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Abstract

Conventional catalyst layer with a smooth surface exists the larger area
of“catalytic dead zone” and reduces the utilization of catalyst. Based on this, a novel

TE
D

catalyst layer structure based surface-patterned Nafion® membrane was designed to
achieve more efficient electrochemical reaction in this work. Surface-patterned
Nafion® membranes were prepared by hot pressing with different pressures, and their
swelling degrees reduced obviously with the increase of pressure ,but proton

EP

conductivities of the membranes were almost unchanged. Pre-swelling and
direct-spraying deposition methods were used to prepare the novel catalyst layer, and
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the effect of pressure on the performance of MEA was investigated. The results
suggested that the peak power density of DMFC with optimal novel catalyst layer
structure increased by 28.84%, the charge transfer resistances of anode and cathode
reduced by 28.8% and 26.5% respectively, compared with the conventional catalyst
layer. Performance improvement is attributed to the fact that the novel catalyst layer
structure optimizes the electrolyte membrane/catalyst layer and gas diffusion
layer/catalyst layer interfacial structure, which increases the electrochemical reaction
region and reaction sites. The novel catalyst layer with a three-dimensional curved
surface structure enlarges the “three-phase boundaries (TPB)” and electrochemical
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active surface area (ECSA) of membrane electrode assembly (MEA).

Therefore,

this work provides an effective solution to achieve the high performance of DMFC by
optimizing the internal interface structure of electrode, which is helpful to the future
development of DMFC.
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1. Introduction
Nowadays direct methanol fuel cells (DMFCs) are receiving more and more
attention as the ideal power source for portable electronic devices, because of their
large energy density, easy fuel storage, simple and compact design, green

SC

environmental protection, better security and reliability[1-4]. However, there are still
many key problems to be resolved for further commercial application of DMFCs,
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mainly including the lower power density and electrical efficiency caused by
methanol crossover[5, 6], sluggish kinetics of the anode methanol oxidation reaction
(MOR)[7, 8] and cathode oxygen [9, 10] reduction reaction(ORR). The effective way
to solve these problems is to improve the utilization of catalyst and increase the
efficiency of electrochemical reaction[11-13]. Catalyst layer acts as the place for

operations.
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electrochemical reactions, and thus, plays a critical role in stable and efficient DMFC

Base on this, a lot of work has been done and focused on the optimization of

EP

catalyst layer structure. For example, optimizing the ionomer (Nafion, PTFE) content
to change the hydrophilicity of catalyst layer[14-16], adding pore-former to improve
the porosity for better mass transfer[17, 18], and construction of gradient catalyst
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layer structure[19, 20]. These efforts mainly optimized the internal structure of
catalyst layer, however, the electrolyte/ catalyst layer and gas diffusion layer/catalyst
layer interfacial structure both remained substantially unchanged, which means that
“catalytic dead zone” in the catalyst layer as described in Fig.1(a) has not been
effectively reduced. As shown in Fig.1, the internal structure of DMFC is composed
of flow field plate, diffusion layer, catalyst layer and electrolyte membrane. Flow field
plate provides the transfer channel of reactants, then the reactants pass through the
diffusion layer and enter the catalyst layer for electrochemical reaction. During this
process, the reactants transfer path entering the catalyst layer is blocked in the contact
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areas between diffusion layer and rids of flow field plate, where the electrochemical
reaction occurs slowly or not, namely “catalytic dead zone”. Moreover, as shown in
Fig.1(a), the conventional catalyst layer has a smooth electrolyte/catalyst layer
interfacial structure, and the electrochemical reaction zone is relatively small, where
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the “catalytic dead zone” further expands and the catalyst utilization decreases.
Therefore, it is necessary to optimize the electrolyte/catalyst layer interfacial structure
and reduce the adverse effects of rids on the catalyst layer.

To optimize the interfacial structure, several groups [21-27]have reported the rough

SC

and patterned surface of Nafion® membrane can enlarge interfacial area between the
electrolyte membrane and catalyst layer, and the performance of single cell was
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improved. However, these efforts ignored the effect of Nafion® membrane surface
structure on the catalyst layer structure, and “catalytic dead zone”. For this reason, a
novel catalyst layer structure based surface-patterned Nafion® membrane was
designed as shown in Fig.2(b). It can be seen that the novel catalyst layer has a
three-dimensional curved surface structure, which can effectively reduce the contact
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areas between diffusion layer and rids of flow field plate. Compared with the smooth
interfacial structure, the electrolyte/ catalyst layer contact interface increases
obviously.

zone”

EP

Therefore, the novel catalyst layer structure can effectively reduce “catalytic dead

and enlarge electrode reaction interface to achieve the high performance of DMFC.
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In this work, the above-mentioned novel catalyst layer based surface-patterned

Nafion® membrane was designed and prepared. Firstly, stainless steel mesh was
selected as the template for hot pressing to prepare surface-patterned Nafion®
membranes. The well-defined surface-patterned Nafion® membrane was used to
fabricate novel catalyst layer with three-dimensional curved surface structure, then
fabricated membrane electrode assembly (MEA), and it was tested in DMFC single
cell. The electrochemical characteristics of the DMFC single cells were measured and
compared to investigate the effect of novel catalyst layer structure on the performance
of DMFC.
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2. Experimental
2.1 Preparation of surface-patterned Nafion® membranes
The Nafion® 115 membrane was sandwiched between two stainless steel meshes
and pressed for 300 s at 150 oC under the given pressure. In order to obtain steady
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structure, the membrane was cooled down to 90 oC under the same pressure and kept
900 s. After cooling to room temperature, the sample was immersed in high purity
water to realize the natural detachment of membrane and stainless steel mesh. Finally,
the obtained surface-patterned Nafion® membranes were treated sequentially in 5 wt.%

SC

H2O2 solution, distilled water, 0.5 M H2SO4 solution and then distilled water, each at
80 oC for 1 h.
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2.2 Membrane electrode assembly (MEA) fabrication

The MEAs were prepared by the pre-swelling and direct-spraying deposition
methods[28] as shown in Fig.2. Ethylene glycol was selected as pre-swelling reagent
and the surface-patterned Nafion® membranes were placed in ethylene glycol until
fully saturated. The main reason is that ethylene glycol has higher boiling point which

TE
D

can ensure that the membrane does not deform during the spraying process.
Catalyst slurry was prepared as following procedures in our previous work[29-31],
including catalysts, Nafion ionomer solution and isopropyl alcohol. The catalysts of

EP

anode and cathode were PtRu Black (HiSPEC 6000, Johnson Matthey) and Pt Black
(HiSPEC 1000, Johnson Matthey), and the corresponding loadings were 4.0 and
3.0 mg cm−2, respectively. Isopropanol acted as the dispersant and Nafion adhesive (5
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wt. % DuPont, US) was used as proton conductor, accounted for 15 wt % and 10 wt %
at anode and cathode respectively. The mixed slurry was treated by ultrasonic for 2 h,
then directly sprayed on the pre-swelling Nafion® 115 membrane. After completing
spraying, the MEA was kept in a vacuum oven for about 8 h at 65 oC to remove
residual ethylene glycol from the membrane. Carbon cloth (H2315T10AC1 NOK,
Japan) was served as anode and cathode diffusion layer to obtain the MEA with an
active area of 5 cm2 in this work.
2.3. Performance evaluation and test of DMFCs
The as-prepared MEAs were inserted into two graphite flow field plates with
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serpentine channels to assemble single cell. After a series of activation operations, the
DMFC performance was in-situ evaluated and monitored by 3-electrode system on
self-made fuel cell test platform[32, 33]. The polarization curves were measured by
potential step method at a cell temperature of 80 oC. Meanwhile, polarization curves
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of anode and cathode can be independently recorded by using Hg/Hg2SO4 reference
electrode. The anode side was fed with 1.5M methanol solution at a flow rate of 5 mL
min-1, and the cathode side was fed with oxygen at a flow rate of 800 mL min-1, and
the backpressure was 0.3Mpa.

SC

The real methanol crossover was investigated by testing the methanol limiting
current of the cathode. The cathode served as work electrode and was fed with
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0.3Mpa nitrogen, and anode was fed with 1.5M methanol solution as reference
electrode and counter electrode. The methanol crossover was measured by linear
polarization method between 0 V and 1.2 V at the scan rate of 2 mV s-1 at 80 oC.
The cyclic voltammetry curves of cathode (0.05-1.35V) and anode (0.05-0.9V)
were both measured to calculate the electrochemical active surface area (ECSA) at a
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scan rate of 50 mV s-1. The measured electrode side was fed with ultra-pure water and
severed as work electrode, the other electrode side was fed with hydrogen with a flow
rate of 100 mL min-1 and used as reference electrode and counter electrode.

EP

Electrochemical impedance spectroscopy (EIS) of DMFCs at 400mA cm-2 were
performed using VMP2 electrochemical workstation with the frequency ranging from
99 kHz to 9 mHz.
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2.4 Characterization of Nafion® membranes and catalyst layers
Surface morphologies of surface-patterned Nafion® membranes and catalyst layers

in this work were observed by scanning electron microscope (FESEM, JSM-7100F).
The proton conductivity of the membrane was measured by three-electrode system
using Electrochemical impedance spectroscopy (EIS) method. Swelling degree of the
membranes in high purity water was measured by calculating the weight change of
membrane before and after water uptake.
3. Results and discussion
3.1. Characteristics of the surface-patterned Nafion® membranes

ACCEPTED MANUSCRIPT
Stainless steel mesh was selected as the template for hot pressing to prepare
surface-patterned Nafion® membranes, and the surface and cross-section SEM images
of surface-patterned Nafion® membranes under different pressure conditions are
shown in Fig.3. The results show that the surface of the Nafion® membranes becomes
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markedly rougher after hot pressing compared to its original smooth surface (Fig.3(a)),
and the improvement of surface roughness is mainly due to the formed dent during the
hot pressing. As shown in the illustrations of Fig.3(b)-(f), the depths of dents are
respectively 29.7µm, 34.9µm, 38.8µm, 41.2µm, 43.1µm, corresponding to the
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pressure of 0.5Mpa, 1.0Mpa, 1.5Mpa, 2.0Mpa, 2.5Mpa. The depth of dent is used to
evaluate the surface roughness of membrane, so it can be seen that rougher surface
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could be obtained when increasing the pressure of hot pressing. Therefore, during the
process of preparing MEA by direct-spraying method, the rugged surface could
realize the catalyst particles distribution along the curved surface, which enlarges the
contact interface between the membrane and catalyst layer, and a novel catalyst layer
with three-dimensional curved surface structure can be fabricated.
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In addition, swelling degree and proton conductivity of Nafion® membrane have a
significant impact on the DMFC performance. For this reason, the effects of hot
pressing on the characteristics of Nafion® membrane were further investigated, and
the results are shown in Fig. 4. With increasing the pressure from 0.5Mpa to 2.5Mpa,

EP

swelling degrees of surface-patterned Nafion® membranes are respectively 17.9%,
15.9%, 14.8%, 14.2%, 14.1%, and lower than that of original Nafion® membrane
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(22.1%). It is obvious that swelling degree of Nafion® membrane is effectively
suppressed after hot pressing, which demonstrates that hot pressing reduces the
amount of freezable water in the membrane and makes the membrane structure more
compact[24]. Moreover, lower swelling degree helps to reduce methanol crossover
and enhance the structural stability of catalytic layer. The reduction of water content
in the membrane may affect its proton conductivity, so proton conductivities of
different surface-patterned Nafion® membranes were measured. As seen from Fig. 4,
proton conductivities of original and surface-patterned Nafion® membranes are all
around 0.1 S cm-1, which show that hot pressing has little effects on the proton

ACCEPTED MANUSCRIPT
conductivity of membrane. Therefore, after hot pressing, surface-patterned Nafion®
membranes show
better characteristics for DMFC.
3.2. Effects of catalyst layer structure on DMFC performance
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To investigate the effects of catalyst layer structure on DMFC performance, the
original and surface-patterned Nafion® membranes were selected to prepare MEAs,
which

were

named

MEA-HP-0Mpa,

MEA-HP-0.5Mpa,

MEA-HP-1.5Mpa,

MEA-HP-2.5Mpa, respectively corresponding to the pressure of hot pressing. Then
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these MEAs were tested in DMFC single cells at 80 oC. Fig.5 shows the polarization
curves and power density curves of DMFCs corresponding different MEAs. For
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DMFCs with surface-patterned Nafion® membranes, as the pressure increases, the
peak power densities are 215.20 mW cm-2, 252.72 mW cm-2, 172.46 mW cm-2,
respectively. MEA-HP-1.5Mpa exhibits the best performance, and the peak power
density is increased by 28.84% than that of MEA-HP-0Mpa (200.83mW cm-2). The
results indicate that DMFC performance can be improved by increasing the surface
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roughness of Nafion® membrane, but too much rough surface can lead to a decrease
in performance probably because of utilization loss of catalyst particles buried in the
deep dents. On the other hand, as described in the polarization curves, the low current

EP

region is the electrochemical reaction control region, and the high current region is
controlled by material transfer. The single cell employing MEA-HP-1.5Mpa exhibits
higher cell voltage than MEA-HP-0Mpa in the above-mentioned region, indicating
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the novel catalyst layer structure improves the electrochemical reaction rate and
optimize material transport channel.
To further understand the effects of catalyst layer structure on electrocatalysis

reaction, the anode and cathode polarization curves of DMFCs were measured by
3-electrode system and shown in Fig.6(a). Apparently, the MEA-HP-2.5Mpa shows
the worst performance, which may be attributed to the deeper dent causes a crack in
the catalytic layer. Moreover, the MEA-HP-1.5Mpa exhibits the lowest anode and
cathode polarization, and the overpotential for anode and cathode at 400mA cm-2
reduces 22 mV and 32 mV compared with MEA-HP-0Mpa, which indicates cathode

ACCEPTED MANUSCRIPT
electrocatalysis reaction rate increases more obviously. The decrease in overpotential
may be mainly attributed to the increase of “three-phase boundaries (TPB)” among
MEA. Especially, the enhancement of cathode electrocatalysis efficiency is likely to
benefit from the reduction of methanol crossover. Because methanol crossover
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through Nafion® membrane induces mixed potential at the cathode and severely
affects the performance of DMFC, methanol crossover current densities at cathode
were measured and shown in Fig.6(b). It is observed that MEA-HP-0Mpa suffered the
most serious methanol crossover, and the corresponding current density reaches

MEA-HP-0.5Mpa,

MEA-HP-1.5Mpa,

SC

343.10 mA cm-2. After hot pressing, methanol crossover current densities of the
MEA-HP-2.5Mpa

were

246.80

mA
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cm-2,213.56 mA cm-2,200.91 mA cm-2, respectively. These results suggest that
methanol crossover decreases with the increase of pressure for hot pressing, which are
consistent with the fore-mentioned swelling degree change of membrane. It may be
concluded that the lower swelling degree of surface-patterned Nafion® membrane
improves resistance to methanol crossover, and rough surface enlarges the effective
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reaction region of catalyst layer and “three-phase boundaries (TPB)” in MEA.
The impedance measurements of DMFCs were performed at 400 mA cm-2 and
applied to reveal the effect mechanism of new electrode structure. Fig. 6(c) presents
EIS

measurements

and

equivalent

circuit

is

described

as

EP

the

L1Rm(Q1Rc)(Q2Ra(R4L2))[27, 32, 34]. L1 indicates the high-frequency inductance, Rm
represents the ohmic resistance mainly determined by membrane resistance, Rc and Ra
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denotes the charge transfer resistance of oxygen reduction reaction (ORR) and
methanol oxidation reaction (MOR), Q1 and Q2 are constant phase angle elements
which describes the realistic reaction conditions with porous electrode and rough
interface structures of cathode and anode, respectively. L2 suggests the current is
phase delayed with regard to voltage perturbation as a result of slower CO desorption,
and R4 modifies the phase delay.
The fitting results according to the equivalent circuit model are presented in Table 1,
and the variations of Rm, Rc, Ra are recorded and shown in Fig. 6(d). Rm indicates the
ohmic resistance mainly determined by Nafion® membrane resistance, and Rm of all
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MEAs are around 0.16 Ω cm2, which is further proved that the proton conductivity of
the membrane is not affected by hot pressing. In addition, it can be seen that the
charge transfer resistances of ORR and MOR for MEA-HP-1.5Mpa are respectively
0.173Ω cm2 and 0.158 Ω cm2, which are markedly reduced by 28.8% and 26.5% than
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that of MEA-HP-0Mpa. The results show that the novel catalyst layer shows higher
catalytic efficiency at the same noble metal loading. Moreover, L2 is the inductance
caused by COads on the catalyst surfaces during the methanol electrooxidation, and the
smaller the value, the higher the efficiency of anode methanol oxidation reaction[35].

SC

MEA-HP-1.5Mpa has the minimum value and exists the best performance, which
corresponds to its lowest anode charge transfer resistance. On the other hand, the
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roughness of the catalytic layer and the interface-related kinetics are characterized by
constant-phase elements rather than ideal capacitors, n1 and n2 are the adjustment
parameters to reflect characteristics of the electrode structure. As reported in the
literature[34, 36], adjustment parameter equals 1.0, which suggests that the active
surface reaction sites are uniformly distributed and a relatively small fraction of
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catalyst participates in the electrocatalytic reaction. As seen from the Table 1, the
value of n1 is around 0.7, and that of n2 is closer to 1.0, which indicates the surface of
cathode catalyst layer is rougher than that of the anode. With the increase of pressure,

EP

the value n1 and n2 both reduced, but n1 changed more obviously. For the
MEA-HP-1.5Mpa, the value of n1 decreases to around 0.665, indicating that the
distribution of catalytic active sites is non-uniform, and electrochemical reaction zone
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extends to the inner layer of the catalytic layer. Therefore, the effective reaction
region in the catalyst layer increases, and the utilization of catalyst is improved.
Consequently, the novel catalyst layer can optimize the electrolyte/ catalyst layer and
diffusion layer/catalyst layer interfacial structure, and increase catalyst utilization,
which could be responsible for the improved performance.
However, it can be seen that MEA-HP-2.5Mpa shows the worst performance. To
identify the effect of pressure on the performance of MEA, surface and cross-section
SEM images of the anode and cathode catalyst layer corresponding to different MEAs
were observed as shown in Fig.7. As shown in Fig.7(a), the conventional anode and
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cathode catalyst layer both have a smooth surface, which is unfavorable to maximize
the utilization of catalyst. Clearly, it can be seen from Fig.7(b) and Fig.7(c) that the
novel catalyst layers based on surface-patterned Nafion® membranes have a
three-dimensional curved surface structure, which can increase the surface roughness
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and the contact area between catalyst layer and electrolyte membrane. The curved
surface structure optimizes the diffusion layer/catalyst layer interfacial structure,
which is beneficial for reactants to expand considerably in the depth direction into the
inner part of the catalyst layer, reducing the adverse effects of rids on the catalyst
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layer. The increase of electrolyte/catalyst layer interfacial zone enlarges the
“three-phase boundaries (TPB)” of MEA. Meanwhile, the surface of cathode catalyst
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layer is rougher than that of the anode, which is mainly attributed to the higher load of
catalyst for anode.

This result can explain why the electrocatalytic performance of cathode increases
more obviously. As shown in Fig.7(c), the catalyst layer surface of MEA-HP-2.5Mpa
have some cracks, which is likely to be caused by the deep dents when the pressure is
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too high. The results indicate that performance degradation for the MEA-HP-2.5Mpa
is caused by the cracks in catalyst layer.

Electrochemical surface area (ECSA) is widely used to characterize the anode and

EP

cathode electrocatalytic activity in DMFC. Therefore, the anode and cathode CV
curves of each sample were in-situ measured and shown in Fig.8. Clearly, it can be
seen that the ECSA initially increased significantly with increasing the pressure from
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0.5Mpa to 1.5 Mpa and peaked for the sample MEA-HP-1.5Mpa before it decreased
when further increasing the pressure to 2.5 Mpa. This result coincides with the
performance change trend in peak power density of the MEAs. The anode and
cathode ECSA values of MEA-HP-1.5Mpa is 29.03 m2 g-1 and 38.7 m2 g-1, increased
by 43.4% and 79.3% respectively compared with MEA-HP-0Mpa. These datas
indicate that the novel catalyst layer based on the surface-patterned Nafion®
membrane can achieve more catalytic active sites and increase the “three-phase
boundaries (TPB)”, which increases the reaction area and improves the catalyst
utilization obviously.
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4. Conclusions
The results obtained in this study showed that performance of DMFC can be
improved by optimizing the electrolyte/catalyst layer and gas diffusion layer/catalyst
layer interfacial structure based on surface-patterned Nafion® membrane. As-prepared
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surface-patterned Nafion® membranes under different pressures had different surface
roughness and structures, which directly affected the surface structure of the catalyst
layer. The pressure of hot pressing should be controlled to avoid the cracks in catalyst
layer. Best performance was found for MEA-HP-1.5Mpa, and peak power density

SC

reached 252.72 mW cm-2, which was increased by 28.84% than that of
MEA-HP-0Mpa. EIS measurements indicated that the charge transfer resistances of
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anode and cathode reduced by 28.8% and 26.5% respectively. Surface and
cross-section SEM images of the anode and cathode catalyst layer corresponding to
different MEAs showed the novel catalyst layer with surface-pattered membrane has a
three-dimensional curved surface structure, which can increase the surface roughness
and contact area between catalyst layer and electrolyte membrane. The improvement
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of electrochemical surface area (ECSA) further proved the novel catalyst layer
expands the electrochemical reaction zone and increases the “three-phase boundaries
(TPB)”. Based on the above research results, the novel catalyst layer structure can be

EP

used to prepare high-performance MEA with lower Pt loading in the future.
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Captions for Figures in manuscript

Fig.1. Schematic diagram of enlarging electrochemical reaction interface for novel
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catalyst layer structure based on surface-patterned Nafion® membrane
Fig.2. Schematic diagram of fabrication for MEA with novel catalyst layer structure
based on surface-patterned Nafion® membrane
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Fig.3. SEM images of the surface and cross-section (illustration) morphology of
surface-patterned Nafion® membranes under different pressure conditions:(a) 0Mpa;
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(b) 0.5Mpa; (c) 1.0Mpa; (d) 1.5Mpa; (e)2.0Mpa; (f) 2.5Mpa
Fig.4. Swelling degrees and Proton conductivities of surface-patterned Nafion®
membranes under different pressure conditions
Fig.5. Polarization curves and power density curves of DMFCs with surface-patterned
Nafion® membranes under different pressure conditions
Fig.6. (a) Anode and cathode polarization curves; (b) Methanol crossover
measurements; (c) Electrochemical impedance spectroscopy measured at 400mA
cm-2; (d) Results of equivalent circuit for the EIS analysis for DMFCs with
surface-patterned Nafion® membranes under different pressure conditions.
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Fig.7. SEM images of the surface and cross-section (illustration) morphology of
membrane electrode assemblies:(a) MEA-HP-0Mpa; (b) MEA-HP-1.5Mpa; (c)
MEA-HP-2.5Mpa
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Fig.8. Cyclic voltammetry curves of anode (a) and cathode (b) for different MEAs

Captions for Tables in manuscript

Table 1 Fitted parameters for the equivalent circuit model for the different DMFCs
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Table 1
Fitted parameters for the equivalent circuit model for the different DMFCs operating
at
400mA cm-2
MEA-HP-0Mpa

MEA-HP-0.5Mpa

MEA-HP-1.5Mpa

L1 (H cm−2)

8.11E-8

8.01E-8

8.04E-8

Rm (Ω cm2)

0.155

0.160

0.163

Rc (Ω cm2)

0.243

0.219

0.173

Q1(F.cm−2)

0.852

0.830

0.802

n1

0.755

0.695

Ra (Ω cm2)

0.215

0.200

Q2(F.cm−2)

0.703

0.753

0.893

0.652

n2

0.998

0.978

0.958

0.948

R4 (Ω cm2)

0.021

0.031

0.050

0.016

L2 (H cm−2)

0.022

0.018

0.013

0.026
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0.168
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Fig.1. Schematic diagram of enlarging electrochemical reaction interface for novel
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catalyst layer structure based on surface-patterned Nafion® membrane

RI
PT

ACCEPTED MANUSCRIPT

Fig.2. Schematic diagram of fabrication for MEA with novel catalyst layer structure
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Fig.3. SEM images of the surface and cross-section (illustration) morphology of
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surface-patterned Nafion® membranes under different pressure conditions:(a) 0Mpa;
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(b) 0.5Mpa; (c) 1.0Mpa; (d) 1.5Mpa; (e)2.0Mpa; (f) 2.5Mpa
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Fig.4. Swelling degrees and Proton conductivities of surface-patterned Nafion®

AC
C

EP

TE
D

membranes under different pressure conditions

ACCEPTED MANUSCRIPT

MEA-HP-0Mpa
MEA-HP-0.5Mpa
MEA-HP-1.5Mpa
MEA-HP-2.5Mpa

250

200

0.6

0.4

RI
PT

E/V

150

100

0.2

50

0.0
200

400

600

I/mA cm-2

800

1000

0
1200

SC

0

Power Density/mW cm-2

0.8

M
AN
U

Fig.5. Polarization curves and power density curves of DMFCs with surface-patterned

AC
C

EP

TE
D

Nafion® membranes under different pressure conditions

ACCEPTED MANUSCRIPT
400

1.0
0.9

MEA-HP-0Mpa
MEA-HP-0.5Mpa
MEA-HP-1.5Mpa
MEA-HP-2.5Mpa

32mv
300

0.8

E/V

0.7
0.6

I/mA cm-2

Cathode

Anode

0.5

100

0.4

22mv

0.3

MEA-HP-0Mpa
MEA-HP-0.5Mpa
MEA-HP-1.5Mpa
MEA-HP-2.5Mpa

0.2
0

200

400

600

800

200

1000

0
0.0

1200

0.2

0.4

I/mA cm-2
0.30

MEA-HP-0Mpa
L1

MEA-HP-0.5Mpa
MEA-HP-1.5Mpa
MEA-HP-2.5Mpa

Q1

Q2

Rc

Ra
L2

Rm
R4

(d)

Rm

Rc

1.0

Ra

0.243

0.24

1.2

0.278

0.235

0.219

0.215

0.2

0.15
0.18

2

R/Ω cm2

0.10
0.05

0.12

0.00
-0.05

0.173

0.155

0.16

M
AN
U

-lm(Z)/ohm cm

0.8

SC

0.20

0.6

E/V

0.30

(c) 0.25

RI
PT

(a)

(b)

0.163

0.168
0.158

0.06

-0.10
-0.15

0.00

0.1

0.2

0.3

0.4

0.5
2

Re(Z)/ohm cm

0.6

0.7

MEA-HP-0Mpa

MEA-HP-0.5Mpa

MEA-HP-1.5Mpa

MEA-HP-2.5Mpa

Fig.6. (a) Anode and cathode polarization curves; (b) Methanol crossover
measurements; (c) Electrochemical impedance spectroscopy measured at 400mA
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Fig.7. SEM images of the surface and cross-section (illustration) morphology of
membrane electrode assemblies:(a) MEA-HP-0Mpa; (b) MEA-HP-1.5Mpa; (c)
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Highlights


A novel catalyst layer based surface-patterned Nafion® membrane was designed
and prepared.



The novel catalyst layer optimizes the electrolyte membrane/catalyst layer and

The peak power density of DMFC increasd by 28.84% compared with the
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conventional catalyst layer.
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gas diffusion layer/catalyst layer interfacial structure.

