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ABSTRACT

Article history:

This review paper is to explain the current technology of SPEEK-based direct methanol
fuel cell (DMFC) for automotive power systems. These green technology devices have
received worldwide recognition and the product prototype was successfully tested in
house. The primary objective of the review is to explain the production of SPEEK-based
DMFC for automotive power systems, replacing a petrol and diesel used in a currently
commercialize car fuel. The other objective is to produce SPEEK-based DMFC which has
been proven via lab scale analysis to have better performance than commercially
available Nafion® membrane for DMFC. The SPEEK-DMFC is a noiseless,
environmentally friendly device and possess longer lifetime compare to the available
petrol or diesel currently available in petrol station.
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1. Introduction
Development and utilization of technologies for product innovation and new services are critical
element of knowledge economy. Therefore, sharing and exchanging ideas among institutions could
lead to new breakthrough for production of modern products. According to report by previous
studies, it was advised that both funders and policymakers should constantly explore new areas for
investment by highlighting most profitable field and recruit students in universities to study the
particular area [1-2]. This technology transfer applied mostly in research institutions such as
universities, aims to improve the public goods and creates new businesses and employment
opportunities. Lesson learnt from Malaysia economic crisis in year 1997-1998 is not to rely on direct
investments by foreign countries for the development of economy [3-4], as they have the flexibility
to withdraw their investment and shift to other profitable countries. In Malaysia, Small and Medium
*
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Enterprises (SME) has been introduced as a system for domestic investment and catalyse economic
expansion where year 2016 reported a total of 98.5 % business establishments under SME. Services
hold the major percentage of 89.2 %, followed by manufacturing 5.3 %, construction, agricultural and
mining and quarrying.
Policy of SME Masterplan (2012-2020) can be summarised as evolution of economy by developing
competitive and innovative technological sector that can compete with global competitors and thus
achieving industrial country status or known as high-income country by 2020 [5-6]. Strategies are to
put more efforts in manufacturing, agricultural and services field in order to increase the value chain.
Also, the Government support the development by providing modules and programmes which can
be breakdown into two categories; “Financial Assistance” and “Business Support Services” under
various Ministries and Agencies. The fund under Commercialisation of Public Sector R & D (CRDF 1)
is one of the types of several financial assistants given by the government and managed by Malaysian
Technology Development Corporation (MTDC). Table 1 shows several resolutions established for
development of SMEs.
Table 1
SMEs development’s resolution
Resolution
Outsourcing

Inter-relationship
between firms
Enterprise-related
programmes
Knowledge skills

Description
Related programmes will be introduced and conducted to cultivate SME as partners in product
Research and Development. Three-way collaborations between Multinational Corporation,
Government-linked companies and SME helps to promote technology transfer and development
of skills and marketing.
Business linkage between GLC, MNC and SME allows the SME to be more reliable and competitive
for global supplier networks. This network can help to expand the nation’s trade with new trade
markets.
In order to enhance SMEs management and business skills, operation techniques, quality
enhancement and marketing skills, programmes such as advisory and outreach services would be
expanded.
Develop and improve technical expertise of SMEs companies to generate innovative product and
establishing new financial value via knowledge application.

2. DMFC Configurations
Figure 1 shows the design of SPEEK-based DMFC and Figure 2 shows the operation of DMFC
system. The system can be divided into 3 main components; DMFC stack, DMFC system and DC-AC
alternator. The heart of the DMFC stack is our in-house SPEEK-based membrane, which has been
proven via lab scale analysis to have better performance than commercially available Nafion®
membrane [7]. To produce sufficient electricity for the consumer, 60 DMFC cells are stacked together
to form a single DMFC stack that can generate 36 V and 30 A of electricity. To produce the electricity,
methanol fuel solution with 1-2 M concentration is feed to the anodic side of the DMFC stack via a
pump. Air is fed using a blower to the cathode side of the DMFC stack. Electrochemical reaction
between methanol solution and air will generate free electron that can be used to do electrical work.
Excess fuel from the stack will flow back to tank. The electricity generated from the DMFC system is
used to power-up a DC motor which is tied to an alternator to produce 230 V, AC current electricity
[8]. Figure 3 summarized the operation of the DMFC.
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Fig. 1. Design of SPEEK-based DMFC

Fig. 2. Illustration for DMFC operation

Fig. 3. Summary of SPEEK-based DMFC
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3. Direct Methanol Fuel Cell (DMFC)
There are many types of fuel cell but increasingly popular type of fuel cell nowadays is known as
direct methanol fuel cell (DMFC). Fuel cell can be defined as an electrochemical device which
transforms free energy from redox processes directly to electrical energy, dissipating heat as the byproduct [9]. In DMFC operation, aqueous methanol diffuses from diffusion layer to catalytic layer, in
which it would electrochemically oxidize into three; protons, electrons and carbon dioxide. Protons
from the reaction diffuses through electrolyte membrane to cathodic side and next, reacting with
oxygen from air inside the catalytic layer to form water [10]. Following equation depicts reaction that
occurs at cathode and anode side of the DMFC.
Anodic side reaction
𝐶𝐻3 𝑂𝐻 + 𝐻2 𝑂 → 𝐶𝑂2 + 6𝑒 − + 6𝐻 +

(1)

Cathodic side reaction
3
2

𝑂2 + 6𝑒 − + 6𝐻 + → 3𝐻2 𝑂

(2)

Overall reaction
3

𝐶𝐻3 𝑂𝐻 + 2 𝑂2

→ 𝐶𝑂2 + 𝐻2 𝑂

(3)

It is beneficial to replace conventional energy production to fuel cell technology as future energy
generation [5, 11]. Since fuel cell generates electricity directly from the chemical reaction using
electrochemical principle, the energy loss due to heat production is lower than the conventional
energy production technology, which can increase the fuel cell energy conversion efficiency. Previous
researcher stated in their book (Fuel Cell Fundamentals) that the fuel cell efficiency is around 60 %,
which is higher than any conventional energy production, which has efficiency around 40 % only [12].
Higher energy conversion efficiency means that the fuel cell needs less fuel to produce similar energy
output as generated by the existing energy production technology. Therefore, the fuel cell will
produce less greenhouse gas by-products as compared to the established energy production
technology. This can reduce the carbon footprint issue [13]. Other than that, fuel cell system is simple
since the fuel cell only needs anode and cathode electrode layer, and an electrolyte to produce
electricity [14]. Therefore, the fuel cell can be scaled up or scaled down according to the energy
requirement, whereby the fuel cell does not experience energy losses issue when scaling down to
smaller size as compared to gas turbines or reciprocating engines [15]. Last but not least, methanol
fuel is cheap, easier to handle than H2 fuel at room temperature, and has a higher volumetric energy
density (3,800 kcal/L) compare to H2 fuel (658 kcal/L) [16]. Based on these advantages, DMFC has
good potential to be commercialized as the next generation energy production technology in the
future [17].
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3.1 Sulfonated Poly (Ether Ether Ketone) (SPEEK) Nanocomposite Membrane
Proton exchange membrane, or also known as polymer electrolyte membrane (PEM) is the main
component in DMFC operation [18]. Its function is similar to salt bridge in galvanic cells that connects
the half-cell of anode and cathode, and permits protons to move from anode to cathode.
Simultaneously, PEM blocks the current from electrons and prevent the mixing of reactant and fuel
which keeps the electrodes separated throughout the process. Prime features of PEM in DMFC
process is having high proton conductivity and low methanol permeance. These characteristics
enable the process to result in high performance and high-power output. At the same time, to have
a good operational lifespan, the PEM also need to have good stability and high resistance towards
harsh environments in DMFC operation [19]. Last but not least, the PEM should be able to sustain
sufficient hydration to allow transfer of protons between anode and cathode but not excessively to
maintain good contacts between electrodes and PEM [20]. Perfluorosulfonic acid (PFSA) is widely
utilized as PEM in DMFC operation due to its advantages such as superior performance and excellent
stability in polymer electrolyte membrane fuel cell (PEMFC) operation [21]. However, the PFSA
membrane has low methanol barrier properties which could drop the DMFC efficiency up to 35 %
[13]. Other than that, the cost to produce the PFSA membrane is too high and causes the overall
DMFC cost unappealing for mass production. Therefore, many attempts have been made to develop
the new type of PEM with good stability, comparable performance and cheaper than PFSA membrane
for DMFC operation. Membrane based from SPEEK is identified to be potential alternative in
developing high performance PEM for DMFC operation. Similar to PFSA, SPEEK also possess high
chemical and thermal stability which makes it suitable for the process [8]. However, our previous
study discovered that proton conductivity of SPEEK membrane (2.71x10-2 S/cm) was doubled
compared to PFSA membrane (1.35x10-2 S/cm). Moreover, the methanol permeation value of the
SPEEK membrane was 87 % lower than the PFSA membrane (7.59×10-7 cm2/s and 63.0×10-7 cm2/s
for SPEEK and PFSA membrane, respectively). Thus, from the aforementioned results, it can be
assumed that PEM using SPEEK membrane could improve the power output and efficiency of the
DMFC system [7].
Even though the SPEEK membrane has shown better performance than the PFSA membrane, the
SPEEK membrane tends to absorb more water as compared to the PFSA membrane [22]. This
characteristic affects the stability of the SPEEK membrane and could jeopardize the DMFC lifespan
[7]. In order to overcome the limitation, inorganic nanoparticles were embedded into the composite
membrane to increase the stability and eventually enhance the performance when compared to
pristine membrane [7]. According to a study, incorporation of inorganic montmorillonite (MMT)
particles and 2,4,6-Pyrimidinetriamine (TAP) compatibilizer, SPEEK/MMT/TAP resulted in 52 % lower
water uptake than pristine SPEEK membrane [8]. Proton conductivity and methanol permeability
performance was enhanced due to presence of MMT nanoparticles. SPEEK/MMT/TAP membrane
also resulted in higher energy output compared to pristine SPEEK and PFSA membrane during series
of performance tests. Therefore, implementation of SPEEK/MMT/TAP nanocomposite membrane for
development high-performance and high efficiency DMFC prototype is considered.
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3.2 Product Manufacturing
Figure 4 shows product manufacturing flow chart.
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Fig. 4. Product manufacturing flow chart

3.2.1 Membrane electrode assembly production
Membrane electrode assembly production (MEA) are membrane layers that were coated with
catalyst and it is where the chemical reaction occurs. Manufacturing of MEA can be done by hot
pressing anode and cathode to the membrane at operating condition of 80°C and at pressure 80
kg/cm2 for 2 minutes. MEA surface area for reaction was found to be 6.0 cm2. Cathode side consist
of PtRu-supported carbon catalyst with binder Nafion DE1021CS (Binder/Carbon=1) while the anode
side consist of PtRu-supported carbon catalyst with binder Nafion DE1021CS (Binder/Carbon=0.75).
3.2.2 Graphite plate fabrication
Excellent mechanical strength, high resistance to chemical and high conductivity graphite plate
was purchased from the supplier. The plate was sent for cutting and milling based on design in Figure
5. The grooves for anode and cathode sides were fabricated to allow sufficient and uniform reactant
(methanol and air) supply to MEA active site and transport by-product compound (carbon dioxide
and water) from the system. Table 2 shows graphite plate specifications while Figure 5 shows
graphite plate design for anode (top) and cathode (bottom) sides.
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Table 2
Graphite plate specifications
Plate Physical Properties
Plate Grade
Bulk Density
Hardness
Compressive Strength
Flexural Strength
Young’s Modulus – Flexural
Young’s Modulus – Dynamic
Plate Electrical Properties
Specific Electrical Conductivity – XY (In-Plane)
Specific Electrical Conductivity – Z (ThroughPlane)
Specific Electrical Resistance – XY (In-Plane)
Specific Electrical Resistance – Z (Through-Plane)
Long Term Stability
Various Acids at 85°C and 180°C (185F and 356F)
Mineral Oil at 85°C and 185°C (185F and 356F)
Methanol at 90°C (194F)
Other Plate Properties
Thermal Conductivity

Fuel Cell Grade (FU 4369)
1.90 g/cm
>100 (Rockwell (HRB 10/40))
>50 MPa or 7250 psi
>40 MPa or 6090 psi
10 GPa or 1.45 x 106
24 GPa or 3.48 x 106
110 S/cm
20 S/cm
90 μΩ/M
190 μΩ/M (DIN 51 911) 500 μΩ/M (Internal Specification)
2000 h
2000 h
3000 h
55 W/mK

Fig. 5. Graphite plate design for anode (top) and cathode
(bottom) sides
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4. DMFC Evolution
DMFC was first employed and invented by researchers from various institutions located in United
States, which includes NASA and Jet Propulsion Laboratory during the 1990s. It was introduced as a
new fuelcell-based technology. Green, renewable technology with high performance efficiency are
very scarce and challenging even in current modern era. It is still in research and development phases.
This technology targeted to supply energy for electronic devices industry and also larger power
generation industry such as in remote area or for micro-distributors. Particularly, DMFC are
improvisation from hydrogen PEMFC, which have high potential for application in electronic and
transportation sectors as it is a liquid-typed fuel [20]. Smaller energy application such as in mobile
phones, laptop to medium-energy application such as in medical devices and weather stations could
also utilized DMFC as its power sources. Studies done by researchers also suggested that DMFC is the
most promising candidate for rechargeable battery technology. However, few limitations need to be
addressed before the technology can be proceed for commercialization. Currently, researches on fuel
cell technology are mostly focusing on application of DMFC due to its beneficial characteristics.
Despite having greater energy density which is around five to ten times higher compared to
rechargeable batteries, DMFC can be operated for longer time with lower cost than other existing
batteries. However, the pricing of micro fuel cell components is still in polemics. Putting the issue
aside, DMFC technology are readily applicable for real life application and utilization of DMFC as
power sources can helps to improve the environment for future mankind. The development of this
viable technology in Malaysia is crucially important because of the many advantages offered by
membrane for the various industries. As a result, Malaysia will be one of the most important
countries in the next decade that is able to develop this technology through the expertise developed
by numerous researchers. Energy is one of the most precious commodities in our modern world.
Population expansion and technology advancement are two main reason to the increment of energy
demand. Based on Malaysia Energy Statistics 2016 published by Malaysia Energy Commission (Figure
6), energy demands in Malaysia increased 56 % from 1994 to 2014.

Fig. 6. Malaysia Energy Statistics charts

Interestingly, at the same time, our dependency for energy from fossil fuel has reduced by 1.4 %.
The statistics shows that Malaysia’s government is committed to reduce Malaysia’s carbon footprint
and increase market share for green and renewable energy, in accordance with the National
Renewable Energy Policy and Action Plan 2009, Renewable Energy Act 2011 and Sustainable Energy
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Development Authority Act 2011. Therefore, clean energy product based on DMFC technology has
potential for commercialization in today’s Malaysia market.
4.1 DMFC Market Size
DMFC in 2016 achieved market value of 18.57 billion USD and the value is expected to reach 24.25
billion USD by 2021. The report also stated that Asia Pacific market will be dominating worldwide
sales market as a result from manufacturing sector development, IT industry and healthcare
infrastructure. Currently, most of DMFC product is still under development or funded by government
for military purposes. Only two companies have already launched their DFMC product to market,
which are Oorja Corporation and SFC Energy (Figure 7).

Fig. 7. Other products based on DMFC technology

Oorja Corporation produced modular DMFCs ranging in power from 1 to 5 kW. Their products
have been used for various application including wireless telecommunication, materials handling
industries, and backup power. The company is based in California. The product of SFC Energy was
called as EFOY fuel cells. These products can be used in caravan, chalet or on board a boat to
automatically recharge batteries and available for usage anytime, in which the term ‘mobile power
socket’ fits the situation. Whereas, for the industrial users, this EFOY fuel cell can provide off-grid
power wherever and whenever needed, no matter at what weather to transferring the data. This
company was based at Deutschland.
5. Conclusions
DMFC development takes their consumers into new green technology power efficient era and
transform the conventional fossil-based fuel source into more environmentally friendly fuel cell. It
promises higher power performance, longer fuel consumption, and minimal CO 2 emission yield [2325]. The main focus in this review is to compute detail formulated fuel cell membrane with the
capacity of converting diluted methanol into electron charges that provide electricity for any
application. Complied with its ability, the aim is to substitute current carbon-based fuel into
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environmentally sustainable fuel cell membrane and ensure our mother earth free from further
contamination from prolong used of combustion of fossil fuel.
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