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Abstract—Cataclastic rocks of Abu Rusheid area, Southeastern Desert of Egypt, were physically upgraded to 
obtain with producing a concentrate assaying 29.4% ZrO2, 1.55% Nb2O5, 3.13% RE2O3, 0.9% U3O8, and 0.66% 
ThO2. The corresponding minerals of these elements in the sample studied include zircon, columbite, samarskite, 
and uranothorite. Cassiterite is considered as an accessory mineral. The novelty of the suggested procedure is based 
on selective separation of niobium fi rst from the aqueous liquor of the hydrous oxide cake obtained after alkali 
breakdown of the concentrate, leaving U, Th, Zr, and REEs in the residue. About 97% of niobium was selectively 
dissolved under the optimum conditions: weight ratio of concentrate sample to NaOH/KOH mixture 1 : 1.5, fusion 
time 2 h, and fusion temperature 500°C. This was followed by the recovery of Th, Zr, U, and REEs from the resi-
due. The residue was treated with hydrochloric acid to achieve 98% leaching effi  ciency. From the two adequately 
obtained leach liquors, signifi cant products have been prepared. 
Keywords: fusion, uranium, niobium, sodium sulfi de, rare earths, thorium, zirconium
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INTRODUCTION

The Abu Rusheid area situated in the South 
Eastern Desert of Egypt is a distinctive occurrence of 
economically important rare-metal mineralization. The 
area is reached through a Marsa Alam–Baranes asphaltic 
road (160 km long) by a desert track 55 km long 
beginning from the asphaltic road (at km 52 from Marsa 
Alam) leading to W. El Gemal and W. Abu Rusheid 
[1]. Several mineral deposits have been found in this 
area, which can be grouped into two groups as follows: 
(1) ore mineral group including pyrite, brochanite, 
pyrolusite, Mn-franklinite, cassiterite, kasolite, thorite, 
thorianite, columbite-tantalite, and zircon, and (2) 
associated gangue mineral group containing fl uorite, 
mica, garnet, amazonite, tourmaline, goethite, hematite, 
magnetite, jarosite, and thuringite [2, 3].

Thorium has immense potential for nuclear energy, 
because 232Th can be convertible to human-made fi ssile 

isotope 233U by absorbing slow neutrons [4]. Besides 
using Th as a nuclear energy resource, it has extensive 
use in various areas, including aeronautics, aerospace, 
optics, radio, metallurgy, chemical and nuclear 
industries, materials science [5, 6], and nuclear medicine. 
Thorium is found in several minerals, including 
thorianite (up to 90% ThO2), monazite (1–15% ThO2), 
and thorite (up to 80% ThO2). These minerals are less 
abundant compared to uranium, because thorium does 
not form secondary minerals. They occur principally in 
granites and pegmatites [7]. The leaching or dissolution 
of thorium is carried out through conventional or 
nonconventional techniques depending on the type of 
thorium minerals, ore grade, economy of the process, 
and environmental impact. Many techniques have been 
used for Th separation, including solvent extraction [8], 
precipitation [9], adsorption [10], membrane treatment 
[11], electrodeposition [12], and molecular imprinting 
[13].
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Uranium has diff erent applications including nuclear 
power plants, manufacture of nuclear weapons, electron 
microscopy, and glass and pottery glaze. It is present 
in ppm levels in the Earth’s crust, rocks, and soils; its 
content ranges from thousands of ppm to a few percents 
in minerals/rocks used in the mining industry [14–16]. 
In recent years, treatment of low-grade and complex 
refractory ore, of old abandoned deposits and other 
secondary resources related to mining activities in the 
past, and of the mine environments attracted increasing 
attention [17, 18]. Many leaching procedures have been 
developed [19, 20] to assess the related risks. 

Zirconium and its compounds received increasing 
attention in recent years due to new fi elds of 
application. Most of zirconium is used as compounds 
for the ceramic industry, refractories, glazes, enamels, 
foundry mold, abrasive grits, and electrical ceramics. 
Zirconium metal is used almost entirely for cladding 
uranium fuel elements for nuclear power plants [21, 
22]. Decomposition of zircon is a complicated process 
due to its high stability. Various decomposition methods 
were investigated including chemical breakdown using 
sodium hydroxide [23], sodium carbonate (Na2CO3) 
[24], calcium carbonate (CaCO3), [25] and potassium 
fl uorosilicate [26], heat treatment in an arc furnace at 
2000°C [23], or mechanochemical means. 

Niobium and tantalum have a wide range of 
applications, including manufacture of alloys and 
superalloys used in nuclear and aerospace industries, 
production of microalloys used in the automotive, 
marine, mining, and transport industries, production of 
high-strength steels [27], and use in electronics for the 
construction of capacitors and conductors [28]. Chemical 
separation or purifi cation of these metals from their 
ores and concentrates has been studied using diff erent 
methods. The industrial methodology most studied and 
used for the treatment of materials containing niobium 
and tantalum is leaching with concentrated HF [29, 30], 
but large amount of hazardous wastewater containing 
fl uoride is generated in the process [31, 32]. Alkali 
fusion using sodium hydroxide (or potassium salts) 
[33, 34] or ammonium fl uoride and bifl uoride [35] and 
KHSO4 roasting [36] were also used. 

Rare earth elements (REEs), namely, scandium, 
yttrium, and lanthanides, play a critical role in the global 
economy due to their numerous applications [37]. REEs 
and their alloys are used in many ways, in particular, in 
memory storage devices, rechargeable batteries, mobile 

phones, catalytic converters, magnets, fl uorescent 
bulbs, etc. [38]. About 95% of the REEs occur in only 
three minerals: monazite, bastnäsite, and xenotime. 
Several methods have been studied and industrially 
applied for the breakdown of the principal REE minerals; 
they require relatively severe conditions. Accordingly, 
economic treatment of these minerals should be 
achieved with high-grade concentrates obtained by prior 
physical benefi ciation methods (gravimetric, magnetic, 
electrostatic, fl otation, etc.). The solubilization of mixed 
rare earth oxides by acid solutions (HNO3, HCl, and 
H2SO4) has been studied recently [39].

The purpose of this work was to investigate the 
subsequent separation of diff erent nuclear elements (U, 
Th, Nb, Zr, and REEs) from Abu Rusheid concentrate 
sample by breakdown of the refractory minerals present 
together in this sample. The method avoided the use 
of highly fl uorine toxic media in which a mixture of 
NaOH and KOH alkaline fusion was applied. Moreover, 
preparation of Nb cake from the alkaline liquor while 
the residue was treated with hydrochloric acid to obtain 
Th, REE, Zr, and U products.

EXPERIMENTAL

Materials. All the chemicals used in the experimental 
work were analytical grade, including potassium 
hydroxide pellets (Prolabo, 99%), sodium hydroxide 
pellets (Prolabo, 99%), sulfuric acid (Adwic, 97%), 
oxalic acid (Adwic, 99%), hydrochloric acid (Fluka, 
37%), sodium sulfi de (Adwic, 99%), and hydrogen 
peroxide (Merck, 30%). The working concentrate 
sample from Abu Rusheid was examined to determine 
the mineralogical and chemical composition before 
being processed.

Chemical and mineralogical specifi cation. The 
study sample was collected from Abu Rusheid in 
South Eastern Desert, Egypt, and was put through a 
physical upgrade using a shaking table. A representative 
portion of the Abu Rusheid sample before and after 
concentration process was prepared by quartering and 
ground to a size of –200 mesh before being subjected 
to complete chemical analysis. This analysis included 
determination of the major and minor oxides, Nb, REEs, 
and Zr along with U and Th using X-ray fl uorescence 
analysis (Philips X’Unique II spectrometer, Rh target 
tube). Analysis for Nb and Zr was performed by ICP 
(720 ICP-OES, Agilent Technologies). The U content 
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was determined by oxidimetric titration against NH4VO3 
in the presence of sodium diphenylamine-4-sulfonate 
as an indicator [40]. 0.05% Arsenazo III solution was 
used to quantify Th and REEs (using Y as a reference) 
at 655 and 654 nm, respectively [41]. The products 
were examined by scanning electron microscopy (CAM 
SCAN series 4 ISIS 200 E/X system with pentajet 
detector, SEM-EDX).

To study the mineralogical composition of the 
concentrate sample studied, heavy mineral separation 
procedures were applied. For this purpose, the 
sample was ground to –60 mesh size to liberate the 
heavy minerals. The ground sample was then washed 
with distilled water, and the slimes were removed by 
repeated decantation. The dry fractions were then sieved 
into the size intervals 0.4, 0.315, 0.2, and 0.1 mm. A 
heavy liquid separation procedure using bromoform (d = 
2.8) was used for separating the heavy fraction. Under 
a binocular microscope, heavy mineral grains were 
selected from each of the produced heavy fractions. The 
separated mineral grains were then examined with an 
environmental scanning electron microscope (SEM) to 
identify the mineral crystal structure. 

Leaching procedure. Two leaching methods were 
performed consecutively. First, fusion using NaOH 
(mp 323°C), KOH (mp 360°C), and NaOH/KOH 
mixture was performed to dissolve Nb and some of the 
associated elements, leaving behind REEs, Zr, Th and U 
in the residue. Then, hydrochloric acid leaching of the 
residue was performed to dissolve the unleached metal 
values.

Optimization of fusion process. A constant amount 
(5 g) of the fi nely ground concentrate sample was fused 
with a NaOH/KOH mixture (melting point of the eutectic 
118°C) [42] in a porcelain crucible. The sample to alkali 
weight ratio, fusion temperature, and fusion time were 
varied. After cooling, the fused matrix was leached with 
distilled H2O (S/L = 1/5) for 1 h at room temperature to 
dissolve its Nb content.

To recover Nb(V) ions, after optimizing the fusion 
parameters, a 100-g portion of the concentrate sample 
was used to prepare 1 L of the alkaline leach liquor. 
Nb(V) ions in the liquor were completely precipitated 
by neutralization with dilute H2SO4 to pH 8.0.

Acid agitation leaching. Leaching with hydrochloric 
acid was used to dissolve the unleached elements 
Zr, U, Th, and REEs from the residue obtained after 
alkaline fusion process. The obtained hydrous oxide 

cake was washed and dried at 100°C before being 
subjected to agitation leaching with 7 M HCl at 90°C 
for approximately 1 h [43]. 100 g of the residue was 
taken to prepare 1 L of the chloride solution used for the 
extraction of Th, Zr, REEs, and U. The purity of the fi nal 
precipitate cake of Th, Zr, REEs, and U was evaluated 
using SEM-EDX analysis.

RESULTS AND DISCUSSION

Chemical and Mineralogical Characterization
of the Sample 

The chemical nature of the concentrate sample was 
studied to determine the type of treatment employed. 
The results are given in Table 1. Low level of the loss 
on ignition (about 0.5%) refl ects its low organic matter 
content. The sample was rich in ZrO2, SiO2, Fe2O3, 
and Al2O3, assaying 29.4, 36.72, 14.41, and 6.25 wt %, 
respectively. Also, there were signifi cant concentrations 
of valuable oxides, e.g., ΣRE2O3 (total rare earth 
elements oxides + Y2O3), Nb2O5, Ta2O3, HfO2, and 
ThO2, assaying 3.13, 1.55, 0.036, 1.03, and 0.656 wt %, 
respectively. The U content was 0.902 wt %.

Mineralogical analysis was performed to confi rm 
the grade of the sample under study, on the one 
hand, and determine whether the sample contains 
high concentrations of refractory minerals and/or 
deleterious gangues, on the other hand. For mineral 

Table 1. Results of XRF chemical analysis of Abu Rusheid 
concentrate sample

Concentration,
wt %Component Concentration,

wt %Component 

29.40ZrO236.721SiO2

1.03HfO26.252Al2O3

1.55Nb2O514.11Fe2O3
total

0.036Ta2O50.65CaO
2.11Y2O3<0.01MgO 
0.902U3O82.01Na2O3

0.656ThO21.01K2O
1.021ΣRE2O30.2MnO
0.77LOIa0.102TiO2

1.297P2O5
a LOI = loss on ignition at 1000°C. 
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identifi cation, separated mineral grains were 
characterized by SEM-EDX (Fig. 1). The analysis 
revealed the presence of valuable minerals in close 
association with gangue minerals. Namely, monazite 
[(Ce,La,Nd,Th)(PO4,SiO4)], zircon (ZrSiO4), samarskite 
(Y,Er,Ce,U,Fe,Th)(Nb,Ta,Ti)2O6, cassiterite (SnO2), 
columbite [(Fe,Mn)(Nb,Ta)2O6], and uranothorite 
[(Th,U)SiO4] were detected. In fact, the presence of 

these minerals together refl ects the refractory nature of 
the concentrate sample during processing. 

Alkaline Fusion of the Concentrate Sample

Due to the refractory nature of the Abu Rusheid 
concentrate sample under study, it was found necessary 
to apply both the alkaline breakdown and acidic 

Fig. 1. SEM pattern of separated grains.

Energy, keV Energy, keV 

Energy, keV Energy, keV 

Energy, keV Energy, keV 
2.20             6.20            10.20            14.202.10             6.10           10.10           14.10

2.10               6.10              10.10             14.10

3.80       6.80       9.80     12.80     15.803.70       6.70        9.70     12.70     15.70      18.70

3.80      6.80    9.80    12.80  15.80   18.80    21.80
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leaching agitation. The relevant factors for each of 
these techniques have been properly studied to fi nd 
the optimum conditions for processing this sample. 
Alkaline breakdown using NaOH, KOH, and NaOH/
KOH mixture led to dissolution of Nb, about 1% of 
REEs, and less than 10% of U away from Zr, Th and 
remaining REEs due to formation of water-soluble Na 
(K) niobates [16]. The other metal values remained in 
the residue in the form of insoluble hydrous oxides.

Some of the interactions can be summarized by the 
following equations representing the chemical reactions 
between the molten NaOH/KOH mixture and the sample 
studied [25, 34, 44]:

Nb2O5 + 6MOH → 2M3NbO4 + 3H2O,
ZrSiO4 + 4MOH → M2ZrO3 + M2SiO3 + 2H2O, 
ZrSiO4 + 6MOH → M2ZrO3 + M4SiO4 + 3H2O,

RE(PO4) + 3MOH → RE(OH)3 + M3PO4,
SnO2 + 2MOH → M2SnO3 + H2O,
UO2 + 2MOH → M2UO4 + H2O,

Fe2O3 + 2MOH → K2Fe2O4 + H2O,
SiO2 + 2MOH → M2SiO3 + H2O

(M = Na, K).

Factors aff ecting the Nb dissolution. Several 
relevant factors such as sample to NaOH/KOH mixture 
weight ratio, fusion time, and fusion temperature have 
been properly studied to optimize the Nb dissolution 
process.

Eff ect of the type of alkali. A 5-g portion of an 
alkali fusion reagent (R: NaOH, KOH, or NaOH/KOH 
mixture) was mixed in a porcelain crucible with the 
concentrate sample (S) in weight ratio S/R = 1/1 and 
was fused at 500°C for 1 h. The fused matrix was then 
cooled and washed with distilled H2O. The fi ltrate 
obtained was analyzed to determine the Nb dissolution 
effi  ciency. The data obtained (Table 2) emphasized that 
the NaOH/KOH mixture was the most eff ective reagent 
for Nb dissolution. This mixture gave the maximum Nb 
dissolution effi  ciency of 86%. 

Eff ect of the sample/reagent ratio. The eff ect of 
concentrate sample/reagent (S/R) weight ratios on 
the Nb leaching effi  ciency of Nb was studied at the 
other fusion conditions kept constant: fusion time 1 h, 
fusion temperature 500°C, –200 mesh size and muffl  e 
furnace. After cooling, each fused matrix was washed 
with distilled H2O, and the content of dissolved Nb(V) 

ions in the fi ltrate was determined. The data obtained 
(Fig. 2a) showed that the S/R weight ratios of 1/1.5 and 
1/2 ensured the maximum value of the Nb dissolution 
effi  ciency. In going from 1/1.5 to 1/2 ratio, the Nb 
dissolution effi  ciency increased insignifi cantly. Thus, 
1/1.5 mass ratio was preferred as the optimum ore 
concentrate/reagent weight ratio.

Eff ect of the fusion temperature. The fusion 
temperature was varied from 400 to 600°C with the other 
parameters kept constant. The results (Fig. 2b) showed 
that the best Nb dissolution effi  ciency was achieved at 
the fusion temperature of 500°C. Further increase in the 
fusion temperature to 550°C led to only a slight increase 
in the dissolution. Thus, from the economic viewpoint 
500°C was chosen as the optimum temperature. 

Eff ect of the fusion time. The fusion time was 
varied from 0.5 to 2.5 h, with the other parameters 
kept constant: fusion temperature 500°C, concentrate 
to NaOH/KOH weight ratio 1/1.5 and –200 mesh size. 
The results (Fig. 2c) emphasized that the Nb dissolution 
effi  ciency reached its maximum (97%) in 2 h.

Preparation of the alkaline leach liquor. Thus, the 
optimum conditions for dissolving 97% of Nb from the 
Abu Rusheid concentrate sample can be summarized 
as follows: concentrate sample to NaOH/KOH weight 
ratio 1/1.5, fusion temperature 500°C, and fusion time 
2 h. On the other hand, it should be noted that less than 
10% of uranium content was dissolved with niobium, 
and the other associated metal values, e.g., REEs, Zr, 
and Th, remain in the residue as insoluble hydrous cake. 
One liter of the alkaline leach liquor for the niobium 
recovery was prepared from 100 g of the concentrate 
sample. The liquor was found to assay 0.99 g/L Nb, 
0.01 g/L Ta, and 0.05 g/L U; its pH was higher than 
12. Uranium and REEs showed small solubility (less 
than 10% and about 1%, respectively), in agreement 
with the published data [43]. The prepared alkaline 
leach liquor was fi rst partially neutralized with H2SO4 
(97%) to pH 10 [16]. Gelatinous Si(OH)4 with the 
precipitation effi  ciency of 96% was obtained with 

Table 2. Eff ect of alkali type on the Nb dissolution effi  ciency

Type of reagent Nb dissolution effi  ciency, %

NaOH 65

KOH 70.6

NaOH/KOH 86
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small amounts of Nb(V) ions (not exceeding 1.2% of 
the total Nb content). 

Extraction of niobium. The working alkaline 
solution (free from most of Si ions) containing Nb(V) 

ions and a small amount of U ions was further acidifi ed 
to pH 8.0 to precipitate Nb(V) via hydrolysis [44]. 
After fi ltration and washing, the prepared Nb cake was 
collected and examined using SEM-EDAX; its purity 
was 61% with the interfering impurities of Si, Fe, U, 
and Mn (Fig. 2d).

Acidic Agitation of the Concentrate Residue

As mentioned above, niobium was successfully 
recovered from the concentrate sample of Abu Rusheid 
with a small amount of uranium. The remaining metal 
values (Th, Zr, REEs, and remaining U) were left in 
the residue. The results of complete chemical analysis 
of the residue are given in Table 3; ZrO2 was found to 
assay 24.93 wt %, with RE2O3 (total rare earth elements 
oxides + Y2O3), ThO2, and U3O8 assaying 3.64, 0.93, 
and 1.21 wt %, respectively.

The residue was washed with distilled water several 
times and dried at 100°C before being subjected 
to agitation leaching with 7 M HCl at 90°C for 

Table 3. Results of XRF chemical analysis of Abu Rusheid 
residual sample

Concentration,
wt % ComponentConcentration,

wt %Component

0.657P2O55.440SiO2

24.926ZrO22.301Al2O3

0.764HfO26.163Fe2O3
total

1.893Y2O31.612CaO
1.213U3O8NDMgO
0.932ThO221.9Na2O
1.745ΣRE2O319.2K2O

10.8LOI0.100MnO

0.306TiO2

ND: not detected; LOI: loss on ignition at 1000°C.

Fig. 2. Eff ect of the (a) concentrate sample to NaOH/KOH weight ratio, (b) fusion temperature, and (c) fusion time on the Nb dissolution 
effi  ciency; (d) SEM-EDAX chart of the precipitated Nb cake.

Energy, keV 
3.80       6.80        9.80      12.80      15.80   
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approximately 1 h; the 97% Zr dissolution effi  ciency 
was reached [21], and Th, REEs, and uranium were 
dissolved completely [21].

Thorium recovery from the chloride leach liquor. 
Thorium was selectively separated from the prepared 
chloride solution by precipitation with oxalic acid at 
pH 0.35 [46, 47]. Thorium was precipitated selectively 
because of the great diff erence in the solubility products 
of Th [48] and REE [39] oxalates. The precipitate was 
fi ltered off , washed, dried, and ignited at 800°C for 1 h 
to obtain ThO2. SEM-EDAX analysis of the Th product 
cake showed its approximately 89% purity (Fig. 3).

Direct precipitation of zirconium with sodium 
sulfi de (Na2S). The parameters aff ecting the 
precipitation process such as pH, sodium sulfi de 
(Na2S) concentration, time, and temperature were 
investigated.

Eff ect of pH. The pH was varied from 1.5 to 3.2 with 
the other conditions kept constant: stirring time 15 min, 
room temperature, and 10% Na2S. The results obtained 
(Fig. 4a) showed that the Zr precipitation increased with 
increasing pH to 2.8. However, further increase in pH 
had no remarkable eff ect. Thus, pH 2.8 was chosen as 
an optimum.

Fig. 3. SEM-EDAX chart of precipitated Th product.

Fig. 4. Eff ect of (a) pH, (b) Na2S concentration, (c) contact time, and (d) temperature on the Zr precipitation effi  ciency.

(a) (b)

(c) (d)

Energy, keV 
  2.00                        6.00                        10.00                       14.00
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Eff ect of Na2S concentration. The eff ect of the 
Na2S concentration on the selective Zr precipitation 
from the chloride leach liquor was studied at the 
other conditions fi xed: room temperature, pH 2.8, and 
precipitation time 15 min. The Na2S concentration was 
varied from 5 to 25%. The results obtained (Fig. 4b) 
showed that the effi  ciency of the Zr precipitation 
increased with increasing the Na2S concentration to 
15%. Further increase in the Na2S concentration led to 
only a slight increase in the Zr precipitation effi  ciency. 
Thus, 15% Na2S was chosen as an economically optimal 
concentration for zirconium precipitation.

Eff ect of time. The time was varied from 5 to 
25 min, keeping the other factors constant: pH 2.8, 15% 
Na2S concentration, and room temperature. The results 
obtained (Fig. 4c) showed that the Zr precipitation 
effi  ciency increased with increasing the precipitation 
time from 5 to 15 min, but further increase in the 
precipitation time had no eff ect on the precipitation 
effi  ciency. Thus, the optimum contact time is 15 min. 

Eff ect of temperature. The temperature was varied 
from room temperature to 80°C. The other factors were 
fi xed: pH 2.8, 15% Na2S concentration, and 15 min. The 
results obtained (Fig. 4d) showed that the precipitation 
at room temperature did not ensure precipitation of more 
than 60.5% of Zr, whereas increasing the temperature 
to 75°C led to precipitation of approximately 98.9% 
of Zr. However, further increase in the temperature to 
80°C decreased the precipitation effi  ciency because of 
precipitation of some other impurities.

Thus, the optimum conditions for precipitating about 
98.9% of Zr from its combined U and REEs acidic leach 
liquor are as follows: pH 2.8, 15% Na2S concentration, 
15 min, and 75°C. The obtained zirconium sulfi de was 
washed with distilled water, ignited at 800°C for 1 h, 
and identifi ed by SEM-EDX analysis (Fig. 5).

Direct precipitation of rare earth elements. 
Selective precipitation of REEs from the leach liquor 
free from Th and Zr was performed by gradually adding 
10% oxalic acid with continuous stirring for 1 h at pH 1.2. 
The precipitation of REEs as oxalate cake was almost 
complete (99.3%) [20, 49]. After fi ltration, washing, and 
drying, the oxalate cake obtained was ignited at 800°C 
for 1 h. The RE2O3 cake prepared was cooled, washed, 
dried, and identifi ed by SEM-EDX analysis (Fig. 6).

Direct precipitation of uranium. The leach liquor 
free from Th, REEs, and Zr was subjected to uranium 
precipitation. The presence of excess sulfi de ions was 
eff ectively overcome by adding hydrogen peroxide, 
which leads to the oxidation of U(IV) to the extractable 
U(VI) form and of sulfi de to sulfur [50]. The solution 
was treated with H2O2. Then, the pH of the solution was 
adjusted to approximately 13 with 1 M NaOH solution. 
After fi ltration, washing, and drying, the oxalate cake 
obtained was ignited at 800°C for 1 h. The sodium 
diuranate precipitate was cooled, washed, dried, and 
identifi ed by SEM-EDX analysis (Fig. 7).

Fig. 5. SEM-EDAX chart of the precipitated Zr product.

Fig. 6. EDX chart for REE precipitate cake.

Fig. 7. EDX chart for the uranium precipitate cake.
Energy, keV 

Energy, keV 

Energy, keV 

3.70         6.70         9.70        12.70       15.70      

2.70                6.70             10.70              14.70

2.60                 6.60                10.60                14.60
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CONCLUSIONS

The suggested alkaline procedure followed by 
water leaching for the processing of the Abu Rusheid 

concentrate sample has successfully been applied for 
selective dissolution of Nb with its separation from Zr, 
Th, REEs, and U. About 97% of the total Nb content 
was dissolved at a concentrate sample to NaOH/KOH 

Fig. 8. Proposed technical fl owsheet for processing Abu Rusheid concentrate sample.
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weight ratio of 1/1.5, a fusion temperature of 500°C, and 
a fusion time of 2 h. To remove silicate ions, the alkaline 
solution obtained was adjusted to pH 10. Complete 
precipitation of Nb was ensured by the second pH 
adjustment of the alkaline solution to pH 8.0. 

The obtained residue was treated with 7 M 
hydrochloric acid at 90°C for 1 h, which ensured 98% 
leaching of Zr and quantitative leaching of Th, U, and 
REEs. From the prepared chloride solution, Th, Zr, REE, 
and U products could be obtained. The products were 
ignited at 800°C and examined by SEM-EDX analysis. 
The proposed process fl owsheet is shown in Fig. 8.
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