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ABSTRACT 

Ultrasound is now a widely used method for catalyst synthesis, catalyst support treatment, catalyst layer fabrication, 
membrane electrode assembly (MEA) fabrication, and humidifier etc. for fuel cell applications. Among the abovemen-
tioned uses, ultrasonic technology has been utilised mainly for MEA fabrication—especially since it has demonstrated 
the capability to produce ultra-low platinum loadings. This paper reports the power density and cathode mass power 
density at peak power and 500 mA/cm2 conditions for ultrasonically spray coated MEAs. These MEAs were also pro-
duced with various Nafion® content ratios and platinum loadings. The results indicate varying optimum values for dif-
ferent conditions. 
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1. Introduction 

Climate change and global warming have made green 
energy and the reduction of carbon emissions urgent and 
popular topics. The Proton Exchange Membrane Fuel 
Cell (PEMFC) is a promising power source of the future 
because of its high power density, high efficiency, lack 
of harmful emissions, high quality power, scalability and 
quick start-up. Figures 1 and 2 are schematic representa-
tions of a fuel cell system and a fuel cell unit. The MEA 
is shown in Figure 2; these are repeating units in a fuel 
cell and constitute 30% - 50% of the total fuel cell cost. 
One of the main impeding factors for fuel cell commer-
cialisation is the high cost. For portable device and ve-
hicular applications, fuel cells are competing with batter-
ies and internal combustion engines, respectively. These 
competitors have been operating commercially for al-
most a century with well-established infrastructure. Since 
the MEA is the most expensive component of fuel cells, 
reducing platinum loading of MEAs is an important re-
search area for fuel cell development. 

Ultrasound is widely used for many applications. For 
fuel cell fabrication, it is very commonly used to prepare 
catalyst inks. Besides ink fabrication, literature has also 
shown ultrasound being used to assist catalyst synthesis 
[1,2], catalyst support treatment [3], MEA fabrication 

[4-6] and humidifier [7] among others. Among these ap-
plications, ultrasonically spray coated MEAs have shown 
remarkable platinum mass power density [4,6]. In gen-
eral, MEAs can be prepared using three different meth-
ods: 1) Catalyst coated membrane (CCM), where the 
catalyst layer (CL) is transferred directly onto a mem-
brane; 2) Decal transfer CCM, where the CL is coated on 
a substrate and then transferred onto a membrane, or 3) 
Catalyst coated substrate (CCS), which entails coating 
the CL on the gas diffusion layers (GDL) [4]. 

An MEA is fabricated by sandwiching a CCM be-
tween two GDLs, or sandwiching a PEM between two 
gas diffusion electrodes (GDEs are GDL with CL). The 
ultrasonic spray coating technique can be used for CCM 
and CCS methods. Normally, MEAs fabricated by CCM 
demonstrate better performance than CCS. The CCM 
delivers lower resistance than CCS due to improved 
CL-membrane ionic contact. 

Aiming at lower cost MEAs, literature shows many 
coating methods for fabricating ultra-low platinum load-
ing MEAs such as sputter deposition [8-10], ion-bean 
assisted deposition [11-14], doctor blade [15], screen 
printing [16], inkjet printing [17-19], spraying [20], elec-
trospraying [21-28] and ultrasonic spraying [4,6]. Most 
of the methods mentioned showed remarkable platinum 
mass power density and good performance, but under 

nrealistic and unpractical operating conditions (pure  u *Corresponding author. 
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Figure 1. The schematic of fuel cell system. 
 

 

Figure 2. The schematic of fuel cell unit. 
 
oxygen oxidants or high back pressure), with the excep-
tion of the ultrasonic spraying method [4]. 

2. Experimental 

Catalyst inks consisted of supported catalyst (40 wt% 
Pt/C, Johnson Matthey HiSpecTM 4000), aqueous Na-
fion® solution (5 wt%), DI water, and ethanol. All the 
contents were added to a glass vial and mixed using an 
ultrasonic bath. The ratio of the supported catalyst to 
Nafion® was 2:1. The catalyst inks were loaded into Sono- 
Tek ‘Exacta-coat’ then sprayed onto the Nafion® 212 

membrane directly. The anode platinum loading was 
fixed at 0.116 mg/cm2 while various platinum loadings 
were tested for the cathode. The ultrasonic spray coating 
machine as shown as Figure 3. The active area of MEAs 
was about 5 cm2. Each CCM was sandwiched between 
two GDLs and assembled in a single cell without hot 
press for fuel cell performance tests. The channel depth, 
channel width, and rib width of the serpentine flow field 
plate were all 1 mm. All fuel cell performance measure-
ments were performance with a Fuel Cell Test System 
850C (Scribner Associates Incorporated, USA). The op-
erating conditions were 65˚C, relative humidity (RH) at 
100%, 100 sccm hydrogen flow rate, and 250 sccm air 
flow rate. No back pressure was used during experiments. 
The details with regards to the MEA fabrication and sin-
gle cell testing can be found in a previous study [4]. 

3. Results and Discussion 

Figure 4 shows the relationship between power density, 
platinum loading and Nafion® content ratio at the peak 
power condition. It can be seen that an optimum value 
exists for platinum loading and the Nafion® content ratio. 
The higher platinum loading can provide more active 
sites that lead to higher kinetic rates but it increases the 
CL thickness correspondingly. Thick CLs results in 
poorer mass transfer. The reaction requires three phase 
boundaries: solid, liquid and gas phase. The solid phase 
is Pt/C, and it provides the reaction site and electron 
transfer route. Nafion®/water is the liquid phase and 
provides the proton transfer route. The gas phase is the 
reaction gases (hydrogen/air) which is supplied by the 
pores.  

A similar case can be seen for the Nafion® content ra-
tio. Increasing the Nafion® content ratio can provide  
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Figure 3. The photo of Sonotek ultrasonic spray coating 
machine. 
 

 

Figure 4. The relation of power density with platinum 
loading and Nafion contain ratio at peak power condition. 
 
more routes for proton transfer. However, it also in-
creases the CL thickness, leading to greater resistance to 
mass transfer. Simultaneously, higher Nafion® content 
ratios can reduce the electron conductivity due to it being 
a poor electrical conductor besides coating (and thereby 
insulating) the carbon surface. As a result, there is an 
optimum value for both platinum loading and Nafion® 
content ratio. 

Figure 5 shows the cathode peak power density 
against platinum loading and Nafion® content ratio. Here 
it is noted that lower platinum loadings results in higher 
mass power densities. Also, with regards to platinum 
loading, the best performance was only ca. 20% higher 
than the lowest, even though the loading was more than 
doubled. The result indicates that the performance does  

 

Figure 5. The relation of cathode mass power density with 
platinum loading and Nafion contain ratio at peak power 
condition. 
 
not correspond linearly to platinum loading. The mass 
power density is the power density normalised to the 
mass of platinum. Thus, the highest mass power density 
occurs at the lowest platinum loading. For a fuel cell 
system cost analysis, the lower platinum loading reduces 
catalyst cost. However, to achieve similar performance, 
larger active areas in more cells are required hence re-
sulting in higher costs associated with membranes, GDLs 
and bipolar plates. As such, the lowest platinum loading 
does not necessarily correspond to the lowest cost for a 
fuel cell system.  

Figure 6 shows the relationship between power den-
sity, platinum loading and Nafion® content ratio at 500 
mA/cm2. The optimum value here is obviously different 
when compared to that at peak power. As the operating 
current is lowered, the kinetically controlled domain is 
approached. The 500 mA/cm2 condition is considered to 
be at the medium current region that is dominated by 
both kinetics and ohmics. Thus the optimum value is 
different from the peak power condition because mass 
transfer did not significantly affect the performance. Fig-
ure 7 shows the cathode mass power density against 
platinum loading and Nafion® content ratio at 500 
mA/cm2. The result is very similar to Figure 5. The low-
est platinum loading corresponds to the highest mass 
power density. Therefore, it can be concluded that to 
minimise the cost of a fuel cell system, the optimum 
platinum loading is dependent on the performance re-
quirement, and will in turn affect the cost of the other 
components i.e. lower platinum loading, more cells re-
quired. 
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Figure 6. The relation of power density with platinum 
loading and Nafion contain ratio at 500 mA·cm−2 condition.  
 

 

Figure 7. The relation of cathode mass power density with 
platinum loading and Nafion contain ratio at 500 mA·cm−2 
condition. 

4. Conclusions  

Ultrasonic spray coating technology has only been used 
for fuel cell applications in recent years. It has been 
demonstrated that ultrasonic spray coating is an effective 
way to reduce platinum loading for fuel cells. The opti-
mum catalyst ink formula and platinum loading are de-
pendent on operating conditions. In terms of cost, opti-
mum platinum loadings must be considered alongside the 
cost of other core components. This extended cost analy-
sis is a helpful approach to lower the cost of fuel cell 
systems. Normally, direct methanol fuel cells and high 
temperature PEMFCs require more catalyst than low 
temperature PEMFCs. As such, ultrasonic spray coating 
technology has great potential for the fabrication of di-

rect methanol fuel cells and high temperature PEMFCs. 
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