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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 (PVDEF),
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.
Keywords: coating, electrolyte, polymer films, ionic conductivity, polymethylmethacrylate,
polyacrylonitrile, polyvinylidene fluoride, polyethylene oxide.
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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
(DME). Following polymer solutions were prepared: 2% PMMA in ACN, 2% PEO in ACN; 2% PAN in
DMEF, 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°C. 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;
(o) - dip coating. Elemental analysis of PMMA film on Ni foam obtained by methods:
(b) - drop coating; (d) - dip coating
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Fig. 2. SEM images of Ni foam coated with PEO film by methods: (a) - drop coating;
(o) - 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;
(o) - 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;
(o) - 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 LiPFe 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:

|
Rp -S
where, o - ionic conductivity, [ - 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.
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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 Q 5913,6 O 1077,1Q 77119 Q
S 1,1586 cm? 1,1586 cm? 1,1586 cm? 1,1586 cm?
/ 0,026 cm 0,011 cm 0,013 cm 0,012 cm
o 1,1526*10 1,6054*10 1,0417*10° 1,3430%10

The PMMA polymer film offers the highest conductivity of 1,1526*10* S cm. 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 & 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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K.A. bericembaesa, XK.A. HypbsimMos
A.H. I'ymunres amoindazor Eypasus yammuix ynusepcumemi, Hyp-Cyaman, Kasaxcman

/INTUA-MOHABI aKKYMY AsITOpAapfa apHaafaH IOAMMepPAi 91eKTpOAUTTepMeH YIII eAleMai
KYPBLABIMABI Xa0y aaicTepi

AnHOoTammsa. Makadaga AUTUI-MIOHABL aKKyMyAsATOpPAapbIHAAFbl SAEKTPOAUTTEP peTiHAe
IoAMMepAepMeH HMKeAb KOOITiHiH YIII eA111eMAl KYPhIABIMBIH KOHPOPMABI >KaOyAbIH 9p TypAi aaicrepi
Kapacteipbiarad.  [loammepai  saexkrpoaurtrep — periHge — moammeruamerakpuaar — IIMMA),
noanakpuaoantpua (ITAH), noansnmananaen ¢propua (IIBAD), moanstuaen okcuai (IT90) taHaaaabL
OJiTKeHi 04ap >KaKChl MOH OTKI3IiIITiri MeH MeXaHIKaABIK TYpPaKThLAbIFbIHA 1e. Konpopmasr xaby exi
9AICIIeH >KYy3ere achIPBLAABI: TaMIIbLAATHII >Kaly, OaTwipy. Iloanmepaepmen kxanraaran 3D Hukean
Ke0iKTepi MoanuMepaepais bIHFaliAbl >KaOy 94iCiH aHBIKTay >KoHe MOHABIK OTKI3IIIITIiriH Tekcepy yIIiH
epicrepai ckaHepaeiTiH 9AeKTpoHABl MuKpockonusmeH (FE-SEM) cunatraagaer. Ocbl  3eprrey
HOTIKeciHAe OaThIpy 9Jici HUKeAb KOOIriHiH YyII eAlleMAi KYPBIABIMBIH HEFYPABIM >KailAbl >kKaOyra
MYMKiHAIK Oepeai. Ocbl a4icrieH aablHFaH IOAMMeEpAep >KaKChl MOH OTKI3IiINTiKke ne 004ajbl JereH
KOPBITBIHABI JKacayFa 00AaAbl.

Tyrin co3aep: 9AEKTPOANT, rnoaumepAi KaOBIKI1aJap, JMOHABIK, OTKI3TIIITIK,
IoAuMeTIAMeTaKpuAaT, I0AMaKPUAOHUTPNUA, TTIOAUBUHNAUAEH PTOPUA, TOAUDTUAEH OKCUAL.

K.A. Bericem0Oaesa, X.A. Hypbsimos
Espasuticxuti nayuonarvnvil ynusepcumem umenu A.H. 'ymuresa,
Hyp-Cyaman, Kasaxcman

MeTo0abI HOKPBITHS TPEXMEPHOJ CTPYKTYPbl IOAMMEPHBIMI 9A1€KTPOANTaAMI AASL ANTUA-
VIOHHBIX OaTapen

Aunorammsa. B craTbe paccMOTpeHBI  pa3AuyHbBIe MeTOAbl KOH(OPMHOIO IOKPBITHS
TPeXMepHOI CTPYKTYphl IIeHbl HUKeAs II0AMMepaMM B KauecTBe 9AeKTPOAUTOB B AUTUI-MOHHBIX
OaTapesix. B KauecTBe NOAMMEpPHBIX DA€KTPOAUTOB BBIOpaHBI IToauMernaMmerakpuaat (IIMMA),
noanakpuaountpua (ITAH), noansuananaendropuga (IBADP), noanstuaenokcug, (I150), Tak Kak oHI
004a4ai0T XOpOIIell MOHHONM IIPOBOAMMOCTBIO M MeXaHuyecKoll crabmabHocThio. Kondpopmuoe
IIOKPBITHE OCYIIIeCTBASLA0Ch C IOMOIIBIO ABYX METOAOB: KalleAbHOe ITIOKPhITHe, Torpy>keHne. [TokpuIThie
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roAuMepamMiu  TpexMepHble IIeHbl HMKeAs OblAM — OXapaKTepU3OBaHBI  I10A€BO-DMICCHOHHON
CKaHHUpYIOIIell ®AeKTpoHHOI MuKpockonueirt (O5-COM) u mHPpaKpacHO! CHEKTPOCKOIVen
npeobpazosanusa Pypre (VIK-Oypne) aas ompeaesenHns 6oaee KOH(POPHOTO MeTOAa IOKPBITUSA U
IIPOBEPKM VIOHHOM ITPOBOAMMOCTH ITOAMMEpPOB. VI3 saHHOTO Mccae 0BaHMs MOKHO CAeAaThb BBIBOJ, YTO
MeTO/, MHOTPY>KeH!UsI T03B0AsleT Doaee KOH(POPMHO MOKPHITh TPEXMEPHYIO CTPYKTYPY ITeHBl HUKeAs U
I10Ay4YeHHbIe JaHHBIM MeTO/A0M II0AMMephl UMEeIOT XOpolllee 3HadeHe MOHOIIPOBOAVMOCTM.
KaroueBble ca0Ba: IOKpBITHE, DAEKTPOAUT, HOAMMEpPHBIE ILAEHKM, MOHHAs IIPOBOAVIMOCTD,
IIOAMMeTIAMeTaKpuAaT, HOAUaKPUAOHUTPUA, TOAUBUHUANACHPTOPUA, TOAUDTUAEHOKCHUA,
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