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YHTROLUCTION

-

For the pwposos of oonnidering phssibl. treatmont methods,
1ntoritio niockel cres oun be ocnoidered in two gfmfya. Weathered cerpontine
type depoaita are worked by fcolete le Hickel in Hew Calodonia and Hanna
Nining Cocpany 4in Oregon, U.S.A. Acid lmaching 48 not eqonamically appnoahlc
to these orea beoause of the high magnosia sentent resulting in high eoid
conoumpticn. Furnace pmoma niw usually uced. Limenitic ores au the
othor hund are amenable to acid leaching 42 the magnosia ccntent is not
too high, and may also be lenched by pro-redustion and trentment with an
aumenium oarbomate sclutione Some detnilo of thece prooosses are oed ous

belowe

FURNACE PLOCT PTG w NEW ("‘LBN“HIA

Prior to 1560 the only proceos used was "matte cmelting™e Ore and
gypoun (a0 s sourco of sulpbur) are smolted together in dlast furnaces to
produce a matte containing nickel and ircn culphides. Some of the irem ie
remowd by a conyorter troatmente The niokél matteo 49 cent t0 Franos where
1t 1s ooloined ond redused with chnroosl t0 produce nickel motale

A seoond process is now in use, in vhioh, aftor drying and pre-hoating

in rotory kilns, the ore is smelted in oloctrie furscos to produse a oruds
forronickel containing 22-23% niokel. 'This produot ie. refined ulnc a Enlling

rotary fumaoe for eulphur removsl und bnole Beassmer ocnverter for renovnl of ,'

esarbon and aiuocn. chromiva and phqsphom.

| Pour 12,500 kva eloctric furnaces produce a total of upwards of
175 tons per day of orude fesronicksle FPowor yequiremsnis are aboud 550 kvh
por ton of cres About 200 kwh per tan is Gaved by charging hot ore diress to
the eleotrio fumsacese 011 concumption in the rotary kilm i ﬁr;ar and

§s in
prehoatef), the runge 120 to 180 pounds per ton of orve

A mhm end melter opomtod by the Hanna compony pndmu
foerronickel from a letoritia doposit nmear Riddle, Oregone A process patented
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by the Fronch campony "Ugzine™ 40 used for reduotion of nickel and irem rom

thio ore. Thio yrocess involves the additiom of a mltablo mmwmg opont
%o a nlxfure of nmolton oxide oro in tho procenes of nolten taz:x-mu matal, .

using violent agltation foxr the mixing of the reluoing sgont and molten notaloe

1.9 pounds of 455 forrosilicon 4v used as the roduling egont to produce each

poand of nickol contrdnod in the molian oroe

Four 14,000 kva olootric furn:ces aro uwsed for melting ore, ono
13,500 kva furnace 1s used for groducing forrocilicom and two 2,500 kva
furnaces for reni‘inina'formrﬂcknl and propaxing 3t for canting. Avm:zuga
pouer consunption por ton of molten ore profuced in 1959 was 603 kwh,. and
for rofining 0.12 kwh por 1Ibs of forroniciel, which contains aboud 46

nickels Total pow:x consumptiom (1959) wno 26432 keh jox pound of nidkel mdnoa&

opinal eapecity of this plant is 20 million pounds of nickel mr'
goars In 1999, 623,835 tono of vro, groding 1.55 nickol wore troatods Somo

lov grade rook was rojooted and 680,964 tons of oxe groding l.667% nickel wore: |

sctually precsused lto produow 20,794,091 1b of niokel in the i‘emniok@l
produotimn, mel wwmrptlon (for onloining) wus 0.2% pound per pound of
nickel produced (iuenoau, 1961).

The oper-tlon wuo undortalon in 1954 with a ;overnamt contraes
for approximatoly oix yoaxs of proiuctions Rozerwen wers initially stated
to bo o ninlma of 0.4 olllion tons of 1457 gradey all in the ono depouite

A Blook af 65, .00 kw of power was alloocal ed from the hyduoeglaotric grid for

tho plente The esbimated plent oot wos 25 nillion dollaxs.
: / , N

/
B ARATHS };I"h s ‘(JC O - ADTD w T8 IAY - |

50 ndllion toms groding 1.36:% Bl, 04134 Co and 465 'o wora
peoved beforo oporations began. The coononle plse of the opor:tion wa

terminod a8 50 rdllion pounde of niclkol per yoar from 2 nillion tons

of oras lonching 4o earrisd out at 475°F and 525 psi with sulpimric ccdd and
tho nickol und cobalt preoipltated by nzs fyom polution to form tho concentmte

chipped to the United Utates for further procossing. :lwd.uary oorvieos and
oequd:nont includes 2 x.650 tom por doy acid plonto, and BR.‘J ganorator of
60 tons por day anpacity, water supply of 7,800 e215/mine with capaoity to

x
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14,000 gnle./mine and 3 x 7500 kv turboaltemnatorce Dewand fa $-12,000 kv,
Stecn 4a clso provided for the loaching nystom 115,000 1b./hre ab 650 pot
and T50°F. . ,
For rofining the sulphide ecmcentrats (whioh eonteins 55% iu). 19
oxidieed with air at 350°F under 700 pod presoure, and the resulting sulphate
@olution purified by sdjusting pH and filtering off hydroxides, followed .
by pnoipitation, of other metale with 112‘5. Tho nickel culphate ia

roduced with hydrogen at 375;’1? and 750 pode Cobalt remains in solution

ond is Tvcovered laters The nickel motal pouder 49 brl.quittﬂ for shipmont.

(Queneau, 1961). )

LEACAIRG PHOCESS = ALKALINT w NICARO

Ore centaining appraximatoly 137 nickel, 0.09% eobalt, 2.T5%
chromium snd 38% iron 4s given a redusing rosos 4n Herresh'bﬁ‘ furnsces and
thon leached with aqueous ammonium carbonate. /Ammonia ie stripped by oteam

heating of the leach solution and tho precipitated nickel « oohalt carbonate -

ie ealoineds, Only about 107 of ﬂia ore's cobalt content is rvcovered.

The plunt was originclly built with a oapasity of 30 million
pounds of nickel per yoar at a cost oi"31 o7 million dollars and operated
unprofitably from 1943-1947 at a nickel price of 32 oents per pomde It
wag re~opened in 1952 at & cost of 12 milldn dllars and was expanded in 1357 te
a oapaoity of 52 ;minina pownds of nickol pox yeor at & cosd of 37 million

\ P
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dollare. (U.B.B.R., ’960) | . ‘ ' ‘ i
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GASEOUS REDUCTION PROCESS

- This hae been dovoloped at b@ncﬁ sonle cnly but oo run os & somi
ocntinuous proceos at about 100 grams of ore pexr hours The prooess is based
on the proparties of the irom and nickel carbonyls (Fe (co)g and B4 (C0),)e
The former melts at =2fU and boile at 105 vhile the latter melte at -25b
and boile at 45°C. Both dencupose at temperatures chove 15q°c to gln em

h
-
nonoxido gao and the metale v 4 ~ |

Following hydrogon rodustion of the iron snd nickel eriginally
precent in the are as oxides (2 hours st 700°C), treatmsnt with carbon
monoxide and ammonia (16 hours at 100°C und 379 ped procsure) tokes place

|l
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ond tho motal enr m}m are foraod o5 LUiuide, Theo are subsomontly
- summted iy mzctmm Aotillation and dmmwno& to fom pnrc niokal,
Lron end ootult natalde » “'.,_-,‘f.

Mo sonle of eporntlions wan tm m m. to glve mmch somonde
Guta, tub 81 desonstmbe tn:t the Froos /ia tm».umu,- Lonsible and
capable of glving reasonable resoviri s of nickel fsvm lateritie ozvo.
(tovid ete de, 1958) | ‘

0T j'mr&"‘ ¥ :
One othar pocaidblo process sultable for lateritic ores 4o the

Sbratoglo-Tdy proescs in which final reduction $okes place in an eloctrio
farnnoo under oontrolled conditions, the ore haoving been partinlly roduced
in o rotery kiln dochirgling dirostly into the eloctric furmaces |
mfficlemt roluctent 18 ndded to the Idln to roduco the mickel
to notal apd the dron to the forrzous statos In tho electrdie fummace o
forrondekel 1a produosd with o hich 4ron « low alckal oclage Troatoont in
additionnl oleotric fumiccon enn produco an G510 anrbon oteol and a hch
chromiun {rom. !{.‘he ﬂteai produced would roquire furthor rofining in anothor
fumace. o -

Ho dotedls on coota o pOVICE 1Y uircmmte vere p:vvi.dod. tus ‘
dononoteations have booa corried out oa 100 kva and 1000kva ccole end theo
Toceos apposrs techadeally fonuddlos (Udry 1959).

A socond procots shich nlgo offers somo pramico of application
t0 latoritic orco 10 2 profove: tisl mxlphﬁx‘b;&on prececs.  The ore 4a puncod
vith eoncontzated oulphuric acid, goaﬁtad under oontrollod conditions,
losched in waber and o nickel e goi;m culphideprecipitoto obtained by the
action of hydrogon mulphlde under® prosourds | | |

The p.'éoaoua Qopondn on tho fact tht a purtial trmwufommation of
solu¥lo imxn onlphato into insolubla iron mlplmfa takos plas: during
roasting, with releose of salphmr tricxido widch then culshatos the
wronoted non ferrous notals. This reaction appocrs $o bde partlolly
eatolyoed bty tho prooence of alkall motnl sulphatess Thars 4s doopo for
blending low mopnoola lntorbto with high magmesis cerpenting naberdsl to
produco o coablontion with the moot rerctive nagnecia contante
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Leaching with hot watoxr under atmospharic pressure is suffioient
to dlosolve the sulphate formed, and troatmont of thie colution with B8
under proscure (as 4n the Moa Bay acid lench procens) givos a nickel
sulphide conoentrate.

The process is reportod av having mmud at pﬁﬂ plsnt sonle

for over six months eontinuously, snd data for design of a demonstration

plant has ‘been .aocmdéeod. {Zubryalkys, 1965)e

CORCLISION

From the limited faformation available 4t ceems that plant
| costa 14e in the runge"nf 8t to $1.5 fmx_- peund of nmmal capsoity. Jusllor
| vige planis ceem to fovour elestric fuinnce procooves nnking. forronickel.
Wbore pover is not availludle or nickel dosiied as the end produst, leaching
processes are favoured, and theoce scowm t0 have a highar lower linit of
economic annusl oapacity._. Theee limito appeor to be 20 mlim‘p@n
nmi 50 million paunds of nt\ckel por yoor xespeciivelye

- gle
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