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Table 1 Content of main elements of two kinds of samples

Mass fraction/%
Element
Ferruginous laterite ore =~ Magnesian laterite ore
Ni 1.30 1.24
TFe 35.02 16.00
MgO 6.94 25.64
SiO, 17.91 33.17
Al 04 5.74 1.99
CaO 0.23 0.34
Cr,04 2.21 1.10
MnO 0.86 0.40
CaO 0.23 0.07

Magnesian sample — Serpentine (Mg;Si,Os(OH),)
" e +—Quartz (Si0,)

= —Geothite (FeO(OH))

a *—Hematite (Fe,0;)

1 PIFlHARE XRD 3%
Fig. 1 XRD patterns of two samples
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Fig. 2 SEM images of two samples: (a), (b) Ferruginous laterite ore; (c), (d) Magnesian laterite ore
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Fig. 3 EDS spectra of two samples: (a) Goethite; (b) Silicate in ferruginous laterite ore; (c) Serpentine; (f) Silicate in magnesian

laterite ore
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Table 2 Composition analysis of coal used in test (dry air

base)

Item Mass fraction/%
Mad 13.00

Aod 11.55

vd 27.15
FCad 47.70

Si. d 0.60
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Fig. 4 Effects of coal consumption on two samples of nickel

recovery and grade: (a) Nickel recovery; (b) Nickel grade
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Fig. 5 Effects of roasting temperature on two samples of
nickel recovery and grade: (a) Nickel recovery; (b) Nickel
grade
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Fig. 6 Effects of roasting time on two samples of nickel recovery and grade: (a) Nickel recovery; (b) Nickel grade
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Fig. 7 Effects of sodium sulfate dosage on two samples of nickel recovery and grade: (a) Nickel recovery; (b) Nickel grade
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Fig. 8 Effects of calcium fluoride dosage on two samples of
nickel recovery and grade: (a) Nickel recovery; (b) Nickel
grade
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position; (b) Analysis result
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Fig. 11 SEM images of two roasted samples only with coal added: (a), (b) Ferruginous laterite ore; (c), (d) Magnesian laterite ore
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Fig. 13 SEM images of two roasted samples before and after adding sodium sulfate: (a) Ferruginous laterite ore roasted without

additive; (b) Ferruginous laterite ore roasted with sodium sulfate; (c) Magnesian laterite ore roasted without additive; (d) Magnesian

laterite ore roasted with sodium sulfate
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Table 3 FeS element content of two samples with sodium

sulfate
Mass fraction/%
Element
Ferruginous laterite ore Magnesian lateitare
Fe 68.12 61.25
S 31.88 36.80
Ni 0 1.95
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Fig. 14 SEM image and EDS spectra of

magnetic separation tailings of magnesia

laterite ore with sodium sulfate: (a) SEM

image of magnetic separation tailings; (b) EDS

spectrum of point 4; (¢) EDS spectrum of
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Fig. 15 SEM images and EDS spectra of roasted ore without or with calcium fluoride: (a) Ferruginous laterite ore roasted with

calcium fluoride; (b) Magnesian laterite ore roasted with calcium fluoride; (c) Enlarge figure of magnesian laterite ore roasted

without additive; (d) Enlarge figure of magnesian laterite ore roasted with calcium fluoride; (e) EDS spectrum diagram on point 4; (f)

EDS spectrum diagram on point B



27 45 3 W

AT, A5 PRVl LW EHE S -k T 2XT H 603

BEA B IO DI, AN I N 45% B e 2]
85% /A, KKFEmy TRRMPIICR . [, Bl
ARG B EA T, AL RRAE AW R, i1
BT B AE SRS R AR IR IS D0 REFE R 1
RO, DAL, FRALES R BT B AR A N 5 o

1) BRLL AR IR S ZERR ) R R DA &
PEANW SR T R A ), R R LA
Sk, ARG IR K & JE ROk, 5y 1 Ja B2 1
TEIDC: BRI BT R B R ) e e 80 AR A
MRERR AL, b B a s, i B R T4 s
TOREAR N, AT I SR REIE [T

2) R S REAE A R T AT AR E AR RN 7
BRI ALAEM 3% TR 8.5% e A7 . A4l 48
W R B IR, TS IR IR AN 2= A2 L 8R4 1.9% (1)
Fe-Ni-S S8 AL WAL el v, AN B AR A B4l 4%
W sl .

3) FALEIE I IR IR Eh S5 K, TR RIS s
T, ke R BRI AL KR, B A R E AL
P LR A ATE Y AR i VS SR L
RERIERCE, AR AL 3% A A B 3 7.5% 2644
BRI DS R RE M 45% 2 A7 2] 85% A AT o {HON 8k it
LA VE ORI s, 3 B Febr AT AR AR b

REFERENCES

[1] BUTT C, CLUZEL D. Nickel laterite ore deposits: weathered
serpentinites[J]. Elements, 2013, 9(2): 123—128.

(2] AT hh, HIRNI EARS. ENEJE PR LA T)]. SR
Jit, 2008, 27(1): 20-26.
HE Can, XIAO Shu-gang, TAN Mu-chang. The nideposits of
laterite type in indonesia[J]. Yun Nan Geology, 2008, 27(1):
20-26.

[B] # 2. (CEE R R U e B A ek KL BT
WEFE[D]. dbat: JEstRHEREE, 2013.
JIANG Man. Mechanism of separating nickel and iron from
nickel laterite ore by selective reduction roasting process[D].
Beijing: University of Science & Technology Beijing, 2013.

[4] RAO M, LI G, JIANG T, LUO J, ZHANG Y B, FAN X H.
Carbothermic reduction of nickeliferous laterite ores for nickel
pig iron production in china: a review[J]. JOM, 2013, 65(11):
1573—-1583.

[S]  Jevyl, PMAE, ¥ 2. a4 LT REE T 2] R

PE R, 2011(2): 43-49.

(6l

(7]

(8]

[9]

[10]

[11]

(12]

JI Ya-na, SUN Ti-chang, JIANG Man. Advance in extraction of
nickel from laterite nickel ore[J]. Conservation and Utilization of
Mineral Resources, 2011(2): 43—49.

B, Tk, T4, JO0E, Aok AR R
KRBT T ELRR]. 481k, 2010(11): 5-9.

LI Yan-jun, YU Han-chen, WANG De-quan, YI Wen-xin, BAI
Yuan-sheng. The current status of laterite nickel ore resources
and its processing technology[J]. Metals Mine, 2010(11): 5-9.

73 - SO T 1 R LT v/ W e e
BB BRI R KR (AR B, 2011, 42(8):
2173-2177.

LIANG Wei, WANG Hui, FU Jian-gang, HE Zhang-xing. High
recovery of ferro-nickel from low grade nickel laterite ore[J].
Journal of Central South University (Science and Technology),
2011, 42(8): 2173-2177.

W8, IMEE, EE, sktboo, x4, ek, ahg
B LR U e i R AT AR AR [T]. BBt RO 2223,
2013, 35(1): 27-34.

JIANG Man, SUN Ti-chang, LIU Zhi-guo, ZHANG Shi-yuan,
LIU Na, CAO Yun-ye. Phase transformation of nickel laterite
ores in the selective reduction roasting process[J]. Journal of
University of Science and Technology Beijing, 2013, 35(1):
27-34.

WOASR, IMEE, BESr, TR, BT, 4B HRIE
J K e h e [N ER AR 0], B SRR % 274, 2010, 32(6):
708-712.

CAO Zhi-cheng, SUN Ti-chang, YANG Hui-fen, WANG
Jing-jing, WU Xiao-dan. Recovery of iron and nickel from
nickel laterite ore by direct reduction roasting and magnetic
separation[J]. Journal of University of Science and Technology
Beijing, 2010, 32(6): 708—712.

IMEE, KGR, ¥ 2. R AL P AR P L
R SZMALBELT]. JEBIRHECR 22441, 2011, 33(10): 1197-1203.
SUN Ti-chang, JI Ya-na, JIANG Man. Influence mechanism of
different types of coal on selective nickle reduction in nickel
laterite reduction roasting[J]. Journal of University of Science
and Technology Beijing, 2011, 33(10): 1197-1203.

IMEE, ¥ 2, WG, gk, sk, OB, Rk
IR IMFAS RAR F RAL AR  FEMR JR IR S (7] P Rk
KR, 2013, 42(5): 838—844.

SUN Ti-chang, JIANG Man, LIU Zhi-guo, LIU Na, ZHANG
Shi-yuan, KOU Jue, XU Cheng-yan. Research on the effect of
additive on selective reduction of the laterite ores with low
nickel and high iron content[J]. Journal of China University of
Mining & Technology, 2013, 42(5): 838—844.

YOSHINORI S, SHIGEMI N, SETSUO S, IICHI N. Activity
measurements in the oxide solid solutions of NiO-MgO and
NiO-MgO-SiO, systems in the temperature range between 1073
and 1273 K[J]. International Journal of Mineral Processing, 1987,
19(s1/4): 237-251.



604

P 4R 2R 201743 A

[13]

[15]

[16]

[17]

BUNJAKU A, KEKKONEN M, PIETILA K, TASKINEN P. nickel laterite ore during reduction roasting process[J].
Effect of mineralogy and reducing agent on reduction of International Journal of Mineral Processing, 2013, 123(9):
saprolitic nickel ores[J]. Mineral Processing and Extractive 32-38.

Metallurgy, 2012, 121(3): 156-165. [18] LUJ, LIU S, SHANGGUAN J, DU W G, PAN F, YANG S. The
BUNJAKU A, KEKKONEN M, TASKINEN P. Effect of effect of sodium sulphate on the hydrogen reduction process of
mineralogy on reducibility of calcined nickel saprolite ore by nickel laterite ore[J]. Minerals Engineering, 2013, 49(8):
hydrogen[J]. Mineral Processing and Extractive Metallurgy, 154-164.

2012, 121(1): 16-22. [19] ZE06ME, BREAZE, 2 ¥, SR, SHISNS. 40 8 ah dhid
KAWAHARA M, TOGURI ] M, BERGMAN R A. Reducibility JR R e - 3k M BLEE D). R G 8 R, 2012, 22(1):
of laterite ores[J]. Metallurgical Transactions B, 1988, 19(2): 274-280.

181-186. LI Guang-hui, RAO Ming-jun, JIANG Tao, SHI Tang-ming,
LI G, SHI T, RAO M, JIANG T, ZHANG Y B. Beneficiation of HUANG Qing-qing. Reduction rosting-magnetic separation
nickeliferous laterite by reduction roasting in the presence of mechanisms of nickelferous laterite ore in presence of sodium
sodium sulfate[J]. Minerals Engineering, 2012, 32(3): 19-26. salts[J]. The Chinese Journal of Nonferrous Metals, 2012, 22(1):
JIANG M, SUN T, LIU Z, KOU J, LIU N, ZHANG S Y. 274-280.

Mechanism of sodium sulfate in promoting selective reduction of

Comparison of direct reduction-magnetic separation process on
ferruginous and magnesian laterite ore

LIU Zhi-guo, SUN Ti-chang, WANG Xiao-ping

(School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: A contrast study was carried out on the direct reduction-magnetic separation process between ferruginous
laterite ore and magnesian laterite ore. The result shows that nickel in ferruginous laterite ore is easier to be reduced and
recovered without adding additives. The nickel recovery rate can reach 90%, but nickel grade is low. The nickel in
magnesian laterite ore is harder to be reduced and recovered without adding additives. Both nickel grade and recovery
rate are not ideal. The nickel recovery rate just can reach 45%. Sodium sulfate can be used as an ideal additive for
ferruginous laterite ore sample, while which is not suitable for magnesian laterite ore. The effect of calcium fluoride on
magnesian laterite ore is remarkable, but it is not obvious for ferruginous laterite ore. It is found that nickel existing state,
the iron content as well as the metal particle size obtained by reduction are the main reasons for above differences
between the two kinds of ores.
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