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Electrolyte, based on Types of Fuel and oxidant, 
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Cells (AFC), Phosphoric Acid Fuel Cells (PAFC), 

Polymer electrolyte membrane (PEM) fuel cells 

(PEMFC), Molten Carbonate Fuel Cells (MCFC). 
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Introduction: 

A fuel cell is a device that uses hydrogen (or hydrogen-rich fuel) and oxygen to create electricity by an 
electrochemical process. A single fuel cell consists of an electrolyte sandwiched between two thin 
electrodes (a porous anode and cathode) Hydrogen, or a hydrogen-rich fuel, is fed to the anode where a 
catalyst separates hydrogen's negatively charged electrons from positively charged ions (protons). At the 
cathode, oxygen combines with electrons and, in some cases, with species such as protons or water, 
resulting in water or hydroxide ions, respectively. 

The electrons from the anode side of the cell cannot pass through the membrane to the positively charged 
cathode; they must travel around it via an electrical circuit to reach the other side of the cell. This 
movement of electrons is an electrical current. The amount of power produced by a fuel cell depends upon 
several factors, such as fuel cell type, cell size, the temperature at which it operates, and the pressure at 
which the gases are supplied to the cell Still, a single fuel cell produces enough electricity for only the 
smallest applications. Therefore, individual fuel cells are typically combined in series into a fuel cell stack. 
A typical fuel cell stack may consist of hundreds of fuel cells. 

Fuel cells are classified primarily by the kind of electrolyte they employ. This determines the kind of 
chemical reactions that take place in the cell, the kind of catalysts required, the temperature range in which 
the cell operates, the fuel required, and other factors. There are several types of fuel cells currently under 
development, each with its own advantages, limitations, and potential applications. 

 

Figure 1: Fuel Cell 
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Classification of Fuel Cells:  

Based on the type of Electrolyte: Alkaline Fuel cell (AFC), Phosphoric Acid Fuel cell (PAFC), Polymer 
Electrolytic Membrane Fuel Cell (PEMFC) Solid Polymer Fuel Cell (SPFC) and Proton Exchange 
Membrane Fuel cell (PEMFC), Molten Carbonate Fuel Cell (MCFC), Solid Oxide Fuel Cell (SOFC). 

Based on Types of Fuel and oxidant: Hydrogen (pure)-Oxygen (pure) fuel cell, Hydrogen rich gas-air fuel 
cell, Ammonia –air fuel cell, Synthesis gas- air fuel cell, Hydro carbon (gas)- air fuel cell.  

Based on operating temperature: Molten Carbonate Fuel Cells (MCFC) 

 

Alkaline Fuel Cells (AFC):  

The alkaline fuel cell uses an alkaline electrolyte such as 40% aqueous potassium hydroxide. In alkaline 
fuel cells, negative ions travel through the electrolyte to the anode where they combine with hydrogen to 
generate water and electrons. It was originally used by NASA on space missions. NASA space shuttles use 
Alkaline Fuel Cells. Alkaline fuel cells (AFCs) were one of the first fuel cell technologies developed, and 
they were the first type widely used in the U.S. space program to produce electrical energy and water 
onboard spacecraft.  

 

These fuel cells use a solution of potassium hydroxide in water as the electrolyte and can use a variety of 
non- precious metals as a catalyst at the anode and cathode. High- temperature AFCs operate at 
temperatures between 100ºC and 250ºC (212ºF and 482ºF). However, more- recent AFC designs operate 
at lower temperatures of roughly 23ºC to 70ºC (74ºF to 158ºF). 

 

AFCs are high-performance fuel cells due to the rate at which chemical reactions take place in the cell. 
They are also very efficient, reaching efficiencies of 60 percent in space applications. The disadvantage of 
this fuel cell type is that it is easily poisoned by carbon dioxide (CO2). In fact, even the small amount of 
CO2 in the air can affect the cell's operation, making it necessary to purify both the hydrogen and oxygen 
used in the cell. CO2 can combine with KOH to form potassium carbonate which will increase the 
resistance.  

 

This purification process is costly. Susceptibility to poisoning also affects the cell's lifetime (the amount of 
time before it must be replaced), further adding to cost. Cost is less of a factor for remote locations such 
as space or under the sea. However, to effectively compete in most mainstream commercial markets, these 



3 | P a g e                                            D E P A R T M E N T  O F  E L E C T R I C A L  E N G I N E E R I N G  
 

fuel cells will have to become more cost effective. AFC stacks have been shown to maintain sufficiently 
stable operation for more than 8,000 operating hours. 

 

 

Figure 2: Alkaline Fuel Cell 

 

Phosphoric Acid Fuel Cells (PAFC): 

A phosphoric acid fuel cell (PAFC) consists of an anode and a cathode made of a finely dispersed platinum 
catalyst on carbon and a silicon carbide structure that holds the phosphoric acid electrolyte. In phosphoric 
acid fuel cells, protons move through the electrolyte to the cathode to combine with oxygen and electrons, 
producing water and heat. Phosphoric acid fuel cells use liquid phosphoric acid as an electrolyte— the 
acid is contained in a Teflon-bonded silicon carbide matrix—and porous carbon electrodes containing a 
platinum catalyst. The phosphoric acid fuel cell (PAFC) is considered the "first generation" of modern fuel 
cells. It is one of the most mature cell types and the first to be used commercially, with over 200 units 
currently in use. This type of fuel cell is typically used for stationary power generation, but some PAFCs 
have been used to power large vehicles such as city buses. 

PAFCs are more tolerant of impurities They are 85 percent efficient when used for the co-generation of 
electricity and heat, but less efficient at generating electricity alone (37 to 42 percent). PAFCs are also less 
powerful than other fuel cells, given the same weight and volume. As a result, these fuel cells are typically 
large and heavy. PAFCs are also expensive. Like PEM fuel cells, PAFCs require an expensive platinum 
catalyst, which raises the cost of the fuel cell. 
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Figure 3: Phosphoric Acid Fuel Cells 
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Polymer electrolyte membrane (PEM) fuel cells (PEMFC): 

In polymer electrolyte membrane (PEM) fuel cells, protons move through the electrolyte to the cathode 
to combine with oxygen and electrons, producing water and heat. Polymer electrolyte membrane (PEM) 
fuel cell uses a polymeric membrane as the electrolyte, with platinum electrodes. These cells operate at 
relatively low temperatures These cells are the best candidates for cars, for buildings and smaller 
applications. Polymer electrolyte membrane (PEM) fuel cells—also called proton exchange membrane 
fuel cells—deliver high power density and offer the advantages of low weight and volume, compared to 
other fuel cells. PEM fuel cells use a solid polymer as an electrolyte and porous carbon electrodes 
containing a platinum catalyst. They only hydrogen, oxygen from the air, and water to operate and do not 
require corrosive fluids like some fuel cells. They are typically fueled with pure hydrogen supplied from 
storage tanks or onboard reformers Polymer electrolyte membrane fuel cells operate at relatively low 
temperatures, around 80°C (176°F). Low temperature operation allows them to start quickly (less warm-
up time) and results in less wear on system components, resulting in better durability. However, it requires 
that a noble metal catalyst (typically platinum) be used to separate the hydrogen's electrons and protons, 
adding to system cost. The platinum catalyst is also extremely sensitive to CO poisoning, making it 
necessary to employ an additional reactor to reduce CO in the fuel gas if the hydrogen is derived from an 
alcohol or hydrocarbon fuel. This also adds cost. Developers are currently exploring platinum/ruthenium 
catalysts that are more resistant to CO. 

 

 

 

 

Figure 4: Polymer electrolyte membrane (PEM) fuel cells (PEMFC) 
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Solid Oxide Fuel Cells (SOFC): 

They use a solid ceramic electrolyte, such as zirconium oxide stabilized with yttrium oxide, instead of a 
liquid and operate at 800 to 1,000°C. In solid oxide fuel cells, negative ions travel through the electrolyte 
to the anode where they combine with hydrogen to generate water and electrons. Efficiencies of around 
60 per cent and are expected to be used for generating electricity and heat in industry and potentially for 
providing auxiliary power in vehicles. Since the electrolyte is a solid, the cells do not have to be 
constructed in the plate-like configuration typical of other fuel cell. 

High temperature operation removes the need for precious-metal catalyst, thereby reducing cost. They 
are not poisoned by carbon monoxide (CO), which can even be used as fuel. Sulphur resistant This allows 
SOFCs to use gases made from coal. Scientists are currently exploring the potential for developing lower- 
temperature SOFCs operating at or below 800ºC that have fewer durability problems and cost less. 

 

Molten Carbonate Fuel Cells (MCFC): 

The molten carbonate fuel cell uses a molten carbonate salt as the electrolyte. It has the potential to be 
fueled with coal- derived fuel gases, methane or natural gas. These fuel cells can work at up to 60% 
efficiency. In molten carbonate fuel cells, negative ions travel through the electrolyte to the anode where 
they combine with hydrogen to generate water and electrons. Molten carbonate fuel cells (MCFCs) are 
currently being developed for natural gas and coal-based power plants for electrical utility, industrial, and 
military applications. MCFCs are high-temperature fuel cells that use an electrolyte composed of a molten 
carbonate salt mixture suspended in a porous, chemically inert ceramic lithium aluminum oxide (LiAlO2) 
matrix. Since they operate at extremely high temperatures of 650ºC and above, nonprecious metals can be 
used as catalysts at the anode and cathode, reducing costs. 

Unlike alkaline, phosphoric acid, and polymer electrolyte membrane fuel cells, MCFCs don't require an 
external reformer to convert more energy-dense fuels to hydrogen. Due to the high temperatures at which 
they operate, these fuels are converted to hydrogen within the fuel cell itself by a process called internal 
reforming, which also reduces cost. Although they are more resistant to impurities than other fuel cell 
types, scientists are looking for ways to make MCFCs resistant enough to impurities from coal, such as 
sulfur and particulates. The primary disadvantage of current MCFC technology is durability. The high 
temperatures at which these cells operate and the corrosive electrolyte used accelerate component 
breakdown and corrosion, decreasing cell life. Scientists are currently exploring corrosion-resistant 
materials for components as well as fuel cell designs that increase cell life without decreasing performance. 
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Figure 5: Molten Carbonate Fuel Cell 

 

Anode Reaction: CO3
-2 + H2 → H2O + CO2 + 2e-  

Cathode Reaction: CO2 + ½O2+ 2e- → CO3
-2  

Overall Cell Reaction: H2 + ½O2 →H2O 
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Apart from this lecture note students are strongly recommended to follow the above-mentioned books in 
the references and confer with the faculty/teacher for thorough knowledge of the subject. 
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