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Abstract

Vanadium is a precious rare metal with very scarce resources available on earth�s crust. Due to
scarcity of deposits of vanadium and generation of large quantities of tailings produced by mining
and metallurgical activities, there is a need to find an economical way to recover vanadium from
secondary resources. This article brings out a comprehensive data collection of efforts placed
worldwide on extraction of vanadium from secondary sources like titaniferrous magnetite
(TMO), vanadium sludge of aluminium industry, other resources like effluents, spent catalysts,
LD slag, fly ash, oil sludge, spent vanadium catalysts, etc. Special emphasis is laid to the Bayer�s
sludge or vanadium sludge. The processes developed or in vogue for extraction of vanadium are
described in some detail, along with recent initiatives.
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1. Introduction

In 1801, Andrés Manuel del Rio discovered vanadium in Mexican lead vanadate ore. In 1831,
Seftstrom detected the element in converter slags from certain iron ores, and named it after the
Norse goddess Vanadis which represented beauty fertility [1]. Vanadium metal was first produced
in powder form by Roscoe in 1867 1869 by reduction of vanadium dichloride with hydrogen.
Marden and Rich obtained ductile vanadium by reducting vanadium pentoxide (V2O5) with
calcium metal [2]. In 1905 Henry Ford recognized the advantages of vanadium steel and promoted
its use in automobile construction. Now a day�s vanadium is mainly used as an alloying element in
steel and titanium alloys and a catalyst for chemical reactions.
All compounds of vanadium can be evaluated as toxic. In particular, vanadium (V) oxide should
be considered as carcinogenic. The toxicity of vanadium depends on its solubility in water and its
valence; however, Vanadium (V) oxide is determined to be five times more toxic than Vanadium
(II) oxide. Vanadium and its many compounds are toxic and require careful handling. The
respirable fraction of dust reporting as the pentoxide is about 0.05 mg/m3 during a time weighted
eight hour average. The oxidation state of vanadium dictates the health hazards upon exposure.
Vanadium pentoxide is more toxic than the elemental form. Chronic exposure may result in
inflammation of the bronchi and trachea, severe irritation of the eyes and skin, pulmonary edema,
and systemic poisoning [3]. Typical signs and symptoms upon overexposure include a rapid
heartbeat, greenish black tongue, allergic skin rash, cough, and laboured breathing. Approved
National Institute of Occupational Safety and Health (NIOSH) respirators should be used by
employees engaged in contact with various forms of vanadium.

Occurrence and world reserves of vanadium
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Vanadium is present in the earth�s crust at a mean concentration of 150 g/t and is therefore one of
the more common metals. It is more abundant than copper and nickel and of similar abundance
to zinc. Vanadium forms several minerals, of which the most important are listed in Table 1. Apart
from vanadium being present in specific types of iron ores and phosphate rock, the element is
detected in some crude oils in the form of organic complexes. Significant amounts are present in
bauxite and carboniferous materials such as coal, oil shale and tar sands. Naturally occurring
vanadium consists of two isotopes, 50V (0.24%) and 51V (99.76%) of which the 50V form is slightly
radioactive and has a half life of more than 3.9 x 1017 years [4]. A description regarding common
sources of vanadium bearing materials, processing techniques and the production of vanadium
metal was provided by Gupta [5].
Major players in the global supply of vanadium bearing products include China, South Africa, and
Russia while minor amounts are generated in countries such as Australia (e.g., Vanadium
Australia) and the United States (e.g., Orbit Metallurgical Ltd., and Gulf Chemical & Metallurgical
Corp.).

Table1: Principal vanadium Minerals [2].

Mineral Chemical Formula V
content
(%)

V2O5

conte
nt
(%)

Occurrence

Roscoelite [KV2(OH)2/AlSi3O10] 11.2 14.0 20 25 In Uranium
vanadium ores;
e.g., Colorado
Plateau, Utah,
United States

Montroseite (V,Fe)OOH 45.4 81
Carnotite K2[(UO2)2/V2O8].3H2O 10.3 18.3 Colorado
Tyuyamunite Ca[(UO2)2/V2O8].5 8H2O 11.1 19.8
Francevillite (Ba,Pb)[(UO2)2/V2O8].5H2O 9.9 17.7
Corvusite V2

4+. V12
5+ O34.n H2O 40.8 72.8

Vanadinite Pb2[Cl/VO4)3] 10.2 18.2 In Pb, Zn, Cu
vanadate ores;
e.g., Otavi
Mountains,
Namibia. Arizona
and New Mexico

Descloizite Pb(Zn,Cu)[OH/VO4] 12.7 22.7
Mottramite Pb(Cu,Zn)[OH/VO4] 10.5 18.8
Patronite VS4 or V2O5 16.8 Ca. 30 In asphaltites;

e.g., Mina Ragra,
Peru

Magnetite* Fe2 2+. Fe3+O4 < 0.5 1.5 < 1.2
2.7

In
Titanomagnetite
ores; e.g.,
Bushveld,
Republic of South



 
 

Africa
*The vanadium and titanium containing magnetites are generally referred to as titanomagnetites.

The world reserves of vanadium in 2011 were about 14 million tonnes of metal located mainly in
China, Russia, South Africa and the USA and is expected to last till next century at the current
rate of consumption (Table 2). Most of the reserves are of titaniferrous magnetite from which
vanadium could be extracted as a by product of iron. The resources are also available in crude oil,
tar sands, phosphate rock, uraniferous sandstone and siltstone. In all these cases, extraction
depends on economic recovery of the product.

Table 2: World reserves of vanadium (by principal countries)
(In �000 tonnes of vanadium content)

Country Reserves
China 5100
Russia 5000
South Africa 3500
USA 45
Other Countries NA
Total (rounded) 14000

Source: Mineral Commodity Summaries, 2013.

The world production of vanadium in 2011 was estimated at about 67 thousand tonnes, excluding
vanadium recovered as a by product of refining and burning of heavy oils. Major producing
countries were South Africa, China and Russia (Table 3). Nearly all the world's vanadium supply
originates from primary sources. Five countries recovered vanadium from ores, concentrates, and
slag or petroleum residues. Japan and the United States are probably the only countries to recover
significant quantities of vanadium from petroleum residues.

Table 5: World Mine production of vanadium by principal countries
(In tonnes of metal content)

Country 2009 2010 2011
China 20800 22000 23000
Kazakhstan 1000 1000 1000
Russia 22000 21000 21000
South Africa 14353 22606 21651
Total 58000 67000 67000

Source: World mineral production, 2007 2011.
Note: Include vanadium in slag product but exclude vanadium recovered as a by product of refining
and burning of heavy oil
Sources of vanadium

Vanadium is found in over 50 different minerals since it is the 22nd most abundant element in the
Earth�s crust at a mean concentration of 150 g/t similar to zinc and more common than copper or
nickel [6]. Although it is sparsely and widely distributed, vanadium is never found in its pure state
but it occurs in combination with various minerals which include carnotite, roscoelite, vanadinite,



 
 

mottramite, and patronite as important sources of the metal [7]. Vanadium originates from
primary sources such as ores, concentrates, metallurgical slags, and petroleum residues [8].
In India, there are no primary resources of vanadium and there is no indigenous commercial
production. However, the country is abundantly rich with the presence of secondary resources
like Bayer�s sludge, titaniferrous magnetite ore (TMO), red mud and vanadiferrous titanates.
Secondary resources like Bayer�s sludge, titaniferrous magnetite ore (TMO), red mud and
vanadiferrous titanates are therefore, presently being explored to develop techno economically
viable routes for the extraction of vanadium.

Uses of vanadium

Vanadium has received worldwide attention in view of its excellent combination of properties
such as high temperature strength, high thermal conductivity, and favourable strength to weight
ratio, corrosion resistance, creep strength and low inelastic scattering cross section of neutrons.
In the early 1900s the fatigue resistance and toughness of vanadium was employed in alloys
utilized in the fabrication of axles, gears, ball bearings, and crankshafts such as in the famous
��Model T�� and other Ford cars. Vanadium�s attributes of high tensile strength and hardness make
it well suited to form alloys such as nickel/vanadium, chrome/vanadium and ferrovanadium
(FeV). Springs and transmission gears are fabricated from chrome�vanadium steels. Aluminum
combined with vanadium has provided additional strength for titanium alloys used in missile
cases, nuclear reactor components, and jet engine housings and associated airframes [4].
Vanadium foil is employed as a bonding agent to clad steel with titanium in the aerospace
industry. No acceptable substitute presently exists for vanadium in the preparation of aerospace
titanium alloys. The pentoxide is used as a catalyst for conversion of sulphur dioxide to trioxide
when producing sulphuric acid and maleic anhydride which is a chemical required producing
polyester resins and fibreglass [4]. Platinum and nickel are sometimes used to replace vanadium
compounds as catalysts in some chemical processes. Apart from usage as color modifiers in
mercury vapour lamps, vanadium is employed as a target material for X rays. Major application of
vanadium is as an alloy additive to various grades of steels, aerospace, as potential material in
nuclear engineering, super conducting materials and magnetic alloys.

Recovery of vanadium from various resources: Recovery of vanadium was investigated from
various resources like titaniferrous magnetite (TMO), vanadium sludge of aluminium industry,
other resources like effluents, spent catalysts, LD slag, fly ash, oil sludge, spent vanadium
catalysts, etc.

Recovery of vanadium from titaniferrous magnetite ore (TMO): Several attempts have been
made over the years for vanadium recovery from TMO ores. Mainly acid leaching process is used
and although it is effective but found to be quite uneconomical in view of considerable acid
consumption by iron oxides. Basic leaching of this ore is found to be ineffective. Chlorination to
produce volatile VOCl3 is reported to give good recoveries [9]. However, smelting the ore to iron
metal and oxidizing the moltem metal to produce vanadium rich slag is an essential practice.
TMO is primarily used for smelting of iron.
Chemistry of vanadium extraction from TMO was studied by Kumar and Nayak, [10] from NML,
Jamshedpur. It is essential to understand the pyro metallurgical and hydro metallurgical steps
involved in the processing of vanadium. Extraction of vanadium from vanadium bearing
titaniferrous magnetite ores is carried out by two different routes. In one route, the ore is roasted
with sodium salts and leached in aqueous media to bring the water soluble sodium vanadate to



 
 

the aqueous phase and consequently to precipitate vanadium as sodium hexavanadate
(Na2H2V6O12). The other route necessitates smelting of the ore in electric furnace with suitable
reductant and, flux to achieve a vanadium rich iron is sown with oxygen to yield vanadium rich
slag and pig iron. The pig iron obtained is consequently processed pyro metallurgically to
produce suitable steel.
Recovery of vanadium values from TMO of masanikere origin of Karnataka state in India was
investigated by Chakraborty et al., [9]. The TMO was first roasted with 100% excess NaCl at a
temperature of 950 oC for 4 h under oxygen atmosphere followed by leaching of roasted mass at
60 oC. Then ammonium metavanadate cake was precipitated at pH 9 and finally calcinations of
the cake to vanadium pentoxide at 500 oC. With this process ~ 99.5% pure V2O5 is obtained with
overall recovery of 95%.

Fig.1: A modified flow sheet for preparation of V2O5 from TMO [9].

In another study, Moskalyk and Alfantazi [1] reported that a roast�leach process is used in
South Africa for the production of vanadium oxides from magnetite ores while some of the slag
was converted to ferrovanadium. They mentioned that alkaline roasting was the main process at
that time employed to extract vanadium pentoxide from vanadium slags. They also reported that
metallurgical slags from China and Russia contain 12�20% V2O5 while South African slag contains
about 25% vanadium pentoxide. They reported another process that was used in Russia. The
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process involved a roast/leach operation using either kilns or multi hearth furnaces to recover the
V2O5 after the addition of sodium carbonate, chloride or sulfate during roasting. Lime was used in
the roasting stage. The sodium vanadates were leached out with water. Ammonium vanadates
were precipitated from the solution upon adding ammonia and controlling the pH via sulfuric
acid.

Recovery of vanadium from vanadium sludge/Bayer�s sludge: A major portion of vanadium
petoixide produced in the world, is as a by product in the Bayer�s Process for alumina production,
the bauxite being one of the major sources of vanadium with an average V2O5 content ranging
from 0.05 0.25%. Vanadium content in the bauxite varies depending upon the origin and nature
of the bauxite deposit.

During the digestion of bauxite with recirculating caustic soda solution about 30 35% of V2O5

present in bauxite is extracted and recovered as vanadium sludge, the remaining quantity being
lost along with Red mud, scales, hydrate and other discharges.
Higher concentrations of vanadate have detrimental effect on alumina precipitation and
consequently on the quality of the final product. Therefore, it is mandatory on the part of alumina
manufacturers to remove vanadium salts, if present in Bayer�s liquor when vanadium impregnated
Bayer�s liquor is cooled down or air is blown through it, the vanadium sludge gets precipitated.
This sludge contains sodium salts of phosphate, arsenate, aluminate, vanadate along with alkali.
Therefore, separation of these extraneous constituents and enrichment of vanadium content of
the liquor should precede vanadium recovery.

Recovery of 90% V2O5 along with 75% caustic (Na2O) recovery was achieved by the caustisization
of vanadium sludge. The solid calcium vanadate cake could be used for the production of
ferrovanadium by aluminothermic techniques [11]. Vanadium was recovered as ammonium
metavanadate or sodium hexa metavanadate and subsequently as oxides by first partially
neutralizing the alkaline salts containg vanadium, phosphorus, arsenic, fluorine and sodium from
Bayer�s sludge followed by precipitation using ammonia [12]. In other study a similar type of
sludge was used for the production of V2O5 and stepwise production was described [13]. In this
study calcium was used as scavenger of phosphate and fluoride to recover vanadium from sludge.
The phosphate, fluoride, arsenate and vanadate were precipitated as their mixed salts by cooling
NaOH sludge liquor to 40 oC. This was further digested with 40% NaOH to purify and partially
dissolution of sodium vanadate. Then As, P and F was separated by precipitation with calcium
hydroxide.

Recovery of vanadium from Indian bauxite residues by soda ash roasting have been reported by
Thakur et al. [14]. It was found that recovery of vanadium increased with the increase in quantity
of sodium carbonate. At a red mud to sodium carbonate ratio of 500:125 the recovery reached 83
89%. In another study by them [15] vanadium sludge was treated with water, HCl and NH4Cl to
produce a vanadium rich residue which was then treated with aq. Na2CO3 to dissolve vanadium.
Ammonium chloride and hydrochloric acid were added to it in order to precipitate ammonium
vanadate, which after filtration and washing, was more than 99 % pure. Vanadium sludge was also
used to prepare V2O5 and Na2SO4 by reaction of ammonium sulphate in sulphuric acid medium
[16]. Ammonium vanadate precipitate was filtered while recovering Na2SO4 from the mother
liquor. The precipitate was heated at 500 oC for 1 2 h and the dried product contained 54% V2O5.
In one of the study the slime generated from alumina manufacturing (12.2% V2O5, 5.85% P2O5,
7.2% Al2O3, 29.5% Na2O, 2% F and 0.92% As) was used for production of technical grade V2O5



 
 

using excess of gypsum that precipitate phosphate. Oku et al., [17] have been reported a method
of precipitating vanadium from the Bayer�s sludge by controlling the ratio of carbon (in organic
form) to vanadium to less than 0.3 : 1.0. The amount of organic compound formed by the
hydrolysis of humic acid was determined by KMnO4 titration. To part of the by product
containing 5% V, 3.5% P, 3.5% As and 5% C were dissolved in 3 parts of water at 60 oC, then about
0.8 parts of CaO was added and the mixture was stirred for 3 h at 80 oC and then filtered. The pH
of the filtrate containing 13.4% V, 7% as, 20% C was adjusted to 6 and treated with CaCl2. More
than 98% V was recovered when the filtrate was again treated with NaOH at pH 8 and with the
addition of 0.13 part of ammonium sulphate per one part solution and stirring at 80 oC for 1 h.
ammonium vanadate was precipitated when cooled to 30 oC.
During the production of alumina from bauxite by the Bayer�s process, by product containing
fairly high quantity of vanadium as V2O5 ranging from 10 18% is obtained. This vanadium sludge is
the potential source for the production of V2O5, which finds its application as a catalyst, raw
material for the production of Ferro vanadium which is used as alloying element in steel
industries, vanadium metal etc.

A process was developed for the recovery of pure vanadium from sodium vanadate containing
sludge (20% V2O5) [18]. The process developed consists of hot water leaching of the sludge to
solubilize the vanadium values followed by adsorption of vanadium on activated charcoal at pH
~2.5, and finally desorption of vanadium with 10% ammonia solution. Vanadium was then
precipitated by acidification at 85 oC as vanadium bearing cake from the strip solution and pure
(99.9%) V2O5 is obtained after calcinations of this cake. A process flowsheet for the precipitation
of pure V2O5 from Bayer sludge through carbon adsorption and desorption route is shown in
Fig.2.



 
 

Fig.2: A process flow sheet for the precipitation of pure V2O5 from Bayer sludge [18].
Nasyrov and Ravdonikas, [19] have described a method for vanadium sludge from processing
hydragillitic bauxite. The impure solution after alkali treatment of the ore contained 1.0 2.5 g/L
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V2O5. They reported a two step process starting with the heating the solution to 40 65 oC for 1 2 h
which precipitated appreciable amounts of sulphate, carbonate and fluoride of alkali metals while
in the second step the filtrate was diluted and cooled to 20 30 oC for 6 12 h. This resulted in
precipitation of the sludge which contained mainly Na2O, P2O5, water and most of the vanadate.
Alumina producing plants generate considerable amount of sludge containing vanadium
pentoxide. In the processing of the sludge to obtain V2O5 a _large quantity of effluent is
generated, posing serious disposal problems. The effluent can not be discharged as such, due to
presence of toxic elements. There are a few processes available for treating the V2O5 plant
effluent. Adsorption / co precipitation of ammonia and vanadium by iron oxyhydroxide were
investigated by Blackmore et al., [20]. In this process lime was used to remove ammonia and
vanadium. Adsorption of vanadium on activated charcoal was by Mukherjee et al., [18]. The
elution was done by g sulphuric acid. Kudryavsky et al. [21]. Tried ion exchange resin for
recovery of vanadium and 1 the elution of loaded resin was carried out with the help of NaOH
solution

Recovery of vanadium from solution using ion exchange and solvent extraction has been a
commercially established practice. Miskei and Orban, [22] have been reported a method to
obtain V2O5 of more than 99.5% purity from the bayer�s sludge using ion exchange separation.
Thus, an aqueous solution containing 20 22 g V2O5/L (at pH 8), 12 25% P2O5, 2.5 5.5 % As2O5 and
3 8% F was passed through a Vaarian AT 660 anion exchange resin(Cl form) at 55 60 oC and the
resin was washed and eluted with a mixture of 0.63 M NaOH and 0.63 M NaCl solution. The elute
was treated with NH4Cl to precipitate NH4VO3 which on heating at 500 oC gave high purity V2O5.
A techno economic comparison of the different methods used for recovery of vanadium from
crude vanadium salt recovered from Bayer�s process was reported by Martens et al., [23]. Report
showed that liquid liquid extraction and ion exchange methods lead to 10% higher yield of
vanadium.
In many cases where solvent extraction method was employed, vanadium was extracted with
organo phosphorous reagents which function as cationic extractant in acidic media. A quaternary
ammonium salt (Aliquot 336) was used for the recovery of pure ammonium vanadate from
alumina production plant by batch and continuous extraction [24]. About 99% ammonium
vanadate was recovered at pH 9 at vanadium concentration 52 g/L with 7% Aliquot 336 in
kerosene at A/O ratio of 1:2. Aliquot 336 was also used for the recovery of vanadium from
vanadium bearing sludge. In one of the study Fluoride, phosphate and sodium ions were
separated prior to vanadium recovery [25 26]. Ion exchange [27] and adsorption process [18] were
also used for the recovery of vanadium from aluminate solution of Bayer�s process.
Recovery of V2O5 from Bayer liquor by ion exchange was studied by Zhao et al. [28], where a new
technology was developed. The results showed 85% leaching of vanadium in Bayer liquor at 105 °C
and 0.20�0.25 mass ratio of Lime:Al2O3 in presence of CO2. The leach liquor was subjected with
201 × 7 type of resin with more than 94% with the flow rate of 0.09 mL/min/g of leaching solution
and the temperature of 40�50°C; desorption however was carried with 3 M NaOH and 40�50°C,
yielding 5 g L 1 V2O5 solution. The desorbed solution was calcined with ammonium chloride to
generate ammonium metavanadate at the temperature of 500�550°C for 2 h, with 99% pure V2O5

During the recovery of vanadium pentoxide from vanadium containing sludge of alumina plants,
huge amount of effluents containing NH3, P, V and NaCl are generated which are toxic and
strategic. Hence, recovery of these valuables were studied by Agrawal [29]. With sulphuric acid
and HCl, about 75 89% ammonia was recovered respectively as ammonium sulphate and
ammonium chloride. On refluxing calcium vanadate with H2SO4 about 94% of V2O5 was obtained
which can be recycled to the main stream of V2O5 plant.



 
 

Recovery of vanadium from other resources: Vanadium is released to the environment from
facilities producing energy and using fossil fuels, especially petroleum and coal during refining of
petroleum [1]. Keeping in concern the toxic effects of vanadium in such emanated sources, very
scarce efforts have been put to pre concentrate or remove vanadium from such effluents/solid
waste. It is reported that vanadium in water has toxic effects at concentrations greater than 100
g/L and accumulates in food chain. In one such effort, industrial waste sewage sludge in Istanbul

was utilised to remove vanadium from solution/effluent after activation with ZnCl2 and sulphuric
acid [30]. The waste sludge was chemically activated after pyrolysis which could adsorb efficiently
1196 m2/g of vanadium (V).
Extraction and separation of vanadium and nickel from fly ash (FA) produced in heavy fuel power
plants was investigated [31]. Firstly, Ni is selectively eluted from FA using NH4OH solution and
then precipitated using Na2S. The Ni/V ratio in final precipitate was 27. On the other hand, V is
extracted from Ni free FA using Na2CO3 solution, recovered by 0.1 M tri ethylamine/toluene, and
precipitated by NH4Cl. The V/Ni ratio in the final precipitate was 55. About 56% Ni and 45 % V
was recovered in this process.
In order to extract vanadium from LD (Linz�Donawitz) converter slag of steelmaking plant, an
alkaline roasting�acid leaching study was carried out and the effect of different parameters on the
kinetics of vanadium dissolution was determined [32]. Gupta and Krishnamurthy,[33] reported
a process for extracting vanadium from steel refining slags consists of slag roasting, acid leaching
and solvent extraction. Sulphuric acid leaching decomposes the vanadium compound and causes
the dissolution of vanadium (reaction 1). In order to increase the amount of vanadium in solution,
salt roasting�acid leaching is a fairly general procedure which is useful in treating certain ore feed
materials belonging to all types of vanadium sources, i.e., high lime slags. Instead of the roasting
stage, Haoran et al. [34] used sodium chlorate or manganese dioxide as oxidants to increase the
acid leaching efficiency.

V2O5 + H2SO4 (VO2)2SO4 + H2O (1)

Cleaning of raw oil tanks produced huge quantities of oil sludge which is a potentially hazardous
waste product. In order to recover vanadium from oil refinery sludge two stage process was
developed by Nabavinia et al., [35]. The process includes contact of fly ash of this sludge with a
sulfuric acid solution followed by purification and enrichment with Emulsion Liquid Membrane
(ELM) process. Results depicted that > 65% of vanadium in fly ash can be extracted in one stage of
leaching by sulfuric acid (96%) with liquid to soild ratio of 0.1 L/g at 65 oC. More than 86% of
vanadium was extracted in 1 h at ambient temperature by ELM technique.
Extraction of vanadium from vanadium bearing spent catalyst through heat treatment method
was investigated by Dash et al., [36]. It is possible to extract vanadium from Vanadium condition
for extraction of maximum percentage of vanadium is found to be 80% of NaOH when mixed
with the spent Vanadium catalyst in the ratio 1:1 and roasted out 200 oC for 5 h time, it is possible
to extract about 99% Vanadium from the catalyst. The vanadium was obtained in the form of
brown red precipitate, which is being filtered and analyzed. This Vanadium through activated
carbon could produce Vanadium carbide.

Recovery of vanadium, potassium and iron from a spent vanadium catalyst by oxalic acid solution
leaching, precipitation and ion exchange processes were studied [37]. Oxalic acid was used to
separate the components of the catalyst active phase (vanadium and potassium compounds), both
from a spent vanadium catalyst and the shapeless weight of waste generated during cyclic catalyst
sifting. The results showed that for a 180�250 m catalyst leached for 4 h at 323 K in the presence



 
 

of 2% oxalic acid solution at an L: S ratio of 25:1, the extent of leaching of V, K and Fe was about
91%, 92% and 63%, respectively. Three types of polymer strongly acidic ion exchangers were used.
The ion exchange tests indicate that only potassium and iron were loaded from the post leaching
solution. On this basis a flowsheet for the proposed process of a complex utilization of spent
vanadium catalyst is presented (Fig.3). Vanadium can be separated, purified and recovered from
the solution by ion exchange and the chemical precipitation method.
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Fig.3: A conceptual process flow sheet for the complex method of utilization of spent
vanadium catalyst [37].
Black shale is carbonaceous shale with several valuable metals, such as vanadium, nickel,
molybdenum and silver. The common grade of vanadium in this ore is usually less than 2%. Black
shale is the most important resource for vanadium extraction in China, which accounts for more
than 87% of the domestic reserve of vanadium [38 39]. Conventionally, the recovery of vanadium
from black shale was performed containing a preliminary roasting process, which emits serious
poisonous gases of HCl and Cl2. The recovery of vanadium from black shale from China was
performed using a three step process [40]. The process consists of a leaching with H2SO4 HF
NaClO system under atmospheric pressure, the vanadium separation from leachate by solvent
extraction and stripping, followed by precipitation of ammonium vanadate and thermal
decomposition. About 91% vanadium extraction was achieved with 100 g/L H2SO4, 15 g/L HF, 1.5
g/L NaClO, in 6 h leaching time at 90 oC and oxygen partial pressure of 1200 kPa with liquid to
solid ratio of 2. The vanadium extraction yields of solvent and stripping are 99.83% and 97.66%
when using 10% P2O4, 5% TBP and 85% sulfonated kerosene as organic phase and 15% (mass
fraction) sulphuric acid as stripping agent. After thermal decomposition the purity of powder
vanadium pentoxide products is 99.18% and the overall vanadium recovery is over 81% in the
whole process.
Michal and Nilsen, [41] have been described a method for recovering V2O5 from sodium
vanadate solution. The leached extract after NaOH roasting of the ore contained Al, Na and
vanadium salts. To remove aluminium as hydroxide the solution was treated at 60 oC with 40 95%
H2SO4 to lower the pH from 9 12 to ~7 and the residue was filtered. The filtrate at 50 60 oC was
treated with additional H2SO4 to attain pH 6. Ammonium salt with H2SO4 was added while
maintaining pH=6 so as to provide NH3/V ratio between 0.13 0.26 for 20 min. More of the H2SO4

was then added to lower the pH further to 1.5 3.0 and then heated to 90 95 oC for 15 60 min to
precipitate V2O5 of high purity by hydrolysis.
In one of the technology developed in CSIR NML by Mohanty et al., [42] reported recovery of
vanadium from Bayer�s process liquor. The sodium complex salt obtained from this process liquor
contained ~30% Al2O3 as insoluble residue while vanadium and phosphorus dissolved in water.
Since the liquor was highly alkaline, addition of NH4Cl did not separate NH4VO3 along with
alumina residue. Attempts to remove phosphorus by crystallizing Na2PO4 after partial
neutralization did not yield good results. CaCl2 was then added and almost all the phosphorus
was precipitated along with some vanadium as co precipitate. At pH 9.0, 31 35% V precipitated
along with calcium phosphate. They also recommended precipitation of vanadium initially as
ammonium vanadate at pH 6 with a recovery of 90% of the vanadium and treatment of the
residual liquor with CaCl2 for the recovery of phosphorous.

Conclusions

The increasing demand for metals in the world has required intensive studies for the extraction of
metals from low grade ores and/or secondary resources. Due to shortage of reserves for vanadium
and generation of huge quantities of tailings, it is important to recover vanadium from secondary
resources. From this review, it is highlighted on the efforts put forth globally to extract vanadium
from various primary and secondary resources, with special emphasis to Bayer�s Sludge. It is
imperatively felt to improvise and chalk out new methods to extract vanadium and other
valuables from highlighted secondary resources. It is suggested to make serious efforts to further
scale up flowsheets to utilize these primary and secondary resources.,
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