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1.0 Project Overview 
 

A high demand for cleaner, more sustainable energy has fueled the development of methods 

of power generation which have less of an impact on the climate and the environment than typical 

fossil fuel methods [1]. The goal of this project is to design and manufacture a working alkaline fuel 

cell education kit which contains multiple flow channel configurations. This will allow users of the 

kit to compare the performances of different configurations, and study the fluid properties which 

contribute to said performances. The different flow configurations will be tested and optimized to 

ensure the fuel cell functions, and assist in the process of designing experiments which can be carried 

out by users of the kit. 

The fuel cell produces an electrical current through an electrochemical reaction with only 

heat and water as its by-products and oxygen and hydrogen as a fuel source. The educational kit is 

portable, and aims to display how different flow configurations can affect the performance of an 

Alkaline Membrane Fuel Cell to all interested parties. 
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3.0 Functional Analysis 
 

The purpose of a fuel cell is to convert chemical energy into electrical energy. The fuel cell 

provides an electrical current to an external circuit, providing on-demand power and requiring no 

moving parts. This is achieved by taking advantage of oxidation and reduction reactions, which 

release and capture electrons, respectively. The diagram of a standard alkaline fuel cell can be found 

below in figure 1. [2] 
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Figure 1: A diagram depicting an alkaline fuel cell [3] 

 

 

 

Anode side (an oxidation reaction): 2H2 → 4H+ + 4e- 

Cathode side (a reduction reaction): O2 + 4H+ + 4e- → 2H2O 

Net reaction (the "redox" reaction): 2H2 + O2 → 2H2O 

 

The kit originally contained a method for using electrolysis to produce fuel as needed. This method 

is being replaced by a third party advanced fuel delivery system which will produce and store 

hydrogen in a compressed cylinder. This will make the fuel cell more reliable and will also reduce 

the risk of electrical shock present in electrolysis. Another large portion of this project has been 

devoted to improving the safety of the fuel cell. 

 
 

4.0 Product Specification 
 

The Alkaline Fuel Cell Kit fits into a carrying case of 18 x 12.75 x 6.5 in3. The fuel cell (2.5 

x 2.5 in2) is placed in between two polycarbonate mounting brackets that will ensure the even 

distribution of compression between the bi-polar plates of the fuel cell. Refer to Appendix B for 

visual representation of the product assembly. 

 

Case: 

 

 Internal dimensions: 17.375 x 12.25 x 6.625 in3 

 External dimensions: 18 x 12.75 x 6.5 

 Cut-to-fit, high density foam interior 

 Aluminum alloy frame with high impact ABS plastic side panels 

 

 

 



Team 16      Alkaline Membrane Fuel Cell 

3 

 

 

Bipolar plates: 

 

 The electrical potential difference across the bipolar plates produces the maximum voltage 

1.23 V for a single fuel cell. The fuel cells are machined to display three different flow 

configurations: parallel, serpentine and digital design. 

 The bipolar plates of the fuel cell are machined out of stainless steel (2.5 x 2.5 in2) to reduce 

the corrosive properties of the potassium hydroxide electrolyte over extended use. 

 Each plate consists of an inlet and outlet port for the fuel delivery and the by-product removal. 

 

 

Electrode Sheets: 

 

 The anode and cathode sheets are 2.5 x 2.5 in2 and consist of 40% platinum content, which 

deliver great efficiency at a cost-effective rate. 

 

Membrane: 

 

 A 40% potassium hydroxide (KOH) concentration should be utilized in the chromatography 

paper membrane due to the increased energy output and efficiency at this concentration [1]. 

 

Hydrogen Delivery System: 

 

 HYDROFILL PRO (FCH-020) is a “hydrogen on demand” desktop refueling station 

designed for easy and automatic refilling of HYDROSTIK PRO metal hydride cartridges.  It 

uses pure water and the AC grid (standard wall outlet) to produce 99.99% pure Hydrogen via 

electrolysis. 

 

Oxygen Deliver System: 

 

 The Petco Air Pump 9902 compresses air to deliver oxygen into the fuel cell. 

 

Measurement Set: 

 

 The H-TEC Measurement Set is an experimentation kit consisting of a decade resistor, two 

multi-meters, stopwatch, and cables. 

 The decade resistor applies different load on the fuel cell to analyze the efficiency of the cell 

under different load settings. 

 The multi-meters measure the voltage (V) and current (I) under these load conditions. 

 

5.0 Operation Directions 
 

The following procedures was constructed to minimize any risks involved with operating the 
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Educational Alkaline Fuel Cell Kit. These instructions were made for the consumer’s safety in mind 

and should be strictly followed. Additionally, learning applications at different educational levels for 

the fuel cell kit can be found in Appendix E. 

 

Portable Case 

 

(1) Handle with care as it contains sensible equipment. 

(2) Ensure that the working place is clean and leveled surface for proper operation. 

(3) Before operation, ensure that students read thought the whole instruction list. 

(4) Check part list and ensure that all parts are present. If any parts are missing please contact 

FAMU-FSU College of Engineering for assistance. Refer to Appendix A for component 

parts list. 

 

Hydrogen Delivery System 

 

(1) If all components are accounted for, proceed with assembly by carefully removing the 

HYDROFILL PRO (FCH-020) from the case. This machine is EXTREMELY sensible 

please refer to Appendix C for operation instructions. 

 

Oxygen Delivery System 

 

(1) Remove the Petco 9902 Air pump from the case. To operate plug in AC wall outlet and 

use knob to increase or decrease the flow as needed. Attach KOH filter to outlet when 

operating to ensure no foreign materials enters the cell besides air. 

 

 

KOH Electrolyte Solution/Cell Membrane Preparation 

 

(1) Weigh 10 grams of Potassium Hydroxide (KOH) and place it in a beaker that can 

withstand up to 150 º F, and add 50 mL of distilled water to the solution. Stir well until 

KOH is fully dissolved (KOH flakes no visible) taking precaution handling with gloves. 

Lab goggles are required during this process. 

 

(2) Pour the solution into a large container large to place the chromatography paper 

horizontally on the bottom surface, allowing for the absorption of the solution for approx. 

10 minutes. 

 

Measurement Set Assembly 

 

 

(1) On a stable surface, place the decade resistor box. Grab the two provided multi-meters       

and insert the one of the two 9 volts battery provided in each multi-meter. 

 

(2) Set one multi-meter to voltage (V) and the other on current (mA). Attach one in port “I” 
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and the other in port “U”. When ready to record data attach one end of the provided 

banana clips to port 1 or 2 and the other set to the fuel cell plate ensure that the right 

polarity at cathode and anode. 

 

*Suggested configuration: Start at 0 Ω resistor then increase as needed for test. 

 

Fuel Cell Assembly 

 

(1) Remove the mounting brackets, hex-head bolts, washers, and nuts from the case and insert 

the hex-head bolts with a washer through the mounting holes of one polycarbonate 

mounting bracket with the threaded section in the direction of the square offset. Place one 

of the desired bipolar plate configurations in the offsets of the mounting brackets. 

 

(2) Place an electrode sheet with the fabric side centered on the surface facing the flow 

channels. The electrode sheets are brittle and should be handled with care. 

 

(3) Carefully place the pre-soaked chromatography membrane centered on the electrode 

sheet. 

 

(4) Place another electrode sheet with the fabric side facing away from the membrane. You 

can now place the other identical plate on top with the flow channels facing the electrode. 

 

(5) Place the other polycarbonate mounting bracket on top of the plate to complete fuel cell 

configuration. 

 

(6) Secure plate by placing a washer on each of the bolts, followed by a hex nut and tighten 

in a star pattern to 10 ft*lb. Equal torque on each of the nuts will provide an even 

compression distribution allowing for better performance within the cell. 

 

(7) Hand-tighten the barb fittings into each of the four holes of the bipolar plates being tested. 

Attach the HydroStick Pro and the Petco 9902 Air Pump inlet/outlet hoses on either side 

of the fuel cell. This will begin the electrochemical reaction. 

 

(8) Attached the banana clips from the H-TEC measurement set to the fuel cell plate 

connectors. After a short period of time there should be an observable increase in voltage 

and current displayed on the corresponding multi-meter. 

 

Once the fuel cell has begun the electrochemical reaction, the voltage can be read across varying 

resistances by varying the load on the decade resistor board. Voltages should be recorded at regular 

intervals over a testing period once the reaction within the cell has reached steady state (constant 

voltage production). The time between measurements should be reasonable, at least 10 minutes. 

Voltages should first be recorded for an open circuit (I = 0), and subsequently recorded with 

increasing resistance (I increases as V decreases).  Using the decade resistor board 10 sets of voltages 

can be recorded. 
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Depending on the duration of the testing period, the membrane will begin to dry. To ensure 

statistically sound results, operation time is between 10-15 minutes. Ensure that the HydroStick Pro 

is fully charge before conduction test. 

 

WARNING  

The potassium hydroxide electrolyte being used for the educational kit is not safe to 

ingest and should be kept away from the eyes and bodily orifices. However, it is non-toxic and 

with significant dilution the remaining solution not absorbed by the chromatography paper 

can be disposed of in a sink. The membrane itself should be discarded in a trash can after each 

test. It is strongly recommended to handle the potassium hydroxide solution with gloves, lab 

goggles, and standard laboratory attire. 

 

 

 

6.0 Troubleshooting 
 

Refer to Appendix D 

 
 

7.0 Regular Maintenance 
 

 Due to the simplicity of the fuel cell design, little maintenance is required to maintain the 

fuel cell in working condition. After each operation, wash bipolar plates with water and soap. For 

HydroFill and HydroStick Pro please refer to Appendix C.    
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Appendices 

Appendix A: Kit Inventory  
 

 
(1) Professional Series Metal Frame 

Hard Case 

(6) Bi-polar Plates 

(2) Polycarbonate Mounting Brackets 

(4) ¼” Hex-head Mounting Bolts 

(4) ¼” Washers 

(4) ¼” Nutsjy 

(4) Platinum Electrode Sheets  

 
 
 
 
 

 

(1) HydroFill Pro 

(1) HydroStick Pro 

(1) Pressure Regulator 

(1) Petco 9902 Air Pump 

(1) Decade Resistor Board 

(2) Multi-meter 

(2) 9V Battery 

(6) Banana Clip Connector 

(1) 60ft Cut to fit Plastic 

Tubing
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Appendix B: Fuel Cell Assembly 

 

 

 

 
 

 

 
 

 

Part Name  Part Number  Quantity  Material 

Mounting Bolts 1 4 Steel 

Washers 2 8 Steel 

Mounting Bracket 3 2 Polycarbonate 

Cell Plate 4 2 Stainless Steel 

Gasket 5 2 Rubber 

Electrode Anode/Cathode 6 2 Electrode 40% Carbon Paper 

Nut 7 4 Steel 

Membrane 8 1 Paper 

 



Team 16      Alkaline Membrane Fuel Cell 

10 

 

Appendix C: HydroFill and HydroStick Pro Operation 
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Appendix D:  Part Drawings 
 

 

 
Figure C-1: Serpentine end plate drawing
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Figure C-2: Parallel end plate drawing 
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Figure C-3: Digital end plate drawing 
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        Figure C-4: Digital end plate drawing 

 

 

 

 

*All dimensions shown are in inches 
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Appendix E: Learning Applications 
 
 
 

Lessons and Courses 6th 7th 8th 9th-12th College 

Use data collection technology to gather and analyze data           

Organize and display data in a variety of ways           

Demonstrate the use of a device to accomplish a task           

Identify between independent/dependent variables           

Investigate energy transformation between forms           

Investigate how energy can't be created/destroyed           

Explore the atomic theory           

Differentiate chemical/physical changes           

Investigate renewable/nonrenewable energy sources           

Use scientific observation to develop scientific inferences           

Differentiate chemical/nuclear reactions           

Relate various electrical theories            

Investigate conductors, semiconductors, insulators           

Investigate relationship between current, voltage, 

resistance, power 
        

  

Explore Law of Conservation of Energy in closed/isolated 

systems 
        

  

Create chemical potential energy diagrams           

Distinguish endothermic, exothermic reactions           

Explain how factors affect rate of chemical reaction           

Describe oxidation-reduction reactions           

Relate basicity and hydroxyl ions and pH           

Characterize types of chemical reactions           

Apply mole concept/conservation of mass to calculate 

quantities of chemicals in reactions 
        

  

Chemistry I           

Chemistry II           

Physics II           

Electrical Engineering           

Chemical Engineering           

Mechanical Engineering           

Pre-Med           
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Appendix F: Troubleshooting 

 
 

 


