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Improvement of Leaching Characteristics on the Saprolitic Nickel
Laterite Reduced Pellets and Recovery of valuable Metals from the
Leach Liquor

Katsuyoshi Mitsutomi

This paper described the leaching characteristics on the reduced pellets of
saprolitic nickel laterite ore and the following processes on the recovery of valuable
metals from the leached liquor.

After saprolitic nickel laterite ore from Gebbe mine was treated with reduction
gases generated in situ from the coal admixed with the ore, the reduced ore was
repulped and then the air was introduced into the leaching pulp and leached with
0.03 mol/dm3 of the sulfuric acid for two hours at 55°C . After that , weak oxidation
gas of ( air+O3) was introduced into the leaching pulp and adjusted to +400mV ~
+450mV of ORP at 3.20 of pH . More than ninety nine percent of ferrous ion were
oxidized and removed as ferric hydroxide to the residue .

The weak oxidation gas of ( air + Os ) was introduced again in order to oxidize
manganese ion in the de-ironed filtrate and manganese concentrate containing 27% Mn
was recovered with 80% of recovery to raw ore .

From the filtrate that deprived manganese concentrate , nickel and cobalt were
recovered by following two processes . One process was a collection of mixed sulfide
concentrate with sodium sulfide . Another process was a selective solvent extraction of
cobalt ion with Cyanex#302 . The former process was simple and nickel and cobalt
recovery were 99% in Ni and 100% in Co individually . In the latter process , ninety
five % of cobalt was extracted selectively in the organic phase at equilibrium pH 3.55,

while nickel and magnesium remained in the raffinate .
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1. ¥ B

A" 123V T, Gebbe SLILERGIK =y ¥ V5T 541 MEOBRESRL v M, BARTHE—
HEAZTSRITRHLT, TO®%ER LAY OB T XA 2K X524, pH 3.20. BLETE
fiL (ORP) % +400mV & 45 Z LiZ &V, BRI Fe % FetiCBLIRETE 2L %, &5
2, ETOMBIZH LTEEE LAY v OB R %K &A%, pH 3.00. ORP +1,000mV iz 3§%
THILITED, Mn>31%D Mn L% 98% DEINKR TEIRN TX 5 Z & ik ~7, RBFRIL,
RSLLPESERCE R =y YV T 7 T4 MEOBTAL Y M EFTBEFI L FET, BH—BE&E B2
RoTRIT, BREAY DREFET A &K EAA T, ORP +900mV, pH 3.00. 5 45>fo
ML THEMALD Mn KL% 98%DEINE THEIL TE 2, X512, FOWMKIIH LT NaeS % H
VWT, ORP - 300~ -350mV, pH 6.00, #&iRk 40CE: 352 &¢i2&h, Ni- Co DEEAKE %L
98% LA LEOREIRKRTEYR TE 7=, —F. [FUWIKIZs LT, Cyanex*302 % AV T, Co* D
WA B Z 2 o7, FORERE Cyanex # 302 i3 Niz+, Mg+, Ca2+iZxt L THED TEIRMEIZH L.
i pH 3.55 T Co* DA% 95%MHTE 3 Z L ASHBA L= THRET B,

2. BB OMER LUERFE

ERIZHE L 72 Gebbe SLILEDIEAER=v 7 VTFT 54 MEOTRSyEAIZ, 1.70% Ni,
0.06% Co. 11.41% Fe | 14.05% Mg, 0.17% Mn, 0.60% Cr. 37.59% SiOz,. 0.32% Al:Os 0.01%
In ThHY . XRAEHRE 70 mesh LA TICKBEL -, HINFITH 5 Native sulphur, Bentonite i
TATAT v 7 R1IRREL . KA IIREM SaxsonVale REFHEA L1, ¥ELEKE - Sulphur
f&#4 : Bentonite =56 : 2.5:40: 1.5 DR T green pellet Z/EM L, # 60g ZBE®Y LM
FAESTF T 975C, 2 HMETE B, ELIHEEFIr—F—RNIEELE, B
Ly b6 g RS TBAMFH L T T0mesh LAT & L, BHRBICH L 7=,

RHE—RE—Mn MILEORR 7 o — 2 — F % Fig. 1 1277,

RHIBER Y Lo /L IHHIR A-01 B2 M2 AV T, /L 7E % 6g/500med LT, 60C
CRIRE., FTEREOHBMEL ML T, 1,000m¢/min DEKEZKEAAZNS 2BEMBH LE,
TOEMBY D L2, BREAY OREHMEAS 2 (0.45ml/min O; ) #KXA%L, ORP
+425mV, pH 3.30 & LTS E B 22 >72, pH BL U ORP I ¥ Eh, HERK TN GST
- 5311C, TPS - 5011C THE L/, MEKMEIZH LT, BERL AV DREBMLT R

(0.45m¢/min O3 ) %K &A%, ORP +900mV. pH 3.00 & L T. B{LEERI % 0~10 oL L
T Mn ¥SLOEIRZF 22 >72,  Mn EUXH#EKZ 40°CIZHNR L T, NagS Z¥ML T, ORP —
350~—400mV, pH 6. 00 D&M T 10 srfM#ER LT, Niz* - Co* 2t Ex. BEH
{EHEEEZENR L7z, —75, Mn E{QB#IC Cyanex #302 %A T, O/A=1/1 & LT, ¥# pH
Z 2.5~T7.0IZ&E{L LT, Nizt, MgiZxtt 3 CoDRIREIMMHRBR A I 2V, X5, 20
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AR H 5, NazS 2 AV T, LIEOBRESHILEIR BB & F—BRBAM4 T NiS WL ZER L7,

Saprolitic Nickel Laterite Ore (- 70 mesh )

L7%NL 0.085%Co, 11.41%Fe, 1405%Mg

37.59%Si0s
Reduced pellet
b HaSO4
Leaching& <+ Asnation H{  Air+Os
De'Fe l l

Rasidus Flltrate

Recovery of MnOs concentrats

Mz concentrate

v

14— Air+ 0

Ni*Co loaded aqueous

4 }

l.—u.,s

Recovery of mixed Mixed sulphide Tailing
sulphide
¢——  Cyanex 302
Co oxtnction[—-l——l
Co Raffinate
Fig.1 Experimental flowsheet on saprolitic nickel latarite ore

3. EBERLER

3. 1 Ex~Vy bOFHMREH
B L Y b 6g REMEISKICAN, 4 A RBRKER

MLT,. 70 mesh UTICBRpRE.. T IEHFR~L
FINA-0LIZBL, A3 XBKkEMZT, 2% 5
00me& L7z, BENRBERIBIEREIZL Y, 552 1CICRIR
%, MEEZHEML T, 1,000mé/min DEFE K &IAH,
120 YA BEMZERRR T TRIH L, EDORER%E Fig. 2
tZ7RF, Ni, Co. Mn @tH®iZ, MBUIMBRE 0.016

mol/dm? TENEFN 88%. 81%. 80%TH Y. WiELH
A% 0.025mol/dm? (ZHMLTH, ERENRDRHE
X 90%., 88%. 80% &M T HICT&ERY, FeRH®R
B FINE ST B IC N TR#&A pH BELET
T30 L. WBYHEE 0.015 mol/dm? THK
pH=3.21 £ 720 74%03BHEN D, Mn BHBIIEA
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INEIZIIBR 2 < 80% N BHEND, MBTICLVER L7z HURRBe T L L
TR EHREND, LhL, BTy PRUBHBEICH LTXRERIH LB R

DI RETERo7, E6IC, Mg BHEL 10%ATICIME D7 HICid, HBROMRE
0.015mol/dm?3 D3 FiF TIH 5 Z & A 3,

3. 2 K&

AR MR PICERE, ZREAY OB/ T R (0.42m/min O3 ) 2K &A%, B pH
% 330 £ LT, ORP #%&{b LT, Fe2*#% FediZBM{t L TERE L=, KEBEEPD Fe (CMT 3
Pourbaix @ pH - ORP X% 725, pH 3.30 . ORP +400~+500mV Dk Tit. Fe(OH)s K%
ERFME LTHET D, Fe % Fe™IEMLTBDI, ERELTY U DBAH A( 241,000
m{/min (28 LTA Y 2 0.42me/min) & AV e B3 ZEEICH LT Y V EBEDH TOR VDT,
AV DRREERT D L Fer* % Fet BT 5 IC48E 7% ORP(E )L, LU FORICHBEEN 3,

Fe2* + 3H:0 ——» Fe(OH); + 3H* + e~ (1)
E (55C ) =1.163 — 0.065 log[ Fe2*] —0.195pH (2)

[ Fez* ] = 6.0x107% moldm?® , pH =3.30 {23\ T, Fe(OH)s DERMT 57D ORP i3,
55CT+668mV L7254, ORP D LRI SN T, Mn2* 8% LS BLBRESNDZD T, BgEEY
FETO M2 BRERLY I0%UTIIBE X370, BROKBEIREERB TIX 55C, pH 3.30. ORP
+425mV ORHFTRE =+ BB Z 2o 7, BH—MREIBIE To pH 3 L U ORP DML

% Fig. 31Z, F72. pH # 3.30 &£ LT, ORP ¥ (L L= BADRGEMRMER % Fig. 41277,
IO, REMEKBBROBERKER % Table 1 1257,

100
A a————_Co __
90 | —O0—O0—pr@— 8~ 8=
-._. L} .\
.
5.0 80 |- Nn ~
1 500 20 b H 0,  : 0.015mol/dm’
? - Aeration : 1000ml/min
4.0 - - 400 ® 60 Aeration time : 120 min
. 4 *300 : o 50 | Oxidation : Alr « 03
—r— f . « b Oxidation time :100 min
830 PH % 1% - 2 40 r Leaching & Oxidagion
-u-a-*_f 4 *100 E @ Temperaturs : 55°C
- 30 |~ Final pH : 3.30
2.0 4 o £
¢ 20 |-
| 1 | ~100 3
Q 60 120 180 240 10 b Mo R —
Leaching and oxidation time ( min ) AT A
0 b—b—o B —o—0b
. c s . . 4 4 0
Fig. 3  Variation of pH and ORP in leaching oo ore vs‘)’ 50
m
and oxidation stage

Fig. 4 Effect of ORP on leaching ratio of metals

MAMBRTRA%, 7/ L ZROREN AR &AL L, pHIZBBKITETFT LT, 3.30—>
250 &72%, —77 ORPi3+280mV —» +400mV & 725, ORP % +400mV i3 5%
. REBICA A BEZIRET D L. #6021 o>T pH i 2.50 B & D, B{LBL%
80 531l Fe? " DRRLICH VI &5 SO2 1 Ni, Co DBHICIHB N BER., ThbNBH
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R 2% L E 2D, TEDOH% Mg DE
HAREE Y pH 3BMUIC LR T 50T, Table1 Performance of iron removal in oxidation stage
%ﬂ Ltﬁﬁﬂﬁﬁ:‘:-ﬁféﬁ{tﬁg Product Amount Concentration( ppmor% ) Di;ttibuuon.(%)

Ni Co Pe Mn Mg Ni Co Fe Mn Mg
ED LRk, ORP %+425 mV iIZf®

Feed 138.1g 184 004 820 0.12 104 1000 1000 100.0 100.0 100.0

¢ > - Filt. 23.00¢ 819 234 120 656 096 921 €32 001 792 8.1
fo 23 6\ pH % 2.50 33014 Residue 148.8¢  0.10 0.003 17.65 0.02 8.89 79 68 9999 208 919

tﬁéd@:f\ F92+ %&ﬂﬂ%f Lf:o Cij:o::r:: of Feed and Filtrate are represented in ppm
Fig. 4 726, ORP 23+400mV T, Concentration of Residus is represented in %
Fe @ 96%%, +450mV TiX Fe @ 99.9%LL L@kt E= &5, LAL. ORP+450mV T
2. Mn BHE 80%UTITETTBD T, ORP 13+425mV MA@ L ¥ 5, £/, Table 1
LEAGMIRE I, BH—BLBREEBELT, Ni. Co BHIIIIIC 92%LULLERY, Fe @
99.99% MIRIRAVICERILERE &, Mg X 8% @H &, Mn@HBITL T9% & 25 T L 34D,
3. 3 Mn KgLDEIR

AT D AR GX BRI IR & LB & L7z, BRI 250meic st L C. ORP+800~+1,100mV. Be{LEFRH]
5~29 4y, IR 55~T70C. pH 2.85~3.25 iLE{L & THRBRE B 20T,

Mn?* (3K P TEIEAIC X D kKU X W Bk &, 65CTD ORP(E)Z Mn?* DR{LIZZE
KLAY/VORAHARAWIEDT, Fe2t BLLRR, Y/ ORBLERTSE ( 5 ) X
TRIND,

Mn2* + 2H:O0 —» MnO: + 4HY + 2¢- ( 4 )
E(65C ) =1.435 — 0.034 log[ Mn2* ] —0.136pH ( 5)
[ Mn2* ] = 1.01x10 4 mol/dm3 . pH = 3.00 23\ T MnOz M43 578D ORP i3+1,163
mV 723, L2L, BE#Y L=k 52, Mn2*OB{LMEIRR T ORP O LRFIZHV, Co2*d
R {LERENRRCI = 2bh 3 DT, Co2tDELRERZ 10%LANIZMA 378, B OREKR
HRBTIZ ORP 2+900mV I E L TERE B2 o7, 100 @ 08—

— A\A

pH 3.00, #iE 65°C. 54MDE{LT, ORP %#+800 %o |- cod T A
~+1,100mV IZZ{L LI BE DEQBA F 2V DBPRTE 80

%% Fig. 5 IC&T, ORP 25+800mV #>5+900mV 2 ~ or dadaton A
ERT DL, Mn2* OEPERFRIT 40%00 2%ICBE < or Oxsaation temp. : 65%
75, thpORPLEAsEThL Mammmax T \7 T

i< . MFMERE—EMD 2 %I MHEND, — 3 |

77, Nitt RO Mg BB S Fic 100% BPIB 0|

45, Co2* i3, ORP O EHIToh., IHITEMAICER ;5 w0k "
(LRESNZDT, Cox* DELBREROWBUTIMES o ! —r——y—
fWicit, ORP H+900mV 2SBETHS = & 45, T N
ORP+900mV & L T, #iR% 55~70CICE{LL-B& Fig.5 Effect of ORP on metal residual in
DESROBPRERY Fig. 6 07T, the leached liguor
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BACIREE D LFIT O, Mn2* OB PREFRIIE L BDT 308, Ni2t RU Mg it gLl E & h
FI 100%HPITERFT D, —F, Co?* iZE{LIREE

N 100 Q Q Q ——
65CLLLIC B &, BHICRLIRE SN BRI B, ol o
L7ed3> T, B{LIREIX 65 CHRRBRETHDZ & ~ sk \c“\
#¥|5, PH 3.00, ORP+900mV, BLEsRI5%., o |
RACIBE GSCORM CRATHUEORREB IR § wf o | oo™
2T #ER% Table 2 IR ¥, 27%Mn, 7%Fe D% ¥ sof Oridation time ;s min

S xidation gas : Afir+0
fi£0> Mn ML & BAGRIRIC K LT, 98%DIXKTE 4 “of ’
3
ITE DI LAHB, i T
Table 2  Performance of manganese concentrate recovery B
Product Amount Concentration (ppm or %) Distribution (%) 10 "\.
Ni Co Fa Ma Ni_ Co Fe  Ma oLy ———y—to, .
Feed 12.5¢ 73.03 210 104 3.80 100.0 100.0 1000 1000 55 60 65 70

Filt. 25.00¢ 36.45 097 003 0.04 99.8 9358 8.7 21

Temperature ( °3 )
Mncone. 0.172¢ 0.86 098 7.10 27.06 0.2 6.5 943 979

Filt: Filtzate . Mnconc : Mn concentrate Fig. 6 Influence of oxidation temperature
Concentration of Feed and Filtrate are represented in ppm On metal residual in de-Mn filtrate
Concentration of Ma trate is represented in %

3. 4 Mn HELEINIE D S D NiS—CoS EEF{LFRL DB

3. 1 HikU* 3. 2 BB~ BRIC, Mg BHE%E 8 %LUTIMEIT& AR, FOMWEPITIX,
7% Mg % 5lppm F1ET 5. NuUCo EIUXEH~D Mg DIBA%Z X1 57%, NaS ZHFML T
Ni/Co RS E L TEINT 2RBE B T2 o7, KR 45°C.pH 6.00~6.30 & LT, NasS
Z¥AMLTORP % —180~—350mV {2 &L L7=BA D Ni2+, Co2t, Mg2* D hRER L DY
% Fig. TIRT, —300mV i2723 & Ni 38X Co 3kic 99%28Hi{kds & L THREIR &h
5, —Kh. Mg iIE{EENTIZ 100%EFIZRFET S, 728, pH 6.30~6.50, #iR 45T,
ORP—325mV TORRRM % 1047 L LB EOREHRBROKREER % Table 3 IZ7T,

o« & By o B cme
100 Mg .
SO -
~ 80 }=
n
Table 3 Performance of mixed sulfide concentrate recovery : n0r-
-]
Product Amount Concentration (ppm or %) Distribution (%) 8 60 |-
Ni Co Mg Ni Co Mg A
] -
Feed $.00¢ 37.30 0.847 24.28 100.00 100.00 100.00 ° 50 \
Filtrate 10.0¢ 0.51 Tr 21.84 1.50 0.00 99.95 s 40 b L4
]
Mixed sulphide 0.587g 56.33 1.299  0.020 98.50 100.00 0.05 g
Concentration of Feed and Filtrate are represented in ppm 3 30 - Ny
"
Concentration of mixed sulphide concentrats is representad in % g 20 - \O
0k NO
o 1 1 o
«150 -200 -250 =300
ORP ( mV )

Fig.7 Residual of Ni?*, Cot* and Mg?* in the liquor
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56%Ni, 1.3%Co DRARI{LMELL LT, Mn HMLEIIHEICH | T, Ni 98.5%. Co 100%PD
INRCERTE, —F5. Mg 99.9% U L2 BRICHRFIE/D I EAHD,

3. 5 Mn HELEIXIEH b D Co2* DRSHEH H S M

Mn $8ENRBKIC % LT, Cyanex *302 X AV T Mg2*. Ni2* 2 iEPICRE E, Co2* 2@
REGIC I L7=%. MHB®E2 6 Ni2* & NiS & LTERT2HBBREBI2o7,

Cyanex *302 % &Ry 0 &V FIZERHL T 20%ICHR L2 v, O/A=11¢L
T. ¥ pH % 2.5 55 7.0 I L7=BE D Co, Ni, Mg 0% dh#R % Fig. 81T, T,
4 pH3.55 T Co2* % 1 Bxilii{% 3N H2SO4 (O/A=UDT2EBA MY v By 7 LI2BE D Ni,
Co. Mg DE245y I & Uf Co flItHAHE N & NaeS T NiS ML 2 EIR L BB DHERMGB L UTH
b DA EULEER % Table 4 (2R T,

Fig. 8 768 &bk, 8 pH3.55 T+ hid. Co D& BINATIZ 98~99% [EIUR 7T HE
7B LB, Cyanex *302 2 & BMMEAHTD Ca2t OFRMHMARIT, —BIZ. Mg2* D
FREVRTADVEEKICH D=, Mg2*, Ca?* 2 8H T DRESEHN b D Co2* DIz L
T, BHCRRMICT SRS CTHS Z 2B, 72, Table 4 2 HHIHFIRERPITIZ
Ni. Mg i3 &3, NiS L PIZIZET Co MBA LA, Mg DBADRLZV, BW&{LD NiS
R AERTEDZ & bHD, 100

" % :7* t—|
90 |-
-~ 80 |- /
Table 4 Rasult of solvent extraction and sulphurization (%) : o
Ni Co Mg c 0 -
Stripped solution 074 91.87 0.20 2 60
Raffinate 99.26 833  99.80 g ¥
NiS Concentrats 9369 6.6  0.00 & S0 Co N Mg
Tailing 667 280  99.80 “ ol
Co extraction : Ni sulphurization :
Equilibrium pH = 8,85 pH:6.00 30 -
No.of extraction : one time ORP : - $00mV
CYANEX 302 : 20%v/v in kerossne 0 r
A/0:1/1 10 | / /
Stripping solution : 3 moVdm® K,SO,
Stripping time :2 times e :
2.0 3.0 4.0 $.0 6.7 7.0
Equilibrium pH
Fig. 8 Extraction of Ni, Co and Mg with Cyanex #302
from sulfuric acid solution
4. % [0

1) FEMUSR=v NTT T4 MEDBT Ly k% 0.015mol/dm3, 55C, BLFIARS L7228
5120 FBHEBBT A L2, BELEAY VORABBLT A2 REAABRILEB 2
5 & . FeO.OH/Fe(OH)s DAERTLEIC £\ pH 2MET L 2.40~2.50 £ 725,

2) pH 2.40~2.50 A% 1 BRI, Ni, Co DBHMKEHRE N, Th bDOBRHEIL 92%LL
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L&D, ZOBRBEETIIMg ORHIME<HZONB%LUTTH B,

3) LEBERSKEDD L, Mg OBMIZ7 Y —72 SO BHEREIND D, pH B LEHT 5,
ORP %Z+425mV (Z#ERF L7236 pH % 3.20~3.30 iR LA XHBZZ Lk, Mg DEH
REB%LUTIIMA T, Fe2'% 99%LA LB ETX B,

4) REEHEICER LAY DREN A &K EAH, ORP+900mV, pH 3.00. 5 5yMDE1L
(LD, 27%Mn DM n ¥555 & BEEREIRIZ % LT 98%., FELIZx LT 80% DU R TEIIL T &
%

5) Mn ¥E#LEIRMEHE I NaeS # %0 L T, pH 6.20~6.30, ORP—300mV, 10 5y DOwE{LEF
M T 56%Ni, 1.3%Co ® Ni—Co IREWE % . M n HELEIN I X L T Ni 98%. Co 100%
DEMLR TEYL T B,

6) Cyanex *302 (X% # pH 3.55 T, Ni2*, Mg2" #HHBRHBICHE L Co2™ DALZBIRMICH
BARICHETZ 5, MEERTP O Ni2* 3 NaS T Mg OBAD 2V NiS HgL & L TEIR T
x5,

51 /3 3Tk
1) RBEIEH=v 71V I 754 MEOBHFE L BHENCOABEBROEN : XEHE. £o
B¥, &REL  BHTERNERELE, $29 5, p.225~232, 1998
2) pourbaix , M (1966) : Atlas of Electrochemical Equilibria in Aqueous Solution .
Pergamon Press . London . p.286 ~341
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