Thermal treatment of PEM hydrogen fuel cells

PEM Cells a background


A proton exchange membrane fuel cell transforms the chemical energy liberated during the electrochemical reaction of hydrogen and oxygen to electrical energy, as opposed to the direct combustion of hydrogen and oxygen gases to produce thermal energy.

A stream of hydrogen is delivered to the anode side of the membrane electrode assembly (MEA). At the anode side it is catalytically split into protons and electrons. This oxidation half-cell reaction is represented by:

	
	Eo = 0VSHE
	


The newly formed protons permeate through the polymer electrolyte membrane to the cathode side. The electrons travel along an external load circuit to the cathode side of the MEA, thus creating the current output of the fuel cell.

Meanwhile, a stream of oxygen is delivered to the cathode side of the MEA. At the cathode side oxygen molecules react with the protons permeating through the polymer electrolyte membrane and the electrons arriving through the external circuit to form water molecules. This reduction half-cell reaction is represented by:

	
	Eo = 1.229VSHE
	






[edit] Polymer electrolyte membrane
To function, the membrane must conduct hydrogen ions (protons) but not electrons as this would in effect "short circuit" the fuel cell. The membrane must also not allow either gas to pass to the other side of the cell, a problem known as gas crossover. Finally, the membrane must be resistant to the reducing environment at the cathode as well as the harsh oxidative environment at the anode.

Splitting of the hydrogen molecule is relatively easy by using a platinum catalyst. Unfortunately however, splitting the oxygen molecule is more difficult, and this causes significant electric losses. An appropriate catalyst material for this process has not been discovered, and platinum is the best option. One promising catalyst that uses far less expensive materials—iron, nitrogen, and carbon—has long been known to promote the necessary reactions, but at rates that are far too slow to be practical. Recently researchers at the Institut National de la Recherche Scientifique (INRS) in Quebec have dramatically increased the performance of this type of iron-based catalyst. Their material produces 99 amps per cubic centimeter at 0.8 volts, a key measurement of catalytic activity. That is 35 times better than the best nonprecious metal catalyst so far, and close to the Department of Energy's goal for fuel-cell catalysts: 130 amps per cubic centimeter. It also matches the performance of typical platinum catalysts. The only problem at the moment is its durability because after only 100 hours of testing the reaction rate dropped to half. Another significant source of losses is the resistance of the membrane to proton flow, which is minimized by making it as thin as possible, on the order of 50 μm.

The PEMFC is a prime candidate for vehicle and other mobile applications of all sizes down to mobile phones, because of its compactness. However, the water management is crucial to performance: too much water will flood the membrane, too little will dry it; in both cases, power output will drop. Water management is a very difficult subject in PEM systems, primarily because water in the membrane is attracted toward the cathode of the cell through polarization. A wide variety of solutions for managing the water exist including integration of electroosmotic pumps. Furthermore, the platinum catalyst on the membrane is easily poisoned by carbon monoxide (no more than one part per million is usually acceptable) and the membrane is sensitive to things like metal ions, which can be introduced by corrosion of metallic bipolar plates, metallic components in the fuel cell system or from contaminants in the fuel / oxidant.

PEM systems that use reformed methanol were proposed, as in Daimler Chrysler Necar 5; reforming methanol, i.e. making it react to obtain hydrogen, is however a very complicated process, that requires also purification from the carbon monoxide the reaction produces. A platinum-ruthenium catalyst is necessary as some carbon monoxide will unavoidably reach the membrane. The level should not exceed 10 parts per million. Furthermore, the start-up times of such a reformer reactor are of about half an hour. Alternatively, methanol, and some other biofuels can be fed to a PEM fuel cell directly without being reformed, thus making a direct methanol fuel cell (DMFC). These devices operate with limited success.

The most commonly used membrane is Nafion by DuPont, which relies on liquid water humidification of the membrane to transport protons. This implies that it is not feasible to use temperatures above 80–90˚C, since the membrane would dry. Other, more recent membrane types, based on Polybenzimidazole (PBI) OR phosphoric acid, can reach up to 220˚C without using any water management: higher temperature allow for better efficiencies, power densities, ease of cooling (because of larger allowable temperature differences), reduced sensitivity to carbon monoxide poisoning and better controllability (because of absence of water management issues in the membrane); however, these recent types are not as common.[1].

Efficiencies of PEMs are in the range of 40-60% Higher Heating Value of Hydrogen (HHV).

(Wikipedia)

Sensitivities of PEM Cells

The other popular approach to improving catalyst performance is to reduce its sensitivity to impurities in the fuel source, especially carbon monoxide (CO). Presently, pure hydrogen gas is not economical to mass-produce by electrolysis or any other means. Instead, hydrogen gas is produced by steam reforming light hydrocarbons, a process which produces a mixture of gasses that also contains CO (1-3%), CO2 (19-25%), and N2 (25%).[5] Even tens of ppm of CO can poison a pure platinum catalyst, so increasing platinum’s resistance to CO is an active area of research.

For example, one study reported that cube-shaped platinum nanoparticles with (100) faces displayed a fourfold increase in oxygen reduction activity compared to randomly-faceted platinum nanoparticles of similar size.[6] The authors concluded that the (111) facets of the randomly-shaped nanoparticles bonded more strongly to sulfate ions than the (100) facets, reducing the number of catalytic sites open to oxygen molecules. The nanocubes they synthesized, in contrast, had almost exclusively (100) facets, which are known to interact with sulfate more weakly. As a result, a greater fraction of the surface area of those particles was available for the reduction of oxygen, boosting the catalyst’s oxygen reduction activity.

In addition, researchers have been investigating ways of reducing the CO content of hydrogen fuel before it enters a fuel cell as a possible way to avoid poisoning the catalysts. One recent study revealed that ruthenium-platinum core-shell nanoparticles are particularly effective at oxidizing CO to form CO2, a much less harmful fuel contaminant.[7] The mechanism that produces this effect is conceptually similar to that described for Pt3Ni above: the ruthenium core of the particle alters the electronic structure of the platinum surface, rendering it better able to catalyze the oxidation of CO.

(Wikipedia)

Goal

It was the goal of this research to determine what was causing degradation to the PEM cells. The research was approached from a pure thermal and then thermal and humidity as factors.  

Experiment 1
A stacked 0.2 Watt PEM cell and a 0.2 Watt Reversible PEM cell was used for the experiments. 

Both Cells were measured over 30 days each at 150 F using reflective foil and a heat lamp on each cell. 

The cells were heated without running each day and then the energy out put was registered at the end of each day. 

Results

By day 20 the cells lost about 10% of their ability and by day 30 they lost 20% of their output.

Experiment 2

The cells were heated with the same circumstances in experiment 1 but water was placed in the cells. 

Water was first placed in the cells for 30 days. The results demonstrated no effect.

Both Cells were measured over 30 days each at 150 F using reflective foil and a heat lamp on each cell. 

The cells were heated without running each day and then the energy out put was registered at the end of each day. 

Results

The cells started turning dark. The charcoal used as the carbon bedding to the catalyst and flow tunnels started to break apart. Heavy black fluid was found in the channels.

This result occurred over 5 days of heating. The performance was 30% of its starting value after five days and 50% of its starting value after 10 days. The tests were discontinued after 10 days. The cells were in bad shape. 

Conclusion

Heat does take it toll eventually after a few hundred hours of heat exposure. The lifetime of these cells is only 1000 hours at best. 

The real degrading effects occurred when the water was introduced with heat. Water at ambient temperatures of 25 C is acceptable over long periods of time but when heated above 100F the cells demonstrated high carbon degradation and catalyst problems.

New types of cells will be needed to over come these conditions that cars in Arizona will exert on PEM cells.

