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1. Introduction
PEM (proton exchange membrane) fuel cell is a device that converts chemical energy stored in fuel (hydrogen) into electrical energy via electrochemical reaction with oxygen. [1] Although fuel cell have high efficiency when pure hydrogen from gas tank is used as a fuel source, it is more beneficial to generate hydrogen from city gas (mainly methane) in residential application such as domestic or office environments. Thus hydrogen is generated by reforming process using hydrocarbon. [2] Unfortunately, hydrogen produced from a reformer eventually contains around 73% of H2, 20% or less of CO2, 5.8% or less of N2, 2% or less of CH4, and 10 ppm or less of CO. PEM fuel cell has problems with catalyst poisoning by impurities in hydrogen fuel. [3-4]
Although Pt has proven to be the most effective catalyst for hydrogen oxidation in PEM fuel cell, even small traces of carbon monoxide can cause serious performance decrease. Thus the aim of the research is to investigate cell performance decrease due to carbon monoxide impurity in hydrogen. [5-7]
In this study, electrochemical impedance, cyclic voltammetry measurements were carried out in order to investigate the effect of CO gas in operation of PEMFC. The purpose of this study is to get in-situ information on CO tolerance of PEMFC by using electrochemical impedance spectroscopy (EIS) and cyclic voltammerty. The result of this study could be used as basis of various reforming process design and fuel quality determination. [8-9]
2. Experiment Setup
Automatic control system using compact DAQ (cDAQ) has been prepared to conduct the experiment of fuel cell performance variation according to the carbon monoxide concentration. The size of membrane and electrode assembly was 25 cm2, and 0.4 mg/cm2 of platinum catalyst was used on anode and cathode side respectively. The experimental system for fuel cell testing consists of a set of mass flow controllers (Kofloc, model 3660) to feed the reactant gases in both anode and cathode sides. The stoichiometric ratio was 1.5 in anode side while 2.0 in cathode side. Temperature was constantly maintained at 65℃ throughout anode, cell, and cathode. Performance of PEM fuel cell was investigated using long run (10 hours) test and electrochemical measurement (EIS, cyclic voltammetry). The concentrations of carbon monoxide were changed up to 10 ppm.
The long-term operation performance with various carbon monoxide concentrations has been observed under the constant current density of 1000 mA/cm2 for 10 hours. The pure hydrogen was provided for 1 hour after carbon monoxide had been supplied, to observe the performance recovery. An electronic load box (Prodigit, model 3311D) was used to control either the cell potential or the current density.
The electrochemical impedance measurements were carried out using an impedance analyzer (GAMRY, model EIS300), and the data were obtained using sweep frequencies from 0.1Hz to 10000Hz, and 10 steps/decade. All impedance spectra were fitted using the software and shown as Nyquist plot.
Cyclic voltammetry measurements were performed by using potentiostat-galvanostat (Wonatech, model WPG100HP) while supplying pure H2 (100 cc/min) on the anode (used as counter and reference electrode) and N2 (500 cc/min) on the cathode (used as working electrode). The applied potential range was between 0.08 and 1.2 V and the scanning rate was 30 mV/s.
3. Result and Discussion
In normal reformer operation, CO concentration is below 10 ppm. The experiments were carried out between 1 and 10 ppm CO concentration. Fig. 1 shows the comparison of influence of CO on PEMFC performance. To observe the effect of carbon monoxide on cell performance in long-term operation, various concentrations of carbon monoxide were mixed to hydrogen and supplied to the anode side under the constant current density of 1000 mA/cm2, and the performance was measured for 10 hours. After 10-hour experiment, pure hydrogen was supplied for 1 hour to check performance recovery. As shown in Fig. 1, when the cell was operated at 1000 mA/cm2, the cell voltage was decreased to 0.62 V (decreased by 2%) with 1 ppm CO, 0.47 V (decreased by 25%) with 3 ppm CO. As shown in Fig. 1, the performance of CO poisoned cell was recovered by reintroducing pure H2. 

[image: image1.wmf]Time (Hour)

0

2

4

6

8

10

12

14

Voltage (V)

0.0

0.2

0.4

0.6

0.8

1.0

Pure  H

2

CO  1 ppm

CO  3 ppm


Fig. 1 Comparison of cell performance for 1 and 3 ppm CO concentration 
at 1000 mA/cm2
Fig. 2 represents the behavior of voltage during 6 cycles. Cyclic test was performed by alternate supplying of hydrogen containing CO traces and pure hydrogen (after introducing CO for 2 hours, pure H2 for 30 minutes) under the constant current density of 1000 mA/cm2. With higher CO concentrations, severe degradation was observed. However, recovered voltage was almost same by introducing pure H2.
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Fig. 2 Alternate supplying of CO containing hydrogen and pure hydrogen 

Cyclic voltammetry is an ideal technique to study adsorption phenomena at platinum electrode surfaces. CO blocks the active sites of catalysts. This blocking of a platinum catalyst could be clarified in cyclic voltammograms as shown in Fig. 3. In this figure, the active site loss of platinum catalyst was 7% with 3 ppm CO. Note that the hydrogen adsorption peaks that are seen in 0.0~0.4 V region of the curve decrease when the cell is exposed to CO. When CO was supplied, CO could be strongly adsorbed on the platinum catalyst surface, causing a decrease of catalytically available active platinum surface area for H2 oxidation, resulting fuel cell performance decrease. 
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Fig. 3 Cyclic voltammograms after cell was poisoned with 3 ppm CO 

Electrochemical impedance spectra as Nyquist plots were shown in Fig. 4 for fuel cell with platinum anode. To explain this spectrum, the equivalent circuit was applied. As seen in Fig. 4, the charge transfer resistance was increased with increased carbon monoxide concentration. In this figure, the charge transfer resistance was increased by 1.3 times with 3 ppm CO. This is presumably because that the charge transfer resistance has increased due to blocking of active platinum sites, CO adsorption to porous carbon matrix resulting significant reduction of surface diffusion rate of hydrogen to surface. 
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Fig. 4 Nyquist plots of fuel cell impedance at 3 ppm CO at 1000 mA/cm2
3 Conclusions
The performance degradation due to carbon monoxide contamination in anode fuel was observed at various carbon monoxide concentration. In polarization curve test, no performance degradation was observed up to 2 ppm concentration of carbon monoxide. However, for CO concentrations greater than 2 ppm, performance degradation was observed in high-current density area over 1200 mA/cm2. 

The performance recovery was confirmed in long run test when pure hydrogen was provided for 1 hour after carbon monoxide had been supplied. Cyclic test was performed by alternate supplying hydrogen containing CO traces and pure hydrogen. With higher CO concentrations, severe performance degradation was observed. However, recovered voltage was maintained at constant value.
According to the result of cyclic voltammetry and electrochemical impedance spectroscopy, the degradation of fuel cell performance during CO poisoning at anode side was due to blocking of catalyst surface and increase of anodic charge transfer resistance. This explanation for decrease of fuel cell performance was that CO blocks or limits the active sites of platinum catalyst which leads to an inhibition of hydrogen oxidation reaction.
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