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(54)
PREPARATION METHOD THEREFOR

(57)  The present invention relates to the mining in-
dustry and to an electrocatalyst for producing an oxidizing
agent by means of the partial oxidation of sulfurous com-
pounds, such as formamidine disulfide (FDS) from thiou-
rea (Tu). The inventive material and process are advan-
tageous over the materials and processes of the prior art
in that they enable efficient partial oxidation of sulfurous
compounds without producing parasitic reactions such
as subsequent oxidations, as well as oxygen evolution.
Structurally the invention consists of a bimetallic electro-
catalyst having a molar ratio of between (0.8-1) Pt:
(0.012-0.016) Pb on the surface of the support and the
preparation method therefor consists of the use of the
sol-gel technique using a polymer precursor.
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Description

Field of the Invention

[0001] The present invention relates to the mining industry and the industry of electrosynthesis of chemical products
by means of an electrocatalyst for partially oxidizing sulfurous organic molecules, for example the oxidation of thiourea
(Tu) to form formamidine disulfide (FDS).

Background of the Invention

[0002] One of the applications of the invention object of this description is the mining industry, which involves different
steps and processes among which the recovery of base and precious metals stands out. The recovery of these metals
has traditionally been carried out by means of leaching processes with cyanide, where the metals are extracted by the
presence of oxygen in the solution, whereas the cyanide complexes the dissolved metals. However, the recovery of the
values by the cyanidation pathway entails an intense environmental impact.

[0003] Inrecent years, the leaching of precious metals in non-contaminating systems such as the FDS/Tu system in
a sulfuric acid medium has been studied. In this process, the oxidizing agent is FDS, whereas Tu complexes the dissolved
metals.

[0004] FDS production methods can be carried out through two pathways: the first one by the oxidation of Tu using
oxidizing agents which are unrelated to the solution, such as ferric ion and hydrogen peroxide, and the second one by
the partial oxidation of the thiourea itself by means of electrolysis in the surface of an electrocatalyst. In the first method,
the FDS/Tu ratio is not very stable and tends to break down to form elemental sulfur and cyanamide, among other
unwanted byproducts [Patent WO0068446]. In the second method, Tu is oxidized in the surface of an electrode to FDS
by means of the following reaction:

2(NH;),CS - [(NH;)2(NH;),C,S,1*" + 2¢” ()
Tu FDS

[0005] In addition, depending on the potential and/or current density, Tu can be oxidized to cyanamide and elemental
sulfur, making it useless for leaching precious metals:

(NH,),CS — NH,CN + 8% + 2H" + 2¢ ()

Tu cyanamide

[0006] It is important to mention that reaction (2) is irreversible, for which reason it is considered a parasitic reaction.
[0007] The state of the art of the field of this invention indicates that both reactions are carried out on the surface of
a platinum electrode. However, platinum induces the oxidation of water and promotes the second reaction, for which
reasons the production of FDS is not very efficient. In addition, massive platinum is very expensive. To reduce costs,
the platinum must be supported on a material.

[0008] The works reported on platinum electrodes supported on certain substrates such as titanium and niobium
indicate that dispersed platinum is energetically more active than massive platinum, therefore for certain applications it
is necessary to modify its electrocatalytic activity by associating it with other metals such as tin, lead, palladium, for
example.

[0009] The concept of preparing supported platinum bimetallic electrocatalysts is not new. However, there are works
on a supported platinum bimetallic electrocatalyst which allow the partial electro-oxidation of sulfurous compounds in a
selective and efficient manner.

Obijectives of the Invention

[0010] One of the objectives of the present invention is preparing an electrocatalyst allowing the electro-oxidation of
sulfurous compounds in a selective manner.
[0011] Another objective is providing the electrocatalyst with the quality of being efficient, preventing parasitic reactions
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such as subsequent oxidations and oxygen evolution, in order to achieve this efficiency and selectivity.
[0012] Other objectives and advantages of the present invention may be evident from the study of the following

description and the drawings for illustrative and non-limiting purposes.

Brief Description of the Invention

[0013] Briefly, in one of its aspects the present invention is embodied as a titanium-supported platinum-lead bimetallic
electrocatalyst.

[0014] Inaddition, the invention also relates to a preparation method for preparing the electrode by the sol-gel pathway
using a polymer precursor.

[0015] In one of its applications, the platinum electrode object of this description must be doped with an element to
favor only the electro-oxidation of Tu to FDS in an efficient and selective manner.

[0016] The choice of a bimetallic catalyst was made based on the available information about the electrocatalytic
activity of platinum which entails the subsequent oxidation of sulfurous molecules such as the formation of elemental
sulfur, in addition to the fact that platinum promotes the oxidation of water to O,.

[0017] An attempt was then made to reduce the oxidative activity of platinum to partially oxidize sulfurous molecules
in a selective manner.

[0018] With the available knowledge about bimetallic electrodes, several options of metals which achieve reducing
the mentioned activity were tested.

[0019] After testing different dopants, it was found that lead reduced the activity of platinum, allowing partially oxidizing
sulfurous organic molecules in a selective and efficient manner. These studies were conducted in the application of
oxidation of Tu to FDS.

[0020] The Pt/Pb ratio was determined from the aforementioned tests.

[0021] The bimetallic electrocatalyst comprising the teachings of the present invention will achieve efficiently carrying
out the partial oxidations of sulfurous compounds, such as the electrolytic synthesis of FDS from Tu. The dimensions
and configuration of the electrode will depend on the electrochemical reactor to be used for said partial oxidation.
[0022] The process for preparing the electrode also represented a problem to be solved due to the fact that not all the
methodologies resulted in an electrocatalyst which will achieve the partial oxidation of sulfurous organic molecules in
an efficient and selective manner.

[0023] The methodology consisting of a traditional sol-gel process proved to be not very efficient due to the fact that
the Pt-Pb was detached from the support. This process uses isopropanol and acetic acid in proportions such that they
allow the formation of the metallic alkoxides, which after a heat treatment, when the solvents and precursors are elimi-
nated, leave the metals dispersed on the support.

[0024] An electrodeposition methodology also showed little adherence in the fixed metals.

[0025] The sol-gel methodology using a polymer precursor allowed a fixing of platinum and lead which had not been
achieved by the previously described methods.

[0026] The preparation of these electrodes consisted of using a mixture of ethylene glycol and citric acid followed by
the addition of a salt of hexachloroplatinic acid and lead acetate to form the sol-gel. This material was subsequently
applied to a previously conditioned titanium mesh, followed by a heat treatment in an air atmosphere.

[0027] In order to better understand the features of the invention, the drawings of an illustrative but non-limiting
character described below are attached to this description as an integral part thereof.

Brief Description of the Drawings

[0028]

Figure 1 shows a diagram of the process for preparing the platinum-lead bimetallic electrocatalyst of the present
invention.

Figure 2 shows the electrochemical reactor, hydraulic and electric circuit, used for the preparation of FDS from Tu.
Figure 3 shows a graph of the kinetics of formation of FDS from thiourea carried out in the installation of Figure 2.
Figure 4 shows a graph of the result of the accelerated useful life test to estimate the time the electrode will work.

[0029] In order to better understand the invention, the detailed description of some of the modalities thereof will be
made, said modalities being shown in the drawings attached to this description for illustrative but non-limiting purposes.

Detailed Description of the Invention

[0030] The present invention consists, on one hand, of a novel electrode for the partial oxidation of sulfurous organic
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molecules.

[0031] Onthe otherhand, the invention consists of the preparation method for preparing a titanium-supported platinum-
lead bimetallic electrocatalyst by the sol-gel pathway, using a polymer precursor.

[0032] Thetitanium-supported platinum-lead bimetallic electrocatalyst allows achieving an efficientand selective partial
oxidation of sulfurous compounds, as well as the production of FDS from Tu, preventing the formation of parasitic
reactions, such as subsequent oxidations and oxygen evolution. The partial electro-oxidation of the sulfurous compound
to its dimer, as in the case of Tu to FDS, can only be selective if the electrocatalyst has a molar ratio of (0.8-1) Pt:
(0.012-0.016) Pb.

[0033] To thatend, a sol-gel must be prepared with the following molar ratio ethylene glycol (EG)-citric acid (CA)-hex-
achloroplatinic acid (Pt)-lead acetate (Pb): (14-18):(0.046-0.060):(0.011-0.015):(0.0001-0.0002). And this gel is subse-
quently applied on the support and finally, it is given a heat treatment to volatilize the precursors.

[0034] With reference to Figure 1, the pre-treatment of the surface of the support (No. 1) is carried out according to
the following process: (i) The number of titanium supports of given dimensions are placed in concentrated HCI (approx-
imately 37%), such that the ratio approximately 0.128 cm-! is met in the vessel. (ii) The HCl is heated in the range of
60-70°C, and the meshes are maintained for approximately 1 hour. (iii) The meshes are extracted from the HCI, to
immerse them in concentrated HNO; for 5 minutes. (iv) The meshes are rinsed with abundant water and left to dry.
[0035] The preparation of the sol-gel (ink), containing the platinum and lead, (No. 2) is carried out according to the
following methodology: (i) the proportions of EG and CA described above are added; the mixture is subsequently heated
to 60-70°C, with stirring, until complete dilution. (ii) A salt of hexachloroplatinic acid and lead acetate, with the ratio
described above, is added to the mixture, the temperature is subsequently raised to 70-90°C, maintaining it for approx-
imately 30 minutes, the temperature is then reduced stirring. (iii) The solution is maintained under stirring and it is ready
to be applied. The ratio of the four components, before the volatilization of the precursors, has already been mentioned.
[0036] The application of the ink and heat treatment on the support (No. 3) consisted of: (i) The ink is applied with a
brush on one of the pre-conditioned titanium meshes, until the layer is uniform. (i) The meshes are placed in the muffle
at 100°C for approximately 5 minutes, for the purpose of polymerizing the coating. (iii) Steps (i) and (ii) are repeated six
times. (iv) Process (i) is repeated once. (v) After the previous step, the mesh is introduced in the muffle and maintained
from 350 to 450°C for approximately 30 minutes.

[0037] The dimensions of the electrocatalyst and configuration thereof will depend on the electrochemical reactor to
be used for the electro-oxidation, but any electrode dimension, configuration will achieve efficiently carrying out the
partial oxidation of sulfurous compounds. This invention in particular does not intend to be limited to a certain electrode
size and shape.

Examples

Example 1. Electro-oxidation of Tu to FDS using the platinum-lead bimetallic electrocatalyst.

[0038] The composition of the solution of Tu from which FDS is produced by electrolysis was 0.2 M Tu at pH = 2. The
electrolysis was carried out in a filter-press type electrochemical reactor in a batch operation with recirculation, see
diagram in Figure 2. The electrochemical reactor (No. 1) is made up of the platinum-lead electrocatalyst (No. 2), a
cathode (3), both separated by an anionic membrane (No. 4). The anodic tank (No. 6) contains the Tu to be electrolyzed,
whereas the cathodic tank (No. 7) contains 0.01 M H,SO,, both with a capacity of 1000 cm3. The hydraulic system
consists of two centrifugal pumps (No. 8), flow valves (No. 9) and two flowmeters (No. 10). The power is supplied by a
potentiostat-galvanostat (No. 5).

[0039] The dimensions of each channel, separated by the membrane, forming the electrochemical reactor, have a
cross-sectional area of AT = (3.1 cm x 1.2 cm) =3.72 cmZ2, with a length L = 7.9 cm, which gives a volume of each channel
of 29.39 cm3. The anode used consists of five platinum-lead bimetallic electrocatalysts which are inserted in the anodic
compartment of the electrochemical reactor, whereas the cathode is a platinized titanium plate.

[0040] The electrochemical reactor is divided with an anionic membrane to prevent the FDS, produced in the anodic
compartment, from passing to the cathodic compartment and being reduced.

[0041] The electrolysis was carried out in the electrochemical reactor applying a current of 0.9 Amperes for 45 minutes,
at a Reynolds number Re = 190 (Re=udp/((1—s)v), where u is the average velocity of the solution in the channel, dp is
the size of the particle formed by the mesh, € is the porosity and v is the kinematic viscosity of the solution. In addition,
a Re = 513 was used in the anodic compartment.

[0042] Figure 3 shows the percentage of conversion of Tu to FDS as a function of the electrolysis time. It is observed
that for the first 15 minutes the production of FDS has linear kinetics, the kinetics subsequently decrease, it being
observed that in 45 minutes 13.8% of conversion to FDS is reached without the irreversible destruction of Tu. It is
important to emphasize that the efficiency of the electrolysis current was approximately 100%, indicating that the oxidation
of Tu to FDS was selective, and that parasitic reactions were not generated.



10

15

20

25

30

35

40

45

50

55

EP 2 149 928 A1
Example 2. Determination of the average lifetime of the platinum-lead bimetallic electrocatalyst.

[0043] Accelerated life tests were carried out for the purpose of evaluating the chemical stability of these electrodes,
and evaluating the time that the electrodes last working in electrolysis. These tests were carried out in extreme electrolysis
conditions, applying an electrolysis current density of 1 A cm=2 in 0.5 M H,SO,, which is equivalent to 286 times the
current density of a normal electrolysis.

[0044] Figure 4 shows a typical accelerated life test for the titanium-supported platinum-lead bimetallic electrocatalyst.
The potential starts at approximately 2.0 V, the latter remains constant, until a time of approximately 65 hours, where
the value of this potential starts increasing upwardly, indicating that the electrode has been deactivated, i.e., it has
stopped being efficient. The lifetime of the electrocatalyst according to the accelerated life test will be 2 years 3 months.
This average lifetime is very similar to the one of dimensionally stable electrodes (DSA), used in multiple applications.
[0045] Having described this invention in detail, the contents of the following claims are considered as novelty and
claimed as belonging exclusively to the inventors:

Claims

1. A titanium-supported platinum-lead bimetallic electrocatalyst for use in molecular electrosynthesis, characterized
in that the electrocatalyst has a molar ratio of between (0.8-1) Pt : (0.012-0.016) Pb on the surface of the support.

2. The electrocatalyst as claimed in the previous claim, characterized in that itis applied in the partial electro-oxidation
(dimerization) of sulfurous compounds.

3. The electrocatalyst as claimed in the previous claim, characterized in that it is applied in the electro-oxidation of
Tu to FDS.

4. A preparation method for preparing the electrocatalyst claimed in clam 1, characterized in that it consists of using
a mixture of ethylene glycol (EG) and citric acid (CA) followed by the addition of a salt of hexachloroplatinic acid
(Pt) and lead acetate (Pb) to form the sol-gel with a molar ratio: (14-18):(0.046-0.060):(0.011-0.015):(0.0001-0.0002);
this material is subsequently applied to a previously conditioned titanium mesh, followed by a heat treatment at a
temperature of between 350 to 450°C, in an air atmosphere.
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