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� 2D/3D rGO coating is applied to flow distributor to enhance PEMFC performance.

� 2D Web-like (WG) rGO is coated on the NieCr foam to reduce electrical resistance.

� 3D rGO is directly formed on the flat bipolar plate as a flow distributor.

� 3D rGO shows feasibility to be used as flow distributor and high performance.
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There are drawbacks to use stainless-steel plates as a flow distributor plate in fuel cell, due

to some of their properties being inferior to graphite flow distributor plates in terms of

electrical conductivity and corrosion resistance. To overcome these problems, many re-

searches have been conducted to improve the properties of stainless-steel flow distributor

plates through coating of carbon materials. Herein, two-dimensional Web-like graphene

(WG) and self-assembled three-dimensional graphene (STG) are coated through superheat

vaporization of micro-droplet method. WG is coated in porous NieCr foam and STG is

constructed on the flat flow distributor plate, and they exhibit the feasibility to be applied

in flow distributors. Compared to uncoated NieCr foam, the performance of the PEMFC

system with the graphene coated foam is enhanced remarkably. Furthermore, the flow

distributor plate with the STG exhibits potential to be used directly to flow distributor.

© 2020 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.
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Introduction

A fuel cell is an electrochemical device that converts the

chemical energy of fuel into electrical energy. Of the various

types of fuel cells, the polymer electrolyte membrane fuel cell

(PEMFC) attracts much attention as a potential future tech-

nology because it has many advantages: low operating tem-

perature, high current and power densities, short start-up

time, and high efficiency. A PEMFC consists of a membrane

electrode assembly (MEA), a gasket, and two flow distributor

plates. Because the flowdistributor plate contains its ownflow

distributor, it can supply fuel and oxidant to each electrode. In

addition, the flow distributor in the flow distributor plates acts

as a passageway for the removal of generated water.

Furthermore, it behaves as a current collector for the electron

travel path and physically supports the MEA. Thus, due to the

various and significant roles of flowdistributor plates, they are

considered key components of fuel cell systems.

Currently, the most widely used flow distributor plate is a

graphite flow distributor plate, but graphite plates are brittle

and fragile to external shock. They also account for about 45%

of the total manufacturing cost of PEMFC systems [1]. Due to

their low cost and high corrosion resistance, metal flow

distributor plates have received much attention as re-

placements for graphite[2,3]. However, metal flow distributor

plates have critical problemswhen applied to PEMFC systems.

One is performance degradation due to having lower electrical

conductivity than graphite flow distributor plates, and the

other relates to MEA poisoning problems due to the catalyst

contamination by the metallic ions which lead to the degra-

dation of PEMFC performance [4e8]. Many researchers have

studied various approaches to completely replace graphite in

flow distributor plates, assessing stainless-steel as means of

addressing these critical issues. The easiest way to replace the

graphite flow distributor plate is to apply a surface coating of

materials with high chemical resistance and electrical con-

ductivity to metallic flow distributor plates. Numerous re-

searchers have tried to modify the properties of flow

distributor plates by coating them with various materials

including carbonmaterials [9e16]. Coating the flowdistributor

plate modifies the interfacial contact resistance and corrosion
Table 1 e Summary of previous studies using porous flow dist

Reference Structural characteristics

[14] Foam

Pore size range: 300e400 mm

[15] Foam

20, 40 PPI

[16] Fiber sintered felt

Porosity: 70e90%

[17] Mesh

Open area to total area: 12e60%

[18] Foam

Porosity: 95e98%

[19] Foam

45e100 PPI

[45] Foam

Pore size: about 580 mm

Porosity: up to 95%
resistance, and previous results indicate that there are several

alternatives to graphite flow distributor plates. Based on this

procedure, the possibility for replacing graphite flow distrib-

utor plates with carbon-coated plates has been reported [16].

Furthermore, it is well-known that modified corrosion resis-

tance can play a role as a barrier to prevent MEA poisoning. Yi

et al. [11] showed that carbon coating on a flow distributor

plate is a promising process for preventing MEA

contamination.

Although it is not a solution to the two critical problems

mentioned above, one approach to enhance fuel cell perfor-

mance is to apply a porous flow distributor in stainless-steel

flow distributor plates. A porous flow distributor is a perme-

able material that contains micro-to milli-scale pores, such as

metal foam. Since the conceptual design of porous flow dis-

tributors was suggested on a US patent [17], fuel cells with

various porous flow distributors have been reported by many

researchers [18e23] (See Table 1). Following these studies, it

became evident that using a porous flow distributor can result

in enhanced fuel cell performance by improving reactant

supply and product removal from electrodes. And the increase

of the effective electrode area by reducing dead-zone due to

the contact between the rib of channel and electrode is

responsible for the improved performance. As mentioned

above, numerous studies have reported that using porous flow

distributors and surface coatings are effective ways to in-

crease the performance of PEMFCs with stainless-steel flow

distributor plates. Currently, graphenematerial have received

much attention due to its outstanding properties of electrical/

thermal conductivity, stiffness and strength, and chemical

versatility [24e30]. In addition, dramatic enhancement of

corrosion resistance via reduced graphene oxide (rGO) coat-

ings under fuel cell operating conditions has been reported

[31]. Based on the previous studies, we newly constructed

porous 2D and 3D rGO structures through superheat vapor-

ization of micro-droplet (SVM) method. And the prepared

web-like graphene (WG)-coated NieCr foam and self-

assembled 3D graphene (STG) were applied to flow distribu-

tors in single cells. The fuel cell performances with uncoated

NieCr foam, WG-coated NieCr foam, and Au-coated NieCr

foam as flow distributor were evaluated under the fully
ributors.

Materials Type of fuel cell

Stainless steel DMFC

SUS316

NieCr

PEMFC

Copper PEMFC

SUS316

SUS304

DMFC

No information PEMFC

Vitreous carbon PEMFC

Nickel PEMFC
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humidified condition (RH 100%). And the performance mea-

surement of the single cell with STG as a flow distributor was

carried out to investigate the feasibility. Furthermore, to

investigate the fuel cell performance enhancement mecha-

nisms, WG and STG were characterized by scanning electron

microscopy (SEM), transmission electron microscopy (TEM),

Raman spectroscopy and electrochemical impedance spec-

troscopy (EIS) analysis.
Experiments

Preparation of rGO colloid

Graphite powder was chemically exfoliated by the improved

Hummer'smethod [[32]], which uses the chemical oxidation of

graphite and sonication procedures. 3 g of graphite powder

(Sigma-Aldrich, 325 mesh) and 40 ml of phosphoric acid (Alfa

Aesar, 85%) were dispersed in 360ml of sulfuric acid (Daejung,

95%). 18 g of potassium permanganate (Sigma-Aldrich, 99%)

were slowly added to the acidic mixture, which was then

stirred. The mixture was maintained at 50 �C in a heating

jacket for 22 h, and 400 ml of distilled water and 3 ml of

hydrogen peroxide (Daejung, 30%) were added. Then, the

mixture was dehydrated by vacuum filtration for 45 h. After

vacuum filtration, the graphite oxide (GO) cake was dispersed

in chloric acid (Samchun, 35%) andmixedwith distilled water.
Fig. 1 e Schematics of the (a) superheat vaporization of micro-dr

flow distributors.
This mixture was centrifuged to remove further impurities for

30 min at 4000 rpm. After centrifugation, the GO cake was

vacuum-filtered once more to remove impurities that may

have remained and dehydrated in a freeze-drying process at

�100 �C for 4 days. The fully dried GO cake was turned into

powder by pounding. The prepared GO powder was dispersed

in distilled water and converted into graphene oxide colloid

using an ultrasonication process, with 60% amplitude for

40 min (Sonics Vibra-Cell VC 505, 500 W). After the ultra-

sonication process, the brown-colored graphene oxide col-

loids were reduced at 90 �C for 1 h with 875 ml of ammonia

(Daejung, 25e30%) and 500 ml of hydrazine solution (Sigma-

Aldrich, 35%).

Fabrication of WG and STG for flow distributor via SVM
method

The SVM method was used to prepare the rGO coating for the

porous flow distributor. The SVM method is a facile spray-

coating method in which micro-droplets of rGO colloid are

periodically sprayed onto a heated surface (Fig. 1(a)). The SVM

method has the advantage of being able to coat at low tem-

peratures and atmospheric conditions. Also, because of its

high processing speed, it is an effective method for coating

flow distributor plates. After the micro-droplets reached the

heated surface (250 �C), they became superheated and

vaporized rapidly. During vaporization, suspended rGO sheets
oplet (SVM) method and (b) assembled PEMFC with various

https://doi.org/10.1016/j.ijhydene.2020.02.092
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were concentrated at the receding triple line, which formed an

inhomogeneous residue after complete vaporization, thus

acting as a seed for fabricating the STG. As the spray process

was repeated 150 times, the seed developed into a porous

network (STG) on the flat surface. However, in the case of the

NieCr foam, rGO does not develop into a porous network. rGO

partially forms a web-like structure on the NieCr foam. This is

due to the perfect wetting properties of NieCr foam (see

supplementary video). It induces the same conditions as low

surface temperatures because the droplets form a flooded

liquid film on the substrate. If a flooded liquid film is formed, it

cannot form a complex liquid-air interface for fabricating STG

[47]. As mentioned above, the main mechanism of the SVM

method is to control the phase change heat transfer (boiling

and evaporation) of micro droplets with rGO; thus, coated rGO

exhibits a very similar morphology to samples fabricated

using the boiling method [33]. In this study, the spray delay

time was set to 25 s to maintain constant temperature con-

ditions, and the micro-droplets of rGO colloid discharging

time was set to 1 s. The charging and discharging of the spray

nozzle were controlled using our laboratory's house code to

control the relay module. After discharging the micro-

droplets, the wall temperature of the heating block was

cooled, and then recovered to the previously set temperature

(250 �C) by PID control of the cartridge heater inside the

heating block and the K-type thermo-couple. Using these SVM

operating conditions, 2D web-like rGO was coated onto the

NieCr foam, and STG was fabricated directly on the flow

distributor plates.

Supplementary video related to this article can be found at

https://doi.org/10.1016/j.ijhydene.2020.02.092

Characterization of the WG and STG

First, the synthesized rGO was characterized via Raman

spectroscopy (Alpha-300, Witec). As shown in Fig. 2, twomain

peaks at 1350 and 1590 cm�1 were observed. The peak at

1350 cm�1 is called the D-band and originates from disorder in
Fig. 2 e Raman spectrum of synthesized reduced graphene

oxide (rGO).
defective nanocrystals. The peak at approximately 1590 cm�1

is called the G-band, and relates to the crystallinity of carbo-

naceous materials [34e36]. The chemically exfoliated GO has

low electrical conductivity, so that the GO should be reduced

properly to have higher electrical conductivity [32]. In the

Raman spectrum characteristic result of rGO, the D and G

band typically show similar intensity ratio as reported in

previous studies which means the rGO used in this study was

synthesized properly [37]. The ratio of the D-band intensity to

the G-band intensity (ID=IG), which can determine the defect

levels of carbonaceous material, was 1.13 for the rGO used in

this study.

After constructingWG on NieCr foam and STG on flat plate

through the SVM method, the surface morphologies were

characterized by using SEM. The top view of scanning electron

microscopy (SEM) images were obtained via normal SEM

(COXEM, CX-200TM) at an acceleration voltage of 15.0 kV to

characterize the morphology of the samples. In the case of

side view images of STG, the field emission-scanning electron

microscopy (JEOL, JSM-7800F) was used at an acceleration

voltage of 10.0 kV to observe the thickness of STG. The WG-

coated NieCr foam had a web-like morphology, as shown in

Fig. 3(b). The rGO sheets formed a web-like shape on the

surface. Similar to findings of other studies [11,12,14,15], this

web-like rGO structure acts as a highly conductive bridge,

which is expected to decrease contact resistance between

conductive layers, and in turn, reduce ohmic loss. Also, the

pore size and thickness of the STG were investigated. As

shown in Fig. 4(a), the coated rGO network was self-

assembled, with numerous pores with sizes of 1e10 mm. Due

to these pores, STG has the potential to act as flow distributor,

which can provide reactant to MEA, like NieCr foam. And the

maximum thickness of the STG was observed to be approxi-

mately 20 mm, as shown in Fig. 4(b). If the flow distributor plate

has amilli-scale depth, the MEA and STG flow distributor may

not be in proper contact. For this reason, a flow distributor

plate with a depth of 20 mm was machined and the STG was

fabricated thereon for PEMFC operation (Fig. S3). As discussed

above, the fundamental studies of WG and STG were carried

out and the results confirmed the possibility of applying WG

and STG to flow distributors.

PEMFC operation

99.9% pure hydrogen was used as fuel, 99.9% air was used as

an oxidant. The performance was measured under the con-

dition of RH 100% at the both anode and cathode, respectively.

The fuel cell operating temperature was 65 �C and the oper-

ational pressure was equal to atmospheric pressure. The

stoichiometry ratios of hydrogen and air were 1.5 and 2.0,

respectively. According to Song et al. [38], the hydrogen

oxidation reaction (HOR) at the anode is much faster than the

oxygen reduction reaction (ORR) at the cathode. Shudo et al.

[18] demonstrated experimentally that applying porousmedia

as a cathode flow distributor is of more benefit than at the

anode due to the high water removal and reactant supply.

Based on previous literature, the flow distributor of the cath-

ode was changed using various porous media in each exper-

imental case, and the two serpentine flow channel which was

made of SUS316Lwas used as the flow distributor at the anode

https://doi.org/10.1016/j.ijhydene.2020.02.092
https://doi.org/10.1016/j.ijhydene.2020.02.092
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Fig. 3 e Scanning electron microscopy (SEM) images of (a) uncoated NieCr foam and (b) web-like graphene (WG)-coated

NieCr foam.

Fig. 4 e Scanning electron microscopy (SEM) images of self-assembled three-dimensional graphene (STG): (a) top view and

(b) side view.
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(Fig. 1(b)). Au-coated NieCr foam was used as a flow distrib-

utor under the same conditions in order to evaluate the dif-

ference between PEMFC performanceswhen usingWG-coated

and Au-coated NieCr foam. The catalyst coated membrane

(CCM) was prepared by spraying a catalyst ink, which was
prepared by homogeneously mixing the Pt/C catalyst with

40 wt% of metal loading, purchased from Johnson Matthey

with 5 wt% Nafion® ionomer solution. Nafion® ionomer

loading in the solution, which is the weight percentage of

Nafion® with respect to the total weight of the dry mixture

https://doi.org/10.1016/j.ijhydene.2020.02.092
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was 23 wt %. After Pt loading process, deionized water and

isopropyl alcohol (Sigma-Aldrich) were added to regulate the

viscosity of the catalyst inks. The catalyst ink was ultra-

sonicated and sprayed onto the surface of Nafion® 211

membrane on the both anode and cathode. The Pt-loadings on

the anode and cathode sides were 0.2 mg/cm2 for both. The

MEA with an active area 7.29 cm2 was assembled using this

CCM, a gas diffusion layer (GDL, SGL35BC) and a silicon rubber

gasket.

EIS analysis

The ohmic loss and concentration loss were investigated via

EIS analysis. So every single cells studied in research, were

verified via EIS analysis (BioLogic HCP-803) after PEMFC oper-

ation. EIS was operated for the single cells at 0.6 V with an

amplitude of 5 mV [39,40]. The value of the frequency range

was set from 0.1 Hz to 100 kHz.
Results & disscussion

PEMFC operation with various porous flow distributors

For PEMFC operation, the prepared flow distributors were as

follows: uncoated NieCr foam, WG-coated NieCr foam, Au-

coated NieCr foam, STG, and without flow distributor.

Detailed data on the prepared flow distributors are summa-

rized in Table 2. According to our empirical results, the cath-

ode should have a deeper channel than the anode. So, the

depth of the serpentine channel used in the anodewas 400 mm

and a flow distributor plate with a depth of 600 mmwas used in

the cathode, in which NieCr foam was applied. NieCr foam

with a thickness of 650 mm was used. Fig. 5(a) shows the po-

larization curves of each case under RH 100% conditions. The

uncoatedNieCr foamflowdistributor was used as a reference,

and the PEMFC with uncoated NieCr foam was tested first.

And the PEMFC with Au-coated NieCr foam, which was used

to determine the effectiveness of the WG coating, and WG

coated NieCr foam as a flow distributor were operated under

the same condition. In Fig. 5(a), the polarization curve showed

that the performance of PEMFC with WG-coated NieCr foam

highly enhanced compared to reference. The maximum

power density was 0.562 W cm�2, which value is ~51% higher

than the reference. And this performance is comparable per-

formance to that of Au-coated NieCr foam, which result

shows the effectiveness of WG coating on the NieCr foam.

And these results were verified via electrochemical imped-

ance spectroscopy analysis. Fig. 5(b) shows the EIS measure-

ment results of the prepared NieCr foams at 0.6 V and the

experimental conditions including cell temperature, humidi-

ty, and SR were set to the corresponding polarization tests. As

shown in Fig. 5(b), in fully humidified operating condition, the

NieCr foam with Au coating and WG coating showed lower

ohmic resistances of 0.160 U cm2 and 0.181 U cm2 compared

with that of the uncoated NieCr foam (0.237 U cm2) which

means the reduced ohmic loss was observed after Au andWG

coating on the NieCr foam. In order to confirm the effect of

coating on the electrical resistance directly, we alsomeasured

interfacial contact resistance as shown in Fig. S4. From the
results of the EIS analysis and ICRmeasurements, the effect of

the rGO coating on decreasing the electrical resistance was

verified apparently (Fig. S5). And when it comes to the kinetic

resistances on the cathode (Rcathode), which include the effect

of the mass transport resistance [39e41], the NieCr foamwith

Au coating and WG coating showed lower kinetic resistances

compared to that of the uncoated NieCr foam by 26.8% and

48.1%, respectively. These results imply that the reduced

ohmic and kinetic resistances on the cathode resulted in the

performance improvement of the sample with WG-coated

NieCr foam. And the decrease in the ohmic resistance is

similar to those reported in previous studies, in which carbon

or graphene was coated onto the surface using the chemical

vapor deposition (CVD) method [12,14]. Unlike conventional

CVD methods, rGO was coated using a simple SVM method,

and the ohmic loss of the single cell was decreased in a

manner similar to that of the samples fabricated by CVD

method, which suggest that this spray method is a promising

technique for enhancing PEMFC performance by decreasing

ohmic loss and offers a potential alternative to high-cost gold

coating. In addition, we also conducted accelerated stability

test (AST) to confirm the robustness of our fabricated flow

distributors. After 10,000 cycles of AST, the maximum power

density of theMEAwith theWG coated NieCr foamwas found

to be still higher than that of the reference by ~52.1% as shown

in Fig. S6. These results implies that rGO effectively acts as a

protective barrier for the electrochemical stress.

To investigate the feasibility of the STG as a flow distrib-

utor, further experiments were carried out. Since the

maximum thickness of the STG was verified to be 20 mm, a

flow distributor plate with a depth of 20 mm was used to apply

the STG as a flow distributor. As shown in Fig. 6(a), in the case

of the flow distributor plate without any flow distributor, the

PEMFC showed extremely low performance. Compared to it, in

the case of flow distributor plate with STG as a flow distributor

showed higher performance, whichmeans that the STG acted

as a flow distributor and the numerous self-assembled pores

effectively provided oxidant to the MEA. And also, the per-

formance with the STG flow distributor was increased with

respect to the reference used in this study (uncoated NieCr

foam). Through the EIS measurements, the effectiveness of

STG flow distributor was investigated. The ohmic resistance

and kinetic resistance of the fuel cell with STG flow distributor

were reduced by 13.1% and 19.9% respectively, compared to

that of bare NieCr foam, which lead to increased perfor-

mance. Even though these decreases in resistance are not that

huge compared to WG-coated NieCr foam, the result still in-

dicates the feasibility of STG which does not have any back-

bone structure to be used as flow distributors. To verify the

reduced ohmic resistance by coating the graphene layer, a

high-magnitude TEM image was observed and it shows that

one-dimensional rGO sheets form 3D rGO structure (Fig. 7).

The rGO sheets are well layered, with inter-layer distances of

approximately 3 �A. Therefore, electron transfer at theWG and

STG could be improved suggested by previous researchers

[42].

As a discussion to further improve the performance of

single cells, the optimization of channel depth of flow

distributor plate, additional thermal annealing process and

wettability control of the graphene material can be

https://doi.org/10.1016/j.ijhydene.2020.02.092
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Table 2 e Summary of prepared flow distributors for PEMFC operation.

Type of flow distributor Structural characteristics Materials Feature

Uncoated NieCr foam @

cathode

Thickness: 0.65 mm

Pore size range: 200e300 mm

60e70PPI

NieCr alloy

Cr: 30e40%

Fe: less than 3%

Si: less than 0.1%

Ni: balance

Including oxidation layer

WG-coated NieCr foam @

cathode

Thickness: 0.65 mm

Pore size range: 200e300 mm

60e70 PPI

NieCr alloy

þ WG coating

Oxidation layer was not

removed before WG coating

Au coated NieCr foam @

cathode

Thickness: 0.65 mm

Pore size range: 200e300 mm

60e70PPI

NieCr alloy

þ Au coating

Oxidation layer was

removed before Au coating

STG @ cathode Thickness: 20 mm

Pore size range: 1e10 mm

STG coating on SUS316L Flow distributor plate was

machined to 20 mm

Without flow distributor @

cathode

SUS316L

The two serpentine flow

channel @ anode

Depth: 400 mm SUS316L

Fig. 5 e Polarization and power density curves of the NieCr

foam cases and (b) EIS measurements of single cells at

0.6 V.

Fig. 6 e (a) Polarization and power density curves of the

STG flow distributor cases and (b) EIS measurements of

single cells at 0.6 V.
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considered. The channel depth of flow distributor plate on

the cathode, which was not optimized, may have affected to

the results in this study. The performance may be enhanced

further by cathode flow distributor depth optimization

because supply of oxidant is controlled by natural convec-

tion in the cathode channel shape which is strongly affected

by cathode depth [43]. It is noted that the compression ratio

of themetal foam is the one of themost important factors on

the single cell performance as shown in Fig. S7 and Fig. S8.
These results showed good agreements with other studies

[44,45]. In this study, we have focused on the coating effect of

rGO via SVM method. Although these data are not optimized

in the view of compression ratio, these results are suffi-

ciently meaningful to probe the effect of the coating effect of

rGO via SVM method on the performance. And the other

factors like pores per inch (PPI) of the metal foam affect the

performance of PEMFC [23,45] which means performance of

https://doi.org/10.1016/j.ijhydene.2020.02.092
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Fig. 7 e Transmission electron microscopy (TEM) images of fabricated graphene structure.
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the reference cell can be further increased through an

additional optimization process. When it comes to the

aspect of chemical treatment to further increase the per-

formance, the exfoliated graphene hasmany defects, such as

epoxide or hydroxyl on its basal plane, which results in

degradation of the electrical conductivity compared to pris-

tine graphene [32], so the thermal annealing after chemical

reduction can remove residual oxygen functionalities more

effectively to improve the electrical conductivity [46].

Although, PEMFC with heat-treated STG was not investi-

gated, this may be a promising method to further improve

the performance of PEMFC. Also, the further process to

improve properties of STG (e.g. wettability) could enhance

the PEMFC with STG flow distributor [45].
Conclusions

In this study, the effect ofWG coatedmetal foam and STG as a

flow distributor in PEMFCs was investigated. Using the SVM

method, two-dimensional web-like graphene (WG) was

coated on the NieCr foam and self-assembled three-dimen-

sional graphene (STG) was fabricated directly on the flow

distributor plates. The WG-coated NieCr foam and STG flow

distributor in PEMFC were analyzed and characterized

through SEM analysis, TEM analysis, Raman spectroscopy,

and impedance analysis. Based on these analyses, the con-

clusions of this study are as follows.

1. The WG-coated NieCr foam as a flow distributor resulted

in performance enhancement in PEMFC compared to the

bare NieCr foam. The reduced ohmic and kinetic re-

sistances of PEMFC with WG-coated NieCr foam was

observed via EIS analysis, which lead to the performance

enhancement. And the performance confirmed from po-

larization curve of the WG-coated NieCr foam was analo-

gous to that of Au-coated NieCr foam.

2. The feasibility tests of the flow distributor plates with STG

flow distributor and without flow distributor were
conducted. The performance of PEMFC with flow distrib-

utor plates without flow distributor was extremely low

since the air was not sufficiently supplied to MEA. How-

ever, PEMFC with the flow distributor plates with STG flow

distributor operated well. This means that the pores in the

STG effectively provide oxidant.

3. STG flow distributor showed higher performance

compared to bare NieCr foam. This result was due to

reduced ohmic and kinetic resistances. To further improve

the performance of the STG flow distributor, the optimi-

zation of channel depth, additional thermal annealing

process andwettability control process can be promising to

enhance conductivity and mass transport.

Based on the results, the rGO coating through SVMmethod

is a simple and effective method for significantly improving

PEMFC performance. Unlike the CVD method, which requires

severe experimental conditions, the SVM method is suitable

for flow distributor plate coating.
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