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Innovative process for preparing ferronickel materials from
laterite ore by reduction roasting-magnetic separation

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

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

Abstract: An innovative process for preparing ferronickel materials from laterite ore by reduction roasting-magnetic
separation in the presence of additives was proposed, and the effect of additives on reducing roasting-magnetic separation
of laterite ore and the technical parameters of roasting and magnetic separation were investigated. The results show that
the sodium salt additives are not only able to dramatically decrease the reducing temperature, but also increase the grades
and recoveries of nickel and iron in ferronickel. The grades of nickel and iron are improved from 2.0% and 57.2% to
7.5% and 80.5%, respectively, and also the recoveries of nickel and iron are improved from 19.1% and 33.6% to 82.7%
and 62.8%, respectively, as the addition of additives is under the conditions of reduction temperature 1 100 ‘C, reduction
time 60 min, magnetic field intensity of 0.1 T. The ferronickel materials obtained can be used for the stainless steel
production as the XRD results show that the magnetic product is mainly comprised of ferronickel in the presence of
additives, while still contains a portion of forsterite and enstatite in the absence of additives.

Key words: laterite; additives; reduction roasting; ferronickel; stainless steel

Bt R A SRR EIUR T B A SRR AR 2 b B A AN A AR
H)ZIN o RN R TAENA S, AEWH AR 70%, AT T SRR BB 72% K 40 1
BT R ERELH TSR 65%. 2009 4, REAEEH B AP BB DR ANBAN I JsURE, AT AZES R
TN B i 822 J7 t, ANEEANHRHLAN ™ 5IL 2] 880 /1 t, BRIl < BLTAE, TLA ] AR R R

E&mE: FERAHE SRS H(50725416)
WimBHA: 2011-11-24; {&iTHER: 2011-03-11
BIEEE: 2 W, B3, Wt fif: 0731-88877656; E-mail: Jiangtao@csu.edu.cn



3138 A G A R

2011 412 H

2 KM B2 FAR AN I A A, DR BB AN Tl AT 5
SR JRINAT g Rz 1,

[EIE2 =8 7 EA N WUV TMS I S U UR /AN % pvia YRS N EN
FEH T IRBABMWN R G T2, AR, &
FEARIIAL S % L2 EAE ARG )
(Oyama smelter)3k 13 TV, H T ZHEARIABEE
5E, HEW TFFEAE 1350~1 400 C 41 N RS
RICIR )BT IR R B8, ar R R A R . R
SPIERIAE—E R ESEIUAR, BREAE, Hih TR B
G EICRALL A TP AR R A%, BRI, AR
R R R R A ORI AN AR .
Ab PR Ve T 0TI, SR AU B A U
BRI AT, SUE A T I0h AR AR BRI, PRI,
S o SR L Ak AR R R 2 AR B B P
XA [P 2 R AR 5 A il A P T A R 2 0 i
(A Rl R A S Ao

WY, WCnaE B s I e] DAk 20 4
RIE JR 3 e o il A I S A FIREA T Sk B BT
B, AE R R AL S A A A R, SR
PO IR R, Tl Wk TS SRR . (HE,
HH T S A el S R R A B 72 HCL T Cl, 5§
HEE AFHUE, R HR s, Bk, R
IR 2 5742 = L 1 W T DIN 2 (395 I QU va ]
RIMgK Sy, NI BERER SRR AR . KK, X R4k
(PIREIE 7 B AT R AHAE, S FEERERA S W Fff 5 it
JSLRE TR AR A B P S AR

BRITIT,  TFARIE R S s AR s i Jsd, 72
M JR A e~ 10635 A BRAT 4540 ) 2 R R () Bt 9 T A
o ARSCAEF T LW GO RIS IFaDes 21 H AR ik
JR T ORI R, TER S INAE R 240 8™
I T R Jo — Tl 3k T EUER Ak 5 < JSORHIR B 2 S G
FR,

1 X8

1.1 FER
L1125

TG FT HI BRI N0 A To 7K B R B (Na, COs) - TEK
TRIREM(Na,SOy), 314 B 2liik 5l
1.1.2  Z+88

P AR HEDRE JE vh, H 324k 22 i
I3 F1 XRD iE2rmltnge 1 fE 1 fis. g 1 FE 1
LA, AL RESRER S, BT A RN
ML (MgsSip(OH),05) BRAINIAT (Mg,Si04) £k

W (FeOOH). WiARERN" (p-Fe,05) LA K AT HE(Si0,), JE JE
T LT 450,
1.1.3  JEH

TR T LA JEF R M, JE T /B an sk 2 gl
FErp [ ek & i 48.47%, R G E 43.08%, KOy
T 8.45%, RIS HTIERE 2 RIE /DT 5 mm.

R LB B RS
Table 1 Main chemical composition of laterite sample (mass

fraction, %)

TFe Ni MgO SiO, ALO; CaO S P LOIY

22.06 1.58 19.53 356 253 0.28 0.05 0.004 16.1

1) LOL: loss on ignition.

* — Lizardite

= — Goethite
h *— Quartz
+— Maghemite
4 — Forsterite
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Fig.1 XRD pattern of laterite sample
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Table 2 Industrial analysis results of reducing coal

Mass fraction/%
Mg A
1.2 845 43.08 4847 1260 1280 1290 1290

Ash fusion behavior/'C

Var! FCu" DTV STV HTY FIV

1) M,q: Moisture; Ay: Ash; Vg, Volatile; FC,y: Fixed carbon;
DT: Deformation temperature; ST: Softening (sphere)
temperature; HT: Hemisphere temperature; FT: Flow (fluid)

temperature.
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Fig.2 Experimental flowsheet of reduction roasting-magnetic

separation of laterite ore
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Table 3 Effects of additives on reduction roasting-magnetic separation of laterite ore (mass fraction, %)

Additive Ferronickel product
Na,SOy4 Na,CO3 Yield Ni grade Fe grade Ni recovery Fe recovery
0 0 16.7 2.0 57.2 19.1 33.6
10 0 16.0 5.7 75.4 55.1 47.2
0 10 26.1 4.4 65.4 71.5 66.1
20 0 15.2 7.3 73.4 72.5 45.4
0 20 333 4.8 72.6 95.2 82.4
20 7.5 19.5 6.9 77.1 80.0 58.8
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Fig.5 Effects of reducing time on reduction roasting-magnetic

separation of laterite ore with additives
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additives under condition of reducing temperature 1 100 C and
reducing time 60 min
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Table 4 Main chemical composition of reduced product,

non-magnetic product and ferronickel

Mass fraction/%

Additive Material

TFe Ni MgO SiO,

Reduced product 194 14 164 297

With Non-magnetic product 82 0.2 192 345

Ferronickel 802 75 1.2 3.6

Reduced product 263 1.9 213 394
Without Non-magnetic product 21.1 1.9 23.1 425

Ferronickel 572 20 107 21.0




3142

A G A R

2011 412 H

20%; BKEREN: 7.5%; AHBhASINA: 3%)EM T T
1 100 CYREE FiEJR 60 min, 544 EE .
AT R PR B R 4, TR R VT 5 S E R A
MR EOLE 9(a)). B EIFAE- T, Mk
7= it AT BN AT B KR A S A R A A
(WLE 9(b)), KWIRLIE Y BSRRAME . 253K 3 41
bR, WINFWERTS, WErE= SR Bk
oy G, B AR THENESE, K
Fe Mg S04 3.65. Ni s 4R LLIA R 4.75, B& &

ToasINFEH T 1 Fe ‘& 4L 2.59. Ni L 1.27.

3458

p=}

1) ASINFRGR BREA Bk R B 5 mT o35 B 4 A
(R B R e —T e AR, BRAT = AR A R AR R 48 DR
Blo FEIBJFIRE K 1100 CHIE SN 1] 2 60 min (4%
RN, 3N 20%RIRAN . 7.5%BRERENF 3% Bh N N
FJ s AR SR R I P A B it PR
RN 23 0 N TEA IS AT T 1) 2.0% 57.2% & i 3]
7.5%- 80.5%; [FIfF, Bt BRIDSCRAA S B 19.1%.
33.6% HEINE] 82.7% 62.8%.

2) LU RS IR R 208 S A AR Tk
JIT A5 00 B 1 7 40 T AT A 30 23 R RO A Bt KO A A7
16, TS IFRHAAE T, 85U R Bk & il i il
AT 55 SRR BKAT o045 21 S A AT ) 4 8

REFERENCES

[1] KIM J, DODBIBA G, TANNO H, OKAYA K, MATSUO 8§,

FUJITA T. Calcination of low-grade laterite for concentration of

Ni by magnetic separation[J]. Minerals Engineering, 2010, 23(4):

282-288.

21 % . PFEABMTIRIUIR SRR K] 1Rt
L8, 2006(5): 35-38.
ZENG Yu. Present situation, development trend and

countermeasure in the stainless steel market of China[J].
Metallurgical Economics and Management, 2006(5): 35—38.

B1 PR AN 2. 2009 SF AR FAEM AL 1
L RO 2R oL 4e vk & 3L iR H [EB/OL]. 2010,
http://www.cssc.org.cn/news_show_content.php?news_id=3337.
Stainless steel council of China special steel enterprises
association. China stainless steel production, import and export,
apparent consumption statistics and analysis in 2009[EB/OL].
2010, http://www.cssc.org.cn/news_show_content.php?news_id=
3337.

[4] WARNER A E M, DIAZ C M, DALVI A D, MACKEY P J,

TARASOV A V. JOM world nonferrous smelter survey, Part I1I:

(5]

[11]

[12]

[13]

[14]

[15]

[16]

Nickel: Laterite[J]. JOM, 2006, 58(4): 11-20.

XA, BER, KA, B A BT PRI A 5
FE IR T 2], B FE T2, 2005, 6: 626—630.

LIU Yan, ZHAI Yu-chun, ZHANG Ji-gian, YUAN Lei.
Reduction technology of preparation of ferronickel powder from
nickel concentrate[J]. The Chinese Journal of Process
Engineering, 2005, 6: 626—630.

SRACY, R, AREER, YRR 4R BRSO RS
ELENHTI]. BG4, 2007, 38(6): 18-21.

ZHANG You-ping, ZHOU Yu-sheng, LI Zhao-yi, LI Wei-guo.
Characteristics of laterite resource and analysis on its
pyrometallurgy process[J]. Ferro-Alloys, 2007, 38(6): 18—21.
WATANABE T, ONO S, ARAI H, MATSUMORI T. Direct
reduction of garnierite ore for production of ferro-nickel with a
rotary kiln at Nippon Yakin Kogyo Co., Ltd., Oheyama Works[J].
International Journal of Mineral Processing, 1987, 19(1/4):
173-187.

ERE, K, Boka, S, B BN ERY
AP R RT]. A 48 4R, 2008, 18(z1): s1-s8.
WANG Cheng-yan, YIN Fei, CHEN Yong-qiang, WANG Zhong,
WANG Jun. Worldwide processing technologies and progress of
nickel laterites[J]. The Chinese Journal of Nonferous Metals,
2008, 18(z1): s1—s8.

CRAMA W J, BAAS A H. Process for the preparation of a
ferronickel ~ concentrate: ~ United 4490174[P].
1984—-12-25.

VALIX M, CHEUNG W H. Study of phase transformation of

States,

laterite ores at high temperature[J]. Minerals Engineering, 2002,
15: 607-612.

VALIX M, CHEUNG W H. Effect of sulfur on the mineral
phases of laterite ores at high temperature reduction[J]. Minerals
Engineering, 2002, 15: 523-530.

KAWAHAR M, TOGUR J M, BERGMAN R A. Reducibility of
laterite ores[J]. Metallurgical Transactions B: Process Metallurgy,
1988, 19(2): 181-186.

TEME, TXAE, BUERE. AL 8 8 Ji - B i At
B H L 200610163831.6[P]. 2006—12-22.

WANG Yun-hua, FAN Xin-xiang, GU Hua-xiang. Methods of
reduction-grinding-separation for different types of laterites:
China, 200610163831.6[P]. 2006—12—-22.

gk, RO BREE U R BT B AT ik R A6 F LT
kTR, 2007, 6: 36-38.

ZHANG Jun, ZHANG Zong-hua. The research of mineral
processing on Fe-Mg garnierite[J]. Mining Engineering, 2007, 6:
36-38.

GRAEME G. Nickel recovery from reject laterite[D]. Montreal,
Canada: McGill University, 2007.

XIAO F, LIU L X, FANG L, YANG R H, FU Y, ZHAO H K.
Measurement and analyses of molten nickel-cobalt alloy surface
tension[J]. Rare Metal Materials and Engineering, 2008, 37(2):
255-258.

(4mig  FTHBLD)



