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Reduction roasting-magnetic separation mechanisms of
nickelferous laterite ore in presence of sodium salts

LI Guang-hui, RAO Ming-jun, JIANG Tao, SHI Tang-ming, HUANG Qing-qing

(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The sodium salts are able to enhance the reduction roasting-magnetic separation of the laterite ores
significantly and improve the content and recovery of nickel and iron of magnetic product. The reduced behaviors of
saprolitic laterite in the presence of sodium sulfate or sodium carbonate were investigated by using thermodynamical
calculation, X-ray diffractometry, optical microscopy and environmental scanning electron microscopy. The results show
that sodium salts are able to enhance the reduction and beneficiation of nickel. The sodium carbonate is more effective
than the sodium sulfate to reduce nickel locked in forsterite. However, the sodium sulfate is capable of facilitating the
growth and coalescence of ferronickel particles because sulfur formed during the reduction of sodium sulfate, diminishing
their surface tension, as well as improving the separation of nickel from iron by forming FeS and inhibiting the complete
reduction of iron. Thus, a ferronickel material with high nickel content and high recovery of nickel can be obtained in the
presence of both sodium sulfate and sodium carbonate.
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Table 1 Chemical phase analysis of nickel of laterite sample

Phase Mass fraction/% Distribution rate/%
Adsorption 0.025 1.6
Sulfides 0.064 4.1
Iron oxides 1.075 66.0
Silicates 0.416 28.3
Total 1.580 100.0
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Fig. 1 TG-DSC curves of laterite ore
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composition of iron and nickel oxides reduced by solid carbon

HIPEDHERY, RAEJFOTE L 80,
TEIE B A T AT SEBVER IR PV I, il 2% Ry B
PR ER G 4o ARAE SRR R 1 B 2 AIG TAF
WA, 20 AR R = RO R A AR,

YA RN AIRIR N2 E T, NayCOsy 5 Fe05 X
M4 A NayFe, Oy I8R5~ NaySO, 1 A2 B NayS Fl
S, Na,S it FeO Jx WA= FeS, M Al o 2k4
WIS, H AR BRI s 0k 3 Ji 3 R
PO T T A RIS,

2.1.2  WEECHNERIE SRR e ) 2

X IE SRS R R IR AN . TR IR A S e S RN,
IR AT T oM Rz 00 22 8 ) — ool
ZRk % £h (Na,Mg,Si,0; Fl NayMg,Sis010), A AEH S
HECSCBR[18] T T, R E A& S S ) 24
P 1D 187 P AL B 7 3k v B G b oA PR R A s A i A
EH Hbo

ghfy TG-DSC k(UL yrT4n, 240 i
Flie 80F £ L T A2 UMM A1 (MgoSiOa) R K R
F(MgSiOs ), PRIk, s I B8 AN B I B 1EA T3 B s
e, Na,SO4. Na,CO; 5 MgSiO;. Mg,SiO, A gk
A B = (D~(8) T
Na,SO, +2MgSiO; +CO =

Na,Mg,Si,0, + S0, +CO, (1)

Na,SO, +%MgSiO3 +CO=

%Nalegzng10 + %MgO +80, +CO, (2)

Na,CO; +2Mg,Si0, =
Na,Mg,Si,0, +2MgO + CO, (7

N32CO3 +%Mg28104 -
1 .

¥ L3k S N AE 298~1 600 K 3 BN IIAG® 5 T 1%
EIOILE 3)rT 40, 5 Mg,SiOs AHEL, MgSio; # 55
Na,SOy4 5 Na,CO; K/ERN, MgSiO; 5 Na,S0O, 8
Na,COs SV TFEh [ W JEYIAE 1 100 K LR, fi
Mg,Si0, 5 Na, SO, 5% NayCO; (14 Js W U 5 5 kg T 2
Horb 5 Na, SOy IFF 86 S NI FEAE 1400 K B E

180
150

120

\O
S

AG/(kJ+mol™)
o
=

W
(=}

200 600 800 1000 1200 1400 1600
T/K

B3 AR ()~8)MAG—T K F& M4k
Fig. 3 Plots of AG®—T for reactions (1)—(8)

7F 298~1 600 K [N, Na,CO; Lt Na,SO, H 5
15 MgSiO; 5k Mg,Si0, KL RN 75 1373 K 445,
Na,CO; fit 5 MgSiO; 1k Mg,SiO, & [ W, 1M Na,SO4
HEEH MgSiO; v, TR MgSios il Mg,SiO,
SR IV SR, A AT WA T S0 TR ) aE I .
FH UG T HERT, NapCOs X s 20/ 8k i ff g ) 22
5% T NaySO,



%22 5% 1 e, %

LA B ERIR U R AL 277

2.2 FREEEROTETRIMBETIE

SR X I e AT S BRI TR IR R RN A
2L AR IR S A AL, LSS A B0 4 A
5 F7R o B JRKEFEAPE R REBEIRE 1100 °C, F5bEitia)

60 min.

‘w—u<A~¢%h»kjfﬁ~u}NijT 3hbwk«wumlwﬁﬁétgﬁxxﬁhﬁ¢hu-~_(d)
kmmhﬁmwjﬂﬂkjwmmmmj.©

+ — Fe-Ni
4+ m— FeS
" LJ«JML MW@
A — Mg,SiO,
o — MgSiO;

o — Na,Mg,Si,0,

WW\ MM ]L. A f«aw:ww(a)

10 20 30 40 50 60 70 80
20/(°)

B4 AEBBRYPHE TEE~YI1 XRD %
Fig. 4 XRD patterns of reduced product with various amounts
of sodium sulfate: (a) 0; (b) 10%; (c) 20%; (d) 50%

%

*

%wm%U@AJLJQ

A
wnﬁA 'y JLJ J “\'AA-’AASRAAA,AAA‘ (C)

+ — Fe-Ni

\
t}ﬁA\

*

?

w

MMWJ%

o— NazMg281ZO7

4 h rLAJD J)‘V“JJ % 1UAA Aa e (b)
Mg,SiO,
‘ o — MgSIO3
: 2, h 7* — Na4Mg2813010
S A OJJ@ wa MLV&MJM@)
10 20 30 40 50 60 70 80
20/(°)

5 ANFEIBRIR AT E NS YK XRD 1%
Fig. 5 XRD patterns of reduced product of various amounts
of sodium carbonate: (a) 0; (b) 10%; (c) 20%; (d) 50%

B 4 1 XRD S5 ATH1L AR IR 34 i
VAR (LI 4@) AL, IS INBR RN S, 38 4
H MgSiOs #HYH 2%, T#T4E T FeS Fil Na,Mg,Si, 0, 4
LjHEIRINY, Fe-Ni FTSf 06 i ik WY Whosess, iXad i1
FeS ¥ B3 BBk S A I il <5 s Bk 1 Bt D>«

—H5 R, FeS HERCHF TR B8,
Tgade A v i B BRI I B3 T RS

2 AR TS IR R AR SR RS R Je IR SR
XRD 411 5 s . HE S AL, 3 54 MgSios
VAR O, B DR B SR 0, Mg, SiO, fiT5H i
AW o &5 FTTE T J1, 3K K Mg, SiO,
5 Na,CO3 KT RN, 4 Na,CO; I IAE] 50%
i, EEF#@#@*HEPH:}E&Na4Mgzsi3oloo

2.3 &R T2 AR EA TR AY 4 KEFE

T Jir I R R 2T AR T R R R T K B —
(0 RST s A e ik A P I 5 koA B 5349 B4 3000 2
AT E R RIIRI o A — P8 R AN R B AR R 1 4R
3 JEU s et R B R R K IR e, 0 PR Ak
IR AN A R 3 BRI A A A R R e B 20 3R 07
AREIAT T 9007 SRR R e 45 AF R K il
1100 °C, %5kelt[a] 60 min.
231 BrEio

Bl 6 From A AR BV FH R O SR BRI 1) 2 1l 45
¥o B 6()rT UG H, A IS 20 8 i T
ISR, BRIAIGEHRE, 52 A R SRBUR HE R D,
TG BA IR R A,  HIE R 5 8k
WORLA N, RAEIREEKR, ARIT IR B LIE 77 25
I 10%ER RN E (WL 6(b)), 41450 if IR BR 41 L
B s, BRERURI] B SR AR KK . X H T R A A
I P e R A TR BT BTG T AR < RO P S T
5K T3 R i, AT AR E TR R A 4 UL (¥ 2R AR A
{/(j([lﬂo

EJIN N 10%0% FRANAH L, 50 10% 8% 4k J (UL 1A
6(c)), ISR PR R B H A %, (BRI IR A
FERAR, WATRIEEAN, —MAE 2~5 um Z |1,
T RN L RE T8 BRIVIE A, A& X B R K
KV HIAN ]S o 7EOm RN A AR IR B IS R4 F R (W
Kl 6(d)), BRERRURLIE— DRI, A Rk R )
MFﬁﬁswmuL AT I 3 S AR AV AT B

FRN5 .
232 JLESARE ST

I ER A T IE RBRBI T & - ARAS ik 7
A8 Prm. M 7 W, TCAMERAEHT, Bk B
MXEIEA—B, RUE. PR B 800 & 4.
MAIN 10%BRERENFT 10%B R 5 (LK 8), gy
YR BRI AT HIX A 2, ek
WURLRL AR WO, BB RE. BN KA R
(Na,Mg,Si,07, NayMg,Siz01) 15347 X A 5 B 43 1
WA R T R B R Rbade 53 15, E T ARAS S A R B Bk ™
A AR IR



278 o E A 8 R R 20124E1 A

B 6 AFHERIEMH T JEER A ikt
Fig. 6 Microstructures of reduced pellets with addition of different sodium salts: (a) Without additive; (b) 10% Na,SOy; (c) 10%
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Fig. 7 Microstructure and corresponding
elemental surface scanning images of
reduced laterite pellet without additives
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