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1. Introduction  

Fuel cell technology is one of the promising renewable energy innovations for the future [1]. 

Fuel cell technologies are gaining more attention because they may reduce fossil fuel depletion 

issues and environmental problems [2]. In addition, the efficiency of the fuel cell is relatively high, 

which can achieve 60% in the conversion of electrical energy and overall electrical and thermal co-

generation [3]. The fuel cell can directly convert the chemical energy in hydrogen into electricity 

and heat and only water as a by-product [4]. 

One of the fuel cell types is the proton exchange membrane fuel cell (PEMFC) [5]. The PEMFC 

has four essential components, namely bipolar plates, cover plates, electrolyte assembly membrane 

(MEA), and current storage. Among the four components, bipolar plates are an essential 

component because it contributes 80% of PEMFC volume, 70% by weight, and 60% of costs [4, 6]. 

Therefore, the bipolar plates are interesting to investigate, particularly material performance and 

mass, durability, and cost. 

Some bipolar plates are fabricated from aluminium alloy because aluminium is inexpensive, 

light material, and has high performance compared to other metals such as stainless steel (too 

heavy), graphite (fragile), titanium alloy (too expensive), and magnesium alloy (low performance) 

[7]. However, aluminium material faces the corrode issue due to the presence of dissolved cations 

in the cell and the long-term operation; consequently, the cell performance is dropped. To reduce 
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 The PEMFC systems are generally operated in acidic environment 
conditions. Consequently, the metal bipolar plate in the system can 
easily be corroded. Therefore, the PEMFC performance is decreased 
along with long-term operation. Based on this fact, a mitigation 
approach is needed to prevent the corrosion issue in the metal bipolar 
plate to maintain the PEMFC performance. This work tries to 
evaluate the corrosion rate of the aluminium bipolar plate before and 
after being deposited with D-galactose. The electrophoretic deposition 
(EPD) technique was used to deposit D-galactose on the aluminum 
surface. To evaluate the effect of D-galactose on preventing the 
corrosion rate, it was deposited on the surface of the aluminium 
(AA5052) bipolar plate. The EPD processes were performed by using 
a potensiodimic in 0.5 M H2SO4. The results show that the optimum 
EPD process condition was obtained at 0.5 g/l D-galactose for 20 
minutes of electrophoretic deposition time. This work indicated that 
the D-galactose could reduce the corrosion rate of aluminium bipolar 
plate with an efficiency of 90.7%. 
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the corrosion rate of the biploar plate and improve the PEMFC perfromance, the biploar material 

can be tretaed with either chemical or organic substrates [8, 9]. 
Electrophoretic deposition (EDP) is one of the techniques that can be used to deposit the 

substrate on the material surface. Principally, the EPD technique is based on the deposition of 
charged particles dispersed in the suspension system due to the influence of the electric field. The 
EPD using organic substrate (i.e., chitosan, Arabic gum, D-galactose) is a new approach that can be 
used to reduce the corrosion rate [10, 11]. Based on our previous work, the corrosion rate (CR) and 
efficiency were obtained 10.70 mpy and 81.30%, respectively, using the Arabic gum with the 
concentration of 0.5 g/l in 0.5 M H2SO4 [12]- It is well known that D-galactose is one of the arabic 
gum monomers [13]; therefore it can also be used as organic substrate. D-galactose contains -COOH 
groups which may contribute to increasing the electron transfer as well as may facilitate the 
corrosion inhibition effect. This work is expected to show the higher efficiency for corrosion 
protection due to D-galactose containing more polar atoms compared to the Arabic gum. In this 
work, we try to use D-galactose with the same concentration and same time EPD processes. 

2. Research Methodology 

2.1. Materials 
The aluminium material used in this work was aluminium with the type AA5052 (Sigma No. 

G9752-500 kg). Some sandpapers with types of 200, 400, 600, 1000, and 2000 grid and deionized 
water (DW) were purchased at the chemical shop nearby the campus of Universitas Mercu Buana 
Jakarta. Chemicals such as H2SO4 (98% purity) and D-Glucose (99.5% purity) were supplied by 
Sigma Aldrich. 

2.2. Procedures 
The material preparation was performed as described by Arwati [11]. The aluminium bipolar 

material used in this work was aluminium with the type AA5052 (SIGMA No. G9752-500 kg). The 
AA5052 sample was cut with 40 mm x 20 mm x 5 mm. Then, the AA5052 sample was cleaned 
using acetone to remove impurities that remained on the metal surface. To clean up the remaining 
dirt, the AA5052 sample was polished using sandpaper (200, 400, 600, 1000, and 2000 grids) in wet 
conditions. 

The treatment on the AA5052 surface was priory performed using the ASTM method described 
by Arwati [11] before the EDP process was conducted. The AA5052 sample was rinsed trice using 
deionized water and then dried using a hairdryer. After that, the AA5052 sample was sterilized by 
dipping in 70% of alcohol and dried using a hairdryer. 

D-galactose deposited on the AA5052 surface was performed using the electrophoretic 
deposition (EDP) technique. A total of 5.0 g/l of D-galactose solution was used as substrate in the 
EDP   and applied voltage of 8.0 V (DC power supply) for 20 minutes [11]. All experiments were 
conducted in triplicate. After the EDP process was finished, the AA5052 deposited with D-galactose 
was labeled as G-AA5052 while the AA5052 as a control. 

The EIS tests for AA5052 and G-AA5052 were conducted by using a Potentiostat (Autolab 
PGSTAT128N, Netherlands). The EIS analyses were performed at the frequency range of 100 kHz 
to 5 MHz, AC amplitude of 10 mV as described by Arwati [11]. The EIS data were then presented 
in Nyquist curves for AA5052 and G-AA5052. 

Corrosion testing on the AA5052 control and G-AA5052 were evaluated by using 
potentiodynamic polarization electrochemical (Potentiostate CS-350). The corrosion rate was 
denoted in mils per year (mpy). The corrosion inhibition efficiency (η) was measured by using 
Equation 1 as described by Shen et al. [10] as follow; 

                                                    (1) 

where the  and  are the corrosion current density (A/m2) before and after coated with 

inhibitor. Meanwhile, the corrosion rate (CR, mpy) was calculated by using Equation 2 and 
Equation 3 based on the measured polarization resistance. 
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                                                                    (2) 

                                                                 (3) 

Where EW is the equivalent weight (g/mol) of metal, ρ is density (g/cm3), βA and βC are the 
anodic and cathodic Tafel constants (mV/dec), Rp is polarization resistance of material after being 
coated with inhibitor (Ω.cm2), and A is the surface area or metal (cm2). 

Arwati [11] described the surface morphology of G-AA5052 can be analyzed using scanning 
electron microscopy- energy-dispersive X-ray spectroscopy (SEM-EDX, Carl Zeiss Evo machine, 
model MA10 type). 

3. Results and Discussion 

3.1. Analysis of polarization curves 
The Polarization curves for AA5052 and G-5052 are presented in Fig.1. Based on the previous 

work, the optimum condition in the EDP process using Arabic gum was obtained 0.5 g/l in 0.5 M 
H2SO4. Similarly, this work was performed at a similar condition using 0.5 g g/l D-galactose in 0.5 
M H2SO4. Table 1 shows the corrosion rate (CR) of G-AA5052 was much lower than AA5052. This 
fact means the deposited D-galactose on the AA5052 surface can reduce the CR from 1.5585 mpy to 
0.1445 mpy (90.7 %).  

 
Fig. 1. Potentiodinamic polarization curves for AA5052 (blue line) and G-AA5052 (red line) 

Furthermore, Table 1 shows the effect of D-galactose on the Icorr (A/m2) and Ecorr (V) of AA5052. 
Based on Table 1, the corrosion potentials (Ecorr) of G-AA5052 and A5052 were obtained - 0.611 V 
and – 0.585 V, respectively. Meanwhile, the corrosion current density (Icorr) of AA5052 and G-
AA5052 were observed 1.4 x 10-4 A/m2 and 1.3 x 10-5 A/m2 respectively. Similarly, the effect of D-
galactose on the corrosion rate in which the D-galactose may also reduce the potential and current 
density.  

Table 1.  Effect of D-galactose on the corrosion potential (Ecorr) and corrosion current density (Icorr) of 

AA5052 

Metal Icorr (A/cm2) Ecorr (V) Corrosion rate (mpy) Impedance (Ω) 

AA5052 1.4 x 10 -4 -0.611 1.585 365.31 

G-AA5052  1.3 x 10-5 -0.586 0.144 439.72 
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3.2. Analyst of Nyquist Curves 
The effect of D-galactose on the AA5052 was illustrated in Fig. 2 at where the deposited D-

galactose on the AA5052 surface increases the electrical impedance (Z) of the material. This fact 
was indicated by increasing material resistance from 365.31 Ω to 439.72 Ω. It is well known that the 
material with lower resistance allows a faster current flow. Otherwise, the material with the higher 
resistance resulted in a slow current flow, and consequently, the current density was low. Hence, 
based on the polarization curves above, the effect of deposited D-galactose on the AA5052 material 

may reduce the corrosion potential and corrosion current density. 

 
Fig. 2.  Nyquist curves for AA5052 (red line) and G-AA5052 (blue line) 

3.3. Analysis of Surface Morphology 
The morphology of AA5052 and G-AA5052 surfaces was characterized by SEM-EDX analysis. 

As shown in Fig. 3(a), the SEM image of the AA5052 surface before being tested in H2SO4 was 
clearer and smoother. At this stage, no chemical reactions occurred between metal and strong acid. 
Meanwhile, SEM images of AA5052 (Fig. 3 (b)) and G-AA5052 (Fig. 3(c)) after testing in H2SO4 

were slightly rough and damaged. The chemical reactions may occur between a strong acid and 
metal resulting from the oxide layer; hence, their surfaces become defects. In certain concentrations, 
the strong acids can easily oxidize the metal surface [14], dan hence decreasing the duty life of 
bipolar plate in the PEMFC system. The defective pattern on the G-AA5052 surface was thinner and 
more uniform than the AA5052. In addition, the G-AA5052 surface has no deposits as a result of, 
local breakdown of the oxide layer on the surface. Based on these results, G-AA5052 shows better 
corrosion reaction protection in acidic conditions than AA5052.   

As discussed above, the coated D-galactose inhibitor on the metal surface can reduce corrosion. 
D-galactose's presence on the metal surface was indicated by the decrease in aluminum (Al) 
composition. Based on the EDX analysis, Al composition on the AA5052 (before coated with D-
galactose) was obtained 95.45% while 77.27% for G-AA5052 (after coated with D-galactose). In 
addition, the uniform layer on the G-AA5052 describes the presence of D-galactose. The use 
inhibitor on the metal surfaces is not only for reducing the corrosion rate but also for minimizing the 
metal loss and acid consumption [15].  
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Fig. 3.  SEM images of (a) AA5052 before tested in H2SO4, (b) AA5052 after tested in H2SO4 and (c) G-

AA5052 after tested in H2SO4 

4. Conclusion 

Based on the results of this work, the EPD method was successfully used to deposit D-Galactose 
on the AA5052 surface. This fact was proved by SEM-EDX analysis in which the aluminium (Al) 
composition on the AA5052 surface was decreased from 95.45% to 77.27%. This work also shows 
D-galactose could inhibit and reduce the CR of AA5052 from 1.585 mpy to 0.144 mpy. It means the 
efficiency of D-galactose to protect the AA5052 bipolar plate from corrosion reaction was around 
90.7 %. D-galactose could be used as an alternative organic inhibitor to protect the AA5052 bipolar 
plate from the corrosion reaction in an acidic environment. 
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