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ABSTRACT

CHARGE CHROME AND FERRO CHROME PRODUCTION IN INDIA:

India is emerging as an important source for supply
of charge chrome and ferro chrome to the world market.

This paper outlines the chrome ore reserves in India,
their production, export, and utilisation and the need
for beneficiation of lower grades for optimum utilisation
of the reserves, Large quantities are available for
exploitation of disseminated ores, run-of-mine ore
rejects, low grade fines and friable lumpy ores.
Considerable work has been done on beneficiation of
chrome ores by FACOR, Low Grade chrome ores containing
Cr,0 15 to 25% have yielded chrome concentrates with
46—52% Cr203 content with a recovery of 75-85% of Cr,0,.

Briquetting of chrome ore concentrates and chrome
ore fines using molasses and hydrated lime as binders,
is considered as an approporiate technology for the
agglomeration for their subsequent use in Electric
Smelting Furnaces. Chrome ore briquettes having requisite
physical strength and smelting characteristics have been
produced, tested in the production of charge chrome and
high carbon ferro chrome and are, now being regularly used
at FACOR as a component in the c%rge mix,

The paper then deals with salient aspects of smelting
characteristics of Indian chrome ores and chrome ore
briquettes and gives operation data for the production
of charge chrome and high carbon ferro chrome with
particuylar reference to selection and use of carbonaceous
reductants to obtain requisite low phosphorus and sulphur
contents in the metal,

A new Charge Chrome Plant with 50,000 tons per annum
capacity has been set up at Randia in Orissa State based
on the beneticiation, agglomeration and smelting
technology developed at FACOR,

Finally the infrastructural facilities available for
the production and export of high carbon ferro chrome and
charge chrome in India to ensure its emergence as a stable
supplier of chrome alloys to the world market,
particularly the Japanese market in view of the geogra-
phical advantage is described,






Institutions and the same are being continued. According
to the latest published data the revised estimates by
Geological Survey of India along with other agencies
have placed the reserves as at about 12Q million tonnes .
The distribution of chrome ore reserves ié indicated

in Table 1.

As stated above, Orissa holds the major ore reserves
in the country. The mines are located in Cuttack,
Dhenkandl and Keonjhar Districts. The most productive
area is SUKINDA area in Cuttack district. Chromite
deposits are located near the tri-junction of Cuttack,
Dhenkanal and Keonjhar districts in Orissa. Sukinda
ultramafic complex is a large chromiferous ultramafic
body of about 40 Sg. KM and extends over a length of
about 15 KM from the village ,Kansa on the east to the
village Marubale on the West ., The main chrome ore
mines in this area are SUKINDA (Bhimtanagar Block),
the Kalarangi, Sarubil, Kamarda, Gurjang, Kaliapani,
Kalarangi, Talangi, Kamarda, Kamarda-Balipada. The
Baula-Nausahi Chromite deposits of Keonjhar district?
are next in importance to the Sukinda deposits. This
deposit is located in Boula forest on the Southern
slope of Bhulinghore Huli range, about 48 KM east/north
east of Sukinda field, The three mines operated are
Boula, Nausahi and Bangur.

The Geological Survey of India undertook further
intensified proving operations jointly with Directorate
of Geology and Mining, Orissa; Orissa Mining Crorporation
Mineral Exploration Corporation of India etc. The
recently computed results on exploration data show
extensive reserves, The provigional estimate has been
placed at 112,6 million tonnes in the Five Blocks of
the Sukinda-Nausahi Chromite Belt, The five blocks
comprise Bhimtanagar(Upper (BroWnZone and Lower Brown
zZone) , Kaliapani-Bhimtanagar (retrenched blocks A & B),
Sukerangi Block, Saruabil Block, Nausahi, Baula Block
as indicated in Table 2,

These estimates include all grades of chromite ores
containing minimum 30 percent Cr,0,, Further
exploration work, proving operatIofhs, compilation of
data on grades and types are under progress and the
final outcome will yield a more clear picture by 1985,
However, from the estimates available now, it is
obseryved that India is very comfortably placed
in chrome ore resources,



PRODUCTION, EXPORT AND CONSUMPTION OF CHROMITE IN . INDIA

-

- Mining of chromite in India is started in 1903. Since
there was no ferro chrome production till 1968 the chrome
ore was mainly exported.Presently about 60 percent of the
ore produced is exportéd. So far, right from 1903 to 1980
India has export 3.84 million tonnes. The current produ-
ction of chromite in India is about 0.3 to 0.4 million
tonnes per annum.?/ It reached the maximum in 1975 when
there was export boom of 0.35 million tonnes. Nearly about
1,20,000 tonnes is consumed in India, out of which the
Ferro Chrome Industry consumes about 60,000 tonnes, the
Refractory Industry about 50,000 tonnes and the Chemical
Industry consumes about 10,000 tonnes.8

Till recently the production capacity of ferro chrome
was about 20,000 tonnes per annum only. This situation
will change with the commencement of production of charge
chrome. The requirement of chrome ores for refractory and
chemical industries has also been estimated to progressiy-
ely increase and reach to 86,000 tonnes per year and 97
82,000 tonnes per annum respectively in the year 2000 AD”..

CHROME ORE CHARACTERISTICS

The types of chrome ores available are hard lumpy,
friable and fines in all grades. More than 80% ores are
of medium and low grade, which occur as lumps and fines,
The yvarious types of chrome ores are indicated in Fig—!,

Lumpy high grade ore containing more than 48.0% Cxr,O
and high chromium to iron ratio more than 2,8/1 are véry
limited, Whereas the same grade ores in friable form and
fines are quite extensiye, Such friable type ore and
fines occur in Sukinda and Kaliapani Mines, While lumpy
ores can be used directly in Electric Smelting Furnaces,
the latter require agglomeration before use,

There are considerable reserves of medium grade ore
with Cx,0, 35-45%, and chromium to iron ratio 2.0 to 2,6.
These ar¥e ayailable as hard lumpy, friable, as well as
ore fines. The lumpy ores are directly used in HighCarbon
Ferro Chrome production after blending with high grade
ores, The ores fines of this grade have not been utilised
till now.

The low grade chrome ores both in form of lumps and
fines are available. There are considerable gquantities



dumped unutilised at the mines, Considering the total
gquantity mainly of higher grade chrome ores mined from
1903 to 1981 as 6,96 million tonnes and assuming an equal
proportion as the quantity of lower grade chrome ores left
unutilised, the same can be recowvered for use now,

FACOR'S CHROME ORE SOURCES

FACOR's requirement for the plant at Shreeramnagar
of high grade chrome ores amounts to about 1,00,000 tonnes
per year, FACOR is having its mining leases at Kathpal
and Boula in Orissa. There is also another mining lease
at Kondapalli in Andhra Pradesh, with a small reserve.
Most of the ores mined in Boula are of medium grade and
low grade, Presently the mining is carried out by open
cast method after removal of over burden by crawler
mounted track shovels and dumpers, The ore raising is
carried out manrually to avoid its mixing with surrounding
rack, The annyal quantity of ore raised is 70 « 80,000
tonnes. But with setting up of charge chrome plant at
Orissa the total requirement of chrome ores is 2,30,00Q
tonneg per year either in lumpy form or agglomerated form.
This necessiated utilisation of very low grade dissemi-
nated chrome ores earlier being discarded,

With the assistance of Mining Experts, further develop-
ment and planning for economic mining to achieye targetted
production at mines has been executed including under-
ground mining, The underground mining will help in
avoiding removal of huge quantities of overburden. After
proper drillinﬁdand exploration the reseryes haye been
proved as 4,87 million tonnes.at Boula Mines and 0.54
million tonnes at Kathpal Mines!" ., The gradewise reserves
are given in Table 3

GRADEWISE RESERVES AT BOULA MINES
T (LEASED BY FACORL

% Cr203 : Million Tons

Lump + 45 | b
40-45 0,93
30-40 1,19
25-30Q 0,10
Diss&minated 25-30 0,45
. 20-25 0.35
0ld dumps 8=15 o9 3o

e

TOTAL : 4,87



The different types of chrome ores mined at Boula are:

Cr/Fe Proportion
Type 1 Hard, lumpy high grade
with Cr,0, 45-50% 2.8 25 %
Type 2 Hard, lumpy medium grade
with Cr203 35-45% 2,0-2.4 40 %
Type 3 Hard, lumpy low grade
with Cr203 25-40% 0.8-1.6 35 %

Besides these, while mining, large quantities of
disseminated ore and low grade ore fines and R O M
rejects are obtained which contain Cr,0. about 15%. At
present all quantity of hard lumpy oré€s available at
Boula with chromium to iron ratio of 2.8 are blended
with hard lump ores at Kathpal having chromium to iron
ratio 3.2 for the production of H.C.Ferro Chrome,

In addition FACOR utilises purchased chrome ores from
other mines for the production of high and low carbon
ferro chromium,

Keeping abreast with the technological change in the
world requirement for chrome alloys it was felt that
charge chrome would be an appropriate product to utilise
optimally, all the available chrome ores in FACOR's
mining lease areas, The lumpy ores of low grade and low
chromium to iron ratio can be used for charge chrome and
the very low grade wastes can be utilised after
beneficiation.

With this concept investigations on beneficiationl2-16
were carried out on typical samples of low grade ores
at FACOR, The tests indicated that though the chromium
to iron ratio cannot be substantially improved upon, the
Cr content could be enriched in a low grade ore from
275 8§ to 52.0% as a result of removal of the gangue
constltuents. Encouraged with the results obtained on
the preliminary investigation on different chrome ore
samgples at FACOR, a pilot chrome ore beneficiation plant
based on gravity separation with crushing, grinding
and tabling units was put uyp at Shreeramnagar Works.
The flow sheet of the beneficiation plant at Works

is indicated in Fig.2, gince erecting this pilot
plant, various chrome ores were tested and the results are



given in Table #.4

The first category from serial Nos.l to 6 are chrome
ore chips upto about 25 mm size and were treated in the
beneficiation plant mainly to bring down the Si0, content
from 7-12% to less than 4.5%,

The second category of benefication tests from S1,Nos.
7 to 1Q haye been done on minus 6 mm screen rejects
( - 6 mm) obtained while feeding the chrome ores to plant
for the production of high carbon ferro chrome. These
usually get contaminated with coke, coal and fluxes,and
fines as a result these materials being fed through the
same conyeyor system. These fines used to be thrown out
as waste preyviously. Since establishment of the benefi-
ciation plant, these are treated to recoyer the chromite
concentrates. The weight recoyery was found to be a
function of the contamination of the chrome ore rejects.
The concentrates obtained under 1 & 2 category could be
successfully utilised in the production of Low Carbon
Ferro Chrome.

The third category comprising from S1.Nos.ll to 19 are
mainly low grade chrome ores and waste dumps from Boula
Mines in which the Cr,0, is less than 30% which were fed
for the removal of gahiglle and the improvement of Cr,0,
(ith Cr.,0, recovery 48 to 78%)using different feed
materials, It can be noted from the results obtained in
the beneficiation of these low grade chrome ores and
waste dumps that the Cr203~content in the concentrates
obtained is 44-54% and“Si0, could be brought down to
less than 5%. An improvemefit in Cr/Fe ratio is also
noticed depending on the type of chrome ore. The ores
containing iron in the form of hydrated oxides of iron and
associated with clay are easily ameasnable to removal of
iron thereby improving Cr/Fe ratio,

Based on the results and the process parameters
collected a beneficiation plant with 36 tons per hour
feed capacity has been designed and is being erected at
the Boula Mines with an inyestment of Rs.35 million for
production of the concentrates.,

AGGLOMERATION OF CONCFNTRATES.AND;QRE FINES

.

The concentrates obtained after benefication are below
one mm size and therefore cannot be utilised directly in
electric Smelting Furnace and are to be aagglomerated into
lump form, Seyeral agglomeration process ! followed
throughout the world were considered in detail; like
nodulizing, sintering, pelletisation and briquetting.

At FACOR Mines, as it has already been indicated, the
lumpy chrome ores minedconstitute more than 70% . Hence



the feed to furnace in the form of agglomerattion would
be only about 30 percent. After evaluating various
agglomeration processes it was decided to adopt briquetti-
ng technology. The briquetting process was considered to
have the following advantages over the pelletisation
process which was considered as the nearest alternate
process.

l. The results in Pilot Plant beneficiation tests
proved that liberation of the mineral is almost total on
grinding to 400 micron size. The concentrates obtained
show about 75% above 75 microns, Whereas pelletisation
process requires further grinding of the concentrates to
obtain about 85% minus 75 microns. The briquetting proces
can utilise coarse grain concentrates directly. Therefore
by adopting the briquetting process there will be saving
in the capital and revenue cost involved in further
grinding,

2, The briquetting process can accept grain size upto
€ mm, hence it is possible to blend the concentrates with
natural chrome ore fines before briquetting, permitting
wider flexibility of utilising various types of ore fines
available in the region with different chemical composi-
tion.

3. Chrome ore fines or concentrates with high SioO
content can be used. 1In pelletisation process the high
SiO, content can cause ring formation or bridging in rotary
kilfi or shaft furnaces used for heat hardening of the
pellets,

4. Thermal energy need not be expended to get the
required physical strength as in the case of pellets,
Curing for 6 to 12 hours in the atmosphere is sufficient
to obtain briquettes with desired strength.

5. The proportion of briquettes would constitute 30 to
4Q percent in the furnace charge mix. Thuys alongwith
lumpy chrome ore of size 10-75 mm, briquettes would
provided more permeability in the burden inside smelting
furnace compared to the permeability obtained if the
same size lump ores and pellets 8-20 mm size are used,

€. The porosity in the briquettes is higher than in
pellets therefore the rate of reduction is higher.

7. It is easily possible to vary briquettes sizes as
desired by changing the poket size in the rolls of the
press.

8. Lower handling losses and lower dust losses in fumes
because of coarser grain size in case of briquettes.



9. The plant equipments required are simpler and

easily maintained compared to pelletisation process
where apart from elaborate grinding equipment, heat
hardening facilities are required,

Besides the above distinct advantages, it will not be
out of place to mention that as in case of pellets the
briquette can also be stored for several months without
any deterioration,

Also further experimental work is being carried out
to produce composite briquettes containing chrome ore
concentrates/fines, flux and carbonaceous reducing agents.
The possibility of preheating and pre-reduction of
composite briquettes is also under study for energy
conservation in the smelting process,

BRIQUETTE PRODUCTION AT FACOR

The flow sheet of the briquetting plant is given
in Fig. 3

Molasses and hydrated lime are used as binders, The
specifications of binders is given in Table b ond 6

TABLE'( TABLE'Y

MOLASSES SPECIFICATIONS SPECIFICATIONS OF HYDRATED
Lo LENE

Quality Grade A Constituyents Percent
Total reducing
Sugar 50% (Min) Cao 65~-70
Brix value 80% (Min) SiO2 6 max,
Polarisation 52% (Min) L,0.I, 22-25

Specific gravity 1,35 (Min) . Size

100% Below 400 microns
70% Below 75.m1crgns
Bulk density 800 kg/m

Briquettes of requisite strendh ofismelting properties
could be produced, The phy81cal properties of the
briquettes produced is given in Table7. Till date

a total quantlty of 12,000 tonnes has been produced

and utilised in the productlon of high carbon ferro
chrome, The properties of the briequettes after storage
for eight months are included in Table which clearly
indicates that the briquettes retain their properties
after long duration. Once the curing is over the



briquettes retain their properties even when exposed to
heavy rain.

There is some breakage during stock piling and
reclaiming process for feeding to furnace charging system.
There is a 6 mm screen in the feeding circuit to furnace
day bins. The fines of minus 6 mm returned to the
brigquetting plant from this are about 15 percent.

TABLE : 7
PHYSICAL PROPERTIES OF CHROME ORE BRIEQUETTES

After curing Briquettes
for 24 Hrs stored for
Tt 8 months
Size in mm 54 x 36 x 27
shape Almond
Average weight per briquette gm 60~68 63-68
Apparent density gg/cc 3.3-3.6 3.3-3.6
Bulk density kgs/m 1830~-1850 1830-1850
Angle of repose 31° 51
a) Green strength of briquettes
- kgs/briquette 15-26 -
b) Strength of cured briquettes
- kgs/briquette 70-80 70~-80
Drop strength (dropped 1 kg
of material from a height of
3 meter on concrete floor) %
Five drops* + 25 mm 95,05 98,50
=25 + 12 mm 0.70 0,25
=12 + 6 mm 0.85 0.25
- 6 + 3 mm 0.65 0.50
- 3 2575 0,50

*Five drops have been consideredfor testing to withstand
handling from briquetting plants and furnace storage
hoppers,

FERRO CHROME PRODUCTION AT FACOR

The Ferro Chrome Plant at FACOR was commissioned in
December 1968, It consists one 12,000 KVA open submerged
arc fuyrnace and one 8,000 KVA moving & tiltable arc
furnace, The smelting furnace is used for the production
of Ferro Chrome Silicon and HC Ferrochrome. Tilter is used
for the melting of lime and chrome ore for making slag
ytilised in the produyction of LC Ferrochrome by Silico-
Thermic reduction. Suybsequently with the growth of the
npini-steels plants having electric arc furnaces diversify-
ing their production to alloy & stainless steel,the domes-
tic demand for ILC Ferrochrome has increased.




Also there is some increase in demand for high carbon
ferro chrome. This necessiated FACOR to convert one of
their three 7.5 MVA furnaces, for high carbon ferrochrome
production after incorporating suitable modifications, In
this furnace, trial production of charge chrome was under-
taken in 1979. Subsequently this furnace is being used for
production of high carbon ferro chrome, utilising chrome
ore briquettes, to meet the domestic requirements of high
carbon ferro chrome. Another furnace with 16,000 KVA trans-
former rating was commissioned on 25th Sept,,1981 to
coincide with FACOR's Silver Jubilee. Production of high
carbon ferro chrome from this furnace is mainly exported,

The parameters of the smelting furnaces producing ferro
chrome at FACOR are indicated in Table 8.

TABLE: 8 :
AT FACOR TO PRODUCE FERRO CHROME

SMELTING FURNACES

Furnace-3 E#CE-4

Particulars Unit FCE-5 FCE~6
Type of furnace Open © Open Open Open
rotating rotating statio- moving &
nery tiltable
Transformer KVA 7500 12000 16000 8000
rating
Primary volts
50Hz KV 11 31 11 i
Primary current AMPS 400 700 800 242
Secondary volt. V 80-130.  100-170 100~201 142-242
Sec.current max,KA 45 60 64,95 25,8
Electrode dia MM 1050 1050 1100 800
Electxote MM 2311~ 2200~ 2350~ 15316~
distance 2692 2350 2850 1645
Shell diameter MM 7050 7900 8400 5300
Shell height MM 4097 4600 4875 2200
Insidehearth diaMM 5080 5920 5920 3500
Hearth depth MM 2185 2600 3085 1254
No,of tapholes -~ 3 3 4 Lip
‘ ‘ pouring

Various smelting campaigns were done to establish the
feasibility of charge chrome production making use of
chrome ore briquettes, with lumpy ores in different

proportions.

- The chemical comé@ﬁtion of the various chrome ores,
fluxes and briquettes used in the production of high
carbon ferro chrome and charge chrome are indicated in

Table ¢-,

The operation data while producing different



chrome alloys in various furnaces are indicated in Table
10.

The operation for high carbon ferro chrome production
with various chrome ores has indicated that in general
the chrome ores are of easy smelting and not of highly
refractory nature, therefore requiring extreme precautions
to prevent fusion and slagging in the upper levels of the
furnace, It has been also observed that if the MgO/A1203
ratio in the ore is not suitably adjusted it results ifi
increased losses of Cr,0 in the slag. This is particu-
larly noted with chromé gres of SUKINDA area containing
MgO/AlZO ratio of 0,85 - 0.90, While smelting these
ores wé 8bserved lower recovery of chromium to metal,
Usually magnesite is used as a controlling flux addition
to improve the slag fluidity and attain higher chromium
recovery, The slag volume is a direct function of gangue
content inthe chrome ores and also of the ash content in
the reducing agents. Since the ash content is high in the
Indian carbonaceous reducing agents, it contributes to a
comparatiyely larger portion of the slag volume. However
it do not exceed the requisite slag volume necessary for
easy tapping of metal and slag. It ofcourse always is the
objective to employ the minimum flux by suitable blending
of chrome ores to make the blend self-fluxing. It is also
contemplated to make use of composite briquettes having
the requisite fluxes incorporated in the briquettes so
that external additions can be avoided,

PHOSPHORUS AND SULPHUR CONTROL

Small size cokes which are not useful for their own
purpose are sold by the integrated steel plants in India
as "Pearl Coke " and Mixed Coke". These cokes contain
0.16 to Q.18% phosphorus and are not suitable for ferro
chrome production because of the very low limits of
phosphorus permitted in charge chrome and high carbon
ferro chrome for stainless steel making. The transfer
of phosphorus to metal is 65-75% of the input, Chrome
ores are almost phosphorus free. Therefore main control
is exercised by selecting the suitable carbonaceous
redyctants like low phosphorus premium coke from Giridih,
kmztemperature carbonised coke made from low phosphorus
non-coking coals, carbonised lignite briquettes, low
yolatile semi-anthracite coal and non~-coking coals.

After extensive investigations and actual trials we
could attain the most optimym use of yvarious reducing
agents which could satisfy the phosphorus as well as
sulphur specifications because some of the reductants
like carbonised lignite while very low in phosphorus has
a high sulphur content. The Indian coals and coke are
mostly low in their sulphur content and do not pose any
problem regarding sulphur.



However the control of sylphur requires apart from
selection of suitable carbonaceous reducing agents proper
control of the slag bascity to attain maximum sulphur
partition co-efficient (sulphur in slag/sulphur in metal)
The detailed specifications of the different carbonaceous
reductants employed have been giyen in table 9

CHARGE CHROME PRODUCTION

The charge chrome production was undertaken as a trial
to establish the feasibility of using lumpy chrome ores
available at Boula Mines as well as the chrome ore
briquettes produced from concentrates obtained after
beneficiation of low grade chrome ores, It could be
established that briquettes upto 85% in the charge mix
could successfully be utilised in the production of
charge chrome.

While using the briquettes in the production of charge
chrome, it was observed that there were improyed permea-
bility conditions in burden and resulted in smoother of
operation of the furnace. The results obtained are
presented in Table 16,

Based on the.results of the smelting campaign in
furnace No IIT 3 charge chrome plant with 50,000 tonnes
Per annum  has been set up at Randia in Orissa.

CLEAN METAL SEPARATIQN BY IMPROVED CASTING SYSTEM

As improved casting system was introduced at FACOR in
the production of high carbon ferro chrome. The preyvious
practive was to tap metal and slag together into preheated
refractory lined ladles and then cast the molten metal
into chill moulds after decantation of the slag. This
practice was resulting in more losses of metal due to
skull formations in the ladle and in the decanted slag.
Also a large proportion of metal with poruys structure
was obtained particularly in the metal with low silicon
content,

This has been changed by tapping the metal and slag
directly into suitagbly designed chill moulds such that
the overflow from one mould will be received by the next
one and the final slag flows into slag pots, Because of
this practice, the slag almost free of metallic overflows
and separates. After solidification this slag layer on
top of metal can be easily removed and thus facilitates
forcleaner and better metal separation. Also irrespectiye
of silicon in the metal a dense and compact structure in
metal is obtained.

This improved metal casting resulted in (a) an increase



of about 5% metagl recoyery (b)l avoided the usage of furn-
ace oil for preheating of the refractory linedladles (c)
a dense metal structure (d) cleaner metal with less slag
and non-metallic inclusions, and (e) reduced quantity of
remelts which arose from ladle skulls and decanted slag
from ladles. The system has posed more problems in
crushing and sizing of metal particularly with lower
chromium (60-62%) which is harder and denser and in
thicker casts, However provision of suitable equipments
would help to overcome this difficulty.

INDIA AN IMPORTANT SOURCE OF CHARGE CHROME TO
: - ' - WORLD MARKET '

India has geared up to be an important source for
charge chrome and ferro chrome to the world market. This
situation has arisen recently due to the change in pattern
of requirements in the world market for more charge
chrome than high carbon ferro chromium and due to the
recently increased proved chrome ore reserves in India.
As already indicated the intensified exploration carried
out by Geological Survey of India from 1977 has proved
a much higher quantity of chrome ore reserves in Orissa.
The change in technology of stainless steel production
making it possible to use charge chrome with 50-55%
chromium instead of high carbon ferro chrome with 65-70%
chromium has permitted utilisation of lower Cr 0,
containing chrome ores with lower Cr/Fe ratio %hat is
medium grade and low grade ores, The beneficiation
processes need the simple gravity separation for the
removal of gangue and improvement in Cr.,0, content without
the task of improving chromium to iron fafio, Thus the
vast low grade ores, fines, dumps, cotaining less than
20% Cr,0, content, R O M Ore rejects etc, can be benefi-
ciated tg produce chrome ore concentrates and these can
be agglomerated into briquettes or pellets,

This strategy has been pioneered by FACOR in India and
has been implemented in their Works at Shreeramnagar and
the newly established Charge Chrome facilities,

At FACOR about 30,000 tonnes high carbon ferro chrome
and 10,000 tonnes of low carbon ferro chrome are produced
at Shreeramnagar.

FACOR's charge chrome plant at Randia in Orissa has a
production capacity of 50,000 tonnes per annum and this
is totally earmarked for export, A second charge chrome
plant is being set up by Orissa Mining Corporation at
Bamnipal in Keonjhar district of Orissa with a capacity
of 50,000 tonnes per annum, There is also another Letter
of Intent granted to the Indian Metals & Ferro Alloys Ltd
to set uyp a charge chrome plant in Orissa to produce



50,000 tonnes per annum, Thus the total availability of
charge chrome will be 1,50,000 tonnes per annum for
1985-90. The production of high carbon ferro chrome

will continue to be about 30,000 tonnes per annum. In
India most of the alloy steel and stainless steel making
is being done by conventional process in the electric

arc furnace and they utilise low carbon ferro chrome.
Recently one plant has installed facilities for VOD/VAD
process, but their requirements of high carbon ferro
chrome may be met by their own production. Another
stainless steel plant expects to put VAD/VOD facilities
by 1985-86. Hence the pattern of consumption in India

is not expected to change widely till 1986. Some small
producers have started VOD process application but their
requirements are being met by high carbon ferro chrome
presently produced. Hence estimated demand of high carbon
ferro chrome and charge chrome for internal consumption
would be about 30,000 tonnes per annum by 1985-86, Thus
about 1,50,000 tonnes charge chrome is expected to be
available for export. As India is already exporting

high grade friable chrome ores and fines, these exports
are likely to continue depending on internal requirements.
The Government of India has permitted to establish three
charge chrome plants for utilisation of the low grade
chrome ores, which will benefit the consuming industries
by way of freight and India can earn more foreign exchange
The new charge chrome plants have got the full support of
infrastructural facilities like rail and road transport,
power availability and port facilities. In Andhra Pradesh
the installed power generation capa01ty is planned to be
increased to 4034 MW by 1984-85 and in Orissa State, it is
being increased from the present 914 MW to 1474 MW by
1984~-85,. Also a new Super Thermal Project and several
other Hydel Projects will be commissioned which will add
nearly 3,000 MW during the seyventh Five Year Plan, The
export of charge chrome can be conveniently handled at
the nearest Paradip Port. It has a deep drayght of 11.89
metres and berthing facilities for bulk carriers upto
80,000 DWT, Being a developing State with vast mineral
resources, the State Government of Orissa is providing
all financial incentives for promotion of mineral based
industries which raise the State economy, Thus India
will be able to cater to the demand of charge chrome to

a substantial extent for the stainless steel makers in
Japan, Europe and USA,

India is advantageously placed geographically for
quicker transport and deliver to the consuming centre
especially Japan. The political stability as well as
the policy of the Government is conducive to the export
of charge chrome, Thus India has emerged as a dependable
and regular source of supply,



CONCLUSTION

Once the resources of chrome ores in India was
considered very meagre and the specification of chrome
ores was also stringent for profitable exploitation in
the production of ferro chrome alloys. The break-through
in the technology in stainless steel making demanding
more charge chrome and the increased reserves of chrome
ores after reassessment has created impetus to optimally
utilize all grades of chrome ores mined in India. FACOR
pioneered the beneficiation of very low grade ores and
waste dumps on industrial scale for obtaining concentrates
and adopted briquetting technology for utilizing the same
in the smelting of high carbon ferro chrome and charge
chrome. The Indian Government has encouraged setting up
charge chrome plants to export in the world market.

India can be considered as a dependable supplier of
chrome alloys,
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TABLE : 1

DISTRICT-WISE AND GRADE-WISE RESERVES OF CHROMITE IN INDIA

RESERVES IN '000

DISTRICT GRADE TONNES TOTAL
Proved Proba- Possi-
ble ble
ANDHRA
PRADESH
Krishna Medium 120.00 - 2,000,0 2,120.0
BIHAR
Singhbhum Low - - 47,7 47,7
Uncla-
ssified - - 88.7 88.7
KARNATKA
*Hassan Low - 1,200.0 - 1,200,0
Uncla-
ssified - : 700.0 - 700,0
MAHARASTRA
Bhandara Unclassified - - 685.0 685,0
Ratnagiri Low - - 6.l.:2 61.2
MANIPUR
Tengnoupal High - 0.9 - 0.9
**QRISSA A
Cuttack High 2,209,3 3,;135.4 657.0 6,001.7
Medium 231.7 115,8 119.0 466 ,5
Low 1,449.6 804,1 455, 8 21710, 5
Unclassifed 2,124.2 1,519.2 554 .1 4,197.5
Keonjhar High 234.,4 312.1 347,7 894.2
Medium 23.6 - - 23,6
Low - 2763 254 .1 530.4
Unclassified - 22,2 616,9 639.1
TAMILNADU
Salem Unclassified -~ 9.8 ©202.0 211.8
6,392.8 8,095.8 6,089,2 20,577.8
**additional 98,700.0

reserves of
Cuttack & Keonjhar
districts.

TOTAL RESERVES 119,277.8



TABLE :

2

RESERVE FIGURES OF FIVE BLOCKS IN SUKINDA-NAUSAHI BELT,

(In million tonnes)

Name of the

Drill

Prova-

Possi-

block Frage proved ble ble Sosal
1.Bhimtanagar
block. Met.,gd. 8.87 14,78 20.79 44 .44
Ch. Cr.gd 7,63 11,06 9.87 28,56
Inf,gd. 2,81 3.61 2,53 8,95
Total 49 .38 29,45 33719 81,95
2.Saruabil & Met.gd. 1,65 0,81 3,29 BedS
Kamardah Ch.Cr.agd., 0.24 0.13 0.25 0.62
blocks. Inf.gd, - - Fr -
Total 1,89 0.94 3.54 6.37
3, Sukerangi Met,qgd, Q.07 0,70 0.99 1.76
block, Ch.Cr,gd. 0.39 0.90 1.11 2,40
Inf,.gd. 0.39 0.53 0.66 1.58
Total 0,85 . 2,13 D76 5,74
4, Kaliapani & Met.gd. 2,48 5.23 2,16 587
retrenched Ch,Cr,gd, 0,92 2,15 1.27 4,35
blocks of nt.qgd. 0,44 0.82 0.64 1,940
Bhimta-~
nagar i.e, e
South Total 3,84 8,20 4,07 16,11
Kaliapani : RN
5. Nausahi/ Net,gd. - - . 0.15
Boula Ch.Cr.tgd\ - - - 0,43
block Inf,gd. = - 3 1.86
Total e e g - 2,44
Grand Total of
5 Blocks,

245,89

40,72

433 58%°V1ARBIB L
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TABLE ;10

OPERATION DATA FOR PRODUCTION OF HIGH CARBON
FERRO CHROME AND CHARGE CHROME

PARTICULARS UNIT FURNACES

No.IIT No, IV No,VI
PRODUCT H.C. Charge Highcarbon Highcarbon

‘ FeCr Chrome Ferrochrome FeCr

CAMPAIGN 1 = 2 3 4 5 6 7
Period Days 92 6 6 30 15 59 91
Briquettes % nil 33.33 66,66 nil 28 - 6.6
Production T 2873 197 186 937 566 3261 4449
Per ton of
alloy

Rathpal Iump kg 535 - - 869 1094 53 20
Boyla lumps kg 1398 1533 747 1326 551 1137 1182

Tisco lumps kg 344 - - - - 1199 1105
Briquettes kg - 680 . 1323 -~ 641 -~ 171
OMC Ore kg - - - - - - 110
Total kg 2273 2213 2070 2195 2286 2389 2588
Magnesite kg 46 - - 45 2 12 22

Quartz kg 78.3 -~ 32 124 95 153 113

Giridih coke kg 115 464 419 521 431 232 233
TalcherCoal kg 488 232 263 295 398 300 198
Leco

Brigquettas kg 142 - 54 - - 98 78
Semi-anthra

cite coal kg 188 - - - - 182 288
Power consu= KWH

mption(lOPgaﬂmQ 4345 3880 3893 4495 4373 4060 4156
Cr recovery % 88,06 91,74 92,65 85,2690,38 84.60 79.0
Slag

(calculated) kg 870 1041 - 1054 909 901 1150 976
Analysis of

Metal q

Ccr ®  65.90 56,46 55.52 69.10 68.08 61.87 62.10
Si 2.70 3.15 3.60 2.50 4,20 3.40 4.50
c 6.45 7.47 7.38 6.80 6.70 6.65 6.80
p 0.028 0.038 0.038 0.038 0,036 0.03 0.037
s 0.037 0.013 0,012 0,04 0.038 0.0370,035
Analysis of slag$

Mgo ' 32.0 29.78 30.41 32,00 33.48 24.40 27.50
21,0, 23.0 24.44 22,15 24,50 25.01 26.57 25.90
sid 33.4 31.9433.50 34,70 33.20 35.25 32.70
Cr 53 6.40 6.67 5.79  5.00 5,00 8.55 8.90
cad 2.80 4.31 6.00 1.70 1.16 2.33 2.34

FeO 2,40 2.28 2,15 2.00 2151 2,22 2,56

Ll e e e e o L e e e T
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Fig.2: Flow Sheet For Chrome Ore Beneficiatior.
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FIG. 2. A non-transferred-arc heater (after Fey and Melillid)



Coke

P

B

Two-stage

fluidized-
bed reactors

Prereduced ore

ressure

control

"Gas

Shaft
furnace

A 4

To ore drier

Dried
iron-ore
concentrate

Prereduction

Plasma
generator

>
>

Fluxes q

Compressoﬁj

>l
<

<

F

Pig
iron

Coal
powder

Process gas

FIG. 3. The SKF PLASMASMELT process (after Santén4)

Bustle pipe

Blowpipe

A

Arc heater

Raceway

FIG. 4. Modified blowpipe and tuyeére for attachment of an arc heater to a

blast furnace (a

fter Poos™)



*Prereduced feed

Cathode L 1
N Hollow
electrode
Furnafe Flue gases
shel | /

‘ <Plasma —\

-

'Pig iron et
Y 327 % Z 27, 2005 2772
Anode

N
\
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FIG. 6. A cut-away view of the Freital Stéel transferred-arc plasma system
(after Esser et al.24)
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FIG. 7. A transferred-arc plasma furnace combined with an induction-heating

furnace (after Asada and Adachi®)
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