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Abstract 

A composite support based on nature clay, i.e. montmorillonite (MMT),  shows  great 

promise as support materials for Pt electrocatalyst for the methanol oxidation reaction 

in fuel cell anodes. The reported composite support (CNx-MMT) was prepared via 

carbonizing MMT which was covered by N-contented polymer. X-ray diffraction and 

transmission electron microscopy results showed that Pt nanoparticles can be well-

dispersed on the composite support with highly dispersed tiny crystal Pt nanoparticles. 

Cyclic voltammetry measurements showed that the Pt/CNx-MMT has the enhanced 

electrocatalytic activity in methanol oxidation reaction. The developed Pt catalyst 

supported on new composite support is catalytically more active for methanol 

electrooxidation than Pt supported on the conventional carbon support and shows 

good stability, offering promising potential for application of MMT as support for fuel cell 

electrocatalysis. 

 

1.       Introduction 

Direct methanol fuel cells (DMFCs) are considered as a promising candidate for 

future mobile and transport applications due to their high efficiency and low 

emissions. Platinum is used as the main element for DMFCs because it is highly 

active at low temperature and easily reactive with the hydrogen, alcohols and 

oxygen intermediates to generate the final products [1e3]. However, there are 

several challenges which constraint the commercialization of DMFCs, such as, 

insufficient durability and high cost [4e7]. The corrosion of conventional carbon 

support has been identified as a major contributor to the low durability for Pt-

based electrocatalysts [8]. The stability of the supports for Pt-based electrocatalysts 

must be significantly increased to make this technology economically viable. 

 

Recently, to develop the new support for immobilizing metal nanoparticles as 

electrocatalysts for fuel cells has become a subject of growing interest. One of the 

approaches it to develop new supports based on porous silica due to their large 

surface areas, high stability and uniform pore distribution. Eswaramoorthi and 

Dalai [9] synthesized Santa Barbara amorphous material-15-support for PdeZn 
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nanoparticles, which was used as catalyst to produce H2  from CH3OH by partial  

oxidation  and  steam  reforming.  The  initial  results showed that porous silica 

show great promise as a catalyst support for fuel cell applications. However, the 

low conductivity of silica materials pose major barrier to the replacement of 

conventional carbon support by porous silica. An efficient way to improve the 

electric conductivity and stability is to introduce nitrogen doped carbon onto the 

surface of supports through the effect of N-doping on the surface to improve 

physicochemical properties, electron transfer and nanostructure of the catalysts 

[10e16]. Zhou et al. [10] prepared core/shell carbon fibers with N-doping on the 

surface, which provides significant improvements in their catalytic performance as 

catalyst supports for methanol electrochemical oxidation. Wang et al. [13] developed 

a N-doped carbon/Fe3O4 as support to immobilize Pd for catalytic oxidation of 

formic acid. The experimental results showed that N-doped carbon/ Fe3O4 support 

exhibited higher activity and better stability for oxidation of formic acid than both 

commercial Pd/C and Pt/C catalysts. 

 

The pore-like structure of MMT, natural clay, contains layers made up of two 

tetrahedral silica sheets fused to an edge-shared octahedral sheet of alumina [17]. 

The application of MMT as support of catalysts has been reported. For example, 

the catalyst, MoO3 supported on MMT, exhibited a higher activity in methanol 

oxidation to formaldehyde, probably due to the fact that impregnation ensures 

better dispersion of MoO3 in MMT [18]. Intercalated MMT catalysts with low loaded 

Pt nanoparticles showed comparable selectivity of the product cinnamyl alcohol at 

very high conversion in the liquid phase hydrogenation of cinnamaldehyde at 

different pressures of hydrogen even at room temperature and at moderate pressure 

[19]. In electrochemical area, The MMT composite membranes showed a high 

selectivity and power density due to low methanol permeability [20]. Furthermore, 

after MMT modified the composite membranes contain functionalized MMT was 

endow with the high proton conductivity, low methanol permeability and suitable 

thermal stability leading to drastic reduction of methanol crossover and lower loss 

of conductivity properties [21e25]. 

 

Compared with porous carbon materials, MMT is much cheaper due to its 

accessibility and abundance. MMT is also chemical inert and environmentally 

friendly, which makes it a potential candidate as a promising support for fuel cell 

applications. Unfortunately, the electrical conductivity of MMT is quite low, which 

hinders its practical application as electrocatalyst support for fuel cells. In this study, 

a N-doped carbon/ MMT (CNx-MMT) has been prepared by carbonizing polyaniline 

(PA) on the surface of MMT to improve its conductivity, which makes MMT suitable 

for using as support materials for electrocatalysts. Subsequently, Pt nanoparticles 

were deposited on the surface of CNx-MMT, and its morphology and 

electrocatalytic performance were investigated. 
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2. Experimental 

2.1 Preparation of CNx-MMT 

15.0 g of MMT (Toksun, Xinjiang) was introduced to a 500 mL flask, and then 300 

mL of 3 mol L-1 HCl solution was added to the flask. The solution was stirred for 24 

h, filtered and rinsed with ultrapure water. The acid-treated MMT was then dried at 

60 o C in vacuum oven. Polymerization of aniline on MMT was carried out in a 

solution containing (NH4)2S2O8 as oxidant. A 150 mL of HCl solution containing 

MMT (0.5 g) and (NH4)2S2O8 (1.5 g) was sonicated at room temperature for 15 min. 

1.0 g of anline was added to above solution and stirred at 0 o C for 24 h. After that, the 

product was filtered and rinsed with ultrapure water until the pH of solution is ca. 7. 

The obtained powder, MMT-polyaniline (PA-MMT), was dried at 60 o C for 12 h in 

vacuum oven. Carbonization of PA-MMT was carried out via the decomposition of 

polyaniline at high temperature, and the procedure was as follows: PA-MMT was 

placed in a quartz tube furnace  and  heated  to  800  o C  with  a  heating  rate  of 5 o C 

min-1 under N2 atmosphere and kept at 800 o C for 2 h. After the furnace was cooled 

to room temperature, a black powder, CNx-MMT, was obtained. 

 

2.2.      Preparation of Pt/CNx-MMT 

Before Pt nanoparticles were deposited on the surface of CNx- MMT, the obtained 

CNx-MMT was immersed in acetone and kept at 60 o C for 6 h in an oil bath. The 

acetone washed CNx-MMT powder was rinsed with ultrapure water, and then 

added to a mixture of HNO3eH2O2 (2 mol L-1 HNO3, 3 wt% H2O2) and stirred for 

24 h in a dark environment. After that, the obtained product was rinsed with 

ultrapure water and dried at 60 oC in a vacuum oven. Pt catalysts (loading ca. 20 wt 

%) supported on CNx-MMT were prepared by an ethylene glycol (EG) solution 

method. H2PtCl6 (66.4 mg) was dissolved in 30 mL of EG in a flask. The pH of the 

system was adjusted to 10 by adding 5 wt% of KOH/EG solution. The powder of CNx-

MMT (100 mg) was added to the H2PtCl6 solution and then heated to 160 o C for 6 h. 

The resulting catalyst (Pt/CNx-MMT) was filtered, washed with ultrapure water 

and dried in vacuum oven. Pt/C catalyst used in this work were purchased from 

Johnson Matthey Company (20% Pt, particles are 3e6 nm). 

 

2.3.      Morphological characterizations 

X-ray diffraction (XRD) was obtained by a Shimadzu XD-3A (Japan), using filtered 

Cu Ka radiation (40 kV, 40 mA). Scanning electron microscope images were 

obtained by a Hitachi S-2400 (Japan). Transmission electron microscopy (TEM) 

coupled with the energy dispersive X-ray analysis (EDX) technique and scanning 

electron microscope (SEM) measurements were carried out  on a  JEM-2010 

(Japan) and a Hitachi S-2400 Electron Microscope (Japan), respectively. 

Elemental Analysis was measured by organic elemental analyzer (Thermo 

http://repository.uwc.ac.za



4 
 

Flash2000). The chemical compositions of Pt/CNx-MMT catalyst were determined 

using an IRIS advantage inductively coupled plasma atomic emission spectroscopy 

(ICP-AES) system (Thermo, America). 

 

2.4.      Electrochemical characterizations 

The electrochemical measurements of catalysts were performed using an 

electrochemical work station (CHI650D). A conventional three-electrode 

electrochemicall cell was used for  the  measurements,  including  a  platinum  wire  

as  the counter electrode as the reference electrode, and a glassy carbon electrode 

(5 mm in diameter) as the working electrode. A thin film electrode was prepared as 

follows: 5 mg of catalyst was dispersed ultrasonically in 1 mL of Nafion/ethanol 

(0.25% Nafion). 8 mL of the dispersion was transferred onto the glassy carbon disc 

using a pipette, and then dried in the air. Before each measurement, the solution 

was purged with high-purity N2 for at least 30 min to ensure the gas saturated. All 

the tests were carried out at ambient temperature. 

 

The practical composition of CNx-MMT was evaluated by both EDX and elemental 

analysis. The analytical results indicate that CNx-MMT consists of: N (10.5 wt%), C 

(51.3 wt%), S (0.3 wt %) from (NH4)2S2O8 and the remainder MMT. The EDX (Fig. 

1) spectrum of CNx-MMT identifies the presence of C, N, O, Si and Al elements. 

Other elements, such as Fe and Mg, are not present, maybe due to the too low 

content. The evaluated content of Al2O3 is ca. 0.85 wt% of MMT. 

 

Fig. 2a presents the typical SEM image of MMT. It is observed that the acid-treated 

MMT with very rough surface appears irregular blocky morphology, which is similar 

to the reported morphology [26]. The morphology of the polymerization of PA on 

MMT is showed as Fig. 2b. Here, no separated MMT block is observed and PA-MMT 

clearly aggregates into clumps with very rough surface morphology since the PA 

encapsulation of MMT. After the carbonizing, CNx-MMT shows a coral-shape in 

Fig. 2c. In the case of the composite, a separated vague CNx-MMT block could be 

observed, and the coalesced others do not appear the morphology of MMT. It is 

believed that the graphene planar sheets are formed on the surface of the MMT 

block, resulting in the fact that the morphology of MMT is masked by PA. 

 

We performed scanning transmission electron microscopy TEM and EDX line 

scanning analyses to reveal the structure of Fig. 1 e EDX spectrum of the MMT-CNx 

sample. CNx-MMT composite, and TEM characterization is presented as Fig. 2d and 

e. From Fig. 2d, a hetero-structure can be clearly observed from the contrast, 

suggesting that the carbon layers are formed on the surface of MMT. The 

compositional line profile taken from the fringe of a block in Fig. 2e indicates that 

carbon surface is deposited on the MMT substrate (Fig. 2g andh). These results 

demonstrate the successful preparation of the hetero-structure consisting of MMT 

as a substrate and a surface of carbon. The carbon layer is uniformly formed on the 
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surface of MMT, which can provide an electronic conductive layer on the MMT. 

This carbon layer can offset the low electrical conductivity of MMT and make this 

CNx-MMT suitable for as support for electrocatalysts. 

 

XRD analysis was carried out to investigate the crystal structures of MMT and 

CNx-MMT, which are shown in Fig. 3. The XRD pattern of MMT in Fig. 3a shows 

the typical XRD peaks of quartz at 2q of 20.70 and 26.60 , along with other weak 

reflections [27,28]. This implies that the octahedral crystal structure of MMT is 

destroyed by the acid solution, which is attributed to the dissolution of octahedral 

cations (e.g. Mg2þ, Al3þ, and Fe3þ) in MMT crystal structure [26]. Nonetheless, the 

destruction to the crystal structure of MMT is not complete because a broad (001) 

peak was present in Fig. 3b. In the case of CNx-MMT (see Fig. 3a), a broad diffraction 

peak in the range of 20e250, ascribed to the plane (200) of carbon [29], appears. In 

addition, the typical diffraction peaks of quartz do not change for the position. 

However, the octahedral structure of MMT is completely destroyed by the heat-

treatment, which is confirmed from the disappear of (001) peak in Fig. 3b [30]. This 

phenomenon is consistent with the Wu’s report [31]. XRD characterizations 

suggest the hetero-structure composite is formed from PA-MMT (Fig. 3). 

 

To investigate the support effect of CNx-MMT, we choose Pt nanoparticles to 

deposited on the surface of CNx-MMT for Pt metal is the most widely use in 

electrocatalysts. The crystal structure of Pt/CNx-MMT was characterized through 

XRD, which is also shown in Fig. 3a. The typical diffraction peaks of MMT located at 

2q ¼ 210 and 270 could be clearly observed after the carbonization of polyaniline at 

high temperature and Pt deposited on its surface. The XRD results show that the 

structure of MMT is stable to the process of preparing Pt/CNx-MMT. The 

characteristic peaks of Pt (fcc) at around 270, 390 , 460 and 670 attributed to the Pt 

(004), (111), (200) and (220) planes, respectively, are observed. The XRD of 

Pt/CNx-MMT shows that Pt (fcc) particles are formed on the CNx-MMT. 

 

TEM image of Pt/CNx-MMT (Fig. 4a) shows that the Pt nanoparticles are well-

dispersed on the surface of the CNx-MMT support. TEM image reveals that the 

carbon layer and MMT appeared well attached, and good contact between the two 

supports could therefore facilitate the transport of fuel, oxidant and electrons. The 

agglomeration of the nanoparticles on the surface of carbon is observed in 

Pt/CNx-MMT. Size distribution of Pt/CNx-MMT is depicted in Fig. 4b, which shows 

that the average size of Pt nanoparticles deposited on the surface of CNx-MMT 

support is ca. 5.4 nm. Pt loading by ICP is ca. 20 wt% of the catalyst. 

 

Fig. 5 depicts the cyclic voltammograms (CVs) of Pt/C and Pt/CNx-MMT catalysts in 

0.5 mol L-1 H2SO4 solution in the voltage range from -0.2 to 1.0 V (vs. Ag/AgCl) at 
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a scan rate of 50 mV s-1  at the room temperature. The three characteristic peaks of 

polycrystalline Pt, i.e. hydrogen adsorption/desorption peaks in low potential region, 

oxide formation/stripping wave/peak in high potential region and a flat double layer in 

between, are observed in the CV curves of both catalysts. 
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In the potential range from -0.2 to 0.1 V, three hydrogen desorption peaks are 

observed at -0.1, -0.01, 0.03 V, corresponding to the catalytic effects of Pt (111), Pt 

(110), Pt (100) planes,  respectively  [32].  The  electrochemically  accessible area of 

Pt/CNx-MMT is significantly greater than that of Pt/C in the light of the double-layer 

behavior, which would facilitate access of solvated and charged ions on N-doped 

carbon on CNx-MMT support [12,29,33]. In addition, the peak of Pt (100) in the CV of 

Pt/CNx-MMT is much higher than that of Pt/C, which indicates that the Pt (100) plane in 

the catalyst of Pt/CNx is much more than conventional Pt/C catalyst. Xia et al. [34] 

reported that higher ratio of Pt (100) and Pt (111) results in high electrocatalytic 

activity. Based on the CV results, it is expected that the Pt/CNx-MMT may show 

higher electro-catalytic activity than Pt/C. 

 

 

http://repository.uwc.ac.za



8 
 

 
 

The electrochemical active surface area (ECSA) value is able  to  provide  value  

information  about  the  amount  of electrochemically active sites on a mass basis of 

the precious metal and is also a crucial parameter for comparison of different 

electrocatalytic support. ECSA of Pt/C and Pt/CNx-MMT were calculated by the 

following equation [35]: ECSA ¼ Q H=½210 x Pt] where QH (cm-2) is the charge 

exchanged during the electroadsorption of hydrogen on Pt at the potential range of -

0.13 to þ0.2 V (vs. Ag/AgCl), 210 is the charge (mC cm-2) required to oxidize a 

monolayer of hydrogen on the Pt surface and Pt is the Pt loading on the electrode. The 

ECSA of Pt/C and Pt/CNx-MMT are 21.2 and 36.6 m2 g-1, respectively. The ECSA 

of Pt/CNx-MMT is 1.73 times higher than that of Pt/C, which means more 

electrochemically active sites available on the surface of Pt deposited on CNx-MMT 

support. 

 

CVs in terms of specific activity (Fig. 6) were carried out to demonstrate the 

improved specific activity of CNx-MMT to methanol oxidation reaction. The CVs of 

Pt/C and Pt/CNx-MMT were conducted in a mixture of 0.5 mol L-1 CH3OH þ 0.5 mol 

L-1 H2SO4  solution at 50 mV s-1 at room temperature. The onset potential and 

the forward peak potential  of Pt/CNx-MMT and Pt/C catalyst, and other values 

reported in the similar litera- tures [36e39] are listed in Table 1. 
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The onset potential of methanol oxidation at Pt/CNx-MMT catalyst is lower than 

that of Pt/C catalyst, while the forward peak potential of Pt/CNx- MMT catalyst 

positively shifts compared with Pt/C catalyst. The peak oxidation current of Pt/CNx-

MMT is 2.3 times higher than that of Pt/C. In addition, it should be noted that the 

onset potential of Pt/CNx-MMT catalyst is also negative than those of previously 

reported [36e39]. These findings can be attributed to an increased number of 

catalytically active sites toward the methanol oxidation on the surface of Pt/CNx-

MMT. 

 

The ratio of the forward anodic peak current (If) to the reverse anodic peak 

current (Ib) can be used to describe the catalyst tolerance to accumulation of 

carbonaceous species. A higher ratio indicates more effective removal of the 

poisoning species on the catalyst surface. The If/Ib ratios of Pt/CNx-MMT and Pt/C 

are 0.87 and 0.84, respectively, which is given in Table 1. The If/Ib ratio of Pt/CNx-

MMT is close the values reported in Ref. [39] because oxide in the two catalyst is 

covered by carbon layer. On the contrary, The If/Ib ratio of Pt/CNx-MMT is clearly 

lower than Pt/SiO2 [36], Pt/V2O5eC [37]. The results maybe caused by that oxide 

presented on the surface would facilitate remove the poisoning species. The If/Ib 

ratio of Pt/C (0.84) is close those reported in previously literatures [37,38], 

indicating that the value tested by us is normal. 

 

Chronoamperometric curves of Pt/C and Pt/CNx-MMT were obtained to determine 

the effect of CO adsorption during the methanol oxidation reaction. By keeping the 

electrode at a constant potential of 0.5 V (vs. Ag/AgCl) at room temperature, 

methanol oxidation takes place on the active sites of catalyst. Fig. 7 shows the 

chronoamperometric curves of Pt/C and Pt/ CNx-MMT for the methanol oxidation. 

The CO intermediates, such as COad, formed during MOR, can cover the active sites 

of Pt nanoparticles, and further results in decay of electrocatalytic activity. The long 

term poisoning rates of Pt/C and Pt/ CNx-MMT are calculated by measuring the ratio 
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of the current at 1000 s (I1000) and 100 s (I100). The ratios of I1000/I100 for 

Pt/C and Pt/CNx-MMT are found to be 26.1% and 52.5%, respectively. In this 

manner, Pt/CNx-MMT maintains a higher specific activity than Pt/C for the 

oxidation of methanol during chronoamperometry. 

 

 
 

4.       Conclusions 

This work showed that carbonization of N-contented polymers on the surface of natural 

clays provides an efficient measure for preparing supports for fuel cell electrocatalysts. 

Well-dispersed Pt nanoparticles were successfully synthesized on the surface of CNx-

MMT and were found to have MOR specific activity 2.3 times greater than that of 

Pt/C catalyst. From the electrochemical studies, Pt nanoparticles deposited on the 

composite support yielded larger ECSA values than conventional carbon one. CV 

and CO-stripping results proved that Pt/CNx-MMT catalysts were catalytically 

more active and stable toward MOR than conventional Pt/C. Further work is 

underway to determine which aspects of these electrocatalysts mainly result in their 

high activity and stability under fuel cell operating conditions. 
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