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Abstract. One of the components of the battery is an electrolyte that acts as an 

ion transfer medium. The solid electrolyte is currently being developed as a 

membrane because of its higher level of safety. The solution casting method 

modifies the solid electrolyte by adding rice husk ash silica to the 

CMC/LiCF3SO3 membrane. The rice husk ash silica concentration was 0% and 

12% w/w. The characterization carried out in this study was Fourier-Transform 

Infrared (FTIR) and Electrochemical Impedance Spectroscopy (EIS). The results 

of FTIR showed the presence of functional groups of CMC formed on each 

polymer membrane, namely O-H, and COO- stretching at wave numbers 3380-

3396 cm-1 and 1593-1595 cm-1. Adding rice husk ash silica to the polymer 

membrane causes the formation of Si-O-Si functional groups at wave numbers 

641 cm-1 and 1028 cm-1. The EIS result of CMC, CMC/LiCF3SO3, and 

CMC/LiCF3SO3/Silica produced ionic conductivity of 1.262 × 10-7, 6.792 × 10-

7, and 2.684 × 10-6 S/cm, respectively. This study concluded that rice husk ash 

silica is evenly dispersed in the CMC/LiCF3SO3 solid electrolyte polymer 

membrane to be used as a solid electrolyte for the secondary battery. 
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A. Introduction 

    A battery is a device that can convert chemical energy into electrical energy through 

electrochemical reactions of reduction and oxidation. Battery components consist of a cathode 

(positive terminal), anode (negative terminal), and electrolyte [1]. Battery electrolytes act as an 

ion transfer medium, so electrolytes are important in producing environmentally friendly, 

inexpensive, durable batteries with high energy density [2]. Electrolytes are divided into liquid 

electrolytes and solid electrolytes. Solid electrolytes in batteries are safer than liquid 

electrolytes. One of the solid electrolytes is a solid electrolyte polymer membrane [3] [4]. 

     Carboxymethyl cellulose (CMC) is a good biopolymer candidate for solid polymer 

electrolyte (SPE) due to the presence of hydrophilic carboxyl groups (CH2COONa), which 
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allow the biopolymer to dissolve in water solvents [5]. In addition, CMC naturally has a high 

amorphous phase, enabling easier transport of conduction ions such as lithium (Li+). CMC 

comes from a cellulose derivative, a straight, long-chain, and anionic polysaccharide. The 

properties of CMC are known as biodegradable, colorless, odorless, and non-toxic [6].  The 

addition of oxide filler in silica (SiO2) is a filler in the formation of crystalline structures, 

morphology, molecular relationships, and ionic conductivity of electrolytes. Rice husk is one 

of the largest producers of silica after perfect combustion at high temperatures [7].  

    The silica content in rice husk ash is 90-98% dry weight, which can be utilized for 

various chemical processes. Compared to mineral silica, rice husk has great potential as a source 

of silica (SiO2) [8]. Lithium triflate salt (LiCF3SO3) was chosen because it can produce an ionic 

conductivity value of 8.37 × 10-4 S/cm [9]. Another modification to the CMC/LiClO4 

membrane is adding Citric Acid (CA) doping with variations of 0, 5, and 10% w/v using the 

solution casting method. Synthesis of the CMC/LiClO4/CA membrane results in a conductivity 

value of 1.24 x 10-7 S/cm [10]. The addition of silica (SiO2) is a filler in the formation of 

crystalline structures, morphology, molecular relationships, and ionic conductivity of 

electrolytes. Rice husk is one of the largest producers of silica after perfect combustion at high 

temperatures [11]. 

     In this work,  the synthesis of CMC/LiCF3SO3 polymer membranes dispersed with rice 

husk ash silica with 0% and 12% concentrations using the solution casting method. The 

characterization carried out was the Fourier-Transform Infrared Spectrometer (FTIR) to 

determine the functional groups and vibrations of the membrane. The FTIR and EIS results 

provide the CMC/LiCF3SO3 membrane, adding rice husk ash silica, which can be used as a 

solid polymer electrolyte. 

B. Methods 

1. Materials 

    The materials in this research are rice husk ash, carboxymethyl cellulose, lithium triflate, 

NaOH, HCl, distilled water, pH meter, mortar, petri dish, beaker, OHAUS balance, Hot Plate 

Stirrer, mesh sieve, and drying oven. 

2. Instruments 

    FTIR spectra of the samples were recorded on Shimadzu 8201 PC with 1 cm-1 resolution 

with the wavenumber 400 to 4000 cm-1. The sample was blended as a KBr pellet and scanned 

into a blank KBr pellet before measurement. The ionic conductivity of the samples was studied 

by an LCR Meter type Hioki 3532-50 LCR HITESTER. 

3. Procedure 

The synthesis research of the samples was carried out through 3 stages, namely the stage 

of synthesis of rice husk ash silica (RHA), polymer membrane synthesis, and polymer 

membrane characterization using FTIR and EIS with solution casting. 

4. Preparation Synthesis of silica from rice husk ash (RHA) 

 Rice husk ash was extracted by mixing rice husk ash with 1M NaOH solution with a ratio 

of 1:6, then stirred with a magnetic stirrer for 90 minutes. After that, the solution was washed 

with distilled water and filtered, and HCL was added until the pH was 7 (neutral). Furthermore, 

precipitation was carried out for 18 hours, the formed silica gel was filtered. The resulting silica 

gel was then dried and ground using a mortar to obtain silica powder. The resulting silica can 

be used as a filler in CMC/LiCF3SO3 polymer membranes.  
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5. Preparation Synthesis of CMC, CMC/LiCF3SO3 and CMC/LiCF3SO3/Silica 

Membranes 

   Synthesis was done by inserting rice husk ash silica into distilled water in a beaker. Then, 

the solution was stirred using a magnetic stirrer until the solution was homogeneous. 

Furthermore, CMC and LiCF3SO3 powders were added gradually and stirred until the solution 

was homogeneous. The homogeneous solution was poured into a petri dish and put into an 

oven/dryer until it became a thin membrane. The ready solid electrolyte membrane was then 

characterized by a Fourier-Transform Infrared Spectrometer (FTIR) and Electrochemical 

Impedance Spectroscopy (EIS).        

6. Characterization of CMC, CMC/LiCF3SO3 and CMC/LiCF3SO3/Silica membranes 

  FTIR and EIS were used to characterize the membranes.  The characterization of the 

membranes was carried out using the FTIR (Fourier Transform Infra-Red) spectrometry to 

determine the Si-O functional groups present in the CMC, CMC/LiCF3SO3 and 

CMC/LiCF3SO3/Silica membranes. Electrochemical Impedance Spectroscopy (EIS) was 

performed to determine the ionic conductivity of the membranes. 

C. Results And Discussion 

The synthesis of silica from RHA powder, CMC, CMC/LiCF3SO3, and 

CMC/LiCF3SO3/Silica membranes was successfully carried out in this study, as seen in Figure 

1. 

 

(a) 

 

(c) 

 

(b) 

Figure 1. (a) Silica from Rice Husk Ash, (b) CMC/LiCF3SO3 membrane, (c) ) CMC/LiCF3SO3/Silic 

membrane      

The resulting polymer membrane tends to be clear in color with a 0.125 - 0.236 mm 

thickness. The surface of the polymer membrane looks transparent and smooth, and there is no 
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clumping (agglomeration). This indicates that the polymer membrane is homogeneously 

dissolved. Furthermore, the solid electrolyte polymer membrane is cut with a cutting die 

machine to form a small circle with a diameter of 1.5 cm. FTIR and EIS characterization is 

carried out. 

1. Fourier-Transform Infrared Spectrometer (FTIR) 

        Fourier Transform Infrared (FTIR) is one of the analysis methods used to determine 

the absorption area of a compound. In FTIR analysis, the sample is exposed to infrared 

radiation. This makes FTIR useful for determining the vibrations of the molecules contained in 

the sample. This FTIR analysis is recorded on FTIR spectrometry with an infrared wave number 

range between 400-4000 cm-1.  The results of the CMC/LiCF3SO3 polymer membrane dispersed 

with rice husk ash silica spectra are shown in Figure 2. 

 
Figure 2. FTIR spectra of membrane the CMC (a), CMC/LiCF3SO3 (b), and CMC/LiCF3SO3/SiO2 (c) 

The results of the FTIR spectrometry of the CMC membrane are characterized by the 

presence of O-H stretching functional groups at wave number 3445 cm-1. Absorption at wave 

number 2899 cm-1 indicates the C-H stretching functional group. Wave numbers 1606 cm-1 and 

1412 cm-1 indicate the presence of asymmetric C=O stretching and CH2 bending functional 

groups, characteristic of CMC. The asymmetric stretching vibration of the C-O-C functional 

group occurs at wave number 1316 cm-1. The C-O and C-H functional groups are shown at 

wave numbers 1106 cm-1 and 608 cm-1 [12] [13]. The FTIR spectra of the CMC/LiCF3SO3 and 

CMC/LiCF3SO3/silica polymer membranes in Figure 2 show the presence of O-H stretching 

functional groups at wave number 3396 cm-1 with a fairly wide peak for the CMC/LiCF3SO3 

membrane. The peak position of O-H stretching shifted to 3381 cm-1 after adding 12% rice husk 

ash silica [14]. The shift in wave numbers occurs due to the interaction between the hydroxyl 

groups (O-H) of carboxymethyl cellulose with silica. Stretching vibration is the movement of 

atoms or molecules that occurs regularly. C-H stretching vibration occurs at wave numbers 

2920 cm-1 and 2919 cm-1 for CMC/LiCF3SO3 and CMC/LiCF3SO3/silica polymer membranes. 

The carbonyl group (COO-) is a characteristic of CMC formed at wave numbers 1593 cm-1 and 

1595 cm-1 [15]. The shift in the wave number value can occur due to the interaction between 

the atoms in each membrane. The change in wave numbers occurs due to the interaction 

between the hydroxyl groups. 

2. Electrochemical Impedance Spectroscopy (EIS) 

EIS characterization was performed to determine the ionic conductivity value of the solid 

electrolyte polymer membrane. Conductivity values can be divided into two, namely AC and 

DC conductivity. AC conductivity can be calculated using the LCR-meter measurement 
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conductance parameters with a frequency value of around 42 Hz - 1 MHz, as well as the 

membrane thickness and the contact surface area of the membrane with the electrode. The EIS 

result of the CMC, CMC/LiCF3SO3, and CMC/LiCF3SO3/Silica membranes can be seen in 

Figures 3 and 4. 

 

Figure 3. AC conductivity of the CMC, CMC/LiCF3SO3, and CMC/LiCF3SO3/SiO2 membranes 

 

Figure 4. Ionic Conductivity of the CMC, CMC/LiCF3SO3, and CMC/LiCF3SO3/SiO2 membranes 

Figure 3 shows the conductivity curve resulting from measurements, which shows an 

increase in ionic conductivity values and frequency increase [1]. The AC conductivity curve 

results are then fitted using the Jonsher Power Law equation to determine the DC conductivity 

value [16]. Figure 4 depicts the CMC membrane produces an ionic conductivity value of 1.262 

× 10-7 S/cm. Adding lithium triflate salt to the CMC/LiCF3SO3 membrane increases the 

membrane conductivity value to 6.792 × 10-7 S/cm. This conductivity value proves an 

interaction between Li+ ions from lithium triflate salt and COO- (carboxylate) from CMC [17]. 

Meanwhile, the conductivity value of the CMC/LiCF3SO3 membrane with the addition of 

rice husk ash silica is 2.684 × 10-6 S/cm. The results of this EIS characterization show an 

increase in the ionic conductivity of the CMC/LiCF3SO3/Silica membrane. The increase in the 

ionic conductivity is due to the addition of silica, which acts as the mobility of Li+ ions through 

the Si-O-Li bonds in the polymer matrix [18]. The easier for Li+ ions to move in the polymer 

matrix, the higher the ionic conductivity [19] [20]. 
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D. Conclusion 

The study results show that the polymer membrane was successfully made using the 

solution casting method to produce a clear, evenly colored polymer membrane with good 

dimensional stability or size. The Fourier Transform Infrared (FTIR) characterization showed 

a shift in the absorption wave number due to the interaction between rice husk ash silica and 

the polymer matrix. They formed a new functional group, siloxane (Si-O-Si), at wave numbers 

641 cm-1 and 1028 cm-1. The Electrochemical Impedance Spectroscopy (EIS) characterization 

shows that the addition of rice husk ash silica can increase the ionic conductivity of the 

CMC/LiCF3SO3 polymer membrane by 2.684 × 10-6 S/cm. The increase in conductivity occurs 

because rice husk ash silica acts as the mobility of Li+ ions in the polymer matrix. The 

conclusion is that rice husk ash silica can be used as an alternative synthesis of solid electrolyte 

membranes for secondary batteries. 

E. Acknowledgment 

The authors would like to thank the financial support from the Ministry of National 

Education, especially the Bureau of Science Research and Universitas Jenderal Soedirman 

Grantee for supporting the “Riset Dasar Unsoed” research in 2024. 

F. References 

[1].  D. Zhou, D. Shanmukaraj, A. Tkacheva, M. Armand, and G. Wang, “Polymer 

Electrolytes for Lithium-Based Batteries: Advances and Prospects,” Chem, vol. 5, no. 9, 

pp. 2326–2352, 2019, doi: 10.1016/j.chempr.2019.05.009. 

[2].  A. Manthiram, X. Yu, and S. Wang, “Lithium battery chemistries enabled by solid-state 

electrolytes,” Nat. Rev. Mater., vol. 2, no. 4, pp. 1–16, 2017, doi: 

10.1038/natrevmats.2016.103. 

[3].  Q. Zhu, J. Ma, S. Li, and D. Mao, “Solid-State Electrolyte for Lithium-Air Batteries: A 

Review,” Polymers (Basel)., vol. 15, no. 11, 2023, doi: 10.3390/polym15112469. 

[4].  Y. Hu, W. Li, J. Zhu, S. Hao, X. Qin, and L. Fan, “Multi-layered electrolytes for solid-

state lithium batteries,” vol. 1, no. July, 2023. 

[5].  N. A. M. Noor and M. I. N. Isa, “American-Eurasian Journal of Sustainable Agriculture 

Structural and Conduction Studies of Solid Biopolymer Electrolytes System Based on 

Carboxymethyl Cellulose,” Adv. Mater. Res. Group, Sch. Fundam. Sci., vol. 9, no. 2, pp. 

15–22, 2015, [Online]. Available: http://www.aensiweb.com/ 

[6].  J. Liu et al., “Nanocomposites membranes from cellulose nanofibers, SiO2, and 

carboxymethyl cellulose with improved properties,” Carbohydr. Polym., vol. 233, no. 

October 2019, p. 115818, 2020, doi: 10.1016/j.carbpol.2019.115818. 

[7].  A. Maddu, A. S. Sulaeman, S. T. Wahyudi, and A. Rifai, “Enhancing Ionic Conductivity 

of Carboxymethyl Cellulose-Lithium Perchlorate with Crosslinked Citric Acid as Solid 

Polymer Electrolytes for Lithium Polymer Batteries,” Int. J. Renew. Energy Dev., vol. 

11, no. 4, pp. 1002–1011, 2022, doi: 10.14710/ijred.2022.40090. 

[8].  K. Sari et al., “Effect of milling time on the microstructure and dielectric properties of 

chitosan nanopowder,” Int. J. Nanoelectron. Mater., vol. 13, no. 1, pp. 1–8, 2020. 

[9].  P. A. Putro, A. S. Sulaeman, and A. Maddu, “The Role of C-dots/(MnO2)x(x = 0, 2, 4, 

mM) on Enhancing the Ion Transport in Poly (Ethylene Oxide) Based Solid Polymer 

Electrolytes: The Optical and Electrical Characteristics,” J. Phys. Conf. Ser., vol. 1805, 

no. 1, 2021, doi: 10.1088/1742-6596/1805/1/012020. 

[10].  N. F. Mazuki, A. P. P. Abdul Majeed, Y. Nagao, and A. S. Samsudin, “Studies on ionic 

http://jos.unsoed.ac.id/index.php/eprocicma
https://portal.issn.org/resource/ISSN/2808-2702


Proceeding ICMA-SURE- 2024 
The 7th International Conference on Multidisciplinary Approaches for Sustainable Rural Development  
26-27 September 2024 

ISSN : 2808-2702 

 
582 

conduction properties of modification CMC-PVA based polymer blend electrolytes via 

impedance approach,” Polym. Test., vol. 81, no. October 2019, p. 106234, 2020, doi: 

10.1016/j.polymertesting.2019.106234. 

[11].  M. H. Saadiah, D. Zhang, Y. Nagao, and A. S. Samsudin, “Molecularly Conductive 

Behavior of Blended Polymer Electrolyte-based CMC/PVA,” Makara J. Technol., vol. 

23, no. 1, p. 27, 2019, doi: 10.7454/mst.v23i1.3639. 

[12].  M. I. N. Isa and A. S. Samsudin, “Ionic conduction behavior of CMC based green polymer 

electrolytes,” Adv. Mater. Res., vol. 802, no. January, pp. 194–198, 2013, doi: 

10.4028/www.scientific.net/AMR.802.194. 

[13].  A. A. Mejenom, M. N. Hafiza, and M. I. N. Isa, “X-ray diffraction and infrared 

spectroscopic analysis of solid biopolymer electrolytes based on dual blend 

carboxymethyl cellulose-chitosan doped with ammonium bromide,” ASM Sci. J., vol. 11, 

no. Special Issue  1, pp. 37–46, 2018. 

[14].  L. Sampath Kumar, P. Christopher Selvin, and S. Selvasekarapandian, “Impact of lithium 

triflate (LiCF3SO3) salt on tamarind seed polysaccharide-based natural solid polymer 

electrolyte for application in electrochemical device,” Polym. Bull., vol. 78, no. 4, pp. 

1797–1819, 2021, doi: 10.1007/s00289-020-03185-5. 

[15].  V. Suryanti, T. Kusumaningsih, D. Safriyani, and I. S. Cahyani, “Synthesis and 

Characterization of Cellulose Ethers from Screw Pine (Pandanus tectorius) Leaves 

Cellulose as Food Additives,” Int. J. Technol., vol. 14, no. 3, pp. 659–668, 2023, doi: 

10.14716/ijtech.v14i3.5288. 

[16].  S. K. Shetty et al., “Dielectric relaxations and ion transport study of NaCMC:NaNO3 

solid polymer electrolyte films,” Ionics (Kiel)., vol. 27, no. 6, pp. 2509–2525, 2021, doi: 

10.1007/s11581-021-04023-y. 

[17].  M. N. Hafiza and M. I. N. Isa, “Correlation between structural, ion transport and ionic 

conductivity of plasticized 2-hydroxyethyl cellulose based solid biopolymer electrolyte,” 

J. Memb. Sci., vol. 597, no. February 2019, 2020, doi: 10.1016/j.memsci.2019.117176. 

[18].  S. M. Tahir and N. Alias, “The effect of carboxymethyl cellulose as bio filler on ionic 

conductivity and physical property of waste cooking oil based polyurethane composite 

polymer electrolyte,” Key Eng. Mater., vol. 797, pp. 280–288, 2019, doi: 

10.4028/www.scientific.net/KEM.797.280. 

[19].  V. Cyriac et al., “Ionic conductivity enhancement of PVA: carboxymethyl cellulose poly-

blend electrolyte films through the doping of NaI salt,” Cellulose, vol. 29, no. 6, pp. 3271–

3291, 2022, doi: 10.1007/s10570-022-04483-z. 

[20].  J. Chattopadhyay, T. S. Pathak, and D. M. F. Santos, “Applications of Polymer 

Electrolytes in Lithium-Ion Batteries: A Review,” Polymers (Basel)., vol. 15, no. 19, 

2023, doi: 10.3390/polym15193907. 

 

 

http://jos.unsoed.ac.id/index.php/eprocicma
https://portal.issn.org/resource/ISSN/2808-2702

