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Abstract By mineral liberation analyzer (MLA) automated
quantitative system, the niobium—tantalum ore in this study
was classified as refractory mineral of low-grade which was
mainly composed of fergusonite, polycrase, ilmenorutile, and
bastnasite. Most of niobium and rare earth metals were dis-
seminated in these minerals (particle sizes of 95 % rare earth
elements <40 pm), which cannot be concentrated through
traditional floatation process and treated by the current
hydrofluoric acid leaching in industry application. It is nec-
essary to develop a new approach to recovery these valuable
metals. In this study, an improved method is proposed to
extract these metals, which includes acid roasting and sulfuric
acid leaching. The influence of mineralogy, acid concentra-
tion, leaching temperature, leaching time, and liquid to solid
ratio was experimentally studied. It is observed that after the
ground ore (—74 pum) was roasted at 350 °C for 2 h with
sulfuric acid (18.4 mol-L™ l) in the ore to acid mass ratioof 1:1,
and then the roasting residue reacted with 25 % sulfuric acid at
90 °C for 2 h, the recovery rate of rare earth elements reaches
>90 %, and the leaching extent of niobium can reach 84 %.

Keywords Niobium-tantalum; Rare earth; Refractory;
Low-grade; Roasting; Sulfuric acid leaching
1 Introduction

Niobium, tantalum, and rare earth elements are important
strategic resources, which are key sectors of the national
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economy in various fields, such as petrochemical, iron
steel, electronic and military industry [1, 2]. The niobium—
tantalum minerals associated with rare earth mainly exist
in the form of multiple oxides, and these minerals are
often treated with many methods to extract the valuable
metals, such as acid leaching, alkaline leaching, and
roasting followed by hydrofluoric acid and electrolytic
leaching [3-5].

All niobium minerals can be decomposed by hydroflu-
oric acid with complete dissolution, and this method is
widely used for the dissolution of niobium—tantalum min-
erals [6-8]. However, concentrated hydrofluoric acid was
easy to volatilize, which caused serious pollution problems
[9]. Also it generated a lot of industrial wastewater con-
taining NH,*, F~ and H,SO,, which was hard to deal with.
All these drawbacks seriously restricted the sustainable
development of niobium and tantalum metallurgical
industry. Therefore, it is necessary to develop a new
approach to recovery these valuable metals.

The niobium—tantalum and rare earth minerals, occur-
ring in the form of multiple oxides, were readily leached
under strong acidic conditions [10, 11]. This paper mainly
focuses on the mineralogy analysis and leaching process by
concentrated sulfuric acid. Specially, it was aimed to
improve the leaching extents of Nb, Y, and Ce and to
provide fundamentals for the treatment of these minerals in
industry application.

2 Experimental

2.1 Materials

The niobium—tantalum minerals in this study were obtained
from Panxi area of China. The ore was ground in a disk
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Table 1 Chemical compositions of ore (Wt%)

Nb205 Ta205 Yzoa; C602 Fe S Ca Mg 5102 A1203 Others
0.0560 0.0038 0.0480 0.1100 8.7600 0.0120 0.0350 0.1700 77.4500 3.7700 Bal.
Table 2 Factors affecting sulfuric acid leaching of ore

Test Nos. Liquid to solid ratio Temperature/°C Time/h Ore to acid ratio

1 1,2,3,4,5 80 2.0 2.0

2 3 60, 70, 80, 90, 100 2.0 2.0

3 3 90 0.5, 1.0, 1.5, 2.0, 2.5 2.0

4 3 90 2.0 4.0, 3.0, 2.0, 1.0, 0.5
Fixed conditions 3 90 2.0 2.0

grinder to —74 pm. The mineralogical composition was
analyzed by mineral liberation analyzer (MLA650) auto-
mated quantitative system, and the chemical analysis of the
typical ore sample is given in Table 1. This ore was clas-
sified as complex minerals of low-grade. The economic
elements are niobium and rare earth metals (Y and Ce), and
tantalum is too rare to recover.

2.2 Methods

Firstly, the raw minerals were roasted in muffle furnace at
350 °C for 2 h in air. And then, the roast residue was
cooled down to room temperature for about 60 min. After
that, the H,SO, solution leaching experiments were carried
out to obtain the maximum leaching efficiency of different
economic metals. The roast residue was leached in 150 ml
glassware flask at a required temperature, and the reaction
flask was agitated using magnetic stirrer. After the leaching
study, the contents of niobium and total rare earth elements
remaining in the residue were determined by X-ray fluo-
rescence (XRF) analysis, and the content of total iron was
measured by atomic absorption spectrophotometer (AAS)

Table 3 Mineralogical compositions of ore

or chemical titration. The roasting conditions were: particle
size of 74 um, roasting temperature of 550 °C, roasting
time of 2 h, and ore to acid ratio of 1:1. The different
conditions of agitation leaching experiments are listed in
Table 2.

3 Results and discussion
3.1 Mineralogical analysis

The MLA analysis of raw minerals is shown in Table 3. It
is found that the ore is mainly composed of fergusonite,
ilmenorutile, polycrase and bastnasite, and gangue miner-
als mainly consist of quartz and orthoclase. In order to
study the characteristic of particle distribution of minerals,
the ore was crushed to —74 pum, and the fractions were
separated to various sizes from —74 to —8 pum. The dis-
tributions of the economic ores in each size intervals are
determined as shown in Table 4 and the scanning electron
microscope (SEM) images of ores are shown in Figs. 1, 2,
3, 4, respectively.

Minerals Content/wt% Minerals Content/wt% Minerals Content/wt%
Fergusonite 0.0600 Titanomagnetite 2.5500 Fluorite 0.0320
Columbite 0.0002 Limonite 1.2400 Calcite 0.0180
Polycrase 0.0350 IImenite-Mn 0.0840 Serpentine 0.0040
Ilmenorutile 0.1500 Quartz 52.2400 Psilomelane 0.3800
Monazite 0.0130 Albite 2.6900 Phenakite 0.0011
Colloidal rare earth 0.0190 Orthoclase 22.3600 Pyrite 0.0150
Bastnasite 0.0748 Muscovite 0.8500 Chalcopyrite 0.0130
Hematite/Magnetite 6.4200 Hornblende 0.0680 Ceruloplasmin 0.0032
Kaolin 2.4200 Arfvedsonite 1.1100 Galena 0.0016
Chlorite 2.1000 Aegirine 1.7100 Others 3.3600
Rare Met. (2015) 34(3):202-206 9 Springer
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It is obvious that the main ores are distributed finely
among the separated fractions. The particle size of about
>50 % magnitude niobium minerals is 10 pm, and that of
95 % rare earth elements is <40 pum. Therefore, the ore is
checked as refractory mineral of low-grade.

3.2 Activation pretreatment by acid-roasting

The niobium is difficult to dissolve with sulfuric acid
[12]. In order to improve the recovery ratio of niobium
and other rare earth metals, the raw ore with particle size
of —74 um was pretreated by roasting with muffle fur-
nace in the condition of sulfuric acid concentration of
10.8 mol-L™", ore to acid ratio of 1:1, roasting tempera-
ture of 350 °C, and roasting time of 2 h. The roast resi-
dues were cooled down to room temperature for about
60 min, followed by complication reaction to Nb,O(SOy4)4
which can be easily hydrolyzed according to the follow-
ing reactions [13].

Nb,Os5 + 4H,S0,4 = NbQO(SO4)4 +4H,0 (1)
Nb20(504)4 = Nby,Os5 +4S0; (2)

Table 4 Particle distribution of main minerals in different sizes

3.3 Leaching experiments
3.3.1 Effect of liquid to solid ratio

The influence of the liquid to solid ratio on extraction of
valuable metals was studied at 80 °C, and the results are
shown in Fig. 5. As seen from Fig. 5, a high liquid to solid
ratio yields a high recovery ratio of metal, mainly caused
by the essence of transfer kinetics. Therefore, the liquid to
solid ratio of 4:1, generating the maximum leaching ratio
of Nb, Y, and Ce, was selected for the next experiments.

3.3.2 Effect of leaching temperature

The effect of leaching temperature was examined in the
temperature range of 60—100 °C under the conditions of
stirring speed of 300 r-min~'and liquid to solid ratio of 4:1.
The results are listed in Fig. 6. It can be seen that the leaching
rates of Nb, Y, and Ce are evaluated with the increase of
leaching temperature. It may be attributed to the fact that
increasing temperature can increase the reaction and diffu-
sion rate between reactants and reaction products [14, 15].
After 90 °C, the leaching rates of Nb, Y, and Ce slightly

Particle size/pm wiwt% Particle distribution/%
Fergusonite Polycrase Ilmenorutile Bastnasite Colloidal rare earth

+74 20.28 2.62 1.10 1.31 10.23 6.80
—74 to +45 25.64 4.14 3.10 8.35 24.49 13.89
—45 to 430 16.30 23.80 5.22 17.90 37.29 17.51
—30 to +10 2.11 3222 23.29 28.10 59.25 18.80
—10to +8 7.85 36.70 39.35 38.90 63.45 23.89
-8 27.82 53.34 51.73 62.70 88.61 46.25
Total 100.00 32.65 17.12 22.69 56.05 32.05

Fig. 1 SEM image of fergusonite irregularly disseminated in quartz
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Poly crasc 8

Fig. 2 SEM image of polycrase fine tabular crystals distributed in
quartz
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increase with the leaching temperature and reach the maxi-
mum values of 81 %, 90 %, and 96 %, respectively.

3.3.3 Effect of leaching time

Figure 7 demonstrates the leaching results under different
reaction time. It can be seen that the leaching rates of Nb,

Bl Orthoclase]

Ilmenorutile

Fig. 3 SEM image of fine ilmenorutile irregularly disseminated in
quartz

-Kaolin

Fig. 4 SEM image of fine bastnasite irregularly disseminated in
Hematite
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Fig. 5 Effect of liquid to solid ratio on leaching rate of Nb, Y and Ce
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Y, and Ce increase with the leaching time during the initial
60 min of the reaction. The leaching rates of Y and Ce
reach the maximum values at 60 min, while the maximum
values of Nb extraction (~84 %) is reached at 2 h. After
that, the leaching rates of Nb, Y, and Ce keep constant with
the further increase of leaching time.

3.3.4 Effect of acid concentration

The relationship between acid content and the leaching
rates of valuable metals are shown in Fig. 8. The leaching
rates of Nb and Y decrease with the decrease of acid
content, while the leaching rate of Ce keeps at high level
with the change of acid content.

On the basis of leaching results, the optimum conditions
of leaching Panxi tantalum-niobium rare earths bearing
minerals are obtained as follows: particle size of ground
ore of —74 pum, ore to acid mass ratio of 1:1, roasting
temperature of 350 °C, roasting time of 2 h; then the roast
residue was cooled down to room temperature followed by
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Fig. 6 Effect of temperature on leaching rate of Nb, Y and Ce
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Fig. 7 Effect of time on leaching rate of Nb, Y and Ce
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Fig. 8 Effect of acid content on leaching rate of Nb, Y and Ce

leaching with the mixture of 10.8 mol-L™" sulfuric acid in
acid content of 25 vol% for 2 h at 90 °C. The leaching
rates of Nb, Y and Ce can reach the maximum values of
84 %, 91 %, and 96 %, respectively.

4 Conclusion

The leaching efficiency of niobium and associated rare
earth elements was investigated by sulfuric acid instead of
hydrofluoric acid. In this study, it is clear that the Panxi
tantalum—niobium and rare earths minerals of low-grade
can be dissolved in sulfuric acid leaching system.

The ore obtained from Panxi mainly consists of fergus-
onite, ilmenorutile, polycrase, and bastnasite. The economic
elements are finely distributed among the separated frac-
tions, and the particle size of more than half of magnitude
niobium minerals is <10 pm, and that of above 95 % rare
earth elements is <40 um. Therefore, the ore is checked as
refractory minerals of low-grade. A new improved method
was proposed for the leaching of the low-grade refractory
niobium—tantalum ores, including pretreatment with acid
roasting and sulfuric acid leaching. This process yields not
only high recoveries of Nb, Y, and Ce, but also low cost
consumption. Also, it can reduce the risks of environmental
problems compared with the current HF process.

The optimum condition for leaching Panxi tantalum—
niobium mineral is obtained as follows: the ore with par-
ticle size of —74 pm was mixed with 10.8 mol-L ™" sulfuric
acid in mass ratio of 1:1, and then it was roasted at 350 °C
for 2 h, followed by leaching with a sulfuric acid solution
of 10.8 mol-L™" in acid concentration of 25 % for 2 h at

@ Springer

90 °C. Under the experimental conditions mentioned
above, over 90 % of Y and Ce are extracted and 84 % of
Nb is leached from the tantalum—niobium ore of low-grade,
respectively.
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