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Abstract

This main target of this study is using three-electrode cells to choose
which Formic Acid, Oxalic Acid or Citric Acid and Pt/C, PtRu/C or PtPd/C
are better for fuel cell. From CV test, Formic acid which structure is simple
has the lowest oxidation potential. Combine CV with LSV, if we focus on
current, PtRu/C is the best catalyst for fuel cell. But if we focus on Stability,
PtPd/C has the best of them. We choose PtRu/C to do the cell performance
test. The current density isn’t enough high, this is because the
concentration of formic acid is just 1M. Oxidation reaction of formic acid
on PtRu/C is very fast. Mass transfer driving isn’t enough for this high
reaction rate, so the potential drop is very fast.
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Current (A)
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Feasibility evaluation on various organic

acids applied in fuel cells

Abstract

The principle objective of this study is aimed at using a three-electrode
cell to examine the suitability of various organic acids towards producing
clean energy via electro-oxidation on a series of Pt-based catalysts, to
replace methanol as a fuel. The results showed that a fuel cell using
formic acid catalyzed with PtRuTi/C slurry would provide efficient
operation.

Introduction

World-wide energy crisis and stringent environmental protection laws
impulse the investigations on alternative energy technologies in place of the
traditional fossil fuels. One of the possible solutions is the fuel cell. Fuel cells
use methanol as a fuel which results in the formation of water and CO2 only
and thus they provide clean energy. Despite of significant improvements in fuel
cell technology, problems such as inflammability, poisoning and methanol
crossover in the use of methanol based fuel cells are yet to be solved. In this
study, some organic acids are chosen to evaluate the feasibility of using them
as potential fuels in fuel cells.

Purposes

The electro-oxidation of various organic acids on anode catalysts of the
fuel cell is the main focus of this study. We tested the electro-oxidation of three
organic acids with different catalysts to understand how both fuels as well as
catalysts could affect the overall efficiency of fuel cells. We hope the suitability
of common organic acids as substitutes for methanol and helpful to solve
inflammability and methanol crossover problems.



Experimental

A. Structure of fuel cell module

1. Metal press plate: Anchor structure of fuel cell [Fig.1].

2. Current collector plate: Output current to the external circuit

3. Graphite flow field plate: Allows fuel to flow through fluid path in fuel

cell.

4. Diffusion layer: Fixes catalyst layer onto Nafion and helps gas to

diffuse into the catalyst layer.

5. Catalyst layer: Oxidation/ reduction processes occur in this layer.
Catalysts reduce the activation energy requirement of
the process and accelerate its speed.

6. Nafion: Delivers protons produced by the anode to the cathode and

incorporates electronics from external circuit to maintain fuel
cell reaction

S Metal Press Plate

Anode { — Current Collector Plate
B  c-chicFowField Plate
Cathode { ® 8
———q MEA(Membrane Electrode Assembly)
MEA \ Gas Diffusion Electrode(Anode)
— Catalyst '\ Gas diffusion backing layer Nafion117(Proton Exchange Membrane)
hotpress i Gas Diffusion Electrode(Cathode)
[Membrane Nafion 117] ~——"» \fembrane Nafion 117] —_—
E———

/)

Fig.1 Structure of fuel cell module

B. Experimental plan
The experiment follows the schematic of experimental plan [Fig.2]. Test the
catalyst and organic acids efficiency with cyclic voltammetry device, next
observe the variability of the background- 0.5M sulfuric acid before and
after reaction to figure the stable of catalyst. Choose the better one to
record the polarization curve at last.



[ OxalicAcid | [FormicAcid| | CitricAcid |

L 4
[ puc_ ] [ PtRu/C | [ PtPdiC ]

Y
| PtRuTi/C |

[Pretreatment:0.05(V/NHE )for 30min with bubbling N, |

0.5M H,SO, { T
| CV |
0.5M H,SO, [Pretreatment:0.05(V/NHE )for 30min with bubbling N, |
+1M Organic Acid *
| cv |
[Pretreatment:0.05(V/NHE )for 30min with bubbling N, |
0.5M H,SO, { 7
| oY |
| LSV |

Fig.2 Schematic of Experimental plan

C. Experimental principle
1. Cyclic Voltammetry (CV)

Cyclic Voltammetry device is consisted of three electrodes,
working, reference and counter electrode. Through controlling the potential
difference between working and reference electrode, the current resulted from
the oxidation/reduction characteristics of the analytic matters could be
measured by counter electrode. The electrochemical property of analytic
matter is depended on the molecular orbital and energy level. When applied
potential between working and reference electrode is large enough to cause
electron to transient to exciting stage, oxidation of the analytic matter occurs.
By analyzing current- potential graph, the electrochemical information of
analytic matters is acquired.

2. Linear Sweep Voltammetry (LSV)
Linear Sweep Voltammetry device provide a potential sweep of
1mv/s to observe the reaction activity in special place.



Function Potentiostat
generator i=E,=E4

! ‘-» E ! B
—— p-
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"
Working | Counter

Fig.3 Electrochemical setup

Results and Discussion

A. Catalytic oxidation various organic acids

Three kinds of organic acids, oxalic acid - formic acid and citric acid,
were chosen to be fuels in this experiment. According to the result of cyclic
voltammetry with the Pt /C catalyst [Fig. 4, Fig.5]. The oxidation/reduction
response of citric acid with different catalyst was not significant due to the
structure of citric acid is complicated and large. On the other hand, oxidation
potential of oxalic acid was over 0.8 volt. If we adopted oxalic acid on the fuel
cell, it might produce lower output voltage, and the efficiency was not enough.
The oxidation potential of formic acid was lower than that of oxalic acid, so the
efficiency of formic acid is better. Therefore, formic acid was chosen to be the
optimal fuel among these three organic acids.

—_—————
1 | =——P1 @ formic acid | _—r
—— Pt @ oxalic acid

1.6+ |——P1 @ citric acid 154 /

0.8+
“ /

Currant (mA)
Current (mA)

o
=

0.8+

v T T T v T v T v T v T T T T T
0.0 0.2 0.4 0.8 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0
Potential (VINHE)

Potential (V/INHE)

Fig.4 CV curve of different acids Fig.5 CV curve of formic acid
(Sol: 0.5M H,SO,+1M organic acid; Cat: Pt/C) (Sol: 0.5M H,S0O,+1M formic acid; Cat: Pt/C)



B. Catalytic mechanism

Formic acid oxidation displays a dual pathway [Fig.8]. When formic
acid is absorbed on Pt, it will both eject two protons and take on electrons to
become CO2, or eject a H20 to become intermediate CO which is then
oxidized into CO2. The second pathway is more common, but the Pt-CO
bonding is very strong and prone to Pt poisoning, so we must use Pt-OH to
dissolve. [Fig.9]

H -e H -e

> Pt-COOH—\

H'+Pt2E5 Pt-H—>{-H,0

Pt-HCOOH

|-|}
02 c’
H+e i—{ Y \\O \HZO

-H,0 *
: Pt-CO
H,0+Pt—1 =85 pt-oH CO,+H'+e
Fig.6 Dual pathway of formic acid oxidation Fig.7 Catalytic mechanism of oxidation of formic acid

C. Effect of different catalysts

The dual catalyst is used to detoxify the Pt in methanol fuel cells.
Therefore, we tested formic acid with three kinds of catalysts, Pt/C, PtRu/C,
and PtPd/C, commonly used in methanol fuel cells for efficacy [Fig.6,7]. We
concluded the oxidation potential of Ru-OH is lower than Pt-OH. In order to get
the electrochemical information accurately, we did LSV test. The result of that
show the catalytic activity of PtRu/C catalyst is highest in fuel cells.
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Fig.8 CV curve of different catalysts Fig.9 LSV curve of different catalysts
(Sol: 0.5M H,SO,+1M formic acid) (Sol: 0.5M H,SO,+1M formic acid)

D. Stability of catalysts
We established that Pt/C and PtPd/C efficiency doesn’t significantly
decline by observing blank experiments with sulfuric acid before and after



oxidation with formic acid [Fig.10,11]. The results show that the Pt/C and
PtPd/C catalysts are stable with little dissolving, but the efficiency of PtRu/C is
strongly affected and is similar to that of the Pt/C [Fig.12], as a significant
portion of the Ru catalyst has been dissolved.
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Fig.10 CV curve of Pt/C stability Fig.11 CV curve of PtPd/C stability Fig.12 CV curve of PtRu/C stability
(Sol: 0.5M H,SO,; Cat: Pt/C) (Sol: 0.5M H,SO,; Cat: PtPd/C) (Sol: 0.5M H,SO,; Cat: PtRu/C)

E. Mechanism of Ru catalyst dissolution

When we applied a cyclic potential sweep on electrode, the trivalent
Ru can be oxidized to tetravalent Ru and further to hexavalent Ru at higher
potential. The hexavalent Ru can be reduced to tetravalent Ru and further to
trivalent Ru or to zero-valent Ru at negative potential sweep. As the tetravalent
Ru is more prone to dissolution, then Ru catalyst be dissolved into the solution
and become useless [Fig.13].
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Fig.13 Diagram of Ru catalyst dissolution

F. PtRuTi/C ternary catalyst

In methanol fuel cell applications, TiO2 has been added as a ternary
catalyst during the synthetic production of PtRu/C. TiO2 can prevent Ru
dissolution and reduce catalyst particle size. Ru dissolved seriously, however,
when it is used with formic acid oxidation [Fig.14]. The reason of that may be
that the acidic environment of formic acid furthers the dissolution of Ru. On the



other hand, smaller catalyst particles also means better catalyzing properties
[Fig.15,16]. The maximum current happens at 0.7 volt from the LSV. The
efficiency of the PtRuTi catalyst is 2.5 times better than that of the PtRu
catalyst at this potential.
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Fig.14 CV curve of PtRuTi/C stability Fig.15 LSV curve of different catalysts Fig.16 Mass Activity of formic acid oxidation
(Sol: 0.5M H,SOQ,; Cat: PtRuTi/C) (Sol: 0.5M H,SO,+1M formic acid)
Conclusions

Organic acids with simple molecular structures have lower oxidation
potential and more suitable for fuel cells. The present results show that formic
acid is a good choice to replace methanol. It has higher efficiency when used
with a PtRuTi/C catalyst. However, the catalyst will be dissolved easily in the
acidic environment. If we can overcome the catalyst dissolution problem,
formic acid has potential as a good alternative fuel in the future.
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