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SRR R T2 — M RS T 20
i, 1% L 2R A H MgO & KT 10%1 AR .
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Tablel Several kinds of nickel hydrometallurgy process
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[HIACHRIAR,  JEHAE R K DT B B 45 R BOR,
DR AN 3 P 4l 5 et 25 o [ D170 905 2 F i FH A
N R SeE R, Har, A RA Carnon LR AL
SV EE (I € ¥ SN N K AN P 6 /5§ 2 95 E 4D
M), B AR b R R T2
[ 2 e g b, PR LT TA
A AR P SRS PRI R, SIS AT T
e THRAEN T 2S5, SR8 S8 AR AR 255
H 89.87%F1 62.20%. {EAHRAEFCIAEAN F, FHilgIT
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Applicati Reacti . . L
Technology CIZ;;Z;EH coilati(:itli(())lrl'l Leaching rate Advantage Disadvantage Application case
250270 'C trict ti Maua
High pressure  w(Ni)=1.3% 45 1\7/[Pa ’ w(Ni)=95%  High leaching rate, Strie n(zﬁzranlon B ?u::’ C;j[w:;’n
acid leaching ~ w(Mg)<10% . w(C0)=90%  high reaction rate CO. o Hwone. . Y
strong acid high cost Murrin
. . . Long reaction time ~ Jiangxi Jiangli
At heric- 60-150 'C Simpl
mosp erl_c Low iron, high . {mpe and low leaching  Sci-Tech Corp.,
pressure acid . atmospheric-press — technology, . e
. magnesium . rate, immature Guangxi Yinyi
leaching ure, strong acid low cost .
technology Sci-Tech Corp.
. Long reaction time  Turkey Caldag,
N 1 Ni)< 809
Heap leaching w(MgO) =15% Orma’ pressure wNi<80% Low cost and low leaching Yunnan Yuanjiang
and temperature ~ w(Co)<<60% .
rate China
Ww(Ni): Roasting at w(Ni): Philnico Industrial
Ammonia About I;V 600—700 C, 75%—80% Recyclable Low leaching Corp., Nicaro
leaching W(MgO)= 10(’)0/ leaching at normal w(Co): leaching agent rate of Co Cuba, Yabulu
go)=10% temperature 40%—50% Australia
Long reaction
. . time, low leachi
Bioleachin Low grade ores, Normal pressure  w(Ni)<60% Eco-friendly, 1mera§:v zz‘; ne .
& gangues, and temperature ~ w(C0)<50% low cost a dap;agle of
microorganism
Sulfati L . Ni): About .
uA atmg High iron, high . . wND ou Separation of Unmanageable
roasting-water . Roasting at 700 C 80% . . -
. . magnesium Ni, Co, Fe reaction process
immersion w(Co): Unknow
Chloridizing in w(N1): Complex brocess
Chloridizing - weak reducing,  80%—90% Low leaching Stric‘i . e‘;ation ’ B
segregation segregating at w(Co): rate of Fe P

900-1000 C

50%—=70%
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HEETZMW, mRRE T2 —A 320N
SRR g, YRS MO & B i Al
KA E I IRKE, BIRA . DR s T 208 A
TA SRR S RART 10%E AR T 5%) 5T
e R SEARAE Ay R IN#ik B 505~541 K )5
FENFIRERR, EHEIIN 4~5 MPa, 1% V41
NEREER RS, BRR ARG, KNS R R
pH % 2.6 fidy, W4 S5 mE NS, (A,
DA AL 01 T R

R T8 20 40 50 AR R 676 1 B Moa FF
BN, S0 2R AR, UF RSB AT I
PUPRIF) Cawse. Bulong. Murrin Murrin #2164 YK
MR, BARLL R = ARG 2 32 )y A
RGBTy, B AR T 2T
[ PPSVTTREZ 0 Dot 37/ B S DA LS VAZ ST B e A =)
P T EAFAE I — A 2 ) 2 RN A, TR
pH. mild S A A T, WA B R R T, e
e, BRSBTS k. B
R T 2AFAE I 8, 22 AT i TR 2 ok
J7%, JOHNSON ZEP IZEsh AR 22 A S Ak 4™
HEAT W2 S B0 I R L, o A [) PR 17 01 ¥
NaCl 8¢ Na,SO, nJ LAy Ni [ 2

23 BERRIZ

HeRgRE LML, #RRE T EATEE R
RINEE, WORKHIATE T B RS S A . HEIRE T
SR RIR SRR, RN Z, ShIRTE
EFREEBEEHE LA L. WEREN L
N S G B o AR 558 G — e LBl A
FEMMSAE R, B PR E ] HS 5
CaO HHATYTER . & R W] LA 5 i e a0A 4 Ak
B, (RABAPAERRFE R . R A B A A M AR L (1 ) 75
R R 2= AR AR AR, A7 ok ey 55 1) R
BUYUKAKINCI %5 T Sf B A A0 2™ 1 41k
BT R R, BRI TR R R R, (HAR
BHRBAL, MR R, 7 700 kg/t 747 .

R IRBRRAT A — i3, (Hil THRAR K
A EAMEE DR SRR T A AR AR TR,

TEAREE AR W IR IRIR T AL BR L0, 5™
BELEHENE VO, BEES R mIE 12%, %) KA
B, HOATER BRI IR BEIEI T2, THRI4E™ 12
J7 t A AR DL K 68 1 t KIRIRES . T PEAAC R}
B v A BR A AR AL s BRI 1AL B ED Je S8 AL R,
%) RMBRAE IR, B BRI S SA e, A
AR T KRR, PR TIREAE 25~40
g/L, Alnlceke s, SRR 7 B &AL ik
T2 A DA R R R B o

WEAMEAT — Pl B T 210, HA SR ke
— BUR IR BRI VO] v R B AR R R (B mT LU
2Bt T DURI AL BT, AT R mT LA
PR R BEE Y, L R R TARBREA R
VR SEIL vy K e L, AR PR T 83 i R AR

24 HWRIZ

HER S — PR R AR T2, B
FHAEAR S A Al FI A o, Ak, JFURA
Ha N T4 AR IR o ) =Pl g S e
AR AT TS 4, RiAR KT 25 mm KHRE
W ARAHER T2, 4t 142 d R E, BETHR
A TAF] 80%. LI 2 IO W KA A R
MW BGOSR, SR 76~86 d, H1ER
%Ny 80.28%. 5 IR T ZAHLL, #:12 T 23 HHAK,
A, AT A A A B R AT, A SRR
T AR RRFEN . BB PR 0] 8, 1K L8
B Sl v T A N

H 2005 fFi, KER Il 23w T UR1E - H 3 Caldag
WA HER Y, 1) A 2000 t S RER, R
BRI R 500 80% 1 57%, Bk HRANAT 8%.
TR H 2= P JCTLARE A — Fh i BE R AR, MgO 5 &
ik 28% HARRARIR DU ST O, R BRARHE TE A,
WA 1000 t BRI HMER T 2R

3 BRUEMEERAMREAER

3.1 FURTEMEERAMRIAK
AR LY SHAR AL LI YA SRR
Mo, ANFET AR, ST DG <6
PRI EA R B, FAR N (KA LA —
SEMZES . HET, BAREAEYIRI T B, A
WAE AE AL, TR A AT R A IS o
SACBR A MR S IR HILEL 7 o BB A Ak
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USRI, WL 2 FR R W R T A 3
JREER AR, & — BRI 2B s A2 i o
TR A DA = R W) A5 R IR, - AL HR IR A |
E . DR APNEIEVERIAE, S LRI RR AR A
o o, GADDPORA Sk L BT AR
AR, FER. TR, 2R, AR, LRSH
MURAERA R 2] 7 =SB, B0 38 5EM pH
H SRS R R AR K. LIAN R
DR 2 A RS0T L J08 f 25 B 55 50 ) e A ) 2
Fefuit KA, g5 SRR H AL N KT
N IR (4 3 f5 . I IR SE R IRUE T B L
HAFAEA A LR IR AR AE I LA KRR oy I 2 A A
F, RIRE R I SO 1) A i AR A7 A R0 T L
VERIFN B2 FH A AL

SR (R0 VAR DA 8 1A R0 i 25 1
TZEFERIS 25672153 511 5R i 75 85 1 R0 85 1 402 HAEG
AR, S 45 SR B Ni 7R AR b 45k )
PLIE 2 3.5%~10.8%, iX 1] B S HH T~ EL D0 42 & B 111
WL A P 225 s 19 3 T — R ko 4R
BRI B IR R, AN [0S LL S50 R A AL
M ] ARSI ek i RS AR e s 45 S R
R LA B R IR 2, X 2B T 20 AL
SR B EL EJE EF BA e s GRS, VALIX
SRS LG TN AT BRI R, R IR 1 T 4
AR (10352t e ol v 75 B B, 1T R B A )
TEIR . IR 222 H B0 T3 B0 R R 2s 1 if
5671, VALIX 2520 T —BEAE NaCl Kk E R 5%
107 A B R AE YR PE B 55 5 . SANTHIYA
SEROIGROL P S T B A R A B TR AR, Bk
B T DL B2 N2 Mot . APTES T
B 1. 1.2 F2g/L.

3.2 WMUETEYRERARARIVIK
32,1 FALEREH B AENG S AT TR

BB E BRI A1
NELLAR AR, TR AR AR 2 A A
FE R H AR o

R R A 1 AR K AR AT IR E . g iR
SAALBRBR A BRI N R B, 4R FE IR 3 293 mg/L
I B2 SRR G Z R Y, NOGAMI 221 )
N AE A T L [ st BELRSE 8 R 1) A i, 3 19 ol il
43 5l BT LA A S A DA — A At R0 I A PR AR A Dk it
2. WERRAEAL WG AT N N e e, 2t
AW, 1R 2 BT Ni* (N 52 Pk 5] T 20~30g/L.

AR A iR b, B HEAT T oA 52 v AT
5 WRAEREEPOOR IR E DI R AR, ®H
T PURETESRAE A3 H i R R AR S B AL (2 1
B, ZBEARER Bl NREE 5. 3 F12.5 g/L Rk
FAL R TTIA ] 1.4 g/(Lh). X)2EEEB4 548 5|
— BRI P A A ERE M B R, (RIR 4
PE RS YT %R P 52 IR B A ) 4 gL, JffE
15 CIHHE g Z 0] LA F) 1.2 g/(L-h).

GARCIA 2500 A A8 B k™ RS RRA . H
W J7 AT RS RE 3 AR At ferrooxidans F1
At. thiooxidans AT HEYNR WG KIL, At ferrooxidans
VER FRESCA ] LSS AUk, oA PG 4 44k
At. thiooxidans VEF N WLSCEA G 2 A AL i H A A
WA R AEEAG . ZHANG 5B 45 2k 4l 4)
BEATAR I, SR BoRTEY T IR (e B4R 3
B, BAER R, EHEEH B EH T
L,

BRENF DI 8 T bl . WG pH. A kLS
152 H RIS B S A B AL AR R A i R R S i
TEWATRIE <74 pm & 90%. W 2%, 41 4 il
i 30%. HI4A pH 1.5 2T 30 d. FRIRFEHE 150
t/min [I4AF N, IR EBORIE IR %, 2
89.79%K1 41.80% . % I 0 24 I 5 e ik i g A I 42
HAEVHIBALE RS0 10 T 24 0F, 45 KW YIth pH
FE1.2~1.6 fIGH SR FE A AR I T AN
1 68 °C, ¥I4h pH=1.6, R 10%, HKIKE 5%,
4.5 d J5 Niv Cu BI04 99.78%1 86.30%,
N TN RN VG IR 5L 560 2% W W oo J 25 v i LA A
32 H o CHEN 25005 0k 2 5 i m Bk B AL B (N
0.21%, Mg 20.24%) =Y I R IL: TR b mT LAGiH
A IR, (R AR HR BT 5 1R N IR F AN A
G BRI — 2 A
322 RALERE SRR A S BRI SR

WAL ARG S HAR T EAEBAR pH H F(<2.5)
AT, FBERBAER 7R LA R A A LA
ZIRFERA, st X pn 4, % Eaim pH
BN DA A, ARSB ok = pH A (=2.5)
TV EE AR AR AR R ER, K
B pH E(Z2.5) MR R A A H MUAER AR .

ANTR] (43 AR R BRI AN R (R SR o B
AR AR IR BT RS S A 4 B T B (R A i
 pH EAE S T Mg IIRE S . PLUMB 2507%
I At. thiooxidans 7£ pH 1 3.0+ 3.5 B3 A 5 w6
AALRE DT L. ferriphilum 7 pH 24 3.0 BV ALRE
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YRR B 197K . MERUANE 2553850 %% pH i &
SLWR At ferrooxidans “BAY Fe RE 1 1 JEUN E BLE Fe’*
T RGCUE Jo BELAS T 20 B 2 T A P R, SR fs i T
WGV ERA E 1 g/L AN 46 pH A 4% AF 1 1P 8%
S R DL R Al R R AR A, A B R Y pH 1R
5.0~7.0 Z [a], BRI A2 A AE B KT Ar
ferrooxidans W IIAEEMAER, 4 pH 1E 2.5~5.0 2
), 40 B R AR 2R T AR T . SR
SENZ LI PIAE I BIAL, B — R B Mg (R 52 g
JH1 10 g/L #2503 30 g/L, RAZB AR T HRR S0
AR BRI R IEH] 91%. 81%.

JNEE K243 Cameron SRR =E 5 JLAE W15
AT T HIE R, ) R B R AL B 7E pH
N 2~6 NRHATAYB R, RIAE pH<S KRR
HEIGAE T0% LA b, TSR 241 pH=2 I 4 70%,
2 pH=5 I ALK 10%; Xf EEAS [R5 B AL AR 7
ANIE] pHAE R IR IR AT A R BAE pH=3 I, T2 A
AEEERBAGERE, RERAEE S R, AT
FER A T HER I RINS,  pH=2 # pH=3 Pif
KRN Ni BRI LY WM, 1 pH=2 R
Fe*'. Mg KRRt i T pH=3 I, wf WAEdE% M
PR TR AT LA S AT AN 52 0 B Y 5 (0[] i eI 7R
FEo BRARE 005 A B S5 s AN AL T 13 s
5 BORRIRAR TR IR, ARESIE N pH BE
BB ARG . LEXT RV 25 AT 00T 5 R,
AN pH {E(pH 4 3+ 4. S)RIBFRFS 45 C 2 2 5.

3.3 WALERT WA SEAN AR
331 GAGERE AP Y TR

DEW 2P0 Acidimicrobium . Sulfobacillus K At.
caldus JFERZY MEAE 50 C FIFRE TE RS-
M EY R A GRS, 45 H R R R R R B
BRI AR ORI SE T3, 1R SR
FER 68 'C 78 CRIMF RN, mifbPyeidsft.,
e 68 C TRttt 4d Jm, BRI HEN 98%.

faf =% Mondo mineral 2 7] & S8 K A1 AR =
B, AT AW L Sotkamo 1 Vuonos.
WA A P R T s = A B AR B R I e — R
BB RTT (NFC:NI 10.5%, Co 0.5%, Fe35%, As
1.3%); — Mok & 7 E RS (GFC: Nil4.3%, C02.7%,
Fe25.3%, Asl5.4%), KAV FER 1177 R
Hoaha)E, SRR 95%, BN 93%.
AV RO AR 1.2 Tt BT R
1 kto

WUKFE. Cosmic Boy V7ik] )& T Western area
ONT], SEARTRAE I 55 T t, RRAEFA AR K EIFIRER,
EE LU FEERY . 2009 4F, Western area
W T BioHeap 2 Fl i FFAA 221K FH A W tH B [H]
Wk R AR, ERT AR /N T 150 pm 1
80%, TEN UKL 28%IM AT T, Bt HiELSHeT
T 76d, HHLAREEZET 90%.

332 BAGERET AR Y FH AR

232 Talvivaara #7702 B WESE 22 43030 G — e
I S A7 R AL R 1L (N0.23%,  Zn0.51%, Cu0.13%,
C00.02%), T J50 a7 i, SR AT Ik v e LK
MATAIH, 2005 FHMHFHERATEYIR B, 200
TG R R L & pH=1.8, KM WM, 55— HE
RHEEE, BH—PEE RS MR N, HEN
HLEAE 30~90 C, B HRAN R IR 1X10°~1 X
10%/mL, 2006 4 Ji 55— HERBLEEE A (1033 H 2843 il ik )
94%. 83%. 14%. 3%, UG RABER LT
100%, B FIAE R 0000 35% R 22%0 . %
5 2012 4EJLP=41 12916 t, ¥ 25867 to

WRORINY PE b X AT & (AR BE s, 3
A B B A 20.10%, R 0.68%. 2009 4F, FF
UK AR HER BRI B (R 2R 7= e IR HER R
K pH fEAE 1.8~2.5 2 [H], T8 FEL 7 - FEWINGS
SR AT DR pH H FHHMTAEIMER . A
1RSI PRI AE — e Yu N (1.8 <pH<<3.5)pH X}4§
R 2N K, a4 SR R pH (B ] LB 5
FRARRRFE. H RN IEEEAT TS RS

= SRTLIRAGEREE T8 TS IR i 7 R IR, B2
SEEIEALA 0.5%, BRI R 0.05%. bt g
JEBF IR B R SEVLARA 4 R T R T AR 8
50 = RN AR AR . 75550 =R BT Tk
RIS b, ST T RMER AR 2. 4. 10
120 kt [ TR, R (25~45 C)Fl &g
PR B (45~60 CRA N, = 12 M, 8.
Bz R IIA ] 70%,

R R AR T AR LT, e
TR 0.18%. 4 0.169%. % 0.058%. fift 0.52%. fiil
0.07%. 2007 A" DX BRPER ST /K Hh i 1% 1] — Bk n]
15 15 CHAR SR R R R . b E td s
WF 0 Be K A P HE R B AR AT S50 % /M
FEARE, 45 R, SR AR ATIAE] 70%LL F. 2010
SESER T TR A A MBI, A R AR
BT 8mm, BHAW 12A4H, B, By
A 71.89%. 72.41%; #2014 4, LS8 T4 6 J1
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t B A B EHER TAARE . HEK 135 m, 3 54 m,
S m, WOARE/NT 20mm. R 16 N HE, B
B R H AR 79.18% 77.25% 46.93%15%,

4 BIRERERAARES

41 SURTIDEAERAREEE

TR T2 A IRE T 28, X
Han TIRIR L ZMHE N, fERR—BURTEA, 1R
R EZ BRI T 2zt
60 SF A RE, T EERBHA, % L Z1EH TRk
W1, N T R A R T B D R AR A .
IR T2 BRBRRE, HIERE2%, wrbrs
B, A R R b s N S DA R R
e IaE, SRR T M T R,
ARERRES) . PR mEER IR, BB RZ S AR
WrEIR, —MHE 20~70 g/L 20, 1SS ERTE A R
TR R S SR AL BT, R PR o e
BIRIE W] AR IR FE A t ] LAAE £ AL 2 iR
W ANALBEIAAY, 4k T Z iR

WRIRIR T2 HATNEAEZEHHE, N SA S
FESER A 45 R IAS R 23608, (HF R TR
PR R 3 O BRI Y AN, IRAEI W ¥
IR TR A s T % T2 N .

BRI - T A0 &, &M Tk
RIAMA LB, HZ T2 PMCRRL, BRE
T ZAERSERTTT, B IRIECR B AU 60% 45
Ao WITAERMEAM TR, LRSI
A B AT — 5 [ T A5 ]

R ICB AU AR AN R — P
KRBRFERIA @ s 755, Az T2mE, 34k
G R AT WU LA S 1538 I P 5 14 1 R T ol 22
REE. N, HAK TR TSR
FEIT A W] $88 e HH Rt i — A R R R ) 1) 2

MR T 2] DARBF I AL BEAR S AL 4, 72240
B AL TR S N BAT T R N, 52
PR S BOREE G LURIRRAE, e,

42 WMUBRTIDEAERAREESE

TGN AL BEEARI O K IAR S BoR, i
TR AL IR B LR A AR R H ad e e, 2k
PR EBARTHIE N T AL BERAL D AEAR RIS L
T, IEHRRUE R RURBRA A 20 RNy
[, PR TR RO AN [ 1 (KT 32 PR 2 A IE

TAFREEH 2 R A SR AL B R A 2,
LA AR BR )y 3 E BT RAL DT AN 2, P 20y
iy St IsE . AN, Wi AR N AEYRR I EOR
R0 S/ A i Y/ S B (A AN A N0 N (W 7 54
S 2 N REAT A 38 T B BRI T AT AT Y,
(R, X BT, DAy S T nm g
FAEARR AR N AR M ATk, SR
FEARR AR T A RACH AL . GRALERA e IE
PRER N AR AL L R AR AR 2R T B i
Jig 11 (K AR A S S 2 AR AT 57 17

5 #5iE

MVRIR BBEOARAEARA v (R N HDBOR ™, oAb B
IR A A S5 A s, 5 P BB B AR AT DRSS (K715
BEBE BT, HR R DR R A Fr it
DR . HER BORAE A B AL AL o BAT A
Fe AHRE R A FE) 3 i A et P I K DL R
UG SRR BRI ). 38 R e— iR 12 n] LLAL B
BT, E TR LR B RICR IR,
FOE VAR A o EPNR B BORAE AL BRAR S AL R 5
IRA RN RS . PP R TR SR, T
F AR, AR R MR A
eI AT e, ARAT BEAT SR A BT
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Application and research progresses of
hydrometallurgy technology for nickel ore

SUN lJian-zhi, CHEN Bo-wei, WEN Jian-kang, WANG Dian-zuo

(National Engineering Laboratory of Biohydrometallurgy,

General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: The general situation of distribution, exploitation and utilization of nickel resources was introduced. The basic

process, advantages and disadvantages and application prospect of some hydrometallurgy processes, such as ammonia

leaching, high pressure acid leaching, atmospheric-pressure acid leaching and heap leaching, were elaborated. The

research and application of bio-hydrometallurgy for nickel oxides and sulfides were summarized. It is suggested that the

key to solve the problem of high magnesium is bioleaching at elevated pH. Finally, the development direction of

processes for high-magnesium nickel ore was prospected. The atmospheric-pressure acid leaching and bio-

hydrometallurgy are the hot areas of research.
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