kgC-CO/C02 478 n 2280M] 

2280M] 

' 
Treatment time 45 min. 

1811C54111 

' 





• 

HOURS 

MIXER FILLING. mt. 

-·· - TAPPING. mt. 

_,._ CONTENT. mt. 

LD PROCESS 

LADLE REFINING 

CASTING 

CASTER PREPARATION 

HOURS 

M 

L 

L 

...... 
\J 

...._ 

...., 

~R FILUNG. mt. 

- TAPPING, mt. 

- CONTENT. mt. 

PROCESS 

_E REFINING 

flNG 

rER PREPARATION 

• • • 
PROCESS CYCLE - CARBON AND LOW ALLOYED STEELS. 

0 1 2 3 4 5 6 7 8 9 10 11 12 
I 

1.0 40 40 
I I I 

2p 20 ,,o 20 20 20 20 20 20 
I I I I' I I I' 

220 200 180 100, ,200 1r 100 170 120 160 140 
I I I I I I I 

-

I 

- • • - - • • - -
12 13 14 15 16 17 18 19 20 21 22 23 24 

1.0 40 'f I I 

20 20 20 
I I I 

120 100 140 180 220 foo 
I I I I I I 

• ... 
... 

• .. - -
'" :::> 
~ 
0 
Ill 
c: ., 
~ 

!-11 
~ 

0 



• 21811 
February 1985 

Stainless steel billets 

Pig iron 
Ni in NiO 
Scrap, internal 
Scrap, purchased 
Lime 
Fluorspare 
Consumables 

~ Refractories 

• 

Stores & spares 
Power & fuel 
Power fixed 02 plant 
Contract labour 

Preblown metal 

Chargechrome 
FeCr, low C 
Ni 
FeMn, HC 
Fe Si 
Lime 
Ar, Nm3 
Steam 
Lining 
Maintenance 
Casting 

Royalty, CLU-process 
15\ interest on raw materials for 
2 mths, based on 30.000 t/year 
Selling expenses 
Interest on working capital 
Increase in labour force 
4 men per shift 
Increase in ladle refractory wear 

Direct costs per tonne of billets 

1 A 1 1 C 5 4 P. fJ 1 

'Kq/t 

688 
91 
40 
25 
80 

6 

340 
6 
1 

2 1 
40 

130 
3 

12 
27 

Rs/Kg 

2.70 
105 

1. 
0.10 
4.35 

12 
30 

130 
3.5 

1 0 
0.1 

60 
o.50 
5.oo 

Encl. 5. 4 P 
Page 1 

cost,Rs/t 

1858 
9555 

50 
56 
26 
80 

225 
30 
60 

118 
50 

12.078 

4080 
180 
130 

74 
400 

91 
180 

6 
135 

50 
200 

17.604 

54 

160 
1 5 

135 

4 
10 

17.982 
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21811 Encl.5.4.q 
February 1985 

Production costs 

Carbon Steel billets 

Pig iron 
Scrap internal 
Scrap, purchased 
Lime 
Fluorspare 
Consumables 
Refractories 
Stores and spares 
Power and fuel 
Power fixed 02 plant 
Contract labour 
Selling expences 
Interest on working capital 
Alloying and injection 
FeMn, HC 

FeSi, 75% 
Carbon, 80% yield 
Lime 
Lances 
Ar/N 2 for stirring and 
injection 
Ladle refractory increase 

Xg/t 

1000 
50 
eo 

105 

6 

7.5 
3.5 
5.5 

10 

Total direct costs per tonne of billets 

1811C54EU1 

'. 

Rs/JCg cost,Rs/t 

2.70 

2.00 
0.10 
4.35 

3.50 
10 

3 
0.1 

2.700 

160 
74 
26 
80 

225 
30 
60 

118 
so 
15 

135 

26 
35 
17 

7 

90 
10 

3.R73 



• • • 
Develnpment scheme for MRL steel operation 

Year 1986/87 1<)B7/8A 1988/89 19A9/90 
Contrih. tonnagE Cantril: TonnagE Contrih. tonnage Contrib. tonnage Contrih, 

Product Rs/kq 1000 t milleR! 1000 t mill. Rs 1000 t "'ill.Rs 1000 t mill eRs 

Stalnless steel 2 10 20 20 40 27 11)4 32 64 
(Market shares.\) ( B) ( 16) ( 19) (20) 

Spring steel 

Case hardening 
steels 

grade A 
grade B/C 

Carbon steels 
grade A 
qrade R/C 

t.ti 11'\ steel 0.20 2 c; s.o 31 6.2 21 4.2 18 3.6 

Spec. foundry iron 0.10 20 6.0 22 6.6 25 7.'> 25 7.5 

Sum 31.0 52.a 65. 7 75.1 

Piq iron consW'lpitor 52 65 65 65 

11l11C54EV1 

• 
Alt• 1 

1990/91 
tonnage Contrlb. 
1000 t mill.Rs 

36 72 I 
( 2 1) 

15 3.0 

25 7.11) 

02. 5 

65 

"d Pl 
Ill ;:I 

IQ n 
It .... 

... • 
..,.. 
• 
"" • 
11 



• 

I-
Year 

Contrih. 
Product Rs/kq 

Stainless steel 2 
(1'4arket shares.\) 

Sprinq steel 

Case hardening 
steels 

grade A 
qrade R/C 

Carbon steels 
qrade A 
qrade R/C 

~ild steel 0.20 

- -

-foundry iron Spec. 0.10 

Sum 
- - - -

Piq iron consumpitor 

11\ 1 1C54EV2 

• • 
Development scheme for MF.L steel operation 

1986/87 1987/8A 19A8/89 1989/90 
tonnagE Contril' 'l'onnaqE Contrib. tonnage Contrib. tonnage Cont rib. 
1000 t milleRI 1000 t mill.Rs 1000 t mill.Rs 1000 t mill.Rs 

R 16 14 28 18 36 2 1 42 
(6) ( 11) ( 13) ( 14) 

27 5.4 39 7eR '30 6.0 27 5.4 

20 6.0 25 1.s 25 1.5 25 1.5 

27.4 43. 3 49.5 54.9 

52 65 65 65 

• 
Alt .2 

1990/91 
tonnage Contribe 
1000 t mill .Rs 

24 48 
( 15) 

24 4eB 

25 7.5 

60.J 

f; 5 

"O "' Ill ::s 
<Q 0 
ID I-' 

IV 
• 
I.II 

• 
"' • 
t'1 



• • • • 
Development scheme for MEL steel operation 

Alt. 3 

Year 1986/87 1987/8R 198A/B9 1989/90 1990/91 
Contrib. tonnagE Cantril 'l'Onnagt: Contrih. tonnage r.ontrih. tonnage Contrib, tonnage Contrib. 

Product Rs/kg 1000 t mil leR!i 1000 t mill.Rs 1000 t mill.~s 1000 t mill.Rs 1000 t. mill .Rs 

Stainless steel 2 10 20.0 20 40.0 27 54.0 32 64.0 36 12.n 
(Market shares.,) ( R) (16) ( 19) (20) ( 2 1) 

Spring steel o.so 2 1.n 5 2.s 6 3.0 7 3. 5 

Case har.ieninq 
steels grade A 1.90 1 1.9 2 3eR 

qrade R/C o .•rn 2 1.2 4 2.4 5 3.0 6 3 .6 
Carbon steels 

qrade A 1 eAO 1 1.0 2 3.6 3 s.4 4 7.2 
qrade R/C 0.40 4 1.6 6 2.4 F.I 3.2 7 2.R 

Mild steel 0.20 25 4.0 20 4.0 9 1.0 7 1.4 6 1.2 

Spec. foundry iron 0.30 20 i;.o 22 6.6 20 6.0 13 3.9 A 2.4 

c;um 30.0 56.2 72.7 RS.A 96.~ 

~iq iron consumpitor 52 65 65 65 65 

1Rl 1C54EV3 

"d CIJ 
Ill :s 

-.Cl 0 
~ I"" 

• w 
\,/I 

• 
"'" • 
11 



e • • 
Development scheme for MEL steel operation 

Year 1986/87 1987/RB 1988/89 1989/90 
Contrih. tonnagE Cantril Tonnage Contrib. tonnage Contrih. tonnage Contrib, 

Product Rs/kg 1000 t mill.R! 1000 t mill .Rs 1000 t mil 1.Rs 1000 t mill.Rs 

Stainless steel 2 A 16.0 14 28 18 36.0 21 42.0 
(Market shares.%) ( 6) ( , 1 ) (13) (14) 

Spring steel o.so 2 1.0 5 2.s 6 3.0 A 4.0 

Case hardening 
steels 

grade A 1.90 1 1.9 2 1.a 3 s.1 
qrade R/C 0.60 3 le A 4 2.4 5 3.0 6 3.6 

Carbon steels 
grade A 1.eo 2 3.6 4 1.2 5 9.4 
grade R/C 0.40 5 2.0 s 2.0 6 2.4 7 2.e 

Mlild steel 0.20 17 3.4 17 J.4 12 2.4 q 1eA 

Spec. foundry iron 0.30 20 6.0 22 6.6 1A s.4 14 4.2 

Sum 
30.2 '52.4 f; 3. 2 73.5 

Piq iron conswnpitor 52 65 65 65 

1A11C54RV4 

• 
Alt.4 

1990/91 
tonnage Contrib. 
1000 t mill .Rs 

24 48.0 
( 15) 

F3 4.0 

4 7.6 
7 4.2 

6 10.e 
8 J.2 
6 , • 2 

10 JeO 

a2.o 

155 

'ti PS 
Ill ::I 

<'I n 
ID ~ 

.r. • 
\JI 

• .r. 
• 
l"I 
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Aoril 1985 

Chapter 6 
Paqe 1 

6. SUMMARY OF RECOMMENDATIONS 

Recommendations regarding products and processes are 
given in each separate chapter of this report. A sum­
mary of the most important recomoendations will be qiven 
in this chapter. 

The recommendations are listed in order of priority. 

The summary will also include products and/or processes 
suggested in UNIDO's Terms of Reference, which will not 
be recommended • 

1 • Improvements in the existing ferro manganese 
production 

This is given the highest priority because of 
short-time effect on results and limited expenses 
and efforts to obtain the improvement. 

a) The manganese ore mixture should, if possible, 
be lower in silica. 

b) The manganese ore mixture in the furnace bur­
den should have a more consistent composition. 

c) The basicity of the slag should be lowered, 
and the MnO content should be between 25-30%. 

d) Carbon balance should be better controlled to 
avoid overcoking of the furnace • 

Efforts to he made: 

a) Purchasing of more low-silica ore 

b) Higher manganese ore inventory, bedding and 
blending procedures should be ~ntroduced. 

c+d) Intensive sampling and analysing work has to 
be performed. 

Results: 

Improved manganese recovery 

Re~uced consumption of reductants ~nd 

electrodes 
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~etter furnace performance, reduced dust loss 

Approximately 800 Rs per tonne reduction in 
oroduction costs 

With an improved ferro manganese operation standard 
ferromanganese is recommended as a part of the MEL 
product mix until the steel operation demands that 
the furnace is converted to pig iron. 

Steel Operation 

Our studies have convinced us that a steel opera­
tion, based on pig iron from the electric smelter 
and with stainless steel and premium priced special 
steels as the main products, is the best way to 
bring the MEL plant into a profitable enterprise. 

To establish such an operation following recommen­
dations are given: 

a) Repair of partly damaged lining of the pig 
iron smelter. 
Investment cost up to 2.5 mill. Rs 

b) Restarting the pig iron furnace and 
establishing a well controlled smelting opera­
tion, taking into account the recommendations 
given in Chapter 5.3. Expert assistance is 
recommended. 

c) Installing a oig casting machine to secure a 
market outlet for surplus pig iron as special 
low phosphorous foundry iron. 
Investment costs - approx. 5 mill. Rs 

d) Rebuilding one LO reactor to the CLU process 
for stainless steel. 
Investment costs - approx. 10 mill. Rs 

e) Installing sliding gate nozzles in the teeming 
ladles. 
I n v e s t men t cos ts - .!£P._r_o_x-"'. ___ m_i_l_l..;•;....._R_s 

f) Changes on tundishes for use of stopper rods 
and casting tuhes. 
Investment costs - aporox. 0.3 mill. Rs 

g) Powder burners f.or billet cutting. 
Investment costs - approx. 0.2 mill. ~s 
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h) Know-how assistance and training assistance 
from Uddeholm. 
Programme for recruiting, educating and 
trainina must be worked out and followed up. 

All the listed activities are necessary to 
establish the stainless steel process and will have 
the first priority. 

We will however strongly recommend that the fur~her 
activities listed below are accomplished parallel 
to the activities listed above, to obtain a well 
ccntrolled production of other steel grades and 
enable production of special steels. 

i) Introduce bottom gas stirring in the second LD 
reactor. 
Investment costs - approx. 1.5 mill. Rs 

j) Installing porous plugs in the teeming ladles. 

~) Installing ladle injection equipment. 
Investment costs - approx. 2.5 mill. Rs 

1) Recommended know-how assistance for bottom 
stirring: MEFOS, Sweden. 
Training assistance bottom stirring: Norsk 
Jernverk, Norway. 
Know-how and training special steel 
production: Ovako Oy, Finland. 
Recruiting, educating and training activities 
must be incorporated in programme mentioned 
under point h). 
Cooperation with SAIL, Research and Develop­
ment Centre is recommended in these matters • 

m) Negotiations with actual rolling mills for 
hirerolling should be taken up. 

n) Marketing program~e should be worked out and 
contacts established in the Market. 

Sum of investments in production facilities is in 
the range of 20-25 mill. Rs. 

The costs of know-how assistance an~ training 
programmes have not heen evaluated. 

A production development programme is recommended 
where a strong concentration on stainless steel is 
foreseen in the first year of operation with simple 
mild steel and foundry iron as supplement~ry 
products • 
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In thP. second year the special steel grades are 
introduced and the production increased in a 
moderate rate avoiding a negative influencP. on the 
stainless steel develop~ent. 

An example of this develo~ment strategy is showing 
an increasing contribution from 30 mill. Rs the 
first year to 96.5 mill. Rs the fifth year of 
operation. 

3. Other product areas/process routes listed as 
possible in UNIDO's Terms of Reference 

3 • 1 Pre-reduction of iron ore in a rotary kiln prior to 
smelting: 

The project is interesting. An ir.vestment of 
approximately 1RO mill. ~-would give a saving in 
production costs of approximately 800 Rs per tonne 
of oig iron. 

The pig iron production would increase to approxi­
mately 100,000 tonnes per year. 

It is recommended to study this project in more 
detail when an increased tonnage of pig iron is 
needed, but it seems to be the best way to supply 
the base material for an increased steel 
production. 

3.2 Smelting of Khursipur ore with recovery of 
vanadium: 

This orocess has interesting aspects. The ore 
deposit is however not sufficiently investigated to 
calculate landed costs for the ore concentrate and 
a new smelting technology had to be developed with 
pre-reduction of the ore. 

The investment would he in the 250 mill. ~s range. 

Even if a rough calculation shows around 50 mill. 
Rs per year as additional value compared with 
smelting of an ordinary iron ore, this process has 
too many uncertain aspects to he recommended for 
MEL. Other titaniferrous ores with higher vanadium 
content exist in India, and there is a a11estion if 
the MEL plant in Chandrap~r wo~ld he the right 
place for smelting any ~f these. 
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Medium carbon ferro manganese would be an 
interesting product if based on oxygen blowing of 
high carbon ferro manganese, but the process tech­
nology is not cn~mercially available and indepen­
dant deelopment would be costly and time consuming. 
It is not recommended to go into this product. 

Ferro chrome or charge chrome: 

is not recommended. There is no chrome ore nearby 
Chandrapur and a substantial part of the production 
would have to be exprted to loss-bringing p~ices, 
mainly due to high power cost. 

3.~ Installation of a small blast furnace for pig iron 
production: 

MEL has considered the possibility but ah&ndoned 
the project after information from thP Kalinga Iron 
Works. 

We support this decision. 

3.6 Conver3ion of existing cold blas~ cupol~ furnaces 
into hot hla5t: 

Cupola melted hot meta~ will not have a cost bene­
fit against oig iron from the electric sm1.:lter that 
will outweigh the quality supremacy of pig iron, 
even fro~ hot blast cupolas. 

Conversion to hot blast is not recommended, 

Pig iron is recommended as the main raw material 
for the high quality steel production. 

4. Long-term develonment recommendations 

We have recommended to establish, as soon as 
possible, a stP.Pl operation based on stainless 
steel and premiun nriced special steel grades and 
to keep up an improved ferromanganese operation. 
~e do not, however, recommend ferro manganese as a 
part of the MP.L product mix in the long run. 

The surplus production capacity of ferro manqanese 
wlll nost li~ely last for several years, the power 
price wi:l excludA export and the 1unply of high 
quality manganese ores in India is limite~. 
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The foreseen development in the steel operation 
during the 5 first years of operation is dependant 
on success in building up the stainless steel and 
special steel technology, a well organised produc­
t~on and a good market repucation. 

Th:::.s means that MEL would have a stror:g competitive 
position in these niches of the steel market, while 
it is hard to see any competitive advantages in the 
ferro manganese operation. 

We will recommend that MEL should ta~e advantage of 
their competitive ~trength in the steel sector, 
where the market growth is more than 10\ per year, 
~nd develop the MEL plant into a pure iron and 
steel works. 

A stepwise development is indicated in Chapter 5.4, 
page 33: 

Step 

Step 2 

Step 3• 

Installing pre-reduction of iron ore 
prior to smelting in furnace no. 1. 
A full 3-shift ~peration in steelmaking 
would give tonnages tentatively estimated 
to 95,000 tonnes of steel hillets and 
10,000 tonnes of special foundry iron. 

Conv~rting furna~e no. 2 from ferro 
manganese ~o pig iron. 
Investment~ in increased converter and 
casting capacit~ could bring tonnages up 
to 140-160,000 tonnes of steel hillets 
and 10-15,000 tonnes of special foundr.y 
iron. 

Installing pre-reduction on furnace no. 
2. 
Investments in further increased con­
verter and ~asting capacity could bring 
tonnages up to 180-200,000 tonnes of 
steel billets together with 10-20,000 
tonnes of special foundry iron. 

TnstallmP.nt of rolling facilities may become actual 
somewhere in this development scheme. 




