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INTRODUCTION

r I NYHE progress of research and devel-
opment work at the National
Metallurgical Laboratory has been

steady and rewarding. Besides consoli-

dation of research activities in diverse
fields, the research and development
projects have been further streamlined to
suit the immediate requirement of the
country’s needs. During the period under
review, metallurgical industries both in

Public and Private Sectors continued to

call upon heavily the assistance of the

National Metallurgical Laboratory in the

diversified subjects of metallurgical research

pertaining to raw material problems,
quality production, process control, etc.

Steady progress has been maintained on

the various pilot plants of the laboratory,

e.g. Mineral Beneficiation Pilot Plant, Low-

shaft Furnace Pilot Plant, Ferro-alloy Pilot

Plant, Electrolytic Manganese Pilot Plant,

Hot-dip Aluminizing Pilot Plant, etc.

Beneficiation and sintering studies on

iron ore samples, limestone, fluorspar, apa-
tite, pyrite, gold ore, etc., were conducted
on behalf of Hindustan Steel Ltd., National
Mineral Development Corporation, Gujarat
Mineral Development Corporation, State
Governments and other industrial concerns.
Systematic investigations were conducted
on the extraction of nickel from low grade
nickel-bearing ores from different regions
of the country. The pioneering and
challenging investigation on the direct
injection of liquid naphtha into the hearth
of Low Shaft Furnace with simultanecous
enrichment of the blast with oxygen were
successfully conducted.

Work on behalf of Defence Establish-
ments was conducted on top priority basis.

The National Metallurgical Laboratory has

so far reconditioned about 9 tons of
magnesium powder and supplied to various
Ordnance Establishments.

The long range research projects on
development of substitute alloys and
products have yielded encouraging results.
The scope of work in the field of non-ferrous
metals has been further enlarged and close
contact is maintained in this connection
with ~ Non-ferrous Metal Manufacturers’
Association. Graphite crucible based on
NML developed technique is now produced
on commercial scale by the licensee firm.

Foundry Stations established so far, e.g.
those at Batala, Madras and Howrah, are
working in full swing. The Foundry
Station at Ahmedabad is almost complete.
A number of long and short term pro-
jects are under way at the Marine Corrosion
Research Station at Digha.

Progress on fundamental projectshas been
pursued with equal vigour and during the
period one scientist has been awarded
a doctorate degree on the basis of the
thesis submitted by him. The design and
fabrication of the many of the pilot plant
equipment and apparatus are progressing
satisfactorily.

During the period under review, this
Laboratory had the privilege of collabo-
rating with the Institute of Indian
Foundrymen in organizing the 33rd Inter-
national Foundry Congress for the first
time in any country of east of Suez.

During the year under review, the
Laboratory has taken the following patents.

Patents Filed

1. Indian Patent No. 108583 — Chemi-
cally bonded forsterite refractories
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and method of their preparation”
(26-12-1966).

. Indian Patent No. 108081 — Refrac-
tory  ramming, plastering  and
patching mixes consisting of kyanite
and method of making and using the
same (12-11-1966).

. Indian Patent No. 107982 — Stable
castable suspensions of non-plastic
alumino-silicate materials and me-
thods of making the same (16-11-66).
. Indian Patent No. 106906 — An
improved method for removal of iron
and upgrading ferruginous chrome
ores and other low grade ferruginous
ores (3-9-1966).

. Indian Patent No. 105895 — A
process for the conversion of molten
iron of wvarious compositions to
different grades of steel by employing
air for oxidizing (25-6-1966).

Patents Accepted
1. Indian Patent No. 96661 — A novel

method of separating iron from
ilmenite and its application in the
upgrading of  ferruginous  ores
(11-5-1966).

. Indian Patent No. 96017 — Produc-
tion of high purity iron (12-7-1966).
. Indian Patent No. 94768 — An
improved device for isolation of dross
in molten metallic baths during
continuous hot-dip processing of strip
or wire (22-4-1966).

. Indian Patent No. 91134 — Improve-
ment in or relating to a precision
temperature controller for use with
electrical resistance furnaces up to
1600°C. (15-6-1966).

Patents Sealed
1. Indian Patent No. 96661 — A novel

method of separating iron from
ilmenite and its application in the
upgrading of  ferruginous  ores
(11-5-1966).

2

The

. Indian

Indian Patent No. 94760 — An
improved device for the continuous
hot-dip coating of metallic strip and
wire (22-6-1966).

Indian Patent No. 94767 — An
improved C.I. Pot for melting and
holding of non-ferrous metals in
general and aluminium and zinc in
particular (10-11-1966).

Patent No. 82191 — An
improved jacketted electrolytic cell
for the electrodeposition of metals
and metallic oxides in general and
MnO, in particular (10-5-1966).
have

following processes been

released to the industries to date for
commercial exploitation.

1.

10.

11

. Production

. Refractory

An improved process for electrolytic
production of high purity manganese
dioxide.

. An improved method for the produc-

tion of manganese salts from manga-
nese ores, and its application for the
regeneration of the spent electrolytic
manganese sulphate baths.

. An improved process for the pro-

duction of electrolytic manganese
metal. :
of electrical resistance

alloys for heating elements.

. Technology of production of thermo-

static bi-metals.

. Production of alnico type permanent

magnets.

. Hot-dip aluminizing of ferrous mate-

rials.

compositions — compris-
ing graphite and silicon carbide
(carbon-bounded graphite crucibles).

. Refractory compositions comprising

graphite and alumino-silicate mate-
rials and glazes to render such com-
positions resistant to oxidation (clay-
bonded graphite crucibles).
Production of carbon-free ferro-alloys
by alumino-thermic reactions.
Production of iron powder for auto-
genous cutting.
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RESEARCH

1.0 Pilot Plant Studies on Beneficiation
and Sintering on a Sample of iron
Ore from Meghataburu Mines of
National Mineral Development
Corporation

At the instance of National Mineral
Development Corporation, extensive bene-
ficiation and sintering studies were con-
ducted on pilot plant scale on a 100-tonnes
sample of iron ore from Meghataburu mines
with a view to supplying the ore to the
Bokaro Steel Plant. The sample assayed:
Fe 61-87, Si0O, 208, ALO; 400 and loss
on ignition (L.O.I.) 5-7 per cent.

Scrubbing followed by wet screening of
the crushed ore (at —2 in. size) yiclded a
clean, sized washed product of --3/8 in.
(4+9-5 mm.) size free from adherent ore
fines for direct charging into the blast
furnace or for export purposes and a —3/8
in. (—95 mm.) slime-free classifier sand
product for sintering. The results obtained
from both wet screening test as well as
scrubbing followed by wet screening were
more or less identical but were better than
those obtained by dry scrcening. The
washed lumps assayed 63:60 per cent Fe,
1-2 per cent Si0, and 3-3 per cent AlLO,.
32-3 per cent of the total SiO, and 18-1 per
cent of the total ALO, should be rejected in
slime weighing 6-7 per cent. Though the in-
soluble content of the —3/8 in. (—9-5 mm.)
classifier sand obtained after washing was
not considered high, it was subjected to jig-
ging. The combined jig concentrate assayed
62-50 per cent Fe, 2-33 per cent Si0, and
290 per cent Al,O, with an iron loss in the
jig tailing of only 2-8 per cent with respect
to the original. This indicated the beneficial
effects of jigging the fines belore sintering.

PROJECTS

The sintering characteristics of the —3/8
in. (—95 mm.) washed and beneficiated
jig concentrate were studied for making
fluxed and unfluxed sinters. The optimum
water, coke and sinter return fines were
found to be 7, 4-5 and 25 per cent, respec-
tively, in the case of unfluxed sinters. Good
quality super-fluxed sinters up to basicity
ratio 24 could be produced by suitable
additions of limestone.

The results further showed that coke
breeze used for sintering could be substi-
tuted by gaseous fuel (producer gas) to
the extent of 30 per cent of the total coke
needed. The sinters produced by such
mixed firing technique were of good quality
and strength, and also possessed a very
high degree of oxidation when compared
with those made ,by the conventional
sintering process. Mixed firing technique
was also adopted to make sinter with
basicity ratio up to 1-8.

The results of beneficiation tests is given
in Fig. 1. The flowsheet employed for
treating this sample is given in Fig, 2.

The economic evaluation of beneficiation
treatment of iron ores has followed certain
well-accepted parameters for improved
productivity and lowered fuel and flux
rate vis-a-vis prepared and beneficiated ore
burdens from incidental much desired bene-
fits of uniform smelting operation and
slag volumes. Table 1 gives the economic
evaluation of beneficiation of iron ore
assessed on the following basis which
has uniformly been kept for Indian iron
ores.

(1) The cost of raw ore as mined is taken
at Rs. 5-00 per tonne. Transport
charges for ore are not included in
this.
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Table 1-— Economic Evaluation of Benefiication of Meghataburu Iron Ore

Analysis of final bene-
ficiated ore, %
Yield tonnes/day

Crushing to 27,
dry screening
and utilization of
—3” fines

Fe S§i0, AlO,

61:87 2:08 4:00

14,000
(100%)

Crushing to 27,
dry screening
and rejection of

—3" fines

625

Fe SiO,

11,242
(8-03%)

ALO;

1-68 3-80

Crushing to 27,

Crushing to 27,

serubbing and wet scrubbing and wet

soreening and
dewatering of

screening and
beneficiation of

—¢” fines —3” fines only
Fe Si0, AlLO; Si0; AlLO,
62:87 162 364 6337 144 3-26

13,062 12,572

(93:3%) (89:8%)

Capital cost of ore treat- Rs. 2-50 crores

ment plant

Cost of trealment per
tonne of beneficiated ove

Rs. 2-50 crores

Rs. 3:36 crores Rs. 4:50 crores

(a) Capital cost Rs. 0-894 s. 1113 Rs. 1-287 Rs. 1-792
(b) Operating cost Rs. 0-180 Rs. 0-224 Rs. 0-259 Rs. 0:362
(c) Cost of raw ore as Rs. 5-000 Rs. 6-227 Rs. 5-359 Rs. 5:568
mined

Total cost per tonne of Rs. 6:074 Rs. 7-564 Rs. 6-905 Rs, 7:222
prepared ore

Tonne of ore required 1-557 1-541 1-532 1-520
for tonne of pig iron

Total cost of orerequired Rs. 9-458 Rs. 11-650 Rs. 10:580 Rs. 11:730
per tonne of pig iron

Difference in alumina — 0-20 0-36 0-74
per cent

Expected saving in pro- — Rs. 1-00 Rs. 1-80 Rs. 3:70

duction cost per tonne
of pig iron in blast fur-
nace iron smelting due
to decrease in alumina
by beneficiation

(ii) Beneficiation plant is assumed to
operate with a capacity of 14,000
tonnes of run-of-mine ore per day.

(iii) Capital cost of the plant does not
include cost of mining equipment
and township.

(iv) For every one per cent decrease in
the alumina content of the ore, the
coke rate and flux rate would de-
crease by 40 kg. and 60 kg., respec-
tively, per tonne of pig iron made.
The increase in production of pig
iron would be about 2-5 per cent.
Due to these factors, the owverall
saving per tonne of pig iron produced
would be Rs. 5-00 after allowing for
depreciation, etc.

1.1 Pilot Plant Studies on Beneficiation
and Sintering of a Mixed
Laminated Iron Ore Sample from
Rajhara Mines of Bhilai Steel
Plant, Hindustan Steel Ltd

Three samples of iron ore (2 laminated
iron ore and one massive ore) were received
from Rajhara mines of Bhilai Steel Plant
for detailed beneficiation and sintering
studies. The two laminated iron ore
samples were mixed in the proportion of
9:1 and a mixed sample prepared for
tests. The representative sample of mixed
laminated iron ore assayed 62-2 per cent
Fe, 3-65 per cent Si0,, 3-47 per cent Al,Oy
and 45 per cent L.O.I. Petrological



examination of the sample showed that
hematite was the chief iron-bearing mineral
followed by minor amounts of goethite and

magnetite.

Screenability tests with varying moisture
contents in the ore indicated that screening
efficiency would be minimum, when the
moisture content of the ore was 10 per cent.
Dry screening test performed after erushing
the sample to —2 in. (—50:8 mm.) size
showed that the -+3/8 in. (495 mm.)
lumps constituting 466 per cent by weight,
assayed 63-8 per cent Fe, 1-4 per cent SiO,
and 2-51 per cent ALO,;. Washing test
(scrubbing followed by wet screening)
carried out with the sample at —2 in.
(—50-8 mm.) size indicated that a clean
sized, washed product Iree from adhered ore
fines and —3/8 in. (—9-5 mm.) classifier
sand product free from undesirable slime
could be obtained. The results showed
that (1) the improvement in the Fe grade
of washed lumps was 2 per cent, and (2) the
rejection of slica and alumina throngh slime
was 517 and 34-2 per cent respectively,
for a corresponding Fe loss of 15-1 per cent.
The —3/8 in. (—9-5 mm.) classifier sand
was almost slime-free, was of a better
grade than dry-screened fines and assayed
63-5 per cent Fe with 5-7 per cent in-
solubles. The washed sand Deing of a good
grade could be used for sinter production
as such. However, attempts were made
to see if the silica and alumina content
could be brought down by jigging. Jigging
of the above product yielded a combined
jig concentrate constituting 26:9 by weight
and assaying 65 per cent Fe with 416 per
cent insolubles. The slime obtained from
washing constituted 17-3 per cent by

weight. It assayed: I'e, 54:2; SiO, 10°4
and ALO; 6-8 per cent. The loss of
Fe in the slime was 15-1 per cent.

Attempts were, therefore, made to concen-
trate the slime by employing a cyclone
which gave a concentrate constituting 12
per cent by weight with respect to original
and assaying 63-65 per cent Fe and 5-16
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per cent insolubles recovering 124 per cent
of Ie from a total of 15:1 per cent. This
product could be mixed with the —3/8 in.
(—95 mm.) washed sand for sinter pro-
duction.

Sintering characteristics of —3/8 in.
(—9:5 mm.) washed classifier sand, both
unbeneficiated and beneficiated but with-
out the slime concentrate, were studied
for making fluxed as well as unfluxed
sinters. Good metallurgical grade fluxed
sinter up to a basicity ratio of 2-4 could be
produced from unbeneficiated fines, whercas
a basicity ratio of even 2-7 could be reached
with beneficiated ore fines. The results
further showed that solid fuel coke could
be substituted by gaseous fuel (pro-
ducer gas) up to 30 per cent of the
total amount of coke needed for proper
sintering for high basicity and even up to
40 per cent for basicity of 16 with bene-
ficiated fines. The sinters thus produced
were of good quality and high strength and
also possessed a high degree of oxidation
when comparcd with those made by the
conventional sintering process.

The summary of the results of washing
and jigging are given in Fig. 3. Based
on these results, a general flow sheet adopted
is given in Fig. 4.

The overall economics of beneficiation is
given in Table 2.

1.2 Pilot Plant Beneficiation and
Sintering Studies on Massive and
Laminated Iron Ore from Rajhara
Mines of Bhilai Steel Plant,
Hindustan Steel Ltd

Three samples of iron ore viz. (i) soft
laminated iron ore reported to have been
collected from pits No. 1, 2, 4, 5 and 6;
(ii) compact laminated iron ore reported to be
from pit No. 3; and (iii) massive iron ore
were received from Rajhara mines of Bhilai
Steel Plant. The samples (i) and (i) were
mixed thoroughly in the proportion of
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