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Abstract: Gel polymer electrolytes are perspective electrolytes for new types of Li-ion batteries 

today. The properties respectively advantages of these gels can be used also in other fields of elec-

trochemistry. The gel polymer electrolyte is composed of a conductive component (liquid electro-

lyte) and the polymer component (methacrylate).  

In this paper I present fundamental characteristics of gel polymer electrolytes. This paper presents a 

principle of gel polymer electrolytes, fundamental measurement and their evaluation. I present the 

techniques of measurement and preparation of this gel polymer materials. Potentiostatic impedan-

ce, linear sweep voltammetry,  cyclic voltammetry and galvanostatic charge/discharge techniques 

were used for characterization of the samples. 
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1. INTRODUCTION 

Lithium cells respectively batteries are the most used and most widely electrochemical power 

sources at present. These cells use a graphite negative electrode, which receives released lithium 

ions during charging from the positive electrode. This process is called intercalation and is suffi-

ciently reversible. Currently Li-ion batteries have a long lifetime that is up to several thousand cy-

cles [2,3,5,8].  

Much attention is focused on the research and development of new materials and technologies for 

use in advanced power sources (batteries), especially with regard to their efficiency, reliability, 

ecological production, low financial costs incurred to obtain materials that have these resources for 

the best properties and equipment that produce these chemicals resources are used. Among the per-

spective materials in the manufacture of chemical current sources belong gel polymer electrolytes, 

which now replace obsolete liquid electrolytes. These materials often have properties that can be 

used in other industries such as the construction of electrochemical sensors, super-capacitors, or 

electrochromic devices. Polymer gels based on lithium salts and other equivalents have many ad-

vantages compared to liquid electrolytes. The main advantages are the elimination leakage of elec-

trolyte, better resistance to vibration and mechanical damage, or better resistance to volume chang-

es of the electrodes. Another advantage is the adhesion of the gel to the electrode surface, this ef-

fect reduces the formation of aggregates on the surface and thus provides protection against internal 

short circuit and reduction capacity. Advanced gel polymer electrolytes having the same ionic con-

ductivity as liquid electrolytes [2,3,5,8]. 

2. GEL POLYMER ELECTROLYTES 

Elektrolyte materials separate anode and cathode and play the significant role of transmitting 

electrons and lithium ions during charging and discharging processes. Also, electrolyte is one of the 
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key components that define the battery’s performance: charging/discharging capacity, safety, 

cycling  

performance, and current density [4,6,9]. Figure 1 shows the design of the Li-ion battery with a gel 

polymer electrolyte. 

 

Figure 1:  Schematic cross-section structure of the Li-ion battery with gel polymer electrolyte [6] 

The basic desired qualities of gel polymer electrolytes are follows [4,6,7,9]: 

 High ionic conductivity at wide range of temperatures: increase the lithium ions diffusion 

and resist polarization during charging/discharging 

 Good thermal stability: ensures the battery operation under appropriate temperature 

 Wide electrochemical window: prevents side reactions between electrodes and electrolyte 

 Good mechanical property: ease of manufacturing and enhanced safety 

 Low cost 

 Safety: high flashing point 

 Non-toxic: environmental friendly 

2.1. CHEMICAL COMPOSITION  

The gel polymer electrolyte is composed of a conductive component and the polymer component. 

The basis of conductivity component is a conventional liquid electrolyte. The polymeric part is 

based on methyl methacrylate and other necessary substances to form the gel polymer electrolyte. 

Other chemicals may be added to improve chemical, electro chemical and mechanical properties of 

the gel polymer electrolyte [2,3,5,8]. Individual components and some selected chemicals to form 

the gel polymer electrolyte are shown in Table 1. 

  Conductivity component Polymeric component Others chemicals 

Solvent 

Propylene  

carbonate,  

ethylene  

carbonate,  

dimethyl  

carbonate,  

sulfolane, etc. 

Polymer 

Methyl methacry-

late, poly(methyl 

methacrylate, 2-

ethoxyethyl methac-

rylate, 3-

(trimethoxysilyl) 

propylmethacrylate, 

etc. 
Substances to 

improve elec-

trical, electro-

chemical and  

chemical prop-

erties 

Ionic liquids, 

flame  

retardants,  

nanoparticles 

(Al2O3, TiO2), 

etc. 

Polymeric 

catalyst  

Benzoin ethyl ether 

(UV light) 

Electrolyte 

salt 

Lithium  

perchlorate, 

sodium  

perchlorate,  

lithium  

tetrafluoroborate, 

etc.  

Networking 

agent 

Ethylen glycol  

dimethacrylate,  

diethylene glycol  

dimethacrylate, 

triethylene glycol  

dimethacrylate, 

tetraethylene glycol  

dimethacrylate, etc. 

Table 1: Chemical components of the gel polymer electrolyte [2,3,4,5,6,7,8,9] 
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2.2. PREPARATION AND POLYMERIZATION 

All experiments were based on theoretical knowledge and previous experiments. Sample resp. gel 

polymer electrolyte is circular gel with a diameter 16 mm and a defined thickness, which was cut 

out from the total area of formed (polymerized) gel. All handling of the gel was performed in a 

glove box with an argon atmosphere. To form a gel polymer electrolyte is necessary to follow a 

precise technological process. This technological process is very effective for the production of gel 

polymer electrolytes [2,3,4,8]. 

Technological process consists of several following steps: 

1. Weigh all solid state components (electrolyte salt and polymeric catalyst) on the analytical 

balance. 

2. The addition all liquid chemicals (first solvent, second polymer and last networking agent). 

Chemicals are precisely measured using a pipette. 

3. All chemicals are mixed in a vial with a magnetic stirrer. The time required for complete 

dissolution of all chemicals is about 20 minutes. Must be checked visually. 

4. Using a syringe, the mixed solution is injected into the prepared form. Form for the gel is a 

square shape measuring 10 x 10 cm and is composed of several layers. These layers are in 

the following order: glass, transparent film, spacer silicone (determines the shape and 

thickness of the gel), teflon and glass. This form is shown in figure 2. All the layers are us-

ing clips and clamp fixed to each other. Large fixation is required the drain of the gel in 

liquid form. 

 

Figure 2: Schematic structure of form for gel (front, side, real photo) [8] 

 

5. This form with liquid gel is placed under a UV lamp – polymerization of gel. The time re-

quired for the polymerization is dependent on the particular chemical composition of the 

gel (from minutes to hours). 

6. Complete decomposition of this form ant cut out sample (gel polymer electrolytes) from 

gel. 

7. Documentation of the state sample (record of the state, possibly capture). 

8. Measuring the thickness of the sample using a micrometer. 

9. The sample is inserted into the el-cell and followed by measurement of the electrical prop-

erties (PEIS, LSV and also CV a GCPL for selected samples).  

The Potentiostatic Impedance (PEIS) experiment performs impedance measurements into potenti-

ostatic mode by applying a sinus around a potential E that can be set to a fixed value or relatively to 

the cell equilibrium potential [1]. 

Cyclic Voltammetry (CV) is the most widely used technique for acquiring qualitative information 

about electrochemical reactions. CV provides information on redox processes, heterogenous elec-
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tron-transfer reactions and adsorption processes. It offers a rapid location of redox potential of the 

electro active species. [1]. 

2.3. MEASUREMENT AND EVALUATION 

In electrolytes apply Ohm's law, as in other conductors, because all conditions are fulfilled. Espe-

cially it is the proportionality between the mean velocity of the ions and electric field strength. In 

the field of electrochemistry for determine the properties of the electrolyte is advantageous to cal-

culate the conductances G and specific conductivity resp. conductivity γ: 

 𝛾 =
1

𝑅
×

𝑑

𝑆
     [𝑚𝑆/𝑐𝑚], (1) 

where R is the resistance, d is the thickness and S is the area [2,3,5]. 

Measurement and evaluation was performed for a range of samples, the following table lists only 

some of them. The table shows chemical composition, time of polymerization and the calculated 

conductivity (equation 1). 

 Chemical composition and polymerization parameters 

Sample 

 

 

[code] 

propyl-

ene 

car-

bonate 

 

[ml] 

lithium 

perchlo-

rate 

[g] 

methyl 

methacry-

late 

[ml] 

benzo-

in 

ethyl 

ether 

 

[g] 

ethylen glycol 

dimethacry-

late 

[µl] 

time of 

polymeriza-

tion 

[hour] 

conductivi-

ty 

 

[mS/cm] 

16/02/0

2 
1,00 0,053 1,75 0,039 9,75 1  0,02129 

16/02/1

5 
1,00 0,053 1,75 0,039 9,75 1  0,02258 

16/02/2

2 
1,00 0,053 1,75 0,039 9,75 2 0,04868 

16/02/2

3 
1,00 0,053 1,75 0,039 9,75 0,75 0,01734 

16/03/0

1 
1,50 0,080 1,75 0,039 9,75 1,5  0,18610 

16/03/0

7 
1,50 0,080 1,75 0,039 9,75 2,5  0,03306 

16/03/0

9 
1,50 0,080 1,75 0,039 9,75 3,5  0,10866 

Table 2: Some selected samples of the gel polymer electrolyte  

The following figure shows a measured nyquist impedance of sample 16/03/01. Measurements are 

made using a potentiostat BioLogic and related software EC-Lab, using software to calculate the 

value of resistance R. The resistance value used to calculate the specific conductivity γ (equation 

1). Measurement range is from 1 MHz to 0,1 Hz. 
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Figure 3: Nyquist impedance of sample 16/03/01 

3. CONCLUSION 

Current development is focused on improving the parameters of polymer electrolytes: increase ion 

conductivity, extension in potential window and to improve long-term chemical and electrochemi-

cal stability of the polymer and solvent. Very promising combination can be electrochemically sta-

ble polymers and ionic liquids, which are substances that consist of an organic cation and an inor-

ganic or organic anion, with a melting point below 100 ° C. Main advantages of ionic liquids are 

high ionic conductivity, flammability and excellent electrochemical stability. These ionic liquids 

may be suitable for new lithium-ion batteries and supercapacitors, especially where the required 

higher thermal stability. 

The main goal is to create a gel polymer electrolyte for use in lithium ion batteries with the same or 

better performance than conventional liquid electrolytes. 
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