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ABSTRACT 
 

Electrophoretic Deposition, EPD, is a known method to 

prepare even advanced coatings, as well as advance 

functionally graded materials. EPD followed by thermal 

treatments, accomplish better adherence of thin layers.  In 

this work the coating was composed by nanoelectrocatalytic 

materials expecting to improve fuel cells electrode’s life 

time and the possibility to fabricate larger electrodes (10 

cm
2
). Using EPD to obtain thin film electrodes allow to test 

the nanoelectrocatalysts under flow conditions in real fuel 

cells. EPD was performed controlling voltage, deposition 

time and composition of for three different colloidal 

dispersions: single walled, multiwalled and funtionalized 

multiwalled carbon nanotubes, SWCNT, MWCNT,  and 

FMWCNT respectivily.  Later on CNTs modified with  

PtxWySz nanoparticles are going to be tested. Results are 

compared and evaluated taking into account the 

homogenity of the nanoelectrocatalytic layer as well as the 

electrocatalytic properties of fuel cells electrodes at 

medium scale. EPD is a cheaper method requiring minimal 

operating and maintenance costs, with the possibility to re-

concentrate the colloidal dispersion just replenishing with  

nanoelectrocatalysts. 

 

Keywords: electrophoretic deposition, fuel cell, 

nanoelectrocatalysts 

 

1. INTRODUCTION 
 

It can be said that the heart of a fuel cell is the 

electrocatalyst, since electrode reactions are the main 

concern of electricity generation. Several electrode 

materials have been investigated to asses anodic and 

cathodic reactions, assuming that the electrocatalyst of a 

fuel cell is the main drawback for its commercialization. 

Since platinum is known as the best electrocatalyst and 

carbon nanostructured materials are usually employed as 

metal’s support [1], the interest in current fuel cells studies 

is to use  metallic salts and alloys  to emulate Pt properties.  

For example the oxygen reduction reaction, ORR has been 

studied using Pt, Ni, Pd, Fe and Co [2] and Pt/C [3]. 

Neverthless, the capability of the electrocataly depend on 

how to support the material on the electrode for extended 

lifetime and decreasing the metal loading. 

 

On the other side, the direct methanol fuel cells 

(DMFCs) are known as the most popular type of DLFCS 

because of methanol has: low cost, good electrochemical 

activity and biodegradability [4]. Eventhough, one of the 

current challenges of the anodic electrode  of DMFC 

(containing nanostructured electrocatalysts) is to optimize 

the surface area by having a better nanostructures 

dispersion, thus to reduce as much as possible the platinum 

loading to make more affordable fuel cells. 

 

A flip side of the electrocatalyst is the carbon 

nanomaterial use as the support for the metal nanoparticles, 

whereas carbon nanotubes stand out for their mechanical 

and electrical properties. They possess higher mechanical 

resistance, electrochemical activity and surface area than 

carbon commonly used [5, 6, 7, 8]. Besides of the great 

performance that carbon nanotubes had over the 

electrocatalyst, in some cases it’s necessary a previous 

treatment of this nanomaterial to increase their activity. In 

concern with the deposition of nanoparticles on 

carbonaceous materials, there are different methods that can 

be attained. However, the problem of the homogeneously 

dispersion it’s crucial for the given application.  

 

The electrophoretic deposition (EPD) has been 

increasingly applied in a wide range of studies because of 

its short formation time and simple use of apparatus. This 

technique provides a much better dispersion of 

nanoparticles as electrocatalysts for fuel cells. With EPD, 

one can control the metal loading on carbonaceous supports 

[9, 10] and the deposit thickness, microstructural 

homogeneity, and deposition on complex shaped substrates. 

Unlike the screen-printing and spraying method, EPD offers 

uniformity of deposits with process simplicity and a low 

cost.  In this technical paper EPD was tested as a deposition 

technique of single walled carbon nanotubes SWCNT, 

multiwalled carbon nanotubes MWCNT, and functionalized 

multiwalled carbon nanotubes FMWCNT.  Later on 

composite electrocatalysts are going to be prepared. 

 

2. EXPERIMENTAL SETUP 
 

2.1 CNTs dispersions 

The preparation of a homogenous dispersion of CNT is 

essential for a successful EPD. The dispersions consist of 
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10 mg of CNT added to 20 ml of solvent and 1.2 ml of a 

water and Nafion mix that was introduced into an ultrasonic 

bath for 45 minutes. 

The solvents used were isopropanol and ethanol 98%, 

respectively. Regarding the CNT, three types were used for 

each solvent: Sigma Aldrich FMWCNT, SWCNT and 

MWCNT pristine.  

 

 

Figure 1: CNTs dispersions using ethanol a) MWCNT, b) 

SWCNT, c) FMWCNT and isopropanol d) MWCNT, e) 

SWCNT, f) FMWCNT 

2.2 Electrochemical cell 

Two graphite bars were used as working electrodes in a 

two electrode cell. The electrodes were connected to a 

positive and negative potential of a power supply using 

appropriate electronic cables, as shown in Figure 1. The 

well dispersed solutions were pour into a beaker and the 

electrodes had a distance of 1.5 cm. 

 

 

 

Figure 2: a) Power supply and b) electrochemical cell used 

for EPD. 

2.3 SEM images 

 

A JEOL 7200F Field Emision Scanning Electron 

Microscope was used to obtain the different CNT’s images.  

 

 

 

3. EPD OF CNTs DISPERSIONS 
 

In Table 1 are listed the general properties of CNTs used to 

prepare dispersions. 

 

CNT D L 

MWCNT 10-30 nm 1-10 μm 

SWCNT 0.7-0.9 nm ≈100 nm  

FMWCNT 9.5 nm 1.5 μm 

Table 1: Diameter and length of CNTs used to prepare 

dispersions 

 

Table 2 shows the EPD conditions used to prepare 

nanoelectrocatalysts layers on graphite substrate. 

 

 
 

Table 2: EPD conditions used to prepare the CNTs deposits 

on graphite substrates. 

 

For 60V, MWCNT and FMWCNT presented low mass 

loading on the deposit. The same result was observed for 10  

and 30 min. Thus, the voltage was reduced to 20 V for the 

same period time (10 and 30 min). The formed deposits 

were better as shown on Figure 3. It is worth mentioned that 

this homogenous and uniform deposit was with the ethanol 

dispersions. Isopropanol dispersions did not enhance as 

much as ethanol with this voltage, but better depositions 

were observed than the ones at 60 V. However, for this 

technical paper we consider as important factor the 

homogeneity for the dispersions and depositions as shown 

in Figures 1 and 3. 

 

CNT
EPD Time 

(min)
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10 60

30 60

10 20

30 20
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10 20
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Figure 3: FMWCNT with isopropanol using a) 60 V and b) 

20 V, per 30 min. 

 

Figure 4: Graphite substrate a) raw and b) with MWCNT, 

electrophoretic deposition at 20 V per 30 min. 

 

In Figure 4, the EPD at 30 min, 1.5 cm between 

electrodes and 20 V on graphite substrates was succesfull 

for all dispersions, however optic images show some 

inhomogeneous deposit in the lower part of the electrode. 

Since these results were better than the ones at 60 V, it was 

proposed to use 35 V giving a significant improvement (see 

Fig. 5).  

 

 
Figure 5: EPD at 35V per 30 minutes of the ethanol’s 

dispersions with a) MWCNT, b) SWCNT, and  

c) FMWCNT. 

 

As shown in Figure 5, the MWCNT are susceptible to 

reach a better deposition than the other samples of CNT, as 

showed above, an homogenous dispersion is necessary for 

an optimum deposition.   

 

 

4. RESULTS AND DISCUSSION 

 

To analyze the deposit microstructures, in Figure 6 are 

showed the SEM images of MWCNT, SWCNT, and 

FMWCNT using 35 V per 30 minutes.  

 

Figure 6a shows a better deposition to the substrate, 

there are no agglomerates nor significant spaces between 

the nanotubes. This can be attributed to the bigger diameter 

size of the MWCNT, and as shown in Figure 1a, it shows 

the best dispersion. Unlike, the SWCNT (see Fig. 6b) 

exhibit small holes indicating an inhomogenous surface 

because of their smallness. Moreover, for seeing this 

nanotubes it was necessary to apply a higher voltage 

because of their diameter size and the poor deposition. 

Although the FMWCNT differ on length and diameter with 

the MWCNT, the SEM images are very similar to each 

other, the FMWCNT have aglomerates which are 

represented by the luminous sections. 
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Figure 6: FE-SEM images of a) MWCNT, b) SWCNT, and 

c) FMWCNT electrophoretic depositions. 

Therefore, SEM images indicate that SWCNTs were 

not as homogeneous as expected, due to the agglomeration 

formed in the initial dispersion and wide sizes distribution 

of nanotubes. The use of graphite as working electrode 

hinders to determine with precision the weight of 

depositions. The high porosity of this carbon substrate does 

not favor the reproducibility in therms of mass; however the 

mass increment lower than 1 mg clearly indicated the 

formation of thin layers on graphite substrates. 
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