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Abstract. In this study to investigate the Polymer Electrolyte Membrane or Proton Exchange Membrane 
(PEM) that were synthesized by using acrilonitrile butadiene styrene (ABS). In order to enhance ability as a 
proton conductive polymer membrane as electrolyte, amorphous and crystalline silica ( 3 % and 5 %) were 
added to the initial mixture of ABS to inhibit relatively high proton conductivity. The structural and 
morphological characterization of samples was done by X-ray powder diffractometer, FTIR and scanning 
electron microscopy. Electrical properties were determined by LCR-meter (HIOKI 3522-50LCR 
HiTESTER). The structure analysis shows that the ABS amorphous phase with the unsmoth surface. The 
electrical conductivity of Polymer Electrolyte Membrane is 4,21 x10-3 S/cm of ABS with 5 % amorphous 
silica. 

1 Introduction 
Currently world energy consumption levels are increasing 
while energy sources, especially energy derived from 
fossils, are increasingly depleting their existence [1–12]. 
In this regard, there are a few things to keep in mind in the 
search for alternative energy sources that is its ability to 
be widely used with low production cost and high 
efficiency [13,14]. One of the alternative energy 
candidates is quite promising and the center of attention 
of researchers today is fuel cell or known as proton 
exchange membrane fuel cell (PEMFC). PEMFC is a 
generating device that converts hydrogen and oxygen into 
electricity with low water and heat as a by-product so that 
technology is categorized as an environmentally friendly 
technology [15,16]. One of the components in the fuel cell 
is the electrolyte membrane which is the primary key in 
this technology. This is a challenge for the research team 
to develop the process of making Polymer Electrolyte 
Membrane Fuel Cell (PEMFC) based on ABS mixed with 
silica and carbon material by using spin casting system 
(SC) method to get membrane with uniform thickness 
which has efficiency high and has a high corrosion 
resistance and chemical and physical stability and density 
and shape that can be adjusted so that the application of 
this fuel cell can be used as a new alternative energy 
source that is really promising. In this study, polymer 
materials have been made as membranes so that they have 
superior physical and chemical properties compared to the 
previous materials. The material to be used for making 
Polymer Electrolyte Membrane Fuel Cell (PEMFC) is 
acrylonitrile butadiene styrene (ABS) or composite, this 
is because graphite has some superior properties including 
corrosion resistance, low weight, low contact resistance, 

stable both physically and chemically compared to metal 
[16].  

2 Experimental 
Preparation of Acrylonitrile Butadiene Styrene (ABS) 
membrane with silica composition of ABS as much as 1.5 
gram, dissolved in 10 ml methyl ethyl ketone and added 
amorphous and crystalline husk silica of 0%, 3% and 5% 
ABS ABS silica printed with a thickness of 100µmdrying 
membrane in 50C temperature oven for 48 hours. The 
results of white and glossy membrane sheets were 
characterized by a sulfonationprocess in a solution of 5 M 
and 18 M sulfuric acid for 24 H at room temperature. 
Analysis of membrane structure with X-ray diffraction 
(XRD) Co Ka Phillips, Scanning Electron Microscope 
(SEM) Jeol and FT-IR Simadzu. The ionic conductivity 
test using LCR-meter (HIOKI 3522-50LCR HiTESTER) 
with membrane size 1 cm x 1 cm was prepared.   

3 Results and discussion 
The results of x-ray diffraction measurements show that 
the polymer membrane does not form crystals after the 
printing and heating results in the oven. Based on the 
peak-shaped diffraction peak pattern, the polymer 
membrane is a non-crystalline material as shown in Fig. 
1. 



2

MATEC Web of Conferences 197, 04003 (2018) https://doi.org/10.1051/matecconf/201819704003
AASEC 2018

 

 
 
Fig 1. XRD pattern of membrane ABS. 
 

The water uptake test is performed to determine the 
amount of water and methanol absorbed by the membrane 
by soaking for 24 hours. Samples were prepared with a 
size of 2 cm x 2cm and dried in an oven at 50C for 8 
hours. for sulfonated membrane of concentrated sulfuric 
acid and 5 M of water uptake test results seen in Table 1 
and 2. In ABS-Si 3% amorphates have produced large 
uptake of water and methanol for sulphonated sulfuric 
membrane. While ABS-Si 5% Crystalline for sulfonated 
sulfuric acid membrane 5 M also produces large uptake 
for water and ABS-Si 0% for alcohol.  

Table 1. Water uptake test for sulphonated sulfuric membrane. 

Composition Methanol 
Uptake (%) 

Water Uptake 
(%) 

ABS-Si 0% 16,67 9,09 
ABS-Si 3 % Amorf 857,14 1236 
ABS-Si 5% Amorf 516,39 404 

ABS-Si 3 %  Kristalin 18,18 20 
ABS-Si 5% Kristalin 658,73 629,06 

Table 2. Water uptake test for sulphonated sulfuric membrane 5 
M. 

Composition Methanol 
Uptake (%) 

Water Uptake 
(%) 

ABS-Si 0% 12,50 14,28 
ABS-Si 3 % Amorf 10,81 12,12 
ABS-Si 5% Amorf 7,14 4,76 

ABS-Si 3 %  Kristalin 8,10 25 
ABS-Si 5% Kristalin 4,91 32,35 

 

 
 
Fig 2. SEM image of membrane before desulfonation with 5% 
silica (a) crystalline and (b) amorphous. 

 
 
Fig. 3. SEM image of ABS without silica (a) disulfonated with 
5 M sulfuric acid and (b) disulfonated with concentrated sulfuric 
acid. 
 

 
 
Fig. 4. SEM image of 1% crystal silica ABS SEM (a) before (b) 
after desulfonation with 5 M sulfuric acid. 
 

 
 

Fig. 5. SEM image of ABS crystal silica 3% after desulfonation 
with concentrated sulfuric acid. 
 

Fig. 2 shows SEM image of membrane ABS without 
sulphonated and unsulphonated (left) ABS sulfuric acid 
with 5M (left) sulfuric acid there is an air bubble still 
trapped in the membrane whereas after disulfonation with 
concentrated sulfuric acid there is more pore pore in the 
region which is darker. Fig.3 is an ABS SEM photo 
without silica (a) disulfonated with 5M sulfuric acid and 
(b) disulfonated with concentrated sulfuric acid. There has 
been a significant difference where ABS is tersufonasi 
with concentrated sulfuric acid more produces pores. Fig. 
4 is the result of a 3% crystal silica ABS (a) before (b) 
after disulfonation with 5M sulfuric acid having formed 
pores due to the sulphonation process. Fig. 5 SEM image 
of 3% silica crystalline after disulfonation with 
concentrated sulfuric acid which produces more pores on 
the polymer membrane. 
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Fig. 6. FTIR membrane ABS spectra with 3% sulfated silica 
crystals of 5 M. sulfuric acid. 
 

 

Fig. 7. FTIR membrane ABS spectra with 3% sulfonated crystal 
silica concentrated sulfuric acid.  
 

Based on spectrum data ABS 3 % can be seen in Fig. 
6 indicating ABS sulfonated membrane (ABS) is known 
with absorption bands at wave number 3083.25-3003.59 
cm-1. This shows the presence of an OH group which is -
OH in the sulfonate group. In addition, the presence of 
sulfonate groups is indicated by the absorption band 
symmetric strain O = S = O 1071.33 cm-1, strain S = O 
1029.2 cm-1and S-O 761.41 cm-1. This proves that the 
sulfonation process has taken place. While on the 
sulphonate group is indicated by absorption band 
symmetric strain O = S = O 1073.96 cm-1, strain S = O 
1033.81cm-1and S-O 753.46 cm-1. This proves that the 
sulphonation process in the concentrated sulfuric acid 
sample has also occurred.  
 
Table 3. The electrical conductivity of Polymer Electrolyte 
Membrane. 

  

The addition of silica and the type of silica added to 
the ABS membrane and the concentration of sulfuric acid 
have an effect on the conductivity value. The value of 
water uptake is related to conductivity value. With so 
much water content it is easier for the sulfonate group to 
deliver protons in the form of proton dihidrat resulting in 
higher conductivity values. This is evidenced by the 
uptake of water in membranes having high conductivity 
value of 5 % Si-Si silica. Sulfonated amorphous 
concentrated sulfuric acid with conductivity value of 4.21 
x10-3S/cm also has a high water absorption of 404%. 
However, this conductivity value is still very low when 
compared to Nafion membrane that is 0.1 S / cm. The 
mechanical properties of sulphonated membranes with 
concentrated sulfuric acid are also very fragile and easily 
destroyed. This membrane cannot be applied to the fuel 
cell. While the sulphonated membrane with 5 M sulfuric 
acid is much stronger but has a low conductivity value of 
10-5S/cm. This conductivity value is equivalent to a 
weaker insulator. 

4 Conclusions 
Synthesized ABS composite membrane added silica. The 
formed membrane does not have a crystal structure. The 
concentration of sulfuric acid influences the formation of 
sulphonate groups. Sulfuric acid with a concentration of 5 
M can form sulphonate groups. While sulfuric acid with 
concentration 18 M also forming a sulphonate group but 
destroying the membrane structure and making the 
membrane fragile. The best uptake and methanol uptake 
test results on sulfonated membrane by 5 M sulfuric acid 
and 5 % crystalline silica addition of 32.35 % for water 
uptake and 4.29 % for uptake methanol. The best 
conductivity assay results on the membrane with the 
addition of 5 % disulfonated amorphous silica in 18 M 
sulfuric acid with a conductivity value of 4.21x10-3 S / cm. 
 
This work was funded by PKUPT grant of Universitas Negeri 
Jakarta, Indonesia 
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