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Nickel is ‘an 1mp=é‘1"b‘ant‘ ~stratag1c: allo}”lng ele--
ment and is being increasingly cottsumed “in ‘thig” modem
eras IThe pregsent world production of nickel has well
exeeade’d 4000 ‘000 ‘tonnés ‘and ds- like.'l:y +t0 irnerease - _
further with new plants fcoming P With -the - dep:tla- r
tion” of high grade resouréesi‘considerable attention -~
is"being paid for production of nieckel from the low~7’ f~;
gradé ores and a world-wide search for such ores 1s ot
continuing. India's nickal req.u.rement is met by
imports for .which 185 million rypees .worth -of fore—
ign  exchango is annually requirdd wREeH: 5 "Fikely -

‘to increase with production of alloy steels. Owing -
to the strategic importance -of ni€kel and the forelgn
exchange reqired for its import, the production of
nickel from indigénous léan ores is highly desirable
and GeSeI. has been carrymg out exten31ve survey ei‘
the nickel deposits in the country. e
Indlgenoug ﬁeaourcegs Rt Mgl ¥l AL ;J;;;
_ Se{reral 1ow-grade nic- él::.farous depos:Lts have 1
‘been discovered'in ‘Indias These bres are serpentinous,
lateritic or sulphidic in rature. Nickal bearing -
serpentines occur in Assam and Rajasthan, while over
7.9 million' tonnés ‘of lateritiec hickel:oresicontaining
uprto 1+8% NiO'have'been- Yocatediin the chrome-ore belt:
-of* gukinda, Orissa," as well-as in-the Badampahar area
of ‘Orissas The coppe:‘ ore bélt of” Singhbhum, - iBihar '
contains nickel ‘in the ore body which may proévide-
1000 tons of nickel annually. Beeudes the several ores,
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the copper tailings and anode sludge of the I. C.C.
plant at Ghatsila might also prove to be an important
soqrce of nickak.:

Methqu for: tregtment of lowgradu oregt

Commercial eXploitatlons of the low grade
silicate, lateritic and sulphidic orss are well
aestablished. The sulphidic ores are upgraded by
mineral dressing while the- 51llcate and lateritic
ores are not ammenable to usual ore dressing techni-
quess The principal methods available for treatment
of lean oxidic and silicate ores include a) matee

. .gmelting, b) Smelting to fcrro-nlckel and e)hydro-
metallurglcal treatment. el &, _

Matte smeltlng is practlsed i New Caledonia,
Iapan and U. S.S.R. The metheod. comprlses of Smeltlng
_the”silicate:ore: ‘with & suphidising -agent like gypsum,
pyrlte, or. a sulphldic nickel concentrate and restric-
ted ‘amount of coké to obtain a lowgrade.nickél mattes
__The-primary matte 1s ‘blown in: a convertor tooxidise
“and slag: ‘off iron resultlng.ln -8 h&gh grgge riifckel
sulphide matte‘uhlnh ‘13 subsedquently, célélned to
nickel -oxide, and then' reduced tqnmotallic nlckel,
nd reflned electrolytically. ,

" electrie furnace, produces ferro-nlckel contalnlng

R0% - 30% nickel, which is -subsequently desulphurlsed
and refined in converters t6 remove 8, P, €, and’Si.
Such a process is used in New Caledonia, Japan -Brizil
and Greecee A modified Ugine process 1nv01v1ng ferro-
silicon-reduction has been followed to ‘treat-thia.
“latefitic ores.of Blddle, by the Hanna. Nickel Smelting

nGco., Oregon. ‘to get a férro-nlckel contalnlng 48% Ni.

Hydrometallurglcal processes 1nvolve ammoni-

"Hacal 1aach1ng, at atmospheric pressurc, of the reduced

i —— T
——

oxidic 'nickel ore as employed -at. Nlcaro, or sulphuric
atid Teaching under pressure as followed by the Free

h-Port Sulphur Co, for MaO Bay laterltlc nlcke& ores.

~%».“,The smeltlng processes for prodactlon of matte
=ferro—nlckd1 arenot- sultable in cas¢ of the Indian.
‘Qres.: contalning'o 2 to:1e 4%_N1, becausesﬂihthgmextre-
mely JOow. nlckel contsnms and a I‘BlaleVGlY’ high; Fe/Ni
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ratios. 4 combined pyro-hydrometallurgical process for
treating both lateritic and serpentinous ores have
beaen 1nvest1gated at the Natlonal Metallurolcal Labo-
ta'tiory. ; - L O S U i“'l i e :

The lean, Cu—Ni Sulphldlc ores are treated 1n1
Canada by ‘a hydro—metallurglcal process where the - "_
nickel ccncentrate ispresgure leached with: ammonl-.'
acal ammoniumsilphate to yield. soluble ammines of . = 7“1
Cu; Ni and Co..  Thé leach li'quor is purified and theﬂ"”"g,o
respective meta powders are optained from the solu-, e
tion by hydrogen reduction: under pressurcs Work is .o
under progress at the Natipnal Metallurgical: Laboraz" =
tory for aqueous, acid and ammoniacal leaching of
the Nickel concentrate: from the Slnghbhum.belt,
contalnlng copper, nlckgl and.molybdenum, —

(a) GKidlC Orggx;?}a4rdlkfu.

Laboratory scalo investlgatlon have boeﬂJU “T
completed at ‘thée Natioral Metallurgical Laboratory"
to treat the serpentinous and lateritic nickeli- -
ferrous ores from Assam, Orissa, and Rajasthane.

The process studied.consisted of .solid state roast ”
reduction’ followedrby ‘ammoniacel leaching sinc& the. -
ores are not: dmmenable to physical methods -of bene—ﬂjf”
flClatlona The ores containcd 0. 26% to 14 4% nlckol“gf;;

Reduction of nlckel oros were studles with
coka, hydrogen and’coke oven gas and it was observod
that coke was the’ leéast. effective whlle~hydrogen was’
found to be thé most. efficiente The Waximum nickel
recoveries from the. assam .serpentinc Verec15%, 50474 .~
and 67.4% using coke, coke-oven. gas and hydrogen- =
respectlvely for reductlon.;,‘.: - a-‘;¢ ok

The effect of temperature on. roduotlon of
dif ferent silicate and lateritic ores by hydrogen
was found to be critical for each ores¢ The increase
in reduction temperature raises the extraction effi-
ciency till a maxime is reached beyond which theo
nickel extraction is lowered due to alloying of
nickel with iron. The optimum temperature of reduc-
tion varied within 600°C to 750°C for the ores
studied. The reduction efficiency of nickel ores
depends on the physical nature as much as chemical
composition.
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ﬁ Ruductlon studles W1th different particle
sizes of ores indicated that laterltlc ores from_

Sukinda could be treated effectlv%ly FHeulh Q0
mesh (BeS«S.) sizes depending won .whether th&iore 19”
porous or dense to recover 80.8% and 70.4% nickel
respectlvely,l The. laterltlc ore from Badam Pahar - - .
gave 50.6% nickel recovery at -170 mesh (B.8.8) size;
while the silicate ores from 4ssam and Raaasthan '
needed grinding o -200 mesh (B.S.8) to. glve ?0% and -
449 nlckel recoveries. respectlvely.;f, Lo e el o

The klnetlcé of reductlon of nlckel in dlffe-
rent ores were. studled under -optimum conditions of
reduction. The ores,:in; general, were reduced a8lmost
completely within -1 to- 1% hours; The lateritic ores

were found to be more .readily sreducible than the 4
silicate orese It .Wasy howevery noted that the maxi-~
mum nickel recoverles are 1ndependent of the mlnera-i
logy of the ore. The higher the nickel content of -
the ore, the high'er 15 the maximum nickel Tecovery
recorededs. e R T SR

The reduced ores containing apgrecLable gmounts
of metallic iron required a pre-treatment of agious
oxidation before leathing. During the pre-treatment

the reduced iron: is conventied to hydrated: iron oxide:
and is easily separated from the. ore matrix,. helplng
nickel.dissolution inm a. subsquant stages o 4 :
oxidation durmng thisg process was carrled. : :
thick slurry consistency using 203 ammonlum,carbonate
in ammonium hydroXides.- The kinetlcs of diron oxida~ -
tion and nickel. dissolution have been studied for
different reduced ores and it was observed that
almost all the iron was oxidised within 30 minutes
while nickel dlssoluﬁlon was restricted to oly 10%
during the pre-treatment. Th@ pre-condltloned slurry

9
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was leached in presence of oXygen under atmospheric
pressure and temperature with a leachant con51stency
of 7 64 ammonium carbonate and 7.5% ammonium hydro-
xide, the solid/liquid ratio being malntalned 138
The kinetics of leaching studies for the different’
ores indicated that leaching is complete w1thln six
hours in all caseses :

Sk The leach llquor containing nlckel amnmnine
complex precipitated basic¢ nickel carbonate on hgllr
ing. the solution. A complete nickel recovery was~.,,
obtained during Ere01p1tatlon. The basic nickel. [~
carbonate could be easily calcined to nickel oX1a§ﬁ
which c¢ould be briquetted with coke and,heated to*“
reduce the oxide to metalllc state..@;ﬁq, . ol

Vi :‘—
e

Investlgatlon have also been made to‘p'réiiﬂ
cipitate metallic nickel from the ammoniacal solution
by reduction with hydrogen under pressure, and nlckel
recoveries of above 99% have been obtained.

Sulphation and chlorination studies were
also carried out at the National Metallurgical
Laboratory to extract nickel from oxidic ores, and
good metal recoveries were obtainede.

(b) Sulphide Ore:

Nickel sulphide concentrate from the
UeCole Plant at Jadugoda are being exanined at
NeM«L. for extraction of nickel, copper, and molyb-
denume Different methods are under investigation
including roasting and leaching under atmospheric
as well as ammoniacal leachants. Fncouraging results
have been obtained which indicate the feasibility
of extraction of over 80% nickel and over 90%
molybdenum from these concentragtes.

Nickel Recovery from wastes:

Nickel can be profitably extracted from
numerous metallurgical and chemical industry wastes,
€eg s anode sludge of copper refineries, spent nickel
catalysts as well as swarfs and scraps from heat
resistant, electrical resistance and chemical corro-
sion resistant alloyse The possibility of nickel
extraction from the anode sludge from copper
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,.reflnerles have been found, by.invegtigation at N M Le
*~ther Wastes can also be treated sultably.hv

2L “ATk¥en compet‘on rs dbserved 1n the wonld

“-today t6 wtild se“whatever nlckel resources are - aval-
lable India has struck up her Jdwnl nickél réserves,
however low it may bes It is .desirable. to commence
“nickel ‘eXtraction from thesé orés wh1Ch ‘can. be. .
~-supplemerfted by imported raw—mqterihls f fg ure
demards warrants “An optimistic. attitude w;;l.be
helpful in fhis'regar 5 :
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