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Novel process and mechanisms of aluminum-iron separation of
high-aluminum limonite ore

LI Guang-hui, ZHOU Tai-hua, LIU Mu-dan, JIANG Tao, FAN Xiao-hui

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

Abstract: A novel process of removal aluminum from the high aluminum limonite ore by sodium-salt-added
roasting-leaching was developed based on the investigation on properties of mineralogy. And the mechanism of
aluminum-iron separation was studied by XRD and SEM. The results show that aluminum minerals are mainly dispersed
among the iron ore as a manner of superfine grains or scattered into the iron minerals in isomorphism, thus magnetic
separation, floatation and magnetized roasting are unable to remove aluminum from the ore effectively. Aluminum can be
removed from the ore by sodium-salt-added roasting followed leaching processing, and the iron concentrate with the iron
grade of 63.21% and Al,O; content of 2.13% can be obtained under the conditions of roasting temperature of 1 000 C,
roasting time of 15 min and mass fraction of Na,COj; of 14.0%. Aluminum in the ore is transformed to sodium aluminate,
sodium aluminosilicate and a-Al,03;, among which sodium aluminate and sodium aluminosilicate can be leached by
water and acid solution in turn, while a-Al,O5 remains in iron concentrate as a manner of superfine grains.
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Table 1 Main composition of raw ore (mass fraction, %)

TFe A1203 SIOZ MgO NaZO P S LOI

48.920 8.160 4.240 0.680 0.015 0.048 0.110 11.330

LOLl is loss of ignition.
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Fig.1 XRD pattern of raw ore
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Table 2 Chemical phases and distributions of aluminum in

raw ore
Phase w(ALO3)/%
Gibbsite 2.80
Diaspore 1.70
Iron minerals 3.30
Silicates 0.36
Total 8.16
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Fig.2 SEM images of raw ore: (a) Electronic image of
backscattering; (b) Line-by-line scanning image of iron; (c)

Line-by-line scanning image of aluminum
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Fig.3 X-ray energy spectrum of alumina hydroxides
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Fig.4 X-ray energy spectrum of Al-bearing iron ores
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Fig.5 Effects of roasting temperature on TFe and Al,O;

contents of iron concentrate
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Fig.8 T—AG curves of reaction equations
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Table 3 Main chemical compositions of samples obtained

during separation of aluminium and iron (mass fraction, %)

Sample TFe AlLO; SiO, Na,O LOI

Roasted ore 5045  8.35 4.24 6.35 226
Aqueous-leached ore 5429 6.87 443 381 0.86

Iron concentrate 62.72 3.62 0.63 0.24 1.19

G55 LN 9 WIE, KRR TR AR TR AT S e b
SR, WEERATIOATIR RS T, IR T AR R A AT
S, AT, KA RTINS R T, X
UL ISR oAb R RE e fa BT R K B AR Ry AR
o R IN AR AR R, KA AR
Na,CO; & N AE AR RN o[RS, FRE A 2 Hr (I
Kl 8)r 4, IR EE N 1000 ‘CHY, ALO;. SiO, Al Fe,04
BT Na,COsy ARG | N AR AR N A 8k, (2
AlLO3+ SiO; Fll Fe,Os [RIBAFERS, Na,COs LS
ALO; Fl Si0, R M, R, 4 NayCO; 2k 9% 1A
B, HEEE5 ALO; I SiO, & MW/ i . 5
B . ARPR AR RN nT v T KR e, KR A
ALO; & 8.35%4 4 6.87%, Jykikeid Fi rh AR in
M)A A T AR

HH P 10 1T 401, ZKSEAT AR AR Ak IR 14 T S5 Ve 1 AR A7
16, RGN HT SRR (AT SR 0 T, X i B
TEAKRISRES, ARV ARt NI, iR R

= — Hematite
+ — Magnetite
. o — Sodium alumosilicate

20 30 40 50 60 70 80
20/(°)
9 REBENTIN X S L AT AT I
Fig.9 XRD pattern of roasted ore
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Fig.10 XRD pattern of alkali-leached ore
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Fig.12 SEM images of iron concentrate: (a) Electronic image

of backscattering; (b) Line-by-line scanning image of aluminum
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Fig.11 XRD pattern of iron concentrate
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Table 4 Phase transformation of aluminum and iron during separating aluminum and iron

Phase Raw ore Roasted ore Aqueous-leached ore Iron concentrate
Gibbsite . .
) Sodium aluminate . R
Diaspore . L Sodium aluminosilicate
Al .. Sodium aluminosilicate 0-AlL, O3
Isomorphism in iron ore a-Al,O5
. J (X-A1203
Aluminosilicate
Hematite . . .
. Hematite Hematite Hematite
Fe Goethite . . .
Magnetite Magnetite Magnetite

Magnetite
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