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The Fuel Cell group at Clarkson University has been trying to develop more effective, cost-efficient, and smaller hydrogen fuel cells.  One of the ideas that has is to be tested is the introduction of a dual-polymer membrane that separates the anode and cathode sides of the fuel cell.  The use of a dual-polymer membrane will be the first of its kind.  The difficulty lies in the introduction of two kinds of polymer into an extruder to get the two polymers to mix thoroughly.  The idea was to use a series of two extruders and a high shear single screw mixer to combine the two polymers and to use independent controllers for each extruder and mixer.  During the testing process of a fuel cell or fuel cell stack, the individual controls are changed and monitored individually.  In order to maximize the tester’s efficiency all of the test equipment was to be interfaced with a computer control.

There are two setup configurations that are to be tested to create the dual-polymer membranes.  The first configuration is to have an extruder feed into the mixer which in turn feeds into the second extruder.  A different polymer would be introduced into each of the extruders.  The second configuration will be to have the two extruders both feed into the mixer; introducing the two polymers at the same time and having the mixer combine the two (see figure one).  Additional testing will be required after the machines are set up to determine which configuration yields the best results and then the research team can begin to experiment with different polymers to increase the effectiveness of the membrane.  
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	An extruder feeds the first polymer into the mixer which feeds into the second extruder where the second polymer is introduced.
	Both extruders feed into the mixer where the polymers are combined. (White and striped arrows are polymer, grey arrow is combined polymer).


In order to convert the polymer from its initial state to a thin membrane, it must first be heating to a melting point and run through the extruder.  Using a set of heater bands on both extruders and the mixer the polymer can be heated sufficiently.  Each heater band has an independent controller and the controllers for each machine are housed in a single unit.  The controllers for the heater bands receive information on the current temperature from a J-type thermocouple and the controlling voltage is sent to the heater band.  Once the membranes have been extruded, they will be used in the traditional square planer fuel cell geometry and in a cylindrical geometry designed by the research team.

During testing an electronic load mainframe is used to set the voltage and/or current to be drawn from the fuel cell or fuel cell stack.  This is obtained by changing the flow of hydrogen and oxygen to the fuel cell.  All of the controllers are capable of being operated by a remote computer using a combination of RS-232 serial communications and GPIB parallel communications.  The difficulty is getting the computer (running Windows 2000) to recognize the electronic load mainframe using RS-232.  When it would not read the RS-232 communications it was necessary to switch to GPIB which will be the next course of action, but has not been completed yet.  After all of the controllers are able to communicate with the computer a Visual Basic script will gather the data and export that data to MATLAB where analysis will be conducted.  Following the analysis, the output will be passed to Visual Basic and then along to the controllers.  Due to inherent lag using RS-232 connections there will need to be a delay specific to each controller that ensures that data is retrieved at the same time for evaluation purposes and that the controllers are receiving information with the same timestamp from each controller.

Future Work:

After arranging all of the equipment and verifying that it works properly, experiments will need to be run to determine the most effective polymers to use to create the membranes, as well as the optimal configuration for the extruders and mixers.  The remote operation of the controllers will allow the rest of the lab group to analyze data from the fuel cell stacks that are created. The research team may find it necessary to increase the speed of communications when testing the fuel cell stack and thus may use a GPIB mux to convert the RS-232 controls into GPIB to allow for faster processing.
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