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INTRODUCTION 

In this report the mining and mines of refractory metals, tungsten, tantalum, molybdenum, 

niobium and rhenium in Europe and the world are describedthe and the technologies of 

mining, mineral processing and extractive metallurgy (hydrometallurgy and pyrometallurgy) 

are reviewed on recovery of refractory metals from primary resources. Based on metal type 

the document is assigned into five chapters : Chapter 1 Tungsten, Chapter 2 Tantalum, 

Chaper 3 Molybdenum, Chapter 4 Niobium and Chapter 5 Rhenium. 

Because niobium and tantalum usually co-occur in the same minerals or the same mineral 

deposits the mining and mineral processing technologies of two metals are jointly 

introduced in Chapter 2 Tantalum. In addition, rhenium is produced as by-product in Mo and 

Cu processing, or in other words, rhenium is mainly recovered from the secondary 

resources. The technologies of the pyro and hydrometallurgical processing of rhenium are 

covered in the work package 3 for secondary resources.  
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CHAPTER 1 TUNGSTEN 

GENERAL FLOWSHEET OF PRODUCTION 

The general flowsheet of tungsten production including mining, mineral processing and 

extractive metallurgy is shown in the Figure 1-1 [2].  

 

 

Figure 1-1 The general flowsheet of tungsten production  

MINING 

ORE DEPOSIT TYPES  

Three types of tungsten deposits are: Classical vein deposits, Skarn deposits and Bulk 
mineable deposits (greisen, porphyry, stockwork) [10].  
Classical vein deposits contain more or less continuous veins of decimetres to metres in 
thickness, mainly comprising quartz in granite itself or in surrounding host rock. Most 
deposits have ferberite or hübnerite mineralisation, but scheelite vein deposits do also 
occur.  Typical tonnages are from few 10s to few 100,000s of tonnes of ore with typical 
grades of 0.5 ς 5% WO3. Sn typically co-occurs as by-product. Object of mining is the 
individual quartz vein with its content of tungsten mineralisation. Examples of active mines 
are: Panasqueira in Portugal; San Fix in Spain; Pasta Bueno in Peru and Chollja in Bolivia. 
Skarn deposits are formed by replacement of carbonate rock (e.g. limestone) by calc-silicate 
minerals (garnet, epidote, amphiboles and others) near to the contact of a granitic / felsic 
intrusion.  Mineralisation might be mono-metallic tungsten (almost exclusively as scheelite) 
or polymetallic (often with Mo or base metals: Pb, Zn, Cu), also together with gold, fluorite 
or magnetite. In some cases, tungsten is only by-product. Typical tonnages are few million 
tonnes, but much larger deposits are found. Typical grades are 0.3 ς 1% WO3. Examples of 
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active mines are Cantung in Canada; Shizhuyuan in China; Vostok-2 in Russia; Los Santos in 
Spain; Bonfim and Brejui in Brazil. 
Bulk mineable deposits are either W-Sn or W-Mo deposits. Both scheelite and wolframite 
occur in bulk mineable deposits, and some deposits contain both minerals together, which 
leads to problems with beneficiation as mixed concentrates are more difficult to market. 
Typical tonnages are dozens or hundreds of million tones with typical grades of 0.1 ς 0.3% 
WO3. Object of mining is not the individual mineralised vein but the entire rock mass 
including the quartz or greisen veins. Examples of mines include Lianhuashan in China and 
Mittersill in Austria. 

TUNGSTEN MINES IN EUROPE AND THE WORLD 

According to the most recent US Geological Survey (USGS) report [16] on the metal, world 

tungsten production reached 87,000 metric tons in 2015, aƴ ƛƴŎǊŜŀǎŜ ƻǾŜǊ нлмпΩǎ усΣулл 

metric tons. Top 10 production countries in 2015 are China (71,000 metric tons), Vietnam 

(5,000 metric tons), Russia (2,500 metric tons), Canada, Bolivia (1,200 metric tons), Rwanda 

(1,000 metric tons), Austria (870 metric tons), Spain (730 metric tons), Portugal (630 metric 

tons) and UK (600 metric tons)[12].  

China is the largest producer of tungsten. Its mine production in 2015 was 71,000 metric 

tons. The top 10 tungsten mines in China are listed in Table 1-1. Their annual output are 

from 1,350 to 5,750 tons of WO3. Xianglushan mine is the largest mine in Jiangxi China with 

the reserves of 217,000 tons of WO3.  
 

Table 1-1 Top 10 tungsten mines in China 

Deposit Name Company Location and Country Status 
Reserves Mt and 

grade WO3 % 

Xianglushan   Jiangxi Xiushui 
Xianglushan 
Tungsten Ind.Co. 

Xiushui, Jiangxi, China Annual output 5,750 t 
WO3 

217,000 t WO3 

Shizhuyuan
*
 Hunan Shizhuyuan 

Non-ferrous Metal 
Chenzhou Hunan, 
China  

Annual output 5,498t 705,000 t 

Yaogangxian Hunan Yaogangxian 
Mining Ind.Co 

Yizhang Hunan, China Annual output 4,500 t 200,000 t 

Dajishan
**

 Jiangxi Dajishan 
Tungsten Ind. CO 

Quannan Jiangxi, China Annual output 2,800 t 173,900 t 

Taoxikeng Chongyi Zhangyuan 
Tungsten Ind.Co 

Chongyi Jiangxi, China Annual output 2,500 t 74,066 t 

Maoping Jiangxi Yaosheng 
Tungsten Ind. Co 

Chongyi Jiangxi, China Annual output 2,500 t 41,594 t 

Tieshanlong Jiangxi Tieshanlong 
Tungsten Ind. Co 

Yudu Jiangxi, China Annual output 1,900 t - 

Piaotang Jiangxi Piaotang 
Tungsten Ind. Co 

Dadu Jiangxi, China Annual output 1,500 t 47,775 t 

Xialong Jiangxi Xialong 
Tungsten Ind. Co 

Dayu Jiangxi, China Annual output 1,450 t - 

Xihuashan
***

 Jiangxi Xialong 
Tungsten Ind. Co 

Dayu Jiangxi, China Annual output 1,350 t 81,300 t 
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*Ore type skarn deposits 

** Mineralogy:  tungstates, Niobates, Oxides, Sulfides, Manganoniobite, Tantalite, Wolframite, Scheelite, Beryl, 

Cassiterite, Bismuhinite, Galeba, Sphalerite, Stannite 

*** Mineralogy:  wolframite, Bismtutite, Cassiterite, Chalcopyrite, Scheelite, Pyrrhotite, Beryl, Bornite, 

Shalerite, Arsenopyrite and REE minerals 

 

Vietnam jumped two spots on the list to become the woǊƭŘΩǎ ǎŜŎƻƴŘ-largest tungsten 
producer for 2015. The country produced 5,000 metric tons in 2015 compared to 4,000 mtric 
tons in 2014. The Vietnam-based Nui Phao mine owned by Masan Resources is the largest 
tungsten mine outside of China with mining reserve of 66million tonnes of ore with average 
grade 0.21% WO3. Since Masan acquired the mine in 2010, it has seen consistent growth. It 
is an unique polymetallic mine with significant deposits of tungsten, fluorspar, bismuth, 
copper and among the largest producers of acid-grade fluorspar and bismuth in the world.  
With open-pit mining and low strip ratio, it is one of the lowest-cost producers of tungsten in 
the world[20].  
Russia produced tungsten 2,500 metric tons in 2015. ±ƻǎǘƻƪψн ƛǎ wǳǎǎƛŀΩǎ ƭŀǊƎŜǎǘ ǎƪŀǊƴ 
deposit of high grade sulfideςscheelite ore with substantial Base metal and gold 
mineralization. It has been mined since 1969 by the Primorsky Mining and Concentrating 
Combine first in open pit, and subsequently by means of underground mining operations 
(until now) [17].  The initial tungsten reserves and resources exceeded (with allowance for 
follow up exploration) 180 kt WO3. 
/ŀƴŀŘŀΩǎ ǘǳƴƎǎǘŜƴ ǇǊƻŘǳŎǘƛƻƴ ǿŀǎ мΣтлл ƳŜǘǊƛŎ ǘƻƴǎ ƛƴ нлмр ǘƻΣ Řƻǿƴ ŦǊƻƳ нΣопл ƳŜǘǊƛŎ 
tons a year earlier. Owned by North American Tungsten Corporation Ltd. Cantung mine is 
located in western Northwest Territories of Canada and one of the largest tungsten mines 
outside of China [14]. It is a skarn type of deposit with the reserves of 1,818,000 tons at the 
grade 0.81 % WO3. It is continuously operating underground and seasonally operating in 
open pit.   
Austria, Spain, Portugal and UK are major tungsten production countries in Europe. They 
ranked 7th to 10th ƛƴ ǘƘŜ ƭƛǎǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǘƻǇ ǘǳƴƎǎǘŜƴ-producing countries.  
Austria produced 870 metric tons of tungsten in 2015, the same amount it produced in 2014. 
Much of that production can be attributed to the Mittersill mine located in Salzburg province 
and operated by Wolfram Bergbau and Hutten which is owned by Metallgesellschaft 
Frankfurt, W. Germany (47,5%), Vbest-Alpine Corporation, Austria (47,5%) and Teledyne 
Corporation, USA (5%). The Mittersill mine hosts the largest tungsten deposit in Europe. The 
deposit was discovered in 1967. By 1973, the orebody had been explored by two exploration 
adits. Mining activities commenced in 1975, the ore dressing plant started operations in 
1976. Scheelite concentrates are further processed in the Bergla tungsten smelter, Styria 
[18-19].  The deposit consists of two parts, the Ostfeld open pit and the Westfeld 
underground mine. In the Ostfeld up to 90% of the ore in these orebodies can therefore be 
recovered by opencast methods. Medium WO3-contents average 0.75%, in pure ore 
quartzites and may increase to 3.5% WOs. The Westfeld deposit outcrops over 500 m. 
Within a mineralized thickness of 300 m, six economic horizons have been established so far. 
Within these horizons mineralization occurs in 60τ200 m long and 3τ20 m thick orebodies, 
the compositional axis of which dips towards the northwest. Intercalated "barren" rocks 
frequently carry 0.15τ0.25% W03 over thicknesses of tens of meters. The Westfeld has an 
average content of 0.45% WO3 which is not as rich as in the Ostfeld. However, the total 
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potential reserves of the Westfeld are expected to be significantly larger than those of the 
topographically limited Ostfeld. Underground mining in the Westfeld commenced in October 
1978 by opening up various adits and inclines; the official opening ceremony took place in 
September 1979.  Production of the Mittersill mine in 1978 was 291.140 tons of ore with an 
average grade of 0.65% W03, yielding a WOs-content of 1.954 tons [19].  

Spain produced 730 metric tons of tungsten that marks a drop from 800 metric tons of 
output in 2014. There are a number of companies engaged in the exploration, development 
and mining of tungsten assets in Spain including Almonty Industries, Ormonde Mining, 
Plymouth Minerals and W Resources. The Los Santos Mine was acquired by Almonty in 
September 2011.  The mine was originally opened in 2008 and commissioned in July 2010 by 
its former owner.  The Los Santos Mine is an open pit scheelite skarn deposit located 
approximately 50 kilometres from Salamanca in western Spain and produces tungsten 
concentrate [21]. Total reserves 3,582,000 tonnes at average grade 0.23% WO3. Potential 
high grade underground resource from bottom of main Los Santos pit: 15 m crown pillar to 
remain between open pit and underground development and underground potential from 
985 to 880 m delineated at 0.4% cut-off grade. Based on the current underground resource a 
15,000 tpm operation has been evaluated by management: Additional 4 year mine life; 
Exploration drilling results demonstrate that substantial potential exists below delineated 
resources; and Underground development has the potential to materially extend mine life 
[21][22]. Barruecopardo Tungsten Project [11] situated in the Castilla y Leon region of Spain. 
It is 100% owned and operated by Ormonde Mining and has a life of nine years. The mine is 
planned to be an open pit operation. It will be one of the biggest tungsten projects in Europe. 
A definitive feasibility study (DFS) for the mine was completed in February 2012. The mine is 
expected to produce 1.1 million ton (mt) annually, according to the DFS report. First 
production is expected in the fourth quarter of 2013. Tungsten mineralisation is found in 
quartz veins mostly in the form of coarse grained scheelites less than 10cm in thickness. 
Intense veining at the deposit is nearly 40m wide. Minor traces of wolframite are also part of 
the deposit. 

tƻǊǘǳƎŀƭΩǎ ǘǳƴƎǎǘŜƴ ǇǊƻŘǳŎǘƛƻƴ ŦŜƭƭ ǘƻ ŀƴ ŜǎǘƛƳŀǘŜŘ сол ƳŜǘǊƛŎ ǘƻƴǎ ƛƴ нлмр ŦǊƻƳ стм ƳŜǘǊƛŎ 
ǘƻƴǎ ƛƴ нлмпΦ ¢ƘŜ tŀƴŀǎǉǳŜƛǊŀ ƳƛƴŜ ƛǎ tƻǊǘǳƎŀƭΩǎ ƭŀǊƎŜǎǘ ǘǳƴƎǎǘŜƴ-producing mine. The 
largest past-producing mine in the country, the Borralha mine, is currently owned by 
Blackheath Resources.  UK had 600 metric tons of tungsten production in 2015. In the fall of 
2015, Wolf Minerals opened its Hemerdon tungsten mine in Devon. According to the BBC, 
Hemerdon was the first tungsten mine to open in Britain in over 40 years.  
The mines in Europe and the world out of China are listed in Table 1-2.  
 

 

 

 

http://www.mining-technology.com/news/news127336.html
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Table 1-2 The mines in Europe and the world out of China 

Deposit 
Name 

Company 
Location and 

Country 
Status Type of Ore Mining method Mineralogy 

Reserves Mt 
and grade 
WO3 % 

Wolf 
Minerals 
mine 
 

Wolf 
Minerals 

10 km 
northeast of 
Plymouth, in 
Devon Devon, 
England 

Feasibility Study 
completed in May 2011. 
Construction began in 
February 2014. 
 
Production estimated at 
350,000 t/y of a tungsten 
concentrate with a grade 
of 65% WO3 along with 
460 t/y tin concentrate. 
 
Expected to begin 
introducing ore into the 
plant in June 2015. 
 
 

Hemerdon ore, 
wolframite as 
tungsten 
mineral. 
 
 

open pit 
methods 

 35.7 
MT@0.18% 
tungsten 
and 0.03% 
tin 

Los Santos 
mine[21-22] 

Almonty 
Industries 

approximately 
50 kilometres 
from 
Salamanca in 
western Spain  

mine was originally 
opened in 2008 and 
commissioned in July 2010 
by its former owner and 
produces tungsten 
concentrate [21]. 

open 
pit scheelite 
skarn deposit  

open pit 
methods 

Pyrite, 
arsenopyrite 
(and/or 
lollingite), 
pyrrhotite and 
chalcopyrite 
 
Scheelite, 
pseudo 
galena, 
bismuth, 
bismuthinite, 
and marcasite 

Total 
reserves 
3,582,000 
tonnes at 
average 
grade 0.23% 
WO3 [21] 

Barruecopar Ormonde Western Spain Ormonde planned to In quartz veins conventional Scheelite, 27.39 Mt @ 
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do tungsten 
project [11] 

Mining produce scheelite 
concentrates containing 
an average of 1,800 t/yr of 
tungsten during the initial 
9 years of operation 
[9][11] 

mostly in the 
form of coarse 
grained 
scheelites less 
than 10cm in 
thickness,  
minor traces of 
wolframite 

open pit 
methods 

minor traces 
of wolframite 

0.26 % 
WO3;  
 

La Parilla 
project  

Tungsten 
Resources 

Extremadura 
region of 
Southwest 
Spain  
 

Expected to begin 
production in mid-2016, a 
production rate of 1,200 
to 1,300 t/y @ grade 66 % 
WO3. 
Full mine developed in 
2017/2018, and target 
production 5,000 t/y of 
tungsten.  
 

    

Panasqueira 
mine 

Almonty 
Industries 

Covihã, 
Castelo 
Branco, 
Portugal 

Tungsten and tin have 
been mined since the 
1890s. During the period 
1947 to 2001, over 27 
million tonnes of 
rock were mined, from 
which approximately 
92,800 t of tungsten 
concentrate, 4,800 t of tin 
concentrate, and 28,600 t 
of copper concentrate 
were produced.  
 

Mineralisation 
includes an 
oxide-silicate 
stage consisting 
of wolframite, 
cassiterite, 
arsenopyrite, 
topaz, 
muscovite and 
tourmaline 

An underground 
mine 

wolframite, 
cassiterite, 
arsenopyrite, 
topaz, 
muscovite and 
tourmaline 

4.91 Mt @ 
0.22 %. 

Borralha, Blackheath 
Resources 

Portugal 
 

    0.29 % WO3 

Tabuaço   Norte Region, 
Portugal 

    2.75 Mt ore 
@0.57% W 

https://en.wikipedia.org/wiki/Wolframite
https://en.wikipedia.org/wiki/Cassiterite
https://en.wikipedia.org/wiki/Arsenopyrite
http://investingnews.com/company-profiles/blackheath-tungsten-mining-exploration-portugal/
http://investingnews.com/company-profiles/blackheath-tungsten-mining-exploration-portugal/
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Valtreixal 
project 

Almonty 
Industries 

Spain 
 

In exploration    2.5 Mt @ 
0.34 % WO3 

San Fix Spain   Classical vein 
deposit 

   

Pasta Bueno Peru   Classical vein 
deposit 

   

Mittersill 
scheelite 
mine[18-19] 

Metallgesell
schaft 
Frankfurt, 
W. Germany 
(47,5%), 
Vbest-Alpine 
Corporation, 
Austria 
(47,5%) 
and 
Teledyne 
Corporation, 
USA (5°/o).  

Salzburg 
province, 
Austria 

The deposit was 
discovered in 1967. By 
1973, the orebody 
had been explored by two 
exploration adits.  
Mining activities 
commenced in 1975, the 
ore dressing 
plant started operations in 
1976. Scheelite 
concentrates 
are further processed in 
the Bergla tungsten 
smelter, 
Styria.  
 
 

Bulk mineable 
deposits 

The deposit 
consists of two 
parts, the 
Ostfeld open pit 
and the 
Westfeld 
underground 
mine.  
 

scheelite Production 
in 
1978 was 
291.140 
tons of ore 
with an 
average 
grade of 
0,65°/o 
W03 , 
yielding a 
WOs-
content of 
1.954 tons. 

Chollja  Bolivia  Classical vein 
deposit 

   

Cantung[14] North 
American 
Tungsten 
Corporation 
Ltd. 

western 
Northwest 
Territories, 
Canada 

The mine currently 
produces ore at a rate of 
1,350 dry short tons per 
day. Mineral Reserves 
support a mine life to at 
least 2017. Processing by 
gravity and flotation 
circuits. Final products 
include a premium gravity 

Skarn deposits continuously 
operating 
underground 
and seasonally 
operated open 
pit 

scheelite 1,818,000 
tons 
@0.81% 
WO3 
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concentrate (G1), 
containing on average, 
65% WO3; a flotation 
concentrate containing, on 
average, 35% WO3 and a 
copper concentrate 
averaging 28% Cu. 
 

Vostok-2  Primorsky 
Mining and 
Concentratin
g Combine 

East Russia The Vostok 2 deposit was 
discovered in 1961 and 
has been mined since 
1969 by the Primorsky 
Mining and Concentrating 
Combine first in open pit, 
and subsequently by 
means of underground 
mining operations (until 
now). 

Skarn deposits  High grade 
sulfideς
scheelite ore 
with 
substantial 
Base metal 
and gold 
mineralization 
 

initial 
tungsten 
reserves 180 
kt WO3, 
grade 1.7% 
WO3 

Nui Phao 
mine[20] 

Masan 
Resources 

the Dai Tu 
District of the 
Thai Nguyen 
Province, 
Vietnam 

the largest tungsten mine 
outside of China. Since 
Masan acquired the mine 
in 2010, it has seen 
consistent growth. With 
open-pit mining and low 
strip ratio, is be one of the 
lowest-cost producers of 
tungsten in the world. 

 open-pit mining unique 
tungsten-
polymetallic 
mine,  
Tungsten, 
Fluorspar, 
Bismuth and 
Copper 

reserve of 
66million 
tonnes of 
ore with 
average 
WO3 grade 
of 
0.21%[20]. 



 

 

MSP-REFRAM D2.2 ς State of the art on the recovery of REFM (Primary resources) 15 

 

MINING TECHNOLOGY 

There are numerous tungsten minerals, but only scheelite (CaWO4) and wolframite 
((Fe,Mn)WO4) are mined commercially [3][27]. Wolframite accounts for about 70% of the 
total tungsten resources and scheelite accounts for about 30%. Wolframite mainly occurs in 
quartz veins and pegmatites associated with granitic intrusive rock. Scheelite occurs in 
contact metamorphic skarns, in high-temperature hydrothermal veins and greisens, and less 
commonly in granite pegmatites.  
Scheelite and/or wolframite are frequently located in narrow veins which are slightly 
inclined and often widen with the depth. So underground mining is more commonly used. 
The selection of a suitable mining method open pit or underground mining depends on 
numerous governing factors, including ground conditions (physical properties of the ore and 
the encasing rock mass - e.g. massive or broken); size of the deposit and proposed annual 
production; ore value (high grade versus low-grade deposits - this governs the money that 
can be spent to extract the ore); and economic, environmental, legal and regulatory 
considerations [3]. 
 
Open pit mining 

Most active tungsten mines are of moderate scale (WO3 production of a few 100,000t of ore 

per year), and thus the few operations that use open pit mining techniques are of a much 

smaller scale than for example copper or iron ore mines [3].  

Currently, open pitting is used for example at Los Santos (skarn, Spain), at Kara (skarn, 

tungsten is by-product, Australia), for part of the production at Cantung (skarn, Canada) and 

in various Chinese operations. Most of the currently promoted tungsten mining projects 

would also be using open pitting. Some proposed tungsten mining projects call for mining 

rates of some 20,000t per day of low-grade ore and would be using large-scale loading and 

hauling equipment[3]. 

 

Underground mining 

Underground mining methods commonly used include[3]: 

Best suited for steeply dipping veins or narrow well-delineated skarn orebodies 

-  Narrow-vein open stoping, e.g. Chollja mine, Bolivia 

- Shrinkage Stoping, e.g. Pasta Bueno mine, Peru 

- Cut & fill with resuing fill 

- Cut & fill, e.g. historic Springer, USA 

Best suited for flatly dipping veins or flat tabular skarn orebodies 

- Room & pillar mining, e.g. Panasqueira, Portugal 

- Best suited for thicker tabular or lense-shaped orebodies with medium to steep dip (or very 

thick flat orebodies) 

- Cut & fill 

- Post pillar mining, e.g. historic Dolphin, Australia 

- Sublevel stoping with delayed fill, e.g. Mittersill, Austria 
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- Sublevel stoping with cemented fill and secondary pillar recovery, e.g. Cantung, Canada 

- Vertical Crater Retreat 

- Sublevel caving, e.g. Mittersill, Austria 

There are two fundamentally different techniques in underground mining: 

- άŎƻƴǾŜƴǘƛƻƴŀƭέ κ ǘǊŀŎƪ-bound (electric drives for haulage, pneumatic (compressed 

air) for semi-stationary tasks): pneumatic drills (often hand-held), pneumatic over-

head loaders, haulage with locos and mine carts. 

- Rubber-tyre equipment (diesel-powered plus electric for semi-stationary tasks): drill 

jumbos, diesel-driven scooptrams (LHD ς load/haul/dump), underground trucks. 

Mining at Barruecopardo mine [11] was operational until the 1980s, when mining activities 

ceased due to unsafe and uneconomic conditions. These mining activities were carried out in 

southern part of the mine in open pits that are 800m x 100m in size. The steeply dipping 

structure of the mine facilitates easy extraction of ore. Ormonde plans to use largely 

mechanised mining techniques including drilling and blasting, and shovel and truck 

operations. Open pit mining will be carried out during the first five years. After five years, 

underground mining using conventional mechanised bulk and open stoping mining methods 

will be carried out. The open pits drilled for the current mining operations will be an 

extension of those drilled previously. 

The Los Santos deposit has been divided into a number of zones, six of which form the basis 

of the current project. From west to east these are known as Las Cortinas, Sector Central, 

Capa East and Los Santos Sur. The strike length varies for each zone and zone dips are fairly 

uniform across the deposit varying between 60o to 90o. Within each zone, the skarn 

mineralisation is located within a number of individual beds, separated by barren lithologies. 

The major skarn beds vary between 2m and 20m in width; there are, however, numerous 

thinner bands measuring tens of centimetres.  

The open pit operations at Los Santos mine in Spain [22] are conventional drill and blast 

operations, using mining contractors MOVITEX (Movimientos de Tierra y Excavaciones 

Nieto S.L.U.) for initial drillin blasting, loading and transport, and Perforaciones Noroeste 

S.A. --- All other drilling.  

Mining operations are based on mining 10m benches in waste, and 5m benches in ore, with 

0.5m of sub-drilling. Tamrock CHA1100 rigs are used for blasthole drilling. The blastholes 

are 3.5 in. in diameter, and drilled on a 3m x 2.5m pattern in Los Santos Sur, and a 3m x 2.5m 

pattern in the other pits. Pre-split lines are drilled along the edges of final walls. These pre-

split holes are 3 in. in diameter, and are 0.8m apart. When water is present, water-resistant 

emulsion explosives (Riogel) are used. Mucking operations are completed using Hitachi 

210W and Komatsu PC1250 excavators, loading Komatsu HD465 55 tonnes loaders. Short-

term grade control starts with sampling of blasthole drilling cuttings. These average grades of 

these each blasthole are used to delineate ore and waste boundaries, as well as ore grade 

categories, at the time of mining [22]. The night following every blasting containing ore, a 

team of geologists checks with ultra-violet (UV) lighting the real position of the ore after 

blasting displacement, in order to reduce dilution to the minimum. They also pass the UV 

http://www.mining-technology.com/news/news68304.html
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lamp by the waste dumps and stockpiles, to check for any kind of error on ore/waste selection. 

These practices were introduced during 2012, and have demonstrated improvements. During 

all ore mucking operations, a grade control geologist is always present, to check and check for 

any other variations that can be seen in the pit with the blasted skarn material.  

MINERAL PROCESSING 

BENEFICIATION OF TUNGSTEN ORES 

The beneficiation process generally consists of a pre-concentration step after crushing and 

grinding of the run-of-mine ore, followed by processing the pre-concentrate, concentrate 

cleaning or up-gradation step, and a final purification stage to meet the market 

specifications [24]. Only scheelite is readily amenable to flotation. Wolframite, in contrast to 

scheelite, is paramagnetic. Thus beneficiation techniques focus on gravity concentration and 

flotation for scheelite ore, and gravity and/or magnetic separation for wolframite. In 

addition, pre-concentration methods are usually used to discard a portion of the run-of-mine 

ore and increase the head grade prior to traditional beneficiation methods [3]. The 

beneficiation methods for scheelite ore and wolframite ore are listed in Table 1-3.  

 

Table 1-3 Beneficiation methods for scheelite ore and wolframite ore 

Beneficiation methods Scheelite ore Wolframite ore 

Comminution (crushing and 
grinding) 

Due to the brittle character of both scheelite and wolframite, 
comminution is carefully designed to avoid overgrinding, that is, at every 
stage of comminution, appropriate sizing techniques (screening, hydro-
classifications by using hydrocyclones or classifiers), are used to minimise 
formation of fines, and rod milling is more commonly used than ball 
milling.  
 

Pre-concentration X-ray sorting: the most advanced 
ŀǇǇǊƻŀŎƘΣ ƭƻƻƪƛƴƎ άƛƴǎƛŘŜέ ǘƘŜ 
individual rock fragments.   
Gravitational methods: sluicing 
and Dense-media separation  

Hand-picking: large grade 
contrasts or good visual 
distinction, e.g. in several tungsten 
deposits in China; 
Optical sorting: a strong brightness 
contrast exists between higher-
grade portions of the overall run-
of-mine ore (wolframite-quartz), 
e.g. at historic Mt Carbine 
operation in 1970s and 80s, and 
Dajishan mine in China. 
X-ray sorting 
Gravitational methods 

Gravity concentration The high density of both scheelite and wolframite facilitates their 
separation from the gangue materials by gravity techniques. Examples of 
gravity techniques that can be used are described below: 
Jigging: repeated jigging action leads to a separation of the higher and 
lower-density particles on the jig bed, suitable for coarse particles. There 
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is a large variety of different jig types, from the basic Pan- African jig with 
bicycle drive to highly sophisticated circular jigs such as the Knelson, 
Kelsey and Falcon concentrators. 
Spiralling: a very economic method, by the combined effect of 
centrifugal force and differential settling rates, suitable for fine particles 
separation. 
Shaking tabling: most efficient means of density separation, and they are 
commonly used to produce final concentrates from pre-concentrates 
obtained by jigging and spiraling concentrations; Various types and 
brands have been developed, such as Wilfley, Deister and Holman tables, 
and special flotation tables, usually used to remove sulphides from 
density concentrates. 
 
 
 

Flotation Two flowsheets: 
Whole ore flotation after 
preconcentration (such as by x-ray 
sorting)  
Gravity concentration -flotation  
Gravity concentration is to remove 
the low-density fraction (e.g. 
calcite or fluorite ) before flotation 
of scheelite. 
  
Reagents: using fatty acids as the 
collector, in the case of the Petrov 
process, flotation with fatty acids is 
undertaken at elevated 
temperatures which increase 
selectivity; in China, higher 
temperatures are only used in the 
cleaner flotation, together with 
using depressants including sodium 
silicate for effective depression of 
Ca-bearing minerals other than 
scheelite. The high-grade 
concentrate from skarn ores is 
obtained.  
 

Wolframite flotation is performed 
similarly to the scheelite flotation, 
but is not pH sensitive and can 
therefore be undertaken in both 
acidic and alkaline solutions. 
However, flotation is rarely applied 
to wolframite since it occurs 
mainly in much coarser 
mineralization with then a 
preference to gravity and magnetic 
methods [23]. 
 
 

Magnetic separation No application cases Low-intensity magnetic separation 
(LIMS): used to remove magnetite 
and other ferromagnetic materials, 
άƳŀƎƴŜǘƛǎƛƴƎ Ǌƻŀǎǘέ  ƳƛƎƘǘ ŀƭǎƻ ōŜ 
used for transforming hematite 
into magnetite prior to LIMS, and 
High intensity magnetic 
separation (HIMS): used to 
separate wolframite from 
diamagnetic minerals such as 
cassiterite.  
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Several processes are implemented in order to produce a concentrate with 65-75% WO3 

fulfilling the requirements of international trading from a deposit containing generally some 

tenths of a percent of WO3 [23]. The beneficiation flowsheet largely depends on the nature 

of the mineralization in the ore body and on the liberation size of the tungsten minerals. In 

particular, the liberation can be found in a wide range of size from several mm to 10-20 µm. 

Weathering and other alteration processes lead to secondary tungsten minerals such as 

hydrotungstite (H2WO4·H2O), anthoinite (AlWO3(OH)3) and cerotungstite (CeW2O6(OH)3). 

Presence of these minerals might lead to lower process recovery and/or lower concentrate 

grade and thus, could have an important negative economic impact [27]. 

Scheelite flotation is performed in alkaline medium, with sodium carbonate or sodium 

hydroxide to adjust the pH to about 9 - 10.5. Collectors commonly used are sodium oleate, 

tall oil or oxidized paraffin soap [26]. Scheelite ore has good floatability but it is often 

associated with other Ca-bearing minerals in the gangue (such as calcite, fluorite and 

apatite) which make the flotation difficult due to similar surface properties of calcium 

minerals and high reactivity with their conventional reagents [25]. In order to improve the 

selectivity of flotation of scheelite and calcic gangue minerals, metal salts such as ferrous 

sulfate are used in combination to sodium silicate in order to improve the effect of scheelite 

flotation [26].  

Electrodynamic or electrostatic separators are used only for scheelite-cassiterite 

mixtures[23]. Scheelite is non-conducting whereas cassiterite is a conducting material. Acid 

leaching can be performed to removed apatite (P, Ca) and calcite (Ca). For example, the 

process implemented at the Salau mine (France, closed in 1986) used HNO3- to remove the 

apatite and carbonates contained in the scheelite after flotation. 

Tungsten beneficiation plants normally operate with a recovery of 60-85%. The beneficiation 

recovery rate for the Mittersill tungsten mine in Austria has been estimated at 75ς85%, 

whereas that of the Los Santos project in Spain has been reported at 57ς65% and that of the 

Cantung mine in Canada is around 75ς79% [29]. 

Most of the losses of tungsten occur in slimes, which are difficult to treat with conventional 

beneficiation techniques. Generation of tungsten mineral slimes occurs due to [24]: 

- The brittleness of the tungsten minerals, leading to their preferential grinding during 

the comminution steps. 

- The high density of the tungsten minerals, they tend then to go into over-size fraction 

during classification by cyclones or hydraulic type of classifiers used in the grinding 

circuit, and get recycled to the grinding mill, leading to their over-grinding. 

 

Impact of the specifications of the concentrate on the beneficiation process 

As described before, tungsten ore can contain a wide range of minerals associated with 
scheelite and/or wolframite. Some of the elements contained in these associated minerals 
have an influence on the beneficiation flowsheet, in order to reach the international 
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specification for the use of the produced WO3 concentrate. These specifications are 
presented in the Table 1-4. 
Two examples of the modifications needed to reach these composition requirements are the 
following [27]: 

- As: in unoxidised status, As (in the form of arsenopyrite) can be removed by sulphide 
flotation. In the case of weathered or oxidised ore, for example near the surface, 
oxide arsenic mineral might pose a far bigger challenge. 

- Mo: if Mo is in the form of molybdenite then it can be removed through a flotation 
stage. However, if Mo occurs as powellite, separation during beneficiation is very 
difficult. 
 

Table 1-4 International specifications for the chemical composition (in %) of scheelite and 
wolframite concentrates (from BGR, 2010) 
 Wolframite Scheelite 

General Grade I  Grade II General Grade I  Grade II 

WO3 65.00-70.00 >=65 60-64.99 60.00-70.00 >=70 65-69.99
1)
 

Sn 1.00-1.50 0.20-1.00 <=2.5 <=0.1 

As 0.10-0.25 <=0.20 <=0.40 <=0.10 <=0.3 

Cu <=0.10 0.08-0.40 <=1.0 <=0.10 - 

Mo 0.04-0.40 <=0.40 <=1.0 0.05-0.40 <=2.0 <=4.0 

P 0.05-0.10 0.03-0.08 <=0.25 0.05-0.10 <=0.1 

S 0.10-0.50 0.20-0.75 <=2.0 <=0.5 

Bi <=1.00  0.05-1.00  

Sb <=0.50 - <=0.05 <=0.2 

Mn 0.00  <=1.00  
1)
Lower grade scheelite ores are usually converted into artificial scheelite direct at the mine or later into 

ammonium paratungstate, an important intermediate product of the synthesis of tungsten. 
 

CASE STUDIES 

Two types of wolframite deposits are being worked at Degana, Rajasthan, India. One of them 
is quartz lode where wolframite is mineralised in quartz veins. The other type is finely 
disseminated tungsten mineralised in granite body itself.  Pre-concentrate was studied with 
the sample of quartz lode at -12 mm. In upgrading lean tungsten ore, gravity concentration 
by jigging of vein quartz produced a pre-concentrate containing 4.5% WO3. For further 
upgrading the pre-concentrate, beneficiation studies were conducted with an objective of 
obtaining a product of 65% WO3 with less than 1% impurities of SiO2 and S each. Desired 
product could be obtained by pre-concentration of the jig pre-concentrate by tabling 
followed by flotation.  
In Panasqueira, the ore treatment process begins with heavy media separation for the 
coarse fractions of material. In a second phase, cyclones are used to produce ore 
concentrates with high metal content, and tables are used to treat the sands. Froth flotation 
of the Panasqueira wolframite has been investigated over a number of years. Many different 
collectors have been tested on both the current slimes tailings and on the historical dam 
deposits (slimes -25 µm), however the results have always proved to be inconsistent. In the 
paper [7], some collectors were investigated:  
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Procol CA 540 (Na phosphonate), Briphos S2D (phosphate ester) + kerosene, Briphos S3D 
(phosphate ester) + kerosene, Flotinor SM-15 (Mixture of Phosphoric acid and esters), 
Briquest 2N81 25S (methylene phosphonate) and Briquest 281 25S (methylene 
phosphonate). The experimental flowsheet:  desliming, bulk sulphide rougher flotation, 
wolframite flotation with rougher and one cleaner stage. Flotation was carried out at pH 2.5. 
The feed grade was approximately 0.3 % WO3. Only two of the above collectors showed any 
potential with the tailings material, and this potential was itself limited to the current 
tailings. Much lower WO3 grades and recoveries were obtained from the dam deposited 
material than for the fresh tailings, under the same reagent conditions.  
Processing of tungsten ores in general [9]: gravity separation, where lighter gangue is 
discarded; magnetic separation, in which iron and iron bearing minerals are removed; 
flotation, in which the sulphide minerals are removed; and, finally electrostatic separation, in 
which less conducting minerals are removed to yield a richer concentrate of tungsten 
mineral.  
Ore processing at Barruecopardo mine [11] the project does not require a primary grinding 
circuit because of its coarse mineralisation. Tailings dam is also not required, resulting in low 
capital and operational costs. A gravity processing plant designed by Jacobs Engineering 
Group will be built to process the ore. The design of the processing circuit is similar to that 
used during the mining operations in the 1980s. Test work carried out at the mine indicated 
that the processing plant can achieve tungsten recovery of nearly 78%. The processing will 
begin with a four stage 1.1mtpa crushing circuit which will crush the feed to a size of less 
than 5mm. The crushed ore will be screened before sending for gravity pre-concentration, in 
which heavy tungsten minerals will be recovered by jigs and spirals. The next step includes a 
clean-up and tabling circuit which will remove any sulphides present in the concentrate.  
At Cantung mine in Canada [15] although the mill was designed to process 1,000 dry short 
tons per day, it has achieved continuous processing rates of up to 1,300 tons per day.  The 
Life of Mine Plan (LOMP) details an average processing tonnage of 1,160 tons per day at a 
recovery rate of 79.5% of WO3.  Final products will be approximately 377 tons per month of 
gravity concentrate (G1), containing 60% to 70 % WO3 at 58.3% recovery and approximately 
185 tons per month of flotation concentrate containing 45% to 50% WO3 at 21.2% recovery. 
These target numbers appear to be obtainable based on projected ore metallurgical 
characteristics and past performance attained by the operation. Ore is handled from the 
stockpile by a loader or directly dumped from haulage truck into a 30 ton receiving bin 
equipped with 42 in x 10 ft apron feeder, which, in turn, feeds a 42 in x 48 in jaw crusher.  
The jaw crusher is set to produce a nominal five inch crushed product.  A conveyor 
transports crushed ore into a 1,000 ton capacity coarse ore bin.  This bin acts as a surge bin 
for the secondary crushing circuit;   
The flowsheet of ore dressing includes primary, secondary & tertiary crushing, grinding, 
classification and talc flotation, sulphide flotation, gravity and scheelite flotation.  
The process plant in Los Santos mine is primarily based on gravimetric separation, aimed at 
recovering a high grade scheelite concentrate [22]. An average feed grade was 0.32% WO3 
and the average plant recovery was 60%. The primary crushing circuit employs a jaw crusher, 
with a nominal 100tph capacity, followed by two cone crushers, generating a minus 12 mm 
size material in a conical open stockpile ahead of the main process plant. A conveyor feeds 
this material at 65 tph rate into a rod mill which produces a ground product. This ground ore 
is then wet-ǎŎǊŜŜƴŜŘ ŀǘ мллл ˃ƳΣ ǿƛǘƘ ǘƘŜ oversize being reground in a regrind ball mill and 



 

 

MSP-REFRAM D2.2 ς State of the art on the recovery of REFM (Primary resources) 22 

 

ǘƘŜ Ƴƛƴǳǎ мллл ˃Ƴ ǳƴŘŜǊǎƛȊŜ ǇǊƻŘǳŎǘ ōŜƛƴƎ the raw feed to the gravity circuits. Two banks 
of hydrocyclones then split the ƎǊŀǾƛǘȅ ŎƛǊŎǳƛǘ ŦŜŜŘ ƳŀǘŜǊƛŀƭ ƛƴǘƻ млллκмрл ˃Ƴ ŀƴŘ мрлκол 
˃Ƴ ǎƛȊŜ ŦǊŀŎǘƛƻƴǎΦ .ƻǘƘ ǎƛȊŜ ŦǊŀŎǘƛƻƴǎ Ǝƻ ǘƘǊƻǳƎƘ ƭƻǿ ƛƴǘŜƴǎƛǘȅ ƳŀƎƴŜǘƛŎ ǎŜǇŀǊŀǘƛƻƴ ǘƻ 
remove mill steel and pyrrhotite ahead of gravity separation. The non-magnetics streams 
from the two size fractions then go to their respective banks of rougher spirals. Middlings 
are recycled via middlings-cleaners spirals, and the rough spiral tails exit as waste. In both 
circuits, rougher concentrates are cleaned in a bank of cleaner spirals before going forward 
to shaking tables. Concentrates from the coarse and fines spirals are fed to a hydrosizer 
which feeds four separate tabling circuits. Tailings from the cleaner step of all tabling circuits 
are recycled back to the hydrosizer, The coarse tailings are dewatered by thickening cyclones 
and a high frequency screen. Fine tailings are dewatered in a thickener and filter press. In 
both cases, the final tailings product is dry enough to be trucked and disposed of on the 
mine waste dump. The thickener overflow is recycled as process water and the plant 
operates with a zero discharge. The combined gravity concentrates are batch-processed 
through two 3m3 flotation cells to float off sulphides. The non-floating material, principally 
scheelite, is discharged into a dewatering cone, and then goes through a rotary kiln dryer, 
followed by three-stage high intensity magnetic separation, to remove any remaining mill 
steel and pyrrhotite and any paramagnetics (mainly pyroxene). A final high grade scheelite 
concentrate constitutes the final saleable product, and typically has a grade of 
approximately 65% WO3. 
  

EXTRACTIVE METALLURGY 

HYDRO-METALLURGY 

The hydrometallurgical recovery of tungsten from various sources (e.g. minerals, tailings, 

scrap) follows several process steps. After digestion and purification of the raw material, the 

concentrated leachates enter the solvent extraction cycle. Here, the state-of-the-art 

processes are pointed out in order to produce high-purity ammonium paratungstate (APT), 

which is the most important intermediate for pure tungsten production.   

Digestion 

Tungsten is economically extractable from the two minerals wolframite ((Fe, Mn)WO4) and 

scheelite (CaWO4) and from tungsten containing scrap (e.g. catalysts). There are three 

hydrometallurgical routes for processing the tungsten bearing raw materials: 

Alkali leaching 

 (Fe, Mn)WO4 + 2 NaOH Ą Na2WO4 + (Fe, Mn)(OH)2 

The wolframite or oxidized soft scrap is dissolved in concentrated NaOH (40 ς 50 %) at 100 ς 

150 °C or by high-pressure digestion with dilute NaOH. Fe and Mn build low soluble 

hydroxides. 

Pressure leaching with soda  

 (Fe, Mn)WO4 + Na2CO3 Ą Na2WO4 + (Fe, Mn)CO3 

 CaWO4 + Na2CO3 Ą Na2WO4 + CaCO3 
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The wolframite or scheelite is leached with Na2CO3 (10 ς 18 %) under pressure (10 ς 25 bar) 

in steel autoclaves at 200 °C. A large excess of reagent is necessary.  

Acid leaching 

 CaWO4 + 2 HCl Ą CaCl2 + H2WO4 

The scheelite is leached with concentrated HCl, but other acids are also possible. The 

precipitated tungstic acid is filtrated from the aqueous CaCl2 solution and treated with 

ammonia and water to produce APT. 

Purification 

The obtained sodium tungstate solutions from alkali and soda leaching need to be purified 

by filtration and precipitation, because they may contain several dissolved impurity 

elements. If the concentration of those impurities is too high, the subsequent processing is 

disturbed.    

Silicates are common impurities, which can be precipitated by aluminium sulfate or 

magnesium sulfate solution (or a mixture) at pH 8 ς 11. Phosphates and fluorides are co-

precipitated. 

Molybdenum as a common accompanying element in tungsten bearing material is 

precipitated by sodium sulfide in neutral or slightly alkaline environment forming 

thiomolybdate. By adding sulfuric acid to pH 2.5 ς 3 the molybdenum is precipitated as 

trisulfide. This precipitation step is also selective for other insoluble sulfides as As, Sb, Bi, Pb, 

and Co. 

The sodium ion concentration must be reduced from 70 g/l to < 10 mg/l as otherwise 

problems occur with the reduction to metal powder. This purification step is accompanied 

by a concentration step of tungsten, which is either done by solvent extraction or ion 

exchange resins. 

Solvent extraction     

The purified acidic sodium tungstate solution (pH 2 ς 3) is contacted with the organic phase. 

Tertiary or secondary aliphatic amines (e.g. trioctylamine, tricaprylamine) are the most 

important extractants, unless in literature, various other extractants have been tested. The 

extractants are dissolved in kerosene or other aliphatic solvents. Phase modifiers like 

isodecanol can be added. The anionic exchange mechanism writes as follows: 

7/( Î8 (9 ᵮ 8 ( 7/( Î9    

Here X represents the extractant (amine) and Y the anionic leaving group, where the 

overbars indicate the organic species. The tungsten ionic species is pH-dependent. The 

predominant aqueous species are 7/ ( , 7 / (   and 7 / (   at pH 

2, 7 /
  at pH 7 and 7 /(

   at pH 12. The distribution coefficient at pH 2 is 

between 30 ς 50. Therefore a two-stage countercurrent extraction is sufficient for an 

extraction of 99.9 %.    

The extract is washed with deionized water and reextracted by a dilute ammonia solution 

into the aqueous phase: 
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 8 ( 7/( Î/(  ᵮ  7/( Î8(/(  

The solvent is regenerated and recycled.  

Ion exchange 

Here the sodium tungstate solution is contacted with a strongly alkaline ion exchange resin 

in the chloride from, where the tungstate is adsorbed. Desorption is carried out with 

ammonium chloride solution. Elements that form heteropolytungstates like Si, P, As and Mo 

can additionally be removed.   

Crystallization 

The isopolytungstate solution is evaporated and water and ammonia is distilled, which is 

recycled to the solvent extraction step. The solubility becomes lower and APT crystallizes in 

recirculating batch crystallizers. Additionally, this is a further purification step, where soluble 

impurities remain in the mother liquid.   

  

PYRO-METALLURGY 

As shown in Figure 1-2[38], tungsten concentrates (wolframite or scheelite), obtained after 

mineral processing of tungsten ore, can be directly used to produce ferrotungsten, steel and 

tungsten chemicals, or indirectly used to produce tungsten metal powder and tungsten 

carbide.  

 

 Figure 1-2 General tungsten flow diagram from primary resources  

 

 

Using tungsten concentrate to produce ferrotungsten  
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Ferrotungsten, contains ~ 75-85% W, is a master alloy for the production of tungsten-

containing steels[39]. Ferrotungsten is normally produced in the electric arc furnace by 

either carbo-thermic reduction, carbo-/silico-thermic reduction or alumino-thermic 

reduction of tungsten concentrates, among which the carbo-thermic reduction and  carbo-

/silico-thermic reduction are preferred processes due to the cost reasons and the high 

tolerance level for impurities, such as As and Sn, in the raw materials[39][40]. 

Carbothermic reduction process. The carbo-thermic reduction process of tungsten 

concentrates can be well illustrated by Figure 1-3[39]. It is seen that this process is operated 

in two stages: the refining stage and the reduction stage. In the refining stage an ingot of 

high-grade ferrotungsten (80% W) and a WO3-rich slag (25% W) are produced. The 

ferrotungsten ingot is removed from the furnace and cleaned after the electric arc furnace is 

switched off, as tapping of the melt is not possible due to a high melting temperature of the 

ferrotungsten. In the reduction stage the WO3-rich slag is processed to ferrotungsten of 50% 

W and a slag with less than 1% WO3. The 50% W together with the outer parts of the 

cleaned, high-grade ingot are recycled and be processed to high-grade ferrotungsten in the 

refining stage. If several furnaces are used in parallel, the production can then take place as 

a quasi-continuous process.  

 

 Figure 1-3 Scheme of ferrotungsten production by carbothermic reduction process   

Carbo- and silico-thermic reduction process. This process is carried out in three successive 

stages in the electric arc furnace. In the first stage tungsten concentrates are reduced by 

carbon under WO3 rich slag (10-16% W) and the resulting ferrotungsten (75% W) is scooped 

out. In the second stage iron scrap is added into the furnace and the WO3-rich slag from the 

first stage is reduced by silicon (in the form of ferrosilicon with 75% Si), which will result in a 

metal phase with 50-70% W and a slag phase with < 1% WO3 being tapped off. In the third 

stage the metal phase in the second stage is refined by adding tungsten concentrates, 

resulting in a WO3-rich slag (18-25% W) and the W in the metal phase being increased. 
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Carbo-/silico-thermic reduction process is a continuous operation process, which therefore 

saves electric energy and prolongs the service time of the lining. However, it necessitates the 

laborious scooping operation; moreover, ferrotungsten tends to accumulate on the furnace 

wall, and this can only be removed until next furnace relining.  

Alumino-thermic reduction process. In this process aluminum is used instead of carbon 

and/or silicon to reduce the tungsten concentrates, which are mainly scheelite. Due to the 

chemical properties of aluminum the reduction proceeds rather rapidly and the impurities, 

such as As and Sn, can also be reduced. Therefore, the tungsten concentrates with fewer 

impurities are required for this process. The resulting product is low carbon ferrotungsten. 

Due to the economic reason, this process is mainly used to meet special customer needs.     

 

Using tungsten concentrates to produce W-bearing steels  

Besides using ferrotungsten for W-bearing steel production, tungsten concentrates 

(normally scheelite) can be directly, for example, charged into the EAF, to produce W-

bearing steel.[38][41][42] In this process tungsten oxides in the concentrates is reduced to 

tungsten by carbonaceous materials in the furnace and the steel is alloyed with tungsten. 

 

Using tungsten concentrates to produce ammonium paratungstate (APT) and its 

downstream products (mainly tungsten metal powder and tungsten carbide) 

APT production. Besides a part of tungsten concentrates are used to produce ferroalloys and 

steels, tungsten concentrates (~ 90% in amount[43]) are largely used to produce APT, a most 

common intermediate product used for tungsten metal powder and tungsten carbide 

production. APT is produced by the modern hydrometallurgical process,[42][44][45] which 

can be well described by Figure 1-4. In this process tungsten concentrates after roasting or 

calcination are digested by either soda or concentrated NaOH solution, which will result in 

the formation of sodium tungstate solution. The sodium tungstate solution is purified by 

precipitation and filtration, and thereafter it is converted into an ammonium tungstate 

solution, exclusively by solvent extraction or ion exchange resins. Finally, high purity APT is 

obtained by crystallization, with the formula (NH4)10(H2W12O42) ·4H2O. 
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Figure 1-4 Scheme of APT and WO3 production by modern hydro-metallurgical process 

Tungsten powder production. Although it is possible to produce tungsten metal powder by 

direct hydrogen reduction of APT, metal powder is more commonly produced by the 

hydrogen reduction of tungsten oxide at 600-1000 oC, which is produced by the thermal 

decomposition of the APT, as shown in Figure 1-4. By changing reduction conditions this 

process offers the possibility to produce tungsten powder with various particle sizes (within 

the range of 0.1-100 µm)[45-47]. The other innovative tungsten powder production 

processes include solid carbon reduction process, gas phase precipitation process, plasma 

process, amalgam process, carbonyl process, electrochemical reduction process,[47-49] etc.  

Tungsten carbide powder production. Conventionally, tungsten carbide is produced by two 

steps: the step of producing high purity tungsten powder with desired properties and the 

step of tungsten powder carbonization by high purity carbon black, soot or graphite. The 

carbonization step is implemented by (i) mixing the tungsten powder with carbon black, soot 

or graphite by ball milling and (ii) carbonizing tungsten powder at temperatures of 1400 - 

1600°C in hydrogen atmosphere for 2-10 hours. By far a large percentage of WC is 
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manufactured by this direct carburization of tungsten powder process and it covers the 

widest range of powder qualities in regard to average particle size (0.15ς12µm).[50][51] The 

other innovative tungsten powder production processes include direct carbothermic 

reduction of WO3, scheelite or wolframite,[52]ς[54] direct carbonization of WO3 by CH4-H2 

mixtures[55], direct carbothermic reduction of  carbon coated WO3[51], etc.  

 

 An assessment of the extractive technologies for tungsten 

Due to the extreme high melting temperature of tungsten, hydrometallurgical process will 

continue to the prevalent one for extracting tungsten from the tungsten ore concentrates. 

However, the new emerging technologies, such as electrochemical reduction of the tungsten 

ore,[48][49] should be appraised by considering both the economic aspect of the process 

and the properties of the tungsten powder that produced. For WC production, direct 

reduction of tungsten oxide or tungsten ore concentrate will be the trend for the future, 

since this will on one hand tailor the present cumbersome and costly two-step (tungsten 

powder production and carbonization) production process into a single one, and on the 

hand, this has the advantageous of producing WC powder with finer crystal structure of 

nanometer and with improved mechanical properties[56].  For the production of W-bearing 

steels, the direct use of tungsten ore should be appreciated, as the use of ferrotungsten can 

be avoided, which implies both fewer materials loss from the production chain and higher 

economy/energy efficiency.  
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CHAPTER 2 TANTALUM 

MINING 

NIOBIUM-TANTALUM MINERAL DEPOSITS 

Niobium and tantalum usually occur together in the same type of mineral deposits and in 

minerals of similar characteristics. Very often, these metals are found in solid solutions 

ό2ŜǊƴȇ ϧ 9ǊŎƛǘΣ мфуфΤ !ǘŜƴŎƛƻ Ŝǘ ŀƭΦΣ нлмлύΣ ŀǎ ƛǘ ƛǎ ǘƘŜ ŎŀǎŜ ƻŦ ŎƻƭǳƳōƛǘŜ ς tantalite (columbite 

series, also known as coltan), with the formula (Fe, Mg, Mn)(Nb, Ta)2O6, or the minerals from 

the pyrochlore group.  

The mineral deposits sourcing niobium and tantalum are associated to some very specific 

types of igneous rocks. There are three main types of rocks that can contain profitable 

contents of these metals (BGS, 2011): Carbonatites and associated rocks, alkaline to 

peralkaline granites and syenites, and pegmatites. The weathering of these deposit types can 

result in other types of Nb ς Ta mineral deposits, as laterites and alluvial deposits (placers).  

Carbonatite-associated deposits contain disseminated pyrochlore minerals, being the main 

source of niobium. These deposits rarely contain profitable concentrations of tantalum, 

neither as by-product. In some cases, due to magmatic crystallization process, pyrochlore 

minerals accumulate in preferential parts of the rock leading to enriched zones. The 

weathering of these deposits, specially in tropical regions, result in the formation of 

pyrochlore concentrated laterites, e.g. the Araxá deposit operated by CBMM (Companhia 

Brasileira de Metalurgia e Mineração), the major Nb-producing mine in the world.  

Alkaline granite and syenites, can contain profitable concentrations of REE, tin and niobium 

and, in some cases tantalum that can be obtained as a by-product. Also in this case, ore 

minerals may be concentrated due to magmatic crystallization or hydrothermal processes. 

The main Nb and Ta minerals in these deposit types are those from the pyrochlore group or 

minerals from the columbite ς tantalite series. Other minerals can occur, but they are less 

frequent. Also the weathering of these deposits in tropical regions favours the re-

concentration of these metals in supergene deposits.  

Deposits associated to pegmatites are more widespread in the world. In some cases they can 

accumulate in specific areas, as it occurs in central Africa, where a large zone with tantalum 

ς bearing pegmatites occurs. Niobium and tantalum occur together with other metals, as 

lithium, caesium, beryllium or tin, among other metals. Although some of the deposits can 

be operated exclusively for niobium and tantalum. Main niobium and tantalum minerals in 

this type of deposits are columbite ς tantalite series. 

NIOBIUM-TANTALUM MINING IN THE WORLD 
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Niobium is almost completely produced by 3 mines in the world (Table 1), two of them in 

Brazil (Araxá and Catalão), accounting for the 90% of the total production, and one in 

Canada (Niobec). Although other countries can produce niobium, the world reserves of this 

metal are in these two countries.  

Regarding tantalum, the largest reserves are located in Brazil and Australia. However, the 

combination between demand, lack of control on the production and commerce and the 

small-scale mining (and the association of both Nb and Ta to conflict minerals), lead to 

countries in the Great Lakes Region of Africa to dominate the tantalum production in the last 

years. 

Despite the proliferation of small-scale mines in Africa, Nb and Ta are produced by a limited 

number of mines in the world (Table 2-1).  

MINING TECHNOLOGY 

Mining methods for tantalum and niobium are similar to other metals of similar occurrence. 

The main factors taken into account for the type of mining, open pit versus underground 

mine are the ore size and grade, the depth of the ore, the distribution of the ore minerals 

(disseminated into a large rock body or concentrated in zones or veins), and the geotechnical 

properties of the rocks. In some cases a combination of open pit and underground mining 

can coexist, open pit mining in the near-surface weathered zone of the deposit and 

underground mining of the deeper primary ore. 

An special case of surface mining is that used in artisanal and small-scale mining (ASM), as in 

most cases these mines do not use heavy machinery for the extraction, as earthmovers, 

excavators or trucks; instead the main tools are picks, shovels and buckets. Comparison of 

mining methods in highly industrialized mines (left) and artisanal small-scale mines is shown 

in Figure 2-1.  

Open pit mining 

At present almost all mines in carbonatites and other steeply-dipping intrusive rock 

structures are mined in open pits. Moreover, most of the mines located in tropical regions 

mining starts in the most surficial weathered part of the deposit (Araxá mine, CBMM), and 

only in some cases mining operation can shift to the primary ore either by continuing surface 

mining or through underground facilities. The only underground mine in this type of deposits 

is Niobec mine. In the case of pegmatite-type deposits, most mines also operate through 

surface mining.  

 

Underground mining 

Underground mining is restricted to deep deposits, Tanco in Canada operated the mine fully 

through underground works and Greenbushes in Australia have some underground facilities  
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Figure 2-1 Comparison of mining methods in highly industrialized mines (left) and artisanal 

small-scale mines (right, picture taken by Philip Schütte, BGR, 2012, used with permission)  

for the deepest part of the deposit, whereas the upper part of the deposit was mined from 

open pit. 

Although there are no examples, deep-seated pegmatite deposits could be mined by 

underground facilities, this option should be evaluated depending on capital and operating 

costs and metal prices. 

NIOBIUM-TANTALUM MINING IN EUROPE 

At present there are no mines obtaining niobium or tantalum in Europe. There are some 

exploration projects (Table 2-2), but none of them passed from the exploration status. These 

projects are mainly associated to the carbonatites and syenites from Finland and Greenland 

and the pegmatite deposits from Spain and Portugal.  

Another potential source of Ta and Nb could be associated to tin deposits, which are also 

under investigation in Europe.  
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Table 2-1 Operating Nb ς Ta mines in the world 

Deposit Name Company Country Status Type of Ore 
Mining 

method 
Commodity 

Nb-Ta 

Mineralogy 

Reserves 

Mt  

% 

Nb2O5 
% Ta2O5 

Araxá CBMM Brazil Operation 
Weathered 

Carbonatite 
Open pit Nb Pyrochlore 462 2,48 

 

Catalao - Boa 

Vista 
Anglo American Brazil Operation 

Weathered 

Carbonatite 
Open pit Nb Pyrochlore 42 1,2 

 

Niobec mine Magris Resources Inc. Canada Operation 
Mineralized 

Carbonatite 
Underground Nb Pyrochlore 630 0,42 

 

Aley Tasako Mines Ltd. Corp. Canada EIA process 
Mineralized 

Carbonatite 
Open pit Nb Pyrochlore 84 0,5 

 

Greenbushes 

mine 
Global Advanced Metals Australia Operation Pegmatite 

Open pit + 

Underground 
Ta ± Nb, Sn 

Wodginite, 

Ixiolite, Tantalite, 

Tapiolite, 

Microlite 

68 0,023 0,026 

Wodgina mine Global Advanced Metals Australia 
Operation 

(discontinuous) 
Pegmatite Open pit Ta ± Be, Sn 

Tantalite ± 

Columbite, 

Wodginite 

28 

 

0,042 
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Deposit Name Company Country Status Type of Ore 
Mining 

method 
Commodity 

Nb-Ta 

Mineralogy 

Reserves 

Mt  

% 

Nb2O5 
% Ta2O5 

Mibra / Volta 

Grande mine 

Advanced Metallurgical 

Group 
Brazil Operation Pegmatite Open pit 

Ta, Nb, Sn Li, 

Feldspar, 

Albite, Kaolin 

Tantalite, 

Columbite 
6 0,009 0,038 

Mt Cattlin Galaxy Resources Ltd. Australia Operation Pegmatite Open pit Li, Ta Tantalite 10 

 

0,015 

Tanco Cabot Corporation Canada Operation Pegmatite Underground Ta, Cs, Li 
14 different Ta 

minerals 
2 

 

0,22 

Toongi / Dubbo 

Zirconia 
Alkane Resources Ltd. Australia Development Trachyte Open pit 

Zr, Hf, Nb, Y, 

Ta, REE 
Natroniobite 73 0,46 0,03 

Pitinga Mine 
Minsur / Mineração 

Taboca 
Brazil Operation 

Weathered and 

Fresh albite-rich 

peralkaline granite 

Open pit Sn, Nb, Ta Columbite 267 0,22 0,027 

Kenticha mine Elenilto Mining Ethiopia Operation Pegmatite Open pit Ta, Nb 
Tantalite, 

Columbite 
116 

 

0,02 

Tabba Tabba Pilabara Minerals Ltd. Australia Operation Pegmatite Open pit Ta 

Tantalite, 

Wodginite, 

Microlite 

0.318  0.095 
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Deposit Name Company Country Status Type of Ore 
Mining 

method 
Commodity 

Nb-Ta 

Mineralogy 

Reserves 

Mt  

% 

Nb2O5 
% Ta2O5 

Kanyika 
Globe Metals & Mining 

Africa (Pty) Ltd. 
Malawi 

Bankable 

Feasibility 

Mineralized 

Nepheline Syenite 
Open pit Nb, Ta, U, Zr Pyrochlore 21 0,33 0,015 

Abu Dabbab Gippsland Ltd. Egypt 
Bankable 

Feasibility 
Granite Open pit 

Ta, Sn, 

Feldspar 
Tantalite 32 

 

0,027 

Several artisanal small-scale mines 
Central 

Africa 
Operation 

Weathered 

Pegmatites 
Open pit Ta, Nb 

Tantalite, 

Columbite 
   

 

Table 2-2 Nb and Ta Projects in Europe 

Deposit Name Company Country Type of ore Status Reserves 

Penouta mine Strategic Minerals Spain Spain Alkaline granite Exploration 95.6 Mt @ 0.0094% Ta2O5, 0.0090% Nb2O5, 0.044% Sn 

Alberta II Strategic Minerals Spain Spain Pegmatites Exploration 12.3 Mt @ 0.0121% Ta2O5, 0.044% Sn, 0.204% Li 

Motzfeldt Regency Mines Greenland Syenite Exploration 340 Mt @ 0.19% Nb2O5, 0.012% Ta2O5, 0.46 ZrO2 

Sokli Yara International ASA Finland Carbonatite Exploration stopped 110  @ 0.1% Nb2O5, 16.5% P2O5 
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MINERAL PROCESSING 

Despite discrepancies from source to source, about 50% of Ta production is from primary 

resources, 30% from scrap recycling and 20% from Sn slags. The contribution of scrap 

recycling and Sn slags is increasing ŎƻƴǘƛƴǳƻǳǎƭȅΦ ²ƛǘƘ 9¦ ǇǊƻŘǳŎƛƴƎ м҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ¢ŀ 

production at the most, Ta supply is an important and critical issue for the European 

industry. 

Mineral processing produces a Ta-Nb concentrate that is eventually treated by extractive 

metallurgy, generally using acid dissolution followed by separation of Ta by solvent 

extraction.  

Ta is known to occur in a variety of geological horizons. The variety of occurrences of Ta in 

nature explains that there is not a single processing method for beneficiation of Ta-bearing 

ores. The 5 principal types are listed hereafter: 

ī Deposits associated with granitic pegmatites. Mineralisation of Ta occurs as quartz 

veins associated with Sn and rare earth elements. Deposits associated with granitic 

pegmatites have been the largest Ta producers in the world. This explains why Ta-Nb 

concentrate is generally recovered as a byproduct of tin (Cassiterite SnO2) mining 

(Davis). 

ī Deposits associated with granits. In general, Ta mineralisation associated with 

granitic intrusions have large volumes and low grade. Other metallic elements that 

are associated with Ta include Li, Nb or Sn. 

ī Deposits associated with carbonatite complexes. Carbonatite complexes often bear 

Nb, Ta and rare earths elements. 

ī Deposits associated with hyperalkaline intrusive complexes. These complexes are 

economically mined for extraction of rare earth elements, however they can also 

exhibit significant grades is Ta and Nb. 

ī Deposits associated with alluvial placers. These deposits have high Ta grades. The Ta 

ore can be easily concentrated using simple gravity separation techniques. These 

deposits are found in Central Africa (DRC, Rwanda, Burundi). 

Notwithstanding the great variety of mineral textures, it can be read that mineral 

Tantalum minerals have been identified with over 70 different chemical compositions. 

Table 2-3 (Zhu and Cheng, 2011) gives the main economical ores for Ta production, of 

which the first 3 are of greatest economic importance. 
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Table 2-3 The main economical ores for Ta production 
Mineral Formula Ta2O5 Content Nb2O5 Content 

Tantalite 
Wodginite 
Microlite 
Columbite 
Stueverite 
Euxenite 

Samarskite 

(Fe,Mn)(Ta,Nb)2O6 
(Ta,Nb,Sn,Mn,Fe,Ti)16O32 
(Ca,Na)2(Ta,Nb)2(O,OH,F)7 

(Fe,Mn)(Ta,Nb)2O6 
(Fe,Mn)(Ta,Nb,Ti)2O6 

(Y,Ca,Ce,U,Th)(Ta,Nb,Ti)2O6 
(Fe,Ca,U,Y,Ce)2(Ta,Nb)2O6 

40-80% Ta2O5 
45-75% Ta2O5 

50-79% Ta2O5 

1-40% Ta2O5 

5-26% Ta2O5 

2-12% Ta2O5 

15-30% Ta2O5 

2-30% Nb2O5 
1-15% Nb2O5 
1-10% Nb2O5 
30-75% Nb2O5 
7-17% Nb2O5 
22-30% Nb2O5 
40-55% Nb2O5 

 

The natural co-occurrence of Ta and Nb in Ta-bearing ores explains their co-production from 

primary resources. Tantalite is the primary mineral for industrial production of Ta; it is 

referred to as ferrotantalite and manganotantalite depending on the presence of Fe or Mn. 

It is worth noting however that Nb can be found without Ta in the mineral pyrochlore 

(NaCaNb2O6F). 

With modern processing techniques, it appears that 90% of the Ta present in the ore can be 

recovered (eg. Tanco mine in Manitoba, Canada).  

Notwithstanding artisanal mining from placer deposits in Central Africa, where Ta is either 

hand-picked or concentrated using rudimentary gravity separation, industrial beneficiation 

of tantalite-bearing ores at the industrial scale relies upon the combination of: 

ī crushing (jaw, cone or impact crusher) to say < 15-20 mm 

ī grinding (ball or rod milling) and classification (screens and hydrocyclones) in closed 

circuit to <1 mm 

ī conventional (jig, shaking table), centrifugal (spiral) and enhanced gravity separation 

(MGS, Falcon concentrator), depending on the size of the liberated particles. The 

gravity separation takes advantage of the high density of the Ta-bearing phases, with 

specific density in the range 6 to 8 depending on the associated phases. 

ī selective reverse flotation to concentrate the finest material 

ī regular and high magnetic separation to remove companion magnetic phases. 

ī Thickening circuit to recycle the process water. 

The combination and nature of the above-mentioned processes is more or less complex 

depending on the mineralization of the Ta-bearing ores (liberation grain size, textural 

associations and minerals present). 

With coarse particles (e.g. ores with coarse mineralization and a liberation size of a few 

hundred micrometers), a sequence of spirals and shaking tables are used to produce Ta-Nb 

concentrates. 

As the mineralization of tantalite gets finer, the grinding circuit, in particular the 

classification step becomes more critical in order to reduce the production of irrecoverable 

ultrafine Ta. Fine particle recovery is a major issue in most situations, leading to flotation 

and enhanced gravity separation. 
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The flotation process is generally conducted at controlled pH, thereby requiring pH 

regulators and appropriate collectors (eg. alkyl sulfonated succinate, PVPA). The high 

consumption of additives is a significant cost factor for the flotation processing of Ta-Nb 

fines, as well as a pollution issue. 

Selective reverse flotation is used to concentrating Ta-fines that are liberated by milling, with 

a recovery of the order of 90%. As the flotation concentrate is highly diluted (4-7% solids), 

subsequent gravity separation for concentration of fine particles requires efficient gravity 

concentration.  

For fines recovery, continuous enhanced gravity separators such as the continuous Falcon 

separator can ōŜ ǳǎŜŘ ŘǳŜ ǘƻ ǘƘŜƛǊ ŀōƛƭƛǘȅ ǘƻ ǎŎŀǾŜƴƎŜ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ǇƭŀƴǘΩǎ 

conventional gravity equipment rejects (Deveau and Young, 2005). As an illustration, the 

following figure shows the evolution of the post-flotation process used by Cabbott Corp. at 

the now closed Tanco mine to improve the recovery of Ta fines from dilute flotation product 

stream. 

 

  

Figure 2-2 Example of gravity circuit process design for improved recovery of Ta-fines 

(Deveau and Young, 2005). ¢ƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ нέ ŎȅŎƭƻƴŜǎΣ aD{ ŀƴŘ ŎǊƻǎǎ-belt separators is 

replaced with enhanced gravity Falcon separators, allowing a higher recovery of Ta-fines.   

 

Separation from strong magnetic minerals (as well as iron scraps in recycling) are disposed of 

using low-intensity magnetic separation during final up-grading of Ta and Nb minerals. 

Removal of quartz-calcite is achieved in this manner. 

The ore is typically dried and divided into three size grades +200µm, +100µm, -100µm) and 

then processed through a dry high-intensity magnetic separator to remove the magnetic 

constituents and produce a high grade Ta-Nb concentrate.  

The Ta-Nb concentrate is then processed by hydrometallurgy to separate out the metals. 
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EXTRACTIVE METALLURGY  

HYDRO-METALLURGY  

High purity tantalum is mainly applied in electronic industry for manufacturing capacitors, 

which represents 60 % of its consumption. Tantalum is always links in minerals with niobium 

and hydrometallurgy process is so often used for the separation and purification of tantalum 

from niobium and others impurities. 

 

Leaching 

The first step in the industrial hydrometallurgical process is the extraction of Nb and Ta from 

high grade Nb and Ta concentrates, after ore and/or pyrometallurgical processing. This 

extraction was carried out by acid digestion in a mixture of hydrofluoric acid HF with other 

mineral acids, generally sulfuric acid H2SO4. Sulfuric acid lowers the partial pressure of 

hydrofluoric acid, thereby reducing volatilisation losses and acid consumption. The mineral 

acid improves also the dissolution process, increasing the Ta and Nb leaching yields. Such 

mixture is indeed a rare medium, in which Ta and Nb are soluble in high concentrations 

(several tens g/L). The following reactions are involved: 

ὝὥὕȟÎὌ/ ρτ (& ᵮςὝὥὊ τὌ υ ὲὌ/ 

 

Fractional Crystallization 

Until recently, the separation process based on fractional crystallization of double fluorides 

was used on an industrial scale for the separation of similar elements, such as hafnium from 

zirconium and niobium from tantalum. The process for separation of tantalum from niobium 

utilizes the differences in solubility of chemical species of one element as compared to that 

of another in an aqueous phase in a certain set of conditions. The separation should be 

carried preferably at an acid concentration of about 1 to 7% HF, where the solubility of 

niobium complex is nearly 10 to 12 times more than that of tantalum. Apart from acidity, 

many other factors, such as temperature and the presence of other ionic species, affect the 

solubility of the complex species.  

The separation of niobium and tantalum by fractional crystallization is accomplished from 

their double fluoride complexes with potassium. Since the solubility of potassium 

fluotantalate (K2TaF7) is low, it crystallizes out. The crystalline solid is redissolved and 

recrystallized. The process is conducted in several stages. The process works quite 

satisfactorily and relatively easily as far as the preparation of pure tantalum complex K2TaF7 

is concerned. 

Silicon, if present, is in the form of K2SiF6. It crystallizes out along with tantalum and, 

therefore, remains as an impurity in the tantalum complex. Titanium is invariably present as 

K2TiF6·H2O It is partitioned equally between the crystalline and the aqueous phases. The 

addition of hydrochloric acid to the aqueous phase favors the retention of titanium in 
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solution, thus reducing its transfer to the crystalline phase. The presence of HCI also 

improves tantalum recovery, because it facilitates the dissolution of tantalum oxyfluoride, if 

formed during the process. 

The process as applied to the separation of tantalum from niobium is illustrated below.  

 

  
Figure 2-3 Separation of niobium and tantalum by fractional crystallization (Gupta, 1994) 

Mixed niobium tantalum oxides are dissolved in concentrated hydrofluoric acid (35 to 40% 

HF) using a slight excess of acid over the stoichiometric requirement for the formation of 

fluoroniobic and fluorotantalic acids. The dissolution is carried out in rubber-lined or lead-

lined vessels at a temperature of 70 to 80°C. After dissolution, solids are separated out and 

KCI is added to the solution to form potassium salts. The concentration is adjusted so that 

the K2NbOF5 content of the liquor is about 3 to 4%, which is below the solubility limit, and 

free HF is less than 1%. The tantalum salt separates out as insoluble needle-shaped crystals 

which are separated by filtration after cooling. Silicon in the form of K2SiF6, nearly half of the 

titanium and about one sixteenth to one twentieth of the niobium also precipitate. 

Additional purification is accomplished by recrystallization of K2TaF7 from 1 to 2% HF. The 

mother liquor containg niobium and some other impurities is evaporated allowing the 

niobium complex (KrNbOF5) to crystallize. This is further purified by recrystallization, 

whereas the mother liquor is recirculated. By adopting this processing scheme, it is possible 

to produce a pure tantalum salt but the niobium complex obtained is not very pure. 

For many years, the commercial technology for separating Ta from Nb involved the selective 

crystallization of potassium heptafluorotantalate K2TaF7 away from potassium 
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oxypentafluoroniobate monohydrate K2NbOF5,H2O, discovered by Marignac in 1866. Indeed, 

the differences in the chemical and physical properties of newly formed fluoride complexes 

after dissolution allow the separation of the two elements by addition of KCl, as K2TaF7 is ten 

times less soluble in hydrofluoric acid than K2NbOF5,H2O. After several cycles of 

crystallisation, this method is excellent for the production of a relatively pure Ta compound. 

The following reaction is involved: 

ὌὝὥὊς+#ÌᵮὑὝὥὊ ςὌὅὰ 

The next figure describes the flowsheet used for the separation of niobium and tantalum by 

crystallisation. After dissolution of the niobium and tantalum oxides in hydrofluoric acid with 

a slight excess over the stoichiometric requirement to form the fluoro compounds and 

precipitation of tantalum by addition of KCl and cooling. Further recrystallisation in HF 

solution could be involved to purify the tantalum salts.  

 

Figure 2-4 Flowsheet of the Marignac process for the Nb and Ta separation by crystallization 
 

Solvent extraction 

Most of the solvent extraction processes developed for niobium are equally employed for 

tantalum, as the two elements occur together in different minerals and have very similar 

chemical properties. Therefore, the main information is provided in the chapter dealing with 

Nb extraction. Herein are included only a few additions concerning particularly tantalum. 
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The previous method was progressively replaced by a solvent extraction process from 

fluoride containing solution, which was ǇƻǇǳƭŀǊƛȊŜŘ ōȅ ǘƘŜ ŎƻƳǇŀƴȅ /.aa ƛƴ ǘƘŜ улΩǎ ȅŜŀǊǎΦ 

All commercialised solvent extraction process are indeed exclusively operated in the 

presence of fluoride ions, because of the speciation differences between Nb and Ta in a such 

medium. 

 

MIBK extractant 

Although a lot of extractants have been studied for separating and purifying Nb and Ta , 

methyl iso-butyl ketone (MIBK) was widely used industrially, despite of several 

disadvantages, such as its relatively high solubility in water (~2 %v/v), its low flash point (14 

°C) and its high volatility. However, MIBK is also a not expensive product, has a low density 

and viscosity and can be purified by steam distillation and recycled through the system. 

The key parameter of the solvent extraction by MIBK is the H+ concentration, which controls 

the degree of separation as well as the recovery of the two metals. Indeed, niobium forms 

the fluoride complexes ὔὦὕὊ at low acidity and ὔὦὊ at high acidity, whereas tantalum 

forms ὝὥὊ at low acidity and ὝὥὊ at high acidity. As the species ὔὦὕὊ are very few 

extracted by MIBK, it is possible to separate these two elements. On the other hand, the 

impurities such as iron, aluminium copper, manganese, calcium and silicon are not extracted 

and left in the raffinate. Very pure tantalum and niobium products can be obtained with 

impurity in the range of 1-10 à mg/L. The chemical mechanism is the following: 

Ta extraction: ὝὥὊ ςὌ ὓὍὄὑ ᵮ ὌὝὥὊὓὍὄὑ  

Ta stripping:  ὌὝὥὊὓὍὄὑ Ὄὕ ᵮ ὝὥὊ ςὌὕ ὓὍὄὑ 

Acidification: ὔὦὕὊ ὌὊ Ὄ ᵮ ὔὦὊ 

Nb extraction: ὔὦὊ Ὄ ὓὍὄὑ ᵮ ὌὔὦὊὓὍὄὑ 

Nb stripping: ὌὔὦὊὓὍὄὑὌὕ ᵮ  ὔὦὕὊ ὌὊ ςὌ  ὓὍὄὑ 

An another strategy, which was developed by the Ames Laboratory is to dissolve the Nb/Ta 

containing metals in a binary acid system, hydrofluoric acid and high concentrated sulfuric 

acid. The two fluoro Ta and Nb complexes are subsequently extracted, leaving the impurities 

in the aqueous layer. Niobium is then separated from tantalum by reducing the acidity and is 

stripped into the aqueous phase. Finally, the Ta fluoride complex is stripped from the 

organic phase with water. 

The final purified products are then recovered by precipitation either with NH4OH or KCl in 

the case of tantalum (as the Marignac process). The different chemical reactions involved 

are the following: 

ςὌὝὥὊρτὔὌ/(  ÎὌ/ ᵮὝὥὕȟὲὌὕ ρτὔὌὊ ωὌ/ 

έὶ ὌὝὥὊς+#ÌᵮὑὝὥὊ ςὌὅὰ 

The hydrated Ta oxides can be then dried and calcinated to obtain Ὕὥὕ. The potassium 

heptafluorotantalate K2TaF7 is used to produce Ta0 by reduction with metal sodium. 

The following simplified flowsheet presents the different steps.  
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Figure 2-5 Example of flowsheet for the Nb and Ta separation by solvent extraction MIBK 

Extraction tantalum in TBP goes, as for niobium, through the formation of solvated 

complexes. The extraction is usually accomplished from the fluoride media. At very low 

concentrations of HF, tantalum is extracted through the solvation mechanism as 

Ta(OH)F4·nTBP and TaF5·nTBP. At intermediate HF concentration, the extracted species is as 

HTaF6·3TBP, and at an acid concentration of more than 10 M HF, tantalum is extracted as 

H2TaF7·3TBP. 

The extraction of tantalum by anion exchangers is relatively less sensitive than Nb to the 

concentration of hydrofluoric acid; e.g., the distribution coefficient of the tantalum remains 

constant at about 200 in the acidity range of 1 to 5 M HF. The distribution coefficient of 

niobium, on the other hand, decreases very sharply when the HF concentration is increased 

to 2 M. The separation factor FSTa/Nb in a TOA fluoride system under optimum conditions is 

of the order of 400. Liquid ion extractant can be used to extract both niobium and tantalum 

collectively into the organic phase in the first instance. Subsequently, the re-extraction or 

back-extraction is carried out selectively to effect the separation. In the case of HF medium, 

the re-extraction of tantalum can be carried out with concentrated HNO3 (9.5 to 12.5 M 

HNO3) or 25% NH4OH. Generally, the extraction of tantalum is favored from fluoride media; 

the extraction of niobium, on the other hand, is favored from HCl acid solutions with acidity 

of over 4 to 6 M or from solutions containing a high concentration of chloride ions. 

Extraction of tantalum from HCl acid media can be improved to an almost quantitative level 

by the addition of about 0.25 M HF. Niobium and tantalum have also been extracted as 

tartarate and oxalate complexesin tri-n-octyl amine and as citrate complex in Aliquat 336. 

The extraction of tantalum as fluoride complex is also possible by using Amberlite LA-2 as 

anion exchanger. 
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Alkali fusion 

In the case of high grade concentrates of columbite-tantalite, alkali fusion coupled with acid 

ƭŜŀŎƘƛƴƎ ǿŀǎ ǳǎŜŘ ƻƴ ŀƴ ƛƴŘǳǎǘǊƛŀƭ ǎŎŀƭŜ ƛƴ ǘƘŜ олΩǎ ŀƴŘ плΩǎ ȅŜŀǊǎΦ 9ƛǘƘŜǊ ǎƻŘƛǳƳ ŀƭƪŀƭƛŜǎ ŀǎ 

NaOH/Na2CO3 or potassium alkalies as KOH fusion were performed. In the first case, the 

fused mass was leached with water and afterwards with hydrochloric acid to obtain Nb and 

¢ŀ ƻȄƛŘŜǎΦ ¢ƘŜ ǇǳǊŜǊ ƻȄƛŘŜǎ ǿŜǊŜ ǘƘŜƴ ǎŜǇŀǊŀǘŜŘ ŀƴŘ ǇǳǊƛŦƛŜŘ ōȅ ǘƘŜ aŀǊƛƎƴŀŎΩǎ ǇǊƻŎŜǎǎΦ Lƴ 

the second case, the fusion of the columbite-tantalite at high temperature (800 ς 1000 °C) 

with caustic potash was followed by a leaching with water to solubilize the potassium 

niobate and tantalite with some impurities. Nb and Ta were then precipitated by NaCl 

addition and leached with hydrochloric acid to remove the remaining impurities and convert 

the sodium complexes into oxides. The next figure resumes this process. 

 

 

Figure 2-6 Alkali fusion process from columbite - tantalite 

PYRO-METALLURGY  

Theoretical introduction to pyrometallurgical  extraction of Tantalum 

Niobium and Tantalum are sister elements that have very close chemical behaviour and 

properties in terms of extraction, theoretical aspects of Tantalum from primary sources can 

be inferred in Chapter 4 on Niobium extraction.  That is why it has been decided to focus on 

this part on the separation of these two elements that is needed to produce Tantalum. 
































































































































