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The wet oxidation of thiocyanate has been investigated in a semi-batch reactor at temperatures between
423 and 473 K and pressures between 6.1 x 10% and 1.0 x 10* kPa in the presence of copper(Il) sulphate as
catalyst. The effects of copper concentration, initial thiocyanate concentration, pressure and temperature
on the reaction rate were analyzed and the main products of reaction were identified. A kinetic model

for the Cu-catalyzed reaction is here proposed, including temperature, oxygen concentration, and the
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reduction of Cu?* to Cu* that gives an accurate prediction of the oxidation process under the assayed
conditions. A mechanistic model based on the formation of a transition complex between a copper cation
and two thiocyanate anions has been proposed for the catalytic wet oxidation.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Thiocyanate (SCN™) is a linear, electronegative polyatomic ion
that is used in a variety of industrial processes due to some of its
rather unique properties [1]. Examples of these industrial processes
are photofinishing, herbicide and insecticide production, dyeing,
acrylic fiber production, manufacturing of thiourea, metal separa-
tion, and electroplating [2,3]. Moreover, thiocyanate is one of the
major constituents of wastewater from factories for the gasification
of coal, pyrolysis and in processes of gold and silver extraction [4].
These wastewaters need to be treated to meet local discharge stan-
dards because thiocyanate ions show several toxic effects towards
vertebrates. Those toxicity effects include respiration problems or
it can even provoke human death because of the formation of toxic
gases from contact with acids [5].

Different degradation techniques have been proposed for the
treatment of streams contaminated with thiocyanate [2,6-12]. Bio-
logical treatment results in some cases a simple solution and the
most economical option. However, and despite of having been stud-
ied for decades, the application of biological treatment is limited to
low concentrations of thiocyanate. Some other techniques, most of
them based on redox reactions with chemicals, have been applied
for higher concentrations. Thiocyanate chemical oxidation, which
has received considerable attention in the past as an analytical tool
for quantitative determination of thiocyanate, has further become
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a quite promising alternative for the removal of such pollutant.
Between the different oxidizing agents assayed, hydrogen peroxide
has stood out as the most effective. However, these treatments are
normally expensive.

Wet oxidation is an attractive method for the treatment of waste
streams contaminated with thiocyanate which are too dilute to
incinerate and yet too toxic to treat biologically. The advantages
of this process include low operating costs and minimal air pollu-
tion discharges [13]. In previous works [14], the noncatalytic wet
oxidation of thiocyanate was analyzed in a wide range of tempera-
tures and pressures to make a preliminary analysis of the reaction
mechanism. The results obtained were quite promising, however
the industrial process could be too expensive because of the severe
conditions required in some cases [15]. The cost of wet oxidation
can be significantly reduced by the use of suitable catalysts capable
of promoting the oxidation under milder operating conditions and
shorter residence times [16,17]. The catalytic oxidation of organic
compounds over various homogeneous and heterogeneous cata-
lysts has, therefore, received a lot of attention. It has been reported
a positive effect on the reaction rate and effectiveness of the wet
oxidation of different compounds by using transition metal salts as
homogeneous catalysts [13,18]. In fact, catalysts based on iron or
copper are now being applied in several commercial wet air oxida-
tions which are operating successfully to treat industrial effluents
and sludges [19-22]. The addition of a homogeneous catalyst has
the inherent disadvantage of the posterior metal removal from the
treated effluent. In industrial applications of wet oxidations cat-
alyzed by a Cu(Il) salt (as the Ciba Geigy process), the catalyst is
precipitated as copper sulphide in the reactor exit and recycled to
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Nomenclature

G concentration of component i in the reaction mix-
ture

Cio initial concentration of component i in the reaction
mixture

Do, oxygen diffusivity in water

E, activation energy

k apparent reaction rate constant

kp mass transfer coefficient for oxygen in the liquid
phase

Kq formation constant of the complex (CuSCN)*

K> formation constant of the complex Cu(SCN),

K* formation constant of the transition complex

Ha Hatta number

P pressure

T reaction rate for the component i

R gas constant

T temperature

X,y stoichiometric coefficients

o, B reaction orders

AH° enthalpy of formation of the complex

the reactor [19]. The copper can be also precipitated as hydroxide
due its slow solubility at basic pH (0.05 ppm at pH 8) [23].

To the best of our knowledge, there have been no studies dealing
specifically with catalytic thiocyanate wet oxidation. After testing
several transition metals as homogeneous catalysts, copper proved
to have a highly positive effect. The aim of the present work is
to analyze the effect of a copper catalyst on the wet oxidation of
thiocyanate. A wide range of temperatures, pressures, copper con-
centrations and initial concentrations are here assayed, to obtain
reliable kinetic data that allow to make a preliminary analysis of the
possible reaction mechanisms and the applicability of this method
for the degradation of real effluents.

2. Experimental section
2.1. Apparatus and procedure

Experiments were completed in a 1-L capacity reactor (Parr
T316SS) equipped with two six bladed magnetically driven turbine
agitators. The reactor was preceded by a 2-L stainless steel water
reservoir. The loaded volume in each vessel is about the 70% of
the total in order to ensure the safety conditions. The equipment,
charged with the catalyst, was pressurized and preheated to the
desired working conditions while the stirrer speed was adjusted
to 500 rpm for all the experiments. The operating pressure was
provided by bottled compressed oxygen, with the oxygen flow
rate adjusted to 2.33 x 10> m?s~!, and controlled by an electronic
mass flow controller (Brooks). The oxygen was bubbled through
the water reservoir in order to become saturated in water and then
it was sparged into the reaction vessel. Once the equipment was
pressurized and preheated up to the desired conditions, a predeter-
mined volume of a thiocyanate concentrated solution (potassium
thiocyanate) was injected into the reactor. The injection time was
taken as the zero-time for the reaction. A valve and a coil fitted
to the top of the vessel allowed the withdrawal of samples during
the reaction. Reaction temperature and pressure were maintained
during the course of each experimental. The pressure was kept con-
stant by means of a back pressure controller located at the end of
the gas line.

Two bubblers filled with a concentrated hydroxide solution
were installed at the end of the gas line with the purpose of
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Fig. 1. Evolution of thiocyanate concentration during wet oxidation carried out in
the presence of different sulphates: copper(Il) (®), iron(Il) (o), cadmium (¢) and
without metal (M). In all cases: initial concentration=1.72 mM, metal concentra-
tion=3.15mM, T=473K, P=1.0 x 103 kPa.

absorbing the possible HCN formed. Nevertheless, no cyanide was
detected in any case in the bubbler liquid.

To reduce hazards and corrosion problems during the experi-
ments, metal sulphate salts were selected to be tested as catalysts.
The assays with copper were carried out at acid pH (pH 5.3) in
order to avoid copper precipitation (it was experimentally verified
the absence of catalytic activity of the copper hydroxide formed at
basic pH).

As in previous works [14], oxidations reported in this work were
performed under kinetic control. Verification was done by calcu-
lating the Hatta number, Ha, which relations diffusion and reaction

(2/(B+1)krDo, CgA_Tl,Oz CgCNa

transfer coefficient for oxygen in the liquid phase, k, the reaction
constant, Do, the oxygen diffusivity in water and «, B reaction
orders with respect to oxygen and thiocyanate, respectively. Dur-
ing all runs, Ha was lower than 10~°. These small Hatta values
ensure the absence of mass transfer limitations and the existence of
a kinetic control. The diffusivity of oxygen was evaluated using the
empirical expression proposed by Wilke [24], and the mass transfer
coefficient was correlated according to an expression developed by
Breman et al. [25].

rates: Ha=1/k; , being k; the mass

2.2. Analytical methods

Concentrations of thiocyanate, cyanide and sulphate were
monitored by using an ion exchange chromatograph (Dionex DX-
120 Ion Chromatograph) and a suppressed conductivity detector
(ASRS®-ULTRA Autosupression Recycle Mode). The DX-120 is con-
trolled remotely from a PeakNet workstation. The eluent employed
is a solution 1.8mM Na;C0O3/1.7mM NaHCOs, the flow rate
1.46 ml/min, the precolumn IonPac® AG4A-SC (4mm x 50 mm),
and the column IonPac® AS4A-SC (4 mm x 250 mm). Ammonium
concentration was measured by the Nessler method.

3. Results and discussion
3.1. Previous catalysts test

Asetof homogeneous transition metal sulphates has been tested
as catalyst for the thiocyanate degradation (Fig. 2). As can be seen,
the cadmium scarcely changed the rate of thiocyanate degradation.
On the contrary, the catalytic effect of the iron(Il) and the copper(II)
is evident. Clearly, the copper showed the biggest catalytic activ-
ity of the metal sulphates assayed with 95% conversion in 30 min
in front of the 3 h needed when the experiment was run without
the metal sulphate. So, copper sulphate was selected as the most
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Fig. 2. Concentrations of Cu?*, SCN-, Cu(SCN)*, Cu(SCN), in solution at different
temperatures. Initial concentrations of Cu?* and SCN- were 3.15 and 1.72mM,
respectively.

suitable salt to be used as homogeneous catalyst in thiocyanate oxi-
dation. The effect of several operational variables on the catalytic
oxidation is commented below.

3.2. Copper-thiocyanate complexes

Insofar as the catalytic potential of the copper or the
copper-thiocyanate complexes is concerned, it is important to
know the concentrations of the free ions and the complexes dur-
ing the catalytic wet oxidation process. Copper ion interacts with
thiocyanate anions by donating a pair of electrons, to form two
coordination complexes [23]:

C
Cut + SCN~ < (CuSCN)* Ky = —(CUSeNO™ )
Cc“2+ CSCN’

Ceu(seny,

(CuSCN)* + SCN™ < Cu(SCN), K, = (2)

Crcuseny* Csen-

From K values at different temperatures [26] and assuming a
temperature dependence of K according to expression (3), values of
a=7418 and b=19 for Cu*SCN and a=4424 and b= 12 for Cu(SCN),
were obtained

an:Tf—TT—O+ln Ko=aj —b (3)
Using Eqgs. (1)-(3) and with a mass balance to the copper and
the thiocyanate, the distribution of the different compounds can be
obtained. Fig. 1 shows that at high temperature, the free ions are
the predominant species. For example, at 453 K, the concentrations
of Cu(SCN)* and Cu(SCN),, are very low and the 99.99% of the initial
copper is free. For all the runs of this work, it was verificated that
the amount of complexed copper can be despised and almost the
total copper is free in solution during the oxidation processes.

3.3. Effect of the copper concentration

Fig. 3 compares the noncatalytic oxidation of a solution of
thiocyanate (1.72 mM) with the catalytic oxidation with differ-
ent concentrations of Cu?*. The reaction was performed under
8.1 x 103 kPa of oxygen at 453 K and without initial pH adjustment
(pH 5.3). As can be observed in the figure, the use of copper catalyst
enhanced appreciably the degradation rate of thiocyanate. When
working with 3.15mM copper, a 95% conversion was reached in
approximately 180 min. However, working without catalyst, simi-
lar reaction times were required to degrade only a 50% of the initial
pollutant concentration. The oxidation rate is highly dependent on
the catalyst concentration, which increases the rate of reaction, in
special for low concentrations of copper. In fact, while thiocyanate
nearly vanished during the first 300 min with 1.57 mM of Cu?*, the
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Fig. 3. Evolution of thiocyanate concentration during wet oxidation with different
concentrations of Cu?*: without (M), 0.31 mM (4), 1.57mM (a), 3.15mM (x) and
6.30 mM (0). In all cases: initial concentration=1.57 mM, T=453 K, P=8.1 x 103 kPa.
Solid lines denote model curves according to Eqs. (21) and (22).

maximum conversion achieved with 0.31 mM was 85% even after
500 min reaction. However, the beneficial effect of initial copper
concentration decreased with the increase of the cupric ion con-
centration. In fact, the reaction rates for 3.15 and 6.30 mM were
quite similar from a practical point of view. Moreover, the data
reveals the effect of the copper addition in the apparent reaction
order (Table 1). For the absence of copper or small copper concen-
trations (0.31 mM), the reaction was fitting to a pseudo-first order
kinetic model (rrzl:1 > 0.99) with respect to thiocyanate, but when
the copper concentration increased (C¢2+ > 1.57 mM), the appar-
ent order reaction for thiocyanate was 2. So, with 6.30 mM Cu?",
the regression factors (r2) were 0.88 for n=1 and 0.993 for n=2.
This aspect will be discussed below.

3.4. Effect of oxygen pressure

Fig. 4 shows a plot of the evolution of the thiocyanate con-
centration for runs performed at 453K, an initial thiocyanate
concentration of 1.72 mM, a copper concentration of 3.15 mM and
an oxygen pressure varying in the range 6.1 x 103 to 1.0 x 104 kPa.
The flow rate of oxygen, 2.3Nm?3s~!, provides an enough oxygen
transfer rate to guarantee oxygen saturation during the reaction.
The value of the concentration of oxygen varied from run to run as
the oxygen pressure was changed.

Increments in the working pressure from run to run revealed
the effect of the oxygen concentration. So, higher concentrations
of oxygen in the liquid medium lead to higher reaction rates. For
example, when working at 6.1 x 103 kPa, a 70% conversion was
reached in approximately 100 min, but when the total pressure was
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Fig. 4. Evolution of thiocyanate concentration during wet oxidation at different
pressures: 6.1 x 10% kPa (4), 8.1 x 10% kPa (W), 9.1 x 10> kPa (a) and 1.0 x 10* kPa
(@). In all cases: initial concentration=1.72 mM, copper concentration=3.15mM,
T=453K. Solid lines denote model curves according to Eqs. (21) and (22).
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Table 1

Relevant kinetic data results for the catalytic wet oxidation of thiocyanate at different operating conditions.

Copper concentration

T(K) 453

P (kPa) 8.1x10%

Cey2+ (MM) 0 0.31 1.57 3.15 6.30
Csen, (MM) 1.72

Co, (M) 7.2x1072

N 1 1 2 2 2
k(mM'-"s1) 55x%x107° 9.2 x 107 49x 104 9.7 x 1074 12x1073
r? 0.995 0.990 0.996 0.995 0.993
Pressure

T (K) 453

P (kPa) 6.1x10% 8.1x10% 9.1x103 1.0 x 10*

Cey2+ (MM) 3.15

Csen, (MM) 1.72

Co, (M) 52x1072 7.2 x 1072 8.3 x 102 93 x 102

N 2 2 2 2

k(mM'-"s1) 7.3x10°4 9.7 x 1074 1.1x10°3 12x10°3

r? 0.991 0.995 0.996 0.995

Temperature

T(K) 423 438 453 473

P (kPa) 1.0 x 10*

Cey2+ (MM) 3.15

CSCNO (mM) 1.72

Co, (M) 7.9x 102 8.5x 102 93 x 1072 1.0x 107!

N 2 2 2 2

k(mM'-"s1) 1.1x10* 3.6x10°* 12x1073 4.6x1073

2 0.993 0.991 0.995 0.98

Initial concentration

T (K) 453

P (kPa) 8.1x10%

Cey2+ (MM) 3.15

Csen, (MM) 1.72 3.45 6.90 12.07

Co, (M) 7.2x1072

N 2 2 1 (t>150min) 2 (t<150min) 1 (t>80min) 2 (t<80min)
k(mM'-"s1) 9.7 x 1074 1.8x10* 6.7x 1073 4.8x107° 6.7x 1072 1.9x10°
r? 0.996 0.995 0.991 0.991 0.992 0.98

1.0 x 10* kPa, less than 20 min were enough to achieve a similar
conversion. In the range of pressures considered, the behaviour of
the system properly was fitted to a pseudo-second order mecha-
nism (Table 1).

3.5. Effect of temperature

The influence of temperature on thiocyanate degradation was
studied in the range 423-473 K. Fig. 5 shows the result of a set of
runs performed with an oxygen pressure of 1.0 x 10% kPa, a copper
concentration of 3.15mM and an initial thiocyanate concentration
of 1.72 mM.
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Fig. 5. Evolution of thiocyanate concentration during wet oxidation at different
temperatures: 423 K (W), 438 K (#), 453K (a) and 473 K (x). In all cases: initial con-
centration =1.72 mM, copper concentration=3.15 mM, P=8.1 x 103 kPa. Solid lines
denote model curves according to Egs. (21) and (22).

Results showed that an increase of few degrees implies a big
increase in the reaction rate. For example, when the working tem-
perature was 423K, the time needed to reach a conversion over
70% was about 300 min, whereas only half-time was required to
reach the same conversion when working at 438 K. When the tem-
perature was set at 473K, a 90% conversion was reached in only
15 min. In all cases a pseudo-second order kinetic could be assumed
(Table 1).

3.6. Effect of initial thiocyanate concentration

A set of thiocyanate initial concentrations was selected in a
range between 1.72 and 12.07 mM. Fig. 6 shows the effect of the
initial thiocyanate concentration on the reaction rate. The time
needed for a determined conversion was function of the initial con-
centration. As can be observed, the degradation rate was lower for
higher initial concentrations of thiocyanate. A 80% conversion was
reached in 40 min when the initial concentration was 1.72 mM,
in 150 min when the initial concentration was twofold higher, in
230 min when the concentration was fourfold bigger and in 340 min
when the experiment started with 12.07 mM.

The experiments with low initial concentrations were success-
fully fitted to a pseudo-second order kinetic. However, when the
initial concentration increased, the degradation profiles cannot be
fitted to a pseudo-first or pseudo-second kinetic model. In fact,
the degradation curves for 3.45, 6.90 and 12.07 mM of thiocyanate
seems to follow a pseudo-second kinetic order behavior during the
first minutes of reaction, but the last data fit better to pseudo-first
order (Table 1). This behavior and the negative dependence of the
reaction rate with the initial concentration of thiocyanate will be
further discussed.
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Fig. 6. Evolution of thiocyanate concentration during wet oxidation at different
thiocyanate initial concentrations: 1.72mM (x), 3.45mM (a), 6.90mM (¢) and
12 mM (m). In all cases: copper concentration=3.15mM, T=453 K, P=8.1 x 10> kPa.
Solid lines denote model curves according to Eqs. (21) and (22).

3.7. Reaction products

As can be seen in Fig. 7, sulphate and ammonium were the main
final products of the catalytic thiocyanate oxidation. A final yield of
thiocyanate in sulphate of 1.69 mg SO42~/mg SCN~ was obtained
form the experimental data. This value, that it is similar to the
maximum theorical one (1.66), involves that the sulphate was the
unique S-compound formed. The yield of thiocyanate in ammo-
nium was 0.34 mg NH,*/mg SCN-, leading to a similar conclusion:
ammonium is the principal N-compound formed, and the forma-
tion of another species as nitrates, nitrites or molecular nitrogen
looks negligible in the assayed conditions. Similar behaviors were
observed for the other operational conditions carried out in this
work.

3.8. Reaction pathway

Taking into account the experimental results, reaction pathways
for the catalytic oxidation process and kinetic models to describe
it are here proposed. This knowledge, apart from giving a funda-
mental insight to the catalytic degradation of thiocyanate, could be
used forimprovements in the operation and design of wet oxidation
units.

Fig. 8 shows the proposed reaction mechanism for the catalytic
wet oxidation of thiocyanate in the presence of Cu(Il) sulphate. The
supposition for the catalytic process is the existence of a transition
complex. The numerous collisions between thiocyanate and copper
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Fig. 8. Proposed reaction mechanisms for the wet oxidation of thiocyanate in the
presence of copper(Il) sulphate.

molecules may result in an unstable transition complex (TC), which
can then give products, or return to the original molecules. The
proposed formula for this transition complex was [Cu(SCN),]*.

This hypothetic transition complex presents the same stoichio-
metric formula than the real thiocyanate complex Cu(SCN),. For
this reason, it seemed adequate to suppose that both compounds
have a similar chemical behaviour during their decomposition (Eq.
(4)) [27]:

Cu* 4+ 25CN~ < [CU(SCN), J*~% CuSCN + %(CN)Z +5 (4)

For the employed conditions, the CuSCN is unstable [26]:
CuSCN — Cu't +SCN- (5)

The formed cyanogen (CN), is fastly hydrolyzed according to
[28]:

(CN); +H,0 — CN~ +CNO~ +2H* (6)

The last step of the mechanism is the cyanide oxidation (Eq. (7))
followed by the cyanate hydrolysis (Eq. (8)) [28,29]

2CN~ 4+ 0, — 2CNO- (7)
CNO~ +H* 4 2H,0 — HCO3~ + NH4* (8)

In parallel with the cyanogens degradation, it is well-know that
the sulphur formed during the decomposition of the transition
complex is oxidized to sulphate by the dissolved oxygen at the
severe operational conditions employed (Eq. (9)) [30]:

2S + 3054+2H,0 — 25042~ +4H* (9)

The Cu(I) formed in Eq. (8) is catalytically inactive for the oxi-
dation of thiocyanate. However, the Cu(I) is re-oxidized to Cu(Il)

S0/ NHz*

SCN-

0 30

60 90 120

Time (min)

Fig. 7. Evolution of thiocyanate (4), sulphate (o) and ammonium (M) during the wet oxidation. Initial concentration =3.45 mM, copper concentration=3.15mM, T=453K,
P=8.1 x 103 kPa. Solid lines denote theoretical evolution of thiocyanate and products (if one mole of thiocyanate gives one mole of ammonium and one mole of sulphate).
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in contact with the dissolved oxygen of the reaction media (Eqgs.
(10) and (11)) and then it is available for the formation of a new
transition complex

2Cut 40y — 2Cu%t + 0% (10)
0%~ 4+ 2H* — H,0 (11)

The proposed pathway explains adequately the formation of the
main products experimentally observed. The proposed interme-
diates (Cu*, (CN),, Cu(SCN),, S) are frequent in oxidation process
of cyanide compounds, and their instability, specially in acid
media with excess of oxygen and at high temperature, have been
reported frequently in the bibliography. This fact explains why their
presence was not tested in this work, where severe operational
conditions are employed.

3.9. Reaction kinetics

In the next section, the reaction kinetic model deduced from
the reaction pathway is employed to fit the experimental data with
the aim of verifying the validity of the proposed mechanism. The
kinetic model here proposed includes the separated catalytic and
noncatalytic wet oxidation reactions:

+ (—Tsen-) (12)

—T
( SCN ) 0 "catalytic

71" — -
( SCN ) 0 “noncatalytic

0 "global -
For the oxidation of thiocyanate in slightly acid media, the next
kinetic model was obtained from previous experiments [31]:
_ _ 0.61
( rSCN; )noncatalytic - kNCCSC'\r CO2 (13)
The decomposition of the transition complex (TC) (Eq. (14)) has
been selected as the rate limiting step. Initially, the formula of this
complex was supposed unknown. Thus, for a generic complex:

k
XCu?* +ySCN~ < [Cuy(SCN),] —%PRODUCTS (14)
—Tsens = y(=rrc) = ykaC 15
( Tscn; )leytic Y(=rrc) = ykqCrc (15)
Crc
K= e (16)
(CCuzJr )X(CSCN’ )y
(=Tsen- )catalytic = yde*Céuh Cgcw = kCCéuh Cé,CN’ (17)

As can be seen in the previous section, a pseudo-second kinetic
order has been generally observed for the thiocyanate at high cop-
per concentrations. In these conditions, it is logical to think about
catalytic reaction prevailed over the noncatalytic one, so y takes a
value of 2. To obtain the value of x, experimental data of Fig. 3 were
fitted to Eq. (18) and a value around of 1 was obtained. This is the
reason of the selection of [Cu(SCN),]* as molecular formula of the
transition complex

(—Tsen-giobal = KNcCson- €O + keCeyzr Coey- (18)

It can be appreciated that the formula of the transition complex
deduced from the experimental data coincided with the formula of
areal complex.

Eq. (18) fits the data when initial thiocyanate concentrations
were low but it does not described adequately the behaviour of the
system when the initial thiocyanate concentration was high (3.45,
6.90 and 12.07 mM of thiocyanate). This can be explained by the
fact that not all the initial copper is as Cu?* during the oxidation.
The kinetic model can be completed taking into account the kinetic
equation for the copper. If the amount of Cu forming part of the
transition complex is negligible at any time, Ccy+ = Ccuy — Cey2+»
being Cgy, the initial copper concentration. Then, the change in the

concentration of Cu?* (catalytically active) in the medium can be
described by the next equations (based on Egs. (4), (5) and (10)):

(=Tew2) = (=Tsen- )catalytic —(—Teut) (19)

(_rCu2+) = kCCSZCN— CCuz+ — kox [CCUO - CCu2+] (20)

The effect of the operational pressure has been modelized under
the supposition that the dissolved oxygen concentration remains
constant along the reaction time (temperature and pressure were
maintained constant). Based on the proposed mechanism (Fig. 8),
only knc and kox are function of the oxygen concentration. The
value of kyc employed during the simulation was obtained in a
work previously published by our research group [31]. The value
for kox was taken from Papassiopi et al. [32]. These authors also
proposed a value of 1 for the kinetic order of the oxygen during the
oxidation of Cu(l).

Finally, the effect of the temperature has been incorporated in
the kinetic model assuming an Arrhenius-type dependence. The
activation energy for the noncatalytic reaction was 121 kJ/mol, a
value obtained from experimental data (data not shown). For the
oxidation of Cu*, it was taken the value of 25 kJ/mol proposed in the
bibliography [32]. A value of 127 kJ/mol for the activation energy of
kc was obtained by fitting using the degradation curves at different
temperatures showed in Fig. 5.

In conclusion, the kinetic model for the wet oxidation of thio-
cyanate in presence of copper(Il) can be expressed through Egs.
(23) and (24) (time in seconds, concentrations in M, temperature
in K).

reen- = —1.41 x 107e715269/TC2  — C oy
—3.25 x 1010e-14561/To Cg.zm (21)
17 -
Fegs = —1.41 x 1077 19209/TC2 Co.
+2.98¢~294/T[Cqy) — Copar 1Co, (22)

All the experiments presented in this work were simulated using
Eqgs. (21) and (22) with a good degree of accordance (solid lines in
Figs. 3-6), which confirms that the proposed mechanism is coher-
ent with the experimental results.

4. Conclusions

Free copper(ll) anion is a competent homogeneous catalyst
in the wet oxidation of thiocyanate in acid media. However, no
catalytic activity was observed in basic media due to copper pre-
cipitation. Effective thiocyanate degradation, higher than 95%, has
been achieved in only 1h using 3.15mM of Cu(ll) at 453K and
8.1 x 103 kPa of oxygen pressure. The needed time in the absence
of catalyst was 5 times higher.

A detailed reaction network has been proposed for the catalytic
wet air oxidation of thiocyanate employing Cu(Il). The model is
based on the formation of a transition complex between a cop-
per ion and two thiocyanate molecules. During the thiocyanate
degradation, the catalytically active specie Cu(Il)is reduced to Cu(I),
which is reoxidized to copper(ll) by the dissolved oxygen. The pro-
posed mechanism pointed at sulphate, ammonium and carbonate
as the main final products of the reaction, which is in agreement
with the experimental observations. Based on this mechanism, the
corresponding kinetic model with the differential equations that
describes the change in the concentrations of Cu2* and SCN- fits
properly the experimental results.
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