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Effects of sodium-salt on Al-Fe separation by
reduction roasting for high-aluminum content limonite

JIANG Tao, LIU Mu-dan, LI Guang-hui, SUN Na, ZENG Jing-hua, QIU Guan-zhou

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

Abstract: The effects of different sodium salts on Al-Fe separation in limonite were studied during reduction roasting
process. The results show that when the ore is reduced directly, the metallization rate of iron in roasted ore is 87.13%, and
the total iron grade and Al,O; content of metallic iron concentrate is 68.07% and 7.94%, respectively, but the iron
recovery rate is only 19.77% when the roasted products are treated by magnetic-separation. The metallization rate of Fe
in the roasted ore is up to 95.69% when reducing with addition of 14% (mass fraction) Na,SO, and 2.5% BS. The total
iron grade of metallic iron product increases to 91.3%, and the Al,O; content decreases to 1.27%, the iron recovery rate
reaches 93.64% when the roasted products are treated by magnetic-separation. The XRD, EDX and microstructure results
indicate that, when limonite is reduced without sodium salts, the iron oxides are reduced to nonmagnetic y-Fe, and most
of the iron granules combine with aluminum and silicon gangues closely, which results in difficulties during magnetic
separation. The sodium salts react with gangues bearing Al,O3 and SiO, and form sodium aluminosilicates, thus, the
structure of the ore is destroyed, and the reduction effect is greatly enhanced. However, the sizes of metallic iron grains
obtained during the reduction with addition of sodium carbonate are relatively small and combined with gangue tightly.
When reduced with sodium sulplate, the metallic iron grains grow and can be easily liberated from gangue. Therefore,
Al-Fe separation is more effective after adding sodium sulphate.
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Table 1 Main composition of raw ore (mass fraction, %)

Fer ALO; SiO, MgO Na,O P S LOI

4892 8.16 424 0.68 0.015 0.048 0.11 11.33

LOI is loss on ignition.
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Table 2 Effects of sodium salts on Al-Fe separation during reduction roasting-magnetic separation

Mass fraction of o
. Metallization
sodium salt/%

Mass fraction of

magnetic material/%

Mass fraction of

non-magnetic material/%

of iron /% )

Na,SO; Na,CO; BS Yield Fer! Al,O; Iron recovery Fe;V Al,O4 Al,O3 recovery
0 0 0 87.13 2046  68.07 7.94 19.77 71.06 10.63 83.88
20 0 0 96.14 59.30  87.95 1.87 89.21 15.49 22.58 89.23
0 20 0 98.05 7192  82.05 3.62 91.79 18.80 27.30 74.65
0 14 2.5 97.63 6529  86.55 3.61 88.78 20.57 20.46 75.08
14 0 2.5 95.69 63.74  91.30 1.27 93.64 12.76 22.40 91.05
1) Total content.
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Fig.1 XRD patterns of reduced products adding of different sodium salts: (a) Raw ore; (b) No additive; (c) Na,SOy; (d) Na,COs; (e)

Nast4+ BS, (f) N32CO3+ BS

RN BS ILFEN, BRER AT 06 W] 4%
RSN BS I SR be AT e 2208 o [, XFLG T 1(d)
AL FHL, KRS BS JEFEERHT, p-Fe B4 584
¥ N a-Fe, T FOIIATHIE B R Es, nl WA
W IR E RS> T o 20X L 1(c)s (d)- (e) AN
(O LA, S INGR R AN IE SRR e P 4 Hh B e IR 0 117
TS U LB RRAMAE R (1 25

DL 25, AN ERhIE JSURE Be T, iR e
BRAT HP (38 0 A A B I SRS TC R 1) p-Fes ML
T REERIG M G, Si0,. ALO; Lk
KA AL AR, IR TR A A, IR
IR AR R G . LR, BRER BN I VEH
LU el AR FH 2258

22 AEMERMFEAT € BRI F 1T

G H RN SR BT ke oy Bk B 4%
P, DR AR R > B R R R T 52 kIA JsURE S5 (B 4 s A <)
(RN, 3534 U < R BRAURE IR R /N B FGA5 koA ke
I NIRRT DG, AT s iRl Bk 7e ik s, I
Ak < R Bk e AR BT A BR > LR (1) i BEORESE, A fE
DA B MR > B OR

N T BB AN RN ERAS IR R B ik
ISy U e i ol R VT AN L T R RN TR
IR R A S BR H BEAT T RS 704, 45 A
Bl 2 B o 3 SR ER AT (KRS e 45 A1 i bedid 2 1050 °C,
RN ] 60 min, BAERIIESE 2 2. &3 Pl
PRk by ote NEIL I RTA T iR AVS AL R INE T YA



1230 T EA G R AR

2010 6

EDX .

EHIE 2(a)rT 1, AN I BRI SR R o6 AR R
I, BRI PSS A E S ek bR D, Kk
TOORE S A o R LT F i L BE RE S (EDX) 20 it ]
A, seE R SR (AT RS A BRILEL 3(b)),
A L ERRRL(B) TR & A 8k #8. k3 Flocs (W
Kl 3(c)), RUEJRERe S R 50 g6 %
%, PR TEREZE, DURERER A B 2E .

HHE 20) T, UES IR R ENIA S5k be, I Bk
VAT PN 508 2K i o (11 € 000 ) 5 A A P (O €81 HE B
B, 45 )EEkA XRD 559, Moy £
SEEIERRN . LI, BURBRARLAA IR Rk,
AR KA TSy, R Bk iRk FERLAm, — i
) 5~10 pmo SXELLFHLMERE T VS DGR R AN I I Bk
OY B RUAIRAT: 1T 4 e B Bk S AR [ AR
AT BRI B R (LR 1)

2 AR ERAE TR 34 S ek A S
1

Fig.2 Microstructures of reduced pellets
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Fig.3  Microstructure of reduced pellets
without sodium salt and EDX spectra of
particles 4 and B: (a) Backscattered electron
image; (b) EDX spectrum of particle 4; (c)
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Fig.4 Microstructure and EDX spectrum of metallic iron particles of reduced pellet with addition of sodium carbonate: (a)

Backscattered electron image; (b) EDX spectrum
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