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Abstract Experimental investigation is carried out on passive direct methanol fuel
cell, to study with the selected combination of different anode and cathode current
collectors which have high electrical and thermal conductivity together with corro-
sion resistance compatibility properties. These collectors are fabricated with an
opening ratio of 45.3% on Stainless Steel Grade-316L, Nickel-201 and brass (70%
Cu-30% Zn) and experimented at 5 M concentration of methanol solution. Polari-
sation curves and maximum power density curves have been drawn with the exper-
imental results for performance comparison using Ni-SS, Ni-Brass, SS-Ni and SS-
brass anode and cathode combinations of current collectors. Comparative studies for
maximum power and current densities are investigated and represented on bar charts
for identifying the better combination of anode and cathode materials. Performance
of cell is found best with the combination using Nickel-201 as anode and brass as
cathode. With this combination, the maximum power density developed is 7.157
mW cm™2, and the maximum current density produced is 65.6 mA cm~2 at 5 M
concentration.

Keywords Passive direct methanol fuel cell + Current collector « Corrosion
resistance material - Electrical conductivity + Thermal conductivity * Nickel -
Stainless steel - Brass

Nomenclature

CC Current collector

CD Current density

MEA Membrane electrode assembly
Ni Nickel

PD Power density
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PTFE Polytetrafluoroethylene
pDMFC  Passive direct methanol fuel cell
SS Stainless Steel

1 Introduction

With increase in societal demand for electricity every year across the globe, fuel
cell technology is evolving out as one of the protuberant energy resources among
the accessible alternative energy resources in place of fossil fuels which are going
to be lost within next few decades. Fuel cells are similar to conversion devices like
a battery; it converts the chemical energy of reactants into electricity leaving other
reaction compounds as by-products [1]. However, fuel cell differs from a battery in
that as long as the fuel and oxygen are supplied, it produces electric power continu-
ously. Out of the other well-known fuel cells classified based on proton conducting
membrane electrolyte, polymer exchange electrolyte membrane-based cell working
with direct liquid feed methanol as fuel and air as an oxidant emerges out as an electric
power source for the applications [2] of portable electronic appliances like mobile
phones, laptops, tape recorders, Walkman, toys, computers, cell phones, emergency
lights, including material handling equipment like forklifts, cargo loaders, etc., and
also for space application systems [3]. As a fuel, liquid methanol is relatively inex-
pensive and easily available and has more specific energy density, quick refuelling
and good transportation and better storage facility. Further, fuel cell characteristics
are ultimately affected by significant aspects such as choice and make use of suitable
materials and its novel designing. These fuel cells facilitate to operate at low temper-
atures and pressures without additional liquid electrolyte requirement [4]. pPDMFC
can also be operated at ambient pressure and temperatures conditions. It has other
advantages like clean by-products, extremely no/low emission of oxides of nitrogen
and sulphur, operates quietly, not having any moving parts and extra fuel processing to
meet demand requirement and high energy. Compact cell design of pPDMFC makes
it easy to handle. Schematic representation of passive direct methanol fuel cell is
represented in Fig. 1.

To have better reaction kinetics, pPDMFC makes use of ruthenium and platinum
as catalyst on the anodic side of the membrane to break the chemical bonds in the
methane water solution to form carbon dioxide, hydrogen ions (protons) and free
electrons as shown in Eq. (1). In the cell, the liberated electrons flow from the anodic
side of the cell through an external circuit to the cathodic side, and the protons are
transported through the proton conducting electrolyte membrane. At the cathode, the
electrons and hydrogen ions react with oxidant to form water as shown in Eq. (2).
The liberated heat of reaction is mostly released to surroundings through cathode
side current collector. Overall chemical reaction of the cell is shown in Eq. (3).

Anode End Reaction:
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Fig. 1 Schematic
representation of passive CH30H+H2 co,
direct methanol fuel cell t
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Overall Fuel Cell Reaction:
3
CH;0H + 502 — CO; + 2H,0 3)

2 Literature Survey

Passive direct methanol fuel cell is getting importance across the globe as an elec-
trical power source due to high-energy density of fuel. Among the fuel cell compo-
nents, current collector material properties and their compatibility in water—methanol
solution are influencing cell durability, performance and effectiveness.

Braz et al. [5] has studied the optimization process of passive direct methanol
fuel cell with various current collector materials. It is indicated that to ascertain
DMEFC commercially, an optimum balance between its price, competence and dura-
bility should be achieved. Current collectors are accountable for about 70-80% of
the system weight, and different current collector materials were tested to balance
price and weight reduction. Performance of the fuel cell and its duration were iden-
tified using polarisation measurements. A serious novelty of this study is the use of
an innovative identification and quantification of performance. The utmost power
density of 5.23 mW c¢cm~? was achieved using Titanium as anode current collector
and Stainless Steel as cathode current collector at a methanol concentration of 7 M.
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The durability tests showed a lifetime about 200 h and a reduction in efficiency of
fuel cell by 41% from original value.

Tabbi et al. [6], in their investigation, identified that the automobile industry is
encouraging the use of metals as current collector plates as metals having small
thickness and weight as well as good conductivity both thermally and electrically.
Using stainless steel would reduce the cost, but non-coated SS from investigation
still has some challenge with surface-insulating layer of chromium oxide (Cr,03).

Seema et al. [7] has made comprehensive review on recent material development
of passive direct methanol fuel cell and emphasis on the performance activity, cost,
durability and stability aspects. Each component with their material development
along with basic desirable characteristics is reported in this paper. This paper has
also reviewed all possible materials of passive DMFC component, which might make
the passive DMFC compact and feasible energy source in future.

Mallick et al. [8] in their study on critical review of current collectors for passive
direct methanol fuel cells has emphasis on the important aspects such as profile of
the current collectors including materials of construction of the current collectors. A
number of current collectors of passive DMFC have been selected and reviewed thor-
oughly. However, very less research works have been found concerning to decrease
in the weight of the current collectors as the current collector majorly contributes
on the total weight of pPDMFC and affects the gravimetric energy density of the fuel
cell.

3 Objective

After going through the literature study, it is inferred that the materials of the current
collectors influence the performance of the pDMFC. Required properties of the
current collector materials are high electrical conductivity at operating zone, thermal
conductivity to optimise and to maintain the thermal stability of cell during operation
and high corrosion resistance having compatibility in dilute methanol environment.
After considering the desirable properties of the bipolar plates, this experimental
study has been taken up to identify the better current collector materials combination
among Nickel-201, brass and SS-316L current collectors in anode—cathode ends.

4 Problem Description

Current collectors of passive direct methanol fuel cell play as a key component, and
the performance of the fuel cell depends on its material of construction, dimensions
and novel design with shape factors. The weight of the current collectors contributes
almost 3/4 of the total weight of the cell [9]. Hence, the gravitational power density
is significantly affected by the selection of current collector materials and its design
aspects.
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The required characteristics of materials [10] of the current collectors in pDMFC
are as follows:

1. Good electrical conductivity or very low electrical resistivity at operating zone
of the direct liquid feed methanol cell [11].

2. High thermal conductivity to optimise and to maintain the thermal stability of
cell during operation [12].

3. Desirable mechanical properties like high tensile strength and flexural rigidity
of materials [13].

4. Better fabrication and machinability processes of materials [14].

Corrosion resistance in methanol environment at various concentrations and

wide range of operating temperatures [15].

Longer durability and life [16].

Low density of materials [17].

Easily available at cheaper cost [18].

Less contact resistance with the diffusion layers [19].

0. Even distributing and transport area of reactants [20].

WX~y W

—_

The functions of the anode and cathode side current collectors are relatively
different; however, they have some of the common aspects like uniform spreading
of chemical reactants, maintaining cell structure support, disposal of reaction by
products and providing the electrical connectivity with adjacent cells in case of
stacking of cells. At the anode, current collector allows the passage of transporting
methanol solution and carbon dioxide. Further it collects the electric current from
MEA, whereas the cathodic end current collector provides transportation of water,
collects the current from cathodic end diffusion layer and receives the oxidant from
ambient air.

Details of the materials compositions are given in Table 1 [21], and properties of
the materials are provided in Table 2.

5 Experimental Set-Up

To evaluate performance of passive DMFC with the combination of Nickel-201,
brass and SS-316L current collectors, a single direct methanol fuel cell fixture is
selected. For carrying out this experimental testing, different anode and cathode
current collector materials, fabricated with 2.00 (& 0.02) mm thickness sheets, are
used. The circular openings of 100 numbers, in 10 by 10 matrix pattern, are made
using 3.8-mm diameter drill. Fabrication drawing detail of the current collector is
shown in Fig. 2.

Nafion-117 solid electrolyte is used as permeable membrane in membrane elec-
trode assembly. The anode catalyst layer (ACL) is made up of Pt-Ru (1:1)/C with
a catalyst loading of 4 mgecm™2, and on cathode catalyst layer (CCL), it is made
up of Pt/C with a catalyst loading of 2 mg cm~2. To prevent methanol solution and
oxidant leakages, PTFE sealing gaskets are provided in between current collectors
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Composition, Element Material (% by weight)

Stainless steel-316L Nickel-201 Brass
Carbon, C 0.03 max 0.02 max -
Manganese, Mn 2.0 max 0.35 max -
Silicon, Si 0.75 max 0.35 max -
Phosphorus, P 0.045 max - -
Sulphur, S 0.03 max 0.01 max -
Chromium, Cr 16-18 — —
Nickel, Ni 10-14 99.00 min ~0.05
Copper, Cu - 0.25 max 65-70
Zinc, Zn — — 35-30
Nitrogen, N 0.1 max - -
Iron, Fe Balance 0.40 max ~04

Table 2 Properties of materials

Material of Maximum corrosion rate | Density of material, Electrical resistivity of

construction in pure methanol, (kg/m?) material at 20°C,
(mm/year) (X10~7 Qm)

SS-316L 0.5 7900 7.4

Ni-201 0.05 8890 0.68

Brass 1.25 8500 0.62

and MEA components of the cell. The fabricated active area of the cell is 5.0 cm X
5.0 cm. Methanol solution with 5 M concentration has been prepared to use in this
experiment. The required clamping of the cell assembly is made using M8 fasteners,
and uniform tightening of the bolts is ensured using a torque wrench which is pre-set
at 5SNm value. The experimental set-up of the DMFC is shown in Fig. 3.

6 Experimental Methodology

To evaluate performance of passive DMFC with the combination of Nickel-201, brass
and SS-316L current collectors, four set-ups of anode and cathode combinations as
referred in Table 3 with single direct methanol fuel cell fixture are chosen. As brass
is getting reacted with dilute methanol with the formation of metal methoxides, the
use of brass as current collector material in anode side is not considered. As Ni and
SS material are performed better at 5 M, experiments have been carried out at this
concentration of methanol solution.
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Fig. 2 Fabrication drawing
detail of current collector
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Table 3 Experimental set-up



8 N. V. Raghavaiah and G. N. Srinivasulu

While performing the experiment, the first set of voltage and current readings
has been taken by varying current characteristic conditions using Nickel-201/SS-
316L (set-up-I) materials as current collectors at 5 M methanol concentration. This
experiment further repeated with the other mentioned set-up-II, Nickel-brass; set-
IIT Stainless Steel-Nickel and with set-up-IV Stainless Steel-brass current collec-
tors, and corresponding voltage and current characteristics have been noted. Total
experiment has been repeated thrice at this 5 M concentration methanol solution to
get repeatability and consistency in the readings. Mean value of the three readings
of observations corresponding to current—voltage is taken for analysis of the cell
characteristics.

7 Experimental Results and Analysis

7.1 Polarisation and Power Density Characteristics

In the experimental set-up-I, Nickel-201 material as anode and SS316L as cathode
current collector have been used. Cell is tested with 5 M methanol solution concen-
tration at ambient conditions. In this experiment, the highest power density recorded
is 6.720 mW cm~? at current density of 32.0 mA cm~2. During testing, the maximum
current density that recorded is 62.4 mA cm~2 at 5 M methanol concentration.

In the experimental set-up-II, Nickel-201 material as anode and brass as cathode
current collector have been used. Cell is tested with 5 M methanol solution concentra-
tion at ambient conditions. In this experiment, the maximum power density recorded
is 7.157 mW cm~2 at a current density of 33.6 mA c¢cm~2. During testing, the
maximum current density recorded is 65.6 mA cm~2 at 5 M methanol concentration.

In the experimental set-up-III, SS316L material as anode and Nickel-201 as
cathode current collector have been used. Cell is tested with 5 M methanol solu-
tion concentration under ambient conditions. In this experiment, the peak power
density recorded is 4.704 mW cm™2 at a current density of 24.0 mA cm™2. During
testing at the same 5 M methanol concentration, the largest current density recorded
is 46.4 mA cm™2.

In the experimental set-up-IV, SS316L material as anode and brass as cathode
current collector have been used. Cell is tested with 5 M methanol solution concen-
tration in ambient conditions. In this experiment, the highest power density recorded
is 3.397 mWcm~2 at a current density of 17.6 mA cm~2. During testing, the maximum
current density recorded is 34.4 mA cm~? at 5 M methanol concentration.

Polarisation curves (voltage—current density characteristics) of the four set-ups of
pDMEC configuration are plotted as shown in Fig. 4. Initially when current density
is zero, the cell generated voltage is maximum (open circuit voltage), and as the
current density increases, the cell voltage decreases to zero. From Fig. 4, Nickel-
brass combination as anode and cathode is performing better with the highest current
density as revealed in polarisation characteristics.
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Fig. 4 Voltage—current
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Power density curves (power density versus current density characteristics) of
these four set-ups of pPDMFC configuration are plotted as shown in Fig. 5. Power
density of the cell increases from zero to a maximum value, and further, it decreases
to zero with increase in the current density. Nickel-brass combination as anode and
cathode is performing better with maximum power density as revealed from the
drawn characteristics.

The combined voltage and power density superimposed characteristics against
the current density are plotted as shown in Fig. 6.

Fig. 5 Power density

characteristics 2.00 Power Density Curves

—+—Ni-SS
7.00 —— Ni-Brass
£ —+—SS-Ni

0 20 40 60 80
Current Density, mAcm2
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Fig. 6 Voltage and power Combined Characteristics
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7.2 Comparison of Maximum Power Density and Maximum
Current Density

Results of the four set-ups with current collectors against current density and power
density are taken for analysis. Bar charts of current collectors’ combinations as
anode—cathode materials versus maximum power density produced (refer to Fig. 7)
and current density (ref to Fig. 8) are drawn. Anode—cathode combination of Nickel-
brass showed better current density and power density among these four set-ups, and
SS-brass combination showed the least performance. Better performance of Nickel
is due to higher conductivity and higher resistance to methanol solution, whereas
brass has superior conductivity but lack of compatibility with methanol solution.
For short-term applications, Ni-brass combination is satisfactory, but for long-term
applications, Ni-SS is better, as Nickel and SS materials have better compatibility in
methanol environment compared to brass.

8 Conclusions

In the commercialisation process of the passive direct methanol fuel cell (pDMFC),
market demands for efficient systems with optimisation of components performance
with respect to durability and effectiveness. The desirable qualities of the current
collector materials are excellent electrical conductivity and high thermal conduc-
tivity to optimise and to maintain the thermal stability of cell during operation
and high corrosion resistance with compatibility in dilute methanol environment.
These aspects are experimentally investigated with the combination of anode and
cathode current collectors, fabricated with an opening ratio of 45.3% with combi-
nation set-ups, set-up-I, Nickel-Stainless steel; set-up-II, Nickel-brass; set-up-III
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Fig. 7 Maximum power
density versus
anode—cathode materials
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Stainless Steel-Nickel and with set-up-IV Stainless Steel-brass materials. The anode—
cathode combination of set-up-II, Nickel-brass showed the best current density (46.4
mA cm~2) and power density (7.157 mW c¢cm~?), and set-up-IV, SS-brass combina-
tion showed the least performance with current density (34.4 mA cm~2) and power
density (3.397 mW cm~2). Superior performance of Nickel is due to good electrical
conductivity and better corrosion resistance to dilute methanol solution, whereas
brass has the best electrical conductivity among the selected materials but suffers lack
of compatibility with methanol solution. For short-term durations, Ni-brass combi-
nation performance is found satisfactory, but for long-term applications Ni/SS-316L.
is better as these materials have excellent compatibility and corrosion resistance in
methanol environment compared to brass. In future investigations, materials that are
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suitable in dilute methanol environment either bare or with electrical conducting
coatings may be used with combination of current collectors.
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