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INTRODUCTION

The National Metallurgical Laboratory, during
the period under review, continued to extend 1ts con=-
tacts with industries by undertaking large number of
industrial problems and consolidating its scope of
work by making stead¥ ' progress in its multiple
research and pilot plant projects. Pilot plant scale
washing and pelletization studies were undertaken on
iron ores from Donimalai on behalf of National Mineral
Development Corporation who are interested in setting

Eﬁ up a pelletization plant at Donimalai in Mysore State.

* The Laboratory developed flowsheet along with list of

- equipment needed for a 1000 tonnes/day beneficiation

t plant on behalf of Hindustan Copper Ltd. for the

\ production of smelter grade copper-nickel concentrate

4 and molybdenum concentrate from low grade copper ores.

from Rakha Mines. On behalf of Hindustan Zinc Ltd.,

tonnage quantities of phosphate concentrate was
produced from phosphate rock from Udaipur for
production of super phosphate. Studies made on
phosphate rock from Uttar Pradesh showed that the
rock can be upgraded to produce concentrate suitable
for super-phosphate manufacture.

Pilot Plant trials for production of silico-
chrome by single stage electric smelting process was .
successfully completed and thé know-how obtained was
furnished to the firm who sponsored the work to start
b production of silico-chrome. Systematic investigations

© are underway on the extraction characteristics of :

.~ nickel from low-grade nickeliferous ores from Sukhlnda,
R Orissa.

Studies on the development of substitute alloys
have maintained steady progress. The aluminium econductor
developed was found to posses satisfactory electrical,
mechanical and corrosion resistance properties and the
behaviour of the alloy under the 'Properzi' method of
. working is being studied.

; The sub-merged arc welding flux produced by ﬁhe
licencee firms based on NML developed know-how has given
excellent performance in welding pressure vessels. The
aluminium based 8acrificial anode developed by the
Laboratory has'given very satisfactory service under
actual service con@ition. Various Port authorities and
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anode menufescturcrs have shown considerable interest in
~this alloy. The Leboratoiyv acted 28 comsuliant to
Calcutta Metropolitan Water & Sanitacion suracrity in
scrutinising data snd preparation of a frasibility report
on the application of cathodic proter tion for unde

groun¢ water pipe lines, Bright nickel rl. "ng process
developed in th'2 laboratory is under ﬂengLLulon for com.-
mercial scale 1mp1°m°nt tion., Successiul work was con-
ducted on plating of gold or its alloys on watch cases
and watch straps for Jdecorative and prot-ctive purposes.
Design and fabrication ol different typass oi asparatus ~nd-
pilot plant equipment were continued during the period,

Active collesboration wes mesintaired with Indian
Standards Institution in formulation of so@cffi“ations and
with Research Design & Standard Organisatio= of Ministry
of Railways on research »roijects of -intersst, Ordnancc
establishm=nts were sunnhlizd with ci’farort i7pes of
special materials from time to time to meet their
requirements, B

A SympOblum on "Recent Develoameﬂ« ‘in Von-ferrous
Metals Technology" was organised., The | ymno:lum was
attended by a large numher of Indisn ~»nd foreign delegat=s.
Sixty two paper out of seventy five papers rzceived were
presented and discusscd in seven technical sessions. 3

! The Laboratory published during thz ysar Proceced-
ings of the Symposium on "Metallurgy of Substitute Ferrous
and Non-ferrous Alloys" organised earller.' A monograph on
 "Structure of Tlectro-dep.sited Manganese" is under
publlcatlon.. : e ol

The various Foundry Stations of the Laboratory
continued to extend their assistance to local foundries and
‘conducted investigstions on foundry raw materisgls available
-in nearby places. The Marine Corrosion Resea.i'ch Station at
Digha studied a number of problems on cor“0313n und er
marine aztmosphsre, 2

A considerable numb T of short term 1AVPst1gationb
.and specificotion tests were conducted on behalf of
‘industries and different om?anizatlon. A large number of
technical enquiries were attended and relevent suggestions
were furnishad, .Standard samples prepared in the Laboratory
were supnlied to. a number of researc-vand 1n\ustrial
orgenizations for analytical work,



The Laboratory imparted training to stucémts,
representatives of incustrigl firms ete., in various
- branches of metallurgy.

L _ During the period under review the following
~ patents were taken: :

B opiico for:

dian Patent

NO. ? Titleo
116520 An improved and modified process for
the manufacture of ferr~ite magnets.
118916 A process for stabilisation of ferro-
silicon. ‘
118902 A process for the production of electro-

lytically deposited manganese dioxide
containing iron.

119958 Improvement in or relating to the

production of alumgnium alloy anodes
for cathodic production.

Accepted: A

fj-.196906. | An improved method for removal of iron
‘ from ferruginous chrome and manganese
OTeSy | ’ : : .
107982 Stable CaStablé sﬁspensions of non-

plastic alumino-silicate meterials and
methods of meking the same.

108081 Refractory ramming, plastering and
patching mixes,
i 108583 Chemically bonded forsterite refract-
" ories and methods of their preparation.
b
B 110834 Improvements in or relating to the

production of fluoboric acid.

! 112574 A simple process for prehating the
« air blast in cupola



Sealed:

‘Indian Patent.

No.

105895

106906
107982

108081

108583

Ttle,

A pneumatic process for the conversion
of phosphoric pig irons to steels,

An improved method for removal of iron
from ferruginous chrome and mangansse
ores, :

‘Stable castable suspensions of-ﬁon

plastic alumino-silicats materials and
methods of making thz same.

Refractory ramming, plasterlng and patch-
ing mixes.

Chemically bonded forsterite refractories
and methods of their prevaration.

The following processes which were carlizr
released were: llcansed to additional firms for commercial

- production,

1. Hot-dip sluminising of ferrous materials,

. Production of electrolytic manganese metal.

A beief resume of the progress of VaJlouS progects
and other activities is furnished in the Chapters to

follow.
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RESEARCH AND INVZISTIGATION PROJECTS

1.0 Pilot Plant Studies on Washing & Pelletization
of Donimalai Iron Ores for National Mineral
Development Corporation.

Donimglai iron ore samples weighing about
150 tonnes consisting of five different types of ores
were sent by National Mineral Development Corporation
Ltd., for investigation so as to set up a ore screening,
handling and pelletisation plant at Donimalai, in Mysore
State. The project report relating to the plant will be
prepared by M/s, M.N. Dastur & Co, on th2s basis of test
results from NML. The work involved crushing the sample
to two different sizes viz., 100 mm and 30 ™m and conduct-
ing dry and wet screening tests to produce -6 mm fines to
be used as pelletising feed. : :

The chemicgl analyses of the five different types
of ores and the proportions in which they were mixed to
produce the composite sample as suggested by N.M.D.C. are
given in Table 1.

Table 1 - Chemical Analyses of Different
Types of Donimglai Iron Ore,

-

Mixing
Samples, Fe 8102 A1203 Ritta
Type 2 64 .97 R S 2 5 2696 . 4.0
Type 3 66,08 e 20 .68 §:- 14,3
Type 4 65.52 b P 2.56 18,7
Type 5 66,52 By 2 38 48,5
Type .6 64,71 1.68 2412 LAeb
Composite (Actual) '
sample 65.82 L% 2300 .0 10050

After selecting the most suitable method of
producing the -6 mm fines, further tests on pclletisation
characteristics are to be studied. Sieve analysis of as
received sample was carried out on a 10 tonne sample and
the products are being chemically analysed. Dry screen-
ing tests in a continuous vibrating screen after crush-

"ing the ore to -100 mm to -30 mm sizes have been completad.
Wet screening, chenical analysis and othsr tests are in.
progress, A pot grate furnace speciaglly adoptec for
testing the pellet heat-hardening characteristics is being
fabricated for the investigstion. ¢
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1.} Iron Ore from Kiriburu North Block:

A 100 tonne sample.of iron'ore, prepared by mixing
(1) porous laminated, (2) hard laminated ore, (3) soft
biscuity ore, (4) lateritic ore and (5) laterite, was
received from Kiruburu iron ore mines of National Mineral
Development Corporation Ltd., with a view to study the
flowsheet to be adopted-after modification of Kiriburu
iron ore washing plant, for increased production for
supply of ore to Bokesro Steel Plant. :

The mixed sample as received assayed 61.6% Fe,
1.3% Si0, and 4.2% Alg0g: A blue dust semple assaying
64.6% Fe, 1,24 Si0g and 3,9% Al505 was also received for
mixing ‘with the above mentioned sample., But it was
observed from the size and chemical analysis of blue dust
that mixing of bluz dust with iron ore before washing would
cause loss of about 34% by weight of high grade blue dust
in the slime. Hence, it would be bettsr to dry screen the
blue dust a2long with the products from tertiary crusher.

The miXed sample was screened over a 4" (101.6 mm)
screen, The +4" fraction which was 23% by weight, was
divided into two parts; one part was crushed in a jaw
crusher set at 24" (63.5 mm) and the other at 13" setting.
The crushzd products were separately washed at 13", 3/8"
and 6 mesh sizes, The -6 mesh fractions were deslimed in
classifier. The -13" +3/8" washed lumps ores obtained from
+4" fractions crushed at 24" and 13" settings assayed -
64.8% Fe, 0.8% Si0, and- 3,2% AlsOg and 64.8% Fe, 0.7% Si0p
and 2,9% AlgOg3 respectively. The -3/8" washcd fine ores
assay:d 62.6% Fe, 0.9% Si0s and 4.0% 41503 and 62.8% Fe,
0.9% 510 and 4.2% Al,04 réspectively.

The =-4" fraction which was 7% by weight was_also
subjected to washing under the above 'set up, The -13"
+3/8" washsd lump ore and the -3/8" washed fincs assayed
63,3% Fe, 0,9% Si0g and 3:1% Al,04 and 62.7% Fe, 1.2% 5i0p
and 4.2% Al203 respectively, - e :

The +13" washcd ore obtained from these 3 wet
screening .tests amounting to 23.4% by weight was crushed
to -13" size and dry scréened on 3/8" and 6 mesh screens.
The -13" +3/8" and -3/8" fractions obtained by the above
test were mixed 'with the respective fractions obtained by
washing. Crushing, washing and wet screening procduced
‘lump ore of size -1#" +3/8" weighing 58.2% and assayed
63.9% Fe, 1,04 Si0o and 3,2% AloO3. Fine ore -3/8" +100
mesh weighing 27.4%% assayed 62.7% Fe, 1,3% Si0s and
4.7% Alo0q and slim weighing 14.35% assayed_50.§% Fe,,
3.7k 5i0p7and 9.4% A1 04"
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. It was observed from the material balance shest
at the total amount of -6 mesh to be fed to the classi-
ers would be 419,3 T.P.H. But the ctombined capacity of
he two existing classifiers is only 200 T.P.E. So the

wo new classifiers should have capascity to handle appro-
ately 225 to 250 tonnes of fines per hour. Settling

e tests were conducted with a mixed sample slimes
obtained from different washing tests. The tests were
ducted at different pulp densities varying from 7% to
3% solids. '

Crushing and Wet Screening Tests with an Iron

Ore Sample from Deposit No. 5 of Beiladila v
Iron Ore Minss of National Mineral Development
Corporation.

- A high grade compact and laminated variety of

iron ore from deposit No, 5 of Basiladils Iron Ore Mines
was received from N.M.D.C. for tests to determine the
‘quantity and quality of fines that would be produced when
the ore was crushed to -6" and -4" sizes and wet screzned,
, Due to hard nature of ore, only 2.8 and 3.6% by
“weight of -3/8% and -1/4" size washed fines, were produced
from -6" and -4" size ore respectively. The fines were of
~a high grade, assaying 64.4% and 65.8% Fe in the two cgses.
- Agglomeration studies with the fines were not conducted as
~ the samplec under investigation was subs:zquently reported
by N.M.D.C. to be not a representative onc and was drawn
~only from the massive iron ore zone of the deposit,: Drop.

- shatter tests with -6" +3/8" and -4" +1/4" washed lumps,

. thrice from a height of 10 M, produced only 6.5% and 4,3%
- of -3/8" and -1/4" fines respectively indicating that the
“amount of fines 1li'ely to be produced from this ore during
- export to Japan would be quite low.

2.0 Batch as well as Pilot Plant Beneificiation
Studics with a Low-grade Fluorspar from
Ambadongar District, Baroda - and Detailed
Proposals for Setting up of a 500 tonnes per
day Beneficiation Plant for the Gujarat
Mineral Development Corporation Limited,

Batch and pilot plant investigations were con-
- ducted on the devzlopm-nt of a flowsheet and the
‘economic evaluation of the process for setting up of a
- beneficiation plant of 500 tonnes ner day capacity for
- simultaneous production of acid and metallurgical grade
concentrates from a low grade fluorspar devosit from
Ambadongar , Baroda Dist. Gujarat S}ate.
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The sample investigated assayed 27.99% CaFo, 2.1%
CaCO3, 49,12% Si0,, 8.25% Alg03, 7.40% FegO3, 0.16% S,
0.28/4 Ba traces o? Pb and Cu. AQuartz, fluor{te, feldspar
and calcite were the major constituent minerals in the
ore with smgll emounts of barite and sulphide minerals.
The sample contained considerable amount of clay which
could be removed by scrubbing the ore.

Laboratory scale studies indicated that' simultaneous
prod¢uction of an acid grade concentrate assaying 98.2%/
CaFgy and metgllurgical grade concentrate assaying 90.9%
CaFs with recoveries of 68.1% and 13.0% CaFo respectively
cou%d be achieved by emploving flotation., he process
consisted broadly of two stages, the first for the
production of 'z rougher fluorspar float and the second stage
for cleaning of this rougher float after regrindimg and hot
conditioning. No difficulty is anticipated in actual plant
practice for producing 100% of the concentrate in the forn
of either gcid grade or metallurgical grade, by employing .
the above method.

Pilot plant trials were conducted on a 190 tonne
sample and the results more or less confirmed laboratory
test results. Bond's work Index and work input were ,
determined for propsr sizing of ball mill =nd regrind ball

" mill, Settling tests for determining thickener sizes and

filtration tests for cwmlculzting filter area were &l so
conducted. : :

A flowsheet with material balancc (Fig. 1) znd a
" 1ist of equipm:nt with complete specifications were reconm-
ménded for setting up of 2 plant to treat 500 tonnes of
fluorspar per day. Zconomic evalucrtion of thé process was
also furnishsd.

2,1 : Pelletization of Metallurgical Grade of
32 Fluorspar Concentrate from Ambadonger,
Gujarat, Vi B

At the instance of Gujarat Mineral Development

" Cornoration, detailed pelletisation studies wWere carried
out with the metallurgical grade concentrate produced

from 2 low grade fluorspar sample from Ambadungar,
Gujarat. The concentrete assayed 87,37% CaFo and was a
fine powder having 70.2% by weight passing 335 mesh sieve,
Bulk density of the dry powder with 1% Ho0 was 1.5 tonne/
cu. metre and with 4.37% Ho0 it.was 1.13"tonnes/cu. metre,

-
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Initizl pelletising experiments with different B
IS, €42, sodium silicate, sulphlte lye, molasses,
ni%a and dextrine with acid wash<d a2nd unwashed con-
ate were conducted., Better results were obtained
the acid washed product., With 4% sulphite lye as
T, the pellets made from unwashed feed and after
drying had a strenzth of 5.8 Kg/pellet compared to
Kg/pellct for the washed feed. The residual
ctor coaoting obviously aifected the binder action and
quently the strength, Among the various bindersg
@ with the acid washed feed, good results were obtained
3ing dextrine and molasses which gave strengths of 27.0
id 36,6 Kg for oven dried pellets respectively, For
nwashed fe-d 6% molasses was necessary to give suffici ent
Grength comparable to pellets from weshed fead with 4%
olasses, Using a larger amount of molasses would,
oWever , be prefergble compared to the cost and other
blems of washing the feed with acid and rinsing with

er ete,

A Using dextrlne as a binder, good strength was
btained in pell:ts mede with unwashed feed zlso (43 Kg/
1let) , besides very good retention of str”ngth in

id atmosphzre (20-25 kg) This was a distinct
advantage over molasses, in which case the strcngth of
pellets with molasses as binder was rc<duced from 40 Kgs/
pellet to about 5 Kg under similar conditions. Heat
hardening tests were carried 8ut with molasses as a

binder at temperaturss of 200°C, 250°C, 300°C and 400°%
for duration of 20, 30, 45 and 80 minutes in an electric
rnace, Best crushlmg strength was obtained by heating
‘the 2ir dried greocn pellets for 30 minutzss at 250 OC or

45 minutes at 200°C, At higher temperatures or increasing
the retention time beyond th: above limits, the &rushing
strength was reduced due to the burning up of molasses.

Deteiled comparqt1VC tests were carried out with
‘bind“rs prepared from 4 diffzreont types of dextrine
‘termed as Dextrine 200, 220, 270 and 280, All the binders
- showed reasonably good strfngth for psllets, but dextrine
1 280 gave highest strength and Dextrine 220 was the nsxt

' best. Drying and heat hardening characteristics were

- determined for the above binders. Good crushing strength
- Was obtained when the green pellets were dried slowly

~ followed by heat hgrdenlng Initial drying ras carried out
- at temperatures of 70° -1009C and heat ardening from 100°-
‘~1500C for 1/2 and 1 hour duration. Dilution of binder
1'solutioq Was varied, as also the moisturs content of the

. feed, mixing’ conditlon= and time of mixing pelletising
Acondltlons, ete. and the optlmum con01t10nb were

- determined., ;
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It was found that nellets with excell-nt
physical propsrties and storags charact-ristics could be
prepa¥ed fro~ the metallurgicel grade concentrats
obtained from the .sample of low grade fluorspar from
Ambzdungar , Gujarat; using dextrinz based binders. Since
it is a costly raw material, efforts should b:s made to
obtzin the same in a cheaper form speciglly if the price
per dry weight is favourable when ths same is obtained in
a liquid or slurry form, This would glso elirinats the
gtep of bringing dry dextrine powder into solution form
for use as a binder.

2.2 Settling and Filtration Tests on th2 Acid

Grade Concentrate from a Mixed Fluorspar

Sample from Dungarpur, Rajasthan.

In connection with a Techno-Economic Appraisal
of the Rajasthan Fluorite Project prepared by M/s . "WRIGAT
ANGINZIERS LTD" of Cana da, the Director of Mines & Geology,
Government of Rajasthan desired that settling and
filtration tests to be done at the Wational Metallurgical
Laboratory on the acid grade flotation concantrate that
will be produced in the proposed flotstion plant to
determine thz size of thickener and vacuum filter. The
work involve (i) mixing of three samples in ploportion
(2:1:1), (ii) grinding the mixed sample to 87% -200 mesh
for flotation of fluorspar and (iii) regrinding of
rougher float to 92% -325 mesh and reflotation of same
to produce the final concentrate for settling and
filtration tests.

About 100 Kg of three low grade fluorspar sample
from Ramore, Mata and Bhagat deposits occuring in -
Dungarpur District of Rajasthan were received. The
samplcs consisted of lumps ranging from 62,5 mm to fines,

The threé sampl2s were sepgrately crushed to
19 mm a~d mixed in the proportion of 2:1:1 respectively
as desired. The mixed sample was then stage erushed to
=10 mesh for flotation tests to preparc an acid grade
concentrate. Flotation tests wsere carried out under
con@itions similar to thos- suggested by M/s. Wright.
Engineers of Cshada in their Revort.

Acid grade concentrate was obtained by flotation
method and this concentrate was used for settling and
filtration tzstse.
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It was observad during th=s settling tests with
or without flocculants, that the water separating from
the settling pulp was quite clear an® the thickener

" pverflow can therefore be reused in the plant, if there

is no obj:sctionable reagent in it,.

; From the results of filtration tests at 50%
solids and 160 sectonds cycle time, the rate of filter
cake formation was found to hs 124,.3 Kgs/hr/sq; meter.
Taking this value for calculating the size of vacuum
filter, an arca of 3.6 sq.ft. will be required per ton
of concentrate for 24 hours. For filtering 50 %tonnes
the required filter area will be 180 sq.ft, Giving an
allowance 6f 25% for chanzing of leafs and leakages the
required areas will be 225 sg.ft. The addition of
flocculating agsnt to the pulp increased the rate of
filter cake formation.

-Sgo Batch as well as Pilot Plant Benceficistion

Studies for the Recovery of Copper, Nickel
and Molybdenum from Low-grade Copner Ore
from Rakha Mines and Detailed Proposals
for setting up of a 1000 tonnes per day
Benefici=tion Plant,.

A sample of low grade copvrer ore weighing about
334 tonncs was reccived from Rakha mines of Hindusthan
Copper Ltd., for beneficiation studies.

The National Metallurgical La2horatory was
requested to carry out comprehensive laboratory scale

and pilot plsnt studies and suggest a flowsheet glong

with a list of equipment nesded for a 1000 tonnes/day
capacity plant for the production of a smelter grade
copper=-nickel concentrate, and a molybdenum concentrate.
Recovery of Uranium from the ore after the separation
of sulphide minerals is being investigatcd by the
Bhabha Atomic Research Centre,

_ The sample as received assayed 1.34% Cu, 10.14%
Fe, 2.03% S, 65.8% Si0o, 10.58% Al503, 2.94% Mg0, 0.66%
Ca0, 0.053% Ni, 0,016% Mo, and 0.11% U30g (equivalent).
Spcetroscopic analysis of the sample r-wealed that Ag,
Bi, Mn V and Co were present in "Trace" amounts and Sn,
Pb and Zn were present in "minor trace" amounts and Au,
As, Sb and Te were not detzctad.



; " Mineralogical studies incicat:d that chalecopyritez,
viplerite, and molybdenite were the principal copper:, nicksl
and molybdenum bearing minerals respectively =nd ‘were
associgted with quartz, chlorite, biotite, feldspar,
muscovite, apatite, 2nd tourmaline in decreasing order of
their abundance. Though copper and molybdenum minerals got
liberated from the associatec gangue at about 100 mesh, the
copper mineragls were not free from the finely interlocked
molybdenite even et an sxtremely fine sizec of about 200 mesh,
The nickel bearing mineral was found to be finely inter-
locked with chalcopyrite, chlorite and quartz.

Before taking up the pilot plant studies, laboratory
tests were carried out to det:rmine the optimuin flowshezt
for rszcovering, as much ss possible,of copper, nickel and
molybdenum, present in the Rakha or2, in the form of »
copper-nicksl conc-ntrate, 2nd a molybdenum concentrate.
Studies aimz=d at the recovery of Uranium from the tailings
produced after the bulk sulphide flotation of Rakha copper
ors arz carried out separately by the Uranium Mill Project,
Jaduguda,

Batch tests aimed st bulk sulphide flotation indi-
cated that 95,7% conper, 58.6% nickel 2nd 94,4% molybdenum
present in the test samplc could be recov-rsd in a combined
concentrate assaying about 13.25% Cu, 0.308% Ni and 0,150%
Mo under optimum conditions.

~ Batch scale tests aimed at differential flotation
of Molybdenum followed by four cleanings an® copper-niciel
flotation from the tailing from the molybdenum circuit
indicated that a cleaner molybdenum concentrate assaying
33.7% Mo and l.4% Cu with a recovery of 60.2% molybdenun
and a combined conper-nickel concentr:te assaying 22.02% Cu
and ©,.28% Ni with 87.4% and 25.3% recoveries of copper and
nickel respectivecly could be produca¢ out of the copper ore
from the Rakha mines under optimum conditions.

Based on the above studies,; thz optinum flowsh=zet
for the recovery of conp:sr, nickel and molybdenum from
Rakha orec along with material balance wa- recommended.
The list of the equipment required for a beneficiation
plant heving a rated capacity of 1000 ,tonnes of ore psr
day bosed on opcrational data collectsd during the pilot
plant run was furnished.

i The capital cost of the mill is estimated at about
2 crore rupeces. The cost of brsneficiating thc ore is
estimeted at Rs. 21.23 per tonnes of ora.

4
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4,0 Flotation Studies for the Recovery of
. Molybdenum, Copper and Nickel Minerals
. from Uranium Ore Samples from Jadugoda.
Mines,

_ Uranium ore sample gssaying 0.17% Cu, 0,17% Ni,
0.032% Mo, 0.51% P50, 0.45% S, 77.1% 8i0s, 7 .6% Al504,
© 0.27% Ca, 2.67% Mgg, 9.2% Fe as Feo0g, 0.064% 0308 ang 3
1.8% loss on ignition, was received %rom Uranium % F s
Corporation of India to study the possibilities of {o o
recovering copper, nickel and molybdenum minerals. by '
mineral beneficia%ion techniques. ‘

Optimum eonditions for the rougher bulk sulphide
flotation were established. About 0,05 Kg/tonne of
potassium amyl xanthate and 0,04 Kg/tonne of pine oil
were found to. be eptimum to float the sulphide minerals
from'a pulp.ground to 55% -200 mesh at a pH of 7.9 there-
by preducing a bulk sulphide concentrate assaying 0.94%
Cu, 1.84% Ni, 0.50% Mo, with recoveries of 32.6% Cu, = \
- 63.8% Ni and 92.2% Mo. :

Differential flotation of the bulk sulphide

- eoncentrate, ground to about 200 mesh size after one
cleaning and steam boiling, with NaCN and lime folleowed
by 3 cleanings using NaCN yielded z Mo concentrate
assaying 36.21% Mo, 2.0% Cu and 0.39% Ni with recoveries’
of 34.0% Mo, 0.4% Cu and 0,1% Ni in it. ey

- No further tests were required to be carried out
with this Mo concentrate for improving its grade. Instead,
NML was requested to produce and supply a bulk sulphide
concentrate in the pilot plant Trom another sample of
15 tonnes by weight from Jadugoda mines, This sample
assaying 0.24% Cu, 0.28% Ni and 0,032% Mo was treated in-
the pilot plant under the same optimum: conditions as
those obtained with the second sample producing, a -
bulk sulphide concentrate assaying-1,16% Cu, 1,72% Ni
and 0,28% Mo with recoveries of 55.1% Cu, 70.0% Ni
and 99.8% Mo respectively. . = o

About 200 Kg of this bulk concentrate was
handed over to UCIL for onward transmission to BARC,
Bombay, for selective flotation tests to produce Cu,
Ni and Mo concentrates.
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Another three samples of uranium ore from e
Jaduguda mines were received, from the Uranium:
Corporation of India Ltd., with a request to blend them
in the specified proportions and develop an oprtmum
flowsheet for recovering ghe bye-product values namely
copper, nickel and molybdenum from the composite
sample by minergl beneficigtion techniques. The com-
posite sample gssayed 0,18% Cu, 0.2% Ni, 0.,036% Mo,
7.44% Fe, 0.56% S, 1.36% Po0g, 66.85% Si0, and 12,54%
Alo03. 1In general the samplés consisted ghiefly gl e
chlorite-quartz schist containing minor amounts of
biotite, tourmaline and metallic minerals. The
metallic minerals were chalcopyrite, pyrite, millerite,
pentalandite, molybdenite, magnetite, eté, The average-
grain size of the economic minerals Was generally very.
fine, 400 mesh. Batch scale flotation tests consisting
of selective flotation of molybdenum frém the composite
sample using 0.5 Kg/tonne of fuel oil*and 0,03 Kg/

. tonne of cresylic acid followed by 3 cleanings of the
rougher molybdenum float using NaCN as depresent for
Cu-Ni minerals yielded a cleaner molybdenum concentrate
assaying 30.33% Mo, 2.57% Cu, 0.6% Ni with molybdenum
recovery 6f 47.2%. sl

5.0  Recovery of ﬁickel and Apatite from the
- Copper Ore of Indian Copper Corporation.

At the instance of Indian Copper Corporation,
Ghatsila, beneficiation studies were undertaken at the
National Metallurgical Laboratory to improve the recovery
of nickel from their copper ore from the present nearly
*80% and to find out whether the apatite currently lost

in the tailings could be recovered profitably. :

These studies were carried out (i) with the
I.C.C. tailings sample assaying Tu 0.07%; Ni 0.073%;
P0¢ 1.49% as well as with (ii) ‘the I.C.C. copper ore
a¥s3ying Cu 2.24; Ni 0,08% and P-0g 1.36%.

Microscopic examination showed that pentlandite
and voilarite are the nickel bearing minerals and
apatite is the chief phosphorous bearing mineral
associated with chlorite and quartz. Apatite is
liberated at about 100 mesh size, but most of the
n@ckel bearing grains are not free even at 200 mesh
size.
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Nickel Recovery:

Two stage magnetic separation of the I1.C.C.

tailing sample yielded a magnetic fraction assaying .
0.166% Ni with 28,8% Ni recovery. But this method is
to be rulled out due to prohibitive cost of drying

the tailing pulp containing 20% solids if apatite is
to be subsequently floated. Good separation of nickel
bearing minerals could not be achieved by tabling.
Straight flotation of the I.C.C. tailing with 0.1 Kg/
tonne sodium isopropyl xanthate and 0.08 Kg/tonne

pine 0il yielded a concentrate assaying 0.178% Ni,
with 26.6% nickel recovery. Finer grinding to 74,9%
-200 mesh followed by flotation of 1.C.C. tailings -
improved the recovery of nickel to 43.9% (30.7% w.r.t.
ore sample). Since -the Cu concentrate obtained by
I.C.C. carries agbout 30% of the total Ni the overall
"nickel recovery in copper concentrate and Ni concenws
trate will be 60.7%. Since the low recovery of nickel
from the I.C.C. tailing sample is probably due to
surface oxidation of the sample, further tests were
carried out with the I.C.C. feed sample,

The sample Was ground to 44% -200 mesh; using
0.06 Kg/tonne potassium ethyl xanthate gnd 0.06 Kg/
tonne pine oil, the sulphide minerals were floated in
30 minutes producing a bulk sulphide concentrate
assaying 0.388% Ni with 57,9% recovery of nickel.
Instead of potassium ethyl xanthate, use of sodium
isopropyl Xanthate substantially improved the nickel
recovery to 71.4%. The nickel recovery could also be
_improved to 72.4% Ni by grinding the sample to 70%
=200 mesh, followed by flotation of the sulphide
“mineragls using 0.04 Kg/tonne of isopropyl xanthate and
0.04 Kg/tonne of pine oil in about ¢ minutes flotation
time. The economics of the gbove two methods will have
to be worked out before making the final choice.

Apatite Recovery:

About 84,9% of the total apatite currently lost
in the I.C.C. tailing (76.4% w.r.t. the PoOg in the ore
feed) could easily be recovered by straight flotation
of the tailing sample using 0.75 Kg/tonne oleic acid and
0.36 Kg/tonne sodium silicate producing an apatite
concentrate assaying 8.11% Po0g. In practice, this
could be achieved only after f%otating off the
sulphide minerals at 44% -200 mesh size. The rougher
apatite concentrate could be further upgraded by
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cleaning, producing an apatite concentrate assaying .
28.3% PoO5, with a final recovery of about 50% Pg0sg.

The test results confirm the possibility of
(1) doubling the nickel recovery that is currently
obtained at I.C.C. by increasing the flotation time of
by grinding the ore to 70% -200 mesh and (2) recovering
about 50% of apatite present in the ore by carrying out
the soap flotation after the removal of the sulphide
minerals.

6.0 . Beneficiation of a Nickel Sample from
Sukinda Area, Orissa.

The sample as received assayed 1,00% Ni, 0,62%
Mn, 1,9% Cro0g, 4.66% AlgOg, 72.8% FegOg and 12,17%
L.d.I. The sample was in %he form of fines and con-
tained 83.7% -200 mesh. Mineralogical studies under-
taken on the sample could not establish the identity
of the nickel mineral. Hydroclassification tabling,
magnetic separation and flotation tests did not yield
encouraging results, Reduction roast after balling
the fines, followed by wet magnetic separation also
did not produce encouraging results.

7«0 Benéficiation of a Low-grade Galenda Sample
from Bandalamotta, Andhra Pradesh.

A low grade lead ore from Bandalamotta,
Agnigundala area, Andhra Pradesh wacs received from the
G.S.1. for beneficigtion studies. The sample consisted
of pieces of core samples and assayed 5.27 Pb, 1,87% S,
4,77% Fe, 11.55% 8i05, 22.86% Ca0 and 13,82% Mgd. The
sample consisted essentially of dolomitic limestone and
quartz with minor amounts of galenda, followed by
pyrite, goethite and traces of sphalerite. 4 good.
amount of galena was free at a fairly coarse size and
most iof it was liberated at -100 mesh. Straight
flotation using potassium ethyl xanthate as collector
and cresylic acid as frother yielded a concentrate
assaying 60:4% Pb with a recovery of 98.1%, One
cleaning of the rougher float improved the grade of
thezgleaner concentrate to 73.9% Pb with a recovery of
95,2k, i -
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8.0 Beneficiatisn of Pheaphate Rock from
Udaipur, Rajasthan.

A sample of abcut 163 tonnes of phosphate rock
from Maton Block, Udaipur District, Rajasthan, assay-
- ing 28.1% P05 and 12,1% Ca0, was received from
M/s. Hindusthan Zinc Ltd., Rajasthan for beneficiation
studies., Besides production of 50 tonnes of phosphate
aoncentrate were carried out under optimum conditions
to be sent to Hindusthan Zinc Ltd., for their field
studies for the production of superphosphate.
Petrological examination indicated that the sample
contained calcite and silica as the major gangue
minerals,

‘A few preliminary grinding tests and batch
flotation tests were carried out for determining the
optimum conditions for the pilot plant run. 91%
-200 mesh grind was required for complete liberation
of phosphate minerals. Flotation tests using oleic
acid and sodium silicate indicated that 1.5 Kgs per
tonne oleic acid and 2.0 Kg/tonne of sodium silicate
were the optimum requirements of collector and
depressant to obtained a phosphate concentrate of
35% Po0s With a recovery of 70% PoOg in the product.
The taiiings assayed 12,5% P20 f 2Use of Katha a
depressant for calecitic minera?s indicated that a
small quantity of Kathi had no depressing effect on
calcite whereas larger quantity such as 0.50 to -
0.75 Kg/tonne depressed the phosphate in the tailing
and the calciting fraction could be taken out as float
with 1ittle losc of phosphate.

- Based on the above tests, pilot plant studies
for the production of phosphate concaentrate were under-
taken. A bulk concentrate was first obtained using”
sodium oleate and sodium silicate as the collector and
depressant respectively. ' :

, The bulk concentrate assayed 33,5 to 34,0%
Po0g with a recovery of 68.5% PoOg in the product.
T%e bulk concentrate was subsequently treated for the
removal of calcite with a view to improve the grade
of Po0g. 0.75 Kg/tonne of Katha was used for depress-
ing phospheatic minerals in the tails rejecting a
highly calcitic fraction in the float. The phosphate
concentrate thus obtained assayed 36.46% Pg0g. About
50 tonnes of phosphate concentrate was prepafted.
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8.1 Beneficiation of Phosphate Rock frdm
Kanpur block, Udaxpur, Dist.Rajasthan.

The sample as received assayed 12,66% Po0s,
2% Si0o, 39, 65 CaO 9.65% Mg0, 24. 727 C0s, O. 34?
F6203, 2% % oLO

Soap flotation tests using various depressants
did BOt yvield encouraging results. Calcination at
1000°C and hydroclassification yielded a concentrate
assaying 34.06% PoOs with 53,0% recovery in it.
Flotation with the calcined sand after removal of
fines in the Raymond separator yielded a concentrate
assaying 21.63% Po0s with a recovery of 87.4% Pg0s.
Five cleanings of tge rougher float using sodium
silicate and tall oil, yielded a refloat concentrate
assaying 29.8% P50g with a recovery of 72.6% Po0g.
Further tests aré In progress.

8.2  Beneficiation of Phosphate Rock from Marsana
Block, Mussoorie Area, Uttar Pradesh.

At the instance of the Geological Survey of
India, beneficiation studies were undertaken on a low
grade phosphate rock from Masrana block, Mussoorie
area, Uttar Pradesh, for producing a concentrate
sultable for super- phosphate manufacture. The sample
as received assayed ;1 5% P o 35 92% Si0s3 26 4%
Ga0; 1.08% 003 .81 Feg0a7 2.23% AlgOs; T.84% MgOj
0.5% F and 1 017 so3,

Collophane was the principal phosphate mineral
in the sample with quartz as the chief gangue mineral.
Quartz was intimately associated with collophane and
was not completely liberated even at 200 mesh size,
Flotation studies were carried out using oleic acid
emulsion as collector for phosphate mineral and
sodium silicate as depressant for siliceous gangue.
The optimum amount of reagents mecessary for rougher
flotation was. found to be 1,25 Kg/tonne of sodium
silicate and 1,5 Kg/tonne of oleic acid emulsion at
the natural pH of 7.8 after grinding the sample to
99% -200 mesh,” The rougher float assayed 27.3% Pg0g
with a recovery of 93. 2% '

:
&
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Three cleanings of the rougher concentrate produced
a cleaner concentrate assaying 35.8% Po0- With a P50
recovery of 60.5%. Regrinding the rougher floats %e?ore
cleaning yielded better grade concentrates assaying 35.7%,
36.5% and 38.4% Po0g with improved recoveries of 66.2%,
69.6% and 72.4% respectively. The relationship between
grade and recovery of Po0g 1n concentrates obtained with
1, 2 and 3 cleanings after regrinding is shown in Fig. 2.
S%ill higher recoveries can be expected in actual plant
practice when the cleaner tailings will be recirculated.

‘Studies conducted have indicated that. the Mussoorie
phosphate rock can be upgraded to produce a concentrate
suitable for super-phosphate manufacture.

8,3 Beneficiation of Phosphste Rock from Kataria
Hill, Udaipur Dist., Rajasthan.

The samples as received assayed 9.8%‘P B
8105, 0.5% Alo03, 1.1% Fe, 0.6% Fe0, 17,.3% 002§ 38.5%'6%
Ca0’, 11,8% Mg0O, 1.0% F, 0.5% S03.

Heavy media separation of the +10 mesh sample at
2.9 specific gravity yielded a sink product assaying 16.2%
PoOg with a recovery of 58,6% POy in it.

Flotation of table concentrate obtained from the
calcined sample yielded a cleaner concentrate assaying
28,7% P50g with a recovery of only 13.5% Po0g.. Rougher
flotation followed by four cleanings of rougher concen-
trate obtained from the origirial sample using various
reagents combination, i.e., sodium silicate, quebracho and
ligro did not yield satisfactory results. Further tests
are in progress. :

Qe Benefiéiation of Pyrite Samples from Amjhore,

Three pyrite samples assaying 25.32%, 17.36% and
25.12% S from Amjhore were received from M/s. Pyrites,
Phosphates & Chemicals Development Co. Ltd., for benefi-
ciation tests with a view to separate the contaminated
shale from the pyrite lumps. M/s. Pyrites, Phosphates &
Chemicals Development Co. propose to instal a Heavy
Media Separation Plant at Amjhore to separate the shale
admixed with pyrite during mining operation so that
pyrite concentrate can be utilized for the manufacture |
of sulphuric acid in their plant under installation at ¥

indri, : v

<e
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* Heavy Media Separation tests of the samples

after crushing to -125 mm and screening out the -5 mm
fines at different specific gravities indicated, that
concentrates could be obtained as sink products at
medium specific gravity 2.9 assaying 38.3, 34.27 and
41.0% S with recoferies of 78.9, 60.3 and 74.1% S. .
Heavy media separation tests when extended upto

10 mesh (1.65 mm) instead of 5 mm yielded a concen-
trate from the mixed sample assaying 38.7% S, 32.4% Fe
and 16,03% insolubles with a recovery of 75.2% Si If
the -10 mesh untreated fines miXed with -125 +10 mesh
heavy media concentrate (sink at 2.9), a product
assaying 37.4% with a recovery of 79.2% would be
obtained. This product satisfied the grade and size
specifications laid down by the acid plant at Sindri.
Jigging of the samples did not produce satis-
factory grade of concentrate compared to heavy media
separation.

- If heavy media separation is adopted a proper
selection of medium will have to be made. Thé'use of
magnetite, ferro silicon etc. for H.M.S. process is a
standard practice, because of the ease of their recovery
- and regeneration. For low separating densities, in the
range of 1.25 to 2,50, magnetite can be successfully
used. But in this case, since the separating density
should be kept at 2.9, either ferro-silicon alone or a
mixture of ferro-silicon and magnetite will have to be
used. :

10,0 Beneficiation of-de-grade Limestone from
Tal, U.P; Y

A sample of limestone from Tal, U.P, was
received from Govt. of U.P, for beneficiation studies
so as to make it suitable for cement manufacture, The
sample assayed 38.57% Ca0, 23.28% Si05, 0.76% Alg03 and
1.1% Mg0. Petrological studies of th® sample revealed
that silica constituted the major gangue and most of
the calcite minerals was liberated at 150 to 200 mesh
size. Preliminary batch flotation test to determine
the grinding characteristics of the sample indicated
that 81% -200 mesh was the optimum for the best grade
and recovery. Flotation tests using oleic acid as
collector and sodium silicate as depressant indicated
that 2 Kgs/tonne of sodium silicate and 1 Kg/tonne of
oleic acid would give a concentrate assaying 47.0% Ca0
with a recovery of 80.1% Ca0 in the product. Further
tests using different combinations of collector and
depressant to improve both the grade and the recovery
are in progress,
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10.1 .- Beneficiation Studies on an Argillaceous
Limestone Sample from Dongri Limestone
Quarry of Orissa Mining Corporation.

A low grade argillaceous limestone sample was
received from Orissa Mining Corporation Ltd. to investi-
gate whether it could be beneficisted to a grade suitable
for cement manufacture, The sample as recelved assayed
33.7% Ca0, 0,62% Mgo, 25.70% SlO 63% AloQqy 2.70%
Feg03, 0.125% S, 0.016% B and 34230% total fnsolubles.

Microscopic examination of a representative
-10 mesh sample indicated that quartz constituted the
chief gangue with minor amounts of chlorite and
muscovite, Liberation of calcite from gangue was in-
complete even at 400 mesh,

Flotation was the only method investigated for
separation of calcite from the gangue. 0Oleic acid -
emulsion was employed as collector for limestone and
sodium silicate as gangue depressant. Optimum flotation
conditions for calcite were determined by varying the
feed fineness, quantity of the collector and depressant.
Variation of the fineness of flotation feed indicated,
that a feed having 87.0% -200 mesh was optimum. The
rougher calcite float assayed 39.5% Ca0, 24,2% insolubles
with a recovery of 96. 4% Ca0 in it. :

. The effect of sodium silicate variation on the
flotation of calcite indicated that 1,5 Kg/tonne was the
optimum for rougher flotation. Use of pine oil reduced
the collector consumption from 1 Kg to 0,50 Kg/tonne but
flotatlon was found to be less selective.

" On cleaning of the rougher, float yielded
refloat concentrate assaying 45.3% Ca0, 0.9% MgO, ll 0%
Si0o and 14.44% insolubles with g recoVery of 80.2% Cal.
Rec?rculatlon of the rougher tailing back to the circuit
is expected to improve the recovery of Calin the final
concentrate. This concentrate fulfills the grade
requirements 1aid down by the Orissa Mining Corporation
Ltd. for use in the cement industry. If however, three
cleanings of the rougher float were done, a refloat con-
centrate of grade 49,03% Ca0 with a re very of 73, 7% CaO
could be obtained ' ; e e g i A
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10,2 Beneficiation of High Silica Limestone (Sample
No.CG-1) from Yeotmal District, Maharashtra,

) A sample of siliceous limestone marked CG-1l was
received from the Director of Mines & Geology, Govt. of
Maharashtra for batch beneficiation studies to investi-
gate whether it could be heneficiated to a grade suitable
for cement use. The sample was collected from Chanaka
limestone deposit in Yeotmal Dist., Maharashtra and
assayed 43,44% Ca0, 17.5% 8i05, 1.45% Mg0, 2.0% Alg0g
and 34.14% COg e : ‘ ' :

Microscopic examination of a representative
-10 mesh sample indicated that quartz constituted the
chief gangue and a grind of -150 mesh was necessary for .
producing a cement grade concentrate. ' s

Flotation was the only method investigated for
separation of limestone from quartz. Oleic acid emulsion
was employed as collector for limestone and sodium
silicate as gangue depressant. Optimum flotation con- -:
ditions for rougher flotation was established by varying
the feed fineness, quantities of the collector and
depressant. Vardation of the fineness of flotation feed
indicated that a feed having 94.5% -200 mesh was optimum.
The rougher float assayed 45.9% Ca0 and 15,9% SiOg with
98.2% Ca0 Tecovery.

Increasing the collector beyond 0.4 Kg/tonne did
not produce any float and hence 0.4 Kg/tonne of oleic
acid emulsion was considered as optimum for roughing.

The effect of sodium silicate variation on flotation of
limestone, indicated that 0,5 Kg/tonne ws the optimum for
roughing. The float assayed 46.5% Ca0 and 15.5% Si0g
with 98,2% Ca0 recovery. One cleaning of the mixed
rougher float yielded a refloat concentrate assaying
48,73% Ca0 and 12,06% Si02 with 82.5% Ca0 recovery.

3 ~ -The reflotation results could be improved further
if the last two scavenger floats III & IV were separately
Jeground, mixed with floats I & II and then subjected to
reflotation. Concentrates analysing 53.2% to 48.93% Ca0
and 5 to 11.65% Si0p with recoveries ranging from €69.4 to
88% Ca0 could be produced depending upon the number of
cleanings to which the rougher float is subjected to.
The concentre btained after gdeaning assayed
48,937 d 11.65% Si0g witk s
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: The results obtained are given in Fig. 3 show-
ing the Ca0 grade and recovery in concentrate for any

silica content in the product. For silica content of

13.5% the grade and recovery of Ca0 in the concentrate
will be of the order of 47.3 and 92.5% respectively.

_ 10.3  Beneficiation of Limestons Sample (KAG-1)
from Yeotmal District, Maharashtra.

A sample of siliceous limestone marked KAG-1 and
collected from Yeotmal Dist., Maharashtra was received
from the Director of Mines & Geology, Maharashtra, for
beneficiation studies, to bring down the S5i0y content in
the sample to about 13.5%. The sample as received
assayed 41,52% Ca0, 0.71% Mg0, 22.37% Si0g, 1.0% Al-Og,
32.8% COo and 33,56 L.0.I. Petrological examination
indicated that limestone present was a fine grained type
and the same was in intimate association with quartz,
the principal gangue. Grinding the sample to about
150 mesh was necessary to produce a cement grade con-
centrate from the sample. :

Only flotation studies were made for separation
of limestone from the siliceous gangue. Oleic acid
emulsion was used as collector for limestone and sodium
silicate as gangue depressant. : e

Optimum conditions were determined to produce a
rougher limestone float for the sample. Variation in
feed fineness indicated 97.2% -200 mesh as optimum for
rougher flotztion. ; ;

‘ 0.5 Kg/tonne of collector was the optimum

quantity for roughing. Variation in sodium silicate
quantity indicated 0.5 Kg/tonne was the optimum, The
rougher float assayed 43.8% Ca0, 18,21% Si0, with 99,2%

Ca0 recovery., Attempts were next made to improve the grade
of  the rougher float by refloatation. TIwo cleanings of

the rougher float produced s refloat concentrate assaying
49.0% Ca0 and 10.7% Si0, with a recovery of 75.,5% Ca0 in it.

The results could be improved further if the
Floats II and III were:separately reground, mixed with
rougher float I and then subjected to reflotation. Con-
centrates analysing 53.0 to 47.24% Ca0 and 5 to 13.3% Si0,
with recoveries ranging from 78,3 to 89.6% Ca0 could be
produced depending upon the number of cleanings to wiich
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the rougher float is subjected to. The concentrate
obtained after one cleaning assayed 47.2% Ca0 and 13,3%
8i0, with 89, 6% Ca0 recovery, and fulfills the grade
requirements laid down for cement mgking. The results
are given in Fig. 4 from which the Ca0 grade and recovery
for . a known Si0g could be readily determined.

10:48 T Pelletlzatlon and Ca101nctlon of L1me Shells
from Kerala.'

5OO Kg of llmeshells assaying 53.08% Ca0 were
received from M/s. The Travancore Electro-Chemical
Industries Ltd., Kerala for conducting pelletisation and
calcination studies. The shell contained ‘4. 8% clay,
which was removed by washing. The washed shells .gssayed
54.16% Ca0 (equivalent to 96.7% CaCO3) and was found more
.suitable as the starting material for the manufacture of
calcium carblde. ‘

Pelletization tests after grlndlng the shells to
83,.5% -200 mesh using 6% molasses as binder produced the
best pellets having 56.4 Kg compression strength after
hardenlng at a temperature of 250°C for 30 minutes.

Calcination studies with green, aged and heat
hardened pellets indicated that heat hardened pellets
did not lose much of their strength during the process
and retained their shapes intact. The percentage of
-6.35 mm produced during calcination was only 3.0 as
compared to 47.5 for green pellets.: Compression strength
and shater index values of calcined pellets indicated
that calcination can be successfully done in a rotary
kiln Without'causing the pellets to break.

Hardening- Before calc1nctlon is essential. It
was, therefore, recommended that the green pellets may
be hardened on a.-chain belt conveyor before charglng into
the rotary kiln for calcination,

11.0 Sintering of Chrome Ore Fines from Orissa,

‘About 5 tonnes of chrome ore fines of -10 mesh
size were received from the Orissa Industrial Development
Corporation for agglomer=tion (sintering and pelletising)
'studies. The sample ‘as received assayed 54.48% Cro0s
and did not require any beneficiation before agglo-
meration.
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. Bintering characteristics of the sample were
studied in detail for the production of both fluxed and
unfluxed sinters. In the case of unfluxed sinters it
was found that 6% water and 7% coke were the optimum
values for producing a good sinter of high shatter
strength and a¢ceptable tumbler test values. Fluxed
sinters were made with basieity ratios ranging from
1.0 to 1.6 addition of limestone. It was observed
that good sinters could be produced with the range of
basicity ratio studied.

Sintering studies on a large number of iron
ore samples from different parts of. Ind ia showed that
the shatter strength of good’ quallty sinters normally
varied from 50 to 60, With the increase of the basicity
ratio the shatter strength decreased indicating that
fluxed sinters were comparatively wesker.than the
unfluxed. sinters. In the case of chrome ore fines .
shatter strength of most of the sinters were much
higher (75 to 80) and the fluxed sinters were also of
equally high strength.

1 Pelletlzatlon of Chrome Ore Concentrates
from Orissa.

A Sample of chromlte ore COncentrate fines
(-10 mn) assaying 54.48% Crg0g, 12.5 Fe0 'and 3.52 Sily
from Orissa Industrial Deve opment Corporation was ' -
received for agglomeration studies. A process was
developed for the first time by employing pelletising
technique for chrome ore fines whereby the fines were
agglomerated into pellets suitable for smelting in an
Electric Furnace for ferrochrome production or for -
export. Best results were obtained by using the
sample as received after grinding to about 80%
+ =325 mesh, using suitable binder and firing condltlons.
Different combinagtions-of binders were inVestlgated.
Sodium silicate (0,5%) with limestone (1.,0%) gave
pellets with good crushing strength of 138 Kg/per,
pellet of 12,5 mm size when fired at 1200°C. 3%
Molasses or 3% Sulphite 1lye gayefired strength of 8
29.5 and 22,5 Kg/pellet at 110°C with a good shock #
resistance for green pellets.

Some binders were developed which gave
hardened pellets at low firing temperature as this
would effect a substantial saving in fuel costs.
Heat hardening characteristics under varying
conditions of furnace atmosphere, temperature,
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duration'énd;loading; effect of storage and deterio-
ration of properiies: on exposure to humid atmosphere,
etc, were glso studied in details. :

12.0  Beneficiation of Graphite Sample from
Gangavaram Mines, Mahabubabad, A.P.

A sample of low grade graphite from Gangavaram
mines, Mahubabad, Andhra Pradesh, was received from
M/s. 8. Lal & Co., Calcutta, for beneficiation studies
and for: producing a graphite concentrate assaying at
least 80% C and less than 3% volatile matter. .The
sample as received assayed 19.83% C, 71.47% ash, 1.03%
8, 7.93% volatile matter, 0,77% moisture and 6,06% Fe
in.ash, : ' ~

. Quartz constituted the chief gangue; which was
followed by feldspars, serpentine and micas. . Siliceous
gangue Was finely disseminated with graphite even at
-150 mesh size,

Flotation empleying a feed of 62.1% -200 mesh
using pine o0il as frother-collector and sodium silicate
as depressant for siliceous gangue, followed by
4 cleanings of the rougher concentrate after regrinding
yielded a concentrate assaying 32.18% ash., " Being high
in ash content,this product may not be suitable even
for foundry purposes.  Flotation tests performed under
identical conditions with the calcined sample (-10 mesh
sample roasted at 925°C), yielded a graphite concen-
trate assaying 79.47% C, 18.24% Ash, and 2.12 V,M.

This product almost conforms to the required specifi-
- catlons and can be used in foundry and paint industry.

12,1 Beneficiation of Graphite Sample from
: Errametla Mines, Mahabubabad, A. P..

o A low grade graphite sample from Errametla
mine, Andhrg Pradesh, assaying 21.9% fixed C, 67.1%
ash and 9,6% volatile matter was received from .
M/s. S. Lal & Co., of Calcutta to investigate the
possibility :of upgrading it to atleast 80,0% C and
3.0% volatile matter. Quartz and feldspar were the
principal siliceous gangue in the sample. Graphite
was intimasely associated with the siliceous gangue
and was not completely liberated even at 10 microns
size, ; : :
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o'+ Flotation using a feed of 84% -200 mesh employ-
jing pine oils as frother-collector and sodium silicate
" as 0il as frother-collector and sodium silicate as 3

';egangue depressant followed by three cleanings of the

rougher float after regrinding to 100% -200 mesh yielded
a graphite concentrate assaying 28,5% ash. The test
when repeated with .the calcined sample (-10 mesh cagl-
cined at 925°C) produced a better grade concentrate
assaying 74.24% fixed C, 1.45% volatile matter and
24,19% ash., The grade was slightly lower than that
specified by the firm,

8,2 Beneficiation of graphite Sample from
Sitapalli area, Andhra Pradesh,

ho The sample assaying 17.0% fixed C, 79.93% ash,
2.51% volatile matter, 0.55% moisture and 0,19% S was
" received from M/s. S. Lal & Co. Petrological studies
- showed that the gangue mineral was mainly garnet.
"Flotation tests using kerosene oil and pine 011 are
in progress.

12.3  Beneficiation of Low Grade Graphite from NEFAL.

L " A low grade graphite sample from Lohit Dist
NEFA, was received through the Supdtg. Geologist, GSf
Assam Circle, for beneficiation studies. The Sample as
received assayed 2.15% fixed C, 95.75% ash, 1.54%
volatile matter, 0.30% S and 5. 7% Fe in ash.

Graphite was present both as crystalline and
amorphous varieties. The associated gangue being
- muscovite, biotite, quartz, followed by minor amounts
of ‘magnetite, goethite and pyrite. Graphlte grains-
‘were extremely fine, the average grain size being
1 to 2 microns and were present interspersed in the
silicate matrix. The very low graphite content, its
extremely fine size and nature of association with
the gangue minerals indicated that a satisfactory
'grade of concentrate could not be produced from this
sample. ,
§ L]

ok few tests were, however, carrled out.

Flotation tests with sodium silicate as gangue depre-
ssant and pine oil as collector-frother produced a
rougher concentrate assaying 82,6% ash with a rejection
of 87.2% ash in the tailing.
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Reflotation of the rougher float for four times,
yielded a refloat concentrate assaying 20.84% fixed
carbon, and 60,48% ash with a distribution of 31,2%
fixed ¢ in it. Regrinding of the rougher float followed
by four cleanings of the ground product using additional
sodium silicate during each stage of clegning yielded a
final refloat concentrate assaying 45.13% F.C., 51.0%
ash, 3,57% volatile matter, 5.,6% Fe, in ash and 1.45% S
with a distribution of 46.2% F.C. in it. The ash con-
tent was still too high in the final Concentrate.
Flotation tests using diesel oil and kerosene oil did
not produce satisfactory results, 5 :

The very intimate nature of the graphite grains
and its low content did not warrant any further benefici-
ation studies. j _

13.0 Studies on Mineralogy, Crushability and
Reducibility of Iron Ore Samples from
Surajgarh Deposit of Chanda District,
Maharashtra. :

- Three iron ore samples from Surajagarh loeality
of Chanda Dist., Maharashtra were received for studying
the mineralogy, crushability and reducibility character-
istics., This ore is stated to be utilised by Govt. of
Maharashtra for their proposed pig iron plant project.

Hematite was the chief iron bearing mineral
associated with minor amounts of goethite and magnetite.
Some siliceous and aluminous gangue Were also present in
the laminated sample. foe -

From the tests carried out with the three samples
from Surajgarh deposits for evaluating crushability
characteristics, it was observed that .the flost variety
offeredthe greatest resistance to compression and
produced the least amount of -9.5 mm fines as compared
to massive: and laminated one samples. The laminated
variety was foynd to be more friable as compared to.the
other two varieties and generated more fines on
crushing. . £ e

Redueibility studies were carried out with
closely sized fractions of each of the three samples.
The rates of tTeduction thus determined were compared
with those of Rajhara and Dalli massive iron ores which
are used in Bhilai Steel Plant for.iron making. Rates
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.. ~-of 'reduction of laminated and massive ores of
Surajagarh deposits were found to be faster as compared
to Rajhara iron ore and took less time for 90% reduction.
Amongst the three test samples of Surajagarh deposit,
the massive ore insitu was found to be the most easily
reducible followed by laminated and float ores except in
the size range 4.7 - 2.5 mm where the rate of reduction
of laminated variety was higher than those of the
massive and float ores.

14.0  Beneficiation of Poor Grade Kyanite from
: Amda Lapso Mines, Bihar.

fi sample of poor grade kyanite from Amda Lapso
kyanite mines was received from M/s. .Indign Copper
Corporation, Ghatsila, Bihar for beneficigtion tests.
The sample as received assayed 38.2% AloOg, 50.6% SiOg,
3:1% Feg03, 1.06Ti05, 2.4% Cal, 1.5% Mgg, 1.15% (Nag0™+
Ks0). Quartz and miscovite were the main gangue minerals
w%th minor quantities of Sericite, Chlorite, Rutile etc.

Hydroclassification followed by Tabling at -48
mesh did not give satisfactory results. Flotation with
a deslimed feed at 3.8 pH employing Lactic acid and
sodium sulphonate followed by four cleanings yielded a
final concentrate assaying 60.4% AloO3 with a recovery
of 48,8% kyanite in it. :

14.1 Beneficiation of a Kayanite-Sillimanite
Sample received from Govt. of Mgharashtra.

i The sample as received assayed 40,1% Alo03, *
51.67% 8105, 0.40% Feg0q, 1.36% Ca0, 0.49% Mg0, 0.65%
Ti0o, 1.31% (Nao0 + KZO) and 4% L.0.I. Flotation
’tes%s using lac%ic acid as depressant for mica and
other gangue mineragls and sod. sulphonate as collector
for kyanite, at different pH ranges indicated that a pH
of 2.5 was optimum, which produced a rougher float assaying
47% Alo03 with a total recovery of 72% AloOg. Catio-
nic flotation of mica, followed flotation of rica
tailing for kyanite yielded kyanite float assaying
50,95% Al0g, three cleanings of the kyanite float
yielded a cfeaner concentrate assaying 55.4% 41503
with a recovery of 25.9% Als03 only. Further tests
are in progress,
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15.0 Recovery of Diamond and Concentration of TiOg9
from -20 mesh.Fraction of Diamondiferous Tuff.

A sample of -20 mesh frantlon of diamondiferous
tuff was received from Panna diamond project, N.M.D.C.
for studying the possibilities of recovering dlamonds
and upgrading the sgmple with respect to T102. "The .
sample as received assayed only 1. 77 T102. :

Jigging and tabllng tests were conducted to
obtain a pre-concentrate of heavy minerals. Magnetic
separation of the heavy mineral concentrateées produced
magnetic fract&ons assaying only 3.1 to 3.35% Ti0
The non-magnebtic fracticn was subjected to electro—
static separation. No., diamond grains could be
identified in the non-conducting friaction Rutile' being
present in minor amounts, could not be ‘separated by
electrostatic separation. The tailing fraction carried
80.7 to 83.1% of the total Ti0s in, the product, Most
of the Ti0p in the sample was Contributed by minor
amounts of leucoxene as minute inclusions in the
serpentlne and calcite grains. Hence the TiOg content
in the tailing could not be ccncentrated by electro-
static separatlon

Flotatlon.of the sample after flash grinding to
about -65 mesh size using light diesel ‘0il and pine oil
could not rascover any diamond grain, Flotation tests to
separate TiO, bearing minerals from gangue did not yield
satisfactory "eqults.

16.0  Upgradinz.of a Silica Sand Sampie from
Ratnagiri District Maharashtra.

A sample of 31110a aand assaying 98.52% Si0o,
R 667 Alg0g, 0.21% Ca0; 0.09% Mg0, 0.19% Feg03, 0.14%
alkalles as chlorides was recelzed from the Director,
Geology & Mining. Maharashtra, Nagpur for making it
suitable for the various industries. . The sample was
already of a high grade and could be used as such for.
silica brick manufgcture. Since the glassmakers prefer
a sand as low in Fey03 and Alo0g as possible studies
were undertaken to determine the extent to which these
could be reduced in the. sample by adopting suitable
methods. Agitation and desliming tests ~howed that a
sand having 97. 2% by wh. and analysing 98.8% SiOg,
0.046% Feg03 and 0.35% Aly03 and suitable for making
good quality glass could %e produced. The washing
sand upon hydraulic classification, yielded products
suitable for foundry use.
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17,0 ' Production of Silico-chrome by single stage

Process in the Pllot 500 KVA Sub—merged Arc
Furnace.

Work was taken up to study the operating condit-
ions in detail for the production of silico=-chrome by
employing the raw materials supplied by the sponsorer of
the project.

Smelting trials were'undertaken to produce .
silico-chrome by single stage process with the raw-
materials supplied by M/s. Ferro-Alloys Corporation Ltd.,
Garividi. Silico-chrome containing Si 40 - 45%, Cr 35 -
40% and Carbon C 0.05% was produced by the direct smel t-
ing of chromite ore and quartzite with various
carbonaceous reducing agents. The chemical analysis of
the chrome ore, and the seive analysis are-indicated in
Tables 2 and 3, The chemical analysis of various
reducing agents used in this investigation is indicated
in Table 4., Analysis of various fluxes employed are indi-
cated in Table 5. Typical charge burden consisting of
chromite 50 kg, Garividi coke 45 kg and quartzite 50 kg
was mixed and fed into the furnace at the rate of 120 kg
per hour. .Quartz employed was -13" +1/8" in size and
contained 98% silica. The typical operation and data in
various periods of the compaign are indicated in Table 6.
Based on the above studies the follow1ng conclusions were
arrived at. :

i) Ferro-silico-chrome containing 40 to 45% silicon
can be successfully produced by the single stage
process in the sub-merged arc furnace,

ii)  Giridih coke when employed as the only reducing
agent creates operational difficulties, such as,
poor porosity of the charge, slow rate of
Peductlon, and high chromlum losses.

iii) Wood charcoal improves the smeltlng process and
also the furnace operation conditions, vhen 24 per
cent of Giridih coke in the charge is replaced
with wood charcoal.

iv) When dolomite to magnesia to alumina ratio
improved, it helped in the formation of fluid
slag and improved the rate of smelting and smooth
charge descent.
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v) Limestone addition to the flax 1mpreved the slag
condition but the silica content in the metal
dropped down to 36 per cent,

vi) The optimum Mg0/Al 03 ratlo is found to be 1,00
. below which the slgg“becomes low melting and
viscous. When the ratio is above 1.2 the silicon
content in the metal drops down.

vii) The aVerage power consumption pef tonne of the
- alloy produced is 7800 kWH,

Table 2 - Chemical Analysis of the chrome ores,

Constituent . . Percent
Cro03 | ' 54,38
Total Fe ‘ ; 135 16
PO Ap gy To T4 1e8E0
L1503 das Eb ) i d G368

840, 5.~- : Loig A
 Cr/Fe ratio i 2483
Mg0d - ratio B 1,84

Table 3 - Screen analy51s of dhromite.

Weight percent

1M 410 =i 8
1" +2n " 30%
—3n 4dn ’ 24%
-1 41 : 18%
-3" +1/8" . o : 11%
-1/8" 8588 56

- ——
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Table 4 - The Chemical analysis of the various
reducing agents used in the investi-
gation of the single stage production
of silico-chrome,

Tiscol Tisco 0

IL.T.C. coke

T
% § nut § pearl §G1r1iih§ W;gd ifrom F.R.I,,
I coke § coke § ©°%® § °™8I" fJealgora.
i { coal i
Fixed carbon 74 ,4 71235 74 LD g Ry LD 61450
Volatile matter D 4 .3 L2782 B3RL00 $el0
Moisture g 052 e 2P o148 8.50
Ash 22.9 23,2 21,94 9.70 25490
Ash analysis:
Ca0l 3.8 4,85 D38 050,40 5.68
8102 52,08 55:28 60.75:.10.,48 53.80
Mg0 2,12 2:90 By kD 6.60 1388
Alo0g3 S5.00 - -25310 21,60 Syl 28,00
Fe203 8,57 11,90 7.60 5.64 6.57
Phosphorus 0.69 0.40 D13 0.65 0.80
Sulphur 0.50 0.356 b 55 028 3 P

Table & - Analyses of Fluxes.

Bop & t4 Liigh s jQuartziteyDolomite § Limestone ¥ Fluorspar

L :

SlO 98.0 - 6.44 .k
1.0 ol o i

3 0.05 21,37 -5 e
CaO 0.60  28.43 48,81 B
CaC i ol - 75
Fe 8 0.30 - - -
Loss on ignition - 45,2 40,50 -

Moisture
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18.0 Fluo-Solid Roasting of Sikkim Complex
Sulphide Concentrate,

Fluo-solid roasting of sulphide ores has been
increasingly used for sulphide roasting as it helps in
the production of high SOQ containing flue gases, uni=-
formity of temperature, gas composition and calcine
composition throughout the bed., Systematic studies
have been taken up on the roasting of complex sulphide
ores,

A sample of bulk float received from Sikkim
Government was taken up to recover lead, zinc, and
copper. The complex sulphide concentrate analysed
14.45% Cu, 7.83% Pb, 6.65% Zn, 30.52% Fe, 29,92% sulphur,
2,64% moisture and 2.82% insolubles.

: .'Thermo—dynamic calcmlations héve been made to
find the conditions necessary for sulphate roasting of
Sikkim concentrate.

A series of continuous fluidisation experiments
were carried out in a 6 cm dia stainless steel reactor
using calculated amount of air to make a ratio of
50 moles of air per mole of copper content at temperatures
ranging from 750°K to 925°K, The rate of feeding of the
concentrate was uniform during the run.

The roasted product obtained in all_the experi-
ments was leached in 2.5% HgS04 (v/v) at 60°C. The
slurry was filtered and the leach liquor was analysed
for copper, iron and zinc. The percentage dissolution
at different temperatures is shown in the Table 7.

Table 7 - Percentage dissolution of metals in
the Leached Product,

5] filags o 1ebvod Taplgyr S Y OB 2N in % Fe in
Temps K solution solution solution
750 ; 46,7 41,8 ; 27.2
800 . 55.7 BL.B 25,8
850 Lk 77 .4 B8Pk al+%
200 86,2 . 68.4 5.6
9251 : 74,18 62.4 4,2

———————————————————————— - —— - —— " — gy "y - -
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Further fluidising experiments are pbanned in a
Dorco 6 inch fluo-solid roaster (recently installed) at
optimum conditions of roasting in presence of alkali
salt so as to reduce the ferrite formgtion and promote
the sulfation of copper and zinc.

19;0 Extraction of Nickel.

Several low grade nickel ores of lateritic and
serpentinous origin have been brought to light during
recent years by the Geological Survey of India. In
view of the strategic importance of nickel, the recovery
of nickel from these low grade ores is of paramount
importance and systematic investigations are in progress
to study the extraction characteristics of nickel from
different deposits. : ;

Light grade lateritic ore from Sukinda, Orissa.

Light grade nickeliferrous lateritics received
from the Sukinda area of Orissa .analysing 1.8% NiO
47.04% total Fe 6.2% Cro03, 6.8% 510n, 1.1% Mg0, 12.36%
AloOs and 2.9% Mn0 with“traces of coablt, was pulverised
and reduced with hydrogen and leached wi ammoniacal
liquor in presence of guseous oxXxygen. - :

Nickel ammonium carbonate solution obtained as
leach liquor containing one gram of nickel per litre was
. reduced with hydrogen at elevated temperature and
pressure. The various factors studied include the effect
of temperature of reduction, partial pressure of hydrogen
and period of reduction., It was observed that 98,95% nickel
could be recovered in powder form by reduction of the
nickel ammonium carbonate solution at 250°C for two hours
with hydrogen partial pressure of 30 kg/cmz by using
0.5 gram of -100 mesh ?B.S.S.) size nickel powder for
nucleation. The purity of nickel powder obtained was of
—the order of 98.77%.,

204008 Utilization of Jadugoda Ni-Cu-Mo Concentrate,

Low grade nickel,copper and molybdenum deposits
are found in Singhbhum district and in view of the
strategic importance of Ni,.Cu and Mo, the recovery as
well as separation of the metallic values from the con-
centrate is of paramount importance. Systematic investi-
gations were carried out to study the extraction chara-
cteristics of Ni, Cu and Mo; from the concentrate
received from Jadugoda Mines.
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Sulphatioh was attempted to extract nickel,
copper and molybdenum from the Jadugoda Ni-Cu-Mo con-
centrate containing 1.56% Ni, 0.94% Cu, 0.28% Mo,

- 54,12% Si0o, 9.88% Alo03, 3.90 Mgd, 0.56% Cal, 5.,40%
8 and 1.40% P0..

The concentrate was roasted in air and leached
with water and sulphuric acid solution to separate Ni,
Cu and Mo values. The various factors studied include
the effect of temperature of roassting period of reast-
ing, duration of leaching and concentration of sul-

: phuric acid., It was observed that complete sulphation

‘could be carried out with a concentrate of =200 mesh

.~ (B.S.S5.) size roasted at 450°C for a period of one
hour, Ni, Cu and Mo could be extracted by leaching

at 60° - 90°C with a 2% sulphuric acid solution for

‘one hour., 83% Ni, 95% Cu and 95% Mo were extracted.

‘ Preliminary pressure leaching experiments of
the concentrate with ammonium hydrozide solution were
also carried out to study the possibility of extraction
of nickel. The results obtained show that 70% nickel
can be recovered by leaching the concentrate with 10%
ammonium hydroxide at 100°C for two hours with oxygen
partial pressure of 20 kg/cm®. Separation of metallic
values from pregnant solution is under study.

21,0 Thermal reduction of lime for the production of
Calcium metal by Aluminium Powder under Vacuum,

: Calcium metal is widely used to remoVe non-
metallic impurities in metals and alloys. This applies
in particular to the removal of resicual phosphorus,
sulphur and dissolved gases during the manufacture of
high performance steels., It is al®» used in the
reduction of metals from their oxides, chlorides and
fluorides. Indigenous nroduction of calcium metal is
necessary with the growth of nuclear power generation
and other developments in the field of atomic energy.

A sample of lime stone from Salem, Madras
containing 54.81% Ca0, 0,44% Si05, 0.19% Feg0g3, traces
of A1503 and MgQ and 43,40% loss on ignation Was
calcined at 950°C, The calcined lime of 97% purity
was powdered to -100 ' mesh B.S.S. and was briquetted
with 200% excess by weight of the stochio-metric com-
position of aluminium powder of -100 B.S.S. size and
charged inside the retort. The experimental arrange-
ment and the dimension of the retort made of inconel
with the gssemblies are given in Figs. 5 and 6. The
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split type condensor of stainless steel and the circular
sleeves were placed inside the retort at fixed positions.
The retort was evacuated by a high vacuum pump and was
simultaniously heated by a .silicon carbide furnace,

After completion of the experiment the retort was pulled
out of the furnace and was cooled in alr and the residue
analysed for calcium recovery.

It was observod thpt calcium deposition occurs
between 390°C and 400°C in g massive form. The investi-
gatlon_ls complete and a report is under preparation.. -

22,0  Production of Aluminium - 'Titanium'miov' (10% T1i)

Titanium is used as an aLlonng element in- certain
weought aluminium base alloys. Its presence in these
alloys to the order of 0.1% serves as a grain refiner and
also imparts strength and toughness to the alloy, and such
alloys are extensively used for the air-craft structural
components. The work was taken up at the instance of
Metal & Steel Factory (Indian Ordnance Factory), Ishapore,

Systematlc studies were carried out to obtain high
reCOVerles of titanium from titanium bearlng minerals into
the aluminium-titanium alloy. Exothermic mixtures with
suitable composition were worked out and a recovery of
' 50% Ti was obtained. Further work is in progress,

23,0 Recovery of Germgnium from Coal Ashes.

28 , Germanium occurs as a minor constituent in coals,

“and 4s- generally discarded in the coal ashes, 1In View of
its increasing importance in the electronicé industry for
making transistors, studies have been andertaken for the
extractlon of Germanium from coagl z:ches.

Representative samples of-coals from various coal
fields and fly ashes and flue dusts from various thermal
power stations and gas plants were obtained and analysed
for their germanium content by the X-ray fluorescence
.method, with the help of Autrometer. About 40 samples
“of coals, 22 samvles of- fly ashes and 14 samples of flue
dusts were analysed The coals were crushed to -200 mesh,
dried at 110°C, ashed at 300°C, and were analysed. Only
few samples gave positive results. Results are recorded
in the Table 8. : '
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EXPERIMENTAL SET UP FOR THERMAL REDUCTION OF LIME

|. TEMPERATURE INDICATOR 2. THERMOCOUPLE 3. THERMOCQUPLE SHEATH
4. SILICON CARBIDE FURNACE 5. INCOMEL RETORT 6. FLANGE 7. THERMOCOUPLE
GAUGE 8. VACUUM INDICATOR 9. VACUUM RECORDER 0. VACUUM PUMP
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" Tgble 8 - Analy51s of fly asheq and flue dusts
for Germanlum.' - i

Fiue dusts source,

Coal Field. Ge. ppm.

S1.No.

1 Gujarat Electricity Rahclhapar Newton 200
Board Porbander. Checkel, Chandatte

Qe Gugarat Electricity Newton Checkel from 201
Board, Porbander. Cyclone

Se Calcutta Electric 100
Supply Co. Ltd.

4, Madhya Pradesh
Electric Board. 10

54 - --Durgapur Pfoject
Ltd., Durgapur 10

6. Rajasthan Steel Bhustend & Gidi 4 i

Electric Board,
JOdhpur .

Fly Ashes,

1.

2.

Calcutta Blectric
Supnly Co.

Durgapur Thermal
Station, Durgapur
Project.

Trombay Thermal
Station,Sholapur.

Sindri Thermal
Station, Sindrl.

Electricity Board
Faridabad.

Bengal & Bihar
eoal £ield,

15

S

56

Manoharbehal co6ll= 10

"iery Kalipahani .

Ghusick Jambad °
Kojra,Hassipur
Benlee, Nags Ram,
Jibanpur Pine,

- Sitapur.
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10 2. 3 8. 4.
6. Rajasthan Steel Elect~ ~Bengal & Bihar coal 10
ricity Board Jodhpur field. Bhurkumda - -

(Rajasthan).  Gidi A & Co.
' Saurda.
5, Central Thermal Power l.Nott Chandawetta 10
Station, Sikka. 2.Newtonchickli
3.Ghusghen colliery
-4 ,5a8lr colliery
8. Gujarat Electricity 1l.North Chandametta 20
Board Porbander. 2.Kuresia -~
3.Rekhi
4,fLmbara etc.
9, Gujarat Electricity  90% coal from Korea, 10
Board, Sabarmati. Rewa, Penchad Chanda ;
coal field etec.
10, Beas Project,Talwar 20
Township
Dist. Hoshiarpur.
11, Gujarat Electricity 145
Board, Porbander.
Coal Ashes
1. Gujarat Electricity Chandamatta Colliery 64 .
Board, Porbander. ;
- 4 Gujarat Electricity Raman Warakhas 14
Board, Porbander,
3. Gujarat Electricity North Cokandamatta 39
Board, Porbander,
Analysis of coal for Germanium
j 2% Gujarat BElectricity - Newton Chikly 197
Board.
2. -do- Chandamatta 268
3. -do- Rawanwarakhas 248
4, -do- North Chandamatta 248
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The percentage of Ge in the samples is quite en-
couraging in some cases. The flue dust from Porbander
Power Station, Gujarat, contained 200 ppm germanium and
was obtained from the Newton Checkly coal field. The coal
from Newton Chickly is also being tested for germanium,
The concentration of germanium in different fractions of
ashes was also studied by sieve anglyses of the sample.

24,0 Recovery of Selenium and Tellurium from Copper
Slime., :

Anodic slimes settled under the bottom of the
electrolytic cells during the electrolytic refining of
blister copper at Indian Copper Corporation is an import-
ant source of selenium and tellurium metagls in India.

With a view to producing these rare metals indi-
genously to meet their ever increasing demand in modern
electronic industry, a systematic study on the recovery
of selenium and tellurium agpart from some noble metals
was taken up.

The method followed and developed consists in
sulphatisation of slime in two stages i.e. digestion
followed by roasting.

The samples of slime used for recovering the
metallic values have the following chemical composition.

Se. ..~ Y55 8,3% As 5 .44%
Te 6.2% L0 Aw 0.0928%
Cu 14.,6% Fe~ ~0.51%
Ni 33.7% 8105 - 6.5%

" Ag G 158% B e ke 7ok

Initially sulphate roasting of slime was done after
digesting slime at 280 C for 6 hours., The residue was"
found to sinter at 700°C resulting in sulphate decomposit-
‘ion. To avoid sintering of the residue, roasting tem-
'perature Wwas lowered and digestion of the slime was done
at 200°C with twice the quantity of HoS04 in a silica boat
" kept in a sealed stainless steel reaction “ube. A number
of experiments were carried out to determine the effect
- of digestion time, roasting temperatture and time. The
- results gre tabulated in Table 8, The best resul ts were
obtained under conditions of the experiment No. 11,
Table 10 indicates the effect of acid concentration with
other experimental- condltlons remaining as in experiment
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pro. The percentage of selenium recovered at 200% (by

g}We%ght) acid concentration was mgXimum, Since excess ac1d

"“{e essential to decomposethe selenides completely, 200%
ac1% by weight was maintained 1n the rest of the experi-
ments. .

Experiments were also carried out to find the
amount of selenides and tellurides decomposed during
digestion by leaching the residues with water. The

- results are shown in the Table 11, It is evident from the

«‘results that with increase in the digestion temperature,
sel'enium recovery increases while tellurium recovery
decrezses with copper and nickel recovery belng almost
constant

The optimum conditions arrived at are 200% Conc.
HoS04 by Weléht in the charge with the dl%estion tempera-
ture at 280°C for 5 honrs and a roasting temperature of
600°C for 4 hours., About 500 gm slime was treated in a
sidlica retort in one batch and the recovery of selenium
' iwas about 98.5%

08 ¢ Cementation studies are under progress to recover
511ver, tellurium, copper and nickel from leached liquors.

: Table 9 - Effects of dlgestlon tlme and roasting
: temperature and time.

Temperature of digestion - 28000.

] Digestionq Roasting . 8
No.% Time hr, gTemp.ochime hr.g'a

L. 6 500 4 75.00 24.82 28,40 78,31 72,25
2. 6 550 4 77,16 45,39 32,48 82,99 89,6
B 6 600 4 - 94,82 66,21 34,23 86,35 93.59
4y 6 650 4 96.77 69,3 51,48 76,08 84.36
S 5) 600 h 92.62 64,33 15,28 97.42 86,76
6. 5} 650 1 Bl.,52 8838 = §./285"90,39 89,24
T 6 600 i 83,97 61,34 26,08 72,21 86.27
8. © 600 3 96.65 89,78 55,14 98,49 922.72
9. 5 600 3 96.54 72.65'29,19 97,83 93,21
104 5 650 3 95.21'67:8:° 17,85 96,59 96,09
i 5 600 : 3 98,16°91,82°50.25'99,13 929,94
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Table 10 - Effect of acid concentration

Roasting time = 4 hours,

S1. Recovery :

No.y"acid 4§ Sef 1 TeZ | Ag? I CuZ} NiZ
1, 75 13.66 97,18t T 86588 O TORLD 40,45
2. 100 4,85 07,17 7 " 5837 60,30 58,69
3. 150 17.99 96, 34 90,90 54,43 29,29
4, 175 112,12 92.94 95.42 13,95 15,03
. S 200 98,16 ‘91,82 50.25 99,13 44,90

Table 11 - Recovery of Se & Te at different
. digestion temperature,

Digestion time - 6 hours.

Sl.%Digestion g Recovery

No. yTemp. Qg i Se % Te % Ag % Cu % Ni %
k. 200 14,73 7:89.74 1 42,84 i 98,97 94,62
2. 240 655,77 1 53.23: 56,26 .: 95.66 79,91
3. 280 84,37 36,721 1.83,22 064860 . v SR 18
4, 320 9,85 1480434 11 32,78 98,09 86,92

Sulphuric acid roasting of slim involves problels
relating to the material of construction and hence a few.
experiments were carried out to recover selenium and. ' .
tellurium by decomposition of selenides and tellurides of
copper and silver with sulphur under vacuum, Selenium and
tellurium were deposited on the baffle plates kept at a
cooler zone. - ‘ o S g

~ Copper slime -100 mesh was mixed with 200% by
weight of elemental sulphur (-100 mesh fine) and briquet-
ted at 2000 1b/sg, inch and the briquette was heated in..
a stainless steel tube inside a boat made of stainless
steel, One end of the retort was closed and connected to
& vacuum pump., Work is under progress on the vacuum
decomposition studies. ; i
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25.0 Preparation of.Anhydrous Magnesium Chloride.

Anhydrous magnesium chloride is used as a fluXing
material for melting and-refining of magnésium and magne- ‘
sium base alloys. The work was taken up with a view to =~
examine the possibilities of preparing anhydrous magnesium
chloride from indigenous raw materials-and to- develop the |
know how for a scaled up production unit thereof.:

M/s. Hindusthan Aircraft Ltd., have - showed irnterest in
anhydrous magnesium chloride.

For productlon magne51um chlorlde by chlorlnatlng ,
magnesia, briquettes were prepared from -60 mesh magnesite,
calcined at various temperatures mixed with -60 mesh cal-
cined petroleum coke together with magnesium chloride
solution of 22° Be as binder. The shape and size and heat
treatment of green briquettes have been standardised. The
physical properties of the dried brlquettes were also
measured.

These briquettes were chlorinated in a-(Fig. 7)
25 mm dia quartz tube heated externally by a vertical tube
furnace. The lower part of thé tube was packed with
graphite lumps which supported the charge. -Chlorine was-
injected "at the bottom of the graphite bed, which flowed
up through the graphite and the charge. lhe reaction’
product being liquid at the reaction temperature, passed
through graphite bed and collected in a .silica‘receptacle
fitted at the lower ‘end of the quartz tube. The top was
open to atmosphere under an exhaust duct. Results obtalned
with briquettes prepared 1rrom magnesite calclned at 1050°C
(Mg0 93,57%) and petroleum. coke, calcined at 700°C under
nitrogen atmosphere (F.C. 92.557) were very encouraglng
and were studled in de*alls.,. v

‘The effect of phy51ﬂal propertles, the time and
temperature and amount of carbon on chlorine efficiency
are shown in Figs. 8, 9 and 10 respectively. -Chlorine
efficiency was celculated on the basis of -total’ magne51um
chloride formed which includes losses due to volatili--
sation and absorption in the graphite bed and .quantity
of magnesium chloride collected. The optimum conditions
for chlorination of briquettes were been establlshed

Pellets of 7 mm dia. prepared from the same
composite mix as of briquettes were prepared in a drum
pelletiser and heat treated under the same standardised
conditions. These pellets were chlorinated under the
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‘optimum conditions of brlquettes Results showed that the
pellets were superior to briquettes as feed char*e on the
basis of chlorine efficiency,

On the basis of observed optimum condition proposal
have been put forward to design a production unit with a
capacity of 25 kg/day. ~The ‘proposed unit should be inter-
nally heated,

It has also been decided to study the various
variables viz physical properties, height of graphite
lumps bed and chlorine efficiency etc. for both briquettes
and pellets prepared from different raw materials, cal-
cined as well as unclained,

26.0 ° Preparaﬁion of Synthetic Cryolite.

Cryollte is an essentlal mineral required in steel,
aluminium and ceramic productlon industries, = Natural
cryolite is not found in India and its requirements are
met by import. In view of the expending demend of this
material, work was taken up to produce it synthetiCally.

i Barlier, considerable work was done on the pre-
paration of cryolite from beneficiated indigenous
fluorspar (beneficiated at NML) by fluoborlc acid process

and reported in. prev1ous reports. -

"During the perlod tests were carrled out for the
corrosion resistance of: varlous materials in the process
liquors under actual working conditions., Lead was found
to withstand the leach liquor but it corroded in mothér
liguors.  Presence of sulphurie acid in leach liquor
improved the corrosion resistance and its absence caused
corrosion. 316 stalnless steel was tested with both the
. liguors and found resistant at: room temperature. At °
higher temperatures 316 stainless steel. was found to
corrode. Ordlnary 18: 8 stalnless steel could not with-

" Rubber was found to be quite resistant at room
temperature, but a higher temperature it softened and
became completely unsuitable Some articles coated
with plastic emulsion palnts were tested with the leach
as well as mother liquor. Among this type of paints, epoxy
paint was found quite good at room temperature. Test
carried out at high temperature such as 95°C, caused the
paint to peel off although the paint itself ramained un-
affected. The possibility of eliminating the defect is
being examined by improved surface cleaning, and better
undercoat,
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A few experiments were carried out for the preci-
pitation of cryolite from fluoboric acid solution with
sodium aluminate solution with a view to minimising the
corrosion of lead lined tanks during precipitation as
fluoboric acid is neutralised quickly by sodium aluminate..
But the cryolite precipitate obtained was gelatinous and
could not be filtered easily.  Also the product contained
traces of lead. perah - G 4

Table 12 - Cyclic ekperiment for Ammonium‘Cryolite.

Volume of leach liquor - 3:litres
Boric acid added - -- 360 gms
Ammonium sulphate added -— 69 %ms
Sulphuric acid used - 36 (N)
Time of leaching - ‘ 2 hrs6
Temperature of leaching Lédridna®s” * 296G
) § - § Resi-JCal- JFlubo-} Hydra-{ Ammo- ! Ammo-
{Flu-§ Sul-§ dual Yeium §ric § ted § nium ¥ nium
Bxptiors-§ phu § sul- fear- Jacid § alumi-} carbo-1 cryo-
No. Ipar § ric § phu- Jbona-Jfound { na I nate ! lite
Jadd-§ add-§ ric fte lin | added | added ! obtd.
Jed ] ed I acid Jaddedigm. § in egm.Y in gm.} in gm.
fare 4 diinds 184 . Bdmends ot ) § 5. i
fgms.§ c.c.l leachlgms. { | B !
| P itgn-t sined el I
1 | or. ! 1 i g
B < OD0 408 " XFL AR LY O a15,8 aoo =™ i 200 386
2. 600 . 408 41,60 42,0 294,0 298 228 ' 345
3. 600 408 56,90 - 58,0 347.0 264 250 420
4, 600 408 50,80 52,0 335,0 s, 250 411
De 4000 408 7 .30 Tl [ eo, 7 lais) 290 420
6+ £ £00 408 82,00 8.0 318.0 242 218 398
e 500 408 80,192 82,0 298.0 197 218 320
8. 600 408 123,0 80,0 304.6 e 290 359
Ye 500 408 165,00 80,0 294,7 224 300 340
10, 600 408 111,00 100,00 272,0 207 el s
Leaching efficiency . =-- 94.6%

Overall efficiency S -- 79.7?%
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Table 13 - Cyclic -experiment for Ammonium Cryolite.

) | JResi- lca1-YP1ubo=Y - - ¥

§ Flu- §Sul- Y327 Jejumiric  JHydra-) Ammo- ¥ Ammo-

§ ors- Jphu- fgui- Ycar-facid Jted I nium I nium
Expt) par fric fdphu-  Ipon-Ifound Yalumi-§ carbo-3 carbo-
No. § add- facid fric Yate Xin Ina: 1 nate ! nate

| ed  fadd- Y019 Joga-Yem. Uadded § added I obta.

X in  led infjgsopn fea | Yin gm.! in gm.Q in gm,

§ gms, fe.c, ﬁliquorﬁin § § § §

3 ) jan. § i i {
+ 200 139 16:3 16,6 97,7 7433 U0 8 117
- 200 139 16,9 17.2 104.9 9.7 73 128
3. 200 139 23,4 23,9 106,4" 81,0 80 125
4, 200 130 84,5 85,2 108,86 8g.5 80 130
5. 200 139 348  35.60'97.6 i 0= B 4 8 117
G 200 139 42,1 42,9 101.0 7048 77 118
7 48 200 139 41,1 41,9 96,2 Y&il LT 120
8 200 139 46,8 30,0 90,3 68,6 920 113
Q. 200 139 62,0 40,0 90,2 6845 94 114
80, 200 139 64.5 40,0 84,2 64,0 79 103

Leaching efficiency S 89.9%
‘Over fluorine recovery- il 79,08

" A few experiments were carried out for heating
the process liquor with D.C. current so that external
hegting can be avoided. The heating was possible upto
80°C using graphite cathode and lead anode but both the
electrodes suffered severe corrosion due to high corro-
sive nature of the liquors - G SR

26.0 Preparation of Ammonium Cryolite.

Cyclic experiments for leaching two different
fluorspars with sulphuric acid and boric acid in
presence of ammonium sulphate were carried out to
standardise the leaching stage of the process. The
results of these experiments are given in Tables 12 and
13. The results indicate that leaching efficiency

_ ranges from 90-95% over a wide range of experiments with

respect to fluorine values. In the ninth cycle, leaching
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efficiency dropped appreciably as is evident from residual

S04. Overall efficiency of 77-80% with respect to
f%uorlne has been obtained. The ammonium cryollte obtainet
was quite pure and of high grade.

Decomposition of Ammonium Cryolite:

Ammonium cryolite obtained by'the cyclic experi-
ments were mixed and the decomp051t10n of the mixture was
studied in the apparatus shown in Fig. 11. :

A pot containing ammonium cryolite was kept in the
pot furnace fitted with a thermocouple and_pyrometer. The |
outgoing gases Were passed through another furnace contain-l
ing alumina pellets, and three gas absorbing bublers con- |
taining boric acid solution, sodium carbonate solutions ;
and dil sulphuric acid. The whole unit was connected to
a suctlon pump, When the temperature was raised in the
pot furnace, ammonium cryollte decomposed releasing a
mixture containing ammonia, hydrofluoric acid and ammonium
fluoride if any. The second furnace containing alumina
was meant for reacting with HF gas to form aluminium
fluoride.

The result of the exp"rlmentc at various tempera-
tures are given in table 14, Chemicgl analysis of the
ammonium cryolite used. was NH, 17,15%; F 60.52%; Al 20.39%;
Fe 0,098%; 510o 0.03%; S04 0.44%; Cald 1.24%; Moisture

(110°C) o. 227
Table 14 -~ Decomposition of Ammonium Cryolite
at various temperature.
Expt.j Wt. of § i 'gResidueg : Analysis
No. § Ammonium § Temp, y Time § gms. § % in Residue |
§ Cryolite § i s e :
1. 50 gms 300°C 4.00 hrs 45.94§F - 61.52
fNH, - 11.19
2, 50 gms 400°C 4,00 " - 40.40fF = - 61.97
T The R - 6,88
3. 50 gms © - 500°C 4,00 " 34.61F = - 62.7
| 3 INH, - - 0.25
4, 50 gms 550°¢c 4,00 " 33,27]F - 762,93
| Y : . i, - .23
5. 50 gms - 660°C 4,00 " 33.16§F R 61,7
ta | fNH, - o0.21
6. 50 gms 650°C 4,00 " 31.15{F - 58.4

iNH, - 0.17




Fig. 11 Set up for studying the decomposition characteristics ammonium cryolite
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Time of decompesition was kept constant for four
hours, The temperature was varied from 300°C to 650°C,
As evident from the table, decomposition of ammonium
cryolite is almost complete at 500 to 550°C, Heating at
still higher temperatures results in the loss of fluorine.

Further experiments are being continued to study
the influence of time and presence of alumina on the rate
of decomposition of ammonium cryolite and recovery of
aluminium fluoride,

27.0 : ‘Nick514free;Austenitic Staihlsss Steel:

About 250 kg of electrolytic manganese was
nitrided at the National Metallurgical Laboratory and
another two ton heat of nickel-free stainless steel was
made at the Alloy Steel Plant, Durgapur. The heat was
made in a basic lined 1nductlon furnace, using low
carbon ferro-chrome, nitrided electrolytic manganese
and low-carbon steel scrap...The ingot obtained was

soaked at 1200°C and was rolled into bloom.

The break-down plate of the first stainless steel
heat made at the Alloy Steel Plant, Durgapur was analysed
for its chemical composition. Tensile tests and hardness
tests were carried out on the break-down plate also.
Samples were taken from the break-down plate.and were so-
lution treated by quenching in water from different
temperatures to determine the soaking temperatures at
which the steel would develop duplex structure.

! A number of heats were made in 20 1bs basic high
frequency induction furngce at the laboratory to develop
technique for critical control of the amount of nitrogen
- required, and its distribution inside the body of the
ingot., A few ingots were sectioned longitudinally to
study the internal structure of the ingots. Further work
on the internal structure of the ingots of nickel-free
stainles steel, the distribution of  excess nitrogen in
the steel ingot ’and utilisation of the hot-top technique
is under progress,
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28.0 Studies on Substitute High Strength Steels.

(a) Maraging type steels:

In recent years considerable interest has been
shown in a new series of precipitation hardened high alloy
mar tensitic steels known as maraging steels, developed by
International Nickel Company, speciglly to meet the grow-
ing engineering requirements. The excellent properties
obtained in these steels result from the age hardening of
martensite during tempering. The exact mechanism by which
the strengthening takes place is not yet properly establi-
shed. The object of the present invesiigation is to study
the exact mechanism of strengthening of martensite in
these steels and to study the effect on such reactions by
replacing nickel, molybdenum and cobalt by manganese and
titanium etec. studies on few such alloys containing 7-11%
 Ni, 4-14% Mn, 4%\Mo and 6-7% Co show that excellent maraging
propertles can be. obtained in a 11% Ni, 5% Mn, 6.5% Co and
4% Mo steel and studies on precipitation reactlons etc.
showed maraging takes place due to formation an ordered
phase of NigMo along with FegMo, Further studies on a new
series of afloys with Ti are being done using X-ray <
diffraction and metallographic techniques. |

(b) Low cost maraglng steels

4 progect was taken up for the development ofia
low cost maraging steel with an iron-copper base compo-
sition in which precipitation of E-copper would give rise
to a high order of. strengthening. - Chromium was added to
extent of 8% in these steels to give additional strength-
ening and corrosion resistance. Nickel in amounts of half
of  the copper content was added to_ improve the hot working
properties. The effects of small amounts of Nb and Mo on
tgedimpact properfles of these steel are being presently
stu ied i -

Three 10 kg. heats of steel ‘were made in a basic
high frequency furnace, using loW ¢arbon mild steel
scrap. Chemical composition of thé 'steels are given in
Table 15, The ingots were forged .into 3/4" and 1/2" square
bars and rolled into plates of 0,3" and sheets of 0,1"
thickness. The hot working operations were carried out
at 850°C to 900°C. Isothermal aging curves have been’
determlned for these steels, ageing being carried out
485°C, The aging curves are shown in Flg. 12
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Table 15 - Chemical Composition weight percent.f

Steel Nos.  Cu% Ni% c% crb  Si% Nbf Mo
M-9 2.80 1.48 - 0.07 .8.,82 0.28 0,06 --
M-10 - A 0,08 8.36 VAT == 0,50
M-11 3,90 . . 1,55 0.07 -8.30 0.30 0.05 0.50

_ . Tensile and impact proper ties of these steels will
be studied in detail and the optimum ageing conditions will
be determined.’ e R S &

(c) Thermo-mechanlcally treated high strength-.
Low alloy steels: = .~

.

Thermomechanical techniques developed recently aims
at the production of substitute ultra high strength steels

employing low alloy additions to reduce the high cost of
expensive alloy additions. Work was taken up on thlS
aspect on low alloy steels.

The ausformlng operatlon in imparted on the steels
(heated in the austenitic range and quenched to the
bainitic transformation temperature) by way of" ‘giving
reduction by drawing or ‘forging, for a-very ‘short interval
before the metastable austenite decomposed to bBainite,
The exact mechanism of strengthenhingin“these operatlons are-
therefore very complex, and not yet established properly.
X-ray diffractometric and electron microseopic thin foil
studies on the internal strain in martensite inheritated
from heavily worked metastable austenite, and also
possibly enhanced due to the fine precipitation and for-
mation of preprecipitation zones, in martensite, are being
carried out on forged and hot-cold worked steel samples.

292.0 Development of substitute Engineering Grade
Alloy Steels:

(i)  Armour Plate Steel:

This work has been started with the object of
replacing molybdenum from the standard compositions of
the existing armour plate steels, as molybdenum is an
imported product. Further with %he object of develop-
ing armour steel with the indigenous and more economic



raw materlals, woTk has been taken up-to- develop substi-
tute steels of the Cr-Mn-V type to meet the requirements
of the standard grade of. steels.

“As reported earlier, heat treatment-was carried
out extensively. Three more heats were made of the com-
p051tions given in Table 16 —— o i

Table 16 - Comp051tion of Heats.' 2

Hgh : Hgh - Hob
Carbon 0.42 0.37 0.48
Manganese 1.00 1.64 1.20
Silicon 0.3885 .. 0430 0.30
Chroninm ol g Z B 2483 ¢ 2.34
Vanadium 0.25 0.27 0.27

- ——— - — - — - — T . - - — - S - — -

The initial hardness of the 1ngots as cast: was.
observed to be too high, The ingots were therefore
annealed and hardness determined (Table 17).

Table 17 - Hardness of Ingots.
Heat No. . VPN (Average)
Hq 284
Hy 329
He 311
» MELG 0670 Ball 5d) of o 335
Ho 529

Hardening temperatures for the heat series Ha to
Hg were determined. It -was observed that Hg and Hy ;
varities are of air hardening type. It:-is proposed to .
compare the properties of this steel with the conven- .
tional armour plate steels. With this end in view,
further heat treatment on the specimens to combine
maximum strength with high toughness is in progress.
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30,0  Carburising Characteristics of Grain-refined Steels.,

In recent year, an improved variety of mild steels
with residual amount of Nb additions has come into exist-
ence as an important type of structural steels. These Nb-
treated steels are fine-grgined steels with yield stress
‘higher than that of mild steel. These Nb C(N) precipitates
are very much resistant to growth and therefore it is
believed that even after long carburising treatments the
fine-grained structure with the associated toughness would
be retained. A fine-grained steel which is capable of
mgintaining the fine grain-size during carburising has the
advantages of maintaining a tough core and does not
require any post-carburising heat-treagtment for core-
refining. The reduction in the number of heat treatment
cycle reduces the cost of the process, the risk of dis-
tortion and decarburlsatlon.

The object of work is to develop a sultable ¥
_economic carburising grade steel o
| In continuation to previous wWork, the propertles
of. the experimental Nb-treated steels were compared with
that of AIST 4520, AISI 4620, AISI 4820, AISIE 3310,
AISTE 9310,  The comparatlve case depths and case hardness
values are indicated in Table 18, Variations of hardness
from surface to centre of 1/2" roéund carburised bar of
Nb-treated steel and mild steel are given in Fig., 13, A
ggmpa{atlve values of ten511e properties are indicated in
g. 14 Falay

Future work is to study Tl-treated grain-refined
stéel and mass- effect of different grain-rofined steels,

Table 18 - Cagse depths for 1/2" round of standard
steels after direct quenchlng.
Steels Case depth in inch.} Case harness (Re)
AIST 4520 0.054 64
AISI 4620 4TS : 45,5
AIST 4820 - 0.039 60.0
AISTE 3310 ; 0.047 : $9.95
AISIE 9310 0.039 ; 59.5
Steel No. 1 - 0.065 677
Steel No. 2 0.051 67 .5
Steel No. 3 0.059 67t

Steel No. 4 0.061 : ' 67.5
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31.0 ° Development of Substitute Die and Tool Steel.

This project was taken up with a view to develop
substitute die and tool steel eliminating as far as
practicgble imported alloying elements like molybdenumz
tungsten, etc. Such steels through judicious combinatlon
of indigenous alloying elements and optimum heat treat-
ment should conform to the requirements of physical pro-
perties and specific service performance characteristics
of standard types of steel.

i} Development of Die Steel:

The effect of quenching temperature, quenching
media, tempering temperature and tempering time on hard-
ness were studied on steel DS;, composition of which is
given in Table 19,

Table 19 - Composition of steel D84 in
percentage weight.

) The hardness results of the experiments done on
steel DS, are given in Tables 20, 21 and 22,

Table 20 - Effect of Quenching Temperature
. af ter Heating for 30 minutes.

66666 :
Quenching temperature ©C Hardness (VPN)
850°C s S 870
80070 ==~ ok oo Eiy s SRR
950°C _ Spld oo - 840
1000°C 790

Table 21 - Effect of Quenching Media after
Heating for 30 minutes.

Quenching media. | Hardnesé (VPN)
. Water | 920
-011 . Jia LR
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Table 22 - Effect of Tempering Temperature & Time.

Tempering ) Hardness ever after tempering
temp. C, 8 4 hour g 1 hour g 2 hours
2oo » 820 | 775 C760

5y e 770 T 710
3009C.. .ol 720 L 60 . 682
3503C . o ot O 675 672
400 5 676 =180 665
450°C 6875 ~ g70-monp Lo BEe
- 500°C i bl 676 670
~.55000 672 : 650 - . 640
600°C 610 572 | 550

ii) Studies on the Effect of Quenchihg Temperatures
on Tempering Characteristics,

A number of quenching temperatures were used to
make a complete study on the hardness characteristics of
steel DS, tempered at various temperlng temperatures,

The resu%ts obtained are furnished in Fig. 15, The com-
position of the steel DSy is given in Table 23, Vickers
Pyramid hardness readings were taken on each quenched and
tempized spec1men with all precautions to ensure accurate
results. : :

= Table 23 - Composition of Steel D8,.

Steel ck  Si% Mn% Cr% Vg Mo% W

DS, 1,09% 0.51 “70/88 . .2/46. /¢ (0,11 10.09" ¢ ==

- ————— - — oy " ———— - - - - - - — -

iii) Cast Tool Steels:

Several heats of 18-4-1 type high speed steel were
made in 25 1b H.F. induction fumace and were cast into
cutting tools in speciglly made graphite moulds. Compo-
sition of the cutting tool castings are given in Table 24,

Table 24 - Composition in percentage weight.

Steel C Si Mn Cr W v
18-4-1 0.75 0.24 giass acoger 16,71 1,08




— et The cuttlng tools in the as cast condition w

heat treated i.e. suh-zero freated . af ter—etefciring from
different quenﬂhlng te 165 and then single, double
and triplé tempered at.- 93#? The hardness values obtained
after different treatments are’ glven 1n Table 25. :

Table 25 r_Hardness values of Tool Steel Heats
~after Different Treatment.. . :

Suenchlng Graphite mould
emper- |

]
) : :
atgée g 0il y‘Sub- | Tempering % Sub- ? Temper ing

2

quen-y zero Zero i
ched % -1so°c§ 1st§ 2nd §3rd%-lZO°C°lst %an%Brd

(VPN) '(VPN) (VPN) (VPN) (VPN) (VPN) (VPN) (VPN)

1200°C 786 3 Lot - Rl 2-V S U RS YE N T
12502C 804 - 920 . 798 792 763 830 750 740 -
1300% 886 910 860 804 786 834 782 760

32,0 ' Improved Mild Steels for Structural Purpose.

The object of the 1nvrst1gation is to improve the
.properties of mild steels by adding residual quantities of
alloying eléements which while contributing little to the

- increase in the cost of production would impart pronounced
strengthening effect. With this purpose in view additions
of -niobium, vanadium, titanium and nitrogen were made in

-~ minute quantitles to low carbon steel base. Manganese was

-.-added upto. 1. 5% to some of the steels.‘ R

~Previeus WOrk on this project was- related to the
heat treatment wvarigbles affecting the mechanical proper-
ties of Mn-Nb-Ti steels. Current.work was aimed at deter-
mination of the precipitation characteristics of these
~ steels as influenced by various heat treatment processes.

Samples of steels under different conditions of treatment

were subjected to electron microscopic study. Work is
. being done on the correlation of the precipitate type
g with the mechanlcal propertles of the steels.
33 O : Development of Low Alloy ngh Ten51le

. Structure Steel ]

ThlS broad based 1nvest1gat10n was taken up with
the objective of developing structural steels possessing
- adequate mechanical propertles, hot and cold working
characteristics, optimum corrosion resistance. and favour-
able welding characteristics based essentially on indigen-
ous elements.



. The previous experiments were made to bring impro-
vement in the properties-of the existing low alloy steels
in use through (i) Judicious modification in the percen-
tages of the alloying elements, so that the amount of
pearlite is reduced while the ‘strength is increased (ii)
Refinement of grain size by the addition of grain refining
elements like vanadium, titanium and aluminium (iii) Dis-
persion of fine precipitates like nitrides of vanadium,
aluminium etec. which go into solution at higher temperatures
and precipitate on subsequent cooling.

A number of experimental heats were made and the
tensile properties, impact resistance at rcom tempergture
~and sub-sero temperatures, weldability and atmospheric
corrosion resistance of most of the steels were determined
and reported earlier. Based on.the results obtained from
the experimental heats a few bigger heats were also made

by 4N the 0.8 ton arc furnace. Some of thé properties of

these steels were also reported earlier,

During the period under review attention was

- directed to improve the grain size of some of these steels
- and some standard steels in use, following the technique
of controlled temperature rolling. 5

Steels selected for this work were 0.2% C mild
steel, Admiralty Grade 'B' steel and a vanadium bear ing
low alloy steel developed here. In the first phase of
this work, rolling experiments were carried out with mild
~steel. Pieces of suitable lengths were cut from 3" thick
flat. These were homogenised at 1000°C and rolled by a
single pass from the pre-selected temperzture with pre=-
selected drafts. Table 26, The rolling temperatures, in
this experiments, were considered as the finish rolling
temperature as the rolling was carried out very auickly.

Table 26 - Markings on the specimens showing the
- details of finish rolling temperature
and draft percentage. R

e _ | Finish Rolling Temp.
Proposed i P i o) I KO T o
draft % j 950°C y 900°C y 850°C y 800°C
10 Al BoopBYii C1 D1
20 A2 \ncuB2 Ly a@R D2
30 ' AR [iagend s EBBbvY c3 D3

40 _ O8] GhEdectsBe. Arey C4 D4



L B

From these rolled plates. tensile and impact test
pieces were made and tested in the as-rolled condition,
The results are given in Table 27, The microstructure
corresponding to each rolling condition was observed by
optical microscope. The grain sizes as determined by
liner intercept method are also giveon in Table 27, .

The test results showed no appreciable change in
the U.T.S. values. They gave an average value about 33.38
T.S.I. The lower yield point irresgective of finishing
temperature within the range of 800° to 900°C showed a
general tendency to increase with the increase of draft
order upto 40%, increase in yield pgint.were obtained only
when finished above 900°C or at 200°C. The room tempera-
ture igpact properties of the specimens rolled and finished
at 950°C, 900°C, 850°C in general showed an improvement wit
higher drafts. Impact properties determined. below the ambi
temperature were found to fall in the usual manner as the
test temperature was lowered. The specimen No. A4 showed
a significant drop in the transition temperature than the
others. This was rolled at 950°C with 40% reduction.

The properties of the Admiralty Grade 'B' steel
and the low alloy steel mentioned above are being deter-
mined. Further work will be carried out in the same
direction.

34.0 Development of Electrical Resistance Alloys
-for Heating Elements. o

The aim of the project is to develop electrical
resistance alloys indegeniously, since nichrome and
kanthal group of heating elements are imported and.contain

- . large propertions of nickel and cotalt, both of which are
rare in India.

As reported earlier, the major work on the develop-
ment of the alloy composition and its processing
techniques has already been completed and the process has
been released for industrial nroduction. .During the
period: under review, the work was chiefly relasted to
-study the welding characteristic of the alloy with a’
view to evolving optimum conditions for resistance butt
welding of the wire-samples., When the wire breaks during
wire-drawing operation, it is necessary to butt weld the
end of the wires for continuous production. Welding of
the Fe-Cr-21 alloys is generally known to difficult due
to excessive grain coarsening tendency and oxidation of
the constituents, like chromium and aluminium, which



TABLES 27 - Tensile & Im

wembmwwm Properties Charpy Impact Values (ft. 1b.) ~ YAverage grain dia
Sp. Nod ¥.S5.(L) § U.T.5. § R. Temp. o ¥ x 1074 cm.
m .81 | T.81 | Bf w 30-40°C 20°%c 10c¢ 0% -10% -mooom
A1 20,5 33,5 34,3 58 & & 40 10 8 17,8
A2 19.69 33.3 37.5 88 2 s 50 40 10 19
A3 20,76 33.3 34,37 48/46 34 28 16 s - 14,24
s 21.44 33.59 35 100 - - 44 40 40 13,98
Bl 19.44 33.5 34,3 50 5 " 40 10 8 17.2
B2 19.69 33,3 37.5 88 - . 42 18 10 15,5
B3 20, 30 34,01 31,25 112 42 A 10 " - 10.75
B4 21,22 33.13 33 78 48 18 14 - - -
81 20.16 33,5 37.5 52 ’ - 42 38 8 16.6
c2 20,30 33.35 43,75 60 28 10 8 - - 14.6
C3 21.84 33,79 37.5 130 48 24 22 - - 12,23
C4 21.68 33,01 37.5 64 62 22 14 - - 8.8
B 19.51 33.5 39 36/48 - & 8 6 " -
D2 20,76 33.3 43.75 80 28 12 8 - - -
D3 21.84 34,37 37.5 42/46 38 26 10 - - -

D4 ~ 21,09 33.59 37.5 70 44 14 4.8 - - -




Fig. 16 Photomicrograph of weld zone

Fig. 17 Photomicrograph of weld zone



- GO Va,

lead to the formation of weak and brittle weld zone result-

. ing failure of the joint during wire drawing operation., To

over come this difficulty, a systematic study was under
taken to evolve a suitable technique for butt welding the
alloys. For this purpose a resistance wire butt welding
machine was used. :

Work on welding of the alloy was mainly carried out
in two phases, In the first phase of work, the wire
samples with flat as well as tapered ends were welded under
varying conditions of pressure and currerit. In som* cases,
fluxes were also used to minimise the oxidation. But
satisfactory results were not obtained since most of the
failures occured in the weld zone during wire-drawing
showed brittle fracture. The above samples could not be
drawn under heat treated condition also.

The photomicrographs (Figs. 16 and 17) of the weld
zone of the wire sample welded with flat end in open
atmosphere reveagled very coarse grains as compared to the
adjacent small’ parent grains. - - e :

: -~ In second phase.of the work, welding was carried
out in argon atmosphere with suitable quenching and heat
treatment. Several wires of 10 SWG were welded with flat
and tapered ends in presence of ‘argon atmosphere under
- optimum condition of current and pressure. Specisl care
was taken during preparation of wire-samples. The wire
ends to be joined should be perfectly flat and there should
not be any over heated zones on the flat end due to grind-
ing. The welded wires were then heated at about 1000°C
and immediately water quenched. The welded portion of
several wires was successfully drawn upto 14 SWG,

£s seen from the micro-structure of the heat
treated wire samples, the weld zone was occupied with
uniform and small grains ag the parent grains which are
desirable features for g good weld. Welding experiment
with smaller gauges wires was aglso carried out under
optimum condition of pressure and current and the wires
were heat treated and successfully drawn up to 18 SGW,
In all the cases, pressure and current were so adjusted
‘as to produce bulging at the weld which is slightly big-
ger than'the original diameter of the wire,
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Some tests were also conducted to study the
effect of nitrogen atmosphere on the guality of the weld.
-Several wires were welded in nitrogen atmosphere under the
same conditions as was followed in case of Wire treated
with argon gas. All the wires failed from the weld zones
during drawing. Metallographic examination of the welded
samples will be carried out to evaluate the cause of
failure.

Effect of trace elements:

As reported earlier, some heats were made in high
frequency furnace and the ingot surface, hardness, and hot
workability of each heat were all studied. Metallographic
examination of the cast as well as forged pieces are being
carried out to see the effeét of individual element on
grain refinement,

35,00 Development of Magnetic Materials.

(1) Isotropic ceramic magnets from mixed oxide:

During the period under review the effect of
lubricants and binders on the density of ferrite magnets
was further examined. For the present study methyl cel-
lulose and polyvinyl alcohol were taken in concentrations
varying from 0,01 to 0.3%. The powders mixed with lubri-
cants were compacted under pressures of 470 to 2000 kg/sq.c.
- The densities after compacting and sintering at 1200°C for
2 hours were determined. It was found that the values of
densities were maximum for 0,1 to 0.2% concentration of
polyvinyl alcohol for pressures upto 1500 Kgs. At higher
pressures the densities decreased with increasing concen-
tration. In case of methyl cellulose the density changes
were insignificant with increase of concentration.

-'(ii) Magnetic properties of cobalt-aluminium alloys:

Cobalt-aluminium alloys in the range of 14 to
15% aluminium were investigated for their magnetic pro-
perties. The alloys were quenched from 1380°C in water
and tempered at 500, 550, 600, 650, 700°C for durations
upto 100 hours. The magnetic properties of the quenched
alloys were poog but increased manifold on tempering
between 500-600~C and showed an energy product between
1.5 to 1.8 m.g.o. X-ray diffraction analysis and electron
microscopic analysis of quenched and tempered specimens
showed the presence of Co-Al superlattice of b.c.c. stru-
cture and elongated cobalt particles.
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The effect of Ni, Fe, Mn on the magnetic proper-
ties of these alloys is under study. Preliminary results
_have shown that nickel has the effect of increasing the
coercive force and thast iron accelerates the tempering
reactlon. ; :

(iii) Correlation of magnetism with crystal structure:

The correlation of magnetism with crystal
structure suggested that in certain system like Nb-Al, Ta-
Al in which sigma phase in appearing, ceasium chloryde
structures are likely to be presented and alloys of these
~ Systems made by courtesy of Bhabha Atomic Research Centre
are being examined for the purpose.

& 36,0 Production Technology of Nlckel-Sllver for
" Electrical Purposes. . :

' Large quantity of nickel-silver springs are used
by Telephone Industries and other electrical industries in
their relays and electrical controls. The technology of
production of nickel silver is difficult and none of - the
Indian industries are producing the item uptil now. Require-
ments of nickel silver is being met through import. The
objective of this project is to develop the technical know-
how to study the foundry technology as well as mechanical
working of this material by hot and ¢0ld rolling.

From the 11terature survey suf ficient 1nformat10n
on the subject was not available.

Few heats were made of the alloy in gas fired
crucible furnace. The use of small crucible furnace has
the advantage of better control of pouring conditions.
especially when casting a small quantity of metal.

Crucibles of magnesite and siliminite were used
in order to avoid possible carbon pick up but in most of
the cases it was observed that the crucible cracked. The
small quantity which could be produced using these cru-
cibles were poured in the all the mould. The chemical
gnalyses of the. product conform=d the specified composit-
ion.

Hardness studies, and microstructures of the
samples from such heats were made. Workability of the
material, however, was not very good. Study of the metal-
lurglcal quality of the melt is being made to find out the
cause of its poor workability.
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: ; A few more heats were made using high grade
“graphite crucibles. .The possibility of carbon pick, if
theére is any and its extent in the nickel-silver glloy is
‘under study. Further work will comprise of the complete
‘‘study of the production and foundry technology of the
nickel-silver alloy and to obtain a schedule of cold rol-
_Hllng and anneallng. - ST

37,0-,» Development of Alumlnlum Base Bearlng Alloy.

The inVestlgatlon was taken up W1th view to.'
develop a suitable aluminium base bearlng alloy which will
replace the convensional bearings alloy i.e. white metal
ete,

.~ Standardisation of the chemical composltlons and
the mechanical properties has been reported in the previous
annual reports. As the Indian Railways are interested for
the service trials of these bearings, work was carried out
to manufacture fault free floating bushes accordlng to |
draw1ng supplied by the rallways.

As various casting diffects ife. blow holes and
shrinkage cavities were experlenced while castlng the -
floating bushes, attention was glven to use -various
degassers .and to adjust the pouring temperature which will
give best castings. Castings were made in sand mould.,
Suitable risers and gates were also provided with the
monld. Pouring was done either side, top or bottom. The
- pouring temperature was kept within the optimum limits.
Much improvement in casting was observed 'as a result of
bottom pouring. It considerably reduced the blow holes and
shrinkage cavity to the minimum. Firther castings are
being made to completely eliminate the shrinkage cavity
and the blow holes. In all the cases the hardness of the
cast floating bushes were méasured and found to be within
the range of 50-58 B.H.N. In antiseizure test, frictional
"propertles under marginal lubrlcatlon condltlons were
found to be of the same order as those of standard ‘bearing
bronzes upto a load of at least 1480:1b. pér sq. in,
Metallographic structures were also determlned Further

work is in progress., :
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‘F38.0 Investigation on Lubrlcation for Cold Working
p of Stainless Steel g it

In cold working processes F stainless steel e, £ 5
 wire drawing and press forming, where severe reductions in

" eross sectional area are being made and work hardening

. tendency is high, it is necessary to have a suitable lub-

- ricant and coating which will withstand the great pressure

~ during the processing. The work was undertaken to study

the efficiency of various lubricants and precoats on cold

- working behaviour of stainless steels.

Wire draw:

A Four pieces of stainless steel wires (10 SWG)

. were pickled first in H5S0, and then in a mixture of HNOg
and HF, After cleaning thoroughly in water, three wires
were given coating of lime, exalate and coa%ing X respect-
ively. One wire, without any coating, was drawn with E,P.

~ Grease and graphite as lubricant, The coated wires were

. drawn using soap solution and stearic acid as lubriecants.

. The wires were drawn upte 14 SWG without any intermediate

. arnnealing. The surface characteristics of the drawn sam-

. ples are being studied. -

Simulated cold rolling:

‘Four stainless steel plates (4" length x 1" W1dth
x 1/8" thick) of hardness 180 V.P.N. were sclution treated
to reduce the hardness to 150 V.P.N. The plates were des-
caled and cleaned. Three plates were given the coating of
lime, oxalate and coating x respectively. The uncoated
plate was given different percentage of deformation in Ford
Compression Test apparatus using E.P, Grease and graphite
‘as lubricant, The other plates were also given similar
deformations u51ng soap solutlon as lubricant

Tho effect of Varlous precoat and 1ubricant com-
] binations on wire drawing and cold rolllng can be sum-
f marlsed as follows. . :

For wire draw1ng, oXalate coating and soap

solution as lubricant were observed to give more
efficient draw even upto high percentage of reduction.
For cold rompressiong lime and soap solution combination
as well as precoat x and soap solution gave good results
for smaller percentages of deformations; but for higher

- percentages od deformations, oxalate coatlng with soap

- solution gave better result. Further work is in progress.
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39.0 Light Metals and their Alloys.

et .. Alumlnlum—magn651um aLloys._

£ ' Work on the development of high magnesium-

'alumlnium alloys was continued, and the effect of addition
of small quantlties of misch metal and chromium was
studied. 'Investigations were mainly directed towards
obtaining hot and cold workable alloys, and study of pre-
cipltation hardenlng characteristlcs.

Alloys having a nominal composition Al— % Mg-2%
misch metal and 0.1 to 0.2% Cr showed a Vickers Pyramid
Hardness number of 77,9 immediately after solution treat-
ment. The hardness values rose to 92.7 after 50 minutes,
But aging beyond that time resulted in much lower hardness
values which varied between 80 and 90- VPN, the hardness-
af ter 12500 minutes was 86.4 VPN, Slmllar results,K were
_obtained repeatedly in alloy$ having a composition: W1thim

the above nominal composition.. 8vY.

: Attempts to- hot forge and hot roll these alloys
did not give encouraging results. Ingots could be only
partially hot forged, after which failure occurred.with the
production of edge cracks Time and temperature of .solut-
ion treatment and also the intermediate soaking time bet-
ween two consecutive forging operations were varied. to -
obtain better forgeability., Metallorgaphic studies were

. .carried out in order to investigate the cause of failure.
It was concluded that the ingot structure was reasonably
good for hot working. It was felt that use of a heated
anvil, which would reduce the rate of cooling of the work
piece, may result in successful hot forging of the ingots.
}‘Fresh heats are being made to investigate this possibility.

115;‘ Aluminium alloys for airCraft industry:j

In order to develop indigenously aluminium
alloys generally required for the aircraft industry,
three commonly used alloys with Y-alloy, duralumin .14ST and
R-R 53, were chosen for g detailed investigation with
regard to their founding, working and age-hardening
characteristics. Alloys of the following nominal compo-
sitions were melted in a gas-fired furnace and cast into
ingots in limecoated permanent: moulds.

1) Alloy 1 Cu -4% N1 -2% Mg i 57 (Similer Y alloy)
2) Alloy 2 Cu -4% . Mn-0,5%, Mg -0.5% (" durulumin 14ST)
3) Alloy 3;.Cu 2% . Ni-1% Fe =0, 8% Mg_17(" RR-53 alloy)

z Bt <018 81058, + !
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The hardness of these alloys in the as cast
condition was found to be 92,3, 42 and 83,1 VPHN respect-
ively. The microstructure showed the presence of several

| - binary, ternary and quartarnary intermetallic compounds

such as CuAl,, Cu(Mg)Al,, NiAlg etc. distributed in the
€a

aluminium ma rlx. Results of t treatment of the as
cast specimens are given in Table 28.

Table 28 - Results of heat treatment of alloys:

Alloy Treatment ' {Max stress {R.A.% yElong.%

Alloy 1  Heated for 510°C for = 7.78 . . 2

about 6 hrs and then
quenched in boiling
water and subsequently
age-hardened for about
65 hours.

-do- Same treatment except . 0l & S PeE e
holding for 6 hrs agnd il
quenched in boiling
water. .

Alloy 2 Heated upto 500°C for 6.3 86 42
about 2 hrs quenched
and then age-hardened
at 240°C for 3 hrs and
then cooled in the
furnace.

Heated upto 512°C gor 7.4 84 40
3 hrs followed by :

quenching in water and

then ageing at room

for 6 days..

Alloy 3 Heated upto 520°C for  10.68 = -- 3
about 4 hrs followed :
by water quenching and
“then age-hardened at
160°C for about 27 hrs
.and then cooled in the
.furnace for about 18 hrs,

-do- Heated upto 510°C for 11,10 o a4
‘about 4 hrs followed by
water quenching and then
age-hardened at 160°C for
about 27 hrs and then
cooled in .the furnace for
about 42 hrs,

e
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Ingots of alloy No. 1 were forged and rolled
down to nearly 2 mm thick sheet, those of alloys Nos. 2 &
3 were extruded to 3/4" dis. rod and also forged and
rolled down to 2 mm thick sheet. Heat treatment of these -
wrought alloys was carried out in a similar manner and the
mechanical properties obtained are summarised below:

When a sheet of alloy 2 was quenched in water
and aged at room temperature, the tensile strength and
hardness increased with an increase of the duenching tem-
perature to a point just short of actual melting of the
Cu Al, - aluminium eutectic, but the elongation fell ogf
with ?ncre351ng quenching temperature above 480 to 420-C
(Fig. 18). The best average propertles were obtained by
using a quenching or 'solution' temperature of about 5i29¢C,
but actually in practice, this temperature was too high
owing to osftening which renders it diffdcult to satis-
factorily handle the material.

Fig. 19 shows that the period of "Soaklng" at
the "solution" temperature prior to water quenching and
ageing at room temperature is relatively unlmportant and
that for sheet, a soaking time of half an hour is suffic-
ient. However, the best properties are not realised only
if the soaklng time is kept below this figure,

Fig. 20 clearly indicates that the strength and
hardness rise rapidly at first and then more gradually
until the maximum improvement of properties is obtained
after about 72 hours.

& The effect of altering the ageing period at
100°C, as shown in Fig., 21 shows that the tensile strength
and related properties improve with increase in ageing time
and thereafter slightly decrease.

111)  Duralumin type aluminium alloys:

Two heats were made of the duralumin type alumi-
nium alloys having the following compoSit10n°

) 4 Sk
Cu 3.98% 2.73%
Mg 0.67% - 0.57%
Mn 0.18% 0.13%
Si 0.72% 0.63%
Fe 0.5%% 0.49%
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Fig.19 Effect of time on mechanical properties of
Alloy 2 at solution temperature of 512°C
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. machine and annealed at 500

PR . P

The billets had an as cast average hardness of

I 79 BHN and II 70 BHN, and after homogenisation at 460°C

for 27 hours the second billet showed a hardness of 55 BHN,
The characteristics of these alloys will be studied after
extrustion.

iv) Preparation of single crystals of sluminium:

Studies have been undertaken on the preparation

of single crystals of aluminium by the strain - anneal

method., Samples prepared from 1/16" thick sheet of super
pure aluminium were electropolished in the universal
electrolyte, strained 2 to 5% in an Amsler Tensile Testing

C for 15 hours followed by slow
cooling. Samples strained by abot 2,5% exhibited marked
tendency for increase in grain size. Fig. 22shows a typical

- sample having fairly large grains (approx. 15 mm x 5 mm),

89.1 Aluminium Bronzes.

The work on High Tensile Aluminium Bronzes in the
composition range of 8.8 to 10.8% aluminium, 2 to 6% iron,
0.01 to 3,4% Mn and balance copper was undertaken and the
parameters of its melting and production technology for
chill castings were studied as reported in earlier annual
reports. A paper on this work was presented at the 35th
International Foundry Congress at Tokyo -in October, 1968,

Further work was carried out to study the micro-

-structures of above alloys in the chill cast condition to

find out the inter-relation of mechanical properties, the
microstructures and chemicals composition. From. the work
it was concluded that:

The structures obtained in the chill cast nickel
free aluminium bronze alloys can be broadly classified into
two types (a) Néedle shaped in the matrix and (b) Struct-
ure free from needles, Structure with needle shaped
was formed (a) when aluminium was less than 10 percent
with iron approximately 2 percent and (b) when aluminium
was above 10 percent with iron above 2 percent., Structure
free from needles were formed when aluminium content of
the alloy was less than 10 percent in combination with
iron more than 2 percent. Needle shaped gave high
proof stress values in alloys containing more than 10 per-
cent aluminium. Alloys with needle free also showed
improvement in proof stress,
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39.2 Conductivity of Aluminium and its Alloys.

: Earlier work had shown that the PM-2 conductors
developed in the laboratory has superior electrical,

mechanical and corrosion properties than those obtained

in the conductors made from electrical grade aluminium

( 99.5% purity ).

Since the semi-commercisl scale Working of the
ingots was done by the conventional rolling and wire draw-
ing, efforts are now being made to study the behaviour of
PM-2 under the Properzi method of working.

40,0 Study on the Indigenous Foundry Moulding Materials.

This prOJect was taken up with g view to assess
the moulding characteristics of Indian Ioundry sands, bond-
ing clays and other binding materials, such as dextrine,
resin etc. and to determine their sultablllty for various
types of castings. .

Investigations were completed on the following:

‘Sands:

) Rajmahal sand (Coarse)

The sand received from Rajmahal quartz sand and
kaolin Co. Calcutta was investigated. It was coarse to
fine grained and had an A.F.S. Finensess No. 20.57 and
45,66 in the 'gs received and weshed' ctates respectlvely
along with clay.content of 2.48%. 1% assayed 97, 53%
51lica, its sintering temperature was above 1350 C.

In view of two sieve distribution high permeabi-

lity, high refractoriness of the semple, this &and can be
~used for heavy steel casting jobs. '

ii) Moulding characteristics of some sands of U.P:

¥ With a view to gssist the foundries located 1n
Uttar Pradesh a short review of the moulding sands ‘
avallable in Uttar Pradesh based on the data collected
from the investigations carried out at the National
Metallurgical Laboratory, has been presented in this
paper.

e - I —




Fig. 22 Photomicrograph showing single crystal grains obtained x 3
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Fourteen sand samples were investigated. Based on
the data it may be concluded that all the sands reported
herein were well graded and the samples were mostly concen-

trated in three adjacent sieves while a few either in two

or four adjacent sieves. The sands are more or less free
from A.F.S. Clay. Clay contents were ranging from 1 - 5. 16%.

.The finess contents in these samples were less than 3% for
half of the samples and less than 8% for all of them.

Except for sand samples number 14 (hardwar River sand) all
were highly refractory and as cuh are suitable for making
moulds and cores for use in steel foundry. .:Sample No. 14
would meet the requirement of cast-iron and non-ferrous
foundries, :

- It may be added here, that combination of two or
more sand sample would be tried to obtain wider range in
the moulding properties, specially the strength and flow-

ability. The finer varieties of sand samples may also be

used for shell moulding purpose.

iii) Foundry moulding sands in Ratnaglrl Dlstrlct
of Maharashtra State

A similar renort as in the above case was prepared

“for the sands available in the Ratnagiri district of the

State of Maharashtra. Ten sand samples were investigated.
Based on the data it may be concluded that all the sands
of Maharashtra except'Kanhan I & II may:be made use of for
moulding ‘jobs in steel foundries for light and medium steel

‘castings. The sands particularly MSS 2 and MSS 3 are non-

uniform in grading whereas MSS-6, MSS-7, MSS-8 and Kanhan -
I exhibit wide distribution on 5 to 6 51eves.- Sands like
MSS.4 and 5 are suitable for making cores. Kanhan-I and II
sands may be used for non-ferrous moulding jobs as well as
for some cast iron Jobs.

BENTONITES

The follow1ng bentonlte samples were investlgated
during thls period: ,

13 Assam Bentonite II.

The sample was recelved from M/s Steelswortthvt.
Ltd., Assam. The sample was of yellow colour and in
powder form. The sample had an initial moisture content
of 3.36% and pH 8.5. The chemical amulysis of the sample
showed it to consist of 42% silica and rather. a high per-
cent of ‘oxides of iron while the total alkali and alkaline
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earth oxides amounted to 9.0%. Studies on bonding chara-
cteristics of the sample showed it to develop maximum green
compression strength of 3.2 1lbs/sq. inch at 1.98% moisture
- on addition of 5% of the sample to Rajmahal silicasand.
Maximum dry strength obtained was 64 psi at 7.5% moisture.
The total base exchange capacity of the sample was 21 mil-
liequivalents for 100 gms. The sigtering gemperature of
the sample was in the range of 900 C - 950°C. Study of
the differential thermal curve showed that the sample was
not a montmorillonite but an admixture of beidellite with
other types of clays. : fhio £ :

It may be concluded that the bentonite may be used
for bonding purposes in the foundry after mixing with a
good' quality bentonite.

ii) Kuteh bentoniﬁe marked 'SC':

The bentonite sample marked 'SC' was received from
M/s. Kutch Minerals, Bunder Road, Kutch Mandvi, Gujrat to
investigate its suitability as a binding material in the
foundries... The-sample was-in the powdery foIm having
whitish colour and was associated with 9% initial moisture
content., It showed gel value, pH and swelling index 12,8,
7.4 and 8,3 respectively, The total base exchange capacity
was 75,5 milliequivalents/100 gm. .The sodium to calcium
ratio was 1.93. The predominant exchangeable ion was
sodium, The sample appeared to be containing beidedite.
- The analysis and D.T.A studies showed the presence of high
iron content in the sample. The sintering range of the
bentonite sample was 1000°C. The sample Contained 46,16%
Sio 23.04% A1503, 10,0 (Fe0, Fe203),.1% Ti0o, 4,455 MgO,
4;1§i'cao, Trace K50, 1.27% Nag0, 10.10% L.o.f. The
sample mainly con31s%ed-of micFocrystalline aggregate of
clay minerals, Quartz, feldspar and muscovite were
presented in small amounts. Bonding chgracteristics of the
bentonite sample was studied by using 5% bentonite with
Rajmahal sand of A.F.S. G.F. No. 56.7 as a base sand.
Maximum green compression strength value of 12 1b/sg.in.
was obtained at a moisture content of 2.02%. Green shear,
mould hardness and shatter index values at this moisture
content were 3.2 1bs/sq. inch, 80 -and 49,12 respectively.

The dry compression and dry shear strength
increased with moishure and exhibited maximum value of
95.5 and 29.6 psi respectively at 5.32% moisture. The
bentonite can be used for bonding in the iron and steel
foundries in the moisture range of 1% to 2.02% when 5%
of the sample is used as binder.
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1ii) Kutch bentonite merked 'MI':

The bentonite sample was received from the above
firm, The sample was in the powdery form having yellowish
colour. It was associated with 7.64 moisture content
which is in agreement with the specification of Steel
Founder's Society of Americg for Western bentonite. It
contained 47.8% Si0s, 21.56% Alo03, 8.8% (Feo03, Fe0),
4,29% Mg0, 3.45% Cad, 1.27 Nag0, 11.13% L.0.I. The ratio
of sodium to calcium was 1,06 which showed that the pre-
dominent exchangeable ion was sodium. Its pH, gel and
swelling index values were found to be 7.7, 32 and 3.1
respectively. The total base exchange capacity was
100,33 milliequivalents/1Q0 gms. The sintering range of
the sample was 1100°-1150°C. Petrological examination of
the sample revealed that it mainly consisted of micro-
crystaliine aggregate of clay minerals. Feldspar,
muscovite, quartz, calcite and chloride were present in
small amounts. The bonding characteristics studies by
‘using Rajmahal high silica sand of AFS GF, No. 56,7 bonded
with 5% addition-of bentonite showed satisfactory green
and dry strength properties. It developed a maXimum green
strength of 13.1 psi at 5.23% moisture. The samplé appears
to contain essentiglly the minerals of montmorillonite
group. DTA studies showed that the sample contained non-
tronite and saponite mixed with montmorillonite. The
sample also contained oxides of iron in an appreciable
amount., It may be concluded that the sample investigated
with a fairly good gel value, can be used for bonding in
the iron and steel foundries in the moisture range of
1.62% to 2.24% when 5% of the binder is used.

40.1  RESIN.

A sample of solid resin in the powder form was
received from M/s. India Cements Ltd., Foundry Division,
Madras to carry out tests and find out its suitability in
shell moulding. :

The tests were carried out as per tentative speci-
fication laid down by American Foundrymen's society of
America. The tests revealed that the resin was soluble in
80% alcohol. It developed about 500 1lbs/sq.in. tensile
strength when curved at 500°C for a time of 3 minutes.,
However, the resin could be cured at lower temperatures
also, provided correct curing time is allowed for the
development of strength, The resin was quite stable and
did not deteriorate on prolonged curing. Its melt point
agd thus, the curing temperature seem to be on the higher
side.
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The resin appears to be an useful binder in the
shell moulding foundry. The use of accelators, such as,
"hexa" etc. may help to cut down.its curing time, as well
as, increase the strength of the shell.

40.2 :;Evaluation of Different grades of Dextrines as
Foundry Bonding Materials.

Dextrine belongs to a class of cereal binders and
is commonly used as a binder in the foundry moulding sands.
It is manufactured by the degradation of starch obtained
from products like corn, topice, potato ete., in their dry
state by the application of heat and chemicals. - Most com-
monly used chemical are the mineral acids as weak aquas
solutions sprayed over dried starch. The acidified starch
is then subjected to roasting process. Different proper-
ties. in dextrine is obtained by varying the amount of acid,
the roasting temperature and the length of exposure to
heat. In this way the dextrine is obtainable with different
degrees of water solubility, the highest water solubility
being in the neighbourhood of 95%. This type of dextrine
imparts high hardness to the outer skin of the core and a
soft centre, whereas the dextrine having low water solubi-
1ity of about 10% gives uniform hardness throughout the
core cross-section. Dextrine when properly used, contri-
Eute many desirable properties some of which are given

elow: v

‘i)  Maximum surface hardening of core on air or torch
drying.

ii) Improves green deformation, green compression, dry
shear and tensile properties.

1i1) Minimizes drying time of cores and thereby increases
! the product and the capacity of the oven.

iv)  Burns out fast and completely, hence, easy clean
out minimum build up of fines and collapsible
cores. ; ‘ K

v) Due to the high solubility, the dextrine migrates
to the outer surface with the moisture of the core
and builds up a smeoth hard exterior surface,
which resist metal penetration and results in
cleaner and better castings.

vi) Dextrine gives the ability to cores to retain
moisture that are not to be poured immediately.
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vii) It combines with other binders, such as, linseed
0il, bentonite and resins and thus it is possible
to obtain a range of properties to suit the found-
Ty purpose.

A project has been taken up to test the various
grades of dextrines with a view to their uses as foundry
bonding materials specifying their individual properties.
Under this project three samples of dextrines were already
tested while work is under progress on two more dextrine
samples. :

Tests are being conducted as per I.S.I. Draft
Specification IS/DOC SMDC 17/(832)F, August 1967 and these
comprise of: (i) Fineness (ii) Initial moisture content
(1ii) Ash content (iv) Water soluble content (v) Air set
strength with 2% mixture at 1,5% moisture content.

In addition to the above, gas content .of the

- dextrine samples were also determined and bonding chara-
cteristics were studied with dextrine additions ranging
from 0.5 to 2 percent at various workable moisture contents.
Casting characteristics were also observed by making cores
of the same composition, as used for the above tests.

40,3 Castable Sand Project.

: Castable sand moulding is yet another addition to
the existing various automstic moulding processes. The
process uses as binders cglcium.disilicate and sodium
silicate. However, a wetting agent is required which helps
to make the sand mixture flow as a liquid of low viscosity
withtuniformity in density of the sand particles at any
point.

: Success was achieved to a large extent in formulat-
ing the sand mixture having consistency in properties.
Another difficulty which was being faced was removal of
core from the pattern as the sand mixture tended to stick
to them, This difficulty was partly solved by using some
emulsified mixtures. However, certain liquid sprays were
tried and now it is possible to remove the core very
cleanly after 5 minutes. Nevertheless, green strength was
found to be very small and removal of core in such a short
time as five minutes, although possible, is prohibitory.
Work is under progréess, therefore, to develop the
following: ,
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i) Green strength, so that the cores may be removed
out of patterns in much shorter time and allowed
to pick-up dry strength in-air.

ii) Combination of binders which might produce a much
harder outer surface of the core. o

iii) Improved method of mixing the various ingredients.
iv) Deformer of better quality.

41,0 Development of Wear and Abrasion Resistant Cast
: Iron.

The project was taken up at the instance of Tata
Locomotive & Engineering Co., Jamshedpur, who had been
importing the impeller blade castings for their shot blast-
ing fetlling machines. The object is to develop suitable
composition and heat treatment technique for producing wear
and abrasion resistant cast iron suitable for such machines,
The basic requirements of impeller blades is specified in
terms of hardness, and in importing blades it had been
found as Re 66; but hardness alone does not qualify to
give satisfactory castings unless a proper service life is
obtained.

To improve the service life impeller blade castings
were made with different molybdenum and chromium contents
in addition to the high chromium variety mentioned in the
earlier report. These blades were subjected to various
hardening and tempering treatment inclusive of sub-zero
treatment. The blades are subjected to service trials,
Further work is in progress.

. 4250 Appraisal of Raw-materials for Iron Making.

1) Physical and chemical characteristics of iron ore:

The reducibility of ore exerts profound influence
on the smelting parameters. In.continuation of the
investigation, the reducibility of goethite variety and
compact laterite variety of Madhya Pradesh iron ores
were determined with hydrogen gas as reductant by com-
parison with the Orissa mineral iron ore. In the case
of Orissa mineral iron ore, the influence of reaction
temperature on reducibility was studied at 600°C,700°C,
800°C and 900°C with variation in grain size of the ore
-25 +13, -13 +6 and -6 +3 mm while for the Madhya Pradesh
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1ron ores, the reduction was conducted at 800°C and :
900°C. The gas flow was maintained at 800 ce/min. for
all the experiments. The results are recorded in v
Table 29, 1t was observed that the extent of reduction
generally decreased with decrease in reaction tempera-
ture as shown in the Fig, 23, but it is considered

that there is an optimum temperature, Reducibility
curves for Madhya Pradesh ore are shown in Fig. 24,

ii) }Dissociation Characteristics of limestone:

The importance of the. completion of the dis-
sociation of the flux within a certain stack height of
the low-shaft has been mentioned in the earlier reports.
It is well known that as isothermal zone exists in the
blast furnace. The dissociation characteristics of
Andhra Pradesh limestone was, therefore, determined at
a constant temperature of 900°C,With different grain
sizes., The results are recorded in Table 30.

Table 30 - Particle size and dissociation
Characterlstlcs of limestone at

900°¢C .
Size in mm. C02 evolved in  qyne 4n min.
litres.
-25 +19 10.47 25
-19 +12 10.64 - 25
=12, +6 LS - 25

- - - o -

43,0 Study of the Reduction Mechanism of Iron Ores in
Relationship to the Gas Utilization Coefficient.

This work ﬁés taken up to study the reduction
mechanism in finely divided iron ore bed in relation
to the gas utilization coefficient which is denoted by

COo for carbon monox1de and §20 -for
Bl T Pt i (H2+HO)
Hydrogen. ' 2

: Further experiments were conducted with Tomka
iron ore of composition Fe 50 79.6%, Feg0y4 - 18,5%,
A1505 - 0.6%, Si05 - O, 7%. gieved iron ore (4.5+2.5 mm
size? comprised tge main ore bed kept at the centre of
a glazed silica tube of one meter length. Purified and
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measured volume of carbon monoxide (500 cc/min. at N.T.P.)
was passeg through the ore bed kept at a temperature of
950° + 10°C. Series of experiments with Tomka iron ore
were carried out to study the effect of the ore weight on
carbon monoxide utilization coefficient., Ore weights
were varied from 12,5 to 100 gm. Fig. shows the varigt-
ion of carbon monoxide utilization coefficient with the
weight of the ore. It was observed that as the ore weight
increases from 12,5 to 100 gm. the carbon monoxide
utilization coefficient increases. Further work is in
progress with different iron ores following the same
procedure,

5,0 Study of the Redudtion Mechanism of Iron
Oxide by Solid Carbon.

The reduction of iron ore can be obtained by
carbon by direct or indirect reactions (The direct
reduction means the reduction of iron oxides by carbon
and indirect means reduction by carbon monoxide). - In a
blast furnace both the reactions take place but which
should be more predominant over the other could not be
dogmatically established as yet. Maintenance of 100%
of either modes of reactions, has got its own advantages
and disadvantages in blast furnace. A great deal of
experimental wotk has been done and various theories
have been. advanced on the different aspects of gaseous
reduction or indirect reduction.biit relatively little
has been confirmed for direct reduction (solid-solid
reduction)., It is with this in view the investigation
was taken up to study the interactions of carbon and
iron oxides occuring by the two known mechanisms and
also to compare the reduction mechanism when ore bed is
heated with coke/carbon along with smgll amounts of
carbon monoxide,

Experiments were carried out to study the
reduction mechanism of iron oxides by using Barajamda
and Barbil iron ores with graphite, both crushed to.

8 to 10 mesh size., 8.5 gm of iron ore and 5.5 gm of
graphite were mixed and kept inside the tube at a tem-
perature of 975° + 15°C in a horizontal tubular furnace.
Purified nitrogen gas was passed down the outer tube and
brought back through the charge. The carbon monoxide
formed during reduction was measured by separating and
then converting it to carbon dioxide.  Ratio of iron ore
and graphite was varied for the same combination to
observe the rate and degree of reduction. The sweeping
rate of nitrogen was also varied to observe its effect
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on the rate of reduction and proportion of carbon monoxide
and carbon dioxide in the resultant gas. The data of these
experiments are being compiled to study the effect of the
above variables.

46,0 Direct Reduction of Iron Ores by Naphtha.

The investigation was taken up to study the
direct reduction of iron ores by naphtha, a petroleum
by-product.

In this investigation hydro-carbons, vaporized
and mixed with calculated and critical amounts of air,
are reacted with heated iron oxide particles or compacts
at the temperature of 950° - 1000°C. During the period
under review work was directed towards the production of
high grade iron powder. To attain this, several iron
oxldes were beneficiated for enriching %he Fe content,
Bailadila iron ore containing about 66% Fe, was benefi-
ciated to a product containing Fe-67.9%, Alo0a-2,36%,
8105-0.5%. This ore was then used in the eXperiments
to produce high grade iron powders. :

- After conducting several experiments, it was
found that particle size -20+30 mesh gave the best
- percentage reduction and therefore a higher Fep ¢ in the
product, Experiments were aglso conducted to es%ablish the
relationship between the percentage Fe in the product
and the volume of the reductant used, Fig. 25 shows this
relationship with different types of ores and pure ferric
oxide. To increase the Fepot Percentage in the reduced
product attempt was made to gnject hydrogen momentarily
at the end of the experiment. Since the partially
reduced mass is in a highly reactive condition, the
injection of hydrogen helps in completing the reduction
faster and thereby increasing the iron content of the
final product, Work is underway to follow up this
practice to produce high grade iron powder on a large
scale having very low carbon content, _ -

46,1 Production of Iron Powder.

An Indian made iron powder and Japanese iron
powder was received from the Alloy Steel Plant, Durgapur
for g comparative study and at the same time to improve
the properties of the Indian made iron powder by some



. treatment, It was concluced from the tests that: the
‘Indian made iron powder was very inferior compared to
the Japanese powder. ydrugwn annealing of the iron
powder was carried out with a view tc improve its
metallic iron content and f’owability. Though hydrogen
annealing improved its flowability but iron content of
the treated 3owder was round to b° very lows: ;

11 kg of iron powder made sent to Alloy
Steel Plant, Durgapur for their trials, which were:
highly successful ;

Iron ore containing small percentage of
molasses and moisture were pressed into brick form of
4,5" % 2" x 1" gt different pressures. These were then .
reduced at 1100°C in presence of coke breeze. The :
effect of pressure on the density of the powder produced
was not'very encouraging. Now it is planned to pre-
sinter the pressed iron ore bricks at different tempe-
ratures to improve the density of the iron powder.

47,0 ¢ Determination of Porosity of Iron Ores and
£ Sinters, : Cibad G

. It is well known that porosity of .iron ores and
sinter plays an inportant role in their reduction in a
blast furnace. Higher the porosity, higher is the rate of
reduction due to increwssed surface area. . It is with this
"in view an apparatus wes fabricated for the determination
of macro and micro porositles of iron ores and sinters,
collected frou various ore occurrences in India. With
‘this apparatus, the porosities of .1L more iron ores.were
determined. Table 31 chows the macroc and micro porosity.
values of various iron ores, crushed to -3+4 mesh size and
heated to 125°C to remove mois*ure prior to porosity meas-
urement Further work is in progress. ‘

Table 31 - Macro & Micro Porpsities-of Indian Iron Ores.

Sl. Name of the Density in - Macro il Micro
No., iron ore, gm/cc, Porosity % Porosity
1. BayaI‘am 4.14. . lvl LR S 12,6+~
- 8 Barbil II i SRS i 16,6
3. noBalladilla Fns 60 Q.61 6.4
4, Rajasthan 3.53 0,63/ . ' W2ie3

S.,. Barbil III. . kLT QLOk tetaoods B8
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FIG: 26. VARIATION OF ELECTRICAL RASISTANCE OF IRON
ORES WITH TIME OF " REDUCTION. '
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5, Kiriburu . 4.14 . 0.92 10,51
%, . ;. Madras - H BuBli oo n b -0 MHEL ] 6.0

8. Barbil:. IV_W W O O ' O sgel et 17,95
9, Khursipar : 4,42 5 0.47 . 8,54
10, Devalgaon i B ladd 1,29 17.20
11, Mahindergarh = . N.D. 0.8 14,20
48,0 Kinetics of Hydrogen Reduction of Iron Ores

by. Electrical Conductivity Method.

The measurement of electrical resistance of
iron ore sample before, during and at the end of -
reduction by hydrogen has proved to be a successful ;
method for the study of kinetic. of hydrogen reductlon.

R , After completino the second series of experl
~ .ments, the third series, comprising of varying the ..
hydrogen flow rate but keeping the type of ore and the

. temperature of reduction constant, was completed, - The:

ore used in this series of’ experlments was Tomka iron
‘ore and the experiments were performed at a temperature -
of 850°C by varying the hydrogen flow rate between :
900 to 1100 cc/min, The electrical resistance of iron
ore was measured at the room temperature, at the tem-
perature of reduction and during reduction till the end
of reduction. Table 32 gives the results of the eXperi-
ments with Tomka iron. ore., 'Fig. 26 indicates the vari-
ation of electrical resistance with time during the
reduction by hydrogen., It was obsérved that the reduction
could not be carried out to more than 90% with this ore
which is also indicated by the electrical resistance at
the end of the reduction.

. Table 32 - Results of the Experiments at Constant
- Temperature but with varying hydrogen
Flow Rates, .

ITe"’mp.-- QTime 1ectrical reS1stance in Ohnys
§of ffow‘gas v gﬂt The 0T the TRedi-
Name. of Qredu zateiflow room} tem, of IReducedl ction

ore. . ictlon ce/ Yin §tem.§redu- § Product!
°c min.fmin, §  fetion. | 8

Series TgA 850 llOO 120 "+ 3080 6 3.8 0,003 89.4

Series Tg 850 1000 120" 1.4x10° 1,26 = 0,005 84,5

Beries Tg 850 900 120 5,3 1,62 , 0,009 80,35
Tg 850 1000 60 902 - 1,85 0,010 74,8
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49,0 Influende of Associated Ingredients on the .
~° Mechanism of Gaseous Reduction of Hematite

The kinetics of gas-solid reducing reactions
decides the efficiency of iron smelting in blast furnace.
It is considered that the minerals associated with hema-
tite may significantly influence the reaction rate. A
comprehensive investigation has been undertaken to study
the effects of various associated ingredients on the
mechanism of gaseous reduction of hematite,

In view of wide use of fluxed sinters, experi-
ments were carried out to study the effects of calcium
.carbonate on the mechanism of redugtlon of ferric oxide
pellets by reduction at 600° - 900°C in a current of
hydrogen by continuous determlnatlon of loss in weight,
Initially the reduction of pure Feo0n pellets was studied.
The sample being of spherical in sﬁape the reducing gas
completely envelopes the outer surface, and therefore
the reagction interface advances at a more or less constant
rate. At the initial stages, the radius of the unreacted
core decreagses linearly with’ time, but there are the
deviations from linearity as the unreduced core decreases
in diametar. Assuming that the reaction takes place only
at the interface of the pellets, the follow1ng equation
holds good:

dw s e | _
H K.AO 0»0-0..-oooovon (1)
where W = wt, of oxide reacted.

t [o=lv) tdine (dh Wming?)
A Reacting interfacial area (cm B

K = Constant, (a function of composition of
pellets, temperature and the shape of
the pellets)

1

”>~The fractlen of the pellet reduced f
f = Eg 3R - Whene nie rad of reduced oxide
Roi%i; ' i . 77 pellets

oy i ettt yad of oxide
g‘ pellets.
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49,0 Influence of Associated Ingredients on the .
' Mechanism of Gaseous Reduction of Hematite

The kinetics of gas-solid reducing reactions
decides the efficiency of iron smelting in blast furnace.
It is considered that the minerals associated with hema-
tite may significantly influence the reaction rate., A
comprehensive investigation has been undertaken to study
the effects of various associated ingredients on the
mechagnism of gaseous reduction of hematite,

In view of wide use of fluxed sinters, experi-
ments were carried out to study the effects of calcium
.carbonate on the mechanism of redugtlon of ferric oxide
pellets by reduction at 600° 900"C in a current of
hydrogen by continuous determlnatlon of loss in weight,
Initially the reduction of pure Feo0n pellets was studied.
The sample being of spherical in sﬁape the reducing gas
completely envelopes the outer surface, and therefore
the reaction interface advances at a more or less constant
rate. At the initial stacges, the radius of the unreacted
core decreases linearly with time, but there are the
deviations from linearity as the unreduced core decreases
in diametar. Assuming that the reaction takes place only
at the interface of the pellets, the follow1ng equation
holds good:

g% = K.A. '...-.a.....:.. (l)
where W = wt, of oxide reacted.

t = time (in mins.)

A = Reacting interfacial area (cm2)

K = Constant, (a function of composition of
pellets, temperature and the shape of
the pellets)

The fractlen of" the pellet reduced f
f = Bg R - Where R rad of reduced gxide
§0:5 £ o1 T - "7 pellets

T S T T O
g‘ pellets.
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A e 4 (RO - fRo) .--'c.;on~'}. (2)
Weight oxide reacted w = 4/3 Ro3do - 4/3 (Ro-fRy) 3d,..(3)

where do = density of pellet,
L -
& 4/3 Ryd (R-fR,)2 &f i feaido oo (4)
s at .
Substituting in eqn. (1) and intergrating

Ryd, 4 =
(o) (o] dt ‘ ; K ....--..-......(5)

‘Rodo f = . k.t. ..ooo.coooo-(6)

X = 4/3 Rodp - 4/3 (Ry.- fRo)34,
4/3 RO &o

saeding 4D

oF .y 2.3 X where W, initial wt. of oxide reacted

w = final wt. of oxide reached
- at time, t. ’
o l-(l_f)a . 00."‘50.'0000-‘.0 "0'.0.00.000.‘.00.0 (8)
X

f p

fraction reduced at eny time, t.
l-(l;x)% .0."."0.!...00.(9)
Substituting in eqn, (6)

l.(l-X)% 27 Kb
P Redg

orsuRydy e (L) -5 8 ok deeb, Tow ek s 09 30)

: - If the overagll rate is controlled by the rate
of the surface reaction at tge Wustite iron interface,
then a plot of Rydp 1-(1-x)3 vs 't' should yield a
straight line, slope of which is equal to the specific
reaction rate constant.

Results of the above plot of pure hematite
pellets and with the sddition of 2%, 4% and 10% calcium
carbonate are shown in the Figs. 27, 28 and 29, It was
realised that the dissociation of CaCO3 will increase
the porosity of the pellets in comparison with pellets
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without it. However, eliminating the effect of increase
in the porosity, difference in reducibilities of pellets
+ with or without CaCOg will disclose the effect of Cal on
reducibility., It was concluded that the Ca0 has a meas-
nrable effect, mechanism of which is being investigated.

50.0 Resctivity of -Solid Fuels Employed for Iron
Smelting in Low Shaft Furnace.

Reactivity of the fuel greatly influences the
gaseous reduction in the stack of the blast furnace and
thereby reflects on the fuel consumed. It is of greater
significance in a low-shaft furnace as the limited stack
height requires fuel of optimum reactivity. '

- In ‘continuation of ®earlier work done further
experiments were carried out on the reactivity towards
COo of fuels employed in iron smelting in low-shaft
furnace. The experimental details and conditions for
the test were: mentioned in the previous report.

The fuel was soaked in normal NaOH solution
for about 24 hours, air dried for about 2 hours and then
dried in air oven for about 3 hours at 110°C. The fuel
was crushed to standard size of =14 + 22 mesh BSS. The
temperature of the fuel bed was raised to 950°C within
one hour in a current of pure, dry nitrogen and ‘the tem-
perature was maintained for one hour,.

Pure COo stored in a gas -holder of 200 ml
capacity was passed through the fuel bed by displacement
with conc. magnesium chloride solution. The first 150 ml.
of CO, was used for purging. The gases C0+COo resulting
from.%he passage of remaining 50 ml. of COg were collected
in a nitrometer over conc. caustic potash solution to
absorb the unconverted COo. The volume of gases collected,
mainly consisting of CO, is directly taken as an index of
‘reactivity of the fuel towards COo. The results for -
experiments on pearl coke and Lodna coke are given in
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Table 33 - Reactivity of Pearl Coke (Bhilai) and
Lodna Coke with Inorganic Addition.

g Reactivity (ml. of CO produced per

¥ 50 mls. of COg supplied).

§ Without inorganic With inorganic addition
% addition Jaoaked in NaOH solution

Sample@Sample §Sample § Av. | SampleISampleQSampIe§ Av.
& R e e b iR g0 3

52.70 49,50 53,50 51,90 54,70 61,00 53.50 656.40

60,70 63.50 65,50 63,23 62,10 71.50 77.90  70.50

Further experiments are being carried out to study
the effect of the reactivity of coke "conditioning" such
as by barium carbonate, sodium carbonate and iron oxide.

51.0 Study of Sulphide Capacities of Slag.

In continuation of the work reported earliery the
partition of sulphur between molten pig iron saturated
with carbon and slag of different basicity degrees were
studied in a temperature range of 1450° - 1500°C,
Several melts containing varying amounts of sulphur were
equilibrated with synthetic slag, the compositions of
which after the attainment of equilibrium are mentioned
in Table 3., It was found that the partition of
sulphur increagsed almost linearly with the basicity degree
of the slag and isothermal temperatures as shown in
Fig. 30, Further work is proceeding.




Table 34 - Equilibrium Sulphur Partition between Carbon Saturated
Iron and Slag.

q‘
Analysis of iron m Alalysis of slag w wmmwoudwmwmaﬁuﬁpon
: 3 § i 7 i T \mmmamm aaomwMMMmed
ok . 7 § _ 8 ;o Ca0+2/3 MgO. 3 S
C% ySik y S% momoa §S10o% (MgO%yA10a%y Fe0Zy 8% { S0, + K205 S
X k1 { R el i { ‘
3,08 1,80 0,016 39.19 41,63 2.32 16.3¢ - 0,193 0.703 12.0
3,90 2.09 0.018 31.40 43.10 9,90 9.70 - 0.23% 0.720 13.0
4,06 2,08 0,012 48,91 25,60 2.28 13,10 - 0,952 1.3 79.4
4,8 1,27 0.011 46,97 26,96 9.63 13,60 - 0.892 1.32 . 81.2
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52,0 A Comparative Study of the Viscosity of
Quar teinary Slags Containing Titania.

During smelting of titaniferous ores in low-shaft
furnace, the viscosities of slags of different basicity
degrees and containing different amounts of TiOg therein
appeared to be significantly different., It was there-
fore, decided to study the effect of Ti05 on v150051ty of
quarternary slags containing Ca0- 8102-A1 3-Mg0 in which
the Ti0s contents varied from 1 - 7% Ee fluidity was
measured by Herty's viscometer, The temperature of the
slags varied from 1350°C to 1500°C, The chemical com-

- position of the slags are reported in Table 35,

Table 35 - Chemical Analyses of the Slags Containing
. Different Amounts of T102

Sample Tio, -Cg0 Si0 Mg0 Al04 = FeO*
No. % % 4 ¢ g3
1, - HA.2 31,6 5.9 20,2 1.4
2. 1.4 35,0 34.4 6.5 19.6 Y2
3Ss 2.6 4.6 32,1 5.8 20,1 0.8
4, 4.4 336 38:2 5.9 2.0 0.6
5. 55 32,5 .31i} :Bi4 19.5 0.5
66 g 5;4 83.7 30.4 5.7 21.3 005
x After thorough removal of small particles

-of iron aseociated with the slag.

In these slag samples the lime silica ratio
varied between 1,0 - 1,1 while the alumina and Mg0 con-
tents were 19-21 and 5-6% respectively. Fig. 31 shows
the dependance of the fluidity of the slags containing
varying percentages of titagia on the temperatures
ranging from 1350°C to 1500°C It can be seen that the
fluidity of the slags increased with increase in Ti0
upto 2.5 to 3,0% regardless of temperature. The flu?d-
ity declined at higher levels of Ti0,, but the fluidity
in no case was lower than the fluidi%y of titanla free
slags. Being actual furnace slags, the state of
oXidation of titanium is debatable. The fluidity
" patterns may also alter with the basicity degree of the
Slago
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53,0 Studies on the Growth and other Properties of
Metgl Fibres,

. It is known that fibre-reinforced composites
possess high strength over a wide témperature range.
Investigstions have béen undertaken to develop these new
engineering materials, Of all metallic fibres, iron!
whiskers are known to possess very high strength, It was
felt, therefore, that work should be mainly directed on
the study of iron whiskers. However, it was felt that
\.other whiskers may also be studied with regard:to develop-
ment of new procedures and techniques'and-so the work has
also been extended to include other types of Whiskers.

: n' Studies carried out during the period can be
classified under two groups namely (i) growth properties
_of whiskers, and (ii) mechanical propertles of whiskers,

26 b’ The growth pr;pcrtles of whiskers:

Experlments were conducted - -on the growth pro-
~ perties of copper, iron, silver, cobalt, nickel and
platinum whiskers, which were produced by thermal dis-
sociation or chemical decomp051tlon by me thod s outllned
-in Table 36.

Table 36 - Preparatlon of Whlskers by the Thermal
- Dissociation-and Chemical Decomp031tion
of Metal Halldes. 2

Chemical PN ' Reaction temper-

Metal compound Method used ‘ature Range.
Platinum Pt Cly  Thermal dissoctatior 700/900°C
Copper Cu Cls Chemical reduction 500/850°C
Cu Br with Hy/Ar mixtures 500/850 C
Cu I h fLE0W S id 500/850 Cj
Silver - #gCl 0. % " 400/8509C
‘ SREE . T T 3 ..400/850
| | AR BED T o " ... 400/850°C
Iron Pa;Clmianny, 22 sz M . 700/800°C
$i Fei ClentT ¥4, P pedg il 380 L OrgO0RBON Y.
Cobbxt "= Cov Bpg M+ A5 UGS TR R *1\600/9oo°c_

Nickel Ni B.2 o . : "”i600/900 c
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The optimum temperature Hr producing platinum
whiskers was 750°C., The whiskers were straight and very
small, of length about 1 mm, with diameters less than
S5 microns. Copper whiskers were produced from cupric
chloride by reduction at about 650°C with hydrogen and
argon gas mixture, After the completion of reduction,
time had no effect on whisker growth at the reaction -
temperature, The effect of gas flow rate was not under-
stood except that a certain minimum gas velocity had to
be attained before appreciable reduction took place. The
effects of gas composition and flow rate are being
studied. Copper whiskers were generally of varying.
dimensions, of average diameter 8 microns and length upto
about 5§ mm, The larger whiskers were used for mechanical
testing., In some cases, it was found on removing the
metal deposit from the combustion boat that considerable
whisker growth had occurred on the under surface of the
metal deposit. It was also found that in certain cases
where whisker growth was sparse that after ageing samples
in air for several days and sometimes weeks, appreciable
whisker growth took place which apparently did not exist
previously. Also the size of many existing whiskers
appears to have incregsed. This phenomenon is being
investigated. It appears also that whisker growth is
associated with g "Filigree" type deposit which seems to
act as suitable base or nucleation site for whisker
growth, At higher temperatures where the 'filigree’
type deposit gives way to an "alligator skin" type
deposit very little whisker growth took place. The
cross section and general morphology of these whiskers

will be investigated. Experiments on growth of silver
" whiskers showed that the optimum temperature of growth

of silver whiskers from silver chloride was about 720°C.
The whiskers were of comparatively heavy cross sections
of the order of about 20 microns diameter and generally
of short length. However, there were a few whiskers
produced of length of about 3 mm. As in the case of
copper whiskers, silver whiskers appear to grow from
nucleation sites in silver "Filigree". Ageing of
specimens of silver produced by chemical decomposition
of silver-chloride did not produce any increase in size
of the whiskers grown, nor did new whiskers appear. The
chemical decomposition of silver bromide and silver
iodide showed very low shisker production. All attempts
to grow iron whiskers from ferric chloride under different
gemperatures have proved futile., Further experiments
are being carried out on the thermgl decomposition by
hydrated and anhydrous ferrous chloride, Experiments on
production of cobalt and nickel whiskers by chemical
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decomposition of coblat and nickel bromide gave no
positive results. Further experiments .are also to be
conducted on the effect of impurities, stresses,
catalysts and effect of substrate on the growth pro-
perties of whlskers. :

ii) Mechanical properties of whiskers:

A small tensile testing apparatus was designed
and fabricated for the tensile testing of whiskers. The
whisker is mounted between two copper loops which act as
grips of a tensile testing machine. The upper loop is
held rigid and the lower loop 'is loaded by means of
weights on a small pan attached to it until failure
occurs, The digmeter of the shisker is meagsured micro-
scopically. The whisker is attached between the loops
by means of shellac which is melted on to the end of
the copper loops. The melting characteristics of the
shellac are controlled by passing current through the
copper loops. Two types of whiskers namely those of
copper and silver were tested. Results from copper
whiskers were inconclusive, Values of tensile strength
of silver whiskers were gbove the normal tensile
strength of cast silver and further tests are being
conducted on whiskers of smaller diameter., An instru-
ment suitable for handling of smell minute parts,
namely a 'micro-manipulator' is being designed and
fabricated. Bend tests on whiskers will also be
carried out with this instrument. A suitable equipment
for accurate measurements of elastic strain is belng
designed. The future programme of work includes
preparation and testing of fibre reinforced comp051tes.

54,0 -Structure of Liquid Metals.

i) Aluminium-zine system-

It was earlier shown: that (i) liquid .
metgllic solutions over the entire range of composition
in binary eutectic systems may not be homogeneous and
stable partlcularly in presence of characteristic ;
inflection in the liquidus (ii) that liquids outside’
the composition range of the liquidus inflection on
either ends of the binary phase diAgrams are stable
and consists of colloidal despersion of solute and
solvent rich clusters (1ii) the essential immisci-
bility existing in the solid state is extended in
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rudimentary form in the liquid state in the composition
range of the inflection and a region of incipient immi-
scibility exists above the liquidus on melting and (iv)
the incipiently immiscible liquids can be separated
into their two conjugate phases by centrifuging in
liquid state. In order to study the structure and
stability of the liquid metallic systems which show
more pronounced inflection in the solidus than in the
liquidus, aluminium-zinc system was studied by the
centrifuging technique. Aluminium-zinc alloys contain-
ing 16, 40, 50 and 90 at % Zn respectively were pre-
pared and examlned Typical concentration gradients
were set up in alloys with 16 and 90 atomic % Zn.
Figure 32 shows the results for aluminium - 16 atomic

% Zn alloy at 650 and 750°C, and under centrifugal
forces of 40g and 70g at each temperature. But the

two alloys with 40 and 55 atomic % Zn and falling in
the composition range of the inflected solidus did not
behave in this manner. In the former case cluster
radii were calculated by the sedimentation equilibrium
equation using published values of density of aluminium
and zinc. The calculated cluster size in these alloys
is recorded in Table 37. It is noted that cluster size
depends on temperature and composition.

On the other hand alloys with 40 and 50
atomic percent zinc decomposed into two congugate
phases on centrifuging between 550 and 750°C.,

The investigation shows that (a) liquid
aluminium-zinc alloys are stable in the composition
ranges 0-20 and 60-100 at % zinc and consist of
colloidal dispersion of aluminium and zinc rich
clusters; the liquid in the composition range of the
inflection in the solidus consists of incipiently
immiscible solution of the two conjugate liquid phases
which can be separated by centrifuging.



Table 37 - Cluster size in Al-Zn System

0
5 2 : Calculated values of cluster (A) size at
Composition Centrifugal emavmmmdcum mean, minimum and maximum slopes.

at % Zn force xg
Al n
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ii)' i Liquid metals and solidificotion:

Thin films of aluminium containing 4.8%
7.4% copper respectively were obtained by the mod if 1ed
splat-cooling tec¢hnique based on centrifuging metals

in liquid state, The alloys were drastically cooled
from 900°C to -4°C and the films thus obtained were
exXxamined metallographically and by transmission and back=-
reflection x-ray techniques. 1t was observed that (i)

in dendritic crystallization growth occurs along $he
(III) and (321) directions, (ii) asterism was present
but disappeared on annealing at elevated temperatures.
During annealing polygonization or sub-grain formation
was observed before the on set of general recrystalli-
zation, These metsllographic observations were also
confirmed by X-ray data. Changes in lattice parameter
and microhardness of all samples were measured after
heat treatment. It was found that the lattice parameter
decreased as the annealing temperature was raised
initially.

Further work on these glloys as well as on
others are in progress, ‘

SS;Cﬂ Co-efficients of Thermal Expansion of Fe-Al
and Fe-Si Alloys. : e s i

Co-efficients of, thermal expansion of iron-
2aluminium and iron-silicon alloys were measured in the
temperature range of R.T. - 400°C. Their variation
‘with increasing contents of alloying elements (Al-Si)
bear close correspondence to the variation of curie
temperatures of these alloys, suggesting magnetic
interaction to be one of the main factors influencing
the thermal expansion co-efficients of .these alloys.
The results are interpreted in terms of electron theory
of transition metals.

855.0 Study of Interaction in Aluminium-

AR The 21-Si alloys containing 1, 4, 9 and
1108 .84 respectively were prepared by casting in metal
moulds (2" sg x 10" long). The 1% alloy was contri-
fuged at 700%C, 500 rpm using graphite covering for
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different times upto 2 hours. The centrifuging of the
9 % Si alloy is in progress.

57.0 Effect of Titanium in: Iron and Steel.

Titanium in steel:

_ ~ 7-In order to understand the mechanism of pre-

cipitation, x-ray analysis was carried out with PM-501
alloy in differently heat treated conditions and the
precipitating phases have been identified. Several
heats corresponding to the nominal Feng and FeTi com-
“‘positions were glso made synthetically in the electron
beam melting furnace and X-ray studies were carried out
after heat treatment with a view to study the possibility
of the decomposition product of FeoTl = FeTl + Fe, In
view of the high hardness of the heat treatment, attempts
are being made to put the steel in service for cuttlng
purposes, Few heats were made for finding the suitablllty'
of the alloy as a tool steel for industrigl purposes.

58,0 Grain Size Control of Non-ferrous Metals :
and Alloys. ‘

Lfter completing a basic study of grain size
control .in mggnesium-gluminium- alloys, attention was
focussed on the mechanism of grsin size control in cast
~aluminium, The solidification behaviour of two A1-Ti
alloys containing respectively 0.14 and 0.4% titanium
was studied. Heats were made by dlssolv1ng .appropriate
amounts of titanium in molten aluminium in an electric
furnace and were cast in metal moulds, Specimens of
35 g each ‘were taken; a set was melted end solidified in .
refractory and granblte crucibles and another solidified
after centrifuglng in refractory and graphlte crucibles
at 700 and 200°C for various tlmes.

The following conclusions were drawn:
i) The structure of liquid aluminium alloys con-

sists of a small fraction of dense clusters suspended in
randomized atoms which behave like true liquids,

ii) Technological freezing depends on the presence
of either kindred surfaces of the clusters or of the
heterogeneous particles.
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: B 1 10 SO, T ¢ 1 O, ¢ Cu alloys nucleation occurs on the
A1-Cu cluster surfaces and experlmental observations on
the variation of cast grain size in a centrifuged speci-
men could be explained on the basis of isolation theory
of Turubull for the solldlficatlon of tiny liquid
~ droplets., ;

iv) . _The role of titanium as effective grain
refiner was confirmed.

: v) = Both the primary particles of Al-Ti and the
£1-Ti clusters provide surfaces to nucleate %he crystal-
lization of gluminium from the melt, ,

vi) The marked influenceOOn grain size if the
pouring temperature exceeded 750 C in Al1-Cu alloys could
be explained on the basis of randomization of clusters
of Al-Cu. .

vii) Presence of TiC in aluminium melts in which
titanium wes not intentionally added could not be con-
~firmed if the melt was’contained in refractory crucibles.

Experlments are in progress for the develop—
ment of commercial 1nocu1ents for aluminium agnd its
alloys.

59.0 k,‘ Structure end Propertles of -9 percent
- Nickel Steel.

Work on the development of cryogenic steels
for use at sub-zero temperature was undertaken with a
view to study (i) The mechanism by which the established
cryogenic steels (especially nine percent nickel steel)
derive their cryogenic properties and (ii) To develop
cryogenic steels, based on indigenous alloying elements.

- The work on (1) was carried out on nine per
cent nickel steel which has gained prominance during
recent years as a steel suitable for low- temperature
application.

Heats were made in ba51c lined high
fquuency induction furnace. The average chemical
anglysis is shown in Table 38, ‘
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Table 38 - Chemical /nalysis of Heats.

Carbon Silicon Manganese Nickel Phosphorus Sulphur
% % % % % %

The specimen blanks were austenitised at 800°C
for 1 hour and water quenched. The quenched specimens were
tempered at 570°C for 2 to 8 hours. /A set of tempered
specimens were quenched in liquid air and the rest were
water quenched. In the case of austenite micro-hardness
for each heat treated condition, average of ten micro-
hardness values was taken as the meagn micro-hardness
value,

Thin foils for electron microscopy were pre-
pared from mechanical ground and polished thin strips
which was subsequently chemicaglly thinned. Final thinn-
ing was carried out in a modified Bollman's apparatus
using perchloric - butyl cello solve electrolyte.

The Fe-Ni-C system with very low concen-
tration of carbon resumbles that of Fe-Ni system, With
9% Ni, the austenite phase is in stable equilibrium with
ferrite even at low temperatures., Thus on tempering the
quenched 9% Ni-alloy at or above 550°c, considerable pro-
portion of austenite is formed by the reverse martensite
transformation. In the ternary system of Fe-Ni-C, the
stable carbide is FegC,

Thus with the increase in_tempering para-
meter (tempered for long hours at 570°C upto 25 hours)
more austenite was formed gnd the carbide particles grew
leading to gradual decrease in hardness value. One set
of tempered specimens were quenched in liquid nitrogen
and the other in water. For specimens quenched in liquid
nitrogen and the tempering time above 2 hours, the hard-
ness increased with the progress of tempering whereas for
the water quenched specimens there was a decrease in
hardness with the increase in the time for tempering.

The lattice parameter velues of the austenite decreased
witg the increase in tempering time, when tempered at
570°C, (Table 39).
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Table 39 - Lattice Pargmeter of Y and -iron in
Heat-treated 9% Ni Stecl,

Temgering time at § Lattice parameter% Lattice parameter
570%C,in hours. % of Lustenite (kX)§ of Ferrite (kX).
2 3592 _ 2,8598
4 3.566 2 2. 8509
6 34550 2.85%
8 3,545 2.8500

- — - - - - - . . G O G WD G S . W

The lattice parameter of Y for 2 hours tem-
pering being 3.592 kX decreased to 3,545 KX after 8 hours
tempering. If the high: %attlce parameter value Y for
2 hours tempering at 570°C due solely to carbpon enrich-
meént the carbon content of Y at that condition would be
approximately 1,15 percent. The high micro-hardness
value of 256 HV, also suggested enrichment of Y with
interstials. r"herefore high micro-hardness and lattice
parameter value-of the austenite formed by temperirig at
570°C for 2 hours confirms the view of Marschall and
others that this austenite contains larger amount of
interstitials than the austenite produced subsequently.
It was also confirm-d that the Ms temperature of this
initial austenite is below -196°C due to presence of
large amount of interstitials. The subsequent increase
in tempering time leads toc dilution of the austenite
‘with respect to interstitials with a consequent increase
in Ms temperature leading to instability of austenite at
sub-zero temperatures.

The good ductility of f c.c. metals at sub-
ZeTo temperatures is thought to be due to low stacking-
fault energy. The carbon stabilised the f.c.c. phase
and would thus be expected to cause an increase in
s tacking fau%t energy. Stacking fault energy of Y-iron
is 75 erg/cm® increased with the carhon content of Y and .
with 0.8% C the value is 120 ergs/cm=, /Addition of Ni :
to iron caused a decrease %n stacklng-fault energy and a
minimum value of 35 erg/cm® at a composition of 36 % Ni
was obtained. Thus high nickel seems to be more benefi-
cial than high carbon so far as low temperature proper-
ties are concerned. The advantdge of high interestials
content in gamma is due to correspondingly lower amount -
of interstitials in the matrix which would lead to a
reduction in the friction stress of the matrix,
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The strueture of marten51ue obtained on
water-quenching was in the form of laths, romn the
S.curve for 9% Ni steel it appeared tnat theru was some
"overlao with the bainitic transforma' on and some part
of the structure was haV1ng 51m11ar1ty with the bainitic
ferrite,

' When tempered for 4 hours at 57000 the
structure seems to be more ‘zkin to upper bainite and
this structure persists even after 6 hours of tempering.
After 8 hours of tempering a fully tempered structure
was formed. In the transmission electron mlcroﬂraph
(Fig. 33) there was no sign of internal *twinning in tne
martensite areas. There are numerous carbide precipi-
tates, both small and large in the tempered structure.

60,0 Development of High-Temperatume Materials,

i) Oxidation study of high temperature metals:

The react1v1tv of nicbium with common gases
has been the subject of considerable amount of research
during the recent years. Most of the interest in this
field has been based on-applications that will expose -
the metal to either oxygen or air at elevated temperatures,
The fact that niobium undergoes severe oxidation above-
500°C has somewhat limited the scops of its successful use
in an oxygen-bearing environment. ‘It is recognised that
a clear understanding of the exact natu T e of these oxides
is essential before a method to protect the metal against
oXidation can be sought.

Work on the oxidation ChdrACterlStLCS of
nloblum which was reported earlier was mainly concerned
with the preliminary investigation on different oxides
that formed on oxidation of pure niobium metal powder
in air. Further work on similar lines reveagled that
after the initial dissolution of a small nercentage or.. ;
oXxygen into the niobium lattice, a new sub-oxide 1is
formed below 350°C, . The structure:of this sub-oxide :
closely resembles to that of the ‘oxygen saturated metal.
It is believed that the sub-oxide found in *his investi-
gation corresponds to the oxide ascribed as NbO by
earlier workers. The stability of the sub—ox1de was
found to decrease with increa81ng temperagture which .
disappeared completely at 400°C., 1Interference colours



(iii)

Fig. 33 The electron micrograph of 99, Ni-steel
tempered at 570°C for 2 hr, thin foil
(i) x 40000
(ii) x 60000
(iii) x 80000



- OB -

were observed on several oxidised niobium samples during
the initial stages. The interference colours were pre-
valent under conditions when the formation of the sub-
oxide predominated., This may also be caused by the
other known lower oxides 6f niobium which exist as
relatively thin layers and hence insufficient to be
detected by x-rays. The X-ray analysis of niobium
samples oxidised at various temperatures are summarised
in Table 40, The interplaner spacings alongowith the
intensities of the sub-oxide detected at 350°C are given
in Table 41,

The oxide formed on heatlng niobium metal
powder in air above 400°C was found to consist of NboOg.
X-ray analysis of 1 NboOg obtained at various temperatires
showed that two polymecrphic forms are exibited by Nbo0
L low tempergture X -form which exists upto 850 o rapigly
transforms to the high-temperature /<-form when heated
above this temperature, «-NbgOg once formed, remains
stable at all higher temperatures. On the contrary,

-Nb20 transforms slowly to /% -form even at tempera-
tures within the / -range, « -NbgOg is therefore con-
sidered as metaslable while /< -NboOg is the true stable
form of NboOg at all temperatures. The X-ray result on
the ¥ to /¢ transformation was further corroborated by
dilatometry which indicsted that the transformation tem-
perature lies in between 850 and 900°C. The transfor-
mation is accompanied by a relative. expansion and is
irreversible.

ii) Phase equilibria in Oxide systems:
(NboOg - L1903 system)

The system was investigatéd by metallographic
" and X-ray diffraction methods. Priliminary investigation
showed that both Nbo0g and Alo0g enter into extensive
solid solution with each other. Only one compound was
observed haV1ng a composition AINDPO4. This phase was
found to be in equilibrium with both NboOg and “1203
solid solutions.

Further work should be carried out on
oxidation of pure niobium metal sheets and the effect
of minor addition of other oxides on the oxidation.
resistance of the metal. The eventual aim of this
type of work would be to find out ox1dation r651stant
niobium metal alloys.



Table 40 - X-ray Identification of Oxide Phase
of Niobium,

Tempgrature Time Phase
C min. Identified
280 30 Nb(0) solid solution
300 30 Nb(0) with fur ther expanded
lattice.
330 60 Nb(0) + traces of NbO4
350 75 Nb(0) + NBO, |
400 45 Nb(0) + Small amount of
oL -NbsOce
2¥5
600 60 Large amount of o ~NbsOg
800 60 o« -Nbg0s + trace of/3-Nb0g.
850 60 Larger amount of /3-NbgOg.
900 30 /3 -NbgOsg.
1000 30 /2 -Nbg0g.
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Table 41 - Interplaner Spacings of NbOy

No. i Intobs, % dcalc.
lo 8 26 3864
7 5 2.3357 Nb.
By P 1.6981
4, T 1.6604 Nb,
> P i 1,3949
G, m 1.3747
T m 1,8827 NU,
8. V.t 1.2028
9. m 1.1820
10, Voo 1,0879
L1, Vel 1.0698
ol f 130556
¢ il A Yl 1,0407 Nb,
14, V.l 0.9847
15, Vol 0.9689
16, v.f 0.9633
G & g v.t 0.9186
18, .l 0.9134
N.B:- s = strong; m = medium; f = faint and
v.f = very faint.
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61.0 Isothermal Transformations in 17% Cr-n-N
Stainless Steels. .

In exten31ve study of the isothermal trans-
formations in 17% Cr-Mn-N stzinless steels was made,
It revealed that the addition of 10% Mn at a constant
level of ~/0.4% C+N makes them entirely austenitic
throughout the range of holding temperatures. However
a grain boundary precipitatlon is observed on prolongeé
annealing, «

Below 10 % Mn, these steels are duplex in
nature and at the solutlon - treatment temperature of
1100°C have a delta + Gamma phase structure, The mode
- of transformation in these duplex series of steels has
been studied in detail employing X-ray diffraction,
optical and electron microscopic techniques. It was
observed that at temperatures above the austenitic
range, th formation of an aggregate of lameller nitrides
and carbides takes place from the delta-ferrite. The
austenite forms from delta-ferrite at the delta-delta
and delta-gamma phase boundarles and has an acicular
structure,

At temperature below A,, the austenite trans-
formed allotropically into alpha-ferrite. This was
followed by the formation of a pearlitic aggregate of
carbide in alpha-ferrite. A general precipitation of
the Widmanstattan type containing CrogCq was observed
in the range of 8000C and below on prolonged holding.

62.0 Preferred Orientation in Extruded Rods.

This project was taken up with a view to study
the preferred orientation developed during extrsion as
a function of (i) temperature of extrusion (ii) speed
of extrusion and (ili? position in the rod and to study
the influence of preferred orientation developed during
extrusion on (a) mechanical properties and (b) preferred
orientation to be developed on subsequent cold drewing
of 'the extruded rod.

The coventional X-ray diffraction technlque
was used in which the axis of the extruded rod was kept
horizontal and prependicular to the X-radiation which
was incident just on one edge of the specimen. The
measurement of the azimuthal positions of the intensity
maxXxima on the semi-Debye-Scherrer rings obtained
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in the diffraction photographs, enable to deduce the
preferred orientations developed in the extruded rods,

During the period under revisw, ths variation
of the texture from the surface to thc centre of the
commercially pure aluminium rods extruded at 400°C with
exist speed of 60 ft/min..to rods each of 0,785 in..dia.
was studied. The X-ray diffraction photographs taken
for 20 positions of the above rod at a pitch of 0.0392 in,
(5% of the original diameter of the extruded rods),
indicated two zones (i) the sarface zone (No. 1 .No. 5)
and (ii) the central zone (No. 6 ~:No. 20).

i

e Sunface‘zohe;_

This zone has preferably a single texture /I00_7
superimposed upon a random orientation. Comparatively
the larger grains are oriented in a preferred manner
showing the presence of /T00/ texture and the smaller
grains are oriented randomly. . ’

ii) Central zone:

In this zone the grains were oriented randomly
without showing any indication of the presence of any
fibre texture. The grain orientation did not change
appreciably with the position in the radial direction
towards the centre. ;

The textures of three specimens of the above
extruded rods (i) front, (ii) middle and (iii) rear
portion had been studied. No anpreciable change in
the development of textures was found in the above .°
three specimens. Further work on duralumin and com-
mercially pure aluminium is in progress.

63,0 Studies on the mechanism of Producing Good
Battery Letivity. in Mn02.

MnOo is an impor tant component in the manu-
facture of dry batteries. The battery active proper-
ties of MnOo are however not the same in all naturally
occuring ang synthetic forms of MnOs. The character-
istics of a good battery active MnOo (as found in
natural West African Ore) are its high and steady
voltage and current on discharge), when used in a
battery. It has long been sugges%ed that the difference
in the battery active properties of different types of
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MnOs are due to some difference in their crystal struct-
ures, Studies on the crystal structure of different MnOo
samples carried out by different authors however could
not throw much 1light so far on this aspect. Work was,
therefore, taken up to study the structural character-
istics together with lattice electron interaction pro-
perties (such as energy confignation and electron con-
duction, and magnetic and electrical characteristics) to
reveal the réasons for such differences. A suitable new
variety of eleé¢trolytic MnOo has also been developed by
introducing some other base metals like iron besides
manganese in MnO» lattice (to change the lattice energy
configurations) which gives much better battery active
properties than all other types. Figures 34, 35 and 36
show the details of the discharge characterlstics of the
Mn02 samples produced at NML,

64.0 Studies on Binary Alloys of Manganese.

- The phase transformation characteristics and
detalls of the structure and nature of both high and
low temperature phases formed in different Mn-Ni alloys
were studied, using X-ray 'diffraction, electrical resis-
tivity measurements and metallography. Both sintered
alloys made from pure Mn and Ni powder compacts and.
induction melted alloys, made from commercially pure
nickel and manganese metals, were studied., Table 42°
gives some of the results for various alloys after
different heat-treatments. B

Table 42 - X-ray Diffraction results of
Different Alloys.

Composition ¥ X-ray diffraction results 1 A
of the alloy ! T —§ Physical
studied § Temperature i Phases present andjproperties
wt % Ni Bfrom quenched their structure E
.10 2. 2 : v 3. .;‘2]1.
9.64 500°C (+7) Mn (-B.c.c. & Very hard
a g f.c.t.(¥ ) and brittle
800 C 5 -Mn (simple cubic)
1050°C 3+ ¥ Mn
19.9 400°C (X +Y) Mn
650°C § . Soft and

950°C § Y -Mn (f.c.c.) ductile
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24,5 500°C 1§ ey - . :
800°C 1§ ¥-Mn (f.c.c.) Soft and

ductile with
"workable pro-

_ perties.

39.3 5009C -~ Y+ Mn Ni(L) f.c.t. Hard and less
800, °¢C Y+ Mn NI(H) f.c.c, ductile
950 C Y= s0lid solution

51.6 500°C Mn Ni(L) f.c.t, - very hard and
850 > Mn Ni(H) f.c.c. brittle
950°C ¥ =s01lid solution(f.c.c.)

76.00 2400°C and Ordered MnNiB(f c.c.) Ductile with
slowly workable
cooled properties
750°C disorded'MnNi3 ‘

Crystal structures gnd transformation characteristics of

Mn-Ni alloys as found in this investigation agreed well

with those reported by earlier workers, The controver-

sies on high temperature phase in the equiatomic range

which was reported as f.c.c. by earlier workers and as

b.c.c. by Hume Rothery in his high temperature X-ray

work has been clarified. The phase was found to be

b.c.cy at high temperature having lattice parameters of

2 9613 and transforms to a f.c.c. structure having 3. 742

lattice parameter values which is practically same as

that of ¥ <Mn solid solution: These aspects were studied

both by X-ray diffraction and metallogrsphic observations.

An interesting observation on the presence of :a ‘phase-:

similgr to sigma phase have been made in alloys having

A 30—60% Ni at higher temperatures with the addition of

silicon in small quantities. Silicon in small quantities
seems to stabilize this phase, This has not been repor ted

- hr any of the earlier workers and confirm one of the pre-

dictions by Hume Rothery.
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65,0 High temperaturc Oxidation of Mn-rich Mn-Ni
Alloys,

High temperatur= oxidation studies of three

alloys 1n Mn-rich side of composition 54,873 65.35 and
76,1 wt % Mn were carried out., The roactlon rate,
kinetics, modes of formation of different oxides and
identification of the reaction products using X-ray
diffraction m%thods were studied, In the temperature
range 700-900°C all the alloys of above mentioned com-
positionobeyed parabolic rate law of oxidation. Para-
bolic rate constants were determined which showed that
with increasing temperatures and concentration of man-
gan<se contents, the rate of oxidation increased.
Activation energy was determined from Maxwell's-
Boltzmann distribution equation for these alloys and
was of the order of 40 kilo cals/mole for these alloys.

grrhenius plots on reaction rate is shown in figure
5 :

The X-ray diffraction analyses of the different
oxide products at different temperatures showed that only
manganese oxides were formed in manganese rich side thus
indicating a selective oxidation, in which the least
noble cogstituent of the alloy is preferentially oxidised.
Upto 800°C all the three oxides MnO, Mn304 and MngOg3 were
found to exist although with the 1ncrease1ng temperatures
-that quantity of Mng0g and Mng0, decreased. At 900°C
Mno0g was completely absent w 1%9 only few strong lines
of Mng04 were detected. '

66.0 Production of Basic Refractories from
Indigenous Resources.

This project was taken up to assess the
suitability of Almora Magnesite for basic brick
manufacture, The present work deals with its suita- -
bility for the manufacture of chrome - magnesite and
magnesite chrome refractories.

In these studies high grade Tulloch's chrome
ore and Almora Magnesite were used as raw materials,
Salem magnesite was also used for comparison purpose.

As reported earlier, microscopic examination
of the samples in the reflected light revealed cavities
round the chrome grains and no direct bonding of the
periclase and chrome grains even at the highest firing
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temperaturs (1700°C)., To study the phenomenon of cavity
formation some samples were made with pure chromite and
pure pericalse with different additions of iron oxide and
in these samples it was observed that samples with 10% and
morc of iron oxide in the periclase had very good direct
bond ing.

Keeping the sbove observations in view some
Salem magnesite was sintered with 5 and 10% mill scale
additions ané samples having composition 70% chromite -
30% magnesite, 60% chromite, 40% magnesite and 85%
magnesite, 15k chromite were made using beneficiated
chrome ore (=72 mesh size and 1.8% Si0s»). Samples of the
same composition were also made with -%O, and -18 mesh
chrome ore (non benificiated). : i FEd

Microscopic examination of these samples under
refleeted 1light revealed that in samples made from benie
ficiated ore porosity had hindered the direct bonding of
the chrome and periclass grains. 70/30 and 60/40 compo=-
sitions which are highly porous (porosity above 30%) have
very little direct bonding but in magnesite/chrome samples
in which graded magnesite was used and which had less
porosity, direct bonding was quite good.

With =10 and -18 mesh chrome ore samples con=-
taining megnesia sintered with 5% mill scale addition,
very good direct bonding was not observed, though it was
definitely better than the old samples., But with samples
containing magnesia sintered with 10% mill scale addition,
very good direct bonding observed, Particle size of the
chrome ore sesms to have little effect on direct bonding.

Some samples were also made with Dewaldhar
megnesite (sintered with 5 2nd 10% iron oxide additions)
and the same chromite (-10, and -18 mesh). The properties
of these samples are being studied.

67,0 Studies on Carbon Refractories,

The objective of this project is to study car-
bonaceous materisls from the point of view of their
ultimate utilization as raw materials for the production
of carbon products for diverse application in metallurgi-
cal and chemical industries,
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i) Development of dense carbon aggregate as
substitute for impor ted anthracite coke:

54 ﬂork durlng the period has been concentrated on
determlning certain data necessary for designing and -
"fabric¢ation of equipment for the ca: von pilot plant that

“ ' ds now under installation. Mainly ths effect of time and

- temperature on heat treatment of these aggregates are
being assessed ‘in a quantitative menner. by determlning

the dimensional changes, weight losses and clectrical
reclstiv1ty of compacts heat tre ated at specific temperat-
ures in the range of 400 to 1300°C. Expsriments on cor-
rosion by sodium under el¢c+rolyt1c cell condltlons are
also in progress. :

, W) Development of substitute forvpetroleum-cokéﬁ

The 1nd1genouq supply of urcolc1ned petroleum
eoke may fall far short of the actual demand in near
. future and may not be able to cover even 50% of the con-
. sumption. In view of this, experiments are now in pro-
gress to produce substitute carhon materials which can
‘‘take the place of petroleum coke anc incidentally serve
as raw materiagls for the dense caroon ggregate process.

A comprehensive programmo for the examinatlon
of some readlly available steel plant pitches is underway.
The idea is to determine tk physical properties of these
pitches particularly viscosity and co~efficient of vis-
cosity, densities and variation in densities with respect
to temperature as well as calcining characteristics at
various temperatures and under varipbue nrasgures.. . Appara-
tus for these experiments have been rigged 0p durlng the
period under review, 2 n anpératus for determining the
C/H ratio of these materials is alecu under fabrication.

! reactor to treat these pitches at different pressures
and different temperatures has bsen fabricated and is
undergoing prellmlnary trlals.

68,0 34005 -on -8 ay ¥ aiid: Badidbte (03ae0 B ol . &
Jammu: & Kashmir,

The objective ¢of this study is to find the
possibility of utilising the clays “rom (salal area
of Jammu province) for the manufacture of refractories.
Earller ‘studies, made on the physico - chemical pro-
perties of these clays indicated *hat these clays
could be used for the manufacture of superduty type
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fireclay refractories. On the basis of their mineralogical

_constitution these clays can be classified into two cate-
“gories. (1) Kaolnitie clays and (2) Bauxitic clays with
Kaolinitlic and diaspore intimately mixed in varying pro-
portions. Out of these, the four kaolinitic clays and one
of the bauxitic clays were further investigated for their
suitability for the manufacture of superduty fireclay.

- ‘refractories, Results on physical properties of some of

“the selected composition made from these clays, which
showed promise for their utilisatilon have already been
repor ted earlier,

.. ..8tudy on the suitability of the remaining three
bauxitic clays for the manufacture .of superduty refra-
ctories was taken up during the period under review.
The chemical analysis of these bauxitic ¢lays have
already been incorporated in last year's report.

: Grogs for tgese bauxitic clays were prepared by
firing them at 1500-C Test specimens for each of these
¢lays were prepared from mixes containing graded grog
(80-95%) and plastic bond clay. Cg from the sgme deposit
) (5—28 )o Final firing was carried out at 1300°C and .

1500%C, Physical properties of some of the selected com-
positions which have given good results are given in
Table 43, .

- 6940 Determination of the Properties of Insulation
‘ Refractories (I.S. 2042 - 1963) - Laboratory
Examination of Indian Standards.

' The objective of this work is 5o study the
various physical properties of some commercial Indian
Insulation fireclay refractories,

Samples of eleven brands were obtained from
various manufacturers. Some contained 50-52% Al
some lower than 34%, one of 40-42 Al50s3, 6ne, of type
3-3 I.5. 2042 and another of type 2-%0-2042

T

, 1, Visual exam1nat10n° 24 Dimen51onal variation,

3.~Porosity Bulk den51ty apparent specific gravity ete.
were determined as per Al o standards 4, C.C.Strength

of samples were determined,on half bricks., 5. Transverse
strengths were determined. on full bricks given a span of

7", 6. Reversible thermal expansion upto 1000 C was

- Properties studied were:




Table 43 - Physical Properties of some Selected Compositions.

No. _ BC4-15 BC4-20 BC4-5 BC4-10 BC4-15 BC4-20 BC9-10
Crog % 85 80 95 90 85 80 90
Clay % | 15 20 5 10 15 20 10
Temperature of firing 1350°C 1350°% 1500°C 1500°C 1500°C 1500°C 1500°C
Linear Change % -0,38 -0,33 <0.38 <0.12 <0.48 -0.60 -2.22
Apparent Porosity % 28,9 . 28,5 94,4 26,3 24,10 22,4 23,5
Bulk density gm/cec o - Sl W & .18 218 "B I8 2,20 2,01
CCS 1b/sq.in 2380,0 2720,0 3980.0 2810,0 2590,0 2604,0 2990,0
MOR 1b/sqg.in . 553,0 510.0 721.0 B806.8  1156.0 1102.0 692,0
Reheat change vol.percent -0.91 -2,04 =-1,23 -0,70 AT - 0,18 -3.64
R.U.L. To be determined |
Spalling - - - - P - -

The refractories under load of these compositions
is yet to be determined. However from the data on
the other physical properties given above it 1s
seen that these clays can be successfully used for
the manufacture of super duty type fire-clay
refractories,
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determined by heatin% the sample at 50°C/mt, 7. Reheat
shrinkage was done at temperatures varying as per the
A1203,content in the brtks. Samples used were 9" x

4 X 3" straights. Tests were done at 1000, 1300, and
1400°C with a soaking period of 5 hour. Reheat liner
bhange was calculated as percent of the original length.
8. Thermal conductivity was done at temperatures of
350°C hot face and 350°C mean temp. on the Blakeley &
Cobb apparatus. 9, R.U.L. of some samples were done as
per I1.S.I. standards using a sample of 2" dia and a
load of 10 1bs. per square inch. using a carbon resis-
tance furnace.

70,0 Study on Refractory Plastics and Castables.

_ - During recent years application of refractory
plastics and castables mixes in industrial furnaces has
gained considerable impor tance because these (1) provide
joint free furnace linings that present a solid monolithic
joint to slags and furnace gases (ii) eliminate air
infiltration resulting in lower fuel cost and increased
efficiency (iii) are adaptable for any thickness or con-
tour, eliminating the need for special refractory shapes
and Ziv) reduce labour cost.

A plastic refractory is generally a mixture of a
graded refractory aggregate and a plastic fire clay
whilst a castable refractory contains a hydraulic setting
refractory cement and refractory aggregate with or with-
out some chemical binder added if necessary. Not only
can the mixture be rammed, moulded or cast, but these
may also be gunned in position, These refractory speci-
alistic are manufactured in our country only to a very
limited extent because (1) suitable hydraulic cement and
binder that can stand high temperature use have hitherto
not been developed or manufactured in our country and
(i1) a systematic formation of a wide and increasing
variety of these mixes suitable for different applicat-
ions in ferrous and non-ferrous metallurgical as well as
other high temperature furnaces necessitates drawing up
acceptable specifications. As a first step in this
direction it was considered necessary to evaluate the
qualities of indigenous plastics and castables. Accord-
ingly the following properties of plastics and castables
were determined,
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1) Chemical analysis., 2) Sieve analysis. 3) Moisture
content 4) Workability index 5) Drying and firing
~shrinkages at 1600°C, 1650°C and 1700°C for plastics
. and 1200°C, 1300°C and 1400°C for castables ~6) Modulus
¢f rupture at 1100, 1200, 1300, 1400, 1500 and 1650°C
7) Bulk densitics and porosities at all those temperat-
ures,

- During the year under review the testing pro-
. gramme was completed--and the results -are given in tables
44 and 45,

3 ~ The plastics tested show all have different
~particle sizes and workability index, Three of them
have very poor workability index, Measure sshould be
adopted to impart optimum workabili index, adequate
intermediate strength and volume stability,

In the case of castable the results show that

all have good dry strength as well as fired strength

at 1100°C, Only castable No. 1 with 100 1b/sq. inch
ruptural strength at 1100°C might be for its low
plasticity at room temperatme and high refractoriness.
The service temperature of these refractories is low.
It can be improved by improving the hydraulic cement
used and using high temperature refractory aggregate.

Table 44 - Physical Properties of Plgstics,

Chemical : ' » '

mnalysis I § 4 SIS i 3 IV \') - VI-

in %

LO]I, Sady twe . 3 B0 w3 66 1.56"~ 1,884 4,20

Si0o -+ 31,40 - 36.56 38,80 39,12 57.64 49.88

Fe803 4,40 5,36+ 3,36+ 0,88 © 1,91 " 4,34

Ti0o. Ol 14 038 2,40 .50 207« 1,96 R O904 1,38

Cal 4,67 =+ Ty AT A DG OO0 Tr

MgO - ot i B - TR 4 0.43 Tr
O U RS N R Tr T TR < TRORR .

o - - T W W M G W N - W - -

Sieve analysis
in %

Sieve Nos.

B.S5.5;5 0.80 3.85 0.0 0.0 2.67 %00
-5+ 25 40,00. 55,36 27.90 63.30 52,33 11,50
-25+100 19.60 25,12 37.50 22.80 20.33. 5.50
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R ARt b A D AT s SRR T VI

Moisture a
content 0.36% 0.42%  0.12% 0.21% 0.28% 20,17%

Wetlghitaty vin ot Shlimer o ¢ |
index 40% 15.7% - 16.3% 16.00% 40%  40%

Permanent
liner change

1100°C nil -0.52% -0.51% =0.51% nil  -0.15%
1600°C -0,56 +3,70 =0.20 -2,60 -1,62 =3,85.
16500C -1.47 +2,49. -1,86 2,90 = +.86 = -4,70
17CO C -4,55 fused -3,14 -3,36 fused - -5,05:

Modulus of

rupture &l £ b valvs o "ol

&t 110.C- 100 . 105 - 109 73 nil 83
1100°C 188 . 788 338 + 3005 800 5 300
TOOUTN 988 UBO U406 ely o 938
1300°C 580 750 706 - 450 376 .. 1726
14ooocw1035 1260 D00 -RE870° . 450" (2460
1500.C 1890 1255 ---—960 ~ 630 1050 2483 .

.-16507C 2060 1312 1998 - - 1380 1875 2600 -

-------------------------------------- P sh e s e S L L

Apparent “

porosity " L e e : O
1100 C - - - - - -

120070+ 3544 ¢80, X 98,5, 12842 28,0 36,70
; 130000 38846 20,3, 36,3 £7.6 c .5 35,00
'~ 1400°C -30,3°; 21,8 82.8 272 22,9 31,90
1500, C 26,2 18,6  32.2 9.0 18,3 28.80"

1660°C 22,4 16.5 26.6 17.2 12,0. 174

T T — - WO W g g S W G T G G e G S S
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Table 45 - Physical Hroperties of Plastics.

e L e SR

I II 111 1V \ VI VII VIII X X
Chemical
analysis
in %
L.0.1.(%) 2,96 0.96 1.28  3.38 .32 0.26 *1.02 g g | 0.44 3.54

si0, (%) 9.60 28.80 17.00 52.68 54.48 30.48  39.97  37.24 48,76 42,08
A1,05(%) 53,94 47.40 69.45 33.93 38.48 61.96  41.42 42,64 38,23 46,08

Fe05(%) 7.16 4.60 1.80 1.92 1.57 2.64 4,40 4,00 3.52 3.60
Ti0o (5) 2.8 8.80..3.75 1,85 {00 .40 2.70 2.80 3.25 2,25
Ca0 (%) 23.10 14,42 7.10 6,44 4.90 2,68 11.70 10.11 5.20 2,28
Mgo (%) 1.55 0,40 0.50 0.66 3.52 0.25 Tr Tr Tr Tr
AlK (%) Tr Tr Tr Tr Tr Tr 1.21 1.67 0.97 1,34
Sieve 2 3
analysis
H
WHo<m Nos. . ; ] .
B.S.S +5§ 0.0 ' .0,0 0.0 0.0 2.55 377 0.67 0.67 0.67 0.0
-5 +25 40,0 52,50 52.50 47.66 51.70 53,90 22,34 61.85 43,72 10.00
-25+100 20.0 12.10 5.40 13,05 10.33 20.55 17.13 6.44 15.43 14,43
-100 40,0 35.50 41.40 39.27 25,40 23.66 59,91 31,52 40,19 75,57
Workability v :
index 10 11 12 14 12 10 29 13 12 13

\ 3 /
-
\ i 3



Permanent

nil

IO. OOMW

975
315
390
473
960

Linear

change at(%)
12000C  +0.001 nil
1300,C  +0,021 -0.006
1400°C +0.028 -0.004 -0.607

Modulus .

of rupture

at temp. o

110.C 300 383

1100°C 75 260
1200°C 375 278
1300°C 400 - 675
1400°c 425 1125
1500°C 825 1890

Apparent

porosity(Z%)

at temp. -
1100°¢C 41.6  9%6.8
1200°¢C 40.7 35.0
1300°C 38,5 31,5
1400°C 42,2 29,1
1500°C 39.7 " 18,2

-0.001
fused
fused

278
323
803

1710 -

-0.003

240
195
473
720
1515
1740

nil

263
200
263
338
450
1800C

32.5
33
24 .6

19.4
3 iy

0,330
-0.815 +0,016 ~0,11C

750
653
685
985
1931

46,3
@H.w
37.0

24,8

-0,610
-0,140
~-0.,485

440
250
256
480
1C50

.
OO,

-1,080
-0.,250
-1.380

660
320

431
750
1875
1500

33,3
35,8
30.1
17.4
17,0

-0,002
-0.,024
-0.226

450
338

675
1140
2025
2625

35.6
35.1
35.2
28.6
24,2



Table 46 - Chemical analysis of burnt basic bricks obtained from
mammw plants and refractory manufacturer.

W ROURKELA DURGAPUR ¥ 11300 W TISCO m BELPAHAR T

N 3 X

; i, T L E T R T e R
810, 8.82 7.50 6.60 6.00 3,28 5.68 7.24 8.26 6.36 7.08 17.52 6.36 5.72 6.52 5,40
Al 05 14,61 4,19 1,56 8,88 10,37 0,80 10,99 2,12 3,26 6,80 Tr 0,12 13,52 10.83 1.30
Cal 1,90 2.75° 2,91 0,57 1,85 '2.00 2.58 2,55 "3.00 0,94 1.21 0,12 0,97 1.16 ‘1.29
Mgo 33.32 72.66 85.00 50.86 62.86 88.64 48,42 58,06 83,50 42.87 51.00 89,28 55.97 62.62 88,03
Cro03 23.63 4,57 Tr 23.65 13.62 Tr 18,03 17.5¢ Tr 30,03 15,95 Tr 15,34 12,10 Tr
Fe, 0, 16,00 6,40 2,00 9.32 9,17 2,640 11,00 10,00 2,00 12,00 13,40 '3.12 7.84 5.61 3.52
LoI 0,80 0,88 0.80 ° 0.20 e’ 0243 075 0,28 0,56 "0.30 0,70 0.60 0.41 0.98 0,80
Hmo Tr Trace Trace Trace Trace Trace Trace Trace Trace - - - - - -
Na 0 0.93 0.93 0.93 Trace Trace Trace 0.53 0.50 0.60 - o ~ > H e

A - Chrome-magnesite
Magnesite~chrome

B -
e

Magnes

ite
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23,0 A Comparative Study of the Constitution,
Physical and Mechanical Properties of
- Magnesite and Chrome Magnesite Bricks

Used in the Indian Steel Plants.

This project was undertaken to evaluate the

quality of basic bricks used in different steel plants
of India. ©Some of the steel plants are using both Indian
and foreign made bricks., It is envisaged that this
investigation would give a comparative idea of the pro-
gerties of the indigenous bricks with imported bricks.

t was also envisaged that any improvements, if necessary,
could be suggested to the Indian manufacturers for making
better type of bricks using indigenous raw materials.

During period under review some more samples
of magnesite and chrome magnesite include chemically
bonded and metal clad bricks (indigenous and foreign
made) were received from Tisco and Bhilai Steel Plants,
Someé more thin sections were prepared for petrological
studies. Preparation of polished sections are also
under progress. Several basic bricks were crushed and
ground and scnt for chemical analysis. Some of the
representative analyses of magnesite, magnesite chrome
and chrome magnesite bricks are shown in Table 46,

72.0 Development of Ramming Mixes for Low
Frequency Induction Furnace.

Objective of this investigation is to
develop suitable refractory ramming mix compositions
from indigenous raw materials, for lining low and high
frequency induction furnaces melting ferrous and non-
ferrous metals and alloys.

Studies carried out earlier resulted in
development of high alumina ramming mix composition
based on natural corundum available in the country
with appropriate additions of refractory bond clays
etc. Laboratory trials in an experimental high fre-
quency induction furnace have shown encouraging results.
As it was felt that the dry strength and strength at
low temperature (in the range 200° - 8CC°C) of this
mix needed further improvement, the influence of
certain organic binders such as 'Wiscoles! on the
strength of the ramming mix was further examined and
it was found that desired strength could be obtained
by their use in the mix in proper proportions. To
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try the performance of this mix on an industrial furnace
necessary raw materials for one ton batch of this ramming
mix have been prepared and the mix is expected to be
ready soon for trials, .-

73,0 Development of High Alumina Cements.

The objective of this investigation is to develop
suitable process based on indigenous raw materials for
manufacture of high alumina cements, which are widely
used in the production of refractory castable and the
like for use as monolithic linings in high temperature
furnaces used in metal and non-metal industries,

, Studies carried out earlier resulted in the
development of successful compositions for making high
alumina cement, from various bauxities and limestones
available in~ thc country by the melting process., It ..
was found that high alumina cements can also be made by
sintering process and some results of work carried out
in this dlrectlon were reported earlier.

During the year under review the possibility.of

making these cements by the sintering process has been

further examined on two more bauxite samples. . The che-
mical analysis of these bauxités are given in table 46.

~Table 46 - Chemical Analysis of Bauxites.

% | g Bauxite No., 1. g Bauxite No. 2,
L.OSB 25,87 32.46
Si0y 4,24~ . 1,88
Alo0g3 AL S 59,38
Feg0g 7 809 4,60
Ti0g 0. B e 1.68
Cal 0 0.94 ° |
MgO 9,42

: Alk AL~
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Bauxite No., 1 is from Shevroy and No. 2 from Mysore, The
Shevory bauxite was of the red variety. Properties of
cements obtained with theses bauxites in combination w1th
Madras limestone are given in table 47.

Table 47 - Physical Propertles of Cements.

Bulk Density _ : l 748 gm/cc

Cold‘compre351dn A
strength accordlna to '
ASTM 6180 1b/sq.inch

Setting times
Initial: = 90 minutes

'-Finall 260 minutes

Soundness AL :qud

It was noted that Shevroy red bauxites on preli-
minary crushing through jaw and roll crushers yield two
distinct fractions with different chemical analysis the
+ 10 mesh fraction being more ferruginous than - lO mesh
fraction, ;

Table 48 shows the: chemical analysis of these
fractions,

+107esh . _ - 10 mesh
L.0.I. % 1940 o
8i0g % 22160 i
Alg03 % 45,10 s
| Feg0g % 7.36 g
. o e 1,90
Ca0 & 2.00 .
Mgo &  2.00 - i

Ak g -- -

- - -y " " - - - - o o - —— " - -
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Cements with an A1,0,/Ca0 ratio of 1.2 were prepared using
the two fractions Separately with Madras limestone and
sintering at 1450°C, Properties of these cements are given

in table 40, "

 Table 49 - Physical Properties of Cements made-
With =10 mesh (4) +10 mesh Fraction

{B).
- o e .

Bulk density | 2,66 gm/cc 2,44 gm/cq
Cold compression
strength according
to ASTM Very low 10,000 1bs/sq.in.
Setting times: : A : o8

Initial: 142 minutes 45 minutes

Fina: 330 minutes 152 minutes
Sopndness_ e Good Good

- P o T " -

Table 49 from which is seen that use of the +10 mesh
fraction of crushed Shevroy bauxite gave good cement.

~Further work on the preparation of these cements
on large scale are in progress.

74,0 Development of Sub-merged Arc-welding Fluxes.

: During the year under review, further work was
carried out on the development and testing cf sub-
merged arc welding fluxes. 4 few compositions contain-
ing high percentage of MnO were melted and their
quenching properties and chemical compositions after
melting were studied. The effect of heat on the phase
changes in the fluxes was studied by D.T.A, Two com-
positions of high MnO content were tested at Indian
Sugar & General Engineering Corporation, Yamunanagar
and at Bharat Heavy Electricals, Trichy. The proper-
ties of the gll-weld .deposites obtained by using high
MnO fluxes are given in Table 50. :
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Table 50 - Properties of Weld Deposits using ngh
MnO Fluxes made at N.M.L.

5Te
sted at Bharat
Tested at ISGECQH savy Electricals, |

Ltd.,YamdnanagagTrichy.
Yield Strength kg/mm> 31.1 36,4
U.T.5. kg/mme { 48,7 51.6
% Blongation on 5 d. '\ 33 o« i
180° bend 0.Ks , N.D,
Impact kgm/cm2 8.43 7.6 10.6

Tensile joint,U.T.S.kg/mm® 47.4 (broken out- N.D.
side joint) .

Microscopical examination Satisfactory N.D.
X-ray result Satisfactory Satisfactor
Name of the wire used Bostrand No., 2 Union 83 (
wire (Mn about - about 1.5%).
S XBRY - i e
Composition weld ~ N.D. $OEs C - 0-08
deposits gt 1 o~ Mn «.0,88
Si7-10420
S_ > 00014
P - 0,037

The physical properties given in Table 50 are
considered satisfsctory. By usifig raw materials con-
taining low phosphorus it is intended to test more
fluxes with a view to get lower phospnorus va lues'in
the weld deposits... , O 6% S ot i

The welding fluxes produced by our 1lcencees
also were tested at M/s, Indian Sugar & General
Engincering Corporation, Yamunanagar as well as
M/s. ACC VicKers Babcock Ltd., Durgapur in our presence.
At both these places, it was found that the indigenously
manufactured flux as per NML know-how performed excellent
by for welding pressure vessels. A copy of the test
results received from.M/s. A.V.B. Ltd., Durgapur is
given below:



Flux useds

Wire used:

.-Plate thickness:

Plate length:

Plate specification
and plate useds

e —

Weld Operation:

" No. of runss -

Speed of welding:

Voltage:
Amerages
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No. 12 B flux manufactured by
M/s, Tapedia Engineers & Traders
Pvt. Ltd., as per NML technical
know=-how,

Modi No. 2 manufsctured by Modi
Steels, Modinagar
Diameter - 5/32",

2. inches.
24 inches,

BE 1638-~0rs 0
Min Tensile strength 28 T/sq.din
Min elongationss 23% on 5.65 A

Chemical composition: C, 0.28 maX.,
Si 0.1 to 0.30; Mn. 0.4 to 0.95 S
0,05 max., P 0,05 max, Actual
tensile strength of plate used
28.8 T/sq. inch, 4&ctual chemical
analysis: C, 0.26; Si 0.21 Mn

0.72 S 0.028 P 0,024,

10 degrce level, backed by a backing
strip 1/4" thick and 1#" wide.
Bottom gap %", :

24 -

8" to 12"/min.

28 to 34 V-

430 to 600 Amps,

Properties of the welded test piece

1., Tensile tggt for joint:

Section
Area sq.mm,
Yield point
‘Max, stress
Remarks

B80.3 X - @%.7
71900 sq.mm,
25,9 kg/sq.mm 16.4 T/sq.inch,
" 46,6 kg/sq.mm 29,6 T/sq.inch,
Broken outside the weld.
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2, All weld tensile test:
Section 14,30 mo dia.
Area ' 161 sq.mm
Distance between gauge
points 2 inches
Yield point . 36,0 kg/sq.mms 22,3 T/sq.lnch
Max stress 50,3 kg/sq mms 32 T/sq.inch
Elongation o
Section after break 8.2
Reduction area: 67%
3. Bend test inner surface 180° satisfactory
Bend test outer surface - 180° satisfactory
4. Izod impact V notch at I T,
room temperature:
Inner surface M.kg. 9.00 (64.8 ft. 1bs)
Outer surface - M.kg.10.8 (77.7 £t. 1bs)
‘5. Charpy V-notch test at
minus 40-C :
i) On weld metal (top) 4,4 M.kg,(31,8 £t 1bs)
-do- 5.0 M.kg, (3642 f% 1bs)
111) -do- 4,6 M,kg.(33.3 £t 1bs)
iv) On weld metal (bottom) 7.0 M.kg.(50.6 £t 1bs)
v) - -do- 4,0 M,kg.(28,9 £t 1bs)
vi) -do- 6.4 M., kg.(46:3 £t 1bs)
6. Microhardness test:
Parent metal 135 HV
HAZ 149 HV
Weld 155 HV
7. X-ray examination Satisfactory . .
8. Analysis of weld depositss ...~ - . =
R Top ) Bottom
o ok i
Carbon- 0,10 'O ll
Silicon: 0.42 0.44
'Manganese 1.40 148
Sulphur 0.024 0.026
Phos. 0.026 0.028

- - - W e W G S - SN G G S0 W - — - — -
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9. Macro etchings Satisfactory
10, Microscopic examination: Satisfactory
11. The test reuslts are satisfactory and as good as

those of imported Gr 80 flux in combination with
B.C.C., wire No. 2.

75,0 Development of Resistor Elements for ngh
Temperature,

It is.common experience that for electrical
furnaces, running at temperatures of about 1300°C
-elements have to be imported from foreign countries.
This need is being felt all the more, with a fairly
large number of such furnaces being built in the country
both for metallurgical as well as for other industries
requiring heat treatment equipment. A number of
laboratories also need, these elements and at least.one
high tension insulator plant has a tunnel kiln running
with such resistor elements through out. In view of
this need a project has been under taken in NML to
examine the possibility of these elements in the country.
During the year under review certain necessary equipment
for processing the materials at wvery high temperatures of
the order of 2000°C have been designed and they are. being
fabrlcated

Polishing techniques necessary for preparation
of specimens for examination under microscope are also
being perfected, Certain compositions of silicon carbide
have been under preparation and are waiting thermal treat-
ment prior to. study of their properties, :

760" ° Development of Tar Bonded Basic Refractories
"For L.D. Furnacesg

Tar bonded basic refractories for Vel furnace
lining hes a vast commercial potential in the steel
industries in India as a consequence of the use of L.D,
process of steel maeking. At present Rourkela Steel
Plant, HSL (which is the only steel plant using L.D.
process in India) manufacture tar bonded dolomite
blocks for their own use. The fifth steel plant under
public uncertaking at Bokaro is also expected to use
pneumatic process of steel making (L.D.,). This is
expected to create need for data on indigenous raw
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materials as well as systematic study of linlng that can
be developed from them, With this end in view a project
for the development of tar bonded basic refractories has
been taken up under ‘the following heads-

1, Literature review of the most recent developments
" in this fleld

2., Sttty of the 1nd1genous raw materlals dolomites,
' magnesites, tars and- piteh etc. B

3. Development of ‘suitable compoS1tlons of the
refractnry tar bonded ba51c brlcks.

erino make large. pllot scale studies..

_ 4 The. first part of the progect, i.e. maklng a
Iiterature réview is under progress and it is hoped that
a review report will be: ready very soon.

e, '”An‘Apparatus for Measuring the Thermale
' ; Conductivityiof Refractory Bricks.

: Thermal conductivity determlnatlons are of
importance both in the manufacture of as well as the
utilisation of insulating refractories, In the former,
it is a necessary step in quality control and in ‘the
latter it is essential for designlng effective and at
the same time economlc llnlngs.

s ‘7 While the data are so importan thelr deter-
minatlon is time consuming as well as complicated. "
Further, in India, 1t is difficult to instal and keep
in operation many of the standard equipments designed
in other countries for the purpose, as they involve -
~-imported. partss  The Indian Standards Institution has
~ therefore decided to try out the: efficieney of some
simple equipment that can be easily fabricated in this
- country and can be expected to be reasonably acurate.
Blakely and Cobb .appears to- answer both- this needs._

S0 at the I.S. I's request Blakely & Cobb _
apparatus was prepared and . several commercial samples
were tested B .
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78,0 _P:eliminary Investigation oh Hot Top.

... This investigation was sponsored by M/s.Khannas

Caﬁlcs Co.  In the preliminary investigestion attempts

'n"were“mad€~t0-fin@ out the chemical composition of the
. -hot top as well as some of its physical properties. The

investigation indicated that submitted sample of hot
top is made of guartz sand, clay material and some
fibrous organic material, Physical properties tested
were porosity, bulk density, modulus af rupture and
thermal conductivity., A report embodying the recom-

- mendations has been submitted to the party.

79.0 Mineralogical Constitution of Indian Stecl
, Plant Slags.,

During the period under review some more blast
furnace slags from different Steel Plants were melted
in platinum csucibles for liquidus studies. A4 small °
coke oven gas oxygen furnace was used for this purpose.
After melting the slags were guenched 'in a water bath to
get homogenous glasses, Liquidus studies of these

..8lags are in progress.,

Further studies on the mineralogical consti-
tution of Indian Open Hearth ané L.D, Slags showed

~“that all the Indien open hearth slags are high in Ca0,

Slags produced at IISCO had the lime content of 49,72 to

“51;95%;“'IISGO“slagjhad“alSOWthe highest Po0g content of

4.52 to 8,01%,

- The texture of the open hearth slags varied with
cooling history and phase constitution. Beta dicalcium
silicate and wustite were predominant phases. Nagelsch-
midtite occured in slags where P O5 was comparatively
high, Tricalcium silicate was also present in many of
the slags. The chemical and mineralogical compositions
of open hearth and L.D. slags were more or less similar
but free lime was present only in L.D, slags, which

“indicated incomplete redction,” L.D.-'slags were also

predominantly composed of Beta dicalcium silicate and
wustite Dicalcium ferrite was present in amount in
Bhadravati L.D. slags. Other minerals found in small
amounts were monticellite, brown millerite, ilmenite
and pyrophanite. Two pho%omicrographs, one of open
hearth slags and other of L.D. slags, are given in
Figs, 38 and 39, A summarised table showing consti-
tution of these slags is shown in Tables 51 and 52,

A paper on the constitution and mineralogy of Indian
open Hegrth and L.,D.Slags was presented at 33rd Annual
Convention of India Ceramic Society at Delhi.
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Table 51 - Mineralogical Composition of Indian
Open Hearth Slags.

e

s 8 Source of Slag.
Minergls 3 ] f

8D 'nTIbCOQROURKLLAiDURGAPUR BHILAI QIISCOQBHADRAVATI
Beta Dicglcium MX MK MK MX MX MX
silicate ) '
Wustite MX - MX ML MK MY M
Nagelsch- MX M ' "o - M M
midtite B YA .
Tricalcium ’
silicate X b X X e 1 -
Dicalcium LAQ I Feaog feodac . |
ferrite - % - eBnoRBaFHary X At
Monticellite . -- F: o Ggh = " il -
Brown - i 19T TR e A
millerite: < ° et X - - X X . ==
T3 mehdterod ~w = K Drionk et s Ay X eXdnyx
Pyrophanite % X iy 20 2 o bl vt X

Table 52 - Minéraiogicai Cbmpositibn of L.D. Slags.

MINERALS ROURKELA ‘BHADRAVATI

Beta dicalcium : MK TN
Wustite ™ _ MR oo AT X
Nagelschmidtite et Blrn s v MX
Dicalcium ferrite X

Monticellite . e T
Tricalcium 31licate .37 s R

Brown millerite - L. Onng LX) i
Bfee lime = ° ; M - b .M

= S o o 5 o 0 T o

M- observed mlcroscopically

X - determined by'X-ray.




Fig. 38 Photomicrograph of open hearth slag from
IISCO showing silicate and oxide phase

Fig. 39 Photomicrograph of L.D. slag from Rourkela
showing silicate and oxide phases
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80.0 Development of Al-base Sacrificisl Anode for
o Cathodic Protection.

The use of sacrificial anodes for cathodic pro-
tection of sea going vessels and underground pipelines is
recelving increased importance. Generally Mg and Zinc or
thin alloys are mostly used for this purpose but both
these have  their own limitations. Recently in foreign
countries the possibilities of using aluminium alloys
as sacrificial anode have been examined. Work on similar
lincs has been started in NML to successfully develop
aluminium alloys suitable for sacrificial anode for cathodic
protection.

Various compositions based binary and ternary
aluminium have been developed. Methods of melting and
casting, effect of impurity content on efficlency, ete,
have bcen studied. Both laboratory tests and field
trials have shown excellent performance of the alloy
developed having a driving potential for steel in salt
water of 500-800 mV; which is in between that of Zn and
.Mg. Several Port Commissioners and anode manufacturers
have recently indicated their interest in this alloy,
An application for patenting the alloy has been filed.
Further work on the production technique is being con-
tinued,

81,0  High Temperature Oxidation of Alloys in
Presence of Fuel Ash,

Residual 0il and low grade coal are used for
many power geneérating units mainly on economical ground.
One of the disszdvantage of using low grade fucl is the
accelerated oxidation of super-heater tubes, turbines,
etc. due to residual ash. For economic operation such
attack is to be prevented. The project has been taken
with an objective to develop suitable material of con-
struction from indigenous sources and also to develop
protective coatings or additives to 0il to prevent high
temperature oxidation in presence of fuel ash.

Studies on oxidation of nickel free stainless
steel, developed in NML were carried out in contact with
. the artificial fuel ash mixture (Vo0gNaSO4) under
accclerated conditions at high temperature of 500°-900°C
and the performance of the stecel was compared with that
of Std. 18:8 Cr-Ni stainless steel. The rate of oxi-
dation of Ni-free stainless steel was comparatively low
in comparison to 1838 stainless steel because of the
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nature of the oxide growth which was non-porosu thus
hindered. the rapid diffusion of oxygen to the oxide/
metal interface. Protective property of aluminium
coating against vanalium attack has bcen evaluste? and
found to be quite Satisfactary.' Adcitives 1ike Cuo,
Mg0, etc. were fount to merkedly reduce the attack,
The results obtained so far ares encouraging.

82,0 Oxidation of Copper an Coppear-Alloys.

This project was undertsken with a view to
measure the oxidation kinetics of copper and copper
alloys, 2nd thereby to develop the oxidation resist-
ance, cheracterlstlcs of co pper and coppér zlloys.

- Oxidation of Cu-Mn (5-40% Mn) alloys has
been studied in oxygen upto 900°C., iddition of man-
ganese was found to first ihcrease the attack slightly
and then decrease it markedly beyon? 20% Mn. The
nature of oxidation products, internsl oxidations, etc.
were studied. Thesis based on the work has been
.submitted for Ph.D. by a Research Fellow,

83.0 Failure of Stainless Stecl Valves in . the:
Antibiotics Plant of the Indizn Drugs &
Pharmagceuticals Ltd. at Rishikesh,

: The services-of the Ndtional Metallurgical
Laboratory were sought for an "on-the-spot" survey of

" the various corrosion problems being eXprrlencer at

.~the Antibiotics Plant of the Indian Drugs and
~ Pharmaceutical Ltd. at RlShlkeSh The corrosion of
.- stainless steel valve in the sodium and procaine -
. section of the Recovery & Purification block was. found
to be most serious and was therefore referreﬂ to NML
for investigation on payment ‘basis. . :

Different parameters of Jocalised corrosinn
of stainless steel were studied and the results indi-
cated that the localised corrosion of the stainless
- steel is cdue to the presence of scale on the surface
and abnormal inclusions in the alloy. Ls remedial.
measure better grades of steel, e.g., A1S1 No, 316L
has been suggested as the material - construcflon from
-the view point of the service requirement of the-
pharmaceutlcal productlon where even minutest quantdty
of corrosion of the handling ‘equipment is not tolerable.
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84,0 Feasibility of Applying of Cathodic
Protection to the Underground Steel
Pipe Lines for Transportation of
Filtered Water at Calcutta.

Bare =teel and cast iron pipelines without :
any kind of protection from corrosion are under use for
the transportation of filtered water in the Calcutta
Metropolitan arca. Occasiongl failures due to corrosion
have been experienced since long. Rec-ntly these
troubles have increased to a greater extant causing
grave concern to Calcutta Metropolitan Water &
Sanitation futhority. It has been decided to apply
cathodic protection to these lines and a preliminary
survey work for the zinc covered by 35 kilometers net
work of water mains was made by M/s. Indian Cathodie
Protection Cos andé National Metallurgical Laboratory
acted as a Consultant to scrutinise the data and pre-
pare a feasibility report on the request of CMW & SA,

85,0 . Gases iﬁ Metals.

Samples of ferrous and non ferrous metals and
alloys were received from different research projects =
in the Laboratory for the determination of gases in =~
them by vacuum fusion method.  Samples were also
received from different Laboratories and Institutes
for 'the determination of gases in metals and alloys as
a regular routine work. The new electro-chemical method
for the determination of nitrogen in solid.solution in
steel developed in NML is being used to determine solid
soluble nltrogen in creep testlng samples,

86,0 * Pickling of Ferrous Msterials with
HydrOﬁbloric field,

L comparative ‘study was made on the pickling of
ferrous materials by hydrochloric acid and sulphuric acid.
Hot rolled mild ‘steel sheéet of 1/16" thickness having a
black coating of scale was cut into panels of %" x 1" - -
which ‘were used as experimental specimens. The specimens
were degreased by benzene and acetone before immersing
them in pickling solution. It has been established that
pickling of ferrous metal with hydrochloric acid shortens
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time, reduces attack on base metal and furnishes a pit
free pickllng surface with .lesgs absorbéd hydrogen even
without inhibitor. In continuation of the pickling work
it has been decided to study the effect of addition of
sulphuric, nitric and phosphoric acid in hydrochloric
acid pickling bath. It was observed thagt addition of
other acids in hydrochloric acid did not "improve the
pickling time, hydrogen pick-up, or dissolution of the
base metal. Results are furplshed in Tables 52, 53 &.
54, ,

Table 52 - Dissolution and'Hz piCk-hp during
Pickling in mixture of HCl and HoSO4.,

Pickl-1

R el I S e R
g g temp. gti ggm/dm § v

Lo Al HERYS e 28°C 17 min 1.44 b

2, 4 NHC1+1% HS0, 28°C 24 min  1.58 2.75

3. 4 NHC1+2% HyS0, 28°C 25 min  1.60 3.34

4, 4 NHC1+5% H,S0, 28°C 26 min  2.05 5.10

- - — - - - — - - - - - - -

Table 53 -~ Dissolution and H2 pick—up durlng
plckllng in mixture of HC1l and HNOg3.

51,3 Composition of ¥ Pickl-}. Pickl-fDissolu-{H, ick-%p

No.ﬁ pickling bath % %Zip.w%>%?ie %g;agm n %in cc/dm |
1, 4 NHC1 319" ©7lamin,  Ld48 2,08 ]
2, 4 NHC1+1% HNOg 31°C:". 15 min 1,55  2.10 j
3, . 4 NHC1+2% HNOg 31°C | 185 min  1.98 2,12 3

4, 4 NHC1+5% HNOg4 31°c - 14.5 min  2.34 2,16 .~ 48



Table 54 - Pickling time, dissolution and Hy pick-
up in mixture of HC1l and HgPO4.

i i § -Ip -1H -
§1.§ Composition off Pickl Jing | t§§;°gg %13 st o
No.§ pickling bath § ing ftime § gm/am® |

i § temp, § i
1. 4 NHC1 “ev 330¢ .24 min 1L 4B 2.15
2. 4 NHC1+1% HgPo, 31°C 14,5 min 1.47 2.18
3. 4 NHC1+2% HgPo, 31°C 14,5 min 1.46 2,16
4, 4 NHC1+5% H3PO,4 31°C 15 min  1.48 2419

. From the experimental data it is evident that
pure hydrochloric acid has got the best performance as
a pickling agent. Addition of increasing amounts of
sulphuric acid appreciably undermined the pickling
property. Similarly the addition of phophoric acid and
nitric gecid failed to improve the pickling property.
They also adversely affected pickling but not to the
extent of sulphuric acid. 5

87. Electroplating.

i) Bright nickel plating precess:

A process for bright nickel plating has been
developed and the process is under negotiation for lease
to an industrial firm,

. Work on further improvement of the "N.M.L."
Bright Nickel Plating process was taken up by using
indigenously available organic brightners and levellers.

ii) Stripping composition for the removal of
nickel from rejected nickel plated goodss .

: A process for ‘stripping nickel plated coatings
by simple immersion in an alkaline solution of m-nitro-
benzoic acid has been worked out and standardised in

this laboratory. A reputed firm in India is utilising
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the process on 1ndustr1a1 scale. Efforts are being made
to develop an alternatlve non—poisonous stripping com-
p081tlon. S Sy

S 4id) Gold'and gold-allo'v.""s piatings:

Investigation: were. taken up to find suitable
platlng of gold or its alloys on watch cases an¢ watch
straps for a décorative and protective purpose.  Thé
colour, composition and physical properties of the coat-
ings are important factors. It was possible to obtgin
bright guinea gold finishes of pure gold from solutions
containing organic acid and gold salts. Various shades
of gold alloy plates containing upto 20% of alloying
metal were prepared. Copper and silver were used as
alloying metal. ’ i

88,0 .  Production of Electrolytic Iron Powder.‘

» For production of high purity electrolytlc
iron powder an investigation was undertaken to
standerdise the composition of bath, its pH, cell
characteristics, and cell design. EXperiments were
sarried out with mild steel anode and stainless steel
cathode using solutions of ferrous sulphate and ferrous
chloride together with some auxilliary chemicals &s
electrolyte. It was found that by changing the compo-
sition of the bath and using organic compounds as
addition agents particle sizes of the powder can be
controlled. The powders obtained so far are free from
contaminations, Oxygen content of the deposit is
around 0,5%.

89,0  Preparation of Metal Catalysts for use
i in the Organic Reaction Processes,

i)_'Nickel catalystss

7 Por the: hydrogeneration of fats and oils nickel
is practlcally the only metal used as.catalyst. Many
nickel alloys,. such as those with A1, Si, Zn, Mg and
other elements and various nickel compounds like Ni (ous)
oxide, Ni-sulphide, nickel-boride, Ni-formate etec. also
have catalytlc properties,
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Ni is prepared in and catalytically hlghly
dispersed active form by three principal methods: The
first involves precipitating nickel carbonate or
nickel hydroxide from solution on Kiesselguhr or other
inert and unractive carrier, filtering, washing, dry-
ing and reduclng the resulting powder at a temperature.
of 370°C to 540°C with hydrogen:. The material after
reduction is highly pyrophoric and must be suspended
in o0il before it is permitted access to the"air., In
the second method of catalyst preparation, generally
termed "wet reduction" a finely ground heat labile
nickel salt is suspended in oil, which is heated to
a temperature high enough to brlng about thermal :
d ecomposition of the salt. During the heating period,
Ho 1is passed under pressure. The temperature usually
does not exceed about 240°C to avoid extensive thermal
decomposition of the oil. Nickel forate is generally
used as the starting materigl for wet reduction. The
third method of Ni-catalyst preparation is the well
known process of leaching out aluminium from Raney's
Nickel + Aluminium alloy. This last named process
has been adopted in NML for the study and preparation
of Ni—catalyst

Method followed was as given below-

The Ni and Al alloy powder was added in
small amounts to caustic soda solution under stirring.
The addition was completed in about 1¥ hour and the
solution and reacting slurry were stirred for another
1 hour, The resulting sludge was washed with distilled
water and ethyl alecohol mixture by decantation. The
sludge was then separated out by cenfrlfugation.

The sludge materigl was. dense, greyish black
powder and was very pyrophoric even in wet condition
when exposed to the atmosphere., It ignited in the Bile
It was found to contain nickel upto 90%.

Studies are being continued~to see the
effect of temperature and time of leaching and also
the concentration of NaOH in the leaching solution on
the activity of . the provuct = .

ii) Granular silver catalyst" .{L Jil

-~ This noble metal Catalyst is- o Hba- A -G
oxidation and dehydrogenation reaction for préducing
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formaldehyde and ethelene oxide from methyl alcohol and
ethelene respectively. There are at present only two
units producing formaldehyde. The requlrements for the
silver catalyst are mostly met by dmport. “ Highly pure
silver powder is used .as the starting material for the
mgnufacture of the catalyst The silver powder is
manufactured by various methods, viz. electrolysis,
galvanic reduction, chemical reductlon, cathodic
reduction of silver oxide etc. The product is finally
activated for use in the oX1datlon reaction to produce
formaldehyde. :

Electrolytic method was adopted for prepar-
ing fine crystals of pure silver with a view to obtain
suitable material for silver catalyst. Conditions of
electrolysis were as dstailed below:

Electrodes . .. . . === - Platinum " o
4 o iR 12-13 Aup/du
"Cell voltage. L - g
Temperature = -

The product obtained was subjected to treat-
ment at high temperature and powdered to -36+75 mesh,
The work is being continued

9007 A Study on Technlques of. Electrolytic
Deposition of Metgl-Ceramic Composite _
Materigls and their Properties. ;

The electro deposited comp051te materials are
of .interest for better resistance to wear, abrasion,
corrosion, oxidation and high temperature, Hard metal-
ceramic composite coating can be applied on suitable
- substrate for protecting base metals by electro-.
«-deposition technique. Sheets also can be made by
electro-deposition. For the present investigation
nickel gnd- copper have been taken as metal matrix and
fine particles of alumina, silicon: carbide used as
second phase ceramic particles. e

For codeposition of Ni-Al50g Ni—SiC and
Cu-Al 203, Cu-SiC, different sets of experiments were
done to study the influence of various ‘parameters such
as current density, pH of the electrolyte and bath
agitation etc. to get the best composite and find out
the possible mann:cr of migration of ceramic particle
into the deposit.
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: From experimental results it appeared that
the pH of the electrolyte olayed an important part. for
the migration and amount ol nonmetal.ic inclusion in
the deposit. A comprehensive report about the electro-
deposited technique of metal ceramic has been prepared,

. Specimens for physical and mechanical testing
of the composites were prepared.  For these purposes
many samples of pure nickel, Ni- SiC and Ni Alo03 have
been prepared by electrolytic deposition snd some -

- specimen from these deposited samples have been pre-
pared according to design for testing tensile strength
and wear. It was found that the hardness of composite
materials are in general greater than the pures metal.
Further work for testing thermal and electrical con-
ductivity and salt spray corrosion test has been taken
1n hand :

91,0 ~ Rapid Methods for Analyses of Sllico-
' ~ Chrome Metal and its Slag.

1)  Metal: l'

0.8 giof Sl—Cr metal was treated’ with HNO3 and
HF: in a beaker and then with sufficient peérchloric acid
It was fumed for 15 to 17 minutes. Water was added and
volume was made upto 250 ml. From 100 ml solution Cr
wWas determined after reduction with standard ferrous
ammonium sulphate solution as usual. From another
100 ml solution, Fe was precipitated with NH40H,
filtered, ‘washed and dissolved i ‘Mo tradl Hcl. "Then
Fe was estlmatcd by the dichromate method after -
reduction with SnCls solution as usual. Carbon was
determined volumetrically., Si was obtained by dif-
ference of Cr, Fe and C from 100, “As the:Si-Cr sample
contained hlgh Si and less than 1% Al, the percentage
of Si obtained by difference was accurate enough to
guide the operator of the furnace. Some results of
analyses by .this method are given below:

Radicals * Samples
f 3 2 3
BN T 45,3 37.06 40,7
er % 35,1 43.00 40,87
Fe % 18,56 18,74 . .17.58

C % 0.05 0.20 0.10
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Further work on direct estimation of silicon
1s under progress.

ii) Slag:

0.25 g of powdered slag was fused in used
clean silica crucible with sodium peroxide, The
cooled mass wags dissolved in water and acidified with
hydrochloric acid. It was boiled for 12-15 minutes.

_SiO was filtered and washed with acidified wagter.
was determined from the filtrate by double pre-
2 clp%tation with NH4C1l and Nd4OH The ignited Ro0g
was fused with pota551um bistlphate and made upto a
volume, From an aliquot Fej0g5 was determined. Alg0Og
was obtained by difference %rom Ro03.

: The filtrate from R203 was made upto a volume,
From an aliquot Mg0 + Ca0 was determined with EDTA using
Erichrome Blaek T as indicators As the charge was
magnesite and the Ca0% was 1ess than 1%, the EDTA value
was calculated only for MgO. 03 and Si0o were deéter-
mined on a separate sampleafter §u51on with sodium
peroxide in a nickel crucible and analysed by usual |
methods. A4s the Si-Cr slags are insoluble in acids,

the complete analysis is a difficult problem and

- requires two to three days for completion. By this
method four samples of slags can be analysed within

6 hours. The results obtained by this method were
sufficiently accurate for the purpcse of controlling

the furnace. {

Some results obtalned by this method are
'glven below:

Radicals ~ Samples
35 i f oo
8805 %= ot 39.0 41.5 41,0
Cro03% 845 .51 kb 1.8
Al505% 28.0 S0 - B0,L
Mgo. % s 18,2894 22,6
Fe0 % o2 1a i Btk 3.8

c % ) 0.6 ®E¥ o 0.5



O 12 o L

92.0 Investigatidns on Mdlybdenum Concentrates
Obtained from Rakha Mines.

While Mo concentrates are easily and completely
decomposed by nitric agcid ‘sulphuric acids, the one
obtained from low grade copper ore of Rakha Mines left
an insoluble black residue by the above treatment.
Moreover, the total of the constituents generally
present in the concentrates was only 76.1%. Further,
the total sulphur present was much in excess of the
amount necessary to be present in combination with Mo,
Cu, Fe. To ascertain the reasons for the above
peculiar behaviour of the Mo concentrate, systematic
investigation by chemical, spectrographic and X-ray
diffraction methods was undertaken in our Laboratory.

Presence of graphite and free sulphur .
besides molybdenite and chalcopyrite in the concentrate
and graphite in the agcid insoluble residue respectively
have been revealed by X-ray diffraction. Shortage in
the total was due to the presence of organic matter and
graphite in the concentrate and 11.8% free sulphur

accounted for high total sulphur content of the sample,

The composition bf the_éqncentrate can be
given as follows from the results of this investigation:

WBoono apnt. gitbe 51.70%
Cu-Fe-8g -- 25,209
FeS . v 1,93%
Alg0g % 1,10%
Ca0 i 0.40%
Mg0 - ' 0.30%
Graphite Jgo B 11.50%
Free S -- 11,80%
10, oy 2.00%

Organic matter -- Balance
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23,0 Ahalysis of Metals, Alloys, Minerals etc.

i)  Chemical Analysis:

3428 sagmples were chemically analysed during
the year for different Divisions of the laboratory and
in connection with investigations sponsored by outside
parties, ' ' - ;

ii) Petrological and ore-microscopic studies
of low grade ores and mineral sampless

Comprehensive petrological and ore-microscopic
studies of the various low grade ores received for bene-
ficiation studies were undertaken. The scope of investi-
gations included the physical, mineralogical 'character
of the ores, textural relationship, inter-locking and
modal analysis of  the mineralogical constituents. In
addition to this, a continuous support was provided to
the ore dressing investigators by microscopic examin-
ation of the test products of the beneficiation processes
so that the effectiveness of a process could be adequately
Judged. Detailed petrological study of the following
ore samples was conducted: 3E L EWO

1. Iron ore from Bailadila iron ore project (M.P.)
of NaM.D.C,

2. Pyrite ore samples from Amjhore, Bihar for
‘ Pyrites, Phosphates&Chemicagls Ltd.

3. Graphite ssmples from indhra Pradesh.

4, Cu-Ni-Mo bearing complex Uranium ore from
Jaduguda mines received from Dept. of Atomic
Energy. " - , A .

5. Graphite sample from NEFL received from G.S.I.

6. Nickeliferous ore from Orissa.

7. Lead ore from Agni%undala area, /indhra Pradesh
received from G.S.l., Hyderabad,

8. Iron ore samples from Kiriburu Mines, Orissa
Of N.M.D.C.
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9. Phosphate rock samples froi ajvsthal, received
from Govt. of Rajasthan.

10.  Limestone sample from Uttar Pradesh.
11, Silica sand from Maharashtra.

12, Emery powders from Shevaroy Bauxite Products Co.,
Yercaud, Salem Dist., Madras.

Thus, in the year under review, nearly
25 samples were subjected to detailed pe%rological
exXamination,

111) X.ray fluorescence ‘analysis of ores, minerals
and metals:

The non-destruct1Ve, highly . sen51t1ve,
selective and very rapid method of X-ray fluorescence
analysls is in use since past five years to expedite
analysis of routine test and processing products of
various divisions of the National Metallurgical
Laboratory as well as for spec1alised analytical
problemsy

The results of analysis obtained were highly
satisfactory in their degree of accuracy as well as
to the rapidity of the method, as compared to the

other conventional time consumlng analytical techniques.

The testing method comprices of comparing the unknown
sample with a standard sample of krown chemical
analysis having a similar elemental environment as
that of unknown. For greater accurg~y of results
where the number of samples in any concentration
range to be analysed run in hundreds, calibration
curves are prepared using a few analysed samples which
are within that concentration.range. Synthetic
standards are also prepared for use where analysed
samples of similar nature as the unknown are not-
available., The range of concentration of the elements
of interest that could be tested. varied from trace
amount to 100% -

Following is the 1ist of products and
elements or radicals for which X-ray fluorescence
analyses were performed:
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§ Phosphate rock flotation products'fram Kanpur
block, Rajasthan for Po0g.
i " Limestone flotation produ“ts of Maharashtra
for Cal.
s P Kyanite-sillimanite products of Maharashtra
4, Rakha copper ore products for Cu,Ni and Mo.
5. Diamondiferous tuff beneficiation products
for TiO,.
(S Phosphate rock flotation products from
, Mussoorie for Po0g.
i '~ Cu-Ni-Mo bearing uranium ore products from
Jaduguda mines for Cu, Ni and Mo.
8. Pyrite beneficiation products of Amjhore for S.
9. Iron ore beneficiation products of,Kiriburu
mines for Fe,
10, Phosphate rock beneficiation products of
Kataria hill, Rajasthan, for P50g.
11, Iron ore beneficiation products of Donimalai
i iron ore project for Fe, 5105 and Alg0g3.
124 Nlckellferous ore beneficiation products for
Ni,
13, Fly ash and flue dust samples for Ge.
14, ~ Slimes and residues of selenium project of
Ext. Met. Division for Te, Ag, Se, Cu & Ni.
15. Aluminium bronze alloys for Cu,Fe,Mn and Al..
36, Iron ore samples from Iron and Steel

Division for Fe.

During the year under review, about 4,800
elemental or radical analyses were performed on about
2,900 samples.
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iv) X-ray diffraction analysis:

X-ray dlffractlon analysis was done for
determlnlng the different phases and crystal structure
of ten minergl samples from Geology Deptt. of Andhra
University,

Similar such help was provided to outside
industries such.as Hindustan Aluminium Corpn. Ltd.,
Renukoot, Mirzapur (X.ray diffraction analyses of mud
samples), Hindustan Photo Films Manufacturing Co. Ltd.,
Indunagar Utakmandy (X-ray diffractometric analyses of’
certain compounds synthesised in their organic
Laboratory), The Madras Aluminium Co, Ltd., Mettur
Dam, RS Salem Dist,, Madras, (X-ray diffractometric
analyses of bauxite and other gluminium ore samples).
Besides the outside investigations analyses results of
large number of samples from different Div151ons of the
Laboratory were supplied.

v) _ Spectrographlc anaIYSis:'

Three hundred samples were qualitatively
~analysed, A draft on 'Standard Method of Spectrographic
Analysis of Aluminium' was prepared in connection with
1.85.1. - SMDC 2:2 "Spectrographic Analysis of Metals &
Minerals Sub-Committee".

94,0 Treatment of Zinc Waste.

During galvanizing, considerable quantities
of wastes are produced and are obtained in the form of
zinc dross, ashes, skimmings and blowings which do not
directly find any appllcatlon. Generally, in galvaniz-
ing of tubes about 25% zinc is lost as zinc dross. The
investigation aims at the recovery of metallic zinc from
zinc dross for reuse in the,galvanizing plant. -

In the earlier eXperlments a recovery of
85-90% zinc could be obtained from the zinc dross
samples. While carrylng out distillation experiments
with a sample of zinc dross received from the Post &
- Telegraph Depar tment, Calcutta higher zinc recoveries
between 95 and 97% was recorded as against other zinec
dross samples tested so far, On analysis the dross
was found to contain small amounts of aluminium that
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was not found in the ssmples of zine-dross received from
other sources, A few eXperlmenﬁs were carried out to

.study the effect of aluminium in the-dross on the dis-
tlllation rate.- i

The dross was melted w1th dlfferent amounts
of aluminium in a refractory crucible and thereafter
.charged inside g 2 feet dia. M.S. Vacuum Pot designed
and fabricated at the National Metallurgical Laboratory.

-Téble 55 = Results df”treatment of i zinc waste.

g § Pressure at ﬁ i

FOLEE ity of§ iirigdn qygtis!fi ! 21 s fab o
e % stil- ¥ 471-tion was % % Zn recoveryg the

§ g i

No. lation - g -
; . ; carried out. dross
(inhrs ¥ (in mn of Hg)
45 19 01805 | 0.4 46,44 5.0
46 12 l.O - 1..7 ..... . 38. 19 005
47 12 02 0718 60,89 0.3

. Aluminlum additlon had no appreciable effect
on the rate of zinc distillation. ' Further experiments
are in progress after incorporation”bf a few modification
in the pot design, based on the studies so far.carried
out,

24,1 . Treatment of Zinc Base D1e Casting
& Scrap Alloys.

: Zinc bagse die casting alloys of zamak ‘group
contaln extremely smgll quantities of impurities’ like
Fe, Pb, Cu, Sn and Cd. Scraps produced -during melting
and castlng are collected together for reclamation.,
The re-melted products generally do not conform to the
rigid specifications and need refining. 4 few samples
of such remelted scraps were received from the Defence
organization for refining to the specified 1limits for
re-use ‘in' d@le casting alloys. In the samples, received,
"all the impurities except Sn and Pb were above the
specified 1limits. Tin and lead cohtents were in the
- region of 0,0024 - O. 0097% and 0,015 - 0.01% respecti-
vely.
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: The samples were crushed in a jaw crusher
followed by ball milling to liberate the metallic
particles from the fluxes. The crushed product was
seived through 10 mesh seive. Most of the metallic
aluminium was in the +10 mesh fraction end the seived
product was melted with suitzble fluxes. The results
are given in Table 57,

Table 57 - Results of experiments on recovery
of aluminium from aluminium dross.

g £ et % % metallic aluminium
81. No. g metal® { 1lost in the -10 mesh

1 recovered, i fraction,

1, ¢ 61 3.5

2. 62.5 : 4,0

3. 57,0 4,0

4. 56.5 6.5

5. 48,0 5.8

ghex 59.0 Bt

7. 53.0 »

8. 5300 -

The recovery varied from sample to sample
i.e. from 48% to 62%, depending on the metallic cmntent
and the proportions of gan_ue materisls associated with
each sample, |

94,3 Recovery of Metals from Leaded Brass.

Unservicegble leaded brass scrap containing
Cu 60%, Zn 38%, Pb 2% with traces of iron was received
from Ordnance ﬁactory, Katni, Madhya Pradesh to
investigate the possibility of recovery of electrolytic
copper.

Experiments were carried out for electrolytic
recovery of Cu after partial removal of zinc from the
lezded brass. The residue left after partial removal of
zinc contains 2,6% Zn, 0.6 Pb and rest copper.
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: Electrolysis was carried out at 6 volts and a
current density of 10 amps/sq.ft. Pure electrolytic
copper was obtained with a cu-rent efficiency of 87%.
The purificestion of ZnSoy left after the electrolysis is
under progress, . 5 _ ;

95.0 Tailing Sands from Kolar Gold Field,
(Utilisation of the tgiling sand from
Kolar Gold Field).

The Kolar Gold Mining Undertaking of the
Government of India is producing about 1200 tons of the
tailing sands per day. The undertaking wishes to find
profitable outlet for this waste material., So this
investigation was taken up on their request. The scope
of this project is to study their raw material and to
suggest a commercial outlet for the same,

' As the tgiling sands were low fusible with
a very short vitrification range, some bodes were made
with clay additions to see their suitability as a raw
material for stone ware pipes fired between 900-1100°C
and subsequently salt-glazed. Report on this investi-
gation has already been submitted to the sponsorers.



P i L0O-T PLANTS

96,00 Low Shaft Furnace Project:

During the period under review, extensive investigat-
ions on the smelting of iron ore fines, fluxes and low«tem-
perature carbonized coke made from wholly non-coking coals
from different collieries were undertaken with additional
alterations in the operational parameters, It has been repor-
ted earlier that despite the short height of the stack, the
temperature of the top gas can be lowered to reasonable limit
by the.suitable adjustment of the particle size of the ore and
flux, particularly the ore, It has been conclusively proved
that the oxygen enrichment of the blast with consequent redu-
ction of the gas volume was not essential for iron smelting in
a low=-shaft furnace, However, during the smelting trials with
blast additives, such as fuel oil and naphtha with simultaneous
enrichment of the blast with oxygen, considerable improvement
in the smelting efficiency, as reckoned by the decrease in coke
rate and the increase in productivity, was noticed. It was,
therefore, considered that the effect of different degrees of
oxygen enrichment of the blast, in the absence of any auxiliary
fuel injection on the smelting parameter will yield useful data
for comparison and investigations were conducted with different
burden schedules and oxygen enrichment of the blast by 0.5,
1.0, 2.0 and 3.0% percent in different stages.

Besides, the extensive trials on ironmaking to evaluate
the possibilities of exploitation hitherto unused ores, coal
and fluxes in the low-shaft furnace pilot plant, substantial
progress has been made on the diverse industrially oriented
investigations concerned with iron and steel making, which
were undertaken with the object of development of commercially
acceptable efficient techniques, based on the economic utili-
zation of available raw-materials and metallurgical wastes.
However, fundamental ferrous metallurgical problems were not
totally divorced and a few of them were undertaken to elucidate
the phenomenon observed in the pilot plant trials, or from
the future developmental purposes., Aparc from the investi-
gations, maintenance and modifications of the various compo-
nents comprising a heavy pilot plants were simultaneously done,

Programme of Research and Development work
in the Low=-Shaft Furnace Pilot Plant,

In order to conduct comprehensive smelting trial for
the development of a suitable alternative process for iron-
making with raw-materials available in India, an exhaustive
programme was deawn up as given in Phases I to VI,



Phase I

i) Iron ore from Crissa and Bihar with non-coking coals
from Raniganj and Disergarh coalfields either in bedded
charge or by briquetting iron ore,limestone and non-coking
coal,

ii ) Iron ore from Chanda district and ndn-coking coals
from Ballarpur, Kamptee and Wardha Vallsy, Maharashtra State.

iii) 1Iron ores from Chapra, Antribeharipur in Mohindergarh
Punjab, with nut coke or non-coking coals,

iv) Iron ores from Anantpur, Warrangal etc. with non- -
coking coals (and low-temperature carbonized coke made
thereof) from Kothagudem, Yellandu etc. in Andhra Pradesh,

v) Iron ore from Katni in Madhya Pradesh with non-coking
coals from adjacent coalfields (Kanhan and Pench Valleys).

vi) Iron ores from Nathara-ki-Pal near Udaipur and Morinja
(Chomu- Samod) near Jaipur, Rajasthan, initially with nut

coke and then with high temperature carbonized Palana lignite
" (as and when it becomes available) vide Phase III (i),

Phase II

'tSmelting of self-fluxing briquettes containing iron ore
fines, limestone and non-coking slack coals from different
collieries, N : &

Phase III

i) Utilization of lignites after its high temperature
carbonization for iron smelting. :

ii) Utilizatién of Salem magnetite after its beneficiation
and agglomeration by pelletizing or sintsring in conjunction
with carbonized lignite briquettes,.

Phase IV

- Research and development work on oxygen-enrichment of
- air blast, direct injection of naphtha and furnace oil,thorough
auxiliary tuyeres with simultaneous enrichment of air ﬁlast
with oxygen anhd study of overall economics of production of
such operations, - e

Phase V

Utilization of agglomerated fine grained soft iron ores,
flue dust in the form of sinter, self-fluxed sinter,pelletised
or briquetted ore burden and study of fuel requirements etc.
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Phage VI , ik

) Production of ferro-alloys, such as ferro-manganese
with or without oxygen injection in the low-shaft furnace
pilot plant. ‘ )

It may be mentioned here that investigational work
on Phase 1(V), Phase III (i) and (II) and Phase V could not
‘yet be undertaken for non-availability of the requisite raw-
materials, Apart from the main objective of iron smelting
with non-coking coals, it has been used as an experimental
blast furnace to study the smelting characteristics of
hitherto unused ores and fluxes, study of the effect of
variation of the operational conditions on the smelting
parameter and for studying the feasibility of injecting
auxiliary fuels, Several Feasibility Reports incorporat-
ing economic viability of the smelting process utilizing
regional raw-materials have been issued,

‘ The investigations on iron-making undertaken during
the period under review can be broadly classified in the .
following campaigns:- T

FORTYFIRST CAMPAIGN

Smelting trials were conducted with two different
varieties of iron ores (Crissa Minerals) and mixed ores with
~ subsize coke, limestone (Maihar, M.P) and dolomite (Assam) -
with the object of assessing the effect of oxygen enrichment
of the blast on the smelting characteristics..

FCRTYSECCND CAMPAIGN

Smelting trials were conducted with two different
varieties of iron ores (Bolani) and mixed ores with nut-coke,
low-temperature carbonized coke made from totally non-coking
coal(Singareni), limestone (Satna) and dolomite(Assam) to find
out the compatibility of these ore fines with a non-metallur-
gical fuel, and also the effect of different degrees of
oxygenation of the blast on the smelting characteristics.. .

DETAILS CF FURNACE CAMPAIGNS

"' 'The burden comprised of iron ore fines (Crissa Minerals),
91% below -12 mm, or mixed iron ore 66% below -12 mm, subsize
coke of particle size range of 60-75% below -25 mm and lime-
stone. A certain amount of dolomite was also added to the
burden. The chemical and physical characteristics of these
raw-materials are given in Tables 58 and 59 respectively. -
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Table 58 - Chemlcgl nalzs = gf Rgﬂ materlals.

34 Chem1C§l QalVSlS of Iron Ore-

. Feh

1ron ore 64.14

(Crissa Mineral)

Si0o%

3.8

4,57

| Aléos%

sS4 P%
O:Ol"0.0S 0002"0'04

Mixed ore 66,00 1.43 3,20, Trace 0.04
(M.B.P.P) 4 .
| ysis of uxes '
Ca0%  Si0g%  Mg03%  Mg0%  Fel03%
Limestone 52,0 a0 NRe s o AE 0.55
(Dutta Chowdhury) £
3NB0 - OV63 LT gD 20.70 S
3, Analysis of Fuel . v ' i
’ ' V.M.% F.C.% Ash7 S% Moisture%
B Cby- @1 £8) o3
Mut. coke . Rl d s b SR 94,7 0.5 243
(Durgapur) o - pas B
Nut coke {pgiilinhogitabagngh "Y0:5 ek
(TISCe) - % FEaT
4, Ash Analysis of Fuel: n Ty
Ca0%  8109% Me0% 2037 Fe03% P%
Rt coké 3.1 0 50,9 1.9 25,6 13,980 0S270
' (Durgapur) : i e _ ; %
‘Nut coke 3,8 52.08 2.12 33.0 - 0469
(TIsce) B
Table 59 = Scregn Analzseg f__ah_mgpg ?d:
- Raw- 450 mm =50 mm . =25 mm -12mm -6 mm =-3mm
Pnaterials -~ <t 4 +25 mm - +12 mm ,+6¢mm %
o Srannts i3 bestuodid:
Bict coke - TLL 0 g g3 0 UBEI00 Y . GuAL . . 2,58, 13,18
' (Durgapur) ot g R P Sohag
Nt coke (TISCO) = 18.20 74,00 4,50 0,60 2,70
" Iron ore (Crissa - - 8.80 2156077 30,33 18,7
- Mineral) 2 - #
Mixed ore (MBPP) - 130 31.40 26,50 14.60 26,40
Limestone (Dutta - 36,20 42,20 10.45 4,36 6,79
. Chowdhury)
Dolomite (Assam) - - 83,00 2. 50 8,80 5,70
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- The mixed iron ore has slightly higher iron content
“1ittle lower silica, The reducibility characteristics on
garticle gize of =13 + 6 mm of both the oresyere almost
dentical. Therefore, it was considered that replacement of
.one ore with the other did not seriously affect the operat-
ional variables in @ssessing the behaviour of oxygen enrich-
ment of the blast on the smelting efficiency. b

As 1s normally practised, the burden schedule was dra
up on the calculated basicity degree of the slag Ca0/SiOg of
1.2 to 1.3 and enough dolomite was added to yield 6-8% Mg0 i
the slag. The furnace was operated under the following :
conditions: : :

Tuyere diameter, mm 75

Hot blast temperature °C 500 - 550
Hot blast pressure gmWG 1400 -1600
Hot blast volume NmS/hr 2250 -2500

The variation of the hot blast temperature, pressure
and volume were kept within the limits indicated above, |
The operation with a definite oxygen enrichment of the blast
was. continued for a sufficiently long duration for attaining
stable smelting condition, which assured correctness of the
data and the.conclusions derived thereof, The operational
characteristics are recorded in Table 60.

Compared with base period operation-without oxygen
enrichment of the blast, 0.,5% oxygen enrichment did not
significantly alter the fuel rate, slag rate and productivity,
With 1.0% oxygen enrichment, however, a distinct improvement
in the regularlity of the discent of the burden coupled with .
lowering of the fuel rate and increase in productivity were
noticed, However, in order to fully assess the effects of
oxygen enrichment on the smelting efficacy, another com-
prehensive trial was considered necessary, - s

FCRTYSECCND CAMPAIGN

In this campaign, iron ore fines (Bolani), 87% below
-12 mm, mixed iron ore 57% below -12 mm, low temperature
carbonized coke made from Singareni Coliiery, limestone
(Satna) and dolomite were employed for smelting with the
object to determine the effect of oxygen enrichment of 1.0,
2,0 and 3.0% respectively on the smelting parameter. The
chemical analyses and the particle size classification of
the raw-materials are recorded in Tables 61 and 62 respect- .
ively. The Bolani iron ore was somewhat inferior to the
mixed variety, .
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Table 60 - Operational Characteristics th 0.5
B ¢ i, Oxygen Enrlchment of Blast

* Manganese Cre was not added in the burden.

E - Data on % 552 Cxygen e rleeee?g%
Fuel Rate F.C. tonnes/ ‘ 7
tonne of pig iron. 1,87 - 2,0 1.86
Slag volume tonnes/tonne ) o
of pig iron L.14 - 1.17 = 1e10.
Av, top gas temperature °C 500 450
Average flue dust % 4,5 5.0
Pig Iron analysis, %

C 2¢5 = 2,75 2D - Bl i
51 . 3.5 - 4.5 3.5 - 4.2
S 0.04 - 0.08 0.03-0,08
P 0.23 0.24
Mn* 0.24 0.25
Slag Analyses, %
Ca0 35 - 37 37 - 38
8i0s 34 - 35 33
FeO 0.5- 1.2 0.5- 1.5
RN . 22 - 23
My, oo Mg 5= 7
Average Toﬁ Gas Analysis,‘% ’ _!
A €0 L : 25 - 26 25.5
2 CCo 3.65 3.6
* CHy - 3.5 3.55
Hy Nil Nil




Table 61 - Chemical Analyses of Raw-materials Employed
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1. Chemical ggg;zsis‘of irog'orei

il SHEaRBRaNt S 0% | Wok - AlD3%. . ok . P%
Mixed Variety D - B 170 o R T e v L ERt e
( from MEPP) _ i CAB sy LT, |
Iron ore 5.0 5740 045 0,03 0405
(Bolani) s
Analxsis of Fluxes
Ca0% 8i09% Ml 03%  Mg0% Feg03fh
Limestone 48,3 3.5 0,9 3,01 0,34
(Satna) :
Dolomite (Assam) 31,30 0.63 0.,40.2 1200720 1w
Analysis of Fuel.
v.M.4 F.C.4 Ash% S% Moisture?
Nut coke (TISCC) 1.5 74,4 22,9 0.5 1.2
KOISit 9.2 69.1 1953 - 204
Ash fnalysis of Fuel.
~ Ca0%  8i05% Mg.0% M 03% Fe03% P%
Nut coke 3.8 52,08 2,12 33,03 PRy -;
(TISCO) ¥ i
KOlSit O.7 66.3 2.2 23.3 - 0.023 |
Table 62 - Screen Analyses of Raw-materials Emelted. |
Teeserids 0w g R e om |
1. Nut coke (TISCC) 5,91 46,55 45,60 1,88 0;03 0.03
2, Kolsit - 11.61 57,12 24,51  3.82 1,36 1,58
3, Iron ore(Mixed) - 1.74 41,46 28,56 12,11 16.13
5, Limestone (Satna)- 45,22 43,90 6.44 2,93 1..61
6. Dolomite (Assam) - 102565 198,00t 56803540 R ey 4
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As in the previous trials, the burden was made up for
a calculated slag basicity degree Ca0/Si0o of 1.2 to 1.3 and
enough dolomite was added to yield 6-8% MgO in the slag. The
furnace was blown under the following operational conditions:~

Tuyere diameter, mm 75 i
Hot Blast temperature °C 500 - 60
Hot Blast Pressure, mmWG 1400 -1800
Hot Blast Volume Nm3/hr. 2200 -2550

At the initial stage,. the smelting operation was stabi-
lized with mixed iron ore, employing mut coke as the fuel and
reductant, Subsequently Bolani iron ore was employed in which
nut coke was progressively replaced in stages of 25%, 50%,75%
by the 'char'., The movement of the burden with 75% char in
the fuel burden was smooth and there was no operational
fluctuations. In fact the fuel rate was reduced by the
replacement of the nut coke with the char, Subsequently the
enrichment of the air blast with 1.0%, 2.0% and 3.0% oxygen
on smelting behavipur was studied in three distinct stages
with a fuel burden comprising 75% char and 25% nut coke. The
operational results are summarised in Table 63, The suitabi-
lity of low-temperature carbonized coke made from the non-
coking coal of Singareni Colliery for iron smelting in a
low-shaft furnace has been indicated earlier, .In this trial
it has been further confirmed that it can be used with other
varieties of fine grained iron ores. :

It may be observed that the oxygen enrichment of the
blast reduced the top gas temperature slightly and there was
a minor reduction in the fuel consumption. FHowever, the
only benefit of the irncrease in output may not justify the
additional cost of oxygen enrichment of the air blast. In
fact oxygen enrichment in the absence of auxiliary fuel
injection is not recommended.

Scrap Cxygen Steelmaking in
Basic-Cxygen Converter,

It has been mentioned earlier that extensive investi-
gations are being done to evolve a suitable technique for
the conversion of solid iron and steel scrap generated in
foundries to molten steel of desired composition by a modi-
fied basic top blown oxygen steel making technique, Com-
prehensive ‘data based on the previous trials have indicated
the technical feasibility and commercial adaptability of
the process, but further trials were undertaken. :

It is understandable that the size of the scrap added
to the normal L-D steelmaking vessel depends on the heat size.
ATthough the experimental basic-lined converter was small
(diameter at mouth 150 mm, diameter of the vessel 300 mm for
treating 100 Kg hot metal), it is considered that the
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Table 63 - Consolidated Cperational Data with Progressin
Increase of ' 'Char! in Fuel Burden and |
Different _Degrees of Cxxgen Ehrichment.

; {_Kolsit in Burden  JKolsit in burden 75%
Cperational data § 25%’§ 507' { 75% YCxygen Enrichment %
i I 1.0 "2.0 1 =

Fuel Rate FoCo t/ 2.00 l. 35 1055 1045 1042 1!41
tonne of pig iron

Slag volume tonnes/ 1.6 1.55 1.4 1,315 14,31 TSI
.tonne of pig iron S o 1

Average Top Gas 520 500 470 450 . 420 400
temperature °C ; i

Average flue dust® 2.5 2.8 3.4 4,5 4,75 4,75
Average Pig Iron ' ‘ '
analysis, % ; Fors i3

At 2.85 2085 205 c TS BT I
si BoTron A iToD Mo traiy@ To. B 201G
S 0,02 003 0,03 0,02 0,01 0,08

P OVER' 10,28 < 0,28 0,84 = 0.28 o.éé!
AMn 0,24 0.25 ©0.24 0.25 0.23  0.24"
Average Slag | <A A , . ' \_ :H‘i ]
analysis,% Ca0 36.3 36,5 36.6 35.2 3.7  35.2
5105 20.9 33,0 311 32,0 36.2 = 34.6
FeO Ml 10 Os2lb0epiy ross " 950

M3 22-24 23-24 22-23 22-25 22-24  23-25
Mg0 B i Bty [ o1 Soe¥. 0010681 L 50 gl
Average Top Gas’ : - LG :

Analysis, % Gn - L : _ L
. CC 251 259 « 25.2 27.4 27.2 7.2

s B ineds Bt BuBe B, S LB DTS YD
CHy 2.0, o BuBuivy o Bilbuad SeE N9, 6 3.4
Ho Ded. ‘b1 @t nd 048 remby@gr+ Q8 TEIuig

* Manganese CTe was not added in the burden
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acceptability of different sizes of pieg iron scryp should be
investigated particularly in relation to the time required
for melting influencing the tap to tap time and oxygen
consumption., The effective size of the vessel limited the
charging of a maximum size of scrap of 10 mm x 5 mm, The
larger size of the scrap, higher will be the void volume
inside the vessel and, tkerefore, for nelting the same
quantity, frequent charge addition will be necessary. The
chemical analyses of the scrap and the additions of lime-
stone éc. were kept identical in all the experiments., The
operational results are given in Table 64,

Table 64 - Dependance of melting time and oxygen
. .consumption on the scran size,

Size of the Scrap | Oo Consumption in«g?imezin minute.

I 1 meter
S¢S cm. x 2,5 om 16 25 .
3.75cm x 2,5 cm 16 \ E 25
S5 cm X 2,5 om 18 , e
B8 em X 20 ol . 19 32
10 cm x5

cm 207 ' ] 40

From the experimental results, it was observed that
the oxygen consumption and the time of conversion of the
scrap to molten steel analysing on average 0.11% C, 0.10% Si,
0.02% S, 0,01% P increased with the size of the scrap. It
was also noticed that the'increase in oxygen requirement
and time were related to initial melting of the pig iron
scrap, while the refining time was 1dentical irrespective
of the size of scrap. It conclusively proved that scrap
of assorted size generated in a foundry can be absorbed in
this process provided the size of the scrap was suitable for
charging in the vessel, Further experiments with other
types of fuels like the low-temperature carbonized coke,
non-coking coal, calcium carbide are under progress.

Experimental Baby Blast Furnace:

It has been mentioned earlier that the objective of

- iron smelting in the baby blast furnace is to comprehensively
evaluate the effect of burden preparation, oxygen and fuel
“injection on the fuel rate and productivity. A similar work
in a commercial blast furnace will not only involve heavy
expenditure, but also will be impracticable, it is believed
that the data obtained can be reasonably extrapolated to
estimate the benefit of burden preparation on blast furnace
operation, : :
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Bmploying iron ore fines, limestone and low-temperatu
carbonized coke, the effect of oxygen enrichment of blast
upto 3% in three different stages was evaluated under identi
cal conditions for comparison with the data obtained that of
nut coke as fuel, The chemical analyses and the particle
size classification of the raw-materials used were given
in the previous report, The operational conditions and the
experimental results are given in Table 65, '

Table 65 - Smelting Behaviour with Different Per-
centages of Cxygen Enrichment using

Low-temperature Carbonized Coke.

}Data on §____ Cxygen enrichment of air blast
1 N1 Y1709 §2%0o I 3%02
Fuel rate/tonne of pig e nab raH '
iron (fixed carbon) 1.45 1535 " 100 1.01
Rate of smelting ore - y
fed/Hr. (in Kg.) 20 22 o 26 36
Slag volume t/tonne of '
pig iron 1,10 1.00 -1.00 0.8
Average Hot Blast Temp.°C 280 280 280 280
AVerage Hot Blast .
Pressure mmHg. 30 40 30 30
Average Pig Iron analysis % ek
: ' C 2.0 2, 19 $i00e [a osd. B
Si 1. 20 0.80 « 4 e %
S 0.26 0.27 0.26 : 0.19

pLie 0.40 0.50 = 0.48 0.45
Average slag analysis, % _ | |
’ Ca0 37.62  32.30 32.80 33,12

805 31,04 32,60 32,00 31.48
FeO 2,10 3,00 2,00 2,70
Al1-05 20,90 18,30 19.00 19,08

Mgo iy - 8 8.30 9,00 8,65

Despite the small quantities involved, the separation
of the slag and metal was satisfactory. From the experimental
results it was found that with the progressive increase in
oxygen enrichment, the rate of smelting increased and the fuel
rate decreased, which was related to low blast femperature,



Further experiments on oxygen enri¢hméht upto 7% with
the same type of raw-materials, employment of sinter, pellets
etc. are under progress, ‘

.97'0. ,Ihyestiggtiogg on Qgpglg Melting Practise:
 Cxygen Enrichment of the Air-Blast:

~ In view of the difficulties of iron smelting in cupola
with high ash Indian coke, systematic investigations were
conducted with the object of studying the effects of oxygen
enrichment of the alr blast on carbon saturation in the
metallic charge, ‘containing optimum amount of steel scrap for
obtaining hot metal of desired chemical composition for
making special castings. .Incidentally the effect of oxygen
on melting rate and other associated factors were studied.

4 The investigations were conducted under identical
conditions with a coke to metal weight ratio of 1:3 and 50%
steel scrap in the charge, both in the acid and in basic-
lined cupolas. In the acia lined cupola, the basicity degree
Ca0/810o of the slag was maintained at four different levels
of 0.6, 0.8, 0.9 and 1,0 by adjusting the limestone addition
to the charge, The blast was enriched by 1% and 2% respect-
ively in two stages. - It was observed that carbon contents
of the metal increased with the increasing slag basicity ratio
and also with higher oxygen enrichment. The temperature of
the hot metal was raised by 25 and 500C at 1% and 2%
enrichment respectively., It was, however, noticed that the
acid refractory lining was attac&ed severaly and consequently
the further trials were conducted with the basic-lined
cupola and the basicity ratio of the slag was maintained at
- 1.0, 141, 1.2 and 1,3 in different trials, The oxygen
enriched at three different levels of 1%, 2% and 3%
respectively. With 3% oxygen enrichment; the rise in temper-
ature of hot metal was 70°9Ci It was observed that the same
carbon content of 2,61 at a slag basicity of 1.3 with a
normal air blast can be obtained with 1%, 2% and 3%
~enrichment of the blast and slag basicities of 1.2, 1.12
- and 1.08% respectively., The saturation of carbon was,

.. ‘therefdre, dependant on the basicity degree of the slag as

~.well as oxygen enrichmént of the air“blast as shown in Fig.40
With oxygen enrichment to the extent of 3%, 100% steel scrap
can be successfully melted to produce hot metal of desired
chemical composition as shown in Fig, 41. Although almost
linear relationship of the rise in metal temperature with
.oxygen enrichment was initially observed, higher enrichment
did not show proportional rise in temperature. The oxygen
enrichment lead to absorption of larger amount of steel

scrap and consequently lowering of phosphorus in hot metal,
thereby making it suitable for making special castings.



- 149 -

Heating Arrangement at the Top:

Bearing in mind the advantages of ‘capola iron melting
wlth preheated air blast, various types of simple preheating
devices are being designed and tried. ' .In a cupole provided
with preheating facilities at the top, further experiments we
conducted with coke: metal weight ratios of.1: 9 and 1:11
with variation in the hot blast temperature between 100°C -
400°C and the results are shown in Fig. 42. The rise in
temperature of the hot metal justifies the incorporation of
the facility for heating the blast., Further investigations
are being done, ¥ - 33 =

Utilization of Heat lost by Radiatiopn:

A simple ingenious process for preheating the air blast
without the consumption of additional fuel has been designed
and patented (No,112574), It can be easily incorporated in
the existing cupola with minor modification, The temperature
of the air blast can be raised to 350°C and substantial amount
of coke can be saved. . Alterhatively, the metallic charge
. can comprise of pig iron and steel scrap, which leads to

production of low-phosphorus hot metal suitable for making
malleable and other special castings: e

98,0 Ig#esﬁiggtiog on Agglomeration:

(1) Briguetting of Lime Sludge:

With a view to utilize lime--sludge containing“56% Ca0,
1.32% Si0o and 1.,56% AloOs3 in the-form of briquettes for steel-
making purposes, further investigations were conducted to
improve. the strength of the briquettes .by the addition of
limestone having of grain sizes (+1.00+0.50 mm) and =~ =
(=0.50 + 0.252 mm)., Apart from the variation in particle
size, the amount of addition was also varied., Lime sludge
briquettes were prepared with the addition of 10 and 20%
limestone of grain size (-1,0 + 0,50 mm), employing 6%
molasses and 10% molsture as binders. The shatter index of |
the briguettes in green condition were 15 to 20% respectively
on + 12 mms Briquettes of lime sludge were made with 10 and
20% addition of limestone of grain sizes (=0.50 + 0,252 mm),
6% molasses an&: 10% moisture. The shatter indices of these
“briquettes in green condition were 18 and 22 respectively on
+ 12 mm, v OB et al ¥ - b L}

. Althbughfthe‘shaﬁtéf index was slightlyiimproved by
the addition of limestone of finer grain size, yet the -
physical characteristics were somewhat unsatisfactory;':
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It was felt that the physical strength of the lime-
sludge briquettes might be improved on heat hardening after
the incorporation of small quantity of fine grained mill- -
scale. Accordingly lime sludge briquettes were prepared with
the addition of 5, 10, 15 and 20% mill scale and the bri-
quettes were heat hardened at 200, 400 and 600°C but the
phgsical strength did not improve, ‘

(i1) Pre-reduced Self-fluxed Pellets:

a) Size Reguirement:

In order to incorporate the optimum amount of flue dust
sludge from the wet gas cleaning plant etc, investications on
the pelletization of iron ore fines were conducted. Besides
it was desired to develop self-hardening pellets and a
technique of making self fluxed prereduced pellets,

~In order to determine the optimum size of iron ore
fines, iron ore was crushed to different particle sizes of
-6, =3 and -1 mm,

"= Pellets were prepared from the iron ore fines with the
addition of 0.5% bentonite and 15% moisture by manual balling
method, The size of the pellets were in between (-12 + 6 mm),

 The pellets were heat hardened at 900 and 1000°C and
shatter tests were performed at.room temperature., The ‘
r'esults are given in Table 66, ot

Table 66 - Shatter Test Result of the Heat
e Hardened Pellets. e

§ize of the iron ore ] Shatter index on +6 mm of

fines, mm. Y J_the heggfhgrgeggg pellets,
a8 [idao. § At 9000C At_10000C

w8 “ e 69 g

“ @ 1 kb b i orld . 80 87

S X" pa Lo = 82 89

b)  In order to study the progress of reduction during the
process of heat-hardening, iron ore fines (-3 mm) and 10% coke
breeze (-3 mm) were pelletized with addition of 0.5% bentonite
and 15% moisture. The heat-hardening and prereduction were
performed.in an idert -atmosphere, However, the physical
strength of the pellets was not satisfactory.
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Attempts are made to~ incorporate flue dust in the
~pellets. The chemical and sieve analysis of the flue dust
are glven in Tables 67 and. 68.

Table 67 - Chgmical aggl of the flue dust
e TS 5105 ';Fd) Mg0  AL.0
7 % iadariel Sese s da ey el s WA
g0 e 95,34 .. 184001 i8e08 21 19,770

.Table 68 - Sieve analysis of Low-shaft Furnace
LB g Flde Dust Sample in mm pct

Al .00 MO8 0,952 ~0.152 »

+1,00 i +0,50 - +O 252 404182 +G,076 o -0,076

0.4 3.6 26 7 14,2 (@0 2 26,9

As the pellets made from flue dust exclusively with

" binder addition and 20% moisture did not develop adequate
strength, further investigations will be done on pellets
contalning optimum amount of flue dust Attempts are also
made to develop a technique of maklng self-hardening’ pellets.

29,0 Malleablization Characteristlcs
of Low-Shaft Furnace Pig Irog*

: It has been mentioned earlier that low-phosphorus. pig
iron made with low-temperaturecarbonized coke from fully
- non-coking.coals, leads to the’production of low=phosphorus
pig iron which is more suitable for malleabilization. It is
also known that certain elements like copper, boron,aluminium
etc. affect the malleabilization cycle. With a view to reduce
the malleabilization cycle, the effect of addition of varying
amounts of boron is being studied dialatometrically. The
comp051tlon of the ‘heats are glven in Table 69,

. ...+« Table 69 - Chemical. Analyses of Casts Cotanlngng

Heat'Nbﬁit = .'ﬂ s 1cf1,00mpos1tibn. e
A e o g 6 IR G T v, - e B, T

2. 25 0.96 0.165 0,06 0.10 0,011 0.45
2 25 0.96 0.165 0.06 0,10 0,083 0.45
2425 0.96 0:186 - 0.06 0,10 0,031 0.45
2425 0.96 0.165 0.06 0.10 0.043 0.45

W0
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A suitable salt bath has been developed for holding
the specimen at different mallecabilization temperature
schedules,

The effect of varlou. ether elements are being studied:
100.0 Production of Pig Iron from Run-of-mine Iron Cre,

Limestone fines and coke or coe! breeze in a
Rotary FurnaceL ‘

g ”Investlgatlons on iron smelting with fine grained raw-
_ materlals with an acid lined furnace have been reported
previously. Smelting trlals were conducted with iron ore
fines (Crissa Mineral), limestone chips (Bisra) and coke
breeze in a basic (magneslte) lined rotary furnace primarily
to study desulphurization and for cortrolling the phospho-
rus contents in.the pig iron produced. The chemical :
" dnalyses of the raw-materials emp‘oyed and their screen
analyses are reported in Table 70 and 71.

- Table 70 - Analysis of Oré, Fuel and Flux.

1. Anglzgigjgf iron;gggi %
Fof @ ' 8103870 0\ K028 - ca0f Me0%
64.14 e N - R X ) Trace Trace

V2. Agalzsis of fueW' _ ‘ ' :

: ‘ HoO% " Ash? V.M. % P.Cof i~ 8%

Coke breeze 2,50  26.C 1451 70,10 0,50
3. Analysis gf fuel ash: ' PRI SN, | :
. .S105% Cad% - Al 03% Mgn% Fef  P%
560900, 73,10 y . 8580 1.80 4,80 0.27
4, Analxglg;gi;llmgéigngi
Ca0% S10o% = Mlg0q%: -~ - -Mg0%

44,88 6,96 P BRIl
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Table 71 - Screen analyses of Ramymgtefials Employed(%)

Name of the [-50.8 §-50.8
material 0 omm §+2

Iron ore . % 3,80 16,98 '26.07 53.85
(Crissa Mineral) - \

j-24,4 §-12,7 §-6.,35 }-3,17mm &

e mn + mmd D

Limestone x L 4,68 50,72 " 06,87 .. 170 7.08
( BISRA) o

Particle Size of Coke Breeze %

-30 mesh J-60 mesh § -100 mesh

+7 mesh § .7 mesh %-16 mesh | )

Sleve § gieve sieve I sieve -~ Jsieve | sieve &
st § +16 mesh{+30 mesh J +60 mesh ~§+100 mesh] below
I sieve | sieve § sieve fsieve ]

9.07 21.78 26. 90 feen 12.77 13.80

The mode of conducting the iron smelting has been
previously reported. It was found that after initial heating
of the vessel by oil burner followed by the burning of CC to
CCo inside the vessel by Oo injection could not maintain the
smelting temperature and, therefore, the furnace had to be
heated by burning oil periodically. The pig iron analysed
3.4% C, 0,30% Si, 0,49% P and 0.,07% S. Although the basicity
of the slag Ca0/Si0g was maintained at 1.2, and it contained
4-5% FeO, the dephosphorization was not pronounced, while
the partition of sulphur also suffered due to high Fel ;
contents in slag. Further investigations are under way.

101.0 Pilot Plant for Hot-dip Aluminizineg:

Aluminising of Heat Resistance Wire:

Experiments were conducted for aluminising the heat
resistance Fe-Cr-Al alloy wire. Specimens from 1/8" Die-
wire and 1" sq. bar of the alloy were aluminised with
variation in the dipping time and temperature.

18 and 20 gauge wires were aluminised."EXﬁeriments
are under progress to get the optimum condition for alumi-
nising the wire, .- -

Refractory lined pots:

|
Experiments are under progress to study the suitability
of the refractory lined pots for aluminising.




o
. Petrol Tanks::

Petrol tahké‘éent’by Chief Inspector of Vehicles,~i
Ministry of Defence, Ahmedabad were aluminised, ‘

Coating wt., of Wires:

Tests were conducted to determine the coating weight
of aluminised wires sent by M/s., Venkata Durga Aluminising
Works, Nandigama, Vizayawada. i - ;

New Licenses:

New license was issued to M/s, Engineering Enterprises,
Vijayawada, '

/

102.0 100 Lb Electrolytic Manganese Metal Pilot Plant and
) ectrolytic ese Dioxide Pilot Plant,

, During the year the following investigations were,-‘d'
conducted, i : 3

(a) To examine the suitability of manganese ore received
from Manganese Cre (India) Ltd.,Nagpur, M.P. for
production of electrolytic manganese metal,

(b) To collect operational data from the 100 Lb pilot
plant for the design of an industrial electrolytic
manganese plant.

(e) Studies on the reduction of manganese ore with solid
fuels, viz. charcoal and coke,

(d) To design a 6 tons/day rotary kiln for reduction of
manganese ore on the basis of the present 35 Lbs/
hour rotary kiln, PR 5 )

(e) Effect of sulphur dioxide content in the electrolYte
on sulphur content of deposited manganese metal.

(f) To examine the possibilify dfﬂupgrading theiﬁénggneSe
dioxide obtained as a byproduct from the production
of saccharin to a product similar to chem. grade.

(a) Investigation work on the suitability of the 14 samples
of manganese ore, supplied by Manganese Cre (India) Ltd.
Nagpur for the production of electrolytic manganese metai,was
completed and a report incorporating the results was :
prepared. The 14 samples received from the firm were from the
following mines namely(1l) Beldongri Mine I (2)East and West
Tirodi Mine I(3) Sita Saongi Mine I (4) Sita Patori Mine
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(5) Sita Saongi Mine II (6) Sample without identity (7) East-
West Tirodi Mine II (8) Kandri Mine I (9) Ukwa Mine I

(10) Kandri Mine IT (11) Ukwa Mine II (12) Ukwa Mine III
(13) Beldongri Mine II and (14) Munsar Mine Main Hill, The
samples were crushed and ground to -35 + 100 mesh through
jaw crusher, Roll crusher and pulverigzer, The ground ore
was reduced with coke oven gas at 600°C and cooled., The
reduced ore was then leached with a solution having the
sulphuric acid concentration of a spent liquor from ele-
ctrolytic manganese metal cell, The results of analysis of
the 14 samples are given in Table 72,

The percentage recovery of manganese, and manganese
that can be recovered by treating 100 tons of ore, along with
the manganese contents of each ore have been presented in
Table 73, The conclusions arrived at are given below:

(1) Cre samples 12, 11 and 9 from Ukwa Mines, and 7 and 2
from Tirodi Mines have good percentagze of MnOp of the avail-
able manganese, and have good percentage recovery of manganese,
All these five samples have given more than 30 tons of reco-
vered manganese by treating 100 tons ore. The gangue mater-
ials in the ore are not intimately mixed with manganese but
only loosely in these samples, and hence after leaching
settles down quickly as fine free silica without much time
loss. Ukwa Mines and Tirodi Mines samples have been found
to be the very best of the 14 samples supplied and can be
safely recommended for production of electrolytic manganese,
Amounts of alkaline earth metal content in these ores are
also fairly low excepting in sample No, 11.

(ii) The sample Nos: 3,5,6,710 and 8 as a whole have a high
percentage of MnO of the avallable mangariese, though the MnOg2
content is low.

(iii) The sample Nos., 14, 1,13 and 4 give less than 23 tons

of manganese by treating 100 tons of ore and do not recommend
so highly as the other groups (1) and (2) though electrolytic
manganese can profitably be produced from these ores also.

" (b) Pilot Plant work on production of

' Dyring the period under review, the pilot plant was
run to collect data for the design of an industrial unit,
About 700 Kg of metal was collested with a rectifier capacity
of 1800 amp, The flake metal was supplied to outside
parties and was also consumed ingside the laboratory for
studies on manganese bearing allgys. The metal was used for
making heats to prepare special steel, low alloy steels,
stainless steel and low alloy impact resisting steel and
preparation of pure manganese nitrate etc., . '



TABLE=72

ANALYSIS OF_14 SAMPLES_OF MANGANESE ORE

% 1 g g 5 AR, Jpesters Veakab R T S A U s & i
Total Mn 35.67 39.33 37.24 43.30 30.45 35.03 34.38 28,1 44,17 34,88 35.41 36.86 35.25 33,63
MnO 15.06 41.0 24.50 21.66 18.28 31.50 44.84 14.76 45.60 24.16 40.96 39.45 18.27 27.31
wm&mw mao: 6.95  17.38 12.42 13.43 11,86 8,8 13.91 +9,61L 8,16 9.60 10.40 9,20 8.80 12.80
>Hmoum : 2.40° 3.75 1.16 3.1l g 2.96 18.05 6.79 4.96 9.30 4.60 5.20 4.80 4.85
10, 33.24 13.01 26.30 13.30 30.02 29.24 12.80 34,72 22.52 23.50 26.08 25.56 28.46 29.14
Ca0 S ey 1,04 1.6T 0.55 3.01 9.08 O0He 0,22 3,48 2,74 1.64-°3.97 3.00
BaO BRI osE T80 1.4 1.49 L0 1,997 1,02 0.99 0,45 0,72 0,60 W02 0.22
MgO B s 1,12 1.3 1080 096 0.0 1M DT 3,00 . 256 2. TRET 1.3

- ——— - - -



Sample nos. : 4

TABLE - 73 RECOVERY OF MANGANESE FROM THE ORES

2 3 4 e

7 8

9

10 £ % 4 12 13

14

% Total man- 35.67
ganese in .
raw ore

% Manganese
as MnO, in

raw or

% Manganese
MnO in raw

ore

15.60

wmwom:ﬁm@m
recovery of 61.43
Manganese in
solution

Recovered Mn 21.91
in tons per
100 tong of
ore treated

% of total
iron as mmmow
in raw ore

% Al,04 in

% Si0, in raw
S e 2 33.24

6.95

2.40

39.33 37.24 43.30 30.45

41.0 24.50 21.66 18.28

24.34

T2.67T 72.3 36,63 86.70

30.55 26.92 15.86 26.49

17,38 12,42 13.43 11.86

379 - 2.40 3.1k b

13:01-26:30 113:30° 30,02

35.03

31.5

19.82

72.86

26.29

8.8

2.96

29.24

34.38 28.1

44,84 14,76

24.19

89.98 82.67

30.87 23.23

13.91. " 9.61

18.05 6.79

12,8 34.72

44,17

45,6

19.57

71.05

31.48

8.16

4.96

2208

34,88 35.41 36.86 35.25

24.16 40.96 39.49 13.27

67.4 87.0 86.1 54.3

23.48 30.80 32.73 19.14

9.60 10.40 9.20 8.80

9.30 4.60

23.50 26,88 25.56  28.46

wwIGw

27.31

67.50

22.70
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A part of the flake metal was successfully powdered
in the ball mill to -200 mesh and supplied to an outside party.
The gas analysis, complete chemical analysis and the siev
analysis of the powdered metal have been done. !

(e) Reducﬁiqn‘of manganese oré with solid

LZs QO&I and cokes

- Studies on the reduction of high grade and low grade
manganese ore by charcoal was completed. Work on reduction
with coke is under progress. The reduction of low grade
manganese ore with powdered coke alone in the rotary kiln
did not give good results mostly due to low temperature
inside the kiln as the present rotary kiln can attain a
maximum of 600-650°C temperature only. Work is being
carried out to raise the inside temperature of the kiln.

v'-(d)- Design of 6 tops/day rotary kilp:

The design of a 6 tons/day rotary kiln for reduction
0of manganese ore with coke oven gas on the basis of the
present 35 Lb/hr rotary kiln was completed after collecting
all. the necessary data, such as, inclination of the rotary
_kiln, :consumption of coke oven gas per pound of ore for
reduction, revolutions per minute, system of the feeding
spiral, composition of the coke oven gas etc.

(e) Effect of sulphur dioxide content in the electrolyte
54 ] e ontent of d ited apese:

It ‘has been seen that if the SCo gas content becomes
less than 0.1 gm/litre, manganese hydroxide formation increases
and the 'cell condition deteriorates having the metal with
‘innumerable holes, : Cn the other hand, it is found that
sulphur content of the metal can be controlled by retaining
the cathodes for more than 32 hours in cell, keeping the SCg
content in the solution at 0.1 gm/litre. Further work is
under progress. : ; » e .

(f) Investigation on the utilization of
manganese dioxide obtained as a by product

from the production of sacchatfin,

. The manganese dloxide was received from a Calcutta
firm to examine the possibility of upgrading to suitable

. chemical grade.,. Spectroscopic analysis showed that the sample
contained appreciable quantities of sodium and potassium but
no- trace of iron and lead was found.

Chemical analysis showed:

M coo’ 39,8%
Mn02 3 4 L 60.0%
MnO b 2,42%

Moisture (dried at 1200) ey ¢ %

Foreign matter (by balance) .... 19.39%

It was found that the sample could be upgraded to
chemical grade by suitable chemical and physical methods.
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103,0 Pilot Plant for Production of Refractories:

During the period under review, work was taken up to
prepare complete plans and layout for the production of dense
carbon aggregate on a pilot plant scale, Work was also under-
taken to produce special refractories needed in putting up
kilns needed for the above production.: -, « -

, Fig, 43 is a lay out plan of the dense carbon pilot
plant which i1s nearing completion. All: the equipments in this
plant including the electric tunnel kiln have been designed in
NML and/or fabricated under the direction of NML indigenously
This is probably the first pilot plant of this nature in which
the design, layout construction as well as fabrication of
major equipments have been handled by NML personnel.

Pilot Plant is designed for a production of 1/2 ton of
dense carbon aggregate per day, In the initial stage it will
utilise raw petroleum coke as base material but as soon as the
laboratory experiments are completed it will employ processed
Bhilai pitch and Bituminous coal as base materials.. The.aggre-
gate produced is expected to replace anthracite coke and
imported low ash metallurgical coke that are now being employed
by the Aluminium Industry in its cathode linings. Incidentally
it will also provide strong raw material for steuctural carbon
industry, which can be expected to come into being in this
country shortly,

The Pilot Plant as-designed is capable not only of
producing dense carbon aggregate but also of producing carbon
structurals ete. at a later stage. In fact there is every
hope that it will supply the need for a well equipped pilot
plant to study the suitability of various raw materials and
process methods on a pilot scale before the same are utilized
on a industrial scale, ' L i ,

A1l the machines have been ordered for and some of them
have already arrived. The installation is expected to be
completed in near future, Figures 44 to 46 show the main
working shed and down draft kilns under construction as well
as - main working shed. ' i

. The refractory plant was busy in making special
refractory shapes necessary for the construction of tunnel
kiln and D.D. kiln in the dense carbon site. .In the initial
stage 1t was apparent that high alumina refractories necessary
for the purpose would not only cost too mich but would:also
need a considerable time for deliveries to start and ‘therefore
the programming of the pilot plant construction would become
very difficult and indefinite. Therefore work was undertaken
in the pilot plant to (a) produce high alumina cement




Fig. 45 Interior of down draft Kiln under construction



Fig. 46 Exterior of down draft Kiln under construction

Fig. 47 High alumina cast-shapes made in pilot plant



- 158 -

(b) calcining of Kyanite and crushing etc. (c) formulate
certain castable and rammable compositions from the above
two materials and (d) fabrication of the shapes necessary
for the dense carbon plant. Fig, 47 show all the shapes
produced., Upto date 250 pallets of 18" x 12" were
fabricated and nearly 30 pallets of 30" x 18" were made
ready. High alumina bricks of 9" x 43" x 3" are now.
being produced at the rate of 100 brwcks per day. The
savings thus effected in the production of special shapes
and refractories was considerable,

104,0 Pilot Plant for Production of
Synthetic Cryolite:

A pilot plant for production of 50 kg per day

"~ synthetic cryolite is under installation. Most of the
heavy equipment and machinery has been obtained and being
installed. The reactor vessels were damaged during
transit, The damaged parts have been sent to firm for
repair and awaiting receival. The drawing of steam line
‘has been approved.




RESEARCH GRCUP

HIGH TEMPERATURE CREEP RESEARCH GRCUP

Development of Substitute Creep
Resisting Austenitic Steels:

Previous work on the precipitation and creep charact-
eristics of Cr-Mn-N-C system of austenitic steels had shown
that these alloys can have creep strength with sufficient
rupture ductility around 650°C provided the composition
specially with respect to C & N and the heat treatment 1is
properly controlled, For further improvement in the creep
properties of these alloys addition of strong carbide and
nitride forming elements viz, Ti, Al and W was made to the
basic alloy and with the aim of also precipitation hardening
through intermetallic compounds, ‘ :

A rumber of 10 kg heats were made in high frequency
induction melting furnace, The ingots of 3" square size were
hot forged to bars of 13" square size between 1200°C -900°C,

The hot-forged bars were then solution-treated at various
temperatures covering a range of 1050 to 1250°C and with
soaking times of 1 and 4 hr, This was done with a view to
determine the correct solution temperature and time so as
to obtain complete dissolution of the precipitates without
excessive grain growth., This study indicated that 1200°C/4
hr, is the most suitable condition for solution treatment,
These alloys after the above alloying additions were found
to have considerable resistance to grain coarsening during
the solution treatment at higher temperatures.,

. X-ray examination of the electrolytically extracted
residues of the samples solution treated at 12000C/4 hr,

and aged at 700°C and 750°C for 1000 hrs, were made, The pre-
dominant precipitates were CrogCq and CrpC3 along with
possibly Fe,W and the nitrides of titanium and tungsten in
the respective alloys. These are being further studied,

Creep tests on the above alloys are in progress at
700°C. The results of the alloys Ce, C; and Cg have been
given in Table 74,

Since the creep fracture characteristic of the Cr-
Mn-N-C alloys specially those with lower C and higher N
are predominantly influenced by the precipitate structure
obtained during aging under stress, it was thought to
conduct experiment with the alloy under initially solution
treated (alloy Lo 3) and solution treated and aged con-
dition (alloy Lo.4). It can be seen from the results shown
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(b)

Fig. 49 Microstructure of creep ruptured samples of alloy L,
in (a) solution treated (b) solution treated and aged
condition
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in figure 48, that on prior aging treatment the creep-
rupture 1life and rupture-elongation of the alloy were
improved without any deterioration of the min, creep rate
values, This improvement is also seen from the microst- .
ructure of the fractured specimens (Fig, 49) which shows
that the fracture in the aged alloy was not so distinctly
grain boundry type and the precipitate orientation not so.
predominantly stress - induced as in the case of the alloy

given only solution treatment.

Establishment of High Temperature Creep Laboratory
for Long-time Creep Testi f Indigenous pr

_ With the rapid developments of the basic heavy
engineering industries in the country to manufacture high
temperature boilers, pressure vessels, steam turbines for
power plants and gas-turbines for jet engines. etec., the
demand for heat and creep resisting steels and other alloys
for use in these high temperature applications has imm-
ensely increased in recent years. :

‘At present, all these alloys are imported resulting
in considerable drainage of scarce forelgn exchange., Serious
attempts as now being made to produce these alloys indigen-
ously., But to make the indigenous steels and alloys accep-
table to the designers it is essential to determine the

high temperature properties viz. the long-time creep and
stress-rupture and eXevated temperature proof-stress or
hot-yleld values which are the basic parameters used as

the design criteria of high temperature equipments. '

According to the agreed international standards it
is essential to obtain creep test data for periods. extend-
ing to over 10,000 hours for the purpose of extrapolating
the data to obtain stress to produce rupture or specific
creep deformation in 100,000 hours, which is normally the
design 1ife of some components. Creep tests lasting for
periods over 30,000 hours is quite common practice and in
a few cases even 100,000 hrs. tests have been carried out
in some of the advanced countries, :

To obtain these long-time data, a large number of
creep test-points are required and efforts are now being
made to provide the requisite testing facilities in th
country,- : :

As the creep tests are quite time-consuming and
expensive, and since creep is a highly structure sensitiwe
property, the metallurgical variables playing significant -
role in the long-time high temperature creep behaviour of-
the complex alloys, it has been considered most advisable -
to undertake the creep testing work at the NML in close
collaboration with the manufacturers, designers, and users
of the high temperature alloys in the country. This is also
the practice in other advanced countries, ; SR
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Even though the individual orsanizations may have their
own creep testing laboratory for shorter-time tests on their
day-to-day production materials, the long-time creep tests
for design data are-conducted in centralized creep labora-
tories, working in close collaboration with the various orga-
nizations concerned. This collaboration is sought to be
established through committees as the one on boiler quality
steels set-up by the Ministry of Steel, Mines and Metals and
the other on high temperature bolting and other steels for
use in heavy electrical plants by the Research & Development
Crganisation for electrical Industries, : :

With this end in view the existing creep testing
laboratory with about 26 creep/stress-rupture test points is
being suitably expanded to 150 test points in the initial
stages with provision to further raise the capacity in future
with the growing need for creep tests on indigenous alloys in
the country. :

The Creep laboratory has been planned on the pattern
of modern creep testing laboratories in U.K. and other
advanced countries incorporating sarfegards against power
- failure/shut down, mains voltage stabilization, ambient
temperature regulation etc.

The creep laboratory will consist of high sensitivity
single specimen double lever creep testing machines to:cover
the materials and test conditions with extremely low creep
rates; medium sensitivity single-lever creep testing mach-
ines for materials and test condition encountering high
creep rates and larger rupture-elongation; multispecimen-
creep testing machines for stress-rupture tests of inter-.
mittent type to economise the tests. Besides, there will be
provision for stress relaxation test on high temperature
bolting materials and also special creep tests under con-
trolled atmosphere or under vacuum for reactive metals and
to study the effect of environment on creep behaviour of
special materials, 18 %

Eigb Temperatgre Tepnsile Tests

3 For determining elevated temperature proof stress
(0.1, 0.2 or 5% off-set) or hot-yield point of the various
categories of creep resisting steels and other high temper-
ature alloys, a test set-up has been assembled in conjun-
ction with a 50-ton Avery Universal Testing machine avail-
able in the laboratory, In this test 'set-up shown in
Fig., 50, necessary provisions have been made for the mul ti-
zone womnd creep furnace, using similar temperature con-
trolling panels as for other creep furnaces so as to. allow
temperature controls within + 20C and temperature gradient
within 20C, At present nercury relay type proportional
temperature is being used but it is to be subsequently
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Teplaced by the saturable reactor type temperature controller,
Since elevated temperature yield or proof stress is sensitive
to strain rate variation, the latter is to be controlled

- within prescribed range of the various standards., The strain
rate 1s controlled at present manuslly within reasonable limits
for which the particular strain-rate settings cf the machine
have been pre set by initial experiments, ‘However, a tensile
testing machine specially designed for “igh temperature proof
stress determination accompanied with strain-pacer device for
preclse control of the actual strain rate developing across
the specimen's gauge length with at least three sets of :
furnaces, extensometers etc. to allow a number of tests to
be completed in a day has been provided for in the scheme
for expansion of the creep laboratory, :

Table 74 - Creep Properties of alloy Cg, Cy &‘Cg :
at temperature 7000C,& stress 10 kg/mme

Tesﬁ % Minimum creep ! Rupture time_ gRupture7e1ohgationj

mar rate per hr, i hr, b
Cg 60.3 x 107° 392 . 23,2
R O - 425 y 36.8
- 0Bx0 459 | 30,5

RADIC- ISCTOPE RESEARCH GRCUP

o sy e

A radio-isotope research laboratory is under install-
ation in the National Metallurgical Laboratory with a view
to use radio-active isotopes as tools in metallurgical :
research problems such as grain boundar: and surface seg-
regation of metals in alloy systems, friction, lubrication
and wear studies, zone melting of metals, corrosion of
metals, electrodeposition, mineral ore dressing, radio-
activation analysis for determination of the minute
quantity of elements (10-8 to 10~12g), etc. Radio-active
isotopes will also be used for industriasl studies like
study of processes in blast furnaces and ancillary meta-
llurgical equipment, studies on the refining and casting -
of steel, measurement of wear of blast furnace linings,
production control using thickness gauges, etc. Necessary
specimens for radio-tracer studies in the Radioisotope
Laboratory would be irradiated in the atomic reactor piles
avallable with the Bhabha Atomic Research Centre, Trombay,
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With the above objectives in view; the setting up of the
Radio-isotope Laboratory made con51derable progress, Follow=
ing electronic instruments and accessories were set up for
the Radioisotope Laboratory,

Egectrogic Iggtrgmentg:

1. Pulse generator - type -PG 700. '
.2, Radiation survey meter - type - MR 120
- 8¢ Contamination monitor, type - CM 167
4, High voltage unit - type - 204
5. Non-overload amplifier - type - PA 520 P
6. Toshniwal cathode ray oscilloscope (double beam),
Cat,No, EE 60, Band width: DC to 15 MC/sec.,

Accessories:

1, Stainless steel sample pans, type - P 1851

2+ Aluminium absorbers type A 1750

3. Set of ggmma reference sources - Type R 2300 A

4, Mount for endwindow gas flow detector - Type M 1905

5, G.M. Detector (liquid sample) - Type I 1200

6. Polythene reagent bottles :

7. Wire wound potentiometers

8, Stainless steel trays .. :

9, Flexible transparent PVC tubing

10, Polythene carboys with screw cap for storage
of liquid active wastes, :

11. Mica moulded condensers

12, Air oven (thermostatic). Temperature range - A few
degrees above room temperature to 350°C,

13, Mahendra temperature controller -type 154/T
Range 0°-1200°C, :

14, Soldering iron 25 watt, pan011 bit, 220/250 V AC/DC

15 Wolf type SD 4 C - General duty electric drill
22Q/250V AC/DC

16, MPE's mlcroscopic speclmen polishing machine

17, MPE'S metallographic specimen mounting bakelite
press with hydraulic ram 1" dia.

18, Carbon film resistors

The installatlon of the necessary ventllation plant
in the Radio-isotope Laboratory has been completed in con~
sultation with Bhabha Atomic Research Centre, Trombay., The
distributions of the supply and the exhaust air of the ven-
tilation plant at various rooms of the Radicisotope Laboratory
(considering the minimum air velocity in the fume hood with
one foot opening and in the beta-gamma boxes with full '
opening, being 100 linear feet per minute) are given in
Tabla~75," e
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Table 75 - Distribution of Supply and exhaust air
at_the Radio-TIsotope Laboratory, —_ -

By iTctal | Supply Air U Exhaust-Air
Space ¥ 84 ze _gvolumeQng, { ChangelQty, KChange
: ) - L e fEAC.F. M, fper hr]C.F.M.Jper hr
Hall - © . 41'3"x14'11" 7400 2100 17 2300 . 18.6
. x:12! ’ . : s
Active store 9'5"x9'3"x12' 1050 350 20 400 22,8
‘Decontamination ' g
room 9'4"x9'9"x12' 1030 450 25 550 30.5
Auto-radiography '
room 9'4"x9'9"x12' 1080 350 .. 19.4 350 = 19.4
Change Toom 15'x9'2"x12' 1640 350 12.8 400 14.6

3600 4000

The air of the active area of the radidsotope labora-~ ..
tory is exhausted through the fume hoods led through proper .
ducting to a small stack reaching ten feet above the
topmost point of the Main Lzboratory Building. The inlet
alr and the outlet air of the ventilation plant are filtered
by a bank of very highly efficient filters to make the.
active area of the laboratory compietely free from dust,
Uniform circulaticn of the alr throughout the Laboratory is
ensured by installing the grills at proper locations inside
the various rooms anc by acdjusting the various air dampers. .

The floor of the active area of the iigaioisotope
Laboratory has been covered with lincleum which can easily
be decontaminated. Necessary lcad chambors for the counting,
of the radioactive solid and liquid samples by Gelger
counting setup, were desizgnasd and fabricated,

The percentage of Us0s equivalen® present in
J adugudah active ore samples received from the ore Dressing
Division of the Laboratory, was determined using the
standard samples from Bhabha Atomic Research Centre,
Trombay with the Geiger Counting set up.

The installation of the glove boxes for the tracer
studies in metallurgical research problems and the necessary
ejector systems for maintaining a negative pressure of 1" to
2" W.G. inside the glove boxes by compressed alr with
necessary equipments (water trap, air regulator, pressure
gauge, polythene tube with proger clamps, square type
suita%le glove box filters etc) are in progress,
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SURFACE CCATING DEVELCPMENT GROUP

. A geries of phosphate bath compos1tions were tried to -
obtain a unform zinc phosphate coating of about 500 mg to 1000
mg per sq., foot on cold rolled steel, Bath compositions with-
out an accelerator did not yield unform coating weights, More-
over-after working the bath for some time, baths without
accelerator yielded coatings which are assoc1ated with iron
phosphates also as evidenced from colour of the coating,

Bath compositions with nitrite accelerator and poly-
phosphate additions for grain refining yielded fine dendritic
coatings but the coatine weishts were not very uniform as
indicated in the Table 76,

Table 76 « Coating weizht usine nitrite accelerator
and polyphosphate,

Temperature =80°C Dyration of Phosphating= 4 mts,

Sl.§Acid RatiolCoating weight]- - Remarks

No, ems/sq, £t

1. 5.4 1,439 Even though the: deposit con-
e 5,4 1, 5385 sliotolol flne dendritic

3. . .De4d 1.345 crystals, the coating weight "
4, 5.4 1,376 was not uniform,

5. 5.4 15433 y .

By up Balie 2, 135

7. 5.0 1.995

Be e ool gk 1,962

Qe - 4,8 0,4956

10. - 4.8 0.4261

s 4,8 0, 3754

12,7 :44,8 0,5316

Results given in Table 76 are representative of quite
a few experlments carried out under optimum conditions,

Baths were tried using nitrite accelerator, polypho--
sphate and a surface wetting agent and the coating de0031ts :
are indicated in the table 77. :
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Table 77 - Coating weight using nitrite accelerator,
polyphosphate & surface wetting agent.

Temperature = 80°C Duration of phosphating= 4 mts.
S1.] Acid RatiojCoating weight{ - Remarks
NO‘ § l gn_lS/Sd. ftn -
1, 5.2 1,999 Deposit ie fine dendratic crys-
2o 5.2 2,033 tals., Coating weight is rather
3. 5.2 2,026 high per sq. foot of the base
4, 648 1.954 material even though the -.
Se 5.2 1.755 deposit is fairly uniform,
6, 5.2 1. 382 - :
7 5.2 1. 109
8e 5.2 1,129
9, S5e2 0.9802
10. 5,2 0.9330
11 5.2 1. 165
12. S SRR, P
13. 5.2 1. 241
14, 5.2 - 1.432
15, Se i 1.475
1647 <842 1,414

Subsequeftly zinc phosphate baths with only nitrite
accelerator were tried using a surface active agent and the
coating deposits and coating weights were found to be
extremely uniform, The results are represented in Table 78.

Table 78 - Coating with using nitrite accelerator
W E sl gnde sprface active agent,

Temperature= 80°C Duration of phosphating=4 minutes
Sl.§Acid ratiojCoating weight] Remark s
No. { I ems/sqs ft. : ' : :
(e = By 1, 389 A1l the samples are quite uniform
e 86 1, 346 The de%osit consists of fine
3. 5.6 1. 198 ¢+ dendratic crystals.
4, 56 1,054 ‘The samples are quite uniform.
B¢ FTEOBG6Y 0.8447 08¢ AT
6s 7 546 0.7686
dpt- 5.6 0.6615 .
8 5,6 0.7180
9. 5,8 0.9441
10. 5.6 0.8316 -
11y 5.6 0.6141
1207 §e6ic v, 049852
13Q ‘ 50 6 . e .0'. 6933
14, 5:¢6° 0.6713
150 g 5.. 6 d

"0,6012



1 4 RN 3 ] 4
v g do 5.6 0.8153
18, 5,6 - 0.6853
19, 5.6 0.5685
20, 5.6 0.5339
21, 5.6 0.5114
a2 5,6 © 0.5222
23 5.6 0.,6049
24, 4,8 0.5676
o5, 4,8 0.5588
26, 4,8 0.6474
- 4,8 0.,6287
R, 4,8 0.6688
29, 4,8 0.5988
30. 4,8 0.6343

Table 76 indicates the non-unifprmity in coating
welght, Table 77 shows that even though the coating weight
is high, the deposit is quite uniform. Table 78 shows that
the coating weights with the exception of a few initial
‘samples varied between 500 mg and 1000 mg per sq. foot.,
Photographs of a few typical phosphate coated samples are
given in Figs, 51 to 53, Figs 51 and 52 indicate the
nature of deposit with nitrite accelerated bath containing
polyphosphate and Fig, 53 indicates the deposit with nitrite
accelerated bath, The crystal size of the deposits seen in
the photographs are in accordance with the coating weights
represented in Tables 76 to 78, It was found that nitrite
accelerated bath containing a surface active agent will
- give a coating weight in the range 500 mg to 1000 mg per sq.
ft. under the conditions studied,

It is contemplated to use treated bentonite as a stabie
lizer for PVC and hence the c.e.c. of Kutch bentonite was
determined and the rate of exchange of cations from a cation
exchange resin to bentonite was studied using an ion ‘exchange
resin column. The c.e.ct of bentonite was found to be 106
me/100 gms and the total catiohs as Na® were found to be 89
me/100 gm, The extent of hydrogen exchange from Ambérlite
IR-120 to Kutch bentonite was found to be 78 me/100 gm at
a flow rate of 5 cc per minute. Rate and extent of exchange
by column technique with other eations is under stuady.

As iron and aluminium chlorldes act as catalysts in
the decomposition of PVC, it is felt that bentonite should
be made free from these cations as much as possible without |
considerable destruction of the clay. structure, With this
in view, acid dissolution of bentonite and the X-ray analysis
ot ac1d treated material is being investigated along with
the c.e.cs of acid treated samples.,



Fig. 51 Deposit with nitrite accelerated bath containing
polyphosphate

Fig. 52 Deposit with nitrite accelerated bath containing
polyphosphate

Fig. 53 Deposit with nitrite accelerated bath
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. Exudation of plasticizer from PVC films was investi-
gated by casting films with different proportions of commer-
cial plasticizers and the film apparance was studied for
exudation after ageing for ‘a week., The results are indicated
in Table 79. ; : '

Table 79 - Exudation of Plasticizer

Sl.{Plasticizer {Resin Plasi { Exudation 1}
No.§ fticizer JTouch Jof plas- § Remarks
i Jratio | {ticizer i
1. Di-iso-octyl phthalate 1 : 1 Hard Nil
2. Di-iso-octyl phthalate 1 : 2 Medium Nil
3. Di-iso-octyl phthalate 1 : 3 ©Soft Nil
4, Di-octyl phthalate 1: 1 HRard Nil
&, Di-octyl phthalate. 1's 2 “Soft Nil
6, Di-octyl phthalate 1353 3Solt Nil
- 7. Dibutyl phthalate 1 ¢ 1 Hard Nil
8+ Dibutyl phthalate 1: 2 Medium Nil
9, Dibutyl phthalate. .. T4 5 St Nil

As seen from the above table, there was no exudation
of plasticizer from the film at differént resin plasticizer
ratio, Viscosity measurements of the thinner compositions
and the resin-plasticizer mixes has been undertsken and in
this connection, calibration of Rheo-viscometer is being
carried out, ' ' ’

STANDARD METALS DEVELCPMENT GRCUP

The standard samples prepared earlier such as manga-
nese ore; Iron-ore and 0.6% C steel ore ready for sale.

- 32 Kg of Bright steel sample, were collected from a
bar of 4" dia; the millings were obtained after removing
+" a1l round the surface., The seiving crushing were carried
out (-12 + 20) mesh fraction was choosen to be the proper
sizes, The sample was homogenised, ,

~ The analysis of this sample was carried out in this
Laboratory and found to be as follows:

C% - 0.25
Si% - O30
P % - 0.025
Mn% -- 0.80

This sample has to be sent to the other organisations
for chemical analysis.
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18 Kg millings Cast Iron sample was prepared from a
casting made in the Laboratory. To study the homogeneity
of the above, drillings were collected from five different
“"sections and the analysis carried,. The homogenelty was
observed from the analysis report given in Table 80,

After proper mixing and sampling the sample was sent: to the
following organlsatlons for chemical analysis, -

National Test House, Alipore

Italab Private Ltd., Bombay

Director of Inspectlon, Tatanagar.
Inspection Metallurgy, Burnpur ot
Alloy Steel Proaect Durgapur ~and
CM.EiN:T., Duroapur.

Table 80 - Analysis of the cast iron sample.

Eégfgfgggt Si% C% ' Mn% 8% "Pg . UGiC.
No,1 (3"- ") 1,93  3,48° "0.68 .05 0.266 '
No,2 (24"-2") 1493701 B0 .0.67 .05 . 0,263

No,3 (2'/13") 1,97 3,17 0.68  .,052 0,263

No.4: (13"-1") 1,93 © 3,40 0.69  .048 0,254 -
No.5 (1"/4") 1,99 8,15 0.67  .052 0.25 10,96

24 Kg of millings of stainless steel sample has been
collected, from an ingot casted in our Laboratory. It was
forged into bars, The millings were obtained after remov-
ing #" all round the surface. The seiving and crushing
were carried out (-12 +30) mesh fraction was taken to be
the proper size, The analysis of this sample is in pro-
gress in the Laboratory, For finalising and establishing
the certificate of the sample it will be sent to different
collaboratlnv 1aboratories for chemical analysis.

Standard samples prepared by the Laboratory have
been supplied to a number of firms at their request on
payment basis,
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SUMMARY CF. RESLARCH THESIS SUBMITTED
_FCR THE AWARD CF DCCTCRATE DEGREE BASED
CN. THE WORK UNDERTAKEN AT THE NATICNAL
METALLURGICAL LABCRATCRY

ﬁguctgre Q Elec Q dgpoglteg Mgnaggese-

Manganese has been electro-deposited in two allotroplc
modifications, viz alpha and" gamma, from aqueous solutions
of its salts. Interestingly, from pure solutions of man-
ganese and ammonium sulphate gamma manganese, ordinarily
~ stable between 1095-1134°C, is obtained, while with addition
of O,1 gm per litre of sulphur dioxide to the same electro-
lyte, alpha manganese stable at room temperature is obtained.
The electro-deposited gamma manganese is in a metastable
state and completely transforms to alpha manganese in about
10 days at a room temperature of 3200,

The effect of sulphur diox1de in the deposition of
alpha manganese has been explained by various authors but
the views expressed have been generally not concordant. A&
survey of the literature shows that there is yet no general
_agreement on the nature and growth of electro-deposits of
manganese, The thesis is a systematic study on the various
factors involved, in an attempt to evolve an explanation on
the depositlon of manganese in alpha modification in presence
of reducible sulphur or selenium compounds and in gamma modi-
fication in their absence.

The standard electrode potential of pure alpha man-
-ganese (containing no sulphur or selenium) is Tound to be
less negative than that of gamma manganese, and the values
for the two phases differ only very slightly as would be
.expected from the thermo-chemical data of the two phases,
But the standard electrode potential values of alpha
manganese containing sulphur or selenium are found to be
more negative than those of pure alpha manganese
" (containing no sulphur or selenium) and gamma manganese,
The cathode potentials in the deposition of these phases
are of the same order of- sequence as. the standard electrode
potentials, viz: :

i) Gamma manganese
ii) Alpha manganese containing sulphur
iil) Alpha manganese containing selenium :

It has been found in the course of this investi at-
ion that a flash layer of armorphous manganese (vide Fig,I)
is deposited from pure solutions fitting in or resembling
that of alpha manganese as is to be expected from the
standard potential values, over which gamma manganese
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begins to build up in absence of reducible sulphur or
selenium compounds., In presence of sulphur dioxide, the
amorphous nature continues to build up to an increasing
thickness over which crystalline pattern of alpha man-
ganese is obtained. The difficulties in the deposition
of pure alpha manganese to an increasing thickness, in
absence of reducible sulphur or selenium compounds in the
electrolyte, have been attributed to its low hydrogen
overvoltage.

It has been conclusively established in this work
that the substrate has a directing influence only in the
first few atomic layers of the deposit and beyond that,
with all other conditions of deposition like current den-
sity, pH, temperature, flow of electrolyte and even current
efficiency remaining the same, on the same and similarly -
prepared substrates, gamma and alpha manganese can be pre-
pared with an addition of 0,1 gm per litre of sulphur
dioxide or selenious acid for alpha deposition and their
absence for gamma deposition, Even gamma manganese can be
deposited on alpha manganese and vice versa depending upon
the absence or presence of reducible sulphur or selenium
compounds ‘in the electrolyte (vide Fig, II and III),

The presence of reducible sulphur or selenium com-
pounds in thedlectrolyte have been found to increase the
cathodic polarization with a resultant ingrease in the
hydrogen content of the alpha deposits obtained,: Both
these properties have been attributed to the negative
catalytic effect of sulphur and selenium on the re-
combination of hydrogen atoms to form molecules,

Crganic inhibitors which also increase the cathodic
polarization do not yield the deposition of alpha manganese.
Alpha manganese is obtained when not only the cathodic
polarization is increased but also the hydrogen content of
the deposit  is increased.’ Cther than Group VIB elements,
these effects ‘are brought about by the use of very high .
current densities when hard brittle manganese is obtained,

The alpha manganese deposits obtained in presence of
sulphur or selenium and the amorphous brittle hard deposits
obtained at high current densities from pure solutions
contain high hydrogen, Deposits containing over 500 cc of
hydrogen per 100 gms were generally amorphous, Heating
this amorphous deposit at 125°C for an hour when part of
the hydrogen is released gives crystalline pattern of alpha
manganese, Similarly the amorphous deposit obtained
initially in presence of sulphur dioxide gives a pattern of
crystalline alpha manzanese after annealing for a period of
over four years at room temperature,

p—
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The manganese initially obtained in presence of
sulphur di-oxide in the electrolyte and the deposit
obtained at very high current densities bear a close
resemblance in that both give an X-ray powder pattern
of broad halo at low angle and no back reflection lines
indicating the amorphous nature of the deposit., But the
hardness of both deposits is found to be similar to
that of alpha manganese, The appearance of the amor-
phous layer below the crystalline pattern of alpha manga-
nese in the micro-photographs (vide Fig, II) is likely
to lead to the impression that manvanese is initially
deposited in the gamma form which subsequently transforms
to fihe grained alpha and further deposition takes place
as macroscopic crystals of dlpha manganese, No evidence
for initial deposition of gamma manganese was found from
X-ray studies of deposit obtained in presence of sulphur
dioxide, though in its absence gamuwa manganese lines were
distinguiShingly clear,

Based on the above experimental evidences, a new
theory on the mechanism of deposition of manganese in
alpha and gamma modifications-has been suggested
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ENGINEERING DIVISICN AND SECTICN

DESIGN AND MECHANICAL ENGINEERING

A, Major development projects underway
during the pericd under review:

1) Strip Aluminizing Prototype Plant:

Work is underway on the coating furnace unit, the -
lining of which is now to be taken up. Installation of the
pre-treatment line is almost complete. There is—a good
possibility of commissioning the plant during 1969-1970.

i1) Vanadium Pentoxide Plant

A feasibility report for the setting up of a 100
tons/year Vanadium Pentoxide Plant was well under way. Some
experimental data was required for finalizing the optimum
process route, Steps were taken to obtain this data.

iii) ti ickli ith H

A project was planned for determining optimum conditi-
ons for the continuous pickling of steel strip with hydro-
chloric acid as a substitute for sulfuric acid, This will
be directly utilized in the Strip Aluminizing Plant under
installation. It also has a wide scope for application in
Industry (Galvanizing lines, Tube plants etc.§

The regeneration of spent liquor and the possible
production of by product iron powder will also be inves-
tigated,

B. Design and Fabrication Projects completed
or underway during the period under review:

i) Baby Cupola
The fabrication of this 500 kg/hr unit was completed,
ii) Jib Crane

The design and fabrication of a ten tons jib crane
with a 5 meter swivel boom was completed,

111) Martinson Coater .‘

The design of a Martinson type of Coating unit was
completed,
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iv) Rotary Kiln
The design of a prototype rotary kiln having a capa~

city of 6 tonnes/day for roasting Manganese ores for the
production of Manganese Dioxide was completed.

v)  Magnesium Plant
" Work was taken up on the rectification and finali-

zation of the layout drawings of the 250 tons Magnesium
Plant Project,

vi) Zins___siill.ai_dn__n__U it

" The design of an advanced type of retort for the
vacuum distillation of zinc was completed.

vii ) Ligquid Metals Cepntrifuge o8
' s high speed centrifuge for liquid metals with in
built melting furnace was designed

viii)

An apparatus for conducting of abrasion tests on
coatings was designed,

ix) Extrusion Rheometer

A rheometer for detefm‘inin‘:g 'extrusion characteris-
tics was designed.

x) St r vV i er

A viscosimeter of the Stormer type was designed
fabricated, and handed over to the Refractories Division.

x1 ) Iruck Cabip

A Cabin for Driver and passengers was desioned
and fabrication taken up.

xii) ris Fur

‘The detailed design of a Boris type of Research
Furnace was completed. :
xiii) Electrodes Agtga ing ¥ gba sm

Two sets of equipment for the controlled movement
of carbon electrodes were fabricated.

-xlv). Corrosion of Moving Bodies

An apparatus for determining corrosion of moving
bodies is being designed :
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ELECTRCNICS ENGINEERING

A, Deve, 2] i

1, High Current Potentiostat

Work on the development of high current potentiostat
(upto 10 amps) for corrosion studies under. controlled
potential/current conditions with special reference  to
electrode reactions, was continued, Different methods for:
amplifying error signal and control of cell currents were
studied, A high gain differential - amplifier.was selected.
This D.C. amplifier is connected to the c¢ell“circuit, The.
potentiometer is set to the desired potential of the work-
ing electrode., The difference between this set potential
and the actual electrode potential is amplified by the high
gain D.C. amplifier, The amplifier is coupled to the
control winding of the saturable core réactory which controls
the current through the" electrolytic cell, .

2 __sns_stczissg_autgmat_g_ths_mng_az_msirig_halanse

Design of a suitable translstor D.C.-Amplifier was -
undertaken, Several types of amplifier circuits were
studied and designed for amplifying signals from cadmium
sulphide cells,

3#-“lnsizumsntsticn;ci_cazbcn_nlsn_i

Design of an electric tunnel kiln and assoclated
instrumentation and control systems were undertaken jointly
with Refractories Division. Various zones of the tunnel
kiln will be separately controlled and temperatures
recorded by suitable temperature recorders.

B. Ma;n.snanssl__nﬁiallstign_ani_gslibzs&ignlmn_k

Among the major maintenance: installation and cali-
bration work the following may be: mentioned-‘“-“

l. Installation of Ferrotester for hysteresis 100p.‘

2. Testing of various: types - of. electronic instruments
for radio-isotopes laboratory such as Pulse Generator,
Dosemeter, Counting rate meter, slngle channel analyser,
Gamma ray Spectrometer ete,.. .

3 Testlng of Brentford Voltape revulator for radio-
isotopes Laboratory, ;

4, Repair, calibration and overhauling of various types
of electronic and process control instruments such as temp-
erature controllers and recorders, spectrophotometer,oscill-
Oscopes, electron beam metting furnace,ultrasonic flaw detect-
or, Autrometer, X-ray diffractometer Derivatograph etc.
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ELECTRICAL ENGINEERING

i) Power Distribution in Dense Carhon Pilot Pl ant

The peak load of Dense Carbon Pilot Plant was esti-
mated as 400 K.V,A, In view of the future ex- 2nsions, capa-
city of 500 K.V,A.power is bein~ arranced, This power will
be drawn from the sub station of Mineral Beneficiation Pilot
Plant as the provision of 500 K.V.A. spare power was made
at the time of the installation of this sub-station in the
year 1963«64, The bulk power at 410 volts will be trans-
mitted through two 3arallel underzround cables to the plant,
The cables will be terminated to a Main distribution Soard.
From Main distribution board, power will be distributed to
a Central panel for 250 KVA ﬁlectric Tunnel Kiln and to
several sub-distribution boards which will suooly power to
individual motor control panels,

Scheme of industrial and street lightin~z was desi-
gned. Lay out for above schemes were prepared, Detailed
specification of materials were prepared, Quotations
were scrutinized and final selection of materisls was
made.

ii) Installation of new eguipment

Installation and conmissioning of several equipment
were planned and executed. Amongst those, the following
were the major jobs:-

a) Installation and' commissioning of 50 KW Bengal
lyne high temperature furnace.

b) Installation and commissioning of 10 T
capacity chilling plant,

¢) Installation of temnorary power for Dense
Carbon Pilot Plant,

d) Installation and commissioning of Press Machine,
Milling machine, Lathe and 5 T air conditioning
unit,

1ii) Electrical Resistance Furnaces:

Several electric resistance furnaces of low,
medium end high temperatures were designed and fabri—
cated to meet the demands of verious research and
development work in National Metallurgical Laboratory,
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iv) gzg;ggm nt of electro-s lgg_ efiping equipment:

i The equipment was desizned., Detailed specificat-
- ions of various components were prepared and enquiries
have been floated to know the notentlality of procuring
the materials indizenously.

V) Development of electrical resistance’
furgace for creep testing:

: From the trials of two furnaces, desizned ‘and
fabricated earlier, the following conclusions were
drawn,

(i) the refractory materlal developed in
National Metallurgical Laboratory will.
stand the long service,

(ii) The zone of constant temperature of these
furnaces is too narrow.

Another modified design of the furnace is being
evolved,

CIVIL ENGINEERING

Various Civil engineering jobs relating to
maintainence and srection of plants and equipment
building, extension of building, etc. were conduched
during the period under review.
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_AND EXTENSICN SERVICES

INDUSTRIAL LIAISCN, INFCRMATICN

e e S L L L T

: Liaison, Information and Extension services of the
National Metallurgical Laboratory played a significant
role in maintaining regular flow of contact with indus-
trial and other organizations., Industrial problems were
undertaken on behalf of many industries and other organi-
- zatlon and technical consultancy was provided in many
cases, The different techniques and 'know-how' which
are developed by the Laboratory for commercial exploit-
ation were brought to the notice of the industrial orga-
nization resulting in fruitful discussions and nego-
“tiations for releasing the processes for commercial
production, The Laboratory was actively consulted by
the Technical Development Establishmént in the matter of
granting license to firms for foreign collaboration. The
laboratory has scrutinised the cases critically and have
discowraged foreign collaboration wherein indigenous
'know=-how! or indigenous talent is available,

Collaboration has been maintained with other orga-
nizations in the matter of various research and develop-
ment projects of the Laboratory., Enquiries from various
industries; large, medium and small; were attended to and
suggestions furnished in respective cases. Collection of
industrial, economic and market data were continued during
the period, :

A brief account of the activities is furnished
belows: : "

CONSULTANCY WCRK

During the period under review, metallurgical indus-
tries both in public and private sector continued to call
on heavily the assistance of the National Metallurgical
Laboratory in diversified subjects of metallurgical
research pertaining to production, -process control etc.
Consultancy assistance provided to industry comprised of
beneficiation of limestone samples from Yeotmal District
of Maharashtra and from Dungri Limestone Quarry, Sambalpur
. Dist, for making it suitable for use in cement making,

. upgrading of silica sand sample from Ratnagiri Dist, of

Maharashtra for msking it suitable for use in glass,

foundry and silica bricks manufacture, beneficiation of

pyrite samples from Amjhore supplied By Pyritesi Pho s-

-~ phates and Chemicals Ltd., for manufacture of su phuric
-acid, beneficiation of poor %rade kayanite from Amda Lapso

mines, Bihar, graphite from Gangavaram mines, Errametla

mines of Andﬁra Pradesh, phosphate rock from Massana block,
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Mussoorie area, U.P., low grade phosphate from Rajasthan,
pelletization~and calcination of lime shells ‘from Kerala,
crushing and wet screening tests with iron ore sample
from Deposit No, 5 of Bailadila Iron Cre mines of NMDC
Ltd., and crushability and reducibility of iron ore samples
from Surajagarh deposit of Chanda Dist., Maharashtra,

Batch as well as pilot plant beneficiation studies
were completed on Ambadongar fluorspar sample for drawing
an optimum beneficiation flow sheet and working out
equipment and machinary details for submittinz a proposal
for establishment of 500 tonnes per day fluorspar benefi-
ciation plant by M/s, G.M.D.C. and report on the studies
had been submitted, : ; k5 '

Besides, batch as well as pilot plant beneficiation
studies for the recovery of copper, nickel and molybdenum
from low grade copper ore from Rakha mines and detailed
proposals for setting up of a 1000 tonnes per day bene-
ficiation plant were completed and report on the studies
had been submitted,

Among the work relating to ore preparation referred
to WML during the current period mention may be made of
(1) the pilot plant beneficiation studies of a low grade
phosphate sample from Maton Block, Udaipur District, =
Rajasthan taken up on behalf of Hindustan Zinc Ltd.,
Udaipur District, Rajasthan taken up on behalf of Hindustan
Zinc Ltd., Udaipur, (ii) the pilot plant beneficiation »
studies on a low grade limestone sample from Tal, Garhwal
Dist,, U.P. and proposals for setting up of a 1200 t.p.ds
beneficiation plant taken up on behalf of the Director of
Geology & Mining, Govt, of U.P., Lucknow and (iii) pilot
plant studies on washing and pelletisation of Donimalal
Iron Cres taken up on behalf of M/s, N.MiD.C. Ltd.,

New Delhif A

Smelting trials were conducted in submerged arc
smelting furnace for production of silico chrome referred
to by M/s. Ferro Alloys Corporation Ltd., Shreeramnagar
and ‘know-how' was furnished to the firms.

COLLABCRATIVE RESEARCH AND DEVELOPMENT WORK

The National Metallurgical Laboratory is collaborat-
ing with the Commonwealth Committee on Mineral Processing '
as well as International Working Group on Bonding Clays. -
Besides, NML is collaborating with Indian Standards oo
Institu%ion-infthe formation and rationalization of
standards, and have conducted and undertaken a number of
investigations apart from comments furnished on various .
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draft specifications. Close collaboration is maintained
with the defence establishments to meet their needs for
various special Eroducts as per their rigid specificat-
ions, With the Research Design and Standard Crganizat-
ion of Ministry of Railways, the National Metallurgical
Laboratory is in close touch regarding the development
of technical 'know-how' relating to production of some
specific materials based on indicenous materials,

INDUSTRIAL SURVEYS AND CCLLECTICN CF
STATISTICAL, ECCNCMIC AND MARKET DATA

Statistics relating to latest production and con-
sumption figures of different types of raw materials,
ferrous and non-ferrous metals and alloys of Indian and
other countries of the world were collected. Scanning of
technical news of the industry and research development
in home and overseas press was done. Data thus collected
were classified and catalogued and made available to
research workers of the Laboratory as well as made use of
in connection with enquiries from outside organizations.

TECHNICAL AID TC_ INDUSTRIES

Cver two hundred enquiries on different subjects
pertaining to process details, raw materials, quality,
production ete, were attended to during the period under
review, The majority of the enquiries originated from priva
industries as well as individuals, Detailed technical notes
were furnished whenever necessary. About fifty short-term
investigations and testings were conducted out of which -
about 41 percent related to government and semi-government
organisations and 59 percent from private industries and
individuals, - Sy

TRAINING

Instructional and training facilities were extended
to nineteen students of Metallurgy from the I.I.T., Madras:
and special lectures were arranged on (i) Cre dressing
technique for Indian iron and manzanese ore (1ii) Modern
physico-chemical methods of metallurgical analysis and
(1ii) Manufacture of iron by Low Shaft Furnace. -

Besides, many technical personnel from Government
and Semi-Government organisations, engineering colleges,
universities, CSIR sister laboratories and students from
technical institutes, universities and engineering =
colleges were given training in heat treatment, induction .
melting, mechanical testing, refractories, ore dressing.::-
technicues, spectrographic analysis, creep testing etec.
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NML_FCUNDRY STATICNS AND MARINE CCRROSICN RESEARCH STATICN

N.M.L. FOUNDRY STATICNS

The NML Foundry Station, Batalaj was actively
engaged in rendering technical service facilities to a
large number of foundries in and around Batala as well
as to foundries situated at Jullunder, Ludhiana, Amritsar
etc, In collaboration with the Department of Industries
of the Govt, of Punjab, a beginning has been made in
introducing modern scientific methods of foundry practice
and production of quality castings in a few selected
foundries, It is planned to extend such development work
to other foundries in the region in a phased manner,

Extensive investigation work aimed at exploring
the resources in the Northern region with regard to
foundry raw materisls is underway at the NML Foundry
Station, Batala, As a first step, the sand deposits in
the area are being examined in collaboration with the
Department of Industries of the Govt. of Punjab., So far
nearly 40 sand samples were/investigation /collected and
was completed on twenty five sand samples. Work on iurther
fifteen samples is under various stages of investigation,
In addition to the above, the Foundry Station at Batala
is also providing facilities for the analysis of metals
and alloys, testing of sand samples etc, During the
period under review 117 samples were analysed chemically,
and about 200 technical enguiries were attended to by way
of personal inspectioh or through correspondance, Testing
facilities like hardness testing etc. has been provided
at the Foundry Station for the benefit of the foundry -
industry in the region., It is proposed to equip the
Foundry Station with other testing facilities like
universal testing machine, Impact testing machineetc,

 The WL Foundry Station, Howrah, has a well equipped
sand testing laboratory and has facilities for analysis of
both ferrous and non-ferrous metals and alloys. The
Foundry Station has been recently equipped with testing
equipments for tensile, impact, hardness tests etc. which
facilities are extensively used by the local foundries
and other small scale industrizlists. '

Regional. survey and investization of foundry raw
materials was tsken up in collaboration with the Geolo-
gical Survey of India, . Investigation has so for been
completed on nineteen sand samples and work on further
eleven samples is under various stages of investigation.
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During the year the IML.Foundry Station, Howrah,
analysed chemically as many as 130 samples. Twenty five
foundries were visited for the purpose of giving
technical guidance and 110 technical enquiries were
attended to, '

The NML Foundry Station, Madras has a well
equipped sand testing laboratory and a chemical analysis
section for the analysis of metals and alloys. Some '
Mechanical testing equipments have also been provided,
Action 1s under way to proctre other mechanical testing
equipments, : '

Investigation . of foundry raw materials available
in the southern region with a view to find out their
sulitability for foundry purposes has already been taken
up. As a first step, investigation of foundry moulding
sands available in the region was taken in collaboration
with Geological Survey of India, Eleven sand samples
were investigated. A large number of samples of foundry
sand, metals, alloys etc., from foundries were analysed.
During the period under review, technical guidance was
rendered to a number of foundries, 3 |

" The Chemical analytic laboratory of NML. Foundry
Station, Ahmedabad, was set up and work on testing and -
analysis of samples of metals and foundry raw materials
has started. ' The setting up of the sand testing labora- :
tory is almost complete, Action is underway to egquip the . .
1aboratory with mechanical testing equipments. In order = i.:
to be able to take up regional survey of foundry raw LB
materials, arrangements has been made with the Geological
Survey of India for location in the first instance of =
foundry sand deposits in the reégion and collection and
supply of samples for extensive investigation, :

Expansion of the service facilities offered by the
NML Foundry Stations to .include metallographic examinat-
ion and problems related to metal melting and casting
will be taken up, Each NML Foundry Station will be .
provided with a small Library which will be gradually
expanded to provide facilities for technical reference
on diverse fields of foundry technology.
MARINE CCRRCSICN RESEARCH STATICN

The Marine Corrosion Research Station at Digha on

the coast of Bemgax Bay of Bengal in W.Bengal has ini-
tiated a number of research projects relating to the ... .
corrosion and protection of metal and alloys under marine: .
atmosphere which are of interest to ship building industry.
transport industry, structural and other engineering indus-
tries, Samples of different metals and alloys were exposed
to atmosphere to study their rates of corrosion. Corrosion

of metals and alloys under actual immension condition in
sea water and other related studies are underway.
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INTERNATICNAL _SYMPCSIUM

A Symposium on 'Recent Developments in Non-Ferrous
Metals Technology' was organized by the National Metallur-
gical Laboratory from 4th to 7th December 1968, The
Symposium was held with a view to focus attention on the
various aspects of non-ferrous technology with particular
reference to the utilization of the indigenous raw mater-
ials and indigenous technology and the scope of research
and development work in these directions. The Symposium
which was attended by more than 200 delegates from home
and abroad provided an international forum to discuss the
various aspects of non-ferrous technology, exchange of
technical 'know-how' and examination of inter-related
problems which could facilitate further research and
development work on the subject, -

Sixty two .technical papers covering various facets
of non-ferrous technology were presentéd and discussed in
seven technical sessions. -

The Symposium was inaugurated by Dr., Atma Ram
Director-General, Scientific & Industrial Research; 5ir
J ehangir Ghandy, Director, Tata Sons Ltd., presided over
the function. :

: Dr, T, Banerjee, Scientist-in-Charge, National Metall-
urgical Laboratory, .in wélcoming the delegates from India
and abroad stressed the need for development of non-ferrous
metal industry in India from indigenous resources as far as
practicable with indigenous talents, He assured the help and
service of the National Metallurgical Laboratory to non-
ferrous metals industries in solving of their difficult
problems connected with raw materials, extraction techniques,
alloy development ete, Continuing Dr., Banerjee stated that
role of National Metallurgical Laboratory in the development
of substitute alloys, study of raw materials, production of
non- ferrous metals, and recovery of metallic values from
waste products etc,, many of which are either now under
commercial scale production or beine implemented by indus-
tries and organizations, both in public and private sectors.

Sir Jehangir Ghandy, Director, Tata Sons Ltd., stated
that inter-change of ideas through technical papers and
discussions would go a long way towards solving many prob-
lems which plague-the non-ferrous metal industry for its
proper development, He expressed his concern over the
staggering amount of foreign exchange that would be needed
to import the non-ferrous metals if nothing 1s done
immediately about the development of indigenous resources
of non-ferrous metals, He stated that this problem can be
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solved by making all out efforts to utilise existing res-
ources fully, to make intensive search for new deposits, to
substitute imported metals by indigenous ones as far as
practicable and to generate requisite resources for pur-
chasing such metals as cannot be substituted, o

Continuing, Sir Jehangir stressed the need for further
development of the aluminium industry in view of the large
reserves which could support an annual out put of 500,000

~ _tonnes Br over a century, He welcomed the proposed establi-

‘shment of an 'Aluminium Cell' at the National Metallurgical
Laboratory and a 'Central Design & Research Crganization for
metallurgical industries' which would cover the existing
gap in research and design facilities in the production of
non- ferrous metals and alloys, ' : el

: Regarding copper, zinc and lead, .Sir Jehangir commen-
ted that even though there. is expansion of the present
smelting units and new.units are coming up, the gap between
the production and demand will continue to be met by import 1f
concerted efforts . are not made to locate fresh deposits and
plan their exploitation., He expressed his satisfaction on

the effort of Geological Survey of India to tackle this
problem on top priority basis and also the initiation of the
air borne survey named as 'Cperation Hard Rock' to find -
deposits of these base metals, ‘ B o,

_ Sir Jehangir did not rule out the desirability of
borrowing new technology but he deplored the idea of drawing
all the time from the common pool of technology without
contributing to it, The necessity for setting up of Co--
operative Research Assoclation by non-ferrous metals indus-

T

tries was also stressed by him,

-~ The task of putting non-ferrous metals industries of
India on a sound footing is very complex, Sir Jehangir
Commented and in this connection he referred to the laudable
- efforts of the National Metallurgical Laboratory to tackle
various problems in the field of non-ferrous metals techno-
logy. He complimented Dr, T. Banerjee, Scientist-in-Charge
and his colleagues for the fruitful research and development
ggrgdcogdUCted by them, some of which have already paid rich

Sldends ! St

Dr, Atma Ram, Director-General, Scientific-& Indus-
trial Research while inaugurating the Symposium said that
the need to apply science and techmology to economic deve-
lopment was now a well-accepted principle but the gquestion
particularly facing the developing countries was hew to:
accelerate this, It was therefore essential that scientists
industrialists should appreciate each other's role in
economic development, ‘ : - A

-
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Dr. Atma Ram urged the industries to be fully aware of
the importance of research and development as a tool for
increasing and diversifying productivity, Regarding the role
of research laboratories of the country, Dr. Atma Ram said,
one of the tasks of the laboratories is to assist in the
expenditions and efficient development of natural resources
so as to provide the material needs of the people.

Some laboratories under Council of Scientific & Indus-
trial Research, including National Metallurgical Laboratory
have gained vaiuable knowledge in regard to the processing
and beneficiation of raw materials, which have been provided
to the needy organisations, Dr, Atma Ram pointed out that
the development of 'know-how' for new products and processes
has to undergo a whole sequence of operations from bench
research to large scale operation in the production plant,
Research work, basic and applied, is to be followed by pilot
plant and development work; engineering, fabrication of
~ plants, erection; production operations, sales, etc. The
‘research laboratories, he said, can only deal with the first
one or two links of the chain., In the whole sequence of
processes and product development, subsequent aspects such
as engineering, design, fabrication and erection of the
plant; production, manzagement and modern marketing
techniques, which are very important to ensure that a
research idea becomes fruitful, are mainly the responsibi-
lity of industry which need institutional and organisational
support, The CSIR, he told, has poneered in organising
objective basic research in several fields and the laboTa-
tories have established pilot plants for studylng the
commercial feasibility of a number of items. Inspite of
some failures, valuable data have been provided to the
industries from these pilot plant investigations with a
view to their subsequent commercial scale production.

Continuing, Dr. Atma Ram said, non-ferrous metals
occupy a key position in industrialization. World trends
are Indicative of the increasing role of non-ferrous metals
for the scientist, and the field is becoming more and more
fascinating, He urged upon the fruitful utilization of.the
abundant resources of aluminium, magnesium and titanium in
India, ! Import substitution and efficient utilization of
iawlmggerials are vital for development of this industry

n India,

He commended the work of the National Metallurgical
Laboratory carried out by Dr, T. Banerjee, Scientist-in-
Charge and his able colleagues in the multitude fields of
study on utilizstion of raw materials and develorment of
substitute products conducted at the National Metallurgical
Laboratory, He stated that National Metallurgical Laboratory
has not confined only to laboratory scale experiments and
pilot plant studies but is also assisting the industry.
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In this connection he referred to the responsibility under-
taken by National Metallurgical Laboratory in setting up

a 500 tons/day plant for treatment of low grade fluorspar
of Baroda on the basis of investigation carried out at
National Metallurgical Laboratory, He had no doubt that
the Symposium would throw up new ideas and articulate
interaction of views which would stimulaté further research
and development work to the advantage of non-ferrous metals
industries of the country. :

Shri P.I,A, Narayanan, Cfficer-in-Charge(Cre Dressing)

~National Metallurgical Laboratory, while proposing a vote

of thanks to Dr, Atma Ram, Sir Jehangir Ghandy and the
delegates present, stated that it is very heartening and
encouraging to see that the Symposia organised by the
National Metallurgical Laboratory are very well received

and appreciated both at home and abroad., Cantributions in
this Symposium -cover a wide range of subjects with con-
siderable technical and scientific value to the subject of
non- ferrous metals technology. o

LIBRARY, DOCUMENTATICN, TRANSLATICN
AND REPROGRAPHIC SERVICES: .

LIBRARY & DOCUMENTATICN SERVICE -

The Library continued to render its service tb the
staff of the laboratory. The quantum of classification of the
abstracts and their processing has increased considerably.

TRANSLATICN SERVICE

French, German & Russian articles of direct interest
to research projects of the Laboratory were translated into
english, Cral translations were also. rendered for the
benefit of the research workers, Forty technical papers were
translated into english,

REPRCGRAPHIC SFRVICE

Photostat, réflex prints and micro-films were made

\,, from scientific papers of interest te research staff, Micro-

photographs, X~ray photographs, photographs of apparatus
and equipment etc., of various projects of the laboratory
were also taken,
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PUBLICATICNS

NML TECHN OURNAL :

NML Technical uournal has entered into eleventh year
of its publication. The journal is continuing to be recei-
ved with much interest by scientists, technologists and
industriglists both in the country as well as abroad.
Exchange agreement has been.arrived with a large number of
Indian and Foreign journals., The leading abstracting
services of the world are regularly publishing the
- abstracts of the papers of WML Technical Journal,

PROCEEDINGS CFE THE SYMPCSIA.

: The Proceedings of the Symposium on "Metallurgy
of Substitute Ferrous & Non- ferrous Alloys" was published
during the period, The Proceedings contain papers and
thelr discussions.

MCNCGRAPH

A monograph on "Structure of Electro-deposited
Manganese Metal!" based on the research work done in the
laboratory is under publication, ,

SPECIAL REPORTS

Many special types of reports to meet the need of
CSIR, Planning Commission, Parliament ete. were prepared
and sent

PRESS RELEASES

Periodic Press-releases were issued to appraise the
general public about the activities and contribution of
the National Metallurglcal Laboratory.

HAND CUTS & NCTES

Hand outs and notes on the processes of the
Laboratory developed for commercial exploitation‘were
prepared and circulated to interested industrial
organizations. _
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... Dr, T, Banerjee, Scientist-in-Charge, retired towards the
end of February 1969, ‘ i g

: Shri P.I.A, Narayanan, Cfficer-in-Charge (Cre-dressing)
took over as Scientist-in-Chargs on the retirement of . .
Dr, T. Banerjee. ,

” The .following Staff of the Laboratory were nominated to
various Committees as indicated: ’ '

Dr, T, Banerjee, Scientist-in-Charge, till February 1969
(i) Membership - Advisory Committee - Metaliurgical Engineering,
I.I1.T., Kharagpur, (ii) C.S.I.R. representative on the rgcons-
tituted Committee, of 'Chemistry & Metallurgy' of the Dé&bartment
of ‘Atomiec Energy, Govt, of Indis. (iii) Convenor of the Committee
on Inhibitor and Cathodic Protection of the Corrosion Sub-
Committee constituted by the Metals Committee, '

P Shri P.I.A. Narayanan, Scientist-in-Charge from February,
1969 (i) NML repressntative on Sub-Group II on Iron Cre, under
the Planning Group on minerals other than coal and oil constitu-
ted by the Ministry of Steel, Mines and Metals, Govt, of India.
(ii) Nominated to act as Director on the Board of Directors of
Pyrites & Chemicals Development Company Ltd., New Delhi

(iii) Member of Panels of experts.for different sectors of
Trade and Industry for consultation and advise to the customs
on problems of assessment, classification and valuation .in
cases of dispute for mining.

Dr, A.B. Chatterjea, Scientist (i) NML -representative on
the Coal Advisory Council constituted by the Ministry of Steel,
Mines & Metals, Covt, of India,. (ii) Member of the Panels of
experts for different sectors of Trade and Industry for consul-
tation and adviser the customs on problems of assessment,
classification and valuation in cases of dispute in the field
of ferrous : i e

Shri P.P. Bhatnagar, Head (Mg, Project)- Member of the
Panels of experts for different sectors‘of Trade and Industry
for consultation and advise to the customs on problems of assess-
ment, classification and valuation in case of'dispute in the
field of Non-ferrous.

Shri P.K. Gupte, Scientist - Member of the Panels of
experts for different sectors of Trade and Industry for con-
sultation and advise to the customs on problems of assessment,
classification and valuation in case of dispute in the field of
Ferrous and Non-ferrous. ' . \ S
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Shri B.N. Das, Scientist - Member of Panels of experts
for different sectors of Trade and Industry for consultation
and advise to the customs on problems of assessment, classi-
fication and valuation in cases of dispute for metallurgical
equipment

s “Shri H.P.S. Murthy ‘Scientist - Member of the Panel on
Graphite Crucible industry constituted by the Ministry of -
Industrial Development and Company Affairs, Govt., of India.

I REAl, Lahiri, Scientist - Member of the Committee on
Fundamentals of Corrosion studies constituted by the Metal
Committee, _ :

s ot -G, S Ramakrishna Rao, Scientist - NML represen-
tative on Sub-Group III on Manganese, Phosphates, Pyrites, -
" Diamonds and Bauxite, under the Planning Group-on Minerals
“‘other than coal and oil constituted by the Ministry of Steel,
Mines and Metals, Govt, of India,

Shri R. Choubey, Scientist - NML representative on the

* by the Ad-hoc Panel for conducting investigation to determine
- mechanical properties of boiler steel under the Ministry of
; Steel Mines & Metals. _

Shri K.P. Mukherjee, Scientist, Member of the Committee
on Corrosion in the Chemical Industry and industrial corrosion
and service failurés and on Inorganic surface coatings cons-
tituted by the Metals Committee,

Shri S, Rao Addarki, Sc1entist - Member of the Committee
_won ‘Atmospheric Corr051on.

Shrl D.X. Khan, Alternate Member to the above committee.

: "Shri H,R. Thilakan, S.S.A. - Member of the- Committee
on underground and sub-soll corrosion.

; Shri A.W. Mukherjee, S.S5.A. - Member of the Committee
_on Marine aef&fmﬂxnr ; : :

: Shrl D.K. Khan, J.T.A., Alternate Member to the above
Committee, o

- -Besides the above, the staff of the Laboratory worked
-~ various Committees of Indian Standards Institution.

‘ Shri S.K. Banergee, Scientist, went on deputation to
U.K. under Colombo Plan for tralning in the field of . ,
"Explosive metal working process".
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The following staff wére awarded Doctorate Degree(Ph,D)
during the period under review:

2."ShrivN. Dhananjayan, Scientist
3. Shri Inder Singh, Senior Research Fellow.

The fbllowing stéff received awards from Invention
Promotion Board based on their work done in the Laboratory.

Shri P.P. Bhatnagar, Head (Magnesium Project)
Shri V.S. Sampath, Scientist
shri G. Bysak, Senior Scientific Assistant

- Purchase and Store Section kept up their activities
for procurement of Capital equipment, raw materials, consum-
able stores., Administration and Accounts Section handled the
general administration and budgetary accounts with speed
and efficiency. : kg \ ‘

The NML Staff Co-operative Credit Society Ltd, of the
National Metallurgical Laboratory continued its good work
and handled transactions amounting to nearly B, 2 lakhs during
the year., Co-operative Stores of the National Metallurgical
Laboratory is supplying ration, food-stuffs, stationary
articles to their staff members, The Canteen is supplying
meals and different types of snacks at reasonable rate.

The National Metallurgical Laboratory participated at
the various games of the Shanti Swrup Bhatnagar Memorial
Tournament.,

Celebrati f Silver Jubilee of CSIR,

The National Metallurgical Laboratory celebrated the
Silver Jubilee of CSIR, Shri Nityananda Kanungo, Governor
of Bihar, inaugurated the function which was presided by
Sir J.J. Ghandy., Director, Tata Sons Ltd., The Laboratory
was kept open to the public and a large number of visitors
including school  and college students visited. The Labo-
ratory was illuminated at night during the celebration
period., A Silver Jubilee Number of NML Technical Journal
- was brought out. | | Girat

Safety First & First Aid Section:

. . Periodic inspections for safety measures were carried
out during the period., Safety materials and garments were
supplied to workers who are exposed to various hazards. There
was no major casualty during the period,
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PATENTS AND PRCCESSES
Ind,Patent No:

Title -

An improved and modified process for
the manufacture of ferrite magnets,

A Process for stabllisatlon of

ferro-silicon.

A Process for the production of
electrolytically deposited man-
ganese dioxide containing iron.

Improvement in or relating to the
production of aluminium alloy anodes
for cathodic production.

An improved method for removal of
iron from ferruginous chrome and
manganese ores.

Stable castable suspensions of non-
plastic alumino-silicate materials
and methods of making the same,

Refractory ramming, plastering and
patching mixes.

Chemically bonded fbrsterite refras
ctories and methods of their
preparation. »

- Improvements in. or relating to the

production of fluoboric acid,

A simple process for preheating the
alr blast in cupola.

A pneumatic process for thewconver-

.siOn of phosphoric pig irons to steels,

An improved method for removal of
iron from ferruginous chrome and

= manganese ores.

Stable castable suSpen51ons of non-
plastic alumino-silicate materials
and methods of making the same,

Refractory ramming, plastering and
patching mixes.

*Chemical bonded fbrsterite‘refract-

ories and methods of their preparation.
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PRCCESSES RELEASED:

The following processes were released during the

period to the firms as mentioned:

Process _ Firms
1, Hot-dip aluminising M/s.,K, Rama Krishna
of ferrous materials Vijayawada ‘
2. Production of electro- M/s. R, Sen & Co.,

lytic manganese metal, Calcutta
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APPSNDIX 1
SCIENFIFIC PAPEAS PUBLISHED AND PRESZNTED

' Distribution characteristics of burden in low shaft

furnace - K.N. Gupta and A.B. Chagtterjea - NML Tech,

~Jr., X(2), 7-14, 1968,

'Studles on extraction of nickel from nickeliferous
laterites of Badampghar area, Orissa - Mis.S.Samanta,

R.N. Misra and P.P. Bhatnagar - NML Tech. Jr., X(2),

- 156-18, 1968,

Some observations on bauxitic hardening of 18-4-1
high speed steel - R.K, Dubey, P.S. Nag and
P.K. Gupte - NML Tech. Jr., x(2y, 19-23, 1968.

A centrlfuglng technlque for studying structure of
liguid metals - Rajendra Kumar and Manjit Singh,
NML: Tech. Jr., X(2§, 24-26, 1968,

Plckling of ferrous materlals Part I - with hydro-

“chloric acid - J, Konar, N.G, Baner jee, H.K,Chakra-

- varty and T Baneraee - NML Tech. Jr., X(2), 27-30,

10,

1968,

Thermal expansion characteristics of some Fe-Cr-
Mn-N alloys - Y.N. Trehan, NML Tech, Jr., X(2),
31-34, 1968. 0 ey

Research and development work on non-ferrous -
minerals, metsl and alloys at the National
Metallurgical Laboratory - T. Banerjee, NML Tech,
Jr., X(4), 68-90, 1968. - : :

- Theory on mechanism of phase-transformation in

electrolytic alloys - T.,Banerjee, NML Tech, Jr.,
XI(l), 4 Dy 2P0, _ ‘

Studies on the resistance of alloy steels against
oil-ash corrosion - Part II - H.R, Thilaken,

A.K. Lahiri and T. Banerjee - NML Tech, Jr., XI1(1),
12-16, 1969,

Studies on extraction of vanadium by fluo- solld
-roasting - A.K. Ssha, R,N. Misra and P.P. Bhatnagar-

NML Tech, Jr., XI(l), 6-11, 1969,



11.

12,

HERES,

14,

15 .’1

16'0

195

18,

19,

205

21,

' Investlgatlon into cause of fallure of pinion

y S 3 TP

&

fStandardlsatlon Y20 de51gn crlterla relating to

high temperature tensile and creep properties -
R. Choubey and T. Banerjee, NML Tech. Jr., XI(1),
17-22, 1969. . !

&

shaft - a case study - B.N. Das and B.N, Ghose -
NML Tech. Jr., XI(l), 23-27, 1969,

'Studies on nickel-manganese maraging steels -
‘J K. Mukherjee and T, Banerjee, NML Tech. Jr.,

X1(1), 24-28, 1969,

‘On the varistion of saturation induction and-

expansion co-efficients of iron with temperature -
L.J. Balasundaram - NML Tech. Jr., XI(1), 36,1969.

‘Stress corrosion cracking of alpha prase in CuSO4

(NHg)o SO, solution - A.K. Lahiri - British
Corrosion Jr. 1968, Vol. 3, November.

Electrochemical factors-in the stress corrosion
*cracking of ‘Cu alloys contalnlng Zn and Mn -
‘A.K. Lahiri and T. Banerjee = Corr051on Science,

1968, Vol. 8, pp. 895-905,

On the structure of beta Al.Mg - Y.N. Trehan -
Indidn Jr. of Pure & Applied- Physics y 1969,
7(3), 209-210,

Clusters in liquid metals - Rajendra Kumar g R

- Contemporary Physics, 1969, lO(l) 49—58

A correlation of chemical com9051t10n, mineralo-

gical constitution and physical properties of.
megnesite refractories - Mr. Ramakrishna Rao "and
N.V. Naidu - Trans. Ind. Ceramic Soc., Vol XXVIII,
No. 2, 1969.

Some aspects of cation exchange of raollnite -
P. Prabhakaram - Trans. Ind. Ceramlc Soc., Vol.
XXVII, No. 3, “1968. .

Laboratory study of Indian and foreign nozzles for

.pouring steel - A.V. Subramanyam and H.P.S.Murthy-
‘Trans. Ind Ceramlc Soc. , Vol. XXVII No. 5,1968.



22,

23,

25,

26.

27.

28,

29,

30,

31.

TR

A study of phase relations along six vertical sections
in the ternary system Ci, gehlenite-spinel and a
presentation of six isothermel sections in the

ternary systeme Clo gehlenite - spinel and CA=-
gehlenite - spinel - M, Ramakrishna Rao =~ Trans.

Ind. Ceramic Soc,, Vol. XXVII, No. 6, 1968,

Beneficiastion of Indian iron ores and allied

problems - P.I..L. Narayanan and G,S.Ramgkrishna
Rao - Trans. Ind. Inst. of Metals, Vol. 21, No.Z2,
1968, o

Study on the recovery of nickel from low.grade
siliceous ores - Miss, S. Samanta, R.N. Misra and
P.P. Bhatnagar - Trans., Ind. Inst. of Metals,
Yol. 21, No. 3, 1968, 4

A model on the study of slags and their utility as
slag cement with the help of O0.R. technigue -

C.P. Sgksena - Trans. Ind. Inst. of Metals, Vol.
21, No.3, 1968,

Engel Brewer theory and crystal structures of

- metals and alloys - L.J. Balasundaram - Trans,

Ind. Inst, of Metals, Vol. 21, No. 4, 1968,

A study of the precipitation and creep chara-
cteristics of Cr-Mn-N-C gustenitic steels -
R. Choubey, K. Prasad and T. Baner jee - Trans.
Ind. Inst. of Metals, Vol. 21, No. 4, 1968.

Thermal analysis of Mg-Sn alloys by calorimetics

‘measurements for the determination of the liquidus
- curve (Pt. I) - L.K. Nayak and W. Oelsen - Trans.

Ind. Inst, of Metals, Vol. 21, No. 4, 1968,

Foundry industry in Japan - R.M. Krishnan Indian
Foundry Jr., Vol. 14, No0.10,1969, (Znnual Conven=-
tion Number) :

Beneficiation .of low-grade orés of Maharashtra
region - T. Banerjee - Mineral Research, Vol. I

No. 1, 1968.

‘Non-ferrous metals in India w1, Banerjee.and

C. Sharma - Minergl Wealth.,
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The following papers (Sl. Nos. 31-35) were presented
at the Annual Convention of Institute of Indian
Foundrymen, held at Madras from 8-11th March, 1969,

—————--———--——_--—_———_——-—--—-_-—. -————------_——-_-

32, Studies on moulding sands from West Bengal,
Pt 1, Dist; Purlia - Amitava Das and ASulmeSh
Dutt.

a8, L study of the foundry sands of the Southern
region for foundry moulding purposes -
K.S. Vijayanarayanan and N.V. Naidu..

34, Some observations on cupola iron melting with :
oxygen enriched blast - J. Goswami and :
A.B, Chatterjea. _

35, Grain size control in cast aluminium alloys - -
Rajendra Kumar, :

L]

The following papers (S1. Nos. 36-40)- were. presented
at the 32nd Annual Technical Meeting of the Indian
Ceramic Society held gt Madras in July, 1968,

-~ - ...—--——--—————----n--—-_—--—_——-——-——---_—-——-—--

36.  Effect of composition and firing temperature on
the physico-mechanical properties of basic
refractories Pt. I - mineralogical constitution
and microstructure - T,V, - Prasad.

b7 0 Effect of composition and firing temperature on
pysico-mechanicgl properties of basic refract-
ories - Pt, II - Physical properties -
T.¥. Prasad.

38. “‘Effect of composition anc firing temperature of
~ the physico-mechanical properties of basic
refractories, Pt. III - high temperatures '~
deformation in torsion - T.V. Prasad.

'39. Mineralogical constitution of Indian blast .
furnace slags - R.V. Hargave and M, Ramzkrishna
Rao.

40, A correlatlon of chemical composition, mineralo-

gical constitution and physical properties of
magnesite refractories - M. Ramakrishna Rao and
N.V, Naidu,



L P

The following papers (S1. Nos. 41-50) werc presented
at the 33rd Annual Technical Meetlng of the Indian
Ceramic Society held at Delhi in March 1969.

—--——..—--_-__.._----_-——..-—-.——_-—_—-_ - - -

42,

43.
44,

45,

46.

47,

48,

49.

50.

Studics on niobium oxidcs and polymorphism of-
niobium pentoxide - J.P. Guha.

Calcination characteristics of Indian pefroleum
coke - study by polarised mlcrOSCOpy - R.V.Hargave
and H,P.S. Mur thy .

Role of forming pressure on the properties of

: . basic refractories - T.V. Prasad.

Properties of some Indian refractory plastics and
castables - A.K. Bose and T.V. Prasad.

Constitution and mineralogy of Indian open hearth
and L,D, slags - R.V. Hargave and M. Ramakrishna
Rao. A SHES vt et Te& ‘

High temperature mechanical properties of some
French castable refractories - M.C. Kundra.

Castables in the fabrication of special shapes
for an experimental tunnel kiln-M.C. Kundra and
H.P.S. Murthy. '

Studies on the castable refractories using white
calcium-gluminate cements - B.M. Dutta,
S. Pramanik and M, Ramakrlshna Rao. : '

Refractory castables and ramming developed at
National Metallurgical Laboratory - T.V.Prasad.

High alumina clays from Jammu & Kashmir State -
potential raw material for the refractory
industry - T.V. Prasad and N.S. Sahota (the
Souvener published in connection with 33rd
Annual General Meeting of Indlan Ceramic
Society). ! v :
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52.

53.

%

56.

5%

58,

62,

PRI | C

The following papers (S1. Nos. 51-62) were presented
at the 22nd pnnual Technical Meeting of Indian
Instltutc of Metals held. at Calcutta from 13th to

‘Prellmlnary studies on carburizingncharacter-
istics of Nb treated steels - R.K. Sinha,
M.R. Kulkarni and R. Chattopadhaya.

The structure of properties of 9% nickel steel -
R.” Chattopadhaya, J.rP. Tewari and S.S.Bhatnagar.

Some observations on the production of ferro-
coke - B K. Paul, S.R. Jyoti and A.N. Kapoor

Productlon of sponge iron by reduction with |
petroleum naphthe - S,R., Jyoti, K.N. Gupta,
&,N. Kapoor and T. Banerjeé.

Technology of production of phospher-bronze
springs - B.N, Das and S,.K. Banerjee.

Thermal beneficiation of ilmenite for the
removal of iron - Miss. S. Samanta, R.N.Misra &
Y.P, Bhatnagar. :

Quantitative thermal analysis of Mg-Sn alloy by
calorimetric measurement for the determination
of solid and 1liquid curves - A.K. Naik and

W. Oelsen,

Co-efficient of thermal expansion of iron-
aluminium and iron-silicon alloys - A.N.Sinha &
L.J. Balasundaram,

Solidification of aluminium - Rajendrg Kumar,

Embrittlement of maraging steels - Réjendra
Kumar and Sivaramakrishnan.

Graln size control of magn651um - Ra1cndra Kumar
. and R.K. Mahanty.

Smcltlng of hlgh titania ores with non-metal-

lurgical fuels - A.B. Chatterjea, J.Goswami,
S.K. Biswas, R. Santokh Singh and J.S. Padan.
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APPENDIX II

SCIUNTIFIC INJUDTIG“lIONS COMPLETED ~ND REPORTS

PREPARED

Moulding characteristics of sand sampiesAreceived
from M/s, Steelsworth Pvt. Ltd., Assam - Savinder

- 8ingh, V.S. Bhandary end P.K. Gupte (I.R. 456/68).

Studles on the recovery of zinc from zinc dross
produced at the Workshop, Post & Telegraph
Calcutta - G, Basak, V.S5. Sampath and .

P.P. Bhatnagar (I. H. 457/68)

Beneficiation of phos;,ate rock sample from
'Maton Block' of Udaipur Dist., Rajasthan -
K.N. Rakshltg ‘P.V. Raman and P.I.A. Narayanan

- (I.R. 458/68

Investigation on moulding sand from Parbatipur,
Dist, Purulia, West Bengal - Amitava Das and
Ashimesh Dutt (IR 459/68), -

Investigatlon on sand sample from Mejia Dist.
Bankurag, West Bengal - imitava Das and Ashimesh
Dutt (I.R. 460/68).

Beneficietion studies on an Argillaceous lime-

- stone sample from Dungri limestone quarry of

Orissa Mining Corpn. Ltds - S.K. Sengupta,

PaVii Raman and P.I.A. Narayanan (I.R. 461/68)

Production of sized sand for the Glass industry
from a sandstone sample from Gujarat -

N, Chakravarty, G.P. Mathur and P.I.A,Narayanan

(T, R. 462/68)

Beneflciation of pbor grade kyanlte from Amda
Lapso mines, Bihar - S K. Dhar and P.I1...Narayanan
(I:R. 463/68). b

Settling and filtration tests on the acid grade
conc., from a mixed fluorspar sample from Dingarpur,
Rajasthan - K.N. Rakshit, S,K. Dhar and

P I.b. Narayanan QI R. 464/68). ;



10.

&

12,

13,

14,

o e

16,

15

18,

19,

w TR~

Recovery of nickel ané apatite from the copper
ore of Indian Copper Corpn,.,, Ghatsila -

C. Satyanarayana, G.S. Ramakrishna Rao and
P.,I.A. Narayanan (I.R. 465/68) .

- Recovery of germanium and gallium from coal

fly ash, flue dust - B.P. Verma (I.R. 466/68).

Pelletization and calcination of lime«shells
from Kemla ~ B.L. Sengupta and B,l.A.Naragyanan
(IzR. 467/68), '

Crushing and wet'screehing tests with an iron
ore sample from Deposit No. 5 of Bailadila Iron
Ore mines of NuM,D.C. - Prasad Rao, G P. Mathur

and: PiTad. Narayanan (I R. 468/68) .

Heavy media separation tests with the pyrite

-sample from Amjhore, Shahabad Dist., Bihar -

M.V, Ranganathgn and P I.4. Narayanan
(TR 469/68) ' '

Reducibility of lumpy iron ores from Dalli
mines of Bhilai Steel Plant - S.B. Mathur,
M, Subramaniam and P.P.: Bhatnagar (I. R.470/68)

Batch as well as pilot plant beneficiation
studies with a low grade fluorspar from
fimbadongar Dist,, Baroda and deteiled proposals
for setting up of a 500 tonnes per day benefi-
ciation plant for the Gujarat Mineral Develop-
ment Corpn, Ltds - M,V. Ranganathan, P.V. Raman,
S.B. Dasgupta, G.R. Mathur and P.I.L.Narayanan

o {13 Re 471/68).

Recovery of Diaménd andAconeentration of TiOo from
-20 mesh frackion of Diamondiferous. Tuff from

N.M.,D.C, - P,K, Sinha and P. I.u. Narayanan
(I.R. 472/68).

Beneficiation of a high silica limestone (sample
No, CGI) from Yeotmal Dist., Msharashtra -
P.V. Raman, Sachidanand Prasad and P.I.4.
Narayanan (I R. 473/68).

Beneficiation of 1imestone sample (KLG-1) from
Yeotmal Dist., Maharashtra - P.V., Raman



20,

.21,

28,

23,

24,

88

26,

a27.

28,

29,

30,

Punjab - R,C. Arora znd M.N.P. Verma

- 1ii -

Pelletisation of chrome ore concentrates from
Orissa - N, Chakrabarty: and P.Il.i. Narayanan
(I.R. 475/68).

Sintering of chrome ore fines from Orissa -
B.L. Sengupta and P.I.L. Narayanan (I.R. 476/68).

Foundry moulding sands in Ratnagiri Dist. of
Mgharashtra State - P.K. Gupte, H,P. Singh and
V.S. Bhandary (I.R. 477/68). ‘

:Moulding characteristics of sand sample received

from M/s, Supertech Casting Ltd., Madras -

K.S. Vijayanarayanan, N,V, Naidu and R.N.P,Gupta
(I.R. 478/68). i
Investigation on Ichhanagari moulding sand
received from M/s. Howrah Builders Corpn.,
Belgachia, Howrsh, West Bengal - Amitava Das and
Ashimesh Dutt (I.R. 479/68),

Investigation on moulding characteristics of

" Mundeswari river sand received from M/s. Howrah

Builders Corpn., Belgachia, Howrah - Lmitava
Das and Ashimesh Dutt (I.R. 480/68).

Moulding characteristics of natural moulding sand
received from M/s. Model Foundry, Madras 32 =-
K.S. Vijayanarayanan, R.N.P. Gupfa and N.V. Naidu
(I.R. 481/68).

Moulding characteristics of BTL-7 sand received
from Punjab State Industries Deptt,, Chandigarh -
M.N.P. Verma and R.C. Arora (I.n. 482/68).

Moulding characteristics of sand sample No.KS-4,
received from the Deptt, of Industries, Govt. of
(1.R.283/68).

Moulding characteristics of sand sample No,LS-2,
received from the Deptt. of Industries, Govt, of
Punjab - R.C. irora and M.N.P. Verma (1.R.484/68).

Moulding characteristics of sand sample No.GSP-4,
received from the Deptt. of Industries,.Govt. of
Punjab - R.C. Arora and M.N.P. Verma (1.R.485/68).
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31, Moulding_charactgfiétics of sand sample No. GSP-4,
received from the Deptt, of Industries, Govt, of
Punjab - R.C. Arora and M.N.P. Verma (1.R. 486/68),

32, Moulding charaqteristics of sand sample No6.GSP-8,
received from the Deptt. of Industries, Govt. of
Punjab - R.C, Arora and M.N.P, Verma (l.k. 487/68).

33, Flotation studieées for the recovery of molybdenum
copper and nickel minerals from uranium ore samples
from Jaduguda mines - R, Ganesh, G.S. Ramakrishna
Rao and P.I1.A. Narayanan (I.R. 488/68).

34, ° Beneficiation of graphite from Gangavaram mines,
Mahbubabad, Andhra Pradesh - M,V. Ranganathan and

35,  * Beneficiation of low grade graphite from Nangrim
Hill Lohit Dist., Nefa, Assam - S.K. Sengupta,
S.B. Das Gupta anc P.l.A. Narayanan (I.R. 490/68).

B6, Upgrading of silica sand sample from Ratnagiri
Dist.,, Maharashtra - S.K., Dhar, P.V. Raman and
P.I.A. Narayanan(I.R. 491/68).

37+ Studies on mineralogy, crushability and reducibi-
1lity of three iron ore samples from Surjugarh
Deposit of Chanda Dist., Maharashtra - Joga Singh,
G.S. Ramakrdshna Rao and P.I.A. Narayanan (I.R.
492/68).

38, Beneficiation of phosphate rock from Masrana
- block, Mussoorie area, U.P. - C. Satyanarayana,
S.K. Banerjee and P.I.A. Narayanan (I.R. 493/68).

| .39, Beneficiation of low grade graphite from Errametta
.mines, A.,P. - C, Radhgkrishnan, S.K. Baner jee and

40,  Investigation on the Kutch bentonite marked SC -
R.R. Dash, V.S. Bhandary and P.K. Gupte (I.R.495/68).

41, Investigation on the Kutch bentonite marked MI -
R.R. Dash, V.S, Bhandary and P.K. Gupte (I.R.496/68).

42, ° Investigation on the Assam Bentonite II - H.P.Singh,
V.S. Bhandary and P.K. Gupte (I.R. 497/68).



43,

44,

45,
46,
47.

48,
49,

50,

51,

52.

53,

B My -

Batch gas well as pilot plant beneficiation studies
for the recovery of Cu, Ni and Mo from low grade

-copper ore from Rakha mines and detailed proposals

for setting up of a 1000 tpd. beneficiation plant-
K. Vijayaraghavan, S.K., Dhar, P.D. Prasad Rao,
P.K, Sinha, G.S5. Ramakrishna Rao and P.I.Ai Narayanan

(I.R. 498/69) "

Investigation report on the suitability of the
14 samples of manganese ores supplied by

M/s. Manganese Ore (India) Ltd., Nagpur, for
production of electrolytic manganese -

A.M, Pande, P.L. Sengupta, N. Dhananjayan and
H.K. Chakravorty (I.R. 499/69)

Beneficigtion of three pyrite samples from

"Amjhore, Bihar - S,B. Das Gupta and P.l.A. Nara-
~ yanan (I.R. 500/69).

Investigation on molybdenum‘concentrates obtained
from Rakha mines - H.P. Bhattacharya, A. Ghosh &
J.K. Mukherjee (I.R. 501/69).

Some observation on cupola iron melting with
oxygen enriched blast - J. Goswami and
Dr. A.B. Chatter jea (I.R. 502/69).

Grain size control in cast aluminium alloys -
Dr. Rajendra Kumar (I.R. 503/69).

Studies on moulding sands from West Bengal,
Part I - Amitava Das and Askiimesh- Dutt I.R.50§/69).

A study of the foundry sands of Southern Region.
for foundry moulding purposes - K.S.Vijayanarayanan
and N.V. Naidu (I.R. 505/69). -

Pelletisation of metallurgical grade of fluorspar
concentrate from Ambadongar, Gujarat -

N. Chakravorty, G.P. Mathur. and P.I.A.Narayanan
(I.R. 506/69).. : - : '

Grind ing chéracteristics and work index of ferro-

silicon and calcined dolomite samples - A.K.K.s

G.S.R.K. Rgo and P.I.4. Narayanan (I.R. 507/69

Moulding éharactefistics of sand sample No. LS-1,
received from Punjab State Industries Deptt.,
Chandigarh -R.C. Arora,and M.N.P.Verma (1.R.508/69;.
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54, Moulding characteristics of sand sample No, GSP-7
received from Punjab State Industries Deptt.,
Chandigarh - R.C. Arora and M.N.P. Verma (IR 509/69)

b5, Moulding characteristics of sand sample No. GSP-22
received from Punjab State Industries Deptt.
Chandigarh - R.C. Arora & M.N.P. Verma (IR 510/69).

56. Recovery of vanadium from Bayer process liquors -
Part I -~ utilisstion of sodium complex salt -
M.S. Mahanty, T.C. Dey, S.R. Srinivasan and
P.P. Bhatnagar (RR 253/68).

57. Development of an ICE calorimeter for high tem-
perature calorimetry - Gangotri Misra and
Rajendra Kumar (RR 254/68).

58, ‘Bffect of rolling scale on corrosion of mild steel -
H.,R. Thilakan, A.K., Lahiri and T. Banerjee
(RR 255/68).

59. A new approach to thermal beneficiation of low
grade ferruginous ores - P.P. Bhatnagar,
R.N, Mishra, S.R. Srinivasan and P.V. Viswanathan
(RR 256/68). ' |

60, Studies on desilication of siliceous bauxite from
Kashmir - $.S. Bhoray, V.S. Sampath and
P.P. Bhatnagar (ER 257/68). :

6l. . On the structure of /4 Al-Mg - Y.N, Trehan (RR 258/68).
6L, Clusters in liquid ailoys-Rajeﬂdra Kumar (RR 256/68).

63. Studies on the thermsl beneficiztion of ilmenite for
the removal of iron - S.Samonta, R.N. Misra and
P.P. Bh:tnagar (RR 260/68). .

ge, Co-efficients of thermgl =xpansion of iron-aluminium
: and iron-silicon alloys - ‘A.N. Sinha and
L,J. Balasundaram {(RR 261/68).

65, Quantitative thermal analysis of Mg-Sn alloys by

_ calorimetric measurements for the determination of
solidus and liquiduc curres - A.K. Nayak and
W. Oelsen (KR 262/68). :

66. High speed chromium plating - D.S. Tandon and
B.B. Basu (RR 263/69).



APPENDIX III

MAJOR SPONSORED PROJECTS AT THE NATIONAL METALLURGICAL

LABORATORY
S1l.No. Title, Sponsor.
313 Beneficiation of limestone samples Director of
: from Yeatmal Dist. of Maharashtra. Geology and
Mining, Govt.
of Maharashtra
Nagpur.,
2. Batch gs well as pilot plant Mg, Director
beneficistion studies with a Gujarat
low grade fluorspar from Mineral
Ambadongar Dist. Baroda and Devalopment _
detailed proposals for setting Corpn. Ltd.
up of a 500 tonnes per day Ahmedabad.,
beneficiation plant for. the
Gujarat Mineral Development
Corpn. Ltd.
3. Pelletisation of metallurgical
grade of fluorspar concentrate ~-do-
from Ambadongar, Gujarat.
4, -Pelletisation and calcination M/s.Travancore
of lime shells from Keragla., Electro-Chemical
Industries Ltd.
Chingavanam
Dist. Kottayan.
o f Crushing and wet screening tests National Mineral
with an iron ore sample from Development
Deposit No., 5 of Bailadila Iron Corpn. Ltd.
Ore Mines of NMDC Ltd. Faridabad.
B Suitability of the 14 samples of M/s. Manganese
manganese ores supplied by Ore (I) Ltd.
M/s. Manganese Ore (I) Ltd., Nagpur.
Nagpur for production of
electrolytic manganese.
7. Studies on mineralogy, crushabi- Director of

1ity and reducibility of three
iron ore samples from Surjagarh
Deposit of Chanda Dist.
Maharashtra.

Geology and
Mining, Govt.
of Mgharashtra
Nagpur.



20,

R

Title,

.. Heavy media separation tests with

the pyrite sample from Amjhore,

. Shahabad Dist., Blhar

Beneficiation of three pyrite
samples from Amjhore, Bihar.

Beneficiation studies on an
argillaceous limestone sample

© from Dungri limestone quarry

- of Orissa Mining Corpn. Ltd.

12.

p B 18

Beneficiagtion of low grade
graphite from Nangrim Hill,
Lohit Dist. of NEF4, ﬁssam.

Beneficiation of graphite from
Gangavaram Mines, Mahbubabad,

3] AoP

Beneficiation of low.grade

-graphite from Errametla -mines,

AR

14..‘ v

15,

Upgrading of silica sand sample
from Ratnagiri Dist,,Maharashtra.

Beneficiation of poor grade
kyanite from Amda Lapsa Mlnes,
Bihar, ;

Mg. Director,

“Chemicals Ltd,

- M/s. Orissa

- -M/s.

SponSgr,

Pyrites,:
Phosphates &

Dehr i-on-Sone
Dist., Shahabad.,

-do-

Mining Corpn.
Ltd., Dungri,

Govt, of'Assam. i
Shillong. 2

S. Lal &
Co. Pvt. Ltd.
Calcutta.

-d o=

Director of
Geology and

- Mining, Govt.,

of Maharashtra

_Nagpur.

General Manager,
Indian Copper
Corpn. Ltd.

Ghatsila.
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