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On Effects of Sulfurizing Reagent with
Native Sulphur to the Limonitic Nickel
Laterite Ore

Katsuyoshi Mitsutomi and Minoru Oshida

ABSTRUCT

In oder to research a rule of sulphur , the reduced pellets in which include several sulphur percentage
are analyzed with X-ray diffractometer . The reduced pellets are also extracted with bromin -methanol
solution for research the reducibility .

Ni and Co extractions with sulphuric acid to the reduced pellets in which include 7.5 % sulphur are
improved 13% in Ni and 7% in Co as compared with to no addition of sulphur .

In case of no addition of sulphur , the reduced nickel elements present as Ni-Fe alloys such as
tetrataenite and josephinite .

Forsterites are almost recrystallized as forsterite ferroan . On the other hand , enstatites do not contain
iron element almost .

With increase of addition of sulphur , the peak intensities of tetrataenite and josephinite decrease
rapidly and peak intensities of metallic iron increase remarkablely .

Peaks of NiS . CoS and FeS appear at 1.0%, 2.5% , and 1.0% respectively.

These NiS .CoS and FeS are dissolved easily with heated sulphuric acid . Therefore , it is
understood that an additive sulphur of more than 5% promotes recrystallization of forsterite ferroan and
reducibility of goethite . As a result , substitution between Ni(Co) and Fe is promoted and the
formation of NiS and CoS are also increased .

Addition of sulphur depresses the rising rate of pH during oxidation period with 0s and decreases
the extracion of Mg , and oxidation time becomes longer. As a result . Fe* and Mn* are

oxidized , sedimentated and removed effectively .
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BHER=v TNV 7 54 FLICHT DREA & L TORMBIL, forsterite ferroan D4 mRARME
fERE LTME, ZTOR forsterite -~ Fe DILH & Ni(CO)& DEMKEIZ L Y, Ni(Co)it
TORMGTHL TR, ER=y 7VRTEBR IV FBRERENSD, —F enstatite 1~
@ Fe DILEIL72 <, enstatite ferroan DAERRITR SN2V L #ER LAY 2,

LHL, BEOBBEER=v V77 74 MEIZIX, —fRIC antigorite BOEMELT WA 2
T, WIRTO forsterite DEMERIIRONAZ, LIzd»>T, MERMIEIL= v 7 AL2HiL 2
2SNV b EAERYTDHDT, NICAROE T, Zh OMEHITBHTE 2V - ORERICAIZE NS
nzvy,  LaL, FARBUICHERMLREHE, BS0HE L s REDERS T, MEERNT
X, Ni/ConBHEE 90 %LU LT HZ LAERETHS - LAKHBEL7=DT, Ni/ConEr®
DYE L BAWRBMBHBOM EEZFH D2 MBERMEZ I ~THBICELLLT, TOHELRT-
DTHET D,

2 YRS OMRE

HABUCH L BB O R AL % Table 1 1R,
Table 1  Chemical composition of main elements in limonitic nickel laterite ore (%)
Ni .18 Co: 013 Fe : 3194 SiO: : 2892 Cu : 0.0022
Zn : 0030 Mn: 055 Mg : 938 Cr: 139 ALO: : 379

ABOXREHFF ¥ — F & Fig . 112577,
FERREPIIROBETH S,

goethite , clinochrysotile , qua- '

1 Goethite
t Clinochryeotile
t Querts

3 Chrysetile

rtz , hematite, chrysotile ,
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LiedioT, ftatkhizs & |
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D|AHRIZ, A 30 %, Bentonite 1.5%, RiE 0~ 75%&Lk,
SAXSON VALE COAL o> FmR4y L%, Table2 {ZY,
Table 2 Chemical composition of main elements (%)

Ash : 1426 Volatile matter : 32.21 Fixed carbon : 53.53

Inorganic sulphur : 0.01 Organic sulphur : 0.54

FEROEMDEBHLER=v Y VT T 54 MERKRE LERBRRAMEZ, 10 ~ 15mm ¢OD
green pellet & L7, T green pellet 60g % SUZUKI DKRO —4EIBKHF T BEEHRMULFE®
HUET, BRISDH: , CH, CO DBITHRIZEY, 900~ 975 CT2RHARTERI 22
. TO0%, Bl y homdh 2g ¥HMLT, RR—AY /—NEH (RR G : A
) —s=20ml : 20ml : 360ml, EAF Br-methanol & E3)TBHL, Ni*, Co", F&" (EhEho&
RECHLHEERTS) OBTERERD: , REOBTSLV Yy MIRAMBRRHA L LTR
2T b g —BTARTE LT, BARMRBHRARNE, BER® LRITET LV v b 6g & T0mesh
SLFIC@ R L, BHEAIBLT 500m & Lk, BHRUTY VBEE, T IHHFR
HENBERAMIG<LF I A0 WRRER AV, V7R 55 Ciohni#k, &% 0016
mol/dm’ ¥ L CRKRE DL T RRVARME, 120 HMBHL L., TORBETIHZ &2<,
VU LBRORBAEHE ( 1.98mU/min Os ) £ &A%k, 55°C, ORP +1,050mV(vs SHE ), pH
3.00 ~ 3.50 ML T, 280 & MICHE - TELEBI R, Fe &Fe(0H)s & LT, E7cMn”
#Mn0: & L CRR{EHTHIBRE LTS,

B R T % Mk & R IR U7, REIINaCOs &Na:0: € ERHEML T, oM
i, EERREFTH AA-680 BIRTFRIEKER T LI

4 BRBRERLEE

4—1 MMLBHERLAESROBREEE DMK

BH30%, 2V hFA b 1.5%, B 5.0 %EA LT green pellet , 950 TT 120 3 BTE
B, FEORBFECELT, ZERK—FTY VBRI, RBRERE Fig. 2
R, BHBERAE pHIX 25205 65 KA ERT 5%, 30 2HRITIX3BIETL, TORXZE
SBEHNRETTHET pH BRERRL, —EBRZREND,

— 5 O0RPILIB HBAIED-200mV D 30 D& iTit+220mV L2525, D%, BXBRIBETT
%% T+220 ~+250mVICHERF S B, ZERKIMMPIC Ni BE T Co D 80%BERHIND,

Ld L, Fe i2Z&HRE 30 HITIT 25 %SBHEN 523, 90 FHEITIX 15 %ICBRHRILET
45, FOHIXITEALELLLR,

PEBEETHR, WET D ERHELIMBMELL Y VORSY A (198 nl/min 0)ZKE
A7, ORP*1050mV, pH3.0 ICHSE L7230, BiERsME{biis o 2\, Fe #Fe00H i, Mn*
2Mn0: & LCRBICKRE LY, FYUREGARICON pH I 22 £ TETL, TORIIN,
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Co. MgpEHiIz->h, HELRT S,
Fe'' R Mn" OBEEISIE (1) BEWT (2) RTCERTZENTEB,
Fe* + 3H:0 — Fe(OH)s + 3H + e .. @

7.0

E 330—Fe(OH)s = 1.162 = 0.196pH = 0.065 log[Fe*] ook 1 :z‘: 4
pH=3.20 , [Fe" ]= 1.03x10? mol/dm’ iZ33+} 5 ORPI: ‘ f::_‘ o ] :: 5
E 330—Fe(0H)3 = +0.664volt & 725, =°f o w g
M+ 2HO — Mn0: + MH v 2% .. ®  Lll/o L, ] ™

60 120 180 240 300 360 420

E330-Mn0: = 1.434 - 132pH - 0.033log[Mn*)
pH=3.20 , [Mn"] = 6x10* mol/dm’ =331} % ORPiZ
E330-Mn0: = +1.118 volt & 725,
L7ed3oT, Mn™ % MnO: & LT B{EATHE S
24X, $9°1,100mvV D ORPHMKETH B,
EER TH Co DEEEHTH 2% 579, ORP '1.050
mve L7z, 2804y DAY U E{b#%, NiB LU Co D
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REREL, T 96 %2722 Y, Fe IHIZIE 100% bR ‘Reauction pevter: 2ngPa 1 on
:e(s‘l;ction pellet : 350 C x 2h 3
. ( . ¢ 0.016mol/dm
Sh, MnD 98 % RE{LAT R EI A - & B, ffié‘fié’i; and oxi-; 259
dation temp,
LZ)) L, Mg@ 50 %ﬁiﬁﬂj énbo Q:f:ﬁfgn by 0y ;:g(z)gr;;mfglg:fir

Fig. 2 Relation between extraction of
metals , pH, ORP and oxidation
4—-2 SRBHRIRIITHEOES times
WMERAMEE 0~7.5%IZ& L 7=green pelletsk, 950C. 2B§MICRIE L7=#%. Br-methanol &
UBMARERHE I 2o/, RBREE% Fig. 3 1077,
Ni RIBRIZBL THATE L RFOZIIBRACRONRD,  CoBHRIZE L TIIATENE .
75 %S DBV y FERHHRETRHLZHED Ni BT Co BHEIT, ZREI 9T % & 95
%Lz, REOHADTFMILADLY, BORHEERL, S BMOBEEBIER LS,
Br-methanol {Z X 5B DFER, Fe BLEIL, S=75 %BEHEALE<L v FTIX, 90%IciEd
20, BAMMBBH—FY VEBIZLY, Fe I3RS IR HERE SN 5,
THERBRIZ L Y MuDS0% L BEENBA, AV UBILIZZ0ME RIS RIC LT, 2%D
HDRET D, AV URERHZIZONT, pHIL 220 $TETFL, BELRETEE S 25%T
i EREEIEBD TR, FrEOpH 3.00iZ LR EHDDIZNaOHDB MBS B EE 2, D7
. $>5.0%TH.  Fer/Mnr (o3t LT +4y 2 m(LrsfI & h, L2 MeDBEHEMFIT B L 88
TED®). Fig. 3 2B L 24k MeDBIED EFIZ2<, FelMn AZEA T BLE £ &
T3,
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Sulphur content ( % )

Solid line : Extraction with
sulfuric acid

Broken line : Extraction with
Br-methanol

Reduction pellet : 950°C x 2h 3

H,80 : 0.016 mol/dm
Aarntion : 2h°

Leaching and oxi-: 55°C

dation temp. .

Aeration : 1,000m1l/min Air

Oxidation by 0y : 1.82 ml/min

Fig. 3 Influence of sulfur on extra-
ction of metals

SHEMED LR I2oh , CuSERDI®H, TD
BHBIIFRL TN,

S BMEEEZ TETLEARV Y bOXKREFE
% Fig. 4 TR,

$=0.0 % COEEELMIX, josephinite, metallic iron
tetrataenite, forsterite ferroan , clinoenstatite, quartz
2oR2d,

S=1.0% TOXBEHMIX, S=00%DBRE LEIL
720 2% FeS B U NiS @ peak 23 HHH,
— 75 josephinite DEIFTHMBEIXHAT 5,

$=2.5% & 725 & josephinite & metallic iron D EIHT
BREENE L < BT B3, FeS, NiS OEIYPHMEILH
{723, L L forsterite ferroan, clinoenstatite X T}
quartz DEIFTHEERE 52U

$=7.5% TIX, joephinite D3{H¥ L, metallic iron®
EFRENRYT D, &HIZ, NiS& FeS OEIHFTHMAE
BRKT D, SEDORRER, MR
i forsterite ferroan M#EMILL Ni & Fe MDRMK
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Fig. 4 X ray diffraction chart on
reduced pellets
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WGERET DRR, Fe 25 forsterite PUITHLMK L TT< & 36IC Ni(Co)SREICHTH L T, BRI H
PEBKEEREMBTIbOLEILND, HEIMBOHKIZON, goethite DIBIT & NiS,
CoS, FeS DFERILPREEND, ZHHDNIS, CoS, FeS B LIz, RBIRAR
MERIGLUTHS 2RBELRZBLERT S, 2hoDZ &b 5~T7.5%S HMIE Ni BT Co &
BHFMELZE LCKETDIZ LMD, 75% S, SHERMOBRZHL, Ni R CoBH
BiX, ThEH, 13% R 7% @< 25,
4—-3 BHERUB{LEEOKE

B —BRILIEEE #40~57C KELEERNS, Bl
vhEFHFRBRTRUELERE Fig. 5 1574, Ni RUCo
BHE, BH—-BCBRED FRICHEVERNIC LRT 3,
—7% Fe* 1240 CTH BRI HBRESh D, &b,
Mn*1240~57TCRITE(Le< 8% H' M LR =& 3,
Ni, Co @M% 05 %L LEMMHFL, &Iz, Mgk %
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-
o
(=]

Xa
|
1

Extraction of metals ( % )
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o
i

EThHDH LB, o, L
4—4 ZVUBRMLBRIZIST 5NaOHIc X ApHE#HD 40 . fm . :i . "ffpm; e
bl A

Wi 75 % THRM%, HEEE, FIERMTETLE Final pH : 3.0 -3.05 ", "orP: 1,050 mv

pellet #, 55 CTERIRK2MFME, +V/ > %R EAHORPE Fig. 5 Influence of oxidation

‘1,0SOmVIZR H72 535 280 ML E B = 2 o7, leaching temperature on
Y RERBME, pHAS 23 ~24 IZIEFLABEET , extraction of metals

mA pH DS 3.00~3.50 7Bk, o4 U RR{LREM

280 571272 B8k IZNaOH CpHE AL 7=, = —"

RBFEREFR 6 1077, Ni RUConBHRIL, £he I |
09T %E 93% FHMER, FellTACRLAMMRES § ol
T3, MITRERIT 98 %ASE{LATHERE S h 5, R
Mgid B#& pH=3.00 T, 50 %M &N TH25 pH=3.50 ? e o\
TH3S BIET LT, ZRMITIDHITE 52 L0413, 5 =
CuBH®EYH pH 3.00 D 55 %A 5, pH 3.50 D 25 %~ETF f:" N o
T35, LAL, InTREMIC10% LrBHEI AR, Jﬁééf?#r——;ﬁ
L7edoT, JMPHIZ35012F 5 L43, Mgiii%s Se5% . 950° x 2n reguctien
IHIT BB SLBE LT LA B, ity e o
4—5 ﬂiﬁﬁﬁﬂ)&i&&i'*m&&‘fﬁ' Oxidation leaching temperature : $5°C
PTERDS | bentonite & UGB % M L 7< green pellet  Fig. 6 Influence of final pH regulated
¥, 120 2ICH->T 900~975CTRITLIHK, kDb with NaOH
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HTIZ L7283y, Br-methanol W TERMT 5 LRIRICG6 g
EATEOFEIZAID, 55C THEHERBRE BRI+

SRR BT,

FORKBEEFE T \ZRT, RE#RIX Br-methanol I X 100 [
BRET, REIAMBICL SHMRETHS,  Nigmws O
i, MERFA—EL2Y, BREED EFICONBRT - ok
B, CoBHBICHLTHIESRES ) bETHMIE 3 w0 o~
s, BITRE O LRI OhTRKRT 5, iy ‘\g\§

Fe BTN LR T BIcSNT, BRSE 9L § o
BEDERNE 25, 950 CTHE8S %OBEHRE R | » O B
3, LA EDOBITIRE TIX, forsterite-ferroan DA DS - l: - — =
42 B TRUEBRCEEC R B DETT S, &bK, " etuction tompecaturs (% )
HEMBCTEHLBESOMg IZBIL TY, forsterite-ferroan ?ééﬁ;:m §?§‘£§‘;;iZ:,E:‘:::‘:“o":"::“m
DER LY, BLEED ERHEVE L BHKIZET §g??g;‘t’f;‘:;iga‘?’?.;;;g:‘éi..;.:ieﬁii‘if ss°
+5. R

Broken line : Extraction with
Br-methanol

Fe IX@VEBTRE 250, HEMBH—2Y RBEICX
D, 900~975CicH » TREIB{biTtibkEch D, Mnp Fig. 7 Effect of reduction tempe-
98 % AAREFIZMn0: & U TREHTHBREE N D Z L3S, ture on extraction of metals

CuBH®iIMg DEehtA—EM L2y, BTBREO LR LHRETT 5, Tttt
BRAAL, HMBCERLEVLICLIbDOLHEREND,
—J% Zn 13900~975C DBITEEEKT 10 RERMEh, BTEEICIIRBEKTHD, hid
FCEMOERNBBAL TS, AHCBRAMBRTRHIh I Z LBRTIEEXLND

Ll DR, Ni/CoRHROKE L MgRHEOWHEHLS, IHBTOBTRENAET LN &

D,

5. # w

@ 7.5 %SEEHMLIBTellet HAMBTRHL, TOHRTY VBEEITRITZLIZLEYS
FEFEN OPATHBLT NiXUCo BHBIEZENEN 13 %RV T %#E< 2D,

® SEFEMOBRE, BTN Ni(Co) X metallic iron & DA RN josephinite R tetrataenite
LLTHFET S,

® Mg forsterite 1XHIRBTBER T forsterite ferroan IZFH#E ST 543, enstatite ferroan X, &
AMEBRD BRI,

@ NiSRUFeSHOEIF#ix1.0%SHEMA 5, F-CoDEH#ix2.5%S WMA» BN 5.

®  josephinite X UX tetratacnite (DEIFIMBEIYLS HWMDEMVEL WP L, 7.5%S &M
TIHBET 25, NiS, CoS Rk FeS DEIFTHMBEILF L SHWKT D o
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NiS, CoS BUfFeS 137 /=7 BHDOBERFRETH 5, BRAMBICE VHSEREL
RRORBIERENS,

@ SEMILeFEk§LDEIT & forsterite ferroan DERE (LA RET 3,

AARBRH—F Y B R CRSOREFEMRIL5.0~7.5%TH 5,

5.0~T.oNSHEMDIBE, & VBILERTO pH ERHEENML L, FerR UM zxtL
TH5 R BALRERI 2 5 X, Fe it 100 %, Mniz08% O RBHZ IR = S h 5,

® Fvo@b@Rc, NaOHEAWTEKRpHES S0ZHEI B LizdD, NiRUConB LK%
PAE T 5L, MERUBEHBFTIILATE, BuicilscEs,

© BTiEE:97s CAEELL, $7-, BHIRER CEALEEL, M&3H MK LT, Ni/Co
BHEE 93 % LUEEZHRE T2, SSTHRBETHD, 2V EMBEEAVT,
Fer & Mn* ZRIFFIZBRET 5 R TiE, MERIEER%E 35 %LU Fict+ 3= LixRETH 5,

@ Fe* R Mn* X ORP +1,050mV, pH3.00 ~ 3.50, 40 ~ 55 CTCHEMICEILITHEEE S h
Do
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