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Abstract: Such rare metals as niobium and tantalum are important strategic materials underlying many of the
modern advanced technologies. Since the extraction and processing of rare metal concentrates from own depos-
its has diminished abruptly in recent years, it is essential to look into the possibility of extracting these elements
from various production wastes. This work discusses liquid-liquid extraction and purification of niobium, tanta-
lum and titanium from process solutions of loparite, perovskite and sphene concentrate decomposition with sul-
phuric and hydrochloric acids; niobium from lithium niobate production wastes decomposed by hydrochloric
acid; and tantalum from tantalum capacitor and heat-resistant alloy wastes.

The titanium-tantalum-niobates of the Kola peninsula have a complex composition and low niobium
and tantalum concentrations. The contents of principal components in the local rare metal sources is
presented in Table 1.

Table 1.
Content of principal components (%) in loparite, perovskite and sphene [1]

Mineral

Loparite
(pegmatites)

Perovskite
(Afrikanda)

Sphene
(Yukspor)

Component

TiO2

39,3

54,4

36,7

Nb2O5

9,5

Ta2O5

0,7

1,2

0,4

La2O3

32,9

3,2

0,6

ThO2

0,7

0,1

-

Fe2O3

o6m.

0,8

1.8

1,8

CaO

4,4

38,05

27,7

SiO2

0,5

0,4

28,8

Na2O

6,9

0,3

0,5

Since the concentrate composition is complex, they are to be treated by a comprehensive tech-
nology in order to extract all the valuable components and reduce the wastes and losses to the mini-
mum. Therefore the creation of efficient comprehensive technologies, meeting present-day require-
ments, is still topical.
The scarcity of rare metals can also be compensated by involving into processing of various rare metal
wastes of Murmansk region enterprises, since very often the contents of rare elements in them exceeds
those in natural raw materials.
So, the radio electronic engineering factory in the city of Apatity, Murmansk region, used only a small
part (20-30%) of lithium and niobate crystals grown there. These substantial wastes are due to dis-
carded parts contaminated by impurities and parts having a disturbed structure and mechanical defects.
In this connection it is highly desirable to create a technology for the processing of LiNbO3 wastes
that will turn out products to be used as feed materials for lithium niobate.

One of the technogenic sources of tantalum is electronic scrap containing up to ~ 99% of tantalum
(wastes of tantalum-based capacitors), as well as wastes of multi-element heat-resistant alloys with the
tantalum contents of up to -18%.
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A special role in solving the problem of a comprehensive processing of mineral and secondary raw
materials is played by processes of purification from impurities and fine separation of close in proper-
ties elements. Here the crucial place is occupied by hydrometallurgical processes, especially the proc-
ess of liquid-liquid extraction, which in turn depends on the method of rare metal raw materials de-
composition.
This work has studied the possibility for liquid-liquid extraction of rare elements from the following
kinds of rare metal raw materials:

niobium, tantalum and titanium from process solutions resulting from loparite, perovskite and
sphene concentrate decomposition by sulphuric and hydrochloric acids;
niobium from solutions resulting from lithium niobate production waste decomposition by hydro-
chloric acid;
tantalum from tantalum capacitor wastes;
tantalum and other rare elements from heat-resistant alloys.

NIOBIUM, TANTALUM AND TITANIUM EXTRACTION FROM
LOPARITE CONCENTRATE
Loparite concentrate of the Lovozero deposit located on the Kola peninsula is one of the most strategi-
cally important of the Russia's rare metal sources. Loparite has been thoroughly studied; a dozen of
flowsheets have been offered for its processing, two of which, based on hydrochloric and sulphuric
ones, have been commercially realized [2].
A highly promising method for loparite decomposition involves leaching with concentrated hydro-
chloric acid [2,3,4]. The peculiar feature of the hydrochloric leaching is dissolution of all the valuable
components of this mineral.
We have suggested a method for loparite concentrate decomposition by hydrochloric acid (22-34%
HC1) at 70 - 99°C and atmospheric pressure [5]. The HC1 content in process solutions is ~ 6 mole/1.
Next one is faced with the problem of how to isolate niobium, tantalum and titanium from rare earth
elements to produce pure niobium and tantalum compounds.
To achieve this, various extracting agents have been tested: alcylphosphoric acid (D2EPHA); neutral
acid-containing extragents, such as high-molecular spirits, ketones; anion-exchange extragents (long-
chain amines). The studies have demonstrated that rare elements can be effectively separated from rare
earth elements contained in concentrated process solutions (HC1>9 mole/1) by using liquid-liquid ex-
traction with aliphatic spirits - octanol, decanol, and alcylphosphoric acid -D2EPHA in an inert dilut-
ant (Table 2).
Unlike spirits and other reagents (Table 2), extracting titanium, niobium and tantalum only in the
range of high HC1 concentrations, D2EPHA is fairly efficacious in extracting rare elements in the en-
tire acid range studied (1,45-12 M HC1). The extract accumulates strong helate metal complexes due
to the presence in them of two extraction-wise active groups P=O and OH [7]. Effective titanium, nio-
bium and tantalum re-extraction from the organic phase on the basis of D2EPHA calls for a powerful
complexing agent, such as the F- ion.
Liquid-liquid extraction of rare and rare earth elements was carried out from a hydrochloric process
solution obtained by the method [5] containing (g/1): TiO2 - 62,0; Nb2O5 - 9,6; Ta2O5 - 1,0; REE -
55,8 with the HC1 concentration of 6M. Under these conditions and the organic to water phase ratio
O:W = 1:1 with a reagent containing 40% D2EPHA in an inert dilutant we achieved an almost 100%
extraction of titanium, niobium and tantalum to the organic phase. The residual content in the raffinate
after two extraction stages was (g/1): TiO2 - 0,008; Nb2Os <0,01; Ta2O5 < 0,01. No rare earth elements
were found in the organic phase.
Rare elements were re-extracted by 36%-56% HF solutions to produce concentrated fluorometallate
solutions of titanium, niobium and tantalum containing 250-375 g/1 of the oxide sum applicable for
selective isolation of high-purity niobium and tantalum solutions. Re-extraction of high-purity nio-
bium and tantalum compounds in fluoride solutions may involve extragents of different classes, for
instance, spirits (octanol, decanol) [2], ketones (TsGN, MEBK), amines, etc. [6].
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Table 2

Liquid-liquid extraction of titanium, niobium and tantalum from hydrochloric process solutions with
various dilutants

Extractant

Decanol

Octanol

Octanol

Octanol

CHN

MEBK

Acetophenone

TAA

40%D2EPHAin
kerosene

40 % D2EPHA in
octanol

40 % D2EPHA in
octanol

H C 1 H C X

MOJIfc/jI

10,0
ti It

9,0

6,0

11,78
it n

ii it

9,9

10,05

8,0

6,0

Metal concentration in feed so-
lution

Ti

21,0
it it

49,9

51,3

34,0
it tr

it it

57,0

22,0

62,3

60

Nb

3,5
II M

7,3

8,1

4,1
II II

II it

6,35

3,4

12,1

11.0

Ta

0,29
II n

0,66

0,5

0,43
li it

II it

0,56

0,19

1,4

1,0

Extraction to the organic phase, R
%

Ti

93,4

91,4

89,9

49,1

17,4

35,5

0

8,5

99,9

96,1

94,3

Nb

99,9

93,8

91,2

20,3

30,3

61,0

92,4

40,1

99,85

95,3

91,7

Ta

92,0

89,5

87,1

3,7

19,9

46,6

4,4

10,6

97,4

91.1

90,5

NIOBIUM, TANTALUM AND TITANIUM EXTRACTION FROM
PEROVSKITE AND SPHENE CONCENTRATES
The liquid-liquid extraction of niobium, tantalum and titanium involves the process solution of
perovskite decomposition with sulphuric acid [7] with the contents (g/1): 1,7 Nt^Os; 0,04 Ta2O5; 14,6
TiO2; 6,2 Fe2O3; 900 H2SO4. At the first stage of extraction D2EPHA in an inert dilutant was used.
The extraction degree to the organic phase was, respectively: 98,9 Nb2O5; 99,8 Ta2O5; 99,8 TiO2. Me-
tals from D2EPHA-based extracts were re-extracted by 200 g/1 NH4F or 100-150 g/1 HF solutions
with a simultaneous concentration of rare elements in the re-extract. The degree of valuable compo-
nent concentration to the fluoride re-extract was approximately 5 at a virtually total extraction of nio-
bium, tantalum and titanium. The fluoride re-extracts were used to precipitate the metal oxide sum by
ammonia to obtain, finally, a semi-product - a rare metal concentrate (RMC). Moreover, niobium and
tantalum were selectively extracted from fluoride solutions. The samples of niobium and tantalum ox-
ides obtained corresponded to the requirements placed on pure products in terms of basic impurity
contents.
The flowsheet of extraction stage developed for perovskite was used for sphene as well.
We have looked into the possibility to produce rare metal concentrate from three sulphuric acid solu-
tions from the sphene concentrate process containing (g/1): 0,65 - 1,5 Nb2O5; 1,0 -7,45 TiO2; 9,5-11
mole/1 H2SO4. The extraction was carried out in 40% D2EPHA in an inert dilutant or its mixture with
3% TBP (in order to improve the process hydrodynamic indices) at O:W = 1 :2. During the re-
extraction with a 200 g/1 NH4F solution at O :W = 5:1 the degree of metal concentration to the fluoride
re-extract was 8 - 10. Metal hydroxides were precipitated from re-extracts by ammonia with the pro-
duction of RMC. When RMC is extracted from sphene concentrate containing 1 g/1 TiO2, it contains
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more than 50% Nb(Ta)2O5. So, RMC obtained from sphene is a concentrated starting material for nio-
bium and tantalum compound production.

NIOBIUM EXTRACTION FROM LiNbO3 PRODUCTION WASTES
Liquid-liquid extraction of niobium and lithium was conducted in solutions obtained by lithium nio-
bate waste decomposition by HCI in an autoclave by the method described in [4] and containing (g/I):
10-30 Nt^Os; 2,5 -7 Li2O; HCI - 8-11 mole/1. The highest coefficients of niobium distribution were
obtained when D2EPHA was used in an inert dilutant. The niobium content extracted to the organic
phase was substantial and it was separated from lithium. Using hydrochloric acid at the stage of selec-
tive extraction of niobium permits an easy recovery of lithium chloride remaining in the raffinate by
converting it, for instance, to carbonate. Hydrochloric acid was regenerated by direct evaporation. Us-
ing Hfevap at the stage of re-extraction permits to transfer niobium to the fluoride solution for subse-
quent production of niobium oxide.
Niobium can also be extracted from concentrated in metal and acid chloride solutions by using high-
molecular spirits (Table 2), octanol in particular. In contrast to alcylphosphoric acids, spirits are good
extractors for hydrochloric acid, especially in the range of high HCI concentrations. Therefore, in or-
der to rule out the adverse effect of competing extraction of HCI, the extragent was preliminarily
brought into contact with a respective HCI aqueous solution to equalize the hydrochloric acid equilib-
rium concentration with the starting one. The advantage of extragents of the spirit class lies in that
they enable to carry out the process of niobium re-extraction with water. In three stages of re-
extraction a quantitative transition of niobium with its simultaneous concentration in water has been
achieved.
The advantages of HCI in lithium niobate waste recovery over the earlier applied HF and H2SO4 [7]
is serious. It provides an easy regeneration of HCI by evaporation and utilize the chloride (neutral)
lithium solution by converting it to carbonate.

LIQUID-LIQUID EXTRACTION OF HIGHLY PURE TANTALUM
FROM ELECTRONIC SCRAP BY USING CARBONIC ACID
DIMETYLAMIDES
We have studied the possibility of obtaining high-purity Ta2O5 from tantalum capacitor wastes con-
taining 97.2% of tantalum by dissolving them in 40% HF followed by purification of the resulting tan-
talum solution from impurities by extraction with carbonic acid dimetylamides (DMA) of C10-C13 frac-
tions synthesized at research and production entity Lenneftekhim. As distinct from traditionally ap-
plied extragents [6] (highly soluble and volatile (T°flash=49°C) and MDBK (T°flash=24°C)), DMA
have a high flash point (183°C) and low solubility in acidic and alkaline solutions. The result was se-
lection of optimal conditions for tantalum extraction by DMA from fluoride solutions permitting to
completely extract tantalum in two stages. Scrubbing was effected by a solution containing (g/1):
H2SO4 -100; HF - 50 at O:W=2:1 and tantalum was re-extracted by an ammonium fluoride solution.
After drying and calcination we obtained a Ta2C>5 sample with the impurity content (ppm): Fe - 5 ; Ni
<2; Cr<2; Co<5; Pb-5; Sn<5; Ti-6; Zr<5; Ca<10; Mo<5; V<5; Al<5; Mn<2; Mg<2; Cu<5; Si<10.

THE PRODUCTION OF HIGHLY PURE TANTALUM FROM HEAT-
RESISTANT ALLOY WASTES
Wastes of a heat-resistant alloy containing Ta~18%, Wo~30%, Mo~3%; Cr~2% were decomposed by
sintering with soda, which was followed by leaching with water. The obtained solutions contained the
bulk of tungsten, molybdenum, chromium and iron. The degree of element extraction to the solution
was >90%. Tantalum and hafnium were extracted by 0.3% and 1,7%, respectively.
Tantalum selective extraction was performed from a fluoride-sulphate solution obtained by dissolving
a residue containing practically all of tantalum and hafnium and using carbonic acid dimetylamides of
fraction C10-C13 as extracting agents. The degree of tantalum extraction in three stages was 99,7%. Re-
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extraction was conducted by ammonium fluoride. In terms of controlled impurities the obtained tanta-
lum pentoxide samples are referred to 'special purity' class.
So, it is safe to say that liquid-liquid extraction is an attractive method for comprehensive recovery of
secondary and natural rare metal sources.
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