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Sulphide oxidation on electrodeposited Ni-Mo-W catalysts
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In this study, the catalytic activity of novel Ni-Mo-W electrodeposits for sulphide oxidation in alkaline media has
been investigated. The studies were performed by obtaining partial anodic and cathodic polarization curves with
alkaline sodium sulphide and sodium hydroxide electrolytes, respectively, and applying the additivity principle,
proposed by Wagner and Traud, for reaction rate determination. In addition, long-term catalytic tests were carried out in
static reactor and the process kinetics was registered by UV- spectroscopy determination of sulphide concentration
decrease. Based on the comparative results from the both experiments, the electrochemical method is proposed as an

express preliminary test for catalytic activity evaluation.
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INTRODUCTION

Lots of chemical productions — oil-refining,
metallurgy, etc., are connected with the formation of
sulphur-containing compounds. Usually, they are
unwanted products as most of the sulphur com-
pounds are strong poisons for the catalysts, used in
various chemical technologies.

Ni-W, Ni-Mo and Ni-Mo-W systems are among
the best catalysts for hydrodesulphurization processes
of wvarious organic compounds .and petroleum
products [1-5]. It is assigned that their high catalytic
activity is due to the formation of surface sulphur
compounds with some of the catalyst components.

Besides organic sulphur, inorganic sulphur com-
pounds, mainly dissolved sulphides, also cause
serious problems_connected with contamination of
workplace atmospheres, aqueous basins, etc.
Following the new legislations for environmental
protection, the needs for development of more
effective methods for sulphide purification are
constantly increasing. One of the perspective
methods in this direction is the catalyzed oxidation
of sulphides to sulphur:

S* +1/20,+H,0 = S°+20H"

Since Wagner and Traud [6] formulated the so-
called additivity principle, the kinetics of many
redox reactions [7], including sulphide oxidation
[8], has been examined by means of electrochemical
methods.
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In this study, we aimed at developing a method
for express evaluation of activity of a series of novel
catalysts for sulphide oxidation reaction. For this
purpose, newly synthesized Ni-Mo-W electrodepo-
sits were tested as a model catalyst system. Partial
anodic and cathodic polarization curves, corres-
ponding respectively to sulphide electrooxidation
and oxygen electroreduction, were obtained and the
reaction rate of catalyzed sulphide oxidation was
estimated by applying the additivity principle.
Parallel long-term catalytic studies by using the
same catalysts were also performed. Experimental
results, obtained by both methods, were compared
and discussed.

EXPERIMENTAL

Composite Ni-Mo-W coatings were obtained by
electrodeposition on Ni-foam (Recemat RCM-Ni-
2733.03) from electrolyte containing
C6H5Na307.2H20 -T2 g/l, N32WO4.2H20 — 24 g/l,
Na,MoO, — 6 g/, NH,OH — 20 ml. The electrolysis
was carried out at a potential —1.0 V (vs. SCE) and
temperature 50°C for 30 minutes.

Button-shaped electrodes with geometric area 5
cm’ were prepared by pressing electrodeposited
samples on hydrophobized carbon, as described in
[9]. The obtained Ni-Mo-W electrodes were used in
both electrochemical and catalytic experiments.

The electrochemical studies were performed in a
specially constructed three-clectrode electroche-
mical cell (Fig. 1) with a working volume 500 ml.
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Stepwise cathodic and anodic polarization at
galvanostatic conditions were subsequently carried
out with tested electrodes in 0.25 mol/l NaOH and
0.1 mol/l Na,S + 0.25 mol/l NaOH solutions,
respectively. Large area stainless steel plate was
used as a counter electrode. All potentials were
measured against Hg/HgO reference electrode. The
polarization experiments were carried out by using
PJT 35-2 potentiostat-galvanostat (Radiometer-
Tacussel) with IMT 101 electrochemical interface
and Volta Master 2 software.
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Fig. 1. Scheme of three-electrode cell, used for
electrochemical experiments as well as catalytic tests:
WE — working electrode, CE — counter electrode,
RE - reference electrode.

The same cell was used as a static reactor for
implementation of catalytic tests. The catalyst was
immersed into alkaline solution of sodium sulphide
(0.1 mol/l Na,S +0.25 mol/l NaOH) and the
sulphide ions concentration. was monitored with
time. The sulphide concentration was determined by
means of UV-spectrophotometry [10], using an
Agilent UV-Vis-NIR HP 8453 spectrophotometer.

RESULTS AND DISCUSSION

The morphology of the composite Ni-Mo-W
electrodeposits on Ni foam is seen in Fig. 2. The
elemental distribution, obtained by EDS analysis, is
Ni — 77%, Mo — 17%, W— 4% and O — 2%. Usually,
from this type of electrolyte, but in the absence of
molybdenum, the tungsten is deposited to 30—40%
[11, 12]. Obviously, the presence of molybdenum
drastically lowers the competitive co-deposition of
tungsten, decreasing significantly its content in the
composite. Despite of the large amount of Mo,
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however, big cracks are observed on the typical
globular and smooth morphology of deposits.

In electrochemical studies, the tested button-
shaped electrode was assembled as shown in Fig.1.
The hydrophobic side of the electrode was exposed
to the air and its hydrophilic side, containing the
catalyst layer, was immersed into the electrolyte.

100 pm

Fig. 2. SEM image of NiMoW deposit on nickel foam.

The polarization experiments were performed in
two stages. At the first stage, the tested electrode
was connected as a cathode and 0.25 mol/l NaOH
solution was used as a working electrolyte. The
electrochemical cell was opened to the atmosphere.
After attaining stationary value of open circuit
potential, E,., polarization curves were taken in a
galvanostatic mode.

At the second stage, the working electrolyte was
changed with 0.1 mol/l Na,S + 0.25 mol/l NaOH
and the stationary value of E,. was measured. After
that, the opened to the atmosphere hydrophobic side
of the working electrode was isolated and the cell
was hermetically closed. The electrolyte was purged
with pure nitrogen for 1 hour and then, the working
electrode was polarized anodically at different
currents.

In both stages, polarization was repeated until
reproducible polarization curves were obtained.
Reproducible cathodic and anodic polarization
curves, obtained as described above, are plotted
together in Fig. 3.

According to the additivity principle [3], the
values of mixed potential, £z, and mixed current,
Inix, were determined from their crossing point. The
obtained mixed potential value, Ey, is very close to
the measured at open to the air cell open circuit
potential E,, = —285 mV (vs. Hg/HgO). This result
is an indication of most probable electrochemical
reaction mechanism on the catalysts under study.

By using the Faraday’s law, reaction rate of 0.43
mmol/lI'h was estimated from the obtained value of
]mix-



E. Hristova et al.: Sulphide oxidation on electrodeposited Ni-Mo-W catalysts

As it was pointed out, UV spectrophotometry
was used for monitoring sulphide concentration
during catalytic experiments. For determination of
proper sulphide concentration range, at which
accurate analyzing can be done, various dilutions
(10, 100, 250, 1250 folds) of the stock solution (0.1
mol/l Na,S + 0.25 mol/l NaOH) were performed and
the spectra of the obtained solutions were taken. The
best well-shaped characteristic peaks at 229 nm
were obtained with 250 folds diluted solutions, as
seen from Fig. 4.
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Fig. 3. Cathodic and anodic polarization curves obtained
with Ni-Mo-W electrode in 0.25 mol/l NaOH and 0.1
mol/l Na,S + 0.25 mol/l NaOH electrolyte, respectively.
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Fig. 4. UV spectra of n-folds diluted 0.1 mol/l Na,S +
0.25 mol/l NaOH stock solution (n =10, 100, 250, 1250).

A linear dependence of absorbance versus
sulphide concentration was obtained in the concen-
tration range 1x10* —4x10~* mol/l (Fig. 4).

This plot was used as a calibration curve for
sulphide determination in the next catalytic studies.

During long-term catalytic tests, samples of 2 ml
were taken from the working solution at different
times and diluted to 500 ml. UV-spectra of diluted
samples were measured and their concentrations
were estimated from the calibration curve (Fig. 4).
The sulphide concentration in the working solution
at a specified time was obtained by recalculation of
obtained values, taking into account the dilution.

The change of sulphide concentration with time
during the catalytic experiment is presented in Fig. 6.
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Fig. 5. Dependence of absorbance versus sulphide ion
concentration.
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Fig. 6. Change of sulphide concentration with time.

Half decrease of initial sulphide concentration is
observed after about 70 hours. The estimated mean
reaction rate is 0.54 mmol/I'h, which is comparable
with the one obtained from electrochemical
experiments.

CONCLUSIONS

Novel Ni-Mo-W electrodeposits were examined
as a model catalyst for oxidation of sulphides to
sulphur in alkaline solutions by means of two
experimental methods — electrochemical method,
based on the additivity principle of Wagner and
Traud, and long-term catalytic tests in a static
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reactor. The estimated values of the reaction rate,
obtained by both methods, are comparable.
However, it should be pointed out that the electro-
chemical experiments are several times shorter and
do not require additional analysis, contrary to the
case of catalytic tests. This reveals the principle
possibility for application of the proposed electro-
chemical method as an express test for catalytic
activity determination of a series of materials for
this and other reactions, proceeding through electro-
chemical mechanism.

Further investigations with other novel electro-
deposits as potential catalysts for purification of
waste waters from sulphides will be carried out.
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OKUCJIEHME HA CYJIONJIM BbPXY EJIEKTPOOTJIOKEHU Ni-Mo-W KATAJIM3ATOPU
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(Pesrome)

B Hacrosmara paboTa € n3cieBaHa KaTaJUTHYHATA aKTHBHOCT HAa HOBOCHHTE3MpaHu Ni-Mo-W eneKkTpoOoTIoKeH!
MOKPUTHS 10 OTHOLIEHHE OKUCIEHHETO Ha CyJ(HIM B alKAIHH Cpelu. 3a ONpejesisiHe Ha PeaKIHOHHATa CKOPOCT €
MIPUIIOKEH aJUTUBHMS IIPUHINI, MPpeuIokeH oT Baraep u Tpayn, ocHOBaBall ce Ha CHEMaHE Ha MapUualHd aHOJHU U
KaTOJHU TOJSIPU3ALMOHHM KPUBH, CHOTBETHO B Pa3TBOPHM HAa aJKalM3WpaH HATPHEB CyndH] M HAaTpHEBAa OCHOBA.
[TapanenHo ca npoBeeHH NPOIBIDKUTENIHN KaTATUTUYHH TECTOBE B CTAaTHYEH PeakTop, KaTo KUHETUKaTa Ha IMpolieca e
HpOoCIeieHa 10 OIPENEeNICeHOTO upe3 Y B cleKTpoCcKONICKY MEeTO HaMalleHHe Ha KOHIEHTPalUATa Ha CyI(pUAHUTE HOHH.
B®b3 ocHOBa Ha CHIIOCTABUMUTE pe3yTaTy, NOJIYUYCHHU MO0 ABAaTa METOJA, CICKTPOXUMHUYHUAT METOA € NPEAJIOKEH KATO
€KCIIPECEH MIPEIBAPUTEIICH TECT 3a OLICHKA Ha KaTaIUTUYHATa aKTUBHOCT.
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