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The commercial carbon black is used as a film electrode (nCFE), and as support of the copper anc
palladium particles. The electrodes Cu/nCFE, with different quantities of copper was evaluated for the
electrochemical reducin of CQ, in 1M KHCO; by means cyclic voltammetry, and exhibited a good
behavior as catalysts. The morphology of the electrodes had an important influence in the catalytic
process. Oheother hand, the cyclic voltammetry studies allowed to define afpeotential range

for palladium electrodeposition without hydrogen evolutigdhQ9 to-0.17 V vs. SCE), and by means

of anodic stripping voltammetry it was possible to evaluate the corresponding mass of metallic
palladium with and without hydrogen disarge. The carbon black was used without purification and
FTIR analysis shows they surface chemical compositio®(C=0, CFk, CF, SO, GO-C). These

groups provide a degree of chemical reactivity. However, they did not affect the electrochemical
depositof copper and palladium; they are not electroactive in ammonia acidic and basic systems. The
SEM images showed the morphology of copper and palladium particles. The copper dispersion on the
surface of carbon electrode was analyzed by energy dispersivieospeter (EDS). The hydrogen
discharge reaction has an important influence in the palladium particles morphology. Toktseze
palladium particles arabout 31 and 34 nm estimated by analysis XRD.

Keywords: Carbon films electrodes, Copper and palladiparticles, Carbon black film, Support for
catalysts

1. INTRODUCTION

The formation of catalytically active metal particles on a solid support is especially important
for heterogeneous catalysis. Usually, in practice noble metal electrodes are pngplarsdall
amounts of these metals, highly dispersed on a low cost conductive substrate. This provides a large
surface area which increases the rate of reaction [1]. Carbon black is an attractive material as suppor
of catalysts; due to their physical atltemical surface properties. The large surface area, pore size and
their distribution are appropriate to facilitate the diffusion of reactants and products to and from the
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surface. This material becomes chemically interesting because of the presendaraftibieal groups

on its surface, the acidlase character the chemical activity displayed, more or less depending the
chemical environment and use in different applications. This material becomes chemically interesting
because of the presence of functiogeoups on its surfacelThe acidbase character and chemical
activity displayed depends on the chemical environment of its uses and applications. The surface
chemical activity is precisely one of the limitations for its use as catalyst supports, dge to it
interference with the study processqR Although the presence of these functional groups does not
necessarily lead to a chemical reaction on the surface, it affects physical adsorftign [9

In cases, where the chemical adsorption is important cariaierials are good alternative. In
the case of electrochemical reduction of @ polycrystalline copper electrode, CO is an important
intermediary product, which adsorbs on the surface of the catalyst causing its passivation or poisoning,
slowing downthe catalytic activity [12, 13]. An alternative is to disperse copper particles on the
carbon support, in order to increase the catalytic activity of copper electrode, considering that CO has
affinity by carbon.

On the other hand, the high catalytic aityivof palladium is obtained by modifying solid
surfaces with micrar nanoparticles dispersed of this metal [14, 15]. Palladium is the most studied
metal in the hydrogen interaction [16, 17]. Among the various noble metals palladium has the unique
propery to adsorb hydrogen within its lattice [18, 19]. It is important to say that hydrogen discharge
potential occurs under conditions very close to the palladium depositié22]2This complicates the
process efficiency and the morphological quality ofgh#adium deposit, and it has been reported that
these defects in the morphology, affect its catalytic ability.

An alternative is to disperse palladium particles on a matrix to ensure its catalytic ability, but
still there is the problem of simultaneougdhogen discharge reaction on the palladium particles
deposited at the early stage. Considering that currently the carbon black is commercially available (in
different forms and varieties) and the cost is relatively low compared with other materiatsntdse
an attractive alternative for the direct application in the practical point of view.

There are only few reports where the commercial carbon black were used as catalytic supports,
without prior purification treatments. This study presents the usarbbi black, from commercial
origin, as film electrode that supports particles of both copper and palladium, and they were evaluated
as catalysts in the electrochemical reduction of (DQ@he case of copper. In the case of palladium we
obtained the dispsed particles at a potentr@nge withouthe influence of the hydrogen discharge.

2. EXPERIMENTAL

2.1 Preparation of the Carbon Film Electrodes (nCFE)

The film was prepared from a solution that containing 16 mg of nanostructured carbon black,
0.16 mINafion, and 0.64 ml isopropyl alcohol, and it was agitated for 30 minutes in an ultrasonic bath.
The size of particle of carbon black is 5 nm, surfaces area (BET) 246 amd 0.01% sulphur
(Columbian Chemical Company)
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2.2 Scanning Electronic Microscof$EM)

The morphology of nCFE, copper and palladium partislasevaluated using high resolution
scanning electron microscope (FE SEMachi S5500). The dispersion of copper on the surface of
carbon electrode was analyzed by energy dispersive spettrof@®S) by using Scanning Electron
Microscope (LEG1450VP)

2.3 Fourier transform infrared (FTIR) spectroscopy

In order to describe the chemical surface composition of the carbon film electrode (nCFE),
FTIR analysis was carried out. IR spectra were aeduusing a Fourier transform infrared (FTIR)
spectraneter Bruker Equinox 55 She samples were pellets, were prepared by mixing the potassium
bromide (KBr, 0.91%) with carbon black (0.09%) and carbon film powder (0.09%), respectively, and
it was appliedyreat pressure. In the case of Nafion was prepared a KBr pellet, then is placed a drop of
Nafion on the pellet and allowed to dry

2.4 X Ray diffraction (XRD)

The diffractograms opalladium particles were obtained at room temperature using Cu K
radiationl =1 . 5 4 j i n a Rigaku X ray diffractometer (
were calculated by Deby®cherrer equation.

2.5 Electrochemical measurements

The electrochemical studies were carried out in a tbkeetrode cell, in althe cases, the
auxiliary electrode was a platinum rod introduced into a separate pglasss compartment. The
working electrode was carbon film (nCFE), supported on glassy carbon (GC) which serves as current
collector. Deposition of copper particles wasried out from an electrolytic bath; 5%30 CuCh, 1 M
NH,OH, 1M KCI at pH=10, in this case the Hg/HgO/1M KOH electrode was used as reference
electrode. In order to evaluate the catalytic behavior, were obtained electrodes with different copper
guantites (Cu/nCFE) applying a constant pulse potentiad 472 V vs. Hg/HgO/1M KOHat 500 rpm
at different time. Voltammetric measurements were conducted in 0.1 M KiEO®at pH= 6.8,
saturated with C@and N, and the potential range applied wass to 0.1V vs SCE, scan rate 150
mvs’.

Palladium particles were obtained fromi*M PdCL / 1M NH,CI pH=0, in this case saturated
calomel electrode (SCE) was used as reference. Cyclic voltammetry studies were carried out at 2C
mVs' were initiated at a potentiaf null current (Eo = 0.19V vs. SCE) in the negative direction at a
potential range0.35 to 0.65 V vs. SCE. Chronoamperometric studies were performed using potential
pulses within an interval 60.25 to 0.0 V vs. SCE. The study was always initiatedyapgpa potential
pulse in negative direction for 30 s, and later on anodic stripping voltammetry was performed at 10
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mVs?, from Eptoward 0.65 V in just the supporting electrolyte 1M /0 pH=0. All solutions were
prepared using analytical grade reageand purified water from a Millipore MilQ system
(conductdSen ¥ The @ebtrochemical measurements were performed at room temperature
in AUTOLAB-PGSTAT320N with the GPES software.

3. RESULTS AND DISCUSSION

3.1 Characterization of carbdiim electrodes by FTIR and SEM
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Figure 1. FTIR spectra of carbon black powder (pink line), Nafion (black line) and nCFE (blue line).
The different functional groups are indicated in the figure.

The chemical surface composition of carbon film electrqd€FE) was evaluated from FTIR
analysis. Figure 1 shows the comparison of the transmitance responses corresponding to:
nanostructured carbon black in powder (pink line), Nafion, used as binder (black line) and the film
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NCFE (blue line). In order to dedoe in more detail the functional groups present, the FTIR responses
at different scales are shown (figurelda The peaks due to the vibrations and stretching of different
bonds to corresponding functional groups can be observed in 3500 to 250@nchs shown in figure

la. The figure 1b shows the vibrations and stretching bonds in the range 2000 to 6[23-25i.

Taking into account the responses of Figure 1, the functional groups present in the film electrode
correspond to carbon black and the ibiaf This analysis shows that the chemical composition of the
film is very diverse, due to the presence of different functional groups, which give a degree of
chemical reactivity.

The carbon film was supported on glassy carbon (as current collector)e RAgslows the
images corresponding to the support material and the film. The purpose of showing the GC and the
carbon film is only to compare the surfaces before and after putting the black film of carbon, the film
shows spherical particles and agglomesatehich makes him look porous.

S-55800 0.5V x40 Ok SE

Figure 2. SEM images show the characteristic surface morphology for different carbon electrode
substrates: a) glassy carbon (GC), b) carbon film electrode (nCFE)
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3.2 Electrodeposits of copper on nCFE

Figure 3 shows theomparison of the cyclic voltammograms obtained on carbon film electrode
(nCFE) and glassy carbon , in an electrolyte of 5¥0Cu (I1); 1 M NH,OH, 1M KCI at pH=10 at 20
mVs?, in the potential range betweeh022 to 0.5 V vs. Hg/HgO/1M KOH. The swepptential was
always initiated in the negative direction from the potential of null current. In this figure showed that
the reduction processes of copper are carried out in two steps: the former iRassociated to
reduction of the species Cu(ll) tau@) and Regd process corresponds to the reduction Cu(l) to metallic
copper, described by reactions 1 and 2 respectively and reported in [26, 27].

Cu(NH,);"+ e - Cu(NH,);+ 2NH, (1)
Cu(NH,), + e . Cu+ 2NH, (2)

When it is inversed the potential sweep direction, is defined the oxidation of the metallic
copper by a wide anodic peak (Ox), this behavior it is associated to the formatidiem@ntlioxides
from Cu(l), as already it has been reported in-228 Considering the responses of different
electrodes, it is observed that the potential, for the reduction and oxidation processes depend on th

nature of the substrate.
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Figura 3. Conparison of the cyclic voltammetry obtained in an electrolyte of BX#0Cu (I1); 1 M
NH4OH, 1M KCI at pH=10 at 20 mV5 correspond to nCFE&nd glassy carbon, in the
potential range betweeti.022 to 0.5 V vs. Hg/HgO/1M KOH hein-setshows the responses
obtaining in support electrolyte 1MH,OH, 1 M KCI correspond to nCEE
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Comparing these responses with obtained in systénNH,OH, 1 M KCI (supporting
electrolyte) corresponding to nCFE (figure 3 theset) it is showed that the functiorgroups presnt
in the carbon film do not interfere with the electrochemical response of processes described.
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Figura 4. SEM images of the copper deposit, obtained in an electrolyte of’aLCu (I1); 1 M
NH4OH, 1M KCI at pH=10 by applyingotential pulse of-0.772 V vs. Hg/ HgO/ 1 M KOH,
500rpmfor(saE E) -6 E¥p,arfdlgc 6) .3 00 s
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Considering the results of Figure 3 for deposit of copper on electrode nCFE we selected the
potential value-0.772 V vs. Hg/HgO/1M KOH for deposit metallic copper as recfion of time, in
order to obtained different quantity of copper.

Figure 4ac shows SEM images obtained at the same magnification (x80.0k) and scales (500
nm). Images in figure 4a and 4b, show spherical and agglomerate particles very similar to the image
corresponding to nCFE (figure 2b), is important to note that is not evident the presence of copper. The
dispersion copper on the surfacecafbon electrode was analyzed by energy dispersive spectrometer
(EDS) shows in figures 4a' 6 6 a nbd,@sgrdsudtof the contribution of signals characteristieray
of elements. These signals come from both surface and volume the analysis area. This technique
confirms the dispersion copper on the surface of carbon electrode when applied pulse p@fériial
V at dhort times, thesgarticles adopt the morphology of the substrate. Metallic particles forming
aggregates with uniform size on the substrate was obtained to time greater than 60 s as shown in figur
4b-c (300 s of deposit). These results allow selectingctimglitions for obtained: dispersed particles,
aggregates, and polycrystalline surfaces.

3.3 Cu/nCFE electrodes and their electrocatalytic behavior for electrochemical reductiory of CO

The cyclic voltammetric was used to evaluate the catalytic behavibe @lectrodes Cu/nCFE
in the electrochemical reduction of @he Figure 5 shows the currgitential response correspond
to electrodes with different amounts of copper. Cyclic voltammetry was performed in the potential
range betweerl.9 to 0.1 V vsSCE, with a scan rate of 150 miVim a solution with 0.1 M KHCg
pH= 6.8 saturated with Nand CQ. The responses corresponding tpdimosphere, shows charge
transfer processes in the limits of the potential rarigé to 0.1 V, this is due to oxidaticand
reduction of electrolytic medium (figure 5a, blue line). Electrodes with greater amount of copper,
copper carbonate chemically are formed on the electrode surface [30, 31]. When it starts the potentia
sweep, is observe the reduction of copper catieomaRed and Red' (Fig. 5b, blue line). After the
direction of the potential sweep is reversed, an anodic peak (Ox) is observed, and corresponding tc
oxidation of the copper metal.

In CO, atmosphere (figure 5, red line), the response shows the redpoticesses (Redas
discussed above, corresponding to of copper carbonate. After, a second process is descsjbed (Red
1.3 V vs SCE associated with the reduction of,I3, 3234], this maximum increases when the
amount of copper is also higher. Teeagsponses show that the copper particles supported on nCFE,
have electrocatalytic ability to reduce €0

On the other hand, the figure 6 shows the comparison of the responses of -patenital
correspond to nCFE, @uCFE, and a copper disc electrodbtained in 0.1 M KHCg pH = 6.8, that
confirms the well catalytic behavior of the copper particles supported on nCFE; similar to described in
Figure 5. Likewise, it is observed that the electrode with a higher amount of copper shows a better
catalytic kehavior than the copper disc electrode. This probably indicated that the adsorption of
intermediate products such as CO, may interacting with the carbon support, so that the catalytic
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material does not poisoning due to an important effect of the morph@omypare, irset on figure 6

with figure 4c).
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Figure 5.Comparison of voltammetric responses obtained at 150 niv& solution with 0.1 M
KHCO;, corresponding to Cu/nCFE, to evaluated their electrocatalytic behavior.*%1.6u

ng) /NnCFE y b) C%25 ng)/ nCFE. Blue line: Matmosphere, red line: G@tmosphere; the
copper mass was evaluated by anodic stripping voltammetry [35].
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Figure 6. Comparison of voltammetric responses obtained atri¥6" in a solution with 0.1 M
KHCO;3;, in CQ, atmosphere n CFE (r ed l i ne) , Cu(1.80)/n
electrode (pink 1| i ne)The cappel Ba8sOnag evaluated by anbdice

stripping voltammetry [35]. The iget correspond to SEM image of copper disk.

3.4 Electrodeposits of palitum on nCFE

In order to characterize the electrochemical response, the figure 7 shows a comparison of the
cyclic voltammograms obtained in 3@ PdChL / 1M NH4CI pH=0 at 20 mVs for nCFE and GC
electrode. It is observed, that the processes of reduatidroxidation in different potential ranges;
depending of substrate type. The process; Redresponds to formation of metallic palladium on
NCFE and GC. This process in nCFE occur at more negative potetitialkd(V) than in GC. Reds
associated to elation of molecular hydrogen a0.35 V for nCFE. In GC is observed the adsorption
atomic hydrogen on metallic palladium (small shoulder m)0iI23V. Oxidation processes, 1 and 2
correspond to desorption of molecular hydrogen and dissolution of metalliédipm respectively,
and m' correspond to desorption of atomic hydrogen. The formation of metallic palladium has been
reported in this 16M PdCL / 1M NH,CI pH=0 electrolytic system, where Pd€is the electroactive
specie [17, 388] and is definedypthe reaction 3:

«
PdCE +2e - Pd’+4cCr (3)
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Figure 7. Comparison of the voltammograms correspond to GC (broken line) and nCFE (solid line)
in the system 16M PdCL / 1M NH,CI pH=0 at 20 mV?.

This study allows ding a range of potential for the palladium electrodeposition with and
without hydrogen discharge €9.09 V t0-0.19 V and0, 21 to-0.35 V, respectively.

A chronoamperometric study was carried out in order to confirm the range potential to obtained
metallic palladium without influence of hydrogen evolution. Different potential pulses were applied,
figure 8 shows (irset) potentiostatic current transients obtained IiM.GPACL / 1M NH,Cl pH=0
system with different direct potential pulsegdbetweerD.0 and-0.25 V vs. SCE during 30 s.

Later, an anodic stripping voltammetry was performed at 10 mivem Eyp toward 0.65 V in
just the supporting electrolyte 1M NEI, pH=0; the arrows in the figure indicated the sweep direction.
The charge associateéd palladium deposit and hydrogen adsorption was evaluated by integration of
the current during the anodic potential sweep at 10 mWsthe responses where hydrogen adsorption
occurs, the charge was evaluated in the potential range betwgé¢oa E19V vs. SCE and for
palladium deposit from 0.19 V to 0.65 V vs. SCE. Figure 9 shows the mass corresponding to the
palladium electrodeposition and the &tisorption. It is important to observe, that in all potential range
applied the mass of the metallic @alium increase, this indicatédat the electrodeposition of this
metal continuous coupling to the hydrogen discharge. This study allows confirm a range of potential
for the palladium electrodeposition with and without hydrogen discharge.
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Figure 8. Poentiostatic current transients obtained in*OPdChL / 1M NH,Cl pH=0 system in
different direct potential pulses {f between 0.00 ane0.25 V vs. SCE for 30 s for the

palladium electrodeposition @set) and the anodic stripping voltammetry in the sujipg
electrolyte 1M NHCI, pH=0, on the nCFE

Figure 9. Mass evaluated from the responses in the figure 8, the charges were evaluated by integratior

of the current in anodic stripping voltammetry studies and Faraday laws for the metallic
palladium ad adsorbed hydrogen.



