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ABSTRACT

Fuel cell produces clean sources of energy and yielding can be improved using emerging
material, MXene, in electrocatalysis performance in fuel cell system. However, MXene in
electrocatalysis area for fuel cell is not discovered yet. Therefore, the aim of this study is to
enhance the direct methanol fuel cell (DMFC) electrocatalyst performance using combination
of bimetallic, PtRu, and MXene. Optimization is carried out using response surface
methodology (RSM). Composition of MXene, Nafion content and methanol concentration are
used as factors (input) and current density response is used as response (output) for the
optimization analysis. Cyclic voltammetry (CV) is used to measure current density. RSM
generates optimum factors with MXene composition 78.90wt%, Nafion content 19.71wt% and
methanol concentration of 2.82M. The optimum response is predicted to be 186.59mA/mgpry.
The validation test is carried out and the result shows that the average current density is
187.05mA/mgpry. The comparison of current density at the same condition show that
PtRu/MXene electrocatalyst have 2.34 times higher compared with PtRu/C commercial
electrocatalyst and this indicates that MXene has high potential as a nanocatalyst for cleaner

energy production through fuel cell.
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1. INTRODUCTION

MXene is an emerging layered material attracted tremendous interest by scientific community
since it’s invention by Drexel University researchers in 2011. This is due to it’s unique
mechanical and electronic properties large surface areas (Khazaei et al., 2019). There are at
least 18 types of nanomaterials that are listed in this group. The materials are graphene,
MXenes, graphitic carbon nitride (g-C3Na4), hexagonal boron nitride (h-BN), black phosphorus
(BP), transition metal oxyhalides, metal oxides, metal halides, metals and others (Zhu et al.,
2017). MXene can be obtained by eliminating element A from a ternary parent MAX phases
(with general formula of Mn+1AX,). MXene consist of nitrides, transition metal carbides and
carbonitrides (Kuang et al., 2019). Up to now, more than 70 MAX phases have been reported
worldwide. However, only 9 MXenes are established like Ti2C,Ti3C2, Ti3CN, (Tio.5, Nbo.5)2C,
V2C, (Vos, Cros)3Co, TasCz, NbsCs and NboC are produced out of 70 MAX phases (Lei et al,

2015).

MXene is a promising candidate for diverse applications, especially for electronic
(Khazaei et al., 2019), energy storage and electrochemical biosensors (Lei et al, 2015). Besides
that, this material is also has great potential in electrocatalysis for hydrogen oxidation reaction
(HOR), oxygen reduction reaction (ORR), hydrogen evolution reaction (HER), oxygen
evolution reaction (OER), carbon dioxide reduction reaction (CO2RR) (Chia and Pumera,
2018; Xia et al., 2019), and methanol oxidation reaction (MOR) (Wang et al., 2019). The
implementation of MXene as one of the electrocatalyst component has been investigated by
few researchers. Zhang et al. (2016) synthesized the new MXene/Ag composites and found

that the composites exhibited the electrocatalytic activity for ORR with 3.31mA/cm? of current
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density due to the shortening diffusion path of adsorbed oxygen and numerous oxygen
adsorption sites. Wang et al. (2019) enhanced the MOR with Pt decorated Ti3C, MXene and
reported three times higher performance compared to a commercial electrocatalyst. Tran et al.
(2018) successfully developed V4C3Tx MXene for the electrocatalytic activity of HER. All
these reactions are important for the clean energy applications. One of the promising clean

energy productions that gain a research interest is direct methanol fuel cell (DMFC).

CH,OH + air
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Fig. 1. The illustration of DMFC system.

The DMFC, also known as the leading direct liquid fuel polymer electrolyte membrane
fuel cells (PEMFC), produces clean energy directly from high energy density liquid methanol
fuel (Joghee et al., 2015). The full schematic diagram for DMFC system is shown in Fig. 1.
DMFCs play a vital role in clean energy production..Li-ion batteries faced challenges like low
energy density, loss of 35% of energy capacity within 24 months, self-discharging and capacity
face issues (Stone 2007). DMFCs might overcome these challenges. Higher energy density of
methanol fuel cell (15 times higher than the energy density of a Li-ion battery) provides an
opportunity for DMFCS to be considered as a potential area for clean energy production.

However, this technology still has issues such as catalyst poisoning and slow reaction of
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electrochemical reaction. These problems lead to increasing activation anode potential, reduce
cell voltage and efficiency. These consequently, reduce the system performance and power
output (Karim and Yahya, 2018; Abdullah et al., 2017). The MOR and ORR is the main

reactions occur for anode and cathode side in DMFC.

Lin et al. (2019) successfully fabricated free-standing ultrathin two-dimensional (2D)
MXene nanosheets. The fabricated MXene with extremely small thickness and provided
desirable stability and activity in alkaline media that leads to the high ORR performance. Xie
et al. (2013) also reported ORR using platinum (Pt) nanoparticles supported on 2D MXene
nanosheets. The catalyst showed a superior performance due to the unique properties of MXene
like strong anchorage to Pt nanoparticles, high corrosion resistance and good conductivity that
make it ideal as a catalyst. Yang et al. (2019) used Ti3C2Tx MXene nanosheets decorated on
multiwall carbon nanotubes (MWCNTs) with molybdenum disulfide (MoS:) quantum dots and
showed remarkable electrocatalytic performances for ORR and MOR in an alkaline solution.
Zhang et al. (2019) later reported Pt-based electrocatalysts that consist of 2D TizCoTx
nanosheets connected by one-dimensional (1D) MWCNTs for MOR. They reported that the
well dispersion of Pt nanoparticles on MXene nanosheet help to boost high electrochemical
active surface area (ECSA) that lead to the outstanding electrochemical performance. However,
the optimum value for the main parameter and the bimetallic catalyst of Pt and ruthenium (Ru)
induced with MXene as an electrocatalyst for MOR is not reported yet. New optimized model
was developed using response surface methodology (RSM). New MXene based catalyst with
PtRu is formulated for the first time. A current density, 187.05mA/mgpwry, which is 2.34 higher
than PtRu/C (79.32mA/mgpru.) is found higher than available literatures. These are the novel

parts of the current research compared to available literatures.

The optimization can be defined as a process of determining the optimum solutions to

certain mathematically defined problems (Fletcher, 2013). RSM is the most satisfying
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optimization method used by researchers lately in various fields of research (Asfaram et al,
2015; Dharma et al., 2016; Danmaliki et al., 2017; Sulaiman et al., 2018; Caponi et al., 2019).
This method involves a collection of mathematical and statistical techniques that are useful for
improving, developing and optimizing processes (Myers et al., 2016). RSM can determine the
effects of independent variables either individually or in combination of a process and able to
reduce the number of experiments needed to analyze the process statistically by a variety of
factors (Khatti et al.; 2017). The effectiveness of this optimization method in a fuel cell is also

reported in the literatures (Yahya et al., 2017; Abdullah et al., 2019; Shaari et al., 2018).

The defined problem in this study is the ‘best’ value of factors that relatively can affect
the electrocatalytic activity for methanol oxidation. The factors are composition of MXene,
Nafion content, and methanol concentration. All these factors are agreed as the most affected
factors for DMFC application (Ito et al., 2013; Zainoodin et al., 2015; Vecchio et al., 2018).
The MXene composition is a crucial factor for this model since the MXene acts as a catalyst
support for this electrocatalyst and the changes in the amount of material can give the high
impact to the reaction itself (Abdullah et al., 2019). Besides, nafion ionomer acts as a physical
binder for the particles of catalyst support, which assist to retain moisture in the electrode
surface area and helps to extend the three-phase boundary. However, excessive use of Nafion
can lead to an increase in the mass transfer resistance (Adilbish and Yu, 2017) and too low
Nafion content results in poor cell performance due to poor bonding between the particles of
electrocatalyst and the electrolyte (Masdar et al., 2016). High concentration of methanol helps
in the production of high energy densities and thus enhances cell performance (Vecchio et al,
2018) but too high in concentration also can decrease the active sites on the electrode (Kivrak,

2015).

The bimetallic catalyst PtRu integrated with 2D structure of MXene is the first time

formulated for the DMFC application. Hence, this paper is focusing on the optimization and
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improvement of the MXene incorporated electrocatalyst performance for MOR by using RSM
approach. The factors involved for the RSM method are composition of MXene, methanol
concentration and Nafion loading as well as current density as a response for electrocatalytic
activity in DMFC performance. The MXene was prepared using etching method and the PtRu
was deposited onto the MXene nanoparticle. The synthesized PtRu/MXene electrocatalyst has
undergone scanning electron microscope (SEM) for the physical characterization. The RSM
optimization with three factors and one response was run via design of experiment for
electrochemical testing was evaluated by a cyclic voltammetry (CV). The developed RSM
shows a fit model and provide a significant result that can be used to be further analysed in the
design space. This paper also provides better MOR performance compared with other
commercial DMFC electrocatalyst due to the strong bonding between PtRu and MXene and
unique structure of 2D material that can provide a large active site on the surface of
electrocatalyst.

2.  EXPERIMENTAL

2.1. Materials and Chemicals

Pt Precursor, H2PtCls (37.5% content), Ru Precursor, Ru3Cl (45-55% content) and sodium
borohydride, NaBH4 (99%) were received from Sigma Aldrich, Germany. Meanwhile,
isopropyl alcohol (IPA, 99.8%) and nafion solution D520 (5wt%) were obtained from Chemiz,

Malaysia and Chemours.com, respectively.

2.2. Preparation of PtRu/MXene Electrocatalyst

MXene was synthesized using the etching method with ammonium hydrogen difluoride
(NH4HF34) as an etching agent by Aslfattahi et al. (2020). Meanwhile, all the electrocatalysts
were prepared by depositing the Pt and Ru onto the MXene using chemical reduction method.

The Pt and Ru were loaded using the precursor with the atomic ratio 1:1. The MXene was
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added in the deionized water (DI water) and IPA mixture with the 1:1 volume ratio and
sonicated for 30min. Then, the Pt and Ru precursor were added into a mixture and stirred
continuously for 30min or until homogenous at ambient temperature. The pH value of the
mixture is altered to 8 using 1M of sodium hydroxide (NaOH) solution and increased the
temperature to 80°C. After that, 25mL of 0.2M reducing agent, NaBH4, was added into the
mixture and stirred continuously for an hour. The mixture is cooled and centrifuged for 15min
at 15,000 rpm. The sediment was washed and centrifuged repeatedly using DI water. The
collected sediment was dried for 3h at 120°C under a vacuum condition. The dried sediment,
also called as an electrocatalyst was crushed using a set of pestle and mortar. This procedure
was repeated for different composition of MXene. The electrocatalyst sample is ready to be

used for the physical characterization and electrochemical measurement.

2.3. Surface morphology of PtRu/MXene Electrocatalyst

The surface morphology of electrocatalyst was analyzed using SEM, TESCAN VEGA3,
France. Besides, the energy-dispersive X-ray (EDX) and mapping using AZtec analysis
software, Oxford Instrument, France, also were conducted to analyse the elemental

composition and distribution of the electrocatalyst sample.

2.4. Electrochemical Measurement

The electrocatalyst performance for the PtRu/MXene electrocatalyst was measured through
CV test by using an electrochemical workstation (Interface 1010E, Gamry Instruments, USA).
The CV was evaluated using three-electrode cell system, that consists of glassy carbon
electrode (GCE, 3mm-inner diameter), Pt electrode and silver/silver chloride electrode
(Ag/AgCl); as working, counter and reference electrode. All the electrodes were purchased

from Metrohm, Switzerland. The working electrode need some preparation before available
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for the testing. The GCE was cleaned by using a polished paper and alumina to ensure that no
unnecessary element cover the surface of an electrode. Next, the electrocatalyst ink was
prepared, where 12.5mg of electrocatalyst was added into 100uL of nafion solution, 300uL of
DI water and 300uL of IPA. The electrocatalyst mixture was dispersed using an ultrasonic
crusher for 90s or until homogenous. Then, 2.5uL of electrocatalyst ink was pippeted onto the
GCE surface and left for 1h at ambient condition before further dried for another 30min at
80°C. The procedure is repeated using different composition of MXene and Nafion loading.
The GCE electrode was ready for further used in CV test. The electrolyte of 0.5M sulphuric
acid (H2SO4) in 2M methanol was prepared for the CV measurement. The concentration of the
methanol was changed based on the schedule from design of experiment. The nitrogen gas was
bubbled into electrolyte for 20min to produce saturated nitrogen condition. This measurement
was performed within -0.2 to 1.0 V vs. Ag/AgCl potential range at 20mV/s scan rate in room

temperature.

2.5. Experimental Design

The impact of factors towards certain response was estimated using central composite design
(CCD), that consists of three parts, which is full factorial design, additional design and a central
point (Bezerra et al., 2008). Composition of MXene, nafion content and methanol
concentration were chosen as factors while current density that measured from electrochemical
measurement was chosen as a response. This experimental design was performed by using
Design Expert 8.0.7.1 (Stat-Ease Inc., Minneapolis, USA). All factors chosen were studied in
five different levels (-a, -1, 0, +1, +a). From the three factors and one response, the CCD
generated 20 experiments. The experimental data were matched with the second-order
polynomial regression model as presented in the equation (1), where y represents the predicted

response variable, k is the number of variables and f, is the constant term, f8;, B;;, f;; are the
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coefficients of the linear, quadratic and interaction parameters, x; is the variables and ¢ is the

residual associated to the experiments (Bezerra et al., 2008):
Y = Bo+ Xicq Bixi + Xicy Bux? + Xicic; Bijxix; + € (1)

The developed model was studied by analysing the coefficient of regression, analysis of
variance (ANOVA) and diagnostic of the model graphs. Besides that, the fit quality of the

equation model was measured by the coefficient of determination, R?.

3.  RESULTS AND DISCUSSION

3.1. Surface morphology of PtRu/MXene Electrocatalyst

Surface morphology of electrocatalyst was analyzed by SEM to see the external morphology
of the electrocatalyst, distribution of bimetallic Pt and Ru on top of the MXene structure as
well as elemental mapping. These functions can be one of the indicators to exhibit the good
catalytic activity during the CV electrochemical testing. The morphology of the MXene and
electrocatalyst are shown in Fig. 2. SEM image for MXene and PtRu/MXene are captured at
magnification of 22kX and 5kX, respectively. The SEM image of MXene illustrates that the
2D MXene structure is successfully created, where the MXene structure resembling a 'sheet of
a wet book' can be seen prominently in the diagram. Fig. 2(b) is the SEM image of the
PtRu/MXene electrocatalyst, and it is noticeable that there are small particles dispersed and

covered the 2D MXene structure.
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Fig. 2. Surface morphology for (a) SEM of MXene, (b) SEM of PtRu/MXene, (¢c) EDX

analysis of PtRu/MXene, and (d) — (g) Mapping analysis for PtRu/MXene

To further identify the particles presence in MXene, EDX and mapping analysis are
performed and shown in the Fig. 2(c) — (g). The results show the presence of four elements in
the electrocatalyst, namely Pt, Ru, Ti and C. All of these elements are the major elements that
must exist in the electrocatalyst and there is no impurity presence in the sample. Electrocatalyst
mapping analysis exposed that the Pt and Ru particles are well distributed on the MXene
structure. This will help in the creation of active response areas during catalytic activity and

thus positively affect MOR. However, there are some agglomerations of Pt and Ru existed on
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the sample due to the effect of NaOH overuse during pH adjustment in deposition process

(Deivaraj et al., 2005).

3.2. Optimization using RSM

The enhancement of the anodic electrocatalyst performance via optimization process using
RSM with CCD technique is carried out and involved three factors (composition of MXene,
Nafion content, methanol concentration) with one response (current density). MXene
composition is maintained in between 70 — 85wt%, nafion content is maintained in between 10
— 40wt% and methanol content is maintained in between 1 — 4M. These are chosen based on
the literature review (Zhang et al., 2019; Wang et al., 2019; Luo et al., 2019; Abdullah et al.,
2018; Zhang et al., 2018; Han et al., 2018; Adilbish and Yu, 2017; Park and Choi, 2017; Masdar
et al., 2016; Zainoodin et al., 2015) and one-factor-at-one-time experimental method. The
current density is chosen as a response because it is one of the most potential values for
electrocatalytic activity and performance for methanol oxidation reaction. All the experimental
factors and response are presented in Table 1. The quadratic model is developed and new

equation for the response is modelled by Eq. (2):
Y=182.13+5.01A-17.44B+8.55C—14.84A%-24.61B>*-19.45C>*-0.64AB+1.25AC+1.04BC (2)

Where, Y is the current density (mA/mgpru), A is the composition of MXene (wt%), B is the

Nafion content (wt%) and C is the methanol concentration (M).

Table 1 The CCD uncoded and coded (in bracket) of independent variables with

predicted and actual value of response for all runs



Run Factor A Factor B Factor C Response 1

Predicted Value Actual Value

1 70.00 (-1) 10.00 (-1) 1.00 (-1) 128.75 135.16
2 70.00 (-1) 10.00 (-1) 4.00 (1) 141.26 140.06
3 85.00(1) 40.00 (1) 1.00 (-1) 99.31 100.20
4 77.50 (0) 25.00 (0) 2.50 (0) 182.13 196.63
5 7750 (0) 25.00 (0) 2.50 (0) 182.13 178.57
6 7750 (0) 50.23 (1.682)  2.50 (0) 83.19 80.84
7 70.00 (-1) 40.00 (1) 1.00 (-1) 93.08 102.28
8  70.00 (-1) 40.00 (1) 4.00 (1) 109.75 110.08
9 7750 (0) 25.00 (0) 2.50 (0) 182.13 180.13
10 77.50 (0) 25.00 (0) -0.02 (-1.682) 112.73 103.16
11 77.50 (0) -0.23 (-1.682)  2.50 (0) 141.84 144.64
12 77.50 (0) 25.00 (0) 2.50 (0) 182.13 176.80
13 77.50 (0) 25.00 (0) 2.50 (0) 182.13 179.53
14 77.50 (0) 25.00 (0) 5.02 (1.682) 141.49 151.51
15 64.89 (-1.682) 25.00 (0) 2.50 (0) 131.72 122.80
16  85.00 (1) 10.00 (-1) 1.00 (-1) 137.55 136.90
17 77.50 (0) 25.00 (0) 2.50 (0) 182.13 181.02
18 85.00 (1) 40.00 (1) 4.00 (1) 120.99 114.26
19 90.11(1.682) 25.00 (0) 2.50 (0) 148.75 157.94
20 85.00 (1) 10.00 (-1) 4.00 (1) 155.08 145.56

249

250 Table 2 Results of ANOVA analysis for current density model
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Source Sum of DF Mean F-Value P-Value
Squares Square Prob>F
Model 20188.97 9 224322 2491 <0.0001
significant
A: MXene Composition 342.96 1 34296 3.81 0.0795
B: Nafion Loading 4153.18 1 4153.18 46.13 <0.0001
C: Methanol Concentration ~ 997.81 I 997.81 11.08 0.0076
A? 3174.81 1 3174.81 35.26 0.0001
B2 8729.07 1 8729.07 96.95 <0.0001
C? 5452.43 1 5452.43 60.55 <0.0001
AB 3.30 1 3.30 0.037 0.8520
AC 12.55 1 12.55 0.14 0.7167
BC 8.61 1 8.6l 0.096 0.7635
Residual 900.41 10 90.04
Lack of Fit 637.09 5 12742 242 0.1772
not significant

Pure Error 263.32 5 52.66
Correlation Total 21089.38 19
Standard Deviation 9.49 R? 0.9573
Mean 141.9 Adj R? 0.9189

Pred R? 0.7525

Adeq R? 14.746

The comparison of changes in the levels of variable combination with changes due to

random errors inherent in response measurement is also known as ANOVA analysis (Bezerra
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et al., 2008). Results generated by RSM provide the F- value, Prob>F and significance of each
coefficient for the entire model and presented in Table 2. The higher F-value and lower Prob>F
show that the model offers better assurance in explaining the design factor variation of the
mean data (Zainoodin et al., 2015). The F-value of 24.91 implies that only 0.01% chance that
the model could occur due to noise and the model is significant. The model Prob>F value is
<0.0001 which indicate that the model terms are significant. Meanwhile, the lack of fit of 2.42
verifies that it is not significant and there is 17.72% chance that it could occur due to the noise.

It is a good sign, which indicates the model is fit.

The ANOVA also identifies the determination coefficient, R* and standard deviation,
which can further evaluate the validity of the model. The R? and standard deviation of 0.9573
and 9.49, implies that 95.73% of the total variation can be corresponded by the model.
Furthermore, the ‘Pred-R%>’ and ‘Adj-R*’ values of 0.7525 and 0.9189 are in reasonable
agreement. The ‘Adeq Precision’ value for this model is 14.746, where the value higher than 4
are desirable and adequate for this signal to noise ratio measurement. Therefore, the ANOVA

indicates that this model can be used to evaluate the experimental data in the design space.

The other analysis process for RSM is the diagnostic part. This part will evaluate the
model fit and transformation choice with graphs. Fig. 3 shows the model fit error that also
called as a residual plot. Normal probability plot of residual in Fig. 3(a) shows that the plots lie
on the straight line, meaning that the residual follow the normal distribution and having
appropriate normal error terms. Fig. 3(b) is a residual vs predicted value plot of the model
response and the graph displaying a straight line at ‘0’, indicating that the predicted variance
for this model is constant. At the same time, the proposed quadratic model for the current
density model seems adequate and since all the plots are in the region between upper and lower

red lines and no unusual pattern is detected.
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Fig. 3. A residual plot for the current density model; (a) Normal plot of residual, (b)

Residual vs predicted plot

The values that are difficult to predict by the model are detected using the predicted vs
actual plot (Hasran et al., 2013) and this plot is illustrated in Fig. 4(a). All the plotted data is
located along the centre of the graph and make the formation of the perpendicular line with 45°
angle. This result reflected the ability of the model to predict the response appropriately. Fig.
4(b) is a perturbation plot, where this plot can show how the factors can give the influence
towards the response. As mentioned before, factor A, B and C are MXene composition, Nafion
content and methanol concentration, respectively. All the factors are set at the ‘coded 0’
midpoint with the actual value for all the factors are; A: 77.50wt%, B: 25wt%, C: 2.5M. The
perturbation graph is plotted by changing the one factor at one time over the response value.
The plot creates the steep slope for all the factors, signify that all three factors show the
influenced or sensitivity towards the experimental response and significant to the process
model. However, the graph for the factor B show slightly higher in gradient compared to the

factor A and C, which suggest the factor B give more effect to the response value.
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Fig. 4. (a) Predicted vs actual plot and (b) Perturbation plot for the current density model

The response surface analysis involved in predicting the response or estimating the mean
response at a particular point in the process factors (Myers et al., 2016). The response surface
present in graphical display for 2D contour and three-dimensional (3D) surface plot as
illustrated in Fig. 5. The response surface consists of analysis between two factors, namely AB,
AC, and BC, with the response of the current density. However, Fig. 5 is an example of an
analysis for factors A and B towards current density. The 2D contour plot shows that there is
some effect for the interactions between factors A and B and response. The plot reveals that
the response is increased when both factors are increased. After achieving some point, the
trends of response start to decrease even though the factors value is increasing. This point is
called as optimum point, where the optimum factors can contribute the maximum response for
the model. The trends for the other factors; AC and BC, towards the responds are almost the
same. The optimum point for factors is located at the red area in contour plot, that also known
as a high response value area. The 3D surface plot in Fig. 5(b) also illustrated the same trends
as in contour plot and the clear peak for all factors is an optimum point that achieved at the

maximum response. The factors of AB, AC, and BC exhibit the same trend. The 3D graph
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pattern corresponds to second-order model by literature (Myers et al., 2016), which proves that

quadratic model is fits with current density model.
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Fig. 5. Response surface between factors; MXene composition and Nafion content, with

response; Current density, (a) 2D contour and (b) 3D surface plot

The next part in the RSM is the optimization analysis. This part divided into four main
categories, numerical optimization, graphical optimization, point prediction and confirmation.
The numerical optimization categories involved in setting the goals to predict the optimal
conditions factors to generate maximum response as chosen for the goals for this model. Then
the graphical optimization takes place and the 2D contour plot for desirability and response
prediction value (example for terms of AB factor) are illustrated in Fig. 6(a) and (b). The plot
in the high response area extract the prediction value for desirability and response of this model
are 0.91 and 186.59mA/mgpwy, respectively. The point prediction for each optimum factor for
this model is generated and shown in Fig. 7. The graph shows that all three factors achieve
optimal point at the intersection between the graphs with high desirability. The RSM also
analyzed the optimum factors value; where A (MXene composition): 78.88wt%, B (Nafion

content): 19.71wt%, C (Methanol concentration): 2.82M. Later, validation participates in
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comparing the predicted results of the model with the experimental results.
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Fig. 7. Perturbation plot for the desirability after optimization analysis

The validation test with the optimal factors value is repeated for three times to get the

average and the result is presented in Table 3. Meanwhile, the current density graph from

validation test is shown in Fig. 8. The response value for this model is extracted from the CV
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test that provides electrochemical measurementThe average result for the validation test was
187.05mA/mgpiru corresponding to the peak potential of 0.66 V vs. Ag/AgClwith only 0.25%
error compared to the predicted value by RSM analysis. The small error proves that the
optimum MXene composition, Nafion content and methanol concentration can provide the
maximum current density response. This scenario also ensures that the model generated by

RSM analysis is applicable and successful.
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Fig. 8. Validation test for current density model

Table 3 Validation test results using optimum factors value for current density model

Factor A Factor B Factor C Current Density (mA/mgpru) Error

(Wt%) (Wt%) M) Prediction 1 2 3 Average (%)

78.88 19.71 2.82 186.59 186.59 187.13 187.9 187.05  0.25

Fig. 9 shows the comparison between PtRu/MXene electrocatalyst, which is the
electrocatalyst for this model, with PtRu/C electrocatalyst; the commercial electrocatalyst for

the DMFC application. The results indicate that the current density of PtRu/MXene is 2.34
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times higher than PtRu/C. This is due unique 2D structures of MXene that can provide fast
ion/charge transfer path (Yuan and Cheng, 2019). This unique property is beneficial to surface
chemical reaction and helping the electrocatalyst to be more highly active. In addition, the
MXene structure as depicted on the surface morphology part, gives an opportunity to Pt and
Ru nanoparticles for more attachment to the MXene surface. Therefore, this condition leads to
increase the reaction active site with increased electrocatalytic activity of the electrocatalyst.
This electrochemical measurement of CV cannot reveal the complete electrocatalyst properties
of MXene, and more study need to be done for this material. However, the large differences
between these two electrocatalyst indicates that PtRu/MXene have great potential in the field

of electrocatalysis especially for fuel cell applications.

200 4 |—— PtRu/C
— PtRu/MXene

180

160—-
140—-
120—-
100—-
80 -
60—-
40—-

Current Density (mA/mg__ )

20

-20 4

T T T T T T T T T T T
-0.2 0.0 0.2 0.4 0.6 0.8 1.0
Potential, E (V vs. Ag/AgCl)

Fig. 9. Comparison of current density from the model with commercial electrocatalyst

Table 4 Comparative table of current density with other literature

Author Type of Type of Reaction  Current Density

Electrocatalyst (mA/cm?)
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Present study PtRu/Ti3C> MOR 12.46
Wang et al. (2019) Pt/T1;C MOR and HER 1.137
Chen et al. (2019) Co-CNT/T13C2 ORR 5.55
Lin et al. (2019) Ti3C2 ORR 2.3
Yuetal. (2019) g-C3N4/Ti3C ORR 0.71
Wang et al. (2019) Pt/C MOR and HER 0.388
Present study PtRu/C MOR 5.283

The synthesized PtRu/MXene electrocatalyst is compared with other MXene-based
electrocatalyst that applied in the electrocatalysis area. The comparison of current density is
listed in Table 4 with the unit of current over surface area based on the literature unit.
Comparative results show that the peak current density of PtRu/MXene is highest among other
electrocatalyst. The high values of current density are aided through combination of bimetallic,
Pt and Ru, and MXene. The bimetallic materials are distributed evenly as resulted in mapping
analysis, which helps to improve the reaction between these materials. However, the detailed
reaction mechanisms between bimetallic and MXene need to be further explored. The high
value of PtRu/MXene electrocatalyst is reflected to the high performance for the DMFC
technology, which is one of the promising clean energy productions under fuel cell application.
This potential seen to be beneficial to wide range of prospect including researcher, industry
and world community in track of making the clean energy more firm and commercialized

worldwide.

4. CONCLUSIONS
The RSM approach as one of the optimization method for developing and improving the factors

that affect the PtRu/MXene electrocatalytic activity has been studied. The factors involved are
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the MXene composition, Nafion content and methanol concentration; and current density as a
response. The generated new quadratic model of current density shows the significant
prediction of factors and response. The high response area in 2D contour plot exhibits the
response prediction value for this model. The validation test using optimum factors gives the
result of current density of 187.05mA/mgpru, With only 0.25% error with the prediction value
(186.59mA/mgpru). The results indicate that the model generated by RSM was successfully
developed with good accuracy. The PtRu/MXene also gives 2.34 times higher current density
than PtRu/C . Thus, the new combination between PtRu and 2D materials of MXene show

some potential to be one of emerging material in fuel cell application too.
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