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THORIUM RECOVERY FROM THE TUNGSTEN WELDING
ELECTRODES BY ELECTROLYSIS AND
NANOFILTRATION

Geani Teodor MAN'?2, Paul Constantin ALBU?, Diana lonela POPESCU
(STEGARUS)?*, Violeta-Carolina NICULESCU?, Virgil Emanuel
MARINESCU?, Aurelia Cristina NECHIFOR?®

Waste from devices, electrical and electronic equipment (EEED) contains
metal elements that are recyclable both for their value and because, if they are not
recovered, they can affect the environment. A special case of EEED is represented
by tungsten electrodes used for welding at high temperatures. They contain
tungsten, which must be recovered for its technical-economic value, and thorium, a
radioactive element. The advanced recovery of thorium must be done because even
in small quantities it is toxic, being a heavy metal, but also because due to its
radioactivity. This paper presents the recovery of thorium from tungsten electrodes
by electrolysis and nanofiltration. The choice of the working parameters was made
by superimposing the Pourbaix diagrams of the two elements: pH 2 and 12 at an
electrochemical potential value of 2.0 V. Under the chosen working conditions, the
recovery of thorium is achieved up to the limit of 0.1 ppm.

Keywords: nanofiltration; Pourbaix diagrams; thorium recovery; tungsten
electrolysis; tungsten welding.

1. Introduction

The appearance of thorium in EEED wastes is surprising, but also
undesirable [1,2]. The presence of thorium in EEED is caused by its multiple
domestic applications (crucibles, electric mantles, refractory bricks, opto-

! PhD candidate., Dept.of Analytical Cemistry and Environmental Engineering, University
National of Science and Technology POLITEHNICA, Bucharest, Romania, e-mail:
geani.man@icsi.ro;

2 PhD., National Research and Development Institute for Cryogenic and Isotopic Technologies—
ICSI Rm. Valcea, 4" Uzinei Street, 240050 Ramnicu Valcea, Romania, e-mail:
diana.stegarus@icsi.ro (D.I.P.); violeta.niculescu@icsi.ro (V.-C.N.)

% Radioisotopes and Radiation Metrology Department (DRMR), IFIN Horia Hulubei, 023465
Magurele, Romania; e-mail: paul.albu@nipne.ro

4PhD., Department of Physico-chemical tests, National Institute for Research and Development in
Electrical Engineering ICPE-CA Bucharest, Romania, e-mail virgil.marinescu@icpe-ca.ro

5> Prof., Dept.of Analytical Cemistry and Environmental Engineering, University National of
Science and Technology POLITEHNICA, Bucharest, Romania, e-mail: cristina.nechifor@upb.ro



mailto:geani.man@icsi.ro
mailto:violeta.niculescu@icsi.ro
mailto:paul.albu@nipne.ro
mailto:virgil.marinescu@icpe-ca.ro

82 G.T.Man, P.C. Albu, D.I. Popescu (Stegarus), V.E. Marinescu, A.C. Nechifor

electronic devices) [3,4]. Thorium is also used to make welding electrodes for
high temperatures [5,6]. The concentration of thorium in tungsten welding
electrodes is varying between 1.0 and 7.0%, which requires its recuperative
separation [8] In the nanofiltration (NF) of aqueous solutions of thorium,
RETENTION (R) grows from 94 to 99% with pH increasing from 1 to 3.5. At pH
3-9, the retention of thorium remains constant, and in alkaline solutions (pH > 9),
values of R decrease. [9]. The hydrometallurgical and extractive processes assume
acid or basic digestion of the thorium source followed by recovery, mainly
through extraction or ion exchange [10,11], but also through various membrane
processes [12-15].

This study highlights the recovery of thorium from tungsten electrodes
by electrolysis and nanofiltration. The work was carried out with nanofiltration
membranes based on Chitosan/Polypropylene hollow fiber membranes
(Chi/PPHFM) and - sulfonated-ethylene-propylene-diene-terpolymer/Poly-
propylene hollow fiber membranes (SEPDM/PPHFM)

2. Experimental part

2.1. Materials and reagents
2.1.1. Reagents

All reagents and organic compounds used in the presented work were of
analytical grade. Th(NOz3)4-5H.0, KSCN, NaOH pellets, HCI 35% suprapure and
NHsOH 25% (analytical grade) were purchased from Merck KGaA (Darmstadt,
Germany).

Aluminon, chitosan and Torin (analytical grade, Sigma-Aldrich Chemie
GmbH, Steinheim, Germany) were used within the study.

The purified water characterized by 18.2 uS/cm conductivity was obtained
with a RO Millipore system (MilliQ® Direct 8 RO Water Purification System,
Merck (Darmstadt, Germany) [16].

2.1.2. Materials

The welding electrodes- red band type were purchased from ProConstruct
Distribution SRL (Balotesti, Romania).

The hollow fibers polypropylene support membranes (PHF-M) were
provided by GOST Ltd. (Perugia, Italy) [17,18].

All polymer materials characteristics are detailed in Table 1 [19,20].
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Table 1.
The characteristics of the used polymer compounds
Molar mass Solubility
Polymers Name and Symbol pKa
(g/mol) (g/L)
CHj Polypropylene
| YPropy cca. 300,000 7.0 -
CH_CH2 (PP)
n
HO
HO j—o
OH o ) HCI solution
00 itosan (Chi) 5,600 6.2t07.0
OH NH,
HO NH,
n
sulfonated
ethylene-
CHy—CH CH,—CH Diene propylene- organic polar
% 2 Qﬁ : %J[\ ;tr by 3500-6000 | upto22 | P
CHy sospdiene solvents
terpolymer
(SEPDM)

2.2. Methods and procedures
2.2.1. W-Th anode electrolysis

The electrolysis of W-Th welding electrodes was carried out in a cell with
two compartments and three electrodes (Fig. 1). The electrodes were W-Th
welding electrode anode, tungsten cathode and reference electrode. The
electrolyte was either an acidic solution (HCI) or a basic solution (NaOH) [21].
The potential of the anode was maintained constant 2.0V, imposed by MASTECH

HY3005D-3, a power supply which has an electrical output, continuously
adjustable, at 0-30V DC and 0-5A.
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Fig. 1. Electrolysis cell with three electrodes

2.2.2. Preparation of nanofiltration membranes

In this study, two types of polymer/polypropylene hollow fiber membranes
were used [22,23] (Fig 2):

- Chitosan/Polypropylene hollow fiber membranes (Chi/PPHFM)

- Sulfonated-ethylene-propylene-diene-terpolymer/Polypropylene
hollow fiber membranes (SEPDM/PPHFM)

The membranes were prepared at 6 atmospheres by the nanofiltration of an
acidic aqueous solution of 2% chitosan (Fig. 1la) and, respectively, by the
nanofiltration of a benzene solution of 2% SEPDM (Fig. 2b). Two types of
membranes on a polypropylene support were obtained: Chi/PPHFM and
SEPDM/PPHFM, the permeate being the corresponding solvent, and a solution
containing traces of chitosan or SEPDM was obtained as a residue.

Chitosan Solution sEPDM Solution

=

\
Solvent
a b
Fig. 2. The nanofiltration modules: a) Chi/PPHFM membrane and b) SEPDM/PPHF
membrane obtaining.

Residue

2.2.3. Nanofiltration of thorium dioxide dispersions

Nanofiltration of thorium dioxide dispersions was carried out, at a pressure
of 5-9 atmospheres, through the two types of membranes prepared in a module

(Fig. 3):
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Fig. 3. Nanofiltration of thorium dioxide dispersions in solutions of imposed pH (feed
solution)

In Fig. 3 the dispersion was the feed solution, the concentrate contained thorium
dioxide, and the permeate was an aqueous solution with an imposed pH. The
result of the nanofiltration was presented in the form of the permeate flow (J)
(eg.1) and the retention, or of the nanofiltration efficiency (EE) (eq.2):

J = (L/m?h) (1)
where: J- permeate flux; V - permeate volume; S-surface of the membrane; At -
operating interval.

(co—¢f)
0
where: EE - separation efficiency (%); Co - concentration of
nanodispersion (feed solution); Cs - final concentration.

The concentration of the thorium ion was determined by the Torin
spectrophotometric method [24]. on a UV-Vis Spectrometer CamSpec M550
device (Spectronic CamSpec Ltd., Leeds, UK).

The  tungstate  ion  concentration was also  determined
spectrophotometrically with sulfocyanide on a Varian Cary 50 device (Agilent
Technologies Inc., Santa Clara, California, US). The specific determinations are
caried-out coupled ion-exchange separation and spectrophotometric detection at
A= 405 nm [25].

The obtained results have a precision of 0.1ppm imposed both by the
traceability of the samples taken and by the spectrophotometric methods
approached.

The morphological and structural characterization of the welding
electrodes was carried out with the help of the FESEM-FIB workstation (scanning
electron microscope with field emission for electrons and focused ion beam)
model Auriga produced by Carl Zeiss SMT Germany through the secondary
electron/ion detector (SESI) in the sample room for the topography/morphology

EE(%) = - 100 ()
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of the surface of the analysed samples [26]. The chemical composition was
estimated with the help of the EDS (energy dispersive spectrum for characteristic
X-ray) probe produced by Oxford Instruments, UK — model X-MaxN energy
dispersive spectrometer with Aztec work and processing software integrated on
the FESEM-FIB Auriga workstation [27].

4. Results and discussion

It can be observed that the macroscopic image of the electrode surface
(Fig. 4a) is smooth and homogeneous, as is the fracture (section) image (Fig. 4b).
The composition of the chosen area (Fig. 4c) was W 93.3 %; O 5.3 % and Th 1.5
% (Fig. 4d).

I---500pm-—I I---500pm---I

I Spectrum 1
Wtk o
W 933 02
0 53 01
Th 15 01

Th| |Th| |[Th
E-‘|\||w||||‘w|||w\|||‘w|||w||\|\|w.‘.|‘|




Thorium recovery from the tungsten welding electrodes by electrolysis and nanofiltration 87

Mag=5000KX 100nm  WD=56mm EHT=2100kv SignalA=SESI ~ Date: m
Operator=MV FIB Imaging = SEM Avg.

e f
Fig. 4. The morphology of the W-Th welding electrode before electrolysis: a) macrostructure of
the electrode surface; b) the image of the fracture of the electrode; c) the area chosen for
determining the composition; d) EDX spectrum of the selected area, €) and f) microstructural
details

The images from figure 4. (e and f) show the microstructure, respectively the
detail of the microstructure of the electrode. These images reveal the tungsten
matrix and thorium oxide prisms.

After two hours of electrolysis, the surface of the electrode was analysed
(Fig. 5), observing, in the chosen area (Fig. 5b), the removal of thorium from the
matrix of the tungsten electrode. In this case, the composition determined by
EDAX revealed W 94.3 % and O 5.7 %.
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Fig. 5. Microstructure of the electrode area after anodic dissolution of thorium (a) and EDX
analysis of the selected area

For the complete dissolution of the welding electrode, the electrolysis
continued for 6 hours.

Electrolysis was performed in two variants:

- Acid electrolyte (pH 1)
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- Basic electrolyte (pH 13).

The electric potential of the anode was imposed at the value of 2.V, and
the choice of the two pH values of the feed solutions of the electrolysis cell was
achieved following the interpretation of the Pourbaix diagrams of the two
elements tungsten and thorium (Fig. 6) [28-30]:

- at pH 1, the thermodynamically stable chemical species are tungstic acid
(WO3-H20(s)) and thorium ion, Th**(aq).

- at pH 13, the thermodynamically stable chemical species are thorium
dioxide (ThO2(s)) and tungstate ion, WO4?~(aq).

As observed for every electrolysis cases, nanodispersions containing solid
nano species were obtained: either tungstic acid or thorium dioxide.

3
. Th** [WO WO4,,.,0x(g)
||h]| L] |
- (s
T = |06 ThO, ()
4= = HOH(), H*(aq)
}0_.._:/:_______4__(] (aq)
Ly == -
-1+ WO Ha(g) .
7] W(s)
2 =
-3
. I'h (s)
"4_| | L L L AL | T | L L
0 2 4 ] 8 10 12 14
pH

Fig. 6. . Overlaid Pourbaix diagrams of thorium (red) and tungsten (green) and the stability domain
of water (blue parallels)

The nanodispersions were nanofiltered through the chitosan nanofiltration
membrane (Chi/PPHF) for the acid solution containing tungstic acid
(WO3-H20(s)) and thorium ion Th*'(aq), respectively through the SEPDM
membrane (SEPDM/PPHFM) for the solution basic containing thorium dioxide
(ThO2(s)) and tungstate ion WO (aq).

The nanofiltration results were presented in the form of flux through the
membranes depending on the operating pressure for: pure water, acidic solution
containing tungstic acid (WOs-H20(s)) and thorium ion Th*(aq), and,
respectively, the basic solution containing the dioxide of thorium (ThO2(s)) and
the tungstate ion WO+ (aq) (Fig. 7).
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Fig. 7. The variation of the flows (J) of pure water, acid and respectively alkaline nanodispersion
as a function of pressure in the nanofiltration module

In all three cases, the permeate flows increased with the increase of the
applied pressure. However, the slope of the three curves differed significantly
from 5 atmospheres to 7 atmospheres, after which the curves had the same shape,
the value differences entering the range of measurement errors (Fig 7).

Separation efficiency (EE) of nanodispersions (Fig. 8) for the acidic
solution containing tungstic acid (WO3-H20(s)) and the thorium ion Th**(aq) and,
respectively, the basic solution containing thorium dioxide (ThO2(s)) and
tungstate ion WO (aq) significantly different. Thorium dioxide was retained on
the SEPDM membrane (SEPDM/PPHFM) more effectively than the tungstic acid
on the chitosan nanofiltration membrane (Chi/PPHF).
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Fig. 8. . The variation of the separation efficiency (EE) of acid and respectively alkaline
nanodispersion as a function of pressure in the nanofiltration module

The nanofiltration results can be explained both by the charges of the two
membranes: positive for chitosan (R-NH4") and negative for SEPDM (Ar-SOs’)
[31-33]. As well as by the crystallization form of the dispersed nanoparticles,
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tungstic acid and thorium dioxide, respectively. Although the decrease in the
separation efficiency (EE) occurs in the working pressure range, all that can be
maintained above 85% for both types of nanodisperses and, respectively,
membranes (Fig.8). The error bars are significant considering the repeated
collection on samples of different parts of the membranes and with
nanodispersions with dynamic morphology.

In the case of nanofiltration of the acidic solution, thorium was found in
the permeate as Th*" ion, and when filtering the basic solution, thorium was
retained on the membrane as thorium dioxide. At the same time, tungsten can be
recovered as tungstic acid, which concentrates on the Chi/PPHFM membrane, or
as tungstate in the permeate obtained through the SEPDM/PPHFM membrane.

The obtained results are in good correlation with the results presented in
the specialized literature [9, 34].

5. Conclusions

Among the waste of electrical and electronic devices and equipment
(EEED) those containing thorium are considered extremely dangerous.

In this study, a procedure for efficient separation of thorium from waste
welding electrodes at high W-Th temperatures was presented.

For the mineralization of the electrodes, electrolysis was chosen in a
strongly acidic (pH 1) or strongly basic (pH 13) environment at an anodic
potential of 2.0 V. After electrolysis, thorium separation was achieved by
nanofiltration through a Chi/PPHFM membrane for the acid solution and
nanofiltration through a SEPDM/PPHFM membrane for the basic solution.

The thorium ion was recovered from the acidic solution within the
permeate, while the thorium dioxide was recovered from the basic solution in the
concentrate. Simultaneously with the thorium recovery, tungsten was also
recovered from the membrane processes as tungstic acid, and respectively,
tungstate ion. The thorium separation efficiency (EE) was over 95% at the
operating pressure of 5 atm.
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