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Abstract

Nickel is widely used due to its excellent toughness, malleability and enhanced corrosion resistance. Therefore, nickel is
indispensable in our daily lives, and it is widely used in basic to advanced applications such as stainless steel, super alloys and
electronic devices. Recently, nickel has been widely used as the major material in secondary batteries and capacitors. The use of
nickel continues to rise and has increased from 800 thousand tonnes per year worldwide in the 1970s to about 2 million tonnes
in the 2010s. However, nickel is a representative rare metal and ranks 23™ among the abundant elements in the earth’s crust.
This study reviews the current status of the nickel smelting processes as well as the trend in production amount and use. Nickel
is extracted by a wide variety of smelting methods depending on the type of ore. These smelting methods are essential for the
development of new recycling processes that can extract nickel from secondary nickel resources.
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Fig. 1. Change of world mine production of nickel. (Mine
production means recoverable nickel contained in
the ore mined.)
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Fig. 2. Demand and supply of nickel in Korea.
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Fig. 3. First use of nickel.
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Table 1. Typical assay of nickel laterite ore

Product Element content in ore (wt%)
Rock .
tvpe location ]
YPe | humidity)| N Co Mg Fe

Dry 0.2~0.5| 0.02 0.6 >35
Ferricrete | Moderate | 0.2~0.5 | 0.02 0.6 >35
Humid | 0.2~0.5| 0.02 0.6 >35

Dry 0.6~1.4 ] 0.1~0.2 | 1.0~2.0 45
Limonite | Moderate | 1.2~1.7 | 0.1~0.2 | 1.0~2.0 45
Humid | 1.2~1.7 | 0.1~0.2 | 1.0~4.0 45

Dry 1.2 0.08 35 18

Nontronite| Moderate - - - -
Humid - - - -

Dry 0.4 0.02 12 9

Saprolite | Moderate | 1.5~3.0 |0.05~0.1| 10~20 | 10~25
Humid | 1.5~3.0 {0.05~0.1| 10~30 | 10~20
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Fig. 4. Typical nickel smelting and refining processes.
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Fig. 5. Main process steps for extracting nickel from sulfide ores.
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Fig. 8. Generalized flow diagram of laterite ore process.
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gel702 AUl Sl S22 AAT 7, 2ol 100
m, 27 5 m A 9] 5}4(calcinationy& ZE20 & Hjjo]
S5 0.2 Aol Qi 420 A%} HEAel 39l
2 3} 3 BONE T} 22 2] 30| A
ol

[‘_,

_4

_4 B

Ni;Mg,Si,0,,(0H);— (15)
3NiO (s) +3MgO (s) +4Si0, (s) +4H,0(g) (700 C)
2Fe00H (s) = Fe,0,(s) +H,0(g) (700 C) (16)
18] 31 FRsf vhgo oJsf g E A2 9F 800 °C
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[Ferro-nickel smelting]

b
fol
o

[Matte smelting]

[Drying]

Hydrocarbon combustion
or oil+air —_
Upgraded laterite ore ——»
(1.3~2.5 % Ni, 35 % total H,0)

Rotating dryer

L
=1 T8

|
Dried ore

25 %total H,0, 120 °C

[Calcination & reduction]
Hydrocarbon combustion gas

Hot reduced calcine+carbon
(0 % H,0, 800 °C)

[Calcination, reduction & sulfidation]
Hydrocarbon combustion gas

S L
Coal+oil+air Molten sulfur

Hot calcined/sulfided concentrate
(0 % H,0, 700 °C)

[Electric furnace smelting]

[y,

<4a

Molten
— slag

Crude molten ferro-nickel
(~30 % Ni-Fe, 1,450°C)

[Refining] l Calcium

(S, P Si&0 i[— compounds

removal) & air

Water granulation or continuous casting

Refined ferro-nickel

7] 2
2 ¥

Molten
slag <+

Molten matte (~26 % Ni, 0.8 % Co,
63 % Fe, 10 % S, 1,400°C)

S0, _ll [Converting]
— = (Fe oxidation)
O ]
Air Molten slag
i I |

Molten matte(78 % Ni, 1 % Co, 1 % Fe, 20 % S)
|

High pressurf water spray

Granulated matte

Fig. 9. Shematic diagram of the flowsheet for smelting laterite ore to ferromickel and sulfide matte.

o4 BRI Algto] o3} olefe} 22 el w8 Qo
e,

C(s)+NiO(s) —CO(g) +Ni(s) a7
CO(g) +NiO(s) —CO, (g) +Nil(s) (18)
CO,(g)+C(s) —2C0(g) (19)
CO(g) +Fe,04(s) = CO,(g) +2FeO(s) (20)

7] ofALZ oA The o] Al 744 ¥ o] of) sz
o] whgoizltt.

NiO(s)+C(s) = CO(g) +Ni(l) 21
FeO(s)+C(s) —>Fe(s)+CO(g) (22)
Ni(1)+Fe(s) — (Ni—Fe)(1) (1450 C) (23)
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H7|2o|A4 @olzl xHZUAS HolER EFAA
P, S 55 AlAste] BAlelLL, 71204 TYst= &
TI(Si0, 54 %, MgO 36 % 5)= TWatAL} S2f5t0] 1

NP OPABE S B4 502 At Ik

5.2. Ni IHE HX

Ni 415153 9] fj -2 w2 U A A zof] ARG 3l
4, GFOIA= Ni-Fe-S IER Th50] I8 NiZ ths
v SAAIRS] 2 ARSIl Sl Fig. 9o1AAH
Ni tiE A|Z= H2ud A2E43 AR ot st
4 3 28 A2 {HS)E A5t 718k 8734
52| Ni, Fe®} HH-3-519] NisS,9} FeS7F /3271 MiES
e

3Ni(s) +2S(g) = Ni,S, (s) 24

Fe(s)+S(g) =FeS(s) (25)

P A2 A7 204 &8 ET HHA EE
o &I AAR O NIl 2 26 % AER SEHh 5



YA A=)

S5 WiE= ohA] A 20X ABPH O 2 Feg #1859
fayalite &2 1(Fe,SiO)Z A|AAZ1H 2 78 % Nig] 11
9 EZ} RhSolXint. &9 Wi Ew 4fste] NiOE
THE7] A3 AlEhe4 FAou Al NiZ vHE7] 1%t

SR YO TRt

5.3. Caron(or Nicaro) Process

Ni 4k51g 5 Mgo| Bo W AA|/go] %2 A ] 3L
o]A], 192449 Carono] S+Jui4 & eRARITLQ.0 7
FA&sh= S 7idstel e, F4H] Nicarood A 29
= AlZsto] Nicarool2fale E7th J4& 282 1
Z7100A £ 75 um o|SHE E4fgH &, Tk v AR
oA AF-E F712 Adsto] BYH CO+H, StA=
Shelsh, W34 okt 2t

2NiOOH (s) +3H, (g) = 2Ni(s) +4H,0 (g) (26)

2C000H (s)+2C0 (g) +H, (g) 27
=2Co(s)+2C0, (g) +2H,0(g)

6FeO0H(s) + 1, (g) = 2Fe,0, (s) +4,0 (g) (28)

6Fe00H (s)+CO(g) (29)
=2Fe,0,(s)+C0, (g)+4H,0 (g)

SHAHAZ SHA Nivh Cole F4430] B, Fel= 1
Yoby gHiletL S §ooH FEEA] ehe AiskEe]
B L o

SRS 292 PELoP SRR G0
EQistol WZiska, 3712 AdsheAl FEsi

Ni(s)+6NH, (g) +C0, (g) +0.50, (g) (30)
=Ni(NH,)2" +C0;~

9 FEfgt ofdef] ot Y& H7ete] Co A
79k 9F 10 %] NiZ Fob=2 HAAIA 2H Lottt
Co7t AIAHE oS 5712 7kaate] YRS AA
ohaL A7) TAHAGNI(OH), 2NiCOs)= AR
A714d T2 F 900 °CoJlAf SRAatd Nie] oF 77
%<0 NiO7} FH50] 2tk

o] a% 11

900 C
3Ni(OH), * 2NiCO,(s) 0L, (31

5Ni0 (s) +3H,0 (g) +2C0, (g)

NiOE 4= gHI5}0] Ni 85, 88, 90 %2] 413} Ni
ghsof Alditt. E gAY AS Bafste] 7ok aghed
oLt A E T4 Nig AL ek g a9 Zele
P2 Co A28 AEZ AREIITH

EAQ1 Ni 4Fehge] 54] A= HPAL(high
pressure acid leach)§0] 31t} HPAL®Hol&= Moa Bay,
Murrin Murrin, Cawase, Ravensthorpe, Ambatovy, CBNC-
SMM Zg2A|A 5 of2] 7447} 9loH, Shd v o whet
A dAIEE ThET. Fig. 109] 92 $jAF2 HPAL 34
] 5to] e It

Fig. 119]|%= o] 7}X] HPAL ZZA||A % Ambatovy2}
CBNC-SMM(Coral Bay Nickel Corporation-Sumitomo
Metal & Mining)9] 378=5 Hlwato] YepfQlct>,
HPAL Z2A|A0] 7] 22 34 59| f7H4< Nidt Co
£ 200 °C O, 3 MPa o/f2] 1.2 31%toflA LB
o5 o}g5}o] FEsHe Flolch. Fatol o7k Niv Co
o PEe-e theat Uk

Ni(OH), +H,S0, =Ni** +50; ™ +2I,0 (32)
Co(OH), +H,80, =Co® " +S0;~+2H,0 (33)
18] a1 FA 9] F44ER] EfO| E(FeOOH)= T 4]

o
o= [ ¥, 200 °C o] 12| Fntetol=
(Fe:09)% ThA] FAEEA Fhito] AT,

2FeOOH +3H,S0, = 2Fe* " 43502~ +4H,0 (34)

Fe,(S0,); +3H,0 =Fe,0, | +3H,S0, (35)

0|9} Zo] HPALHOl| A= 4k AH[5HA] QFOHA
S dulelo| ER Hejgt 4= qlo B g Ao =2 A
dos A et

SHH 334 F9) E4-ER 3 o]Q)o Mg 5ol A5},
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I I [
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[ s [ wmcer ]
NiS & CoS NiO Ni, Co metal Ni(OH), Ni, Co metal ~ Ni. Co metal
CoCOs Co(OH)

*SX: Solvent extraction, EW: Electro-winning, MCLE: Matte chlorine leach electrowinning
Fig. 10. Comparison of HPAL processes.
Ore preparation *HPAL: High pressure
acid leach
* ** CCD: Counter current
H2S04 HPAL decantation

l CccD* H[ Neutralization Limestone/

3 Slaked lime
Limestone Neutralization | Tailing(hematite etc.)
Ambatovy HPAL SMM HPAL

l H2S Zn removal
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: : i
H.+{ Reduction |—{ Reduction [«He
' v -
[ Briquetting ] [ Briquetting ] Solvent extraction
¥
[ Sintering ] [ Sintering ] L{ Electro-winning HEIedro—winning]
v v
Ni briquette Co briquette  (NH4)2SO4 Electrolytic Ni Electrolytic Co

Fig. 11. Flowsheet of Ambatovy and CBNC-SMM HPAL process.

o] ofa) FEEEE abo] Aujzo] Yoltk T o] HPALO] Hla) e BAES sh2a] Sla) AAlake
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