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Abgtract: A systematic electrochemical investigation is
performed to study the effect of polyvinylidene difluoride (PVDF)
based polymer binders on the performance of different cathodes
for lithium-ion batteries in ionic liquid (IL) based electrolytes.
Electrochemical tests indicate that the nature of PVDF effects
significantly on cathode stability in IL based electrolytes. The
copolymer such as hexafluor opropylene (HFP) plays a significant
role in the interfacial resistance. Application of PVDF-HFP
binder leads to more cohesive particle network that result in
reducing capacity fading of cathodes during the battery cycling.
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I INTRODUCTION

solvents (EC, DEC, DMC) used as electrolytic solutifor
LIBs. However, PVDF does not meet completely tooélthe
binder properties required for LIBs, especially i@nic liquid
based electrolytes. The active mass can break &waythe
current collector because PVDF tends to swellingioinic
liquids. Such delaminating process of the activessriaads to
declining the performance of LIBs during the preces
charging-discharging, quick capacity fading and reasing
the battery serviceability. For this reason it @ywimportant
to select a binder, which will reduce the delaninmtthe
active mass. The further improvement of PVDF binder
possible by combination of initial vinylidene fluide with a
copolymer such as hexafluoropropylene (HFP). Thesgmce
of copolymer in PVDF binder provides the improved
properties for electrode binder, such as adhedi@mgth and

The batteries most commonly used in existing cailul flexibility.

phones, personal computers and other electroniceteare
lithium-ion batteries (LIBs). lonic liquids (ILs)ra known to
be non-volatile, non-flammable and highly conduetiv
Therefore, an interest has increased recently dssipility of
using some ILs in energy storage devices, espgciall
developing a truly safe lithium-ion battery wittgaod charge
and discharge performance at a middle current gensilBs
principle based on the intercalation-deintercataid lithium
ions in an electrolyte between two battery eleas@node
and cathode) and corresponding electron stream external
circuit. In the charged state lithium ions are atbiin the
anode, which is often based on graphite or carbatenmal.
During LIBs discharge the ions move to the cathaddch is
often based on lithium composite oxides. It is ggiped [1-3]
that the capacity of lithium-ion battery is limiteoly the
cathode capacity. For instance, the initial cagagftgraphite
anode for LIBs is as minimum 300 ni#g (with small
irreversible capacity less than 10%). This valusigh higher
than capacities obtained from conventional cathaieh as
LiCoO, and LiMnO,, which are ca 140 mA/g. Thus, for
further increasing and stabilizing the LIBs capgacit is
necessary to develop new effective cathode matedald
polymer binders.

In LIBs fabrication process a polymer binder is atenial
that is very important for binding the active méaitkyr of the
electrodes. The adhesive and chemical propertigsedinder

I EXPERIMENTAL

A Preparation of electrodes

The cathode active materials were mixed with 5 WYDF
based binder in NMP solution. In the current workot
following types of polymer binder were investigated)
PVDF, Kynar Flex 2801; (II) NMP- predissolved PVDBHP
binder (grade KF#9306, available from KUREHA, Adeed
Materials Div., Tokyo, Japan). Electrochemical babia of
different cathode materials like LIiCeOLiMn,O,, LiFEPQ
and LiTisOq, (which were received mainly from Sud-Chemie,
Germany) was investigated in this paper. The métwas
agitated by using a high shear mixer. The resukingy was
cast onto a metal foil (0.02 mm thick). Doctor ldadith a
gap opening of 100-200 um was used to define thermen
thickness of the freshly coated layer. The resglfiim was
dried at 128C under air flow in order to evaporate the NMP.
In some cases the electrodes were compacted tdettieed
density by calendaring. After compaction, the etsits were
dried again under a primary vacuum at 920in the time
frame of 12 hours. The active loading of the cathadhs in
the range of 1-20 mgm®. The thickness of the electrodes was
monitored with a Mitutoyo micrometer (Japan). The
thicknesses of the electrodes have varied in thgeraf 0.02-
0.10 mm.

have a great impact on the performance of the fyatte B Electrochemical characterization

especially on the battery serviceability. Usuadlycombination
of polyvinylidene fluoride (PVDF) and N- methylpgtidine
(NMP) is used for the binder and the solvent, adicgly.
PVDF is soluble in NMP and allows the preparatiérslarry
having a proper viscosity. Furthermore, PVDF shewgood
chemical resistance in a common carbonate-basedniorg

The disc electrodes having the diameter of 16 mergweut
out of the coated film cast onto metal foil currewilector
using a punch. The 2016 coin lithium-ion cells (thameter
of 20 mm and the thicknesses of 1.6 mm) were adsenib
the argon filled glove box (Unilab model, MBraunSh). The
following procedure was employed: (i) electrode vedeced
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in a bottom can; (i) TEKLON™ EDEX separatorcomparatively investigated in the 1M LiPF in
(manufactured by ENTEK Membranes LLC, USA) with theeC:DEC:DMC=1:1:1 w/w electrolyte (so called LP71
diameter of 19.5 mm was placed on the face of mldetand conventional electrolyte - #1), as well as in thecwolytes
affixed to it by a polypropylene ring gasket; (igJectrolyte based on the following ILs from ENEA (Rome/Casaccia

was spread on a top of separator; (iv) SS grid {¢amm ltaly): N-methyl-N-propyl pyrrolidinium
diameter) was welded to the top cap of the celleAthat the bis(fluorosulfonyl)imide (PYR13FSI) - #2 and N-mgtN-
16 mm diameter Li disk was placed on the SS grithefcap. buthylpyrrolidinium bis(trifluoromethansulfonyl)irde

In the case of a full lithium-ion cell mockup th& Spring was (PYR14TFSI) - #3.
placed in a cell cap (the spring was not used éncidise of a 2016 coin cells were assembled to evaluate the
“half-cell”, where Li foil counter electrode wasad; (v) coin electrochemical performance of different cathodetenials.
cell was compressed and sealed using a coin-cefipirg The coin cells were cycled by applying a constamtent in
device. the range from C/20 to C. A minimum of three cellre used
Electrochemical investigations were performed usihg for each test condition.
battery cycler MSTAT 32 from Arbin Instruments (Uband A comparison testing the PVDF and PVDF-HFT based
the multi-channel potentiostat/galvanostat VMP3 nfro cathodes in different electrolytes indicates comisble
Princeton Applied Research (UK). decreasing stability of electrodes in IL based tetdytes. For
Il RESULTS AND DISCUSSION example, the cycling properties of LiCg6lectrode, based on

_ ) ) ) both types of binders, plotted in Fig. 1.
In this work electrochemical behavior of differezethode
materials like LiCo®, LiMn,O,, LiFePQ and LiTisO;, was

0 \ ‘
0 20 40 60 80 100

Cycle Number

Fig. 1: The cycling properties of LiCoelectrode prepared using PVD#I{ne) and PVDF-HFT ¢-line) as a binder. Electrolyte - Pyr14TFSI

TABLE 1
THE CAPACITY OF CATHODE MATERIALS AT DIFFERENT ELECTROXTES AND DISCHARGE MODES
QreversisLe AT DIFFERENT DISCHARGE RATE, MA-H/G
MATERIALS ELECTROLYTE
C/10 C/5 Cr2 C
LiMn 04 (EXM1663) LP71 90 89 87 82
IL 51 34 22 10
IL+LP71 67 58 43 31
LiCoO, (EXM 1058) LP71 127 112 105 93
IL 74 62 43 27
IL+LP71 94 78 66 55
Li4TisO12(EXM 1037) LP71 135 133 123 119
IL 97 82 73 58
IL+LP71 128 116 95 82
LiFePQ, (EXM 1195) LP71 149 147 141 139
IL 83 72 53 38
IL+LP71 107 84 75 69
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The reason of this phenomenon is assumed to bdirmyvel the particles is thinner. The discharge capacitycathode

the PVDF in ionic liquids. However, there is sonitfetlence

material seems depends on the amount of IL basetrelyte

in the rate of decreasing. With PVDF binder a cépac inside of electrode. In other words, higher eldgteocontent

decreases and becomes of about 30% of initial dspaiter
100 cycles. With PVDF-HFP binder a capacity de@sadso
but demonstrates of about 60% of initial value raft®0
cycles. These results show that using the PVDF-HirEer

in the bulk of electrode provides higher capaciyso the
columbic efficiency and cycling life seems to degpem the
electrolyte component. The cycling properties ofFdPQ
electrode, for example, plotted in Fig. 4

leads probably to more stable contact of activeenwdtwith a
current collector. Therefore, the HFP copolymernpotes to
formation of more stable electrodes. The data &sting
different PVDF-HFP based cathodes in different tetdgtes
and modes are summarized in the Tables 1. The waflue
specific capacity depends very strongly on the tygfe
electrolyte (LP71, IL or their mixture IL+LP71).

It is important to understand the factors governthg
capacities of cathodes based on LiGa0Mn,O,, LiFePQ or IL
Li4TisOq, in order to use full advantages of these materials | |

We have established that the voltage profiles eftebdes | |
based on LiCo@ LiMn,O,, LiFePQ and LiTisO;, in the 0,5 ‘ ‘ !
electrolytes #2 and 3 were quite smooth and alnaesitical
to that for a conventional electrolyte #1). On tteer hand, Q, mAh/g
an essentially smaller capacity of cathode materi@Bs Fig. 3: Electrochemical charge/discharge characteristits, @150y,
observed in the IL based electrolytes. Electrolyte: LP71- 1M LiPFs in EC:DEC:DMC; IL+LP71- 0.3MLIiTFSI

We have proposed to use a mixture of ILs with commaoPYRiTFSI containing 5 % of 1M LiRFin EC:DEC:DMCIL - 0.3MLITFSI
organic electrolytes to improve a capacity and iogel YRuTFS

properties of cathodes in ILs based systems. FAgand 3 cycling behavior of cells with Pys-TFSI-LP71 was better

show_ f[he initial charge/discharge curves for thells.ce than that with Pyw—TFSI, corresponding to variation of
containing Pyr—TFSI and Pyi—TFSI with 5% of organic capacity for the cells during the cycling. Durirfg tperiod of

electrolyte LP71 (Pyi-TFSI-LP71), respectively. initial 80 cycles the capacities keep a slow insirg with the

4 7 JJ‘/J cycle number. This is probably because the eleetdtave
35 1 | |

2,57

151

E, Vvs. Li

IL+LP71 LP71,

not been completely wetted by RPWTFSI-LP71 electrolyte.
With cycling, the liquid electrolyte penetratesarthe porous
electrodes to promote ionic conduction in the etatds. As a
result, capacity of the cell is increased. Aftehiauing the
maximum capacity (140 mAg™) the cell remains reversible
for cycling with very good capacity retention. Thuis based
electrolyte containing the small amount of orgaglectrolyte
(5 %) could demonstrate a satisfactory performabinging
the initial cycles discharge capacity graduallyréasing, but
‘ after 80 cycles specific capacity seems to be dintos
200 constant for the cell with PyTFSI-LP71 A-line, Fig. 4).
After the initial cycling the capacity values of HEPQ
electrode are slightly lower than that in the corianal
organic solvent electrolytes using a similar cagfi-setting.
The columbic efficiency was quite close to 100% egting
the few initial cycles, and this indicates the entlectrolyte
We suggest that IL viscosity is somehow relatedhwitwas stable during the charge—discharge cycles.h@rother
lithium diffusion within the composite cathode besa hand, the capacity of the cell with R@TFSI decreased
lithium diffusion determines the current rate. Tb@pacity gradually and monotonously:{ line, Fig. 4). The Columbic
dependence on current rate is similar for cellagigiiCoQ,,  efficiency was low (91-95%). The capacity decayPiyr;,—~
LiMn,0O, and LiTisO,, cathodes. This is probably because dFSI could take place due to the degradation okteetrolyte
liquid electrolyte does not penetrate enough ite PVDF or to the breakdown of Li electrode. Lithium may be
film covering the cathode particles during the peérbf the considered to be responsible for the decompositain
experiment, and, hence, limiting the oxide accddsitfor electrolyte at the lithium counter electrode suefac
charging and discharging. For the carbon coateceR@
based cell IL electrolyte may penetrate into cagisoelatively
fast, perhaps because the carbon shell or PVDFdilwering

E, Vvs. Li
w

2,5 1

[ |
| |
i |
| |
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Fig. 2: Electrochemical charge/discharge characteristitsrefPQ, electrode.
Electrolyte: LP71- 1M LiPF in EC:DEC:DMC; IL+LP71- 0.3MLIiTFSI
PYRy,TFSI containing 5 % of 1M LiRHn EC:DEC:DMC;IL - 0.3MLITFSI
PYRyTFSI
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Fig. 4: Discharge capacities of LiFeR@lectrode as a function of cycle number.
Electrolyte:L P71- 1M LiPF; in EC:DEC:DMC;IL+LP71- 0.3MLITFSI PYR4TFSI containing 5 % 1M LiPFn EC:DEC:DMC;IL - 0.3MLITFSI PYR4TFSI

progressive cathode materials and ENEA (ltaly), Btén
IV CONCLUSION University (Germany) for ILs samples.
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Vladimirs Homenko, Vja¢eslavs Barsukovs. Polimera saistvielu ietekme uz katodu veiktspej u/efektivitati litija jonu baterijas.

Darla izpetita daZdu katodu mateilu (LiCoO,, Li MnQO,) elektrkimiska iztureSaras daadu elektroftu &idumos (LP71) (N1), tie salzinati
ar rpnieciski patreiz izmantotiem elektrtém, kas veidoti uz N-metil N-propilpirrolida bis-fluorosulfonilimda (PYR 13 FSI) (N2) un n-
metil-n-butilpirrolidina bis(trifluorometiénsulfonil)imida (PYR14 TFSI) (N3) dzes. Lai nogrtetu petito materilu elektrdamisko uzvetbu,
izmantoti daZdi katodu matedii. Tiem nowro dazdu stabilifiti daZidos elektratu &idumos, katoda matahi ari ddgji uzbriest elektratos.
Tas ir]oti svaifgi, jo liela méra nosaka prklato katodu kapaciti. Lidzigu ainu nogro af elektroita N2 gaduma. Turklat japieamg, ka no
elektroftiem veidojas ar daAdi parklajumu biezumi un daitds elektroita pene@#Saris dziums katodos. Veikti ar sistenatiski
elektrkimiskie Etijumi par polivinilidena difluoida (PVDF) lazetu polimeru saistvielu ietekmi uz dadu katodu veiktsgu litija jonu
bateriis jonu &idrumu (JS) bzetos elektraitos. Elektrdamiskie testi naida, ka PVDF dabaiitiski ieteknt katoda stabilitti JS kizétos
elektroftos. Tads kopolingrs ka heksafluorpropiins (HFP) splé noZzmigu lomu uz starpu pretesbu. PVDF-HFP saistvielas izmantoSana
nodroSina laiku ddinu saistSanos sisma, ka rezulita bateriju cikliZSanas procasnotiek katodu kapadites zudumi. lHkotnes ptijumos
paredzts \&l vairak uzlabot elektratu piedevu efektiviti tas sasSujot, k rezul&ta palielimasies bateriju kalpoSanas ilgums.
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Bosogumup Xomenko, Bsiueciap Bapcykos. BiusiHMe moiMMepHBIX CBA3YIOIINX HAa padoTOCHOCOOHOCTL KAaTOAOB JIMTHIi-HOHHBIX
Oarapeii.
B paboTe HCCIemOBAaHO DICKTPOXMMHYECKOE MMOBEACHHE PA3IMYHBIX KATOAHBIX MATEPHATOB B Pa3iMdHBIX pacTBOpax diexrponutos (UII.
JITI71) (N 1) u cpaBHEHO C BIEKTPOJIUTAMH MPHUMEHSIMBIMU B IPOMBIIIICHHOCTH KOTOphIC B HACTOsIIee BpeMst mosydeHsl u3 N-mermin- N-
nponwinupponuanHa  6uc-¢pnyopocynponmmmmuna  (PYRI3FSI) (N2) uw N - wmermn - N -OyruimupposnuauHa
6uc(rpudayopomermnencynponnm)umuga (PYR14 TFSI) (N3). Ins pasinuHbIX KaTOAHBIX MaTepHalioB HAOIIOIACTCS pasjinyHas
CTaOMJIBHOCTh B Pa3MYHBIX PacTBOpax dJIeKTposnToB. KaromHble Marepuaibl yacTuyHO HaOyxator B anekrposute (N 1). D10 BaxHO
MOCKOJIbKY HaOyxaHue B OOJNBIION Mepe ompenesnseT 3JIeKTPUYECKYI0 eMKOCTh KaTona. Cxoskee MOBeAEHHE KaToAa HaOMoAaeTcs IpU €ro
BbIieprkKe B aieTposiute N 2. BBIIOIHEHBI TaKKe CHCTEMAaTHYECKHE 3IEKTPOXMMUYECKUE UCCISIOBAHUS 110 U3YUESHHIO BIMAHHUS MTOJIUMEPHBIX
CBS3YIOIMX Ha OCHOBe mojuBuHIWMAcHPTOopraa ([IBJI®) Ha paboTOCMOCOOHOCTh pAa3iIMYHBIX KAaTOMOB JIMTHH-HOHHBIX Oarapeil B
JNIEKTPOJIUTAaX Ha OCHOBE MOHHBIX >KUAKOCTEH. DIEKTPOXMMHUYECKHE HCIBITaHUs NOKaszand, yTo mnpupona [IBJI® 3nauurtensHO Biuser Ha
CTabWJIBHOCTh KAaTOJA B SJIEKTPOJMTAX HAa OCHOBE HOHHBIX KHIKOCTeH. Takoll co-mommumep kak rexcadropnpornmien (['®II) okassiBaeT
3HAYUTENILHOE BIMSIHUE Ha MexdasHoe conporusnenue. Mcrnons3oBanue [1BJIO-T'DII csa3yromero NpuBoIUT K JIyUIIeMy CHEIICHHIO YAaCTHIT
B CHCTEME, YTO HAXOJWUT MPOSBICHHE B YMEHBIICHWH CTENICHH CHIDKEHHS EMKOCTH KaTOIOB B IIpOIecce LUKIMpOBaHUS Oarapen. B
JaNbHEHIINX MCCIIeOBAaHUSIX HAMEUAIOTCsl paboTHI CIIOCOOCTBYIOIIUE IPHPOCTY CPOKA CITykKOBI INTHEBBIX OaTapeii.
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