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Methods of coating a three-dimensional structure with polymer electrolytes for 

lithium-ion batteries 
 

Abstract. The paper considers various methods of conformal coating the three-dimensional 

structure of Ni foam with polymers as electrolytes in lithium-ion batteries. 

Polymethylmethacrylate (PMMA), polyacrylonitrile (PAN), polyvinylidene fluoride (PVDF), 

and polyethylene oxide (PEO) were chosen as polymer electrolytes because of their good ionic 

conductivity and mechanical stability. Conformal coating was performed using two methods: 

drop coating, dip coating. The polymer-coated three-dimensional Ni foams were characterized by 

field-emission scanning electron microscopy (FE-SEM) to determine the more conformal coating 

method and testing the ionic conductivity of polymers. From this research, it could be concluded 

that the dip coating method allows a more conformal coating of the three-dimensional Ni foam 

structure and the polymers obtained by this method have a good value of ionic conductivity. 
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Introduction 

 

Rechargeable lithium-ion batteries are currently the optimal portable source of electricity. There 

is an increasing number of new materials that are being explored as the cathode and the anode 

annually. The electrodes are separated by a polymer separator and a liquid organic electrolyte with 

dissolved salt. However, these organic solvents could ignite upon mechanical impact or short circuit, 

also they may react with electrode materials [1].  

As the solution to this, researchers are turning to lithium ion-polymer technology, where the 

polymer acts as a polymer electrolyte and separator. Ion-conducting polymers are used as polymers, 

which replace the traditional porous separator and liquid electrolyte. This improves battery safety 

because polymer electrolytes are not flammable and also these polymers are able to provide thinner 

battery cells [2]. 

In modern mobile technology (such as smartphones, laptops, digital cameras and etc.) the use of 

polymer electrolytes has important advantages over liquid electrolytes, such as: high energy density, 

flexible shape, light weight, and less chance for electrolyte leakage [3]. 

Polymethyl methacrylate (PMMA) [4,5], polyacrylonitrile (PAN) [6,7], polyvinylidene fluoride 

(PVDF) [8,9], and polyethylene oxide (PEO) [10-12] were chosen as polymers because they have good 

ionic conductivity and mechanical stability, that are studied extensively by other researches.) Polymer 

electrolyte production methods: drop coating, dip coating. The aim of the study was to prepare a 

polymer electrolyte for lithium-ion batteries with 3D structure and to check their ionic conductivity. The 

objective was to obtain conformal coating of polymer electrolyte on Ni foam with a good ionic 

conductivity value. 
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Experimental part 

2.1 Materials 

Polymers are PMMA (Mw 100,000; Sigma Aldrich); PEO (Mw 100,000; Sigma Aldrich); PAN 

(Mw 150,000; Sigma Aldrich); PVDF (Mw ~534,000; Sigma Aldrich); Ni foam (99.5% purity, 0.9 mm 

thickness, Good Fellow); solvents are acetonitrile (ACN, Sigma Aldrich) and N,N-dimethylformamide 

(DMF, Sigma Aldrich). 

 

2.2 Drop coating and dip coating methods 

To obtain conformal polymer electrolyte coating on Ni foam, the polymers were dissolved in the 

following solvents: PMMA and PEO in acetonitrile (ACN), PAN and PVDF in N,N-dimethylformamide 

(DMF). Following polymer solutions were prepared: 2% PMMA in ACN, 2% PEO in ACN; 2% PAN in 

DMF, 2% PVDF in DMF. The polymer solutions were stirred continuously with a magnetic stirrer for 

several hours at room temperature to ensure complete dissolution. 

After that, the polymer solutions were applied on the surface of the Ni foam by drop coating 

and dip coating methods. After coating the Ni foam with the polymer, the samples were dried in a 

vacuum oven for 1 hour at 60℃. To obtain multilayer films, the Ni foam was immersed in the polymer 

solution for 10 minutes and then dried in a vacuum. Then it was immersed again in the polymer 

solution and dried again. This procedure was repeated four times. 

 

2.3 Characterization 

Morphological feature of the electrolytes obtained by both methods was observed by Scanning 

Electron Microscope (SEM, Crossbeam 540). The distribution of chemical elements in the obtained 

electrolyte films was identified by EDS (SEM, Crossbeam 540). The ionic conductivity was measured 

using an electrochemical impedance analyzer (Metrohm Autolab). 

 

Result and Discussion 

 

After the polymer electrolytes PMMA, PEO, PAN, PVDF were applied to Ni foam, the 

morphological characteristics of these films as well as elemental analysis were investigated. SEM images 

show that drop coating and dip coating methods allow to obtain polymer films of PMMA, PEO, PAN 

and PVDF of different thicknesses with a smooth and homogeneous structure. 
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Fig. 1. SEM images of Ni foam coated with PMMA film by methods: (a) - drop coating;  

(c) - dip coating. Elemental analysis of PMMA film on Ni foam obtained by methods:  

(b) - drop coating; (d) - dip coating 

 

 

 
Fig. 2. SEM images of Ni foam coated with PEO film by methods: (a) - drop coating;  

(c) - dip coating. Elemental analysis of PMMA film on Ni foam obtained by methods:  

(b) - drop coating; (d) - dip coating 
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Fig. 3. SEM images of Ni foam coated with PAN film by methods: (a) - drop coating;  

(c) - dip coating. Elemental analysis of PMMA film on Ni foam obtained by methods:  

(b) - drop coating; (d) - dip coating 

 

 

 
Fig. 4. SEM images of Ni foam coated with PVDF film by methods: (a) - drop coating;  

(c) - dip coating. Elemental analysis of PMMA film on Ni foam obtained by methods:  

(b) - drop coating; (d) - dip coating 
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The SEM images clearly show that the Ni foams with polymer electrolytes obtained by the drop 

coating method (Fig. 1,2,3,4 (a)) are partially covered by a polymer layer, which is also confirmed by the 

elemental analysis of the samples (Fig. 1,2,3,4 (b)). However, the Ni foams with polymer electrolytes 

obtained by dip coating (Fig. 1,3,4 (c)), on the contrary, have a conformal coating of the three-

dimensional Ni foam structure. The film microstructures look very dense. The polymer films’ surface 

morphology appears to be uniform, dense and smooth. EDS analysis also confirms this (Fig. 1,3,4 (d)). 

The PEO polymer in Fig. 2 (c,d) has a partial coating, presumably because PEO has a high solubility in 

these solvents. Therefore, the PEO samples have a weak partial film coating. Having compared the two 

methods, it can be said that the polymer films obtained by dip coating method allow conformal coating 

of 3D structure both outside and inside, in contrast to the method of drop coating. 

Polymer electrolytes for lithium ion batteries must have good ionic conductivity. Ionic 

conductivity is strongly related to the charge density and mobility of the active spices [13]. Ionic 

conductivity depends on the crystallinity of the polymer electrolytes; the higher the crystallinity, the 

worse the ionic conductivity of the polymer will be. Samples obtained by dip coating were tested for 

ionic conductivity. A solution of LiPF6 lithium salt in a 1:1 (v/v) mixture of ethylene carbonate (EC) and 

dimethyl carbonate (DMC) was added to the polymer electrolytes to reduce polymer crystallinity and 

the ability to conduct lithium ions. The ionic conductivity of the obtained polymer electrolytes was 

measured by sandwiching the samples between two steel blocking electrodes (stainless steel (SS)). To 

evaluate Li conductivity of the obtained polymer electrolytes, the ac impedance was measured on a 

SS/polymer+Li salt/SS cell. Figure 5 shows Nyquist plots of PMMA, PAN, PEO, PVDF polymer films at 

ambient. Ionic conductivity is calculated based on Eqn. 1: 

SR

l

p 
                                   (1) 

where, σ - ionic conductivity, l - film thickness, Rp - bulk resistance, S - area of the electrode. The results 

of ionic conductivity of the obtained polymer electrolytes are shown in Table 1. 

 
Fig. 5. Nyquist plots of polymer electrolytes on stainless steels at ambient 
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Table 1  

 Ionic conductivity of polymer electrolytes obtained by dip coating 

 

Values PMMA PAN PEO PVDF 

𝑅𝑝 194,69 Ω 5913,6 Ω 1077,1 Ω 7711,9 Ω 

S 1,1586 cm2 1,1586 cm2 1,1586 cm2 1,1586 cm2 

l 0,026 cm 0,011 cm 0,013 cm 0,012 cm 

σ 1,1526*10-4 1,6054*10-6 1,0417*10-5 1,3430*10-6 

 

The PMMA polymer film offers the highest conductivity of 1,1526*10-4 S тм-1. The thickness of 

polymer films is given in Table 1. Charge transport requires both efficient ion dissolution and a low 

migration barrier. Consequently, the solvation mobility of Li+ ions must be optimized through the 

polymer matrix to produce superionic polymer electrolyte thin films, which requires the amorphous 

nature of the polymer electrolyte matrix [13]. 

 

Conclusion 

 

In this study, we prepared polymer electrolytes PMMA, PEO, PAN, and PVDF by drop coating 

and dip coating methods. The polymer electrolytes were deposited on a three-dimensional Ni foam 

structure. A more complete confomal coating was obtained by PMMA, PAN, and PVDF polymers by 

the dip coating method, as confirmed by SEM and EDS results. PEO polymer electrolyte has high 

solubility, experiments with other solvents should be conducted to obtain a more conformal coating. 

The layer by layer technique allows you to get a the conformal coating of a three-dimensional structure. 

The ionic conductivities of polymer electrolytes were checked. Polymers have good ionic conductivity at 

room temperature, PMMA film showing the highest value. Further experiments are planned with the 

addition of lithium salt and plasticizers to the polymer composition in order to improve the ionic 

conductivity of the polymer electrolytes and battery cell assembly. 
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Литий-ионды аккумуляторларға арналған полимерлі электролиттермен үш өлшемді 

құрылымды жабу әдістері  

 

Аннотация. Мақалада литий-ипнды аккумулѐтпсласындағы электсплиттес сетінде 

рплимеслесмен никель көбігініо үш өлшемді құсылымын кпнфпсмды жабудыо юс түслі юдіттесі 

қасаттысылған. Пплимеслі электсплиттес сетінде рплиметилметаксилат ПMMA), 

рплиаксилпнитсил (ПАН), рпливинилиден фтпсид (ПВДФ), рплиэтилен пктиді (ПЭО) таодалды. 

Өйткені плас жақты ипн өткізгіштігі мен механикалық тұсақтылығына ие. Кпнфпсмды жабу екі 

юдітрен жүзеге атысылды: тамшылатыр жабу, батысу. Пплимеслесмен қарталған 3D никель 

көбіктесі рплимеслесдіо ыоғайлы жабу юдітін анықтау жюне ипндық өткізгіштігін тектесу үшін 

өсіттесді тканеслейтін электспнды микспткприѐмен (FE-SEM) тиратталды. Оты зесттеу 

нютижетінде батысу юдіті никель көбігініо үш өлшемді құсылымын неғұслым жайлы жабуға 

мүмкіндік беседі. Оты юдітрен алынған рплимеслес жақты ипн өткізгіштікке ие бплады деген 

қпсытынды жатауға бплады. 

Түйін сөздер: электсплит, рплимеслі қабықшалас, ипндық өткізгіштік, 

рплиметилметаксилат, рплиаксилпнитсил, рпливинилиден фтпсид, рплиэтилен пктиді. 
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Методы покрытия трехмерной структуры полимерными электролитами для литий-

ионных батарей 

 

Аннотация. В ттатье саттмптсены сазличные метпды кпнфпсмнпгп рпксытиѐ 

тсехмеснпй ттсуктусы рены никелѐ рплимесами в качеттве электсплитпв в литий-ипнных 

батасеѐх. В качеттве рплимесных электсплитпв выбсаны рплиметилметаксилат (ПММА), 

рплиаксилпнитсил (ПАН), рпливинилиденфтпсид (ПВДФ), рплиэтиленпктид (ПЭО), так как пни 

пбладаят хпспшей ипннпй рспвпдимпттья и механичеткпй ттабильнпттья. Кпнфпсмнпе 

рпксытие птущеттвлѐлпть т рпмпщья двух метпдпв: карельнпе рпксытие, рпгсужение. Ппксытые  
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рплимесами тсехмесные рены никелѐ были пхасактесизпваны рплевп-эмиттипннпй 

тканисуящей электспннпй микспткприей (ФЭ-СЭМ) и инфсаксатнпй тректспткприей 

рсепбсазпваниѐ Фусье (ИК-Фусье) длѐ прседелениѐ бплее кпнфпснпгп метпда рпксытиѐ и 

рспвески ипннпй рспвпдимптти рплимеспв. Из даннпгп иттледпваниѐ мпжнп тделать вывпд, чтп 

метпд рпгсужениѐ рпзвплѐет бплее кпнфпсмнп рпксыть тсехмеснуя ттсуктусу рены никелѐ и 

рплученные данным метпдпм рплимесы имеят хпспшее значение ипнпрспвпдимптти. 

Ключевые слова: рпксытие, электсплит, рплимесные рленки, ипннаѐ рспвпдимптть, 

рплиметилметаксилат, рплиаксилпнитсил, рпливинилиденфтпсид, рплиэтиленпктид. 
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