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The need for clean energy continues to rise as the earth’s non-renewable resources 

continue to be depleted to satisfy energy demands. One plausible renewable energy 

source exists in biomass-powered fuel cells.
1
 While there are several ways to convert 

sugars to energy, one interesting approach is to convert the sugars to 

hydroxymethylfurfural. The HMF can then be used in electrochemical devices that are 

not Carnot limited, and therefore can obtain much higher efficiencies than that of a 

combustion engine. For this reason the system proposed and examined is an HMF fuel 

cell. The experiments performed for this honors thesis were designed to determine the 

effects of cell temperature and electrode material on the power output of a 

hydroxymethylfurfural fuel cell. A solution consisting of 0.503 and 0.042 M sodium 

tetrafluoroborate and HMF respectively, was synthesized as the electrolyte for a three 

electrode, electrochemical cell. An electrochemical cell equipped with an external heating 

jacket was selected for temperature control. Platinum and graphite working electrodes 

were tested at 60 °C and a scan rate of 150 mV/s to obtain current density versus 

potential which can be converted into power density versus potential. A platinum counter 

electrode of large surface area (2.70 cm
2
) in comparison to the working electrode was 

incorporated. Ag/AgCl was selected as the reference electrode. Power versus potential 



plots for the platinum electrode were obtained at temperatures of 27, 40, 50 and 60 °C 

and a scan rate of 150 mV/s. The platinum electrode exhibited an ability to catalyze 

reactions on the cyclic voltammogram while the graphite electrode did not. The high 

temperature experiments increased current and power output. Platinum is a much better 

working electrode material than graphite and high temperature conditions are the best for 

maximizing power output.  

Key Words: Hydroxymethylfurfural, fuel cell, platinum working electrode, catalyst, 

electrolytic cell, galvanic cell. 
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1 Introduction 

1.1 Goal of This Thesis 

Clean energy is in great demand due to continual stress on the ecosystem provided by 

fossil fuels. Although multiple renewable energy sources exist, cost is usually the limiting 

factor in being able to commercialize the technology. One plausible renewable energy 

source exists in biomass-powered fuel cells.
2
 While there are several ways to convert 

sugars to energy, a new approach is to first convert the sugars to hydroxymethylfurfural. 

The HMF can then be used in electrochemical devices that are not Carnot limited, and 

therefore can obtain much higher efficiencies than that of a combustion engine. For this 

reason the system proposed and examined in this thesis is an HMF fuel cell. The 

experiments performed were designed to determine the effects of cell temperature and 

electrode material on the power output of a hydroxymethylfurfural fuel cell.  

1.2 Thesis Statement 

The goal of this thesis is to examine the feasibility of a hydromethylfurfural fueled 

fuel cell, determine the effects of temperature on its performance, and determine whether 

graphite or platinum is a better working electrode material for this setup. 
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2 Background 

2.1 Fuel Cells in the Green Energy Economy 

Green sources of energy are becoming more valued with the importance of 

sustainability being recognized by many nations. Although fuel cells are currently 

expensive, increasing the resources devoted to green fuel cell technology would reduce 

the capital and operating cost of DMFCs and other related technologies. The ultimate 

goal would be to turn biowaste from agriculture or other industries into an organic 

compound such as HMF, and use a fuel cell to convert this energy into electricity. Figure 

1 depicts the cost analysis of fuel cells versus other alternative energy sources.
3
 

 

Figure 1: Fuel cells have the highest operating efficiency, but a large capital cost.  

Fuel cells have an average capacity, high efficiency, high capital cost, and average 

operation and maintenance cost. The efficiency that fuel cells operate at is the biggest 

benefit, where the main downside is the large capital cost. The operation and 

maintenance cost could be lowered by using HMF instead of more conventional fuels 

such as hydrogen or methanol.  

Reciprocating Engine: Diesel Turbine Generator Photovoltaic Wind Turbine Fuel Cell

Capacity Range 500 kW-50 MW 500 kW-5MW 1kW-1MW 10kW-1MW 200 kW- 2MW

Efficiency 35% 29-42% 6-19% 25% 40-85%

Capital Cost ($/kW) 200-350 450-870 6600 1000 1500-3000

O & M Cost ($/kW) 0.005-0.015 0.005-0.0065 0.001-0.004 0.01 0.0019-0.0153
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2.2 Hydroxymethylfurfural Availability and Production 

Hydroxymethylfurfural (HMF) is a bio-sourced intermediate that is produced from 

carbohydrates.
4
 Figure 2 is an HMF molecule on which aldehyde, ether, and hydroxyl 

functional groups can be seen.
5
 

 

Figure 2: Hydroxyl (1), ether (2), and aldehyde (3) functional groups on HMF. 

Low amounts of HMF have been produced from fructose and glucose at 150-200 °C, 

in the presence of water and catalyst.4 HMF is the chosen fuel for this fuel cell analysis 

based on availability from waste biomaterials. Converting HMF from easily obtained 

sugars would serve as a green energy for the future. 

The most common method for HMF production is acid-catalyzed dehydration of 

fructose or similar molecules that contain fructose.
6
 Catalysts used for this procedure 

include HCl, H2SO4, oxalic acid, citric acid, maleic acid, transition metal ions, zeolites, 

solid metal phosphates, and strong acid cation exchange resins.6 Addition of dimethyl 
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sulfoxide (DMSO) shifted the product distribution to close to a 100% HMF yield, but it is 

difficult to separate HMF from DMSO.
7
  

A new method to produce HMF using a carbon-based solid acid catalyst in the 

presence of DMSO has been discovered.6 However, as mentioned before, HMF and 

DMSO have high boiling points and the separation process would require large amounts 

of energy.
8
 It has also been discovered that evaporating DMSO from HMF can lead to as 

much as a 30% loss in HMF.
9
 

Wang et al. discovered a method to produce HMF at 98.0 % yield with easy separation 

using the solvent tetrahydrofuran (THF) mixed with DMSO.6 The separation process 

includes adding an extraction solvent, diethyl ether (DEE), to the mixture of HMF, THF, 

and DMSO. The mixture separates into organic and aqueous phases.6 The organic phase 

includes HMF, THF, and DEE, while all of the DMSO stays in the aqueous phase.6 The 

organic phase can then be distilled to leave pure HMF since all of the DMSO is out of the 

organic phase.6
 
The THF and DEE solvents can be reused in the separation process to 

minimize inputs and lower production cost.6 

The production of low cost HMF from biomass is essential to ensure HMF fuel cells 

as an alternative energy source. With cost being the main drawback to current fuel cell 

technologies, it is important that the fuel source overcomes this barrier. Separation of 

HMF from reaction products and catalysts is where most of the production-related cost 

comes from.6
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2.2.1 Possible Chemical Reactions Taking Place 

A fuel cell uses reactions to turn chemical energy into electrical energy. In this fuel 

cell, the fuel of choice is HMF. Equation 1 is a possible reaction that could be occurring 

in the cell to provide chemical energy. 

         

   
              
→                         (1) 

The    from the reaction is the extracted chemical energy that is used to power the fuel 

cell. A series of unknown reactions takes place after the formation of 2,5-

furandicarboxylic acid to break the acid down to CO2 and water.  

2.3 Fuel Cell Overview and Types 

Today, energy is one of the main contributors to a civilization’s well-being.
10

 Fuel 

cells provide one possible solution to the clean energy problem. A fuel cell converts 

chemical energy into electrical energy via chemical reactions. The main advantage of fuel 

cells is their high efficiency. Unlike fuel cells, combustion engines are limited by 

Carnot’s theorem.
11

 Equation 2 is the maximum efficiency for an internal combustion 

engine.
12

  

        
       

  
     (2) 

Where Th and Tc are the temperatures of the heat source and sink respectively. Equation 3 

is the maximum efficiency for a fuel cell.
11 
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       (3)  

Where ΔG
o

Reaction is the increase of Gibbs’s free enthalpy in global reaction of a fuel cell 

in standard conditions and ΔH
o

Reaction is the increase of enthalpy in global reaction of a 

fuel cell in standard conditions.
11

 As temperature increases, the efficiency of a fuel cell 

decreases. Since fuel cells are not Carnot limited, efficiencies of 40-85 % can be obtained 

versus 35 % for combustion.3 

Figure 3 shows the operation of a simple fuel cell to power an electric motor by a 

chemical reaction. 

 

Figure 3: The reactions occur at the electrodes, creating current which can be converted into power. 
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Oxidation occurs at the anode and reduction occurs at the cathode. The transfer of 

reactants through the electrolyte, and eventual reaction allows electrons to be transferred 

through the working and counter electrodes, creating current. The current can then be 

converted into useful power. The fuel cell will create power as long as reactants (fuel) are 

supplied.  

There are six main types of fuel cells that are based on electrolyte and fuel selection.3
 

These types include alkaline fuel cell (AFC), phosphoric acid fuel cell (PAFC), solid 

oxide fuel cell (SOFC), molten carbonate fuel cell (MCFC), proton exchange membrane 

fuel cell (PEMFC), and direct methanol fuel cell (DMFC).3  

The fuel cell that is most closely related to an HMF fuel cell is a direct methanol fuel 

cell because of the hydroxyl functional group in both fuels. Direct methanol fuel cells are 

beneficial because they are portable, operate at low temperatures, do not need to be 

recharged, and they are considered a clean renewable energy source.3
 
The difference 

between a DMFC and an HMF fuel cell is the fuel. DMFC runs on methanol, whereas an 

HMF fuel cell runs on HMF.  

2.4 Electrochemical Theory and Three Electrode Setup 

A three electrode setup is useful when the applied potential at the working electrode 

needs to be accurately known.
13

 The system must be moved from equilibrium to study the 

behavior of the electrolyte.
13

 A known potential or current must be applied to the working 

electrode (WE) in order to accomplish this. The reference electrode (RE) is useful for 

monitoring the applied potential as long as no current is flowing through it. The reference 
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electrode would no longer be a reference for voltage applied if it was used to complete 

the circuit (current flow), so a counter electrode (CE) is needed to complete the circuit.
13 

 

In short, a three electrode set-up was chosen to allow for the voltage or current to be 

measured against a reference electrode that is separate from the working and counter 

electrode.  The voltage of the WE with respect to a known potential cannot be measured 

accurately in a two electrode setup due to current from the reaction changing the potential 

of the reference/counter electrode.
13

  

2.4.1 Electrolytic versus Galvanic Cells 

There are two types of electrochemical cells, electrolytic and galvanic.
13

 A cell that 

uses a spontaneous reaction to generate current is called a galvanic cell. A cell that 

creates a non-spontaneous reaction by putting energy into the cell is called an electrolytic 

cell.
13

 Figures 4 and 5 show the difference between the two cells.  

 

 

 

 

 

 

 

Figure 5: An electrolytic cell oxidizing  

Cl
-
 by current provided from a battery.

14
 

Figure 4: A Zn/Cu galvanic cell 

creating current through a 

spontaneous reaction.
14 
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The experiments for this thesis utilized an electrolytic cell setup where the potentiostat 

served as the cell battery.           

2.4.1 Working Electrode  

The working electrode is where the reaction of interest takes place.
13

 The surface area 

of the working electrode must be known to calculate current density. The working 

electrode is in contact with the electrolyte at all times in order to carry out the reaction. 

The working electrode is half of the circuit. 

Two types of working electrodes were used in the experiments.  The first was a 

platinum working electrode and the second was a graphite working electrode.  Platinum 

was chosen because it is a known catalyst for organic molecules like methanol and 

HMF.
15

 However, because of platinum's cost and lack of availability, other working 

electrode materials were considered for inclusion.  While additional work is needed to 

fully evaluate the alternatives, graphite was selected based on availability and cost.  Heat 

shrink polymer was used to encase each working electrode to reduce the working 

electrode to the counter electrode surface area ratio. The reason creating a low ratio is 

important is so that the working electrode is not limited by the counter electrode's ability 

to reduce or oxidize.  The limiting factor in the current flow needs to be based on the 

working electrode's ability to reduce or oxidize the electrolyte, not the counter electrode 

surface area.
16
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2.4.2 Counter Electrode  

The second half of the circuit is the counter electrode. The counter electrode voltage is 

driven to the proper value for the desired current flow through the working electrode. The 

counter electrode carries the current so that the reference electrode can register a constant 

potential to be measured against the working electrode potential.
13

 A common material 

for counter electrodes is platinum, which was used for this project based on its ability to 

catalyze reactions.
13

 

2.4.3 Reference Electrode  

A reference electrode serves the purpose of helping control and measure the potential 

applied to the working electrode.
13

 The reference electrode must have a known, stable 

electrode potential with no current passing through it. A stable Ag/AgCl reference 

electrode is obtained by having a constant Cl
-
 concentration.

13
 

The reference electrode used was an Ag/AgCl electrode kept in a double containment 

cell.  Ag/AgCl was chosen because it is stable, and its potential does not change over 

time and temperature.
13

 It was kept in the double containment cell to reduce the diffusion 

of Cl
-
 ions out of the containment cell into the bulk electrolyte as well as reduce 

interference from the electrolyte ions, which could possibly change the reference 

potential. It is difficult to obtain a constant potential measurement with the decrease of 

Cl
-
 ion concentration over time.  The reference electrode was tested with a potassium 

ferrocyanide solution that has oxidation and production peaks at a known potential.  This 

allowed the observation that the reference was in the correct potential range.  



11 

 

2.5 Potentiostat 

A Gamry Instruments Reference 3000 potentiostat was used to measure current flow 

through the system at a certain controlled working electrode potential.  A potentiostat 

uses a feedback circuit to control the potential between the working electrode and 

reference electrode.
13

 Figure 6 displays a circuit used by a potentiostat to control potential 

in an electrolytic cell.
13

 

 

Figure 6: A diagram of a potentiostat circuit and its connection to the electrochemical cell.  

The current is measured at any desired potential or range of potentials to produce the 

desired experiment. Modern potentiostats display potential compared to the reference 

potential so it is important to have a consistent reference electrode that is well 

maintained.
13 
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2.6 Cyclic Voltammetry 

Cyclic voltammetry (CV), is used to characterize fuel cell catalyst activity in detail.
16

 

CV also allows the reactions occurring in the cell to be viewed, including the potential at 

which they occur. The voltage is swept back and forth between two potential limits, and 

the current response is measured.
16

 The obtained current versus potential plot is called a 

cyclic voltammogram.
16

 CV can also be used to measure the active catalyst surface area 

on the working electrode.
16

 

2.7 Tafel Test 

The Tafel test is a method for investigating the reaction kinetics within the fuel cell.
16

 

Potential is the y-axis and the natural log of current is the x-axis. Equation 4 represents 

the slope of the Tafel plot which can be used to obtain the kinetic parameter α.
16

  

Slope = 
  

   
      (4) 

Where R is the gas constant, T is temperature, α is a kinetic parameter, n is the number of 

electrons transferred in the electrochemical reaction, and F is Faraday’s constant. The 

parameter α indicates the size of the forward and reverse activation barrier when there is 

a change in the electrical potential across the reaction interface.
16
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3 Materials and Methods 

3.1 Supplies and preparation 

Hydroxymethylfurfural was purchased from VWR and used as received. HMF 

electrolyte was prepared by adding16.56 g of sodium tetrafluoroborate and 1.60 g of 

HMF to 292 mL of 16.9 MΩcm water.A 4.99 M KCl solution was prepared by dissolving 

37.2 g of KCl in 99.75 mL of 18.2 MΩcm water. Two platinum wires and one graphite 

rod were measured, sanded, and cleaned. Heat shrink polymer was added to the two 

working electrodes to reduce their surface area. A jacketed European flask was connected 

to a heater to be used as the electrochemical cell. 

3.2 Three Electrode Setup 

A jacketed European flask was used to hold the electrolyte and three electrodes 

connected to the Gamry Instruments Reference 3000 potentiostat. Figure 7 shows the 

setup including the three electrodes, electrolyte, heating jacket, and thermometer.  
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Figure 7: A picture of the setup used for collecting temperature-dependent data. The black tubes were 

connected directly to a heater. Water was used as the heat transfer liquid inside the heating jacket. A 

thermometer was used to monitor the cell temperature since the heater temperature was usually hotter than 

the cell temperature. 

The heating jacket was connected to a heater directly below the cell. Cell temperature 

was constantly monitored to ensure accurate temperatures. The cell temperature was 

generally colder than the heater water temperature.  
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3.2.1 Working Electrode Preparation 

The WE platinum wire was sanded and sonicated for 30 seconds in 16.9 MΩcm 

deionized water.  The WE was dried using a paper towel, and measured using a 

Scienceware Electronic Digital caliper. The platinum WE diameter, DPWE, was measured 

as 0.39 mm and the length of wire, lPWEW, was measured to be 99 mm. The WE was 

resonicated for 5 min, dipped in 0.1 M HNO3, and then rinsed in 16.9 MΩcm water. Heat 

shrink polymer was applied to the WE to decrease the WE surface area. The final WE 

length with heat shrink, lPWE, was measured to be 5.80 mm. Equation 5 shows the surface 

area calculation for the platinum WE.  

 
2

4

PWE
PWE PWE PWE

D
SA D l


      (5) 

2(0.39 )
(0.39 )(5.80 )

4
PWE

mm
SA mm mm


   

2 2 21
7.23 ( ) 0.0723

10
PWE

cm
SA mm cm

mm
   

The platinum WE surface area was calculated to be 0.0723 cm
2
, which must be smaller 

than the CE surface area. 

The graphite WE was first cut to about 10.5 cm, sanded, sonicated on both sides 

repeatedly, and dipped in 16.6 MΩcm water. The diameter of the graphite rod, DGWE, was 

measured to be 2.41 mm. A heat shrink was applied over most of the electrode and the 

length exposed, lGWE, was measured to be 5.43 mm. Equation 5 was again used to 

calculate the graphite WE surface area, SAGWE.  
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2(2.41 )
(2.41 )(5.43 )

4
GWE

mm
SA mm mm


   

2 2 21
45.7 ( ) 0.457

10
GWE

cm
SA mm cm

mm
   

The graphite WE surface area was calculated to be 0.457 cm
2
, which must be smaller 

than the CE surface area. 

3.2.1 Counter Electrode Preparation 

The CE platinum wire was cleaned using the same method as the WE platinum wire. 

No heat shrink added because the CE surface area needs to be the maximum allowed by 

electrolyte contact. The CE diameter, DCE, was measured as 0.78 mm, and the CE length, 

lCE, was measured as 110 mm. Equation 6 shows the surface area calculation for the CE.  

2

4

CE
CE CE CE

D
SA D l


       (6) 

2(0.78 )
(0.78 )(110 )

4
CE

mm
SA mm mm


   

2 2 21
270 ( ) 2.70

10
CE

cm
SA mm cm

mm
   

The SACE is 2.70 cm
2
, which is much greater than the SAPWE and SAGWE.  

3.1.1 Reference Electrode Preparation 

Silver wire was sanded, rinsed in 18.2 MΩcm water, and sonicated. The wire used was 

specified to be 99.9 % silver by the manufacturer. The wire diameter, DRE, was measured 
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as 1.01 mm. The submerged length of the RE wire, lRE, was estimated as 75 mm. The RE 

surface area was calculated to be 2.39 cm
2
 using Equation 6.  

2
2(0.101 )

(0.101 )(7.5 ) 2.39
4

RE

cm
SA cm cm cm


    

A 4.99 M KCl solution was prepared by dissolving 37.2 g of KCl in 99.75 mL of 18.2 

MΩcm water. The solute did not dissolve completely in room temperature water so it was 

placed on a heating plate at setting 3 of 10. Approximately 5 mL of 5.0 M KCl and 125 

mL of 18.2 MΩcm water was added to a 125 mL Erlenmeyer flask. The CE, platinum 

WE, and RE were placed in the flask and the flask was sonicated to remove bubbles. The 

electrodes were connected to Gamry Instruments Reference 3000 potentiostat with about 

8 cm of the RE submerged which corresponds to about 2.5 cm
2
 of RE surface area. A 

galvanostatic test was ran with area set to 2.5 cm
2
, current density set to 0.4 mA/cm

2
, and 

final time at 30 minutes. The chloridized wire was then placed in a containment cell with 

3.55 M KCl and the containment cell was stored in the saturated KCl solution.  

A secondary containment cell was necessary for the RE to prevent chloride ion 

contamination of the bulk electrolyte into the RE. This decrease in concentration leads to 

a change in RE potential because the half-cell reaction has less Cl
-
 to react with solid 

silver to form AgCl and electrons. In return, this leads to the wrong potentiostat potential. 

The secondary containment cell prevents ions from escaping and promotes a constant RE 

potential. Figure 7 shows the RE inside the secondary containment cell. 
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3.2 HMF Electrolyte 

The HMF electrolyte is the fuel and provides reducing power to the reaction system. 

The electrolyte was changed at signs of HMF depletion, and was replenished using the 

same formulation each time. Figure 8 shows the HMF electrolyte in the European flask 

with the three electrodes.  

 

Figure 8: The HMF electrolyte with potentiostat wires connected to the cell. 

3.2.1 HMF Electrolyte Preparation 

The first step in preparing the HMF electrolyte was to add 16.56 g of sodium 

tetrafluoroborate and 1.60 g of HMF to 292 mL of 16.9 MΩcm water. The solutes were 

fully dissolved and the calculated sodium tetrafluoroborate and HMF molarities were 

0.503 and 0.042 M respectively. The sodium tetrafluoroborate was used to maintain a 
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constant ionic strength and pH.
17

 The HMF solution was kept in a brown jar to prevent 

any sort of polymerization from occurring.  

3.3 Procedure for Temperature-Dependent and Electrode Material 

Trials 

A water heater was connected to provide constant temperature water flow through the 

fuel cell system and 50 mL of HMF electrolyte was poured into the cell.  Figure 7 shows 

the cell setup with heat exchanger connected by black tubes used for the temperature-

dependent experiments. The platinum WE, CE, and RE were placed in the cell and 

connected to the potentiostat.  Experiments were ran at 27, 40, 50 and 60 °C at a scan rate 

of 150 mV/s for the platinum working electrode. No experiments were ran at 

temperatures higher than 60 °C because of the heat exchanger’s capabilities and safety 

issues. The platinum WE was exchanged to graphite and the 150 mV/s, 60 °C test was 

repeated.  
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4 Results and Discussion 

4.1 CV for Platinum and Graphite WE 

To visualize the reactions occurring in the cell, a cyclic voltammogram (CV) was ran 

for both the platinum and graphite working electrodes. Figure 9 shows the current density 

over a relevant potential range at the working electrode for both materials. 

 

Figure 9: The platinum WE is able to catalyze the reactions whereas the graphite electrode appears to 

have no reaction. 

The CV for the graphite and platinum electrodes indicates the relative reaction rates 

inside the cell. The platinum electrode has clear oxidation and reduction peaks whereas 

Oxidation 

Reduction 
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the graphite electrode shows no reaction. This may be due to platinum’s ability to operate 

as a catalyst for organic molecules.
18

 Platinum was chosen as the WE for the 

temperature-dependent data for this reason. 

4.2 Temperature Effect on Power Results 

Current density versus potential was recorded from the potentiostat at temperatures of 

27, 40, 50, and 60 °C for the platinum WE at a 150 mV/s scan rate. Figure 10 shows the 

effects of temperature on current density in the cell. 

 

Figure 10: Natural log current density versus potential at different temperatures for platinum WE.  
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To determine the effect of temperature on the molecular diffusion rate, the Wilke-

Chang equation is applied.
19

 

    
                  

    
        (7) 

The diffusion coefficient, DAB, is directly proportional to temperature since the solvent 

viscosity change from temperature is negligible.  Equation 7 can be altered to a more 

useful form, Equation 8. 

    

    
 

  

  
     (8) 

Using for example, the temperature increase from 50 to 60 °C, the percent increase in the 

liquid diffusion coefficient can be calculated. 

    

    
 

     

     
                                   

This increase is relatively small when compared to the increase in current density from 

Figure 10 indicating that the majority of increase in the reaction rate was kinetic, not 

transport related.    

Current density can be converted to power density using Equation 9.  

P EI       (9) 
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Where P is power density, E is potential, and I is current density. The power results for 

the Tafel tests conducted at 27, 40, 50 and 60 °C are shown in Figure 11.  

Increasing the temperature in the cell caused an increase in power output. This was 

expected due to the increase in kinetic energy in the system and Arrhenius’ equation 

indicates that an increase in temperature speeds up reaction rates. The increase in kinetic 

energy caused the reactive ions to replenish faster resulting in more reactants which led to 

a stronger current. The increase in kinetic energy may have also decreased the depletion 

layer which would lead to a faster reaction rate. 

Figure 11: Power density  versus potential at selected temperatures for the platinum working electrode with 

a scan rate of 150 mV/s 
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4.3 Working Electrode Material Effects on Power Results 

Current density versus potential was also recorded from the potentiostat at 60 °C with 

a graphite WE and 150 mV/s scan rate. Figure 12 shows the effect of replacing the 

platinum WE with graphite on current density in the cell. 

 

Figure 12: The natural log of current density for two WE material types at 150 mV/s and 60 °C. 
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Current density was converted to power density using Equation 9. The power density 

results from the platinum versus graphite working electrode are shown in Figure 13 

below. 

 

Figure 13: The power density output for platinum and graphite electrodes at 60 °C and scan rate of150 

mV/s. 

The platinum electrode was able to generate more current at 600 mV and above than 

the graphite electrode. This must be due to platinum’s ability to act as a catalyst in the 

reaction taking place at the working electrode and graphite’s inability to do the same. 

Reactions must take place at the working electrode in order to generate current.  
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5 Conclusions and Future Work 

5.1 Conclusions 

Increasing the temperature of the cell increases the power output due to an increase in 

reactive ion transport and reaction rate. Although using the Wilke-Chang diffusion 

coefficient equation, the temperature effect on the diffusion rate proved to be negligible. 

However, increasing the temperature of the cell requires energy. An analysis on the 

tradeoff between the cell temperature energy requirement cost versus energy gained from 

this temperature increase could be beneficial for future fuel cell manufacturers.  

The CVs of platinum and graphite WEs indicated that platinum is a superior WE 

material. According to the CV, graphite is unable to catalyze reactions that platinum can. 

The graphite WE cannot generate current without a reaction and therefore cannot 

generate power. The platinum WE exhibited the ability to catalyze what appeared to be 

HMF ions.  

5.2 Future Work 

The experiments performed for this thesis were completed with an electrolytic cell 

setup. The next step would be to utilize a galvanic cell given that power generation from 

the organic compound is the ultimate goal. Included in this study could be the amount of 

energy (ΔH) extracted from the HMF and an analysis of the products from the reactions 

taking place in the cell.  
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A cost analysis on the WE material and optimal cell temperature may be of interest to 

those in the fuel cell industry. The tradeoffs that exist are power output versus cost of WE 

material and energy required to heat the cell.  

It has been concluded that higher process temperatures lead to more power. A study of 

even higher temperature ranges would help determine if there is an even higher optimal 

temperature to run the system at or if it is a diminishing rate of return from the cost 

analysis. 

Decreasing the electrolyte pH may promote ion diffusion and increase the electrolyte’s 

ability to carry charge. Hence, the cell’s current and power would increase. It would be 

helpful to know the optimal pH to run an HMF or organic fuel cell at. There are a lot of 

factors that are affected by pH and knowing how to optimize the cell could cut costs 

significantly.  

Although platinum is a known catalyst for organic molecules, there may be other 

catalysts that perform better with HMF.4 A study on multiple WE catalyst materials 

would be beneficial, especially if a platinum replacement was found. Non-platinum 

catalysts may cut costs and increase reaction rate if properly utilized. A cost analysis of 

platinum versus alternative catalyst considering power output rates would determine the 

feasibility of a non-platinum or mixed catalyst alternative.  
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