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ABSTRACT 
The development of proton conducting membranes based on used materials has been carried out. The used 
material, in this case, is styrofoam, which is chemically polystyrene. Membranes have been prepared by blending 
compositions styrofoam and cupriethylenediamine by mass per volume ratio: 2 : 0.5, 2 : 1, 2 : 1.5  and 2 : 2. 
Blending has done through the process of mixing styrofoam and cupriethylenediamine in chloroform solvent by 
stirring and then printed on petridish containers. Evaporation of the solvent is carried out slowly at 35 ℃ until 
membranes are obtained. The proton-conducting membranes were characterized by using FTIR, XRD, SEM and 
an impedance analyzer instrument. The FTIR spectrum of the membranes shows that there is absorption at wave 
number 3306.08 cm-1 which shows O-H and at wave number 3306.08 cm-1 which shows the amine bond N-H 
3093.18-3159.61 cm-1. The diffractogram pattern of the membranes in each composition has a wide peak at 2𝜃 
with an angle of 20° which shows that the membranes have an amorphous phase. SEM analysis shows that the 
membrane morphology has an uneven and foamy surface. The maximum conductivity of 35.52 × 10-8 S/cm is 
found in the addition of 2 mL cupriethylenediamine with a temperature of 30 ℃.  
Keywords: Blending, Maximum Conductivity, Proton Conducting Membranes, Used Material, Amorphous 
Phase. 
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INTRODUCTION 
The current human need for raw materials, both natural and synthetic, has greatly increased. The use of 
these two raw materials continuously will have fatal consequences because their availability continues 
to be used. Utilizing used materials is one alternative that is highly recommended at this time.1 One of 
the most widely used synthetic polymers in modern times is styrofoam, which is chemically 
polystyrene. A previous study has reported that polystyrene can be applied as Interpenetrating Polymer 
Network.2  
Many studies have reported on the use of used polystyrene. Utilization of used polystyrene, in this case, 
styrofoam turned out to be used as a raw material for the manufacture of fuel cell membranes. Raw 
materials for the manufacture of fuel cell membranes that have been reported include sulfonated 
polysulfone3,4,5, polyvinyl triazole6, bacterial cellulose 7 and others. 
Fuel cells are electrochemical cells that continuously convert chemical energy in fuels and oxidants 
(oxygen) into the water and produce electrical energy, by which process involving the electrode system.  
Fuel cells are one such technology as batteries that can be refilled, like a dry cell battery. All types of 
cell material fuel have a negative electrode (anode) and a positive electrode (cathode) which is the place 
where electrochemical reactions occur in addition to the electrodes in a fuel cell unit some electrolytes 
will conduct electrical charges from one electrode to other electrodes, as well as the catalyst that will 
speed up the reaction at the electrode. Electric current and heat energy generated from each This type 
of fuel cell is the result of a chemical reaction that occurs in cathode and anode. 
The advantage of styrofoam is that it can withstand heat, lightness, and water resistance, but also has 
disadvantages, among others, styrofoam is not renewable and if it is burned it contains harmful 
substances. Through this report, the development of proton conducting membranes based on used 
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materials has been carried out. The used material, in this case, is styrofoam, membranes have prepared 
by blending between styrofoam and cupriethylenediamine. 
  

EXPERIMENTAL 
Material 
The material used in this study was styrofoam from waste electronic packaging equipment 
(polystyrene), cupriethylenediamine (CED) (Merck KGaA), chloroform (Merck KGaA), acetone 
(Merck KGaA). 
 
Synthesis of Membranes 
Styrofoam packaging electrolyte devices had been crushed into smaller pieces. Then as much as 50 g 
of styrofoam soaked in 400 mL acetone for 3 days to change its physical properties to be more compact. 
Next, the polystyrene is separated from the acetone, then dried using a glass cup covered with aluminum 
foil that is given hole and put in a fume hood for 1 night. Then polystyrene the resultant was roasted at 
40 ℃ for 4 hours. 2 g of polystyrene was dissolved in 5 mL chloroform later CED was added with 
variations in the addition of CED as much as 0.5 mL, 1 mL, 1.5 mL, 2 mL. Polystyrene-CED is then 
poured into a beaker and done stirring using a magnetic stirrer for 5 days until homogeneous ago poured 
into a 6 cm diameter petri dish and evaporated in a manner slowly at a temperature of 35 ℃ until the 
membrane material is obtained. 
 
Characterization 
The characterization includes the identification of functional groups using a Bruker Alpha-P (Wismar, 
Germany) in attenuated total reflectance (ATR). Identification of the diffractogram pattern is 
determined using X-ray diffractometer (Rigaku D-MAX2200, Japan). Identification of the membrane 
morphology was scanned using SEM type JEOL 7001 FESEM (Tokyo, Japan). The conductivity of the 
membrane was measured using a tool IM 3590 Chemical Impedance Analyzer. 
  

RESULTS AND DISCUSSION 
Figure-1 showed that the infrared spectrum provides information about functional groups qualitatively. 
The results of the polystyrene infrared spectrum analysis show some functional groups found in certain 
wavenumbers, C-H alkane stretching vibration 2919.50 cm-1, the vibration of the C-H alkane buckling 
1440.42 cm-1, aromatic C-H stretching vibration 3013.14 cm-1, C-C stretching vibration 1014.83 cm-1, 
C=C aromatic stretching vibrations 1506.68-1596.85 cm-1. 
The results of the analysis of the infrared spectrum CED showed several functional groups contained 
in certain wavenumbers as shown in Fig.-2. The FTIR spectrum showed at wave number 3133.29-
3226.04 cm-1 indicates the existence of a stretching vibration of the primary N-H and amplified by 
vibration bend the primary N-H at wave number 1480.44-1573.29 cm-1. At a wavenumber 1120.37 cm-

1 there is a peak that indicates the existence of stretching vibrations C-N and at wave number 1027.44 
cm-1 shows the bending vibration C-C. A wavenumber 2946.71 cm-1   indicates a stretching vibration 
C-H while the wave number is 1320.37 cm-1 shows C-H buckling vibrations. 
Based on the results of the analysis of the functional group proton-conducting membrane, Figure-3 
should be known that the membrane material contains polystyrene and CED. Data from the analysis of 
the membrane material functional groups, compared to the characteristics of the constituent polymer 
functional groups it will be visible differences in the wavenumber for each functional group, this shows 
there has been a shift in wavenumber absorption. Shifting wave number absorption occurs due to 
interactions on polymers making up membrane materials. Interaction between polystyrene and 
cupriethylenediamine is shown from the absorption band that appears on membrane material at wave 
number 3306.08 cm-1 that indicates the presence of O-H bonds. The peak formed is wider and more 
intense the greater the increase in the composition of the CED solution added, and at the wave number 
3093.18-3159.61 cm-1   visible peak with low intensity, these peaks indicate the presence of primary N-
H stretching vibrations. 
The results of XRD analysis of membrane materials give a diffraction pattern such as that shown in 
Figure, the diffraction pattern of the polystyrene-CED membrane material on each composition has a 
wide peak at 2𝜃 with an angle of 20°which shows that the polystyrene-CED membrane material has a 
phase amorphous. This corresponds to the polystyrene diffraction pattern in the previous study 
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conducted at 2𝜃 with an angle of 19.6°.8 In a previous study has reported that polystyrene diffraction 
patterns have a wide peak at 2𝜃 with an angle of 19°-20°. This shows that pure amorphous polystyrene 
formed because there is no peak other additions are shown beside the peaks of polystyrene.9,10 
Amorphous phase affects proton transport for the proton-carrying membrane. The membrane more 
amorphous will give a greater proton transport area. 

 
 

 
 

 
 
 

 
 
 
 
 
 
 
 

 
Fig.-1: The Polystyrene Infrared Spectrum 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig.-2: The CED Infrared Spectrum 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig.-3: The Proton-conducting Membrane Infrared Spectrum. 
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Fig.-4: the Diffractogram of the Proton-conducting Membrane 
 
Morphological analysis of proton-conducting membrane was carried out using a scanning electron 
microscope (SEM) with a magnification of 10,000 times and 1000 times, Fig.-5. Material polystyrene 
2 : 2 (w/v) membrane analyzed were the result of membrane synthesis with the conductivity that is 
35.52 × 10-8 S/cm. From the results, SEM shows the surface morphology of the polystyrene-CED 
composite material as has shown with magnification 1.000 times the membrane material has a bubbly 
surface forming a blob that breaks. The appearance of pores and lumps in polystyrene-CED membrane 
due to the uneven distribution of materials, the solution is lacking homogeneous so that it forms lumps 
in certain parts, or at times printing there are air bubbles so that when heating leaving pores. Based on 
the results of proton conductivity in this study under the proton conductivity of nafion, previously 
reported the proton conductivity of nafion membranes at a value of 0.091 S/cm.11 This shows Pores in 
the membrane will affect the distance of the atoms or molecules polymer, this distance will disrupt the 
flow of protons which will later affect the proton conductivity. 

 
 
 
 
 
 

 
 

 
 
 
 
 
 

Fig.-5: The Morphology of Proton-conducting Membrane 
 

Proton conductivity analysis in this study have done with variations the temperature were 30℃, 40℃, 
50℃, 60℃ and measured using an impedance analyzer. The results of the analysis showed the highest 
proton conductivity was at polystyrene-CED 2 : 2 (w/v) membrane that is 35.52 × 10-8  S/cm at 30 ℃ 
and the lowest proton conductivity is in polystyrene-CED membrane 2 : 0.5 (w/v) in the amount of 
14.72×10-8 S/cm at 60 ℃. The proton conductivity in this study is higher than the value the polystyrene 
conductivity without the addition of CED is only 10-16 S/cm.12 This shows that the sulfonation process 
in polystyrene provides a large impact on the increase in the conductivity of protons whereas this study 
did not use sulfonated polystyrene. Sulfonated polystyrene is hydrophilic due to the presence of 
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sulfonate groups in the ring aromatic causes polystyrene to have such a charged group enhance its 
ability to absorb water associated with proton transfer media and will affect the magnitude of the proton 
conductivity. But in this study, CED was used as a substitute sulfonation to increase the proton 
conductivity as a candidate proton delivery membrane.  The proton conductivity of polystyrene-CED 
membranes is shown in Figure-6 which shows the increase in the conductivity value of protons together 
with the addition of CED. Increased proton conductivity in the membranes is affected by the presence 
of copper in CED. Where is copper a good conductor of heat and electricity so the transfer of protons 
will the easier and the proton conductivity will increase. 
More CED content in the membranes, the higher the proton conductivity of the membranes. The 
conductivity is influenced by the number of free electrons, when metal is given a different voltage these 
electrons will move from positive pole to negative pole. These electrons will carry an electrical charge. 
Copper has better conductivity than metals others because there are more free electrons in copper.13 The 
proton conductivity of polystyrene-CED membranes from temperature 30 ℃ until the temperature of 
80 ℃ showed continues to decrease. This decrease occurred because at high-temperature conditions 
electrolyte membranes tend to have humidity that is relatively low so it causes membrane dehydration 
which causes proton conductivity to decrease and the membrane will be damaged. 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
Fig.-6: The Proton Conductivity of Polystyrene-CED Membranes. 

 

CONCLUSION 
Proton conducting membranes has made from styrofoam waste (polystyrene). The results of 
characterization, FTIR membranes showed an absorption on wave number 3306.08 cm1 indicate O-H 
bonds and at wave number 3093.18-3159.61 cm-1 indicates the N-H bond. Maximum proton 
conductivity is 35.52×10 -8 S/cm is also of CED 2 mL in temperature of 30 ℃. The higher the 
temperature at the test it will decrease the proton conductivity of the material composite. Morphological 
analysis using SEM composite material has an uneven and bubbly surface. Diffractogram composite 
material synthesized shows the composite material is amorphous.  
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