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Abstract 
 

In this work, variation of mixing a combination of carboxymethylcellulose 

(CMC) and styrene-butadiene rubber (SBR) as both used as the binder in the 

electrode has been studied. The purpose of using CMC-SBR as the binder in 

the electrode is to achieve a high supercapacitor performance. The 

electrode preparation has been carried out by mixing the reduced graphene 

oxide (rGO) and activated carbon (AC) in a blender. The binder preparation 

started by dissolving the CMC and SBR in the deionized water using a clean 

glass container. Then, rGO/AC has been stirred with the CMC-SBR for 60 

minutes until a homogenous slurry formed. All electrodes have been 

characterized with Raman spectroscopy. The electrochemical tests such as 

cyclic voltammetry (CV) and galvanostatic charge-discharge (GCD) for all 

electrode compositions were performed. The electrode with 4:6 (in weight 

percentage) of CMC-SBR shows the highest specific capacitance (Csp) of 

59.65 F g-1 (CV scan rate of 1 mV s-1) and 12.82 F g-1 from GCD test. This 

confirmed that the electrode containing 4 wt.% of CMC and 6 wt.% of SBR 

resulting in the best composition, which is reliable and practical for the 

supercapacitor application. 

 

Keywords: rGO/AC, supercapacitor electrode, CMC-SBR binder, cyclic 

voltammetry, charge-discharge 

 

 

Abstrak 
 

Dalam projek ini, variasi pencampuran gabungan karboksimetilselulosa 

(CMC) dan getah stirena-butadiena (SBR) kerana kedua-duanya digunakan 

sebagai pengikat dalam elektrod telah dikaji. Penyediaan elektrod telah 

dijalankan dengan mencampurkan graphene oxide (rGO) dan karbon 

teraktif (AC) di dalam pengisar. Penyediaan pengikat dimulakan dengan 

melarutkan CMC dan SBR dalam air ternyahion menggunakan bekas kaca 
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1.0 INTRODUCTION 
 

Supercapacitor with low specific capacitance (Csp) 

is one of the crucial problems in the energy storage 

field [1-5]. In exploring the best combination of 

elements (active material, binder, and solvent) in the 

electrode for the supercapacitor fabrication, some 

criteria need to approach giving a high specific 

capacitance value in the supercapacitor [6-10].  

The previous study used polyvinylidene difluoride 

(PVDF) and polytetrafluoroethylene (PTFE) as a binder 

in the electrodes. However, both binders are 

unsuitable for future research due to the high pricing, 

fluorine pollution, and toxicity [11]. A dual binder 

carboxymethylcellulose (CMC) and styrene-

butadiene rubber (SBR) has been used due to several 

advantages such as good adhesion to the current 

collector, water-based solubility, and enabling 

aqueous processing [11]. In this study, the different 

CMC and SBR which used as the binder materials in 

the reduced graphene oxide/ activated carbon 

(rGO/AC) supercapacitor electrode has been 

studied. Notably, the elastomeric binder has been 

produced by combining the strong CMC with SBR 

thickening agent for the rGO/AC electrode 

preparation [11,12]. 

This study aims to produce the best composition 

amount of CMC-SBR binder in the electrode for 

achieving a high-performance supercapacitor. 

 

 

2.0 METHODOLOGY 
 

As per Figure 1, the electrode preparation has been 

carried out by mixing the reduced graphene oxide 

(rGO) and activated carbon (AC) in a mixing 

blender. At the same time, the binder preparation 

has been started by dissolving the 

carboxymethylcellulose (CMC) and styrene-

butadiene rubber (SBR) in the deionized water using 

a clean glass container. The CMC-SBR compositions 

were varied to 2:8, 3:7, 4:6, and 5:5 in wt. % which 

referred from previous research [11]. rGO/AC has 

been stirred in the CMC-SBR binder for 60 minutes 

until a homogenous slurry has produced. Then, the 

slurry was coated on a clean copper foil using the 

applicator. The coated copper foil was then placed 

in a drying oven for 12 hours at a constant 

temperature of 100 oC and stored in a closed 

desiccator with a low humidity environment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 Schematic diagram for the electrode preparation 

 

 

All prepared electrodes have been characterized 

with Raman spectroscopy. The samples for 2 wt. % 

CMC – 8 wt. % SBR, 3 wt. % CMC – 7 wt. % SBR, 4 wt. % 

CMC – 6 wt. % SBR, and 5 wt. % CMC – 5 wt. % SBR 

were designated for electrode A, B, C, and D, 

respectively (Table 1). 

For the supercapacitor assembly, the electrode 

has been punched out at constant size (15 mm) and 

configured in a supercapacitor jig. In the jig, the 

polypropylene (PP) separator was sandwiched 

together by the two symmetric electrodes cell in the 

stainless steels compartment. The potassium 

hydroxide (6M KOH) electrolyte has been used as 

electrolyte in this supercapacitor which later being 

used for the electrochemical tests such as cyclic 

voltammetry (CV) and galvanostatic charge-

discharge (GCD). 

 

 

 

bersih. Kemudian, rGO/AC telah dikacau dengan CMC-SBR selama 60 minit 

sehingga buburan homogen terbentuk. Semua elektrod telah dicirikan 

dengan spektroskopi Raman. Ujian elektrokimia seperti voltammetri kitaran 

(CV) dan nyahcas cas-galvanostatik (GCD) untuk semua komposisi elektrod 

telah dilakukan. Elektrod dengan 4:6 (dalam peratusan berat) CMC-SBR 

menunjukkan kemuatan spesifik (Csp) tertinggi iaitu 59.65 F g-1 (kadar 

imbasan CV 1 mV s-1) dan 12.82 F g-1 daripada ujian GCD. Ini mengesahkan 

bahawa elektrod yang mengandungi 4 wt.% CMC dan 6 wt.% SBR 

menghasilkan komposisi terbaik, yang boleh dipercayai dan praktikal untuk 

aplikasi superkapasitor. 

 

Kata kunci: rGO/AC, elektrod superkapasitor, pengikat CMC-SBR, voltammetri 

kitaran, superkapasitor 
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Table 1 Composition for all electrodes 

 

 

3.0 RESULTS AND DISCUSSION 
 

In Figure 2, Raman spectra for all the electrode A, B, 

C, and D has been shown properly. From this Raman 

pattern, the ratio intensity of D-band (ID) and G-band 

(IG) can be calculated using this formula: 

 

Intensity ratio = ID/IG           (1) 

 

From Table 2, ID/IG is increasing from electrode A 

to electrode C (0.968 to 1.003) showing that the 

amorphous carbon is dominating in the electrode. 

This phenomenon is because the D band, related to 

the disordered carbon structure or amorphous 

carbon, is more dominant in the electrode than the 

G band, which is related to the graphitic structure or 

carbon whiskers. The higher amorphous region should 

improve the ions (from the electrolyte) mobile in the 

electrode-electrolyte surface [13]. 

 

 
 

Figure 2 Raman pattern for electrode A, B, C, and D 

 

Table 2 ID/IG intensity ratio for all electrodes 

  
A 

(cm-1) 

B 

(cm-1) 

C 

(cm-1) 

D 

(cm-1) 

Band D 1334.

70 

1334.

70 

1334.

70 

1332.

42 

Band G 1577.

52 

1586.

64 

1586.

64 

1584.

36 

ID/IG 0.968 1.002 1.003 1.000 

 

From Figure 3, the cyclic voltammetry curves at 

different scan rate (1, 5, 10, 30, 50, 70, 100, and 150 

mV s-1) for electrode C (4 wt. % CMC – 6 wt. % SBR) 

has been shown nicely. The specific capacitance, 

Csp has been obtained for all electrodes prepared, 

resulting electrode C has the highest Csp of 59.65 Fg-1 

at 1 mV s-1 (as refer in the Table 3). The decreasing 

specific capacitance, Csp, with the increasing scan 

rate is due to the ion concentration (from the 

electrolyte) on the layer between electrode and 

electrolyte suddenly improving. The electrochemical 

activity also has been interrupted due to the lack of 

ion diffusion from the electrolyte-electrode surface 

[14-16]. This Csp value are comparable with other 

work [14-17]. 

 
Table 3 Specific capacitance, Csp for electrode C (4 wt. % 

CMC – 6 wt. % SBR) sample 
 

Scan rate, mVs-1 Csp (F g-1) 

1 59.65 

5 20.54 

10 12.12 

30 4.97 

50 3.34 

70 2.32 

100 1.63 

150 1.08 

 

 

From Figure 4, the GCD curve at different scan 

rates starts from 0.3, 0.5, and 0.7 Ag-1 has properly 

shown. The variation of these scan rates has followed 

from previous research [18]. From the CD curve, the 

specific capacitance (Csp) for each scan rate has 

been obtained, which is the highest value of Csp 

(12.82 Fg-1) has shown at a scan rate of 0.3 Ag-1 

(Table 4). This phenomenon suggests this electrode 

composition retains a good supercapacitor 

performance [18-20]. However, the difference in 

obtained Csp from the CV and GCD is because of 

the uneven electrode preparation and electrode-

electrolyte assembly [18].  
 

 
Figure 3 CV curves at different scan rates (1, 5, 10, 30, 50, 70, 

100, 150 mVs-1) for sample electrode C (4 wt. % CMC – 6 wt. 

% SBR) 

Sample 

CMC-SBR  

weight 

ratio 

CMC 

(g) 

SBR 

(g) 

rGO 

(g) 

AC 

(g) 

A 2:8 0.4 1.6 8.0 10.0 

B 3:7 0.6 1.4 8.0 10.0 

C 4:6 0.8 1.2 8.0 10.0 

D 5:5 1.0 1.0 8.0 10.0 
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Figure 4 GCD curves at different current density (0.3, 0.5, 

and 0.7 Ag-1) for electrode C (4 wt. % CMC -6 wt. % SBR) 

 

Table 4 Csp for each current density (electrode C) 

 

Current density (Ag-1) Csp (Fg-1) 

0.3 12.82 

0.5 5.24 

0.7 1.71 

 

 

4.0 CONCLUSION 

 
All electrodes with varied amounts of CMC-SBR have 

been produced. ID/IG for electrode C has the highest 

value of 1.003 confirming that the amorphous carbon 

is dominating in the electrode. In the CV test, the 

electrode C (4 wt. % CMC – 6 wt. % SBR) attained the 

highest specific capacitance of 59.65 Fg-1 (scan rate 

of 1 mVs-1). The GCD curve of electrode C obtains 

equally with an ideal supercapacitor symmetric 

triangle shape. It can be determined that electrode 

C has the best composition for high-performance 

supercapacitor assembly. This evaluation has 

opened a potential development of new kind of 

binder material for high performance energy storage 

device. 
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