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subsequently maintained at about 60°C by heating with a hot plate. The resulting 

strongly alkaline pregnant leach solution (PlS) had a dark green color and contained a 

suspension of non-dissolved solids and particulates. After cooling to room 

temperature, the PlS was filtered using hardened and ashless filter paper (Whatman 

#541). The brown solid residue was subsequently washed thoroughly with deionized 

water, oven dried and then calcined inside a porcelain capsule from CoorsTech to yield 

0.520 grams of calcined mass. The clear alkaline pregnant leach solution obtained 

following the caustic alkaline leach and removal of the suspension of non-dissolved 

solids and particulates, was intentionally left to stand overnight exposed to air and 

carbon dioxide. This maturing or ageing step yielded a dense red-brown precipitate 

composed of manganese oxides. The dense precipitate was subsequently separated 

by filtration, washed with water and oven dried at 120°C over a period of 4 hours to 

yield 0.193 grams of dried manganese dioxide. The clear and manganese-free 

alkaline pregnant leach solution, containing all the tantalum and niobium values, was 

transferred to 600-ml glass beaker and the temperature of the solution was raised to 

60°C. A saturated aqueous solution of sodium chloride (12 ml) (25.4 wt.% NaCl) was 

subsequently added. The pH of the resulting solution was gradually decreased by 

cautious dropwise addition of concentrated sulfuric acid (98 wt.% H2SO4) until the pH 

was in a range from about 6-7. In this pH range, a milky white, dense and voluminous 

precipitate composed of hydrated sodium tantalate and niobiate formed that quickly 

settled at the bottom of the beaker. The precipitate was recovered by filtration using 

hardened and ashless filter paper (Whatman #541) and was subsequently rinsed with 

dilute hydrochloric acid. The wet filter cake of hydrated sodium tantalate and niobiate, 

along with the filter paper, was transferred into an atmospheric acid leaching apparatus 

consisting of a 250-ml Erlenmeyer flask containing 100 ml of hydrochloric acid (20 

wt.% HCI) connected to a condenser. The precipitate and filter paper were acid 

leached under reflux conditions over a period of 30 minutes in order to leach out all of 

the sodium as well as traces of metallic impurities. The filter paper was digested 

during this treatment, forming a pulp. The hot acid leaching yielded a dense milky 

white solid consisting of a hydrated mixture of tantalic and niobic acids that was 

subsequently thoroughly washed with a hot and dilute solution of hydrochloric acid 
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followed by washing with deionized water. The resulting solid was subsequently 

recovered by filtration using hardened and ashless filter paper (Whatman #541 ). The 

hydrated tantalum and niobium oxides, along with the filter paper, were subsequently 

transferred into a fused silica crucible and dried at a temperature of 120°c over a 

period of 1 hour. The product was then calcined at 800°C until all the carbon values 

were burned off and the fumes ceased. The calcination yielded a dense white powder 

(0.991 grams). The average chemical composition of the white powder was 

determined to be 63.1 percent by mass of tantalum pentoxide (Ta2Os) and 36.9 percent 

by mass of niobium oxide (Nb2Os). The overall recovery of the tantalum and niobium 

values as contained in the original concentrate was determined to be 99 percent by 

weight (Table 6). 

[0096] 

[0097] 

EXAMPLE 3: MOL TEN NaOH CAUSTIC FUSION (SAMPLE A) 

An aliquot mass (1.0 grams) of an oven dried and ground tantalum 

concentrate (sample A), having the average chemical composition illustrated in Table 

5, was weighed using a precision scale. Separately, sodium hydroxide flakes of 

technical grade (12.4 g) were pre-melted inside a 25 ml crucible made of nickel 200 

and equipped with a zirconium lid to avoid losses by splashing. The intense heating 

was provided by means of a blast Bunsen burner supplied with propane gas. Once the 

residual moisture was driven off and the melt surface became quiet, the heating was 

stopped and the melt was cooled. The ground aliquot sample was subsequently 

cautiously poured on top of the solidified melt and heating was resumed to bring the 

crucible temperature to red-dull heat (ca. 800°C) over a period of 30 minutes in order to 

perform the molten caustic fusion. A significant amount of steam and caustic fumes 

initially evolved, producing a strong effervescence or apparent boiling of the melt. The 

effervescence or apparent boiling ceased after about 5 minutes indicating that all the 

chemical reactions are completed. The caustic fusion reaction was continued for an 

additional 25 minutes. The heating was stopped and the molten mass was allowed to 

solidify. The crucible containing the solidified melt (including the lid) was subsequently 

introduced into a 400 ml borosilicate glass beaker containing a warm aqueous solution 

of sodium hydroxide (50 g/L of NaOH). As a result of the strong exothermicity of the 
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excess caustic dissolution reaction occurring during the alkaline leaching, the 

temperature of the solution increased. The temperature of the alkaline solution was 

subsequently maintained at about 60°C by heating with a hot plate. The resulting 

strongly alkaline pregnant leach solution (PLS) had a blue green color and contained a 

suspension of non-dissolved solids and particulates. After cooling to room 

temperature, the PLS was filtered using hardened and ashless filter paper (Whatman 

#541 ). The brown solid residue was subsequently washed thoroughly with deionized 

water and put aside for the subsequent recovery of the tantalum and niobium values. 

The clear alkaline pregnant leach solution obtained following the caustic alkaline leach 

and removal of the suspension of non-dissolved solids and particulates, was 

intentionally left to stand overnight exposed to air and carbon dioxide. This maturing or 

ageing step yielded a dense red-brown precipitate composed of manganese oxides. 

The dense precipitate was subsequently separated by filtration, washed with water and 

oven dried at 120°C over a period of 4 hours to yield 0.158 grams of dried manganese 

dioxide. The brown solid residue (along with the filter paper), containing the tantalum 

and niobium values as hydrated sodium tantalate and niobiate, as well as the iron, 

titanium and zirconium values, was transferred into an atmospheric acid leaching 

apparatus consisting of a 250-ml Erlenmeyer flask containing 100 ml of hydrochloric 

acid (20 wt.% HCI) connected to a condenser. The residue and filter paper were acid 

leached under reflux conditions over a period of 30 minutes in order to leach out all of 

the iron and sodium. The filter paper was digested during this treatment, forming a 

pulp. The hot acid leaching yielded a dense solid consisting of a hydrated mixture of 

tantalic and niobic acids that was subsequently thoroughly washed with a hot and 

dilute solution of hydrochloric acid followed by washing with deionized water. The 

resulting solid was subsequently recovered by filtration using hardened and ashless 

filter paper (Whatman #541 ). The hydrated tantalum and niobium oxides, along with 

the filter paper, were subsequently transferred into a fused silica crucible and dried at a 

temperature of 120°C over a period of 4 hours. The product was then calcined at 

800°C until all the carbon values were burned off and the fumes ceased. The 

calcination yielded a dense off-white powder (0.782 grams). The average chemical 

composition of the white powder was determined to be 87.7 percent by mass of 



CA 02849787 2014-11-12 

36 

tantalum pentoxide (Ta2Os) and 9.2 percent by mass of niobium oxide (Nb2Os) in 

addition to 3.1 percent by mass of other metal oxides, mainly titanium dioxide and 

zirconium dioxide tainted by traces of ferric oxide. The overall recovery of the tantalum 

and niobium values as contained in the original concentrate was determined to be 98.9 

percent by weight (Table 6). 

[0098] 

[0099] 

EXAMPLE 4: MOL TEN KOH CAUSTIC FUSION (SAMPLE C) 

An aliquot mass (2.44 grams) of an oven dried and ground 

columbite concentrate (sample C), having the average chemical composition illustrated 

in Table 5, was weighed using a precision scale. Separately, potassium hydroxide 

flakes of technical grade (20 g) were pre-melted inside a tall 200 ml crucible made of 

deep drawn pure zirconium (BJ Scientific). The intense heating was provided by 

means of a pair of blast Bunsen burners supplied with propane gas. Once the residual 

moisture was driven off and the melt surface became quiet, the heating was stopped 

and the melt was cooled. The ground aliquot sample was subsequently cautiously 

poured on top of the solidified melt and heating was resumed to bring the crucible 

temperature to red-dull heat ( ca. 800°C) over a period of 30 minutes in order to perform 

the molten caustic fusion. A significant amount of steam and caustic fumes initially 

evolved, producing a strong effervescence or apparent boiling of the melt. The 

effervescence or apparent boiling ceased after about 5 minutes indicating that all the 

chemical reactions are completed. The caustic fusion reaction was continued for an 

additional 25 minutes. The heating was stopped and the molten mass was allowed to 

solidify. An aqueous solution of potassium hydroxide (150 ml; 50 g/l of KOH) was 

then poured directly into the crucible containing the solidified melt. As a result of the 

strong exothermicity of the excess caustic dissolution reaction occurring during the 

alkaline leaching, the temperature of the solution increased. The temperature of the 

alkaline solution was subsequently maintained at about 60°C by heating the zirconium 

crucible directly on a hot plate equipped with a magnetic stirrer. A PTFE-coated 

magnetic bar was subsequently introduced into the crucible to ensure proper agitation 

and mixing. The resulting strongly alkaline pregnant leach solution (PlS) had a dark 

green color and contained a suspension of non-dissolved solids and particulates. After 
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cooling to room temperature, the PlS was filtered using hardened and ashless filter 

paper (Whatman #541 ). The brown solid residue was subsequently washed 

thoroughly with aqueous potassium hydroxide, deionized water, oven dried and then 

calcined inside a porcelain capsule from CoorsTech to yield 1.030 grams of calcined 

mass. The clear alkaline pregnant leach solution obtained following the caustic 

alkaline leach and removal of the suspension of non-dissolved solids and particulates, 

was intentionally left to stand overnight exposed to air and carbon dioxide. This 

maturing or ageing step yielded a dense red-brown precipitate composed of 

manganese oxides. The dense precipitate was subsequently separated by filtration, 

washed with water and oven dried at 120°C over a period of 4 hours to yield 0.276 

grams of dried manganese dioxide. The clear and manganese-free alkaline pregnant 

leach solution, containing all the tantalum and niobium values, was transferred to 600-

ml glass beaker and the temperature of the solution was raised to 60°C. A saturated 

aqueous solution of sodium chloride (10 ml) (25.4 wt.% NaCl) was subsequently 

added. The pH of the resulting solution was gradually decreased by cautious dropwise 

addition of concentrated sulfuric acid (98 wt.% H2SO4) until the pH was in a range from 

about 6-7. In this pH range, a milky white, dense and voluminous precipitate 

composed of hydrated sodium tantalate and niobiate formed that quickly settled at the 

bottom of the beaker. The precipitate was recovered by filtration using hardened and 

ash less filter paper (Whatman #541) and was subsequently rinsed with water with 

dilute hydrochloric acid. The wet filter cake of hydrated sodium tantalate and niobiate, 

along with the filter paper, was transferred into an atmospheric acid leaching apparatus 

consisting of a 250-ml Erlenmeyer flask containing 60 ml of hydrochloric acid (36 

wt.% HCI) connected to a condenser. The precipitate and filter paper were acid 

leached under reflux conditions over a period of 30 minutes in order to leach out all of 

the sodium as well as traces of metallic impurities. The filter paper was digested 

during this treatment, forming a pulp. The hot acid leaching yielded a dense milky 

white solid consisting of a hydrated mixture of tantalic and niobic acids that was 

subsequently thoroughly washed with a hot and dilute solution of hydrochloric acid 

followed by washing with deionized water. The resulting solid was subsequently 

recovered by filtration using hardened and ashless filter paper (Whatman #541 ). The 
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hydrated tantalum and niobium oxides, along with the filter paper, were subsequently 

transferred into a fused silica crucible and dried at a temperature of 120°C over a 

period of 1 hour. The product was then calcined at 800°C until all the carbon values 

were burned off and the fumes ceased. The calcination yielded a dense white powder 

(1.650 grams). The average chemical composition of the white powder was 

determined to be 19.2 percent by mass of tantalum pentoxide (Ta2Os) and 80.8 percent 

by mass of niobium oxide (Nb2Os). The overall recovery of the tantalum and niobium 

values as contained in the original concentrate was determined to be 97.6 percent by 

weight (Table 6). 

[00100] 

[00101] 

EXAMPLE 5: MOL TEN KOH CAUSTIC FUSION (SAMPLE D) 

An aliquot mass (2.04 grams) of an oven dried and ground 

Samarskite concentrate (sample D), having the average chemical composition 

illustrated in Table 5, was weighed using a precision scale. Separately, potassium 

hydroxide flakes of technical grade (18 g) were pre-melted inside a tall 200 ml crucible 

made of deep drawn pure zirconium (BJ Scientific). The intense heating was provided 

by means of a pair of blast Bunsen burners supplied with propane gas. Once the 

residual moisture was driven off and the melt surface became quiet, the heating was 

stopped and the melt was cooled. The ground aliquot sample was subsequently 

cautiously poured on top of the solidified melt and heating was resumed to bring the 

crucible temperature to red-dull heat (ca. 800°C) over a period of 30 minutes in order to 

perform the molten caustic fusion. A significant amount of steam and caustic fumes 

initially evolved, producing a strong effervescence or apparent boiling of the melt. The 

effervescence or apparent boiling ceased after about 5 minutes indicating that all the 

chemical reactions are completed. The caustic fusion reaction was continued for an 

additional 25 minutes. The heating was stopped and the molten mass was allowed to 

solidify. An aqueous solution of potassium hydroxide (100 ml; 50 g/L of KOH) was 

then poured directly into the crucible containing the solidified melt. As a result of the 

strong exothermicity of the excess caustic dissolution reaction occurring during the 

alkaline leaching, the temperature of the solution increased. The temperature of the 

alkaline solution was subsequently maintained at about 60°C by heating the zirconium 
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crucible directly on a hot plate equipped with a magnetic stirrer. A PTFE-coated 

magnetic bar was subsequently introduced into the crucible to ensure proper agitation 

and mixing. The resulting strongly alkaline pregnant leach solution (PlS) had a dark 

green color and contained a suspension of non-dissolved solids and particulates. After 

cooling to room temperature, the PlS was filtered using hardened and ashless filter 

paper (Whatman #541 ). The brown solid residue was subsequently washed 

thoroughly with aqueous potassium hydroxide, deionized water, oven dried and then 

calcined inside a porcelain capsule from CoorsTech to yield 1.005 grams of calcined 

mass. The clear alkaline pregnant leach solution obtained following the caustic 

alkaline leach and removal of the suspension of non-dissolved solids and particulates, 

was intentionally left to stand overnight exposed to air and carbon dioxide. This 

maturing or ageing step yielded a dense red-brown precipitate composed of 

manganese oxides. The dense precipitate was subsequently separated by filtration, 

washed with water and oven dried at 120°C over a period of 4 hours to yield 0.109 

grams of dried manganese dioxide. The clear and manganese-free alkaline pregnant 

leach solution, containing all the tantalum and niobium values, was transferred to 600-

ml glass beaker and the temperature of the solution was raised to 60°C. A saturated 

aqueous solution of sodium chloride (10 ml) (25.4 wt.% NaCl) was subsequently 

added. The pH of the resulting solution was gradually decreased by cautious dropwise 

addition of concentrated sulfuric acid (98 wt.% H2SO4) until the pH was in a range from 

about 6-7. In this pH range, a milky white, dense and voluminous precipitate 

composed of hydrated sodium tantalate and niobiate formed that quickly settled at the 

bottom of the beaker. The precipitate was recovered by filtration using hardened and 

ash less filter paper (Whatman #541) and was subsequently rinsed with water with 

dilute hydrochloric acid. The wet filter cake of hydrated sodium tantalate and niobiate, 

along with the filter paper, was transferred into an acid digestion Bomb (125 ml) 

having an inner PTFE-liner from Parr Instruments and charged with 50 ml of 

hydrochloric acid (20 wt.% HCI). The pressure acid leaching autoclave, once 

hermetically sealed, was progressively heated to 150°C in an oven and maintained at 

that constant temperature for two hours in order to leach out all of the sodium as well 

as traces of metallic impurities. The filter paper was digested during this treatment, 
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forming a pulp. The hot pressure acid leaching yielded a dense milky white solid 

consisting of a hydrated mixture of tantalic and niobic acids that was subsequently 

thoroughly washed with a hot and dilute solution of hydrochloric acid followed by 

washing with deionized water. The resulting solid was subsequently recovered by 

filtration using hardened and ash less filter paper (Whatman #541 ). The hydrated 

tantalum and niobium oxides, along with the filter paper, were subsequently transferred 

into a tall platinum crucible and dried at a temperature of 120°C over a period of 1 

hour. The product was then calcined at 800°C until all the carbon values were burned 

off and the fumes ceased. The calcination yielded a dense white powder (0.989 

grams). The average chemical composition of the white powder was determined to be 

22.5 percent by mass of tantalum pentoxide (Ta2Os) and 77.5 percent by mass of 

niobium oxide (Nb2Os). The overall recovery of the tantalum and niobium values as 

contained in the original concentrate was determined to be 98.9 percent by weight 

(Table 6). 

[00102] EXAMPLE 6: RECOVERY OF RARE EARTH OXIDES AND 

THORIUM FROM INSOLUBLE ALKALINE RESIDUES 

[00103] The wet filter cake consisting of the brown solid residue, obtained 

following caustic fusion and alkaline leaching (Example 5 -sample D), was transferred 

into an atmospheric acid leaching apparatus consisting of a 250-ml round borosilicate 

glass flask containing 150 ml of hydrochloric acid (20 wt.% HCI) connected to a 

condenser. The residue was then acid leached under reflux conditions over a period of 

120 minutes. Small crystals of solid potassium chlorate (KCIQ3) were added regularly 

with caution due to the strong evolution of chlorine gas. During this step all the 

uranium was oxidized to uranium (IV). Once the acid leaching was completed and the 

leachate was cooled and filtered using hardened and ashless filter paper (Whatman 

#541 ), the isolated insoluble residue consisted essentially of titanium and zirconium 

oxide. After adjusting the pH of the yellow filtrate to about 1.2 by the stepwise addition 

of small volumes of an aqueous potassium hydroxide solution, a saturated solution of 

oxalic acid ( ca. 10 wt.% H2C2O4) was added and the solution was left stand overnight 

in order to precipitate all the insoluble rare earth values and thorium oxalates. The 
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precipitate was subsequently thoroughly rinsed using a solution containing 2 wt.% 

oxalic acid and then air dried at 110°C over a period of several hours to yield a product 

containing the rare earth oxides (REOs) and thoria (ThO2). The air dried rare earth 

oxide (REOs) product contained the cerium values as cerium(IV) along with other 

lanthanide hydroxides (Ln(OH)3) and thorium hydroxide (Th(OH)4.). The air-dried 

residue was subsequently acid leached using a diluted hydrochloric acid solution 

having a pH ranging between 2 and 4 leaving behind an insoluble cerium(IV) hydroxide 

which was easily recovered by filtration. The clear filtrate solution, containing all the 

thorium and the other lanthanides, was reacted with zinc powder in order to reduce 

Eu(III) to Eu(II). An aqueous solution of barium chloride (5 wt.% BaCb) was 

subsequently added to the clear solution followed by a stoichiometric amount of dilute 

sulfuric acid in order to co-precipitate the insoluble barium and europium sulfates 

[(Ba,Eu)SO4]. The completion of the europium precipitation was verified by visible 

spectrophotometry by measuring the absorbance of the supernatant at the 

characteristic wavelength of 394 nm (i.e., peak of maximum absorption for Eu(II)). The 

europium was recovered from the wet insoluble (Ba,Eu)SO4 precipitate by simply 

oxidizing it with hot concentrated nitric acid and by precipitating the europium (Ill) 

hydroxide once the solution was neutralized with ammonia. The remaining cerium­

and europium-free liquor contained the remaining lanthanides and most of the thorium. 

[00104] EXAMPLE 7: ELECTROSYNTHESIS OF POTASSIUM 

PERMANGANATE AND CONCURRENT ELECTROCHEMICAL REGENERATION 

OF KOH 

[00105] A filtered alkaline pregnant leach solution (150 ml), obtained after 

caustic fusion of 1 O grams of sample B and hot alkaline leaching, was charged in the 

anode compartment of the electrolyzer. The electrolyzer consisted of a rectangular cell 

divided into two compartments by a cation exchange membrane (CEM) made of 

NAFION® N324 (E.1. DUPONT DE NEMOURS). The anode compartment was 

equipped with a rectangular plate anode composed of pure nickel grade 201 while the 

cathode compartment was equipped with a rectangular plate cathode composed of 

austenitic stainless steel grade AISI 304. Both anode and cathode exhibited exactly 
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the same dimensions (i.e. 4-in tall and 2-in wide and 1/8-in thick; 10.16 cm x 5.08 cm x 

3.175 mm). Once immersed inside their respective electrolyte (2 inches), the active 

cathode and anode surface areas were 4 square inches (25.81 cm2). The distance 

between the cation exchange membrane and the anode and the cathode was 1 inch 

(2.54 cm) and the inter-electrode gap was 2 inches (5.08 cm). The catholyte consisted 

of a diluted alkaline solution of potassium hydroxide containing 112 g/L KOH (i.e. 2 

mol/L KOH) as measured by acid-base titration. After electrolysis, the concentration of 

potassium permanganate in the anolyte was determined by redox titration using a 

standard solution of sodium oxalate 0.1 N. Both the anolyte and catholyte were 

circulated at room temperature with a volume flow rate of 90 ml/min using a LIS 

peristaltic pump (MASTERFLEX®). The electrolysis was performed under 

galvanostatic mode (i.e. at a constant current of 1.29 A corresponding to an absolute 

current density of 500 A/m2 at both electrodes. The average cell voltage measured 

between the anode and cathode was 2.9 V and the electrolysis was conducted over a 

period of 10 minutes. Upon completion of the electrolysis, the anolyte color turned 

purple, characteristic of permanganate anions. The final concentration of potassium 

hydroxide in the catholyte was measured by acid-base titration to be 114.9 g/L KOH. 

The potassium permanganate concentration in the anolyte was measured by redox 

titration using oxalic acid to be 8.0 g/L KMnO4. The cathode and anode current 

efficiencies were determined to be 97% and 95% respectively. The specific energy 

consumption was determined to be 1.43 kWh/kg of KOH and 0.52 kWh/kg of KMnO4 

respectively (Table 7). 

[00106] Table 5: Average chemical composition of the tantalum and 

niobium concentrates (only the principal metal oxides are shown). 

METAL OXIDE (wt.%) SAMPLE A SAMPLE B SAMPLE C SAMPLED 
(WODGINITE) (TANT ALITE) (COLUMBITE) (SAMARSKITE) 

Ta2Os 69.60 42.13 13.30 11.00 

Nb2Os 7.30 24.61 56.00 38.00 

MnO 7.50 8.00 6.42 1.00 

FeO 4.00 13.51 14.00 12.00 
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SnO2 8.80 8.00 0.56 1.00 

SiO2 0.10 0.50 3.04 0.20 

Ln2O3 0.02 0.18 0.01 20.14 

Al2O3 0.08 1.40 1.18 0.20 

TiO2 1.10 0.27 0.66 0.50 

ZrO2 1.20 1.00 4.40 0.96 

UO2 0.30 0.40 0.43 11.00 

[00107] Table 6: Recovery of tantalum and niobium from the concentrates 

(only the principal metal oxides are shown; DL = detection limit). 

METAL OXIDE Tantalum and Tantalum and Tantalum and Tantalum and Tantalum and 
(wt.%) niobium oxide niobium oxide niobium oxide niobium oxide niobium oxide 

product from product from product from product from product from 
example #1 example #2 example #3 example #4 example #5 

Ta2O5 90.5 63.1 87.7 19.2 22.5 

Nb2O5 9.5 36.9 9.2 80.8 77.5 

MnO <DL <DL <DL <DL <DL 

FeO <DL <DL 0.03 <DL <DL 

SnO2 <DL <DL <DL <DL <DL 

SiO2 <DL <DL <DL <DL <DL 

Al2O3 <DL <DL <DL <DL <DL 

TiO2 <DL <DL 1.38 <DL <DL 

ZrO2 <DL <DL 1.51 <DL <DL 

UO2 <DL <DL <DL <DL <DL 

Overall (Ta+Nb) 99.0% 99.1% 98.9% 97.6% 98.9% 
oxide value 
recovery yield 

[00108] Table 7: Operating Conditions and Cell Performance for the 

Electrosynthesis of Potassium Permanganate and Concurrent Regeneration of 

Potassium Hydroxide. 
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CATHODE MATERIAL 

CATHOLYTE (INITIAL) 

CATHOLYTE (FINAL) 

CATION EXCHANGE MEMBRANE 

ANODE MATERIAL 

ANOLYTE (INITIAL) 

ANOL YTE (Fl NAL) 

TEMPERATURE 

OVERALL CELL VOLTAGE (AVG.) 

CATHODE CURRENT EFFICIENCY 

ANODE CURRENT EFFICIENCY 

CATHODE CURRENT DENSITY 

ANODE CURRENT DENSITY 

SPECIFIC ENERGY CONSUMPTION 

44 

Stainless steel AISI 304 

KOH 112 g/L 

KOH 114.9 g/L 

NAFION® N324 

Pure nickel 201 

Filtered PLS (Dark green color) 

Violet color solution with 8 g/L KMnO4 

ROOM TEMPERATURE 

2.90V 

97% 

95% 

-500 A/m2 

+500 A/m2 

1.43 kWh/kg of KOH 

0.52 kWh/kg of KMnO4 

[00109] It is to be understood that the specification is not limited in its 

application to the details of construction and parts as described hereinabove. The 

specification is capable of other embodiments and of being practiced in various ways. 

It is also understood that the phraseology or terminology used herein is for the purpose 

of description and not limitation. Hence, although the present invention has been 

described hereinabove by way of illustrative embodiments thereof, the scope of the 

claims should not be limited by the preferred embodiments and examples, but should 

be given the broadest interpretation consistent with the description as a whole. 
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WHAT IS CLAIMED IS: 

1. A process for upgrading tantalum and niobium ores and concentrates, the process 

comprising: 

submitting the ore or concentrate to a caustic fusion or an alkali fusion using a melt 

comprising at least one potassium metal salt to produce a solidified melt; 

submitting the solidified melt to an alkaline leaching step to produce an alkaline pregnant 

leaching solution comprising manganese values; 

recovering the manganese values from the alkaline pregnant leaching solution to produce a 

substantially manganese-free leach solution; and 

precipitating tantalum and niobium as an insoluble niobiate and tantalate from the 

manganese-free leach solution. 

2. The process of claim 1, further comprising: 

separating the alkaline pregnant leaching solution from insoluble solid residues; 

recovering at least one of rare earth oxides and thorium oxides from the insoluble solid 

residues producing a spent acid filtrate; 

recovering uranium from the spent acid filtrate. 

3. The process of claim 1, further comprising: 

acid-leaching the insoluble niobiate and tantalate producing hydrated tantalum and niobium 

oxides; and 

calcining or roasting the hydrated tantalum and niobium oxides to yield tantalum metal and 

niobium oxides. 

4. The process of claim 1, wherein the caustic fusion or alkali fusion comprises using a molten 

potassium hydroxide. 

5. The process of claim 4, wherein a potassium peroxide of formula M202 is optionally added to 

the melt to fully oxidize any excess tin content, wherein M is K. 

6. The process of claim 5, wherein a potassium carbonate of formula M2C03 or a potassium 

nitrate of formula MN03 is added to the melt, wherein M is K, the potassium carbonate or 

potassium nitrate improving the fluxing properties of the melt. 
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7. The process of claim 4, wherein the potassium hydroxide is melted prior to being used in the 

caustic or alkali fusion step. 

8. The process of claim 1, wherein the ores or concentrates are ground and oven dried prior to 

being subjected to the caustic or alkali fusion step. 

9. The process of claim 8, wherein the ground and oven dried ores or concentrates are fed into 

the melt at fusion temperatures and continuously stirred. 

10. The process of claim 9, wherein the ground and oven dried ores or concentrates are mixed 

with the at least one potassium metal salt to produce a mixture, the mixture being 

subsequently heated to a temperature at which fusion of the mixture occurs. 

11. The process according to claim 4, wherein the caustic or alkali fusion step is performed at a 

temperature of at least the melting point of the potassium hydroxide. 

12. The process of any one of claims 1 to 11, wherein the caustic or alkali fusion step is 

performed over a period of time ranging from 5 minutes to 6 hours. 

13. The process of claim 12, wherein the caustic or alkali fusion step is performed over a period 

of time ranging from 10 minutes to 4 hours. 

14. The process of claim 12, wherein the caustic or alkali fusion step is performed over a period 

of time ranging from 15 minutes to 2 hours. 

15. The process of claim 12, wherein the caustic or alkali fusion step is performed over a period 

of time ranging from 15 minutes to 1 hour. 

16. The process of claim 1, wherein the caustic or alkali fusion step is performed using a mass 

ratio of ore material to melt material denoted as C:S or C/S ranging from 1 :1 to 1 :20. 

17. The process of claim 16, wherein the caustic or alkali fusion step is performed using a mass 

ratio of ore material to melt material ranging from 1: 1 to 1: 15. 

18. The process of claim 17, wherein the caustic or alkaline fusion step is performed using a 

mass ratio of ore material to melt material ranging from 1: 1 to 1: 10. 

19. The process of claim 18, wherein the caustic or alkali fusion step is performed using a mass 
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ratio of ore material to melt material ranging from 1: 1 to 1 :6. 

20. The process according to claim 1, wherein the caustic or alkali fusion step is performed using 

a furnace or a rotary kiln. 

21. The process according to claim 20, wherein the caustic or alkali fusion step is performed 

using a crucible furnace. 

22. The process according to claim 20, wherein the caustic or alkali fusion step is performed 

using a muffle furnace. 

23. The process according to claim 20, wherein the caustic or alkali fusion step is performed 

using a rotary heart furnace. 

24. The process of claim 1, wherein the caustic or alkali fusion step is performed in a 

containment vessel or crucible resistant to the fusion conditions. 

25. The process according to claim 24, wherein the containment vessel or crucible comprises a 

material selected from composite metallic materials, bulk metals, alloys and ceramic 

materials. 

26. The process according to claim 25, wherein the bulk metals and alloys are selected from iron, 

iron alloys, cast irons, steels, nickel, nickel alloys, zirconium and zirconium alloys. 

27. The process of claim 25, wherein the composite metallic materials are selected from cast 

iron, steel, heat resistant stainless steels and nickel alloys clad with an inert, protective and 

impervious metal lining of a corrosion resistant metal or alloys. 

28. The process of claim 27, wherein the corrosion resistant metal or alloys are selected from 

gold, gold alloys, silver, silver alloys, nickel, nickel alloys, iron, iron alloys, zirconium, 

zirconium alloys, hafnium, hafnium alloys and combination thereof. 

29. The process of claim 25, wherein the ceramic materials are selected from graphite, diamond 

like carbon, carbon products, carbon-carbon composites, silicon carbide, zirconia, magnesia, 

ceria, calcia and combinations thereof. 

30. The process of claim 6, wherein the caustic fusion or alkali fusion is performed using a 

potassium salt selected from molten potassium hydroxide, potassium peroxide, potassium 
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carbonate, potassium nitrate and mixtures thereof. 

31. The process of claim 1, wherein the alkaline leaching step is performed using an aqueous 

potassium hydroxide solution. 

32. The process of claim 31, wherein the potassium hydroxide solution comprises a 

concentration ranging from 50g/liter to 250g/liter. 

33. The process of claim 32, wherein the temperature of the potassium hydroxide solution ranges 

from room temperature to the boiling point of the solution. 

34. The process of claim 2, wherein the alkaline pregnant leaching solution is subjected to solid­

liquid separation to produce an alkaline pregnant leaching liquor. 

35. The process of claim 34, wherein the solid-liquid separation is selected from gravity settling, 

filtration and centrifugation. 

36. The process of claim 2, wherein the solid residues comprise compounds of iron (Ill), titanium 

(IV), zirconium (IV), rare earths and uranides. 

37. The process of claim 36, wherein the rare earths include Y, Sc and lanthanides and wherein 

the uranides include uranium and thorium. 

38. The process of claim 36, wherein the solid residues are subjected to oxidative acid leaching 

producing an acid leachate. 

39. The process of claim 38, wherein the oxidative acid leaching is performed using sulfuric acid 

and an oxidizing agent selected from potassium peroxodisulfate {K2S2O8), ammonium 

peroxodisulfate [(NH4hS2Oa], hydrogen peroxide {H2O2) and Caro's acid (H2SOs)-

40. The process of claim 38, wherein the oxidative acid leaching is performed using hydrochloric 

acid and an oxidizing agent selected from hydrogen peroxide (H2O2), manganese dioxide 

(MnO2) and potassium chlorate (KCIO3). 

41. The process of any one of claims 38 to 40, wherein the oxidative acid leaching is performed 

under atmospheric conditions or under pressure. 

42. The process of claim 41, wherein the oxidative acid leaching is carried-out in an autoclave. 
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43. The process of any one of claims 38 to 42, wherein the acid leachate is filtered and the pH 

adjusted to values ranging from 1.2 to 1.5. 

44. The process of claim 43, further comprising precipitating values including at least one of rare 

earth elements and thorium as insoluble metal oxalates and producing a liquor comprising 

the uranides. 

45. The process of claim 44, wherein the precipitation is performed by adding a saturated 

solution of oxalic acid to the leachate. 

46. The process of claim 44, wherein the insoluble metal oxalates are washed with an aqueous 

acid solution selected from oxalic acid, sulfuric acid and hydrochloric acid to produce washed 

metal oxalates. 

47. The process of claim 46, wherein the washed metal oxalates are dried. 

48. The process of claim 47, wherein the dried metal oxalates are calcined to produce at least 

one of rare earth metal oxides and thoria (ThO2). 

49. The process of claim 48, wherein the at least one of rare earth metal oxides and thoria are 

subjected to acid leaching to separate cerium as insoluble cerium(IV) compounds and to 

produce an acid leachate. 

50. The process of claim 44, wherein the liquor is treated with an ion exchange resin to recover 

the uranides as uranyl cations (UO/+). 

51. The process of claim 34, wherein the alkaline pregnant leaching liquor comprises manganese 

values, tantalum values and niobium values. 

52. The process of claim 51, wherein the manganese values are recovered by electrolyzing the 

alkaline pregnant leaching liquor and wherein the electrolyzing produces a manganese-free 

leaching liquor. 

53. The process of claim 52, wherein the electrolysis is performed batch-wise or in continuous 

mode using a two-chamber electrolyzer equipped with a cation exchange membrane. 

54. The process of claim 53, wherein the manganese values are obtained as potassium 

permanganate. 
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55. The process of claim 53, wherein potassium hydroxide is regenerated. 

56. The process of claim 51, wherein the alkaline pregnant leaching liquor is exposed to air and 

carbon dioxide to produce a precipitate of manganese dioxide and a manganese-free 

leaching liquor. 

57. The process of claim 56, wherein the manganese dioxide is isolated by solid-liquid 

separation. 

58. The process of claim 52 or 56, wherein the manganese-free leaching liquor is heated to a 

temperature ranging from 30°C to 100°c. 

59. The process of claim 58, wherein an aqueous solution of a sodium salt is added to the 

manganese-free leaching liquor to precipitate the tantalum values and niobium values as 

sodium salts. 

60. The process of claim 59, wherein the sodium salt is selected from sodium chloride and 

sodium sulfate and mixtures thereof. 

61. The process of claim 59, wherein an aqueous acidic solution is added to the liquor to adjust 

the pH of the liquor at values ranging from 5 to 10 and to produce hydrated sodium tantalate 

and hydrated sodium niobiate. 

62. The process of claim 61, wherein the aqueous acidic solution is selected from aqueous 

H2SO4, aqueous HCI and mixtures thereof. 

63. The process of claim 62, wherein the hydrated sodium tantalate and hydrated sodium 

niobiate are isolated by solid-liquid separation to produce a spent solution. 

64. The process of claim 63, wherein the hydrated sodium tantalate and hydrated sodium 

niobiate are acid leached to produce hydrated tantalum oxide and hydrated niobium oxide. 

65. The process of claim 64, wherein the acid leaching is performed using hot sulfuric acid or 

hydrochloric acid or mixtures thereof. 

66. The process of claim 65, wherein the acid leaching is performed under atmospheric 

conditions or under pressure. 
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67. The process of claim 66, wherein the acid leaching is carried-out in an autoclave. 

68. The process of claim 64, wherein the hydrated tantalum oxide and hydrated niobium oxide 

are isolated by solid-liquid separation. 

69. The process of claim 68, wherein the hydrated tantalum oxide and hydrated niobium oxide 

are calcined to produce a mixture of tantalum and niobium oxides. 

70. The process of claim 64, wherein the acid leaching further produces a brine solution. 

71. A process for upgrading tantalum and niobium ores and concentrates, the process 

comprising: 

submitting the ore or concentrate to a caustic fusion or an alkali fusion using a melt 

comprising at least one sodium metal salt to produce a solidified melt; 

submitting the solidified melt to an alkaline leaching step to produce an alkaline pregnant 

leaching solution comprising manganese values and non-dissolved solids; 

recovering the manganese values from the alkaline pregnant leaching solution to produce a 

substantially manganese-free leach solution; and 

recovering tantalum and niobium values from the non-dissolved solids. 
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72. The process of claim 71, further comprising: 

separating the alkaline pregnant leaching solution from the non-dissolved solids; 

acid-leaching the non-dissolved solids producing an acid leachate and an insoluble residue 

comprising hydrated tantalum oxide and hydrated niobium oxide; and 

calcining or roasting the hydrated tantalum and niobium oxides to yield tantalum and 

niobium oxides. 

73. The process of claim 72, further comprising: 

recovering at least one of rare earth oxides and thorium oxides from the acid leachate 

producing a spent acid filtrate; and 

recovering uranium from the spent acid filtrate. 

74. The process of claim 71, wherein the caustic fusion or alkali fusion comprises using a molten 

sodium hydroxide. 

75. The process of claim 74, wherein a sodium peroxide of formula M2O2 is optionally added to 

the melt to fully oxidize any excess tin content, wherein M is Na. 

76. The process of claim 75, wherein a sodium carbonate of formula M2CO3 or a sodium nitrate 

of formula MNO3 is added to the melt, wherein M is Na, the sodium carbonate or sodium 

nitrate improving the fluxing properties of the melt. 

77. The process of claim 71, wherein the caustic fusion or alkali fusion is performed using a 

sodium salt selected from molten sodium hydroxide, sodium peroxide, sodium carbonate, 

sodium nitrate and mixtures thereof. 

78. The process of claim 77, wherein the alkaline leaching step is performed using an aqueous 

sodium hydroxide solution. 

79. The process of claim 78, wherein the sodium hydroxide solution comprises a concentration 

ranging from 50g/liter to 250g/liter. 

80. The process of claim 79, wherein the temperature of the sodium hydroxide solution ranges 

from room temperature to the boiling point of the solution. 

81. The process of claim 72, wherein the alkaline pregnant leaching solution is subjected to solid-
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liquid separation to produce an alkaline pregnant leaching liquor. 

82. The process of claim 81, wherein the solid-liquid separation is selected from gravity settling, 

filtration and centrifugation. 

83. The process of claim 71, wherein the non-dissolved solids comprise sodium tantalate, 

sodium niobiate, compounds of iron (Ill), titanium (IV), zirconium (IV), rare earth metals and 

uranides. 

84. The process of claim 83, wherein the rare earth metals include at least an element selected 

from the lanthanides, yttrium and scandium and wherein the uranides include uranium and 

thorium. 

85. The process of claim 83, wherein the non-dissolved solids are subjected to oxidative acid 

leaching producing an acid leachate and an oxidized residue. 

86. The process of claim 85, wherein the oxidative acid leaching is performed using sulfuric acid 

and an oxidizing agent selected from potassium peroxodisulfate, ammonium peroxodisulfate, 

hydrogen peroxide and Caro's acid. 

87. The process of claim 85, wherein the oxidative acid leaching is performed using hydrochloric 

acid and an oxidizing agent selected from hydrogen peroxide, manganese dioxide and 

sodium chlorate. 

88. The process of any one of claims 85 to 87, wherein the oxidative acid leaching is performed 

under atmospheric conditions or under pressure. 

89. The process of claim 88, wherein the oxidative acid leaching is carried-out in an autoclave. 

90. The process of any one of claims 85 to 89, wherein the acid leachate is filtered and the pH 

adjusted to values ranging from 1.2 to 1.5. 

91. The process of claim 90, further comprising precipitating values including at least one of rare 

earth elements and thorium as insoluble metal oxalates and producing a liquor comprising 

the uranides. 

92. The process of claim 91, wherein the precipitation is performed by adding a saturated 

solution of oxalic acid to the leachate. 
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93. The process of claim 91, wherein the insoluble metal oxalates are washed with an aqueous 

acid solution selected from oxalic acid, sulfuric acid and hydrochloric acid to produce washed 

metal oxalates. 

94. The process of claim 93, wherein the washed metal oxalates are dried. 

95. The process of claim 94, wherein the dried metal oxalates are calcined to produce at least 

one of rare earth metal oxides and thoria. 

96. The process of claim 91, wherein the liquor is treated with an ion exchange resin to recover 

the uranides as uranyl cations (UO/+). 

97. The process of claim 81, wherein the alkaline pregnant leaching liquor comprises at least 

manganese values and tin values. 

98. The process of claim 97, wherein the alkaline pregnant leaching liquor is exposed to air and 

carbon dioxide to produce a precipitate of manganese dioxide and a manganese-free 

leaching liquor. 

99. The process of claim 98, wherein the manganese dioxide is isolated by solid-liquid 

separation. 

100. The process of claim 85, wherein the oxidized residue comprises hydrated tantalum oxide 

and hydrated niobium oxide. 

101. The process of claim 100, wherein the oxidized residue further comprises hydrated titanium 

and zirconium oxides. 

102. The process of claim 100, wherein the oxidized residue is washed with an aqueous acid 

solution selected from sulfuric acid and hydrochloric acid. 

103. The process of claim 102, wherein the hydrated tantalum oxide and hydrated niobium oxide 

are calcined to produce tantalum oxide and niobium oxide. 

104. The process of claim 38, wherein the acid leachate is subjected to zinc reduction using zinc 

powder. 

105. The process of claim 104, further comprising adding an aqueous barium chloride solution to 
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produce a precipitate of insoluble barium and europium sulfates. 

106. The process of claim 105, further comprising oxidizing the insoluble barium and europium 

sulfates to produce a precipitate of europium (Ill) hydroxide. 
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