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The commercial carbon black is used as a film electrode (nCFE), and as support of the copper and 

palladium particles. The electrodes Cu/nCFE, with different quantities of copper was evaluated for the 

electrochemical reduction of CO2 in 1M KHCO3 by means cyclic voltammetry, and exhibited a good 

behavior as catalysts. The morphology of the electrodes had an important influence in the catalytic 

process. On the other hand, the cyclic voltammetry studies allowed to define a specific potential range 

for palladium electrodeposition without hydrogen evolution (-0.09 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 discharge. The carbon black was used without purification and 

FTIR analysis shows they surface chemical composition (C-O, C=O, CF2, CF, S-O, C-O-C). These 

groups provide a degree of chemical reactivity. However, they did not affect the electrochemical 

deposit of 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 dispersive spectrometer (EDS). The hydrogen 

discharge reaction has an important influence in the palladium particles morphology. The size of the 

palladium particles are about 31 and 34 nm estimated by analysis XRD. 

 

 

Keywords: Carbon films electrodes, Copper and palladium particles, 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 prepared with small 

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 support 

of catalysts; due to their physical and chemical 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 presence of the functional groups 

on its surface, the acid-base 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 functional groups on its surface. The acid-base 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, due to its 

interference with the study process [2-8]. Although the presence of these functional groups does not 

necessarily lead to a chemical reaction on the surface, it affects physical adsorption [9-11]. 

In cases, where the chemical adsorption is important carbon materials are good alternative. In 

the case of electrochemical reduction of CO2 on polycrystalline copper electrode, CO is an important 

intermediary product, which adsorbs on the surface of the catalyst causing its passivation or poisoning, 

slowing down the 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 activity of palladium is obtained by modifying solid 

surfaces with micro-or 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 

property 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 deposition [20-22]. This complicates the 

process efficiency and the morphological quality of the palladium 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 simultaneous hydrogen 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 materials, it becomes 

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 use of carbon 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 CO2 in the case of copper. In the case of palladium we 

obtained the dispersed particles at a potential range without the 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 ml Nafion, 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 m
2
/g, and 0.01% sulphur 

(Columbian Chemical Company) 

 



Int. J. Electrochem. Sci., Vol. 7, 2012 

  

152 

2.2 Scanning Electronic Microscopy (SEM) 

The morphology of nCFE, copper and palladium particles was evaluated using high resolution 

scanning electron microscope (FE SEM Hitachi S-5500). The dispersion of copper on the surface of 

carbon electrode was analyzed by energy dispersive spectrometer (EDS) by using Scanning Electron 

Microscope (LEO-1450VP). 

 

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 acquired using a Fourier transform infrared (FTIR) 

spectrometer Bruker Equinox 55 S. The 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 applied great 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 of palladium particles were obtained at room temperature using Cu Kα 

radiation =1.54Å in a Rigaku X ray diffractometer (Model Dmax 2200). Palladium crystallite sizes 

were calculated by Debye-Scherrer equation. 

 

2.5 Electrochemical measurements 

The electrochemical studies were carried out in a three-electrode cell, in all the cases, the 

auxiliary electrode was a platinum rod introduced into a separate porous-glass compartment. The 

working electrode was carbon film (nCFE), supported on glassy carbon (GC) which serves as current 

collector. Deposition of copper particles was carried out from an electrolytic bath; 5x10
-2

M CuCl2, 1 M 

NH4OH, 1M KCl 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 

quantities (Cu/nCFE) applying a constant pulse potential of -0.772 V vs. Hg/HgO/1M KOH at 500 rpm 

at different time. Voltammetric measurements were conducted in 0.1 M KHCO3/CO2 at pH= 6.8, 

saturated with CO2 and N2, and the potential range applied was -1.5 to 0.1 V vs SCE, scan rate 150 

mVs
-1

.  

Palladium particles were obtained from 10
-3

M PdCl2 / 1M NH4Cl pH=0, in this case saturated 

calomel electrode (SCE) was used as reference. Cyclic voltammetry studies were carried out at 20 

mVs
-1

 were initiated at a potential of null current (Ei=0 = 0.19V vs. SCE) in the negative direction at a 

potential range -0.35 to 0.65 V vs. SCE. Chronoamperometric studies were performed using potential 

pulses within an interval of -0.25 to 0.0 V vs. SCE. The study was always initiated applying a potential 

pulse in negative direction for 30 s, and later on anodic stripping voltammetry was performed at 10 
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mVs
-1

, from Eap toward 0.65 V in just the supporting electrolyte 1M NH4Cl, pH=0. All solutions were 

prepared using analytical grade reagents and purified water from a Millipore Milli-Q system 

(conductivity ≤0.1 μScm
−1

). The electrochemical measurements were performed at room temperature 

in AUTOLAB-PGSTAT320N with the GPES software. 

 

 

 

3. RESULTS AND DISCUSSION  

3.1 Characterization of carbon film 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 electrode, (nCFE) 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 describe in more detail the functional groups present, the FTIR responses 

at different scales are shown (figure 1a-b). The peaks due to the vibrations and stretching of different 

bonds to corresponding functional groups can be observed in 3500 to 2500 cm
-1

, and is shown in figure 

1a. The figure 1b shows the vibrations and stretching bonds in the range 2000 to 600 cm
-1 

[23-25]. 

Taking into account the responses of Figure 1, the functional groups present in the film electrode 

correspond to carbon black and the Nafion. 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); Figure 2 shows 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 agglomerates, which makes him look porous. 

 

a

b

 

 

Figure 2. SEM images show the characteristic surface morphology for different carbon electrode 

substrates: a) glassy carbon (GC), b) carbon film electrode (nCFE). 

 



Int. J. Electrochem. Sci., Vol. 7, 2012 

  

155 

3.2 Electrodeposits of copper on nCFE 

Figure 3 shows the comparison of the cyclic voltammograms obtained on carbon film electrode 

(nCFE) and glassy carbon , in an electrolyte of 5x10
-2

 M Cu (II); 1 M NH4OH, 1M KCl at pH=10 at 20 

mVs
-1

, in the potential range between -1.022 to 0.5 V vs. Hg/HgO/1M KOH. The sweep potential 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 (Red1) is associated to 

reduction of the species Cu(II) to Cu(I) and Red2 process corresponds to the reduction Cu(I) to metallic 

copper, described by reactions 1 and 2 respectively and reported in [26, 27].  

 

          323

2

43 NH2)NH(Cue)NH(Cu  



                                                (1) 

 

          323 NH2ºCue)NH(Cu  



                                                             (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 formation of different oxides 

from Cu(I), as already it has been reported in [28-29]. Considering the responses of different 

electrodes, it is observed that the potential, for the reduction and oxidation processes depend on the 

nature of the substrate.  
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Figura 3. Comparison of the cyclic voltammetry obtained in an electrolyte of 5x10
-2

 M Cu (II); 1 M 

NH4OH, 1M KCl at pH=10 at 20 mVs
-1

, correspond to nCFE and glassy carbon, in the 

potential range between -1.022 to 0.5 V vs. Hg/HgO/1M KOH. The in-set shows the responses 

obtaining in support electrolyte 1M NH4OH, 1 M KCl correspond to nCFE. 
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Comparing these responses with obtained in system 1M NH4OH, 1 M KCl (supporting 

electrolyte) corresponding to nCFE (figure 3 the in-set) it is showed that the functional groups present 

in the carbon film do not interfere with the electrochemical response of processes described. 

  
  

a’

a’’

a Cu5/nCFE
a’

a’’

a Cu5/nCFE

b’

b’’

b
Cu30/nCFE

b’

b’’

b
Cu30/nCFE

Cu300/nCFEc c’Cu300/nCFEc Cu300/nCFEc c’

 
 

Figura 4. SEM images of the copper deposit, obtained in an electrolyte of 5x10
-2

 M Cu (II); 1 M 

NH4OH, 1M KCl at pH=10 by applying potential pulse of  -0.772 V vs. Hg/ HgO/ 1 M KOH, 

500 rpm for (a-a´´) 5 s, (b-b´´) 30 s, and (c-c’) 300s.  
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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 a function of time, in 

order to obtained different quantity of copper. 

Figure 4a-c 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 surface of carbon electrode was analyzed by energy dispersive spectrometer 

(EDS) shows in figures 4a'-a’’and 4b’-b’’, as result of the contribution of signals characteristic X-ray 

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 potential -0.772 

V at short times, these particles 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 figure 

4b-c (300 s of deposit). These results allow selecting the conditions for obtained: dispersed particles, 

aggregates, and polycrystalline surfaces. 

 

3.3 Cu/nCFE electrodes and their electrocatalytic behavior for electrochemical reduction of CO2 

The cyclic voltammetric was used to evaluate the catalytic behavior of the electrodes Cu/nCFE 

in the electrochemical reduction of CO2. The Figure 5 shows the current-potential response correspond 

to electrodes with different amounts of copper. Cyclic voltammetry was performed in the potential 

range between -1.9 to 0.1 V vs. SCE, with a scan rate of 150 mVs
-1

 in a solution with 0.1 M KHCO3, 

pH= 6.8 saturated with N2 and CO2. The responses corresponding to N2 atmosphere, shows charge 

transfer processes in the limits of the potential range -1.1 to 0.1 V, this is due to oxidation and 

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 potential 

sweep, is observe the reduction of copper carbonate in Red1 and Red'1 (Fig. 5b, blue line). After the 

direction of the potential sweep is reversed, an anodic peak (Ox) is observed, and corresponding to 

oxidation of the copper metal. 

In CO2 atmosphere (figure 5, red line), the response shows the reduction processes (Red1) as 

discussed above, corresponding to of copper carbonate. After, a second process is described (Red2) in -

1.3 V vs SCE associated with the reduction of CO2 [13, 32-34], this maximum increases when the 

amount of copper is also higher. These responses show that the copper particles supported on nCFE, 

have electrocatalytic ability to reduce CO2.  

On the other hand, the figure 6 shows the comparison of the responses of current-potential 

correspond to nCFE, Cu/nCFE, and a copper disc electrode, obtained in 0.1 M KHCO3, 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 behavior 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 morphology (compare, in-set on figure 6 

with figure 4c).  
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Figure 5.Comparison of voltammetric responses obtained at 150 mVs
-1

 in a solution with 0.1 M 

KHCO3, corresponding to Cu/nCFE, to evaluated their electrocatalytic behavior. a) Cu
60

(1.8 

g) /nCFE y b) Cu
180

(25 g)/ nCFE. Blue line: N2 atmosphere, red line: CO2 atmosphere; the 

copper mass was evaluated by anodic stripping voltammetry [35]. 
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Figure 6. Comparison of voltammetric responses obtained at 150 mVs
-1

 in a solution with 0.1 M 

KHCO3, in CO2 atmosphere; nCFE (red line), Cu(1.8µ)/nCFE (black line), copper disc 

electrode (pink line), Cu(30µ)/nCFE (blue line). The copper mass was evaluated by anodic 

stripping voltammetry [35]. The in-set correspond to SEM image of copper disk. 

 

3.4 Electrodeposits of palladium on nCFE 

In order to characterize the electrochemical response, the figure 7 shows a comparison of the 

cyclic voltammograms obtained in 10
-3

M PdCl2 / 1M NH4Cl pH=0 at 20 mVs
-1 

for nCFE and GC 

electrode. It is observed, that the processes of reduction and oxidation in different potential ranges; 

depending of substrate type. The process Red1 corresponds to formation of metallic palladium on 

nCFE and GC. This process in nCFE occur at more negative potentials (-0.119 V) than in GC. Red2 is 

associated to evolution of molecular hydrogen at -0.35 V for nCFE. In GC is observed the adsorption 

atomic hydrogen on metallic palladium (small shoulder m) in -0.23V. Oxidation processes, 1 and 2 

correspond to desorption of molecular hydrogen and dissolution of metallic palladium respectively, 

and m' correspond to desorption of atomic hydrogen. The formation of metallic palladium has been 

reported in this 10
-3

M PdCl2 / 1M NH4Cl pH=0 electrolytic system, where PdCl4
2-

 is the electroactive 

specie [17, 36-38] and is defined by the reaction 3: 

 

 

 4ClPd  e2PdCl 02

4                                  (3) 
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Figure 7.  Comparison of  the voltammograms correspond to GC (broken line) and nCFE (solid line) 

in the system 10
-3

M PdCl2 / 1M NH4Cl pH=0 at 20 mVs
-1

. 

 

This study allows defining a range of potential for the palladium electrodeposition with and 

without hydrogen discharge of -0.09 V to -0.19 V and -0, 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 (in-set) potentiostatic current transients obtained in 10
-3

M PdCl2 / 1M NH4Cl pH=0 

system with different direct potential pulses (Eap) between 0.0 and -0.25 V vs. SCE during 30 s.  

Later, an anodic stripping voltammetry was performed at 10 mVs
-1

, from Eap toward 0.65 V in 

just the supporting electrolyte 1M NH4Cl, pH=0; the arrows in the figure indicated the sweep direction. 

The charge associated to palladium deposit and hydrogen adsorption was evaluated by integration of 

the current during the anodic potential sweep at 10 mVs
-1

. In the responses where hydrogen adsorption 

occurs, the charge was evaluated in the potential range between Eap to 0.19 V 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 H2 adsorption. It is important to observe, that in all potential range 

applied the mass of the metallic palladium increase, this indicated that 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. Potentiostatic current transients obtained in 10
-3

M PdCl2 / 1M NH4Cl pH=0 system in 

different direct potential pulses (Eap) between 0.00 and -0.25 V vs. SCE for 30 s for the 

palladium electrodeposition (in-set) and the anodic stripping voltammetry in the supporting 

electrolyte 1M NH4Cl, pH=0, on the nCFE
.
. 
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Figure 9. Mass evaluated from the responses in the figure 8, the charges were evaluated by integration 

of the current in anodic stripping voltammetry studies and Faraday laws for the metallic 

palladium and adsorbed hydrogen. 
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The figures 10 and 11, show of SEM images of palladium deposits obtained at -0.09 V (without 

hydrogen discharge) and -0.19 V (with hydrogen discharge) respectively, in the system 10
-3

M PdCl2 / 

1M NH4Cl pH=0, at different times. In general, it is observed two different morphologies; one of them 

is small spherical particles obtained in the potential without hydrogen discharge. In this case, the 

deposits were obtained in two different times and the morphology not changes; only increased the 

particles size. On the other hand, large crystals of palladium were observed, in hydrogen evolution 

potential, is clearly that the size increased of crystals is a function of deposit time. Comparing these 

figures is evident that the hydrogen discharge has an important influence in the morphology of 

palladium deposit. 

 

a

b

a

b

 
 

Figure 10. SEM images of palladium deposits on nCFE were obtained at -0.09 V vs. SCE in the 

system 10
-3

M PdCl2 / 1M NH4Cl pH=0: a) 30 s and b) 300 s. 
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b

a

 
 

Figure 11. SEM images of palladium deposits on nCFE were obtained at -0.19 V vs. SCE in the 

system 10
-3

M PdCl2 / 1M NH4Cl pH=0: a) 300 s and b) 600 s. 

 

In order to evaluate the size of palladium particles, was carried out XRD analysis, the figure 12 

shows patterns corresponding to 300 and 600 s for deposits obtained at -0.19 V vs. SCE. In this figure 

is showed a typical peak of amorphous carbon support in 2=23.27º. These electrodes exhibits 

diffraction lines corresponding to the (1 1 1), (2 0 0), (2 2 0) and (3 1 1) planes of a fcc (face centered 

cubic) palladium crystalline structure (card 46-1043). In addition, it is revealed an increasing trend in 

peak intensity as function of deposit time. Considering, the most intense peak (1 1 1), it was using 

Debye-Sherrer equation [39] and was obtained; 31 nm for deposit to 300 s and 34 nm for deposit to 

600 s. 
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Figure 12. XRD spectrum of palladium deposits on nCFE were obtained at -0.19 V vs. SCE in the 

system 10
-3

M PdCl2 / 1M NH4Cl pH=0: a) 300 s (red line), and b) 600 s (blue line). 

 

 

 

4. CONCLUSIONS 

In this study, we used commercial carbon black without prior purification, as support for 

catalysts. FTIR analysis shows the surface chemical composition (C-O, C=O, CF2, CF, S-O, C-O-C), 

these groups provide a degree of chemical reactivity. However, they did not affect the electrochemical 

deposit of copper and palladium, they are not electroactive in ammonia acidic and basic systems. 

By mean of cyclic voltammetry was possible to establish of the potential range of copper 

deposit. Such that, varying the deposit time is obtains dispersed particles, agglomerates and massive 

deposits, applying a constant potential. The electrodes, prepared under these conditions, were 

evaluated in the electrochemical reduction reaction of CO2, and show a good behavior as catalysts, and 

considering the results obtained by SEM is possible to evaluate the influence of morphology in the 

process. 

By mean of study the cyclic voltammetry and anodic stripping voltammetry were established 

the potential range of palladium deposit without the influence of the hydrogen evolution reaction, this 

is important because is possible to control the morphology of the deposit. 

In summary, this paper presents an experimental methodology that we allow to establish the 

conditions to prepare catalyst of copper and palladium (dispersed particles, agglomerates or massive 

deposits) on the carbon black. The variables of potential and time, allows the control of the amount of 
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catalyst deposited on a low-cost commercial support, this has a significant and economic impact on the 

preparation of catalytic materials. 
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