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ABSTRACT

In recent years, the extraction using crown ethers has reached a resounding success in differ-
ent scientific and technical fields. In this work, the authors report the results of the main
steps of extraction and determination (proportioning) of the tungsten ion (VI) using a chloro-
formed solution of crown ether. The dibenzo-18-C-6(2,3,11,12-dibenzo-1,4,7,10,13,16-hexaoxa-
cyclooctadeca-2,11-diene  according to the IUPAC systematic nomenclature). The
identification and quantification of W(VI) using the absorption spectrum, the influence of the
necessary reagents, the needed acidity level for complete extraction and complexation of W
(VD) using a crown ether, and the influence of multivalent metal ions were examined, consid-
ering that the sensitivity, selectivity, and detection limits have been determined. This system
obeys Beer’s law in the range of 0.18-18.3pugcm “of tungsten with a molar absorption of
1.6 x 10*mol 'em™! at 415nm and the detection, quantification limits were, respectively,
equal to 0.7-1.8 ugcm >, The developed method was applied for the extraction of W(VI) in
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the high speed steel (HSS): HS2-9-1-8 containing 2% W, 9% Mo, 1% V, and 8% Co.
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1. Introduction

There are several methods for the extraction and
the quantification of tungsten. Each method has its
advantages and disadvantages. In many cases, the
majority of heavy metals interfere with the extraction
and quantification of tungsten by existing methods:

*Corresponding author.

hydrochloric acid solutions by neutral organophos-
phorus compounds and high molecular weight
amines, with mesityl oxide, electrothermal atomic
absorption spectrometry after hydrolysis and selective
removal of tungsten by liquid-liquid extraction, using
the ion pairing reagent procaine hydrochloride, etc.
[1-4]. For this reason, these metals must previously be
complexed or eliminated.
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The importance of this work is related to the fact
that a liquid-liquid extraction method for the quantifi-
cation of W(VI) has been developed, as well as a spec-
trophotometric method that allows control of the
amount of tungsten in tungsten-contaminated waters,
as well as in the analysis of steels.

The crown ethers selectively extract cations such
as Li*, Na®, K*, NH;, by taking a positive charge.
This favors the extraction of highly polarized anions
of iodides, cyanides, and thiocyanates of heavy metals
(Bi(II), Co(Il), Mo(V), W(V), etc.). Synthesis of crown
ether 4-acrylamidobenzo-18-crown-6 (ABCE) function-
alized polyacrylamide (PAAm) gel beads. In nitric
acid, the extraction efficiency is found to be high
(>80%) when the number of hydrogen ions in aqueous
phase is less than that of ABCE molecules attached to
hydrogel backbone.

Among many crown ethers synthesized for the
extraction, the most frequent ones used are 15C5,
B15C5, 18C6, DCH18C6, DB24C8, and the DB18C6 [5-
12].

The extraction mechanism may be presented as
follows:

DB-18-C-6 +

NH;
organic phase

aqueous phase

— [DB-18-C-6 - NH,|"
organic phase

— 2[DB-18-C-6 - NH,|" + [WO(SCN),|*~
organic phase aqueous phase

— [DB-18-C-6 - NH,]; - [WO(SCN),]*
organic phase

The effect of structural studies of the crown’s ring
size variation, lipophilic, and acidic group attachments
for lariat ethers with carboxylic and other acidic
groups on the selectivity and efficiency of metal cat-
ions transport has also been presented. The effect of a
counter anion presence is also discussed. Examples of
metal ions’ selective removal using various other ion
carriers such as calixarenes, calixcrown ethers,
cyclodextrins and their polymers, as well as acyclic
polyethers are also examined [13].

Facilitated transport of Zn(Il), Cd(I), and Pb(II)
across polymer inclusion membranes doped with
imidazole azocrown ethers. The influence of azocrown
ether concentration on metal ions transport across
PIM was studied. The initial fluxes of transported
metal ions depend on the hydrophile-lipophile
balance and the molecular volumes of azocrown
ethers. Cellulose triacetate membranes doped with
imidazole azocrown derivatives as fixed carriers have
been prepared and applied for the investigation of
facilitated transport of Zn(Il), Cd{I), and Pb(I) ions
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from aqueous nitrate source phase (Cpe=10"M,
pH=5.0), the transport selectivity of the polymer
inclusion membranes [14,15].

The extraction of uranium from the concentrated
brine rejected by integrated nuclear desalination sys-
tems, three innovative and efficient methods of ura-
nium extraction have been proposed: Resin grafted
with calixarene; magnetic separations; and canal sys-
tem with braid adsorbents. The resin grafted with cal-
ixarene; this method has the advantage of very high
selectivity. Its performances, especially for large-scale
extraction, still need further R&D and optimization
[16].

5-(4-Pyridyl) nonane was evaluated as a solvent
for trace amounts (<5x 10>M) tungsten (VI) from
aqueous chloride-thiocyanate solutions. Remarkable
improvements in metal extractability have been
observed on the addition of SCN™ to aqueous solu-
tions of hydrochloric acid. Extreme partition coeffi-
cients are obtained from 0.1M HCI in 0.2M KSCN.
Decreases in the extractability of metal are produced
by relatively high (>0.5M) SCN™ concentration and
increased concentration of acid in support. Data anal-
ysis of slope, under the optimal conditions, indicates
the most probable composition of the extractable spe-
cies to be WO, (SCN) 2.2 PYN. Neutral anions have
no significant effect on the D values (complex extrac-
tion, %). Behavior of a number of metal ions was
tested considering the optimal conditions for water
extraction. The survey shows that the reagent has
great potential for the preconcentration of a number
of metal ions, including the common toxins [17].

In our work, we have developed the extraction
method which is accurate and sensitive and presents
the advantage of progressing rapidly and is character-
ized by a high selectivity and specificity. In addition,
a prior separation of the mixture’s components is not
needed.

2. Experimental
2.1. Materials and methodology

To optimize the process, the following solutions
were used: Na,WO,2H,O at 107*M, DB-18-C-6 at
0.006M (chloroformed solution), solution of SnCl,
at 40%, solution of NH,SCN at 20%, concentrated
hydrochloric acid and acetone(All reagents used are
chemically pure), and Spectrophotometer Pye Unicam
UV-visible 87000.

The experience has shown that crown ethers 18-C-6
and DB-18-C-6 form the most stable cationic complex
with K* and NH; in an organic phase. In the case of
the complexation of the K" ion and using the
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DB-18-C-6, the size (diameter) of K" ions (0.267 nm)
and NH; (0.278 nm) is consistent with the size of the
crown ethers molecules cavity (0.26-0.32nm). These
cationic complexes strongly attract the anionic com-
plexes found in the aqueous phase [Bil4], [Co
(SCN)4I*~, [IMoO(SCN)s1>~, [WO(SCN)s]*~, etc.

To quantify the W(VI) in a solution using a
crown ether it is necessary to determine the follow-
ing factors: the maximum adsorption of the associate
of [DB-18-C-6-NHy]; - [WO(SCN)s]*", to determine
the efficiency of crown ethers for the extraction of
the anionic complex of [WO(SCN)s]*~, to study the
influence of different solvents on the performance of
the extraction of anionic complex [WO(SCN)s]*~, to
study the influence of different solvents on the yield
of the extraction process of the anionic complex
[WO(SCN)s]*~, the evaluation of the influence of the
molar ratio of reagents on the absorbance of the
associate, the evaluation of the influence of acidity
on the complexation and quantitative extraction of
the anionic complex [WO(SCN)5]2*, and the
evaluation of the influence of bivalent and trivalent
metal ions.

2.2. Procedures

2.2.1. Procedure 1: Absorption spectrum of the complex
[DB-18-C-6 - NHy]; - [WO(SCN)5]*~

In order to determine the maximum adsorption
experimentally, the following experiments have been
realized: in a 50cm® separating funnel, 10.00 cm® of
calibrated solution of W(VI) at 1.107*M have been
transferred (1.00 cm® of this solution contains 18.385 g
of tungsten). About 10cm® of concentrated HCI,
3.0cm® of 40% SnCl, solution, and 5.0cm® of 20%
NH,SCN solution were taken and diluted to 30cm?®
(using water). After 15min, add 1.00 cm® of acetone
and 10.00cm® of chloroformed solution of DB-18-C-6
at 5x1072> M were added, and the mixture was
agitated for 10s to separate the organic phase (yellow)
and the maximum absorption of the organic phase
was determined.

2.2.2. Procedure 2: Calibration curve

In six separating funnels, add respectively, 1.00,
3.00, 5.00, 8.00, and 10.00cm® of a calibrated solution
of W(VD) at 10* M (1.0cm® of this solution contains
18.38 ug of W(VI)). The optimized reagents are intro-
duced and then the extraction and the measurement
of the absorbance at the wavelength of 415nm were
performed, as described above.
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2.2.3. Procedure 3: determination of tungsten in
HS2-9-1-8

In a 100cm’ glass, 1g of pulverized high speed
steel (with an accuracy of 0.0002g) was taken and
then 20cm® of concentrated HNO; and 1cm® of 10%
H,0, were added. A slow heating until the dissolu-
tion of the taken sample was carried out. A yellowish
precipitate of H,WO, was obtained. The filtered pre-
cipitate obtained with glass filter No 3 was filtered,
and then the precipitate deposited on the filter (2-3
times) was washed with small portions of HNOj; (1:4).
About 20cm® of NaOH solution at 1M was added
and the obtained liquid was recovered in a 50cm?
gaged flask and diluted to the graduation gage (the
mark) by distilled water; 1cm?® of this solution theoret-
ically contains 0.4mg of tungsten. In a 25cm® gaged
flasks take 1cm?® of the solution obtained and dilute it
with distilled water to the mark of the flask. About
Tcm® of this diluted solution contains 16 pg of tung-
sten, so the final tungsten solution recovered was at a
concentration of 10~* molel™. About 10.00cm® of the
prepared solution was then transferred in a 50cm?
separating funnel; 10cm® of concentrated HCI, 3.0 cm®
of 40% SnCl, solution, and 5.0cm® of 20% NH,SCN
solution were added and the mixture was diluted to
30 cm?® using water. After 15min, add 1.00 cm?® of ace-
tone and 10.00cm® of a chloroformed solution of DB-
18-C-6 at 5x 10 °M were added. The mixture was
mixed for 10 s and the organic phase (yellow) was
separated. The measurement of the organic phase
absorbance in comparison with the chloroformed solu-
tion of DB-18-C-6 was determined and the amount of
W was deduced from the calibration curve.

3. Results and discussion
3.1. Absorption spectrum of the complex

The absorption spectrum of the complex
[DB-18-C-6 - NHy]; - [WO(SCN);]>~ was shown by
procedure 1. The results are presented in Fig. 1.
The maximum absorption of the ionic associate
[DB-18- \C-6 - NHy]; - [WO(SCN);]>~ was 415nm. The
molar absorption coefficient (factor) of the colored
complex was £~1.6x10* mol 'cm™' at the wave-
length 4 =415nm.

3.2. The choice of crown ethers for the complete extraction
of the anionic complex [WO(SCN)s]*~

Using the same method of operation mentioned
above, a series of crown ethers with different concen-
trations (from 1x1072 to 5x107>M) were used to
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Fig. 1. Absorption spectrum of the complex

[DB-18-C-6 - NH,]; - [WO(SCN);J*".

determine the reagent adequate for our manipulation.
The results are presented in Fig. 2 showing that the
crown ethers, DB-18-C-6, were more effective than
15-C-5, Benzo-15-C-5, DCH-18-C-6, 18-C-6.

(D: Complex extraction, %).

3.3. Effects of different solvents on the extraction yield of
the anionic complex [WO(SCN)sI*~

Using the same method of operation mentioned
above, a series of organic solvents were used to deter-
mine the reagent adequate for our manipulation. The
extraction of the complex [WO(SCN)s]*~ from certain
solutions, depends on the nature of the solvents. To

—&— DB18C6

100 9 | —e— DcH18Cs
—A— 15C5
—v— B15C5
801 | —«— 1scs
60 -
o
40 4
20
O T T T T T
0,000 0,001 0,002 0,003 0,004 0,005

Concentration (mole/l)

Fig. 2. Study of the dependence between the extraction
degree of the anionic complex [WO (SCN)s]*~ and certain
crown ethers of different concentrations.
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Fig. 3. Effects of different solvents on the extraction yield.

mark this influence, different solutions of DB-18-C-6
were used in the following solvents: chloroform,
dichloroethane, dibutylether, and butanol.

For this purpose, a series of samples have been ini-
tially prepared of the anionic complex [WO(SCN)s*~
from a calibrated solution of W(VI) at 1 x10™* M, for
a given concentration of DB-18-C-6 (5 x 10 >M) in the
various solvents mentioned above. The results are pre-
sented in Fig. 3 showing that among the solvents
used, the most effective was chloroform.

3.4. The effect of the concentration of the crown ether
DB-18-C-6

Using the same operating method mentioned pre-
viously, the concentration (107°-5x10>M) of the
solution of DB-18-C-6 was varied to determine the
optimal concentration. The results are presented in
Fig. 4 showing that the optimal concentration of the

100

90

80

70
0,000

T T
0,002 0,004
Concentration of DB-18-C-6 (Mole/l)

Fig. 4. Influence of the concentration of DB-18-C-6 on the
extraction degree of W(V).
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Fig. 5. Optimization of medium acidity for the extraction
of [WO (SCN)s]*™

crown ether DB-18-C-6 reagents was used for a com-
plete extraction of [WO(SCN)s]*".

3.4.1. Choice of reducing agents for the reduction of
W(VI) to W(V)

For the reduction of W(VI) various reducing agents
have been suggested such as the amalgam of tin, Sn**
in a concentrated hydrochloric acid environment, a
mixture of Sn** and Ti (I) in acidic environment
(HCl at 4M). As a reducing agent, a solution of SnCl,
was used. It was experimentally found that for the
reduction of W(VI), it is necessary to introduce 3.0 cm®
(5.4x107°M)/4.0cm® (7.2 x 107>M) of SnCl, solution
at 40%.
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3.4.2. Optimization of the medium acidity for the
extraction of the anionic complex [WO(SCN)sI*~

Using the same operating method as mentioned
above, the amount of hydrochloric acid (1-15 cm?) can
be varied and the corresponding results are presented
in Fig. 5 showing that the optimal amount of acid was
3cm®. A complete extraction of [WO(SCN)s|*~ was
achieved at a starting HCI concentration of 2.5M. At
this level of acidity, the W(VI) was reduced to W(V)
causing the formation of tungstyl ion WO>" and its
complexion occurred in the presence of NH,SCN. On
the other hand, as this acidity stabilizes the positive
charge of the crown ether and the fixed ion complex
formed [WO (SCN)s]>". It should be taken into consid-
eration that the use of a large amount of HCl negatively
affected the extraction; this can be explained by the
gradual substitution of ligands (SCN™) by the CI™ ions,
after which the coloration(staining) intensity decreased
and the WO’" ions transformed progressively into
WCl5 or [WOCI5]*.

3.4.3. Optimization of the amount of NH,SCN

Using the same procedure as mentioned above, the
amount of NH,SCN can be varied thereby leading to
an optimal amount of NH,SCN is 4.0cm® or 5.2 x 107>
mole.

Table 1
Comparison of the developed method with other methods
Reagents Blue Hydrochloride 3-hydroxy-2 — (2"-thienyl)-4- Crown ether and thiocyanate
thiazolyl, ethopropazine oxo-4H-1-benzopyran (HTB) 2DB-18-C-6: W
MTT (EPH) and ligand—metal =1:2
thiocyanate
Amax (Nm) 415 404 415 415
¢(dm’mol'em™) 2.8 x10* 1.2 x 10* 6.65 x 10* 1.6 x 10*
Obeys Beer’s law in ~ 0-8.8 2.3-12.9 0-2.8 0.18-18.3
the range
(ugem ™)
Detection limit 0.27 - - 0.7
(ugem ™)
Quantification limit  0.92 - - 1.8
(ngem ™)
Sandell’s sensitivity — — 0.02003 0.0029 0.0306
(ugem ™)
Solvent Chloroform  Chloroform Dichloromethane Chloroform
Interfering ions Mo(V]), V Mo(VD), V(V), Pt Pt(IV), U(VI), Mo(VI), Re Pt(IV),U(VI), Re(VID), Au(IIl)
(V), Cud,  (aAv) (VID, PO}~ and PO;~ less than 50 pg/ml "

Ui, PtIv)
Ref. [5] [6]

(71

do not interfere
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Table 2
Determination of W(VI) in high-speed steel: H52-9-1-8
Exp. X; X X —X (X — X)Z S Sz S tSz tSx, %
1 99.85 99.88 —0.30 0.0900 0.1872 0.0764 0.0019 0.1963 0.1945
2 100.07 +0.19 0.0361
3 99.78 —0.10 0.0100
4 99.75 -0.13 0.0039
5 99.80 —0.08 0.0064
6 100.05 +0.17 0.0290
0.97 0.1754

Note: X;: Content in W(VI) %; X: Arithmetic mean; >d% The sum of the square deviations of the mean value; S: Standard deviation; S;:
Standard deviation relative; Sx: Standard deviation means; and tS: Interval probability.

3.5. Calibration curve

After having optimized the necessary amounts of
reagents, a plot of the calibration curve can be real-
ized. The experiment is shown by procedure 2. The
detection limit and the quantification limit are, respec-
tively equal to 0.7 and 1.8pgcm™>. The relative error
is 0.65%. The method thereby elaborated (developed)
allowed the determination (dosage) of certain amounts
of W(VID) in the range of 1.838-183.85ug. The molar
extinction coefficient corresponding to 415nm was
equal to £=16,000.

3.6. Influence of the presence of other metal ions

It was experimentally determined that the
hundredfold addition of Mg2+, Ca®", Ba®", Sn?*, Mn?*,
Zn2+,C02+, Niz+; Hg2+/ Ag+/ Pb2+/ Fe2+/ Fe3+, A13+,
Cr**, and Bi(Ill) to the solution of W(VI) did not
interfere with its identification and dosage. This is
confirmed by the identical results obtained in both
cases (the presence and absence of these ions).

However, it has been observed that thiocyanate
complexes of Fe(Ill) and Bi(Ill) are extracted simulta-
neously. However, the Fe(Ill) is reduced during the
formation of the complex of W(V) in the presence of
reducing agent used Sn(II). On the opposite side, a
small concentration of Bi(Ill) and Vanadium (V) did
not interfere with the determination of W(V). The Co
(II) in the conditions of the dosage of W(V) did not
form a complex with the thiocyanate ions (on the one
hand, the environment is strongly acidic, and on the
other hand the concentration of the thiocyanate was
not sufficient).

Copper ions are reduced during the determination
of W(V) and precipitated in the form of CuSNC (it
was separated by filtration). Molybdenum (VI) must
be extracted first from a solution of HCI at 6N using
diethyl ether or hexane. Vanadium (V) and W(VI)

remain completely in the aqueous solution. The pres-
ence of small amounts of Pt(IV), U(VI), Re(VII), and
Au(Ill) ions (50 pg) did not interfere with the determi-
nation of W(VI).

3.7. Comparison of the developed method with other
methods

There are several existing spectrophotometric
methods for the determination of W(VI), the compara-
tive study between our method of work and previous
work is represented in Table 1.

3.8. Determination of tungsten in high speed steel HS2-9-1-8

The method for the determination of tungsten in
high speed steel H52-9-1-8 containing 2% of W, 9% of
Mo, 1% of V, and 8% of Co, is shown by procedure 3.

Note: The volume of the diluted solution taken is
10.00cm® and contains theoretically 160 ug of W(VI).
When performing the analysis, six parallel results were
found: 99.65, 100.05, 99.75, 99.80, 99.84, and 100.02, the
results of mathematical treatment dosage of W(VI) in
high speed steel H52-9-1-8 are given in Table 2.

Using the criterion value t with the liberty degree
f=n—1 and probability equal to 0.95, the confidence
interval: tSg = Sx. t995=0.0764 x 2.57=0.1963, % tSx =
0.1963 x 100/99.88=0.1965. The results found were
considered with a confidence interval of: 99.88 at
100.07.

The analysis of the results obtained indicated that
the results were in the range of 99.68-100.07% with a
probability of 0.95.

4. Conclusion

A method for the identification and dosage of
W(VI) based on the formation of the ionic associate
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of yellow colored [DB-18-C-6-NH,]; - [WO(SCN);]*~
was developed for the determination of W(VI) in the
presence of bivalent and trivalent metal ions. The
maximum absorption of this complex was 415 nm.

The molar absorption coefficient of the colored
complex was ¢ =~ 1.6 x10* mol 'em™' at the wave-
length A=415nm. The detection limit and quantifica-
tion limit are, respectively, equal to 0.7-1.8 pg.cm >.
By this method the dosage in the range of 1.8-183 g
of W(VI) was realized.

The method developed was applied for the deter-
mination of tungsten (VD) in the HSS (high speed
steel): HS2-9-1-8 containing 2% of tungsten. The
results were processed by a statistical method. The
results of the analysis were in the range of 99.66-
100.04% with a probability of 0.95.

Symbols

Amax the wavelength, nm

& — the molar absorption coefficient,
dm®mol 'em™!
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