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Li-ion battery: paradigm shift to solid polymer electrolyte
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SPE in Li-ion battery: contemporary issues & mitigation
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Ionic Co;l_ductivity in SPE: Factors and Mechanisms

¢ Tonic conductivity = (charge carrier concentration)x(mobility)

associated with Segmental Dynamics & Free Volume of polymer
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Effect of filler shape in SPE: Litel_'aturé survey
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Solid Polymer Electrolyte (SPE) in Li-ion Battery

Polymer: PEQO, PPO, PVAc, PVDF, PVDF-HFP, PMMA etc. - .
Salt: LiClO,, LiPF,, LiAsF,, LiTFSI, LiTf etc. O e N

| HT OH
Filler: SiO,, Al,O;, TiO,, garnet, IL, MOF etc. : : n

Semicrystalline Excellent Li ion
polymer: flexible solvation (ion-ether
backbone ‘O’ linkage

Low glass transition High Li* donor
temperature (~220K) number

> LiTFSI advantages

Easy Dissociation

l L_Ev —— 0.8nm
P. Meister et al, Electrochim. Acta
130 (2014) 625-633

Big size anion---Less mobility

Single Li ion conductor (SLIC)

S. J. Kwon et al, Macromolecules 51 (2018) 10194—-10201 7




PEO-Al, O, Nanorods Based SPE: Effect of Anisotropic Filler

. . Material Details
Electrolyte: PEO-5Swt% LiTFSI-x Alumina
. PEO Mw=300000 Da, Sigma Aldrich
nanorod/nanoparticle
SPE preparation: Solvent casting technique in
acetonitrile AL, O; nanorod Sigma Aldrich

v-Al,O; nanoparticle Otto Chemicals

Nanorods~50-80 nm (length) ~5-8 nm (dia)
Nanoparticles ~ 20-30 nm

0 Mechanical strength of the films not hampered
due to Al,O; nanorods loading

O Different morphology at highest loading : _ R
Aggregation effect 10 3



PEO-Al,O,Nanorods Based SPE: Characterization
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PEO-Al,O, Nanorods Based SPE: Thermal Analysis Using DSC

0-Al,03R 1c=35.50%
=) 342.90K ? R oI ENE
£| 0.5-Al,04R 1c=39.21% s
= E
= oY - 42.90 K
£ 3 | 0-5-Al,04P %c=36.60%
45.08K c
2| 1-AL,0,R 1c=30.79% 2
- 5
5 340.59K T
®[2-A,0;R xc=35_W 2-Al,0,P Xc:ao_gm\Z‘E‘&_A
—— 341.17K
5'A| O R — 90, l
l 2Y3 Xc=35.48% o N 40.73 K
® 342.78K 3 | SAL0sP 1c=30.55%
3 10-Al,03R %c=33.12% o
° 44.40K 337.88 K
210 240 270 300 330 360 390 210 240 200 verature (Rj0 200 3%
Temperature (K)
O Melting point similar: crystallite size of PEO in the SPE 228 eme Nanorods -O-Nanoparticles
. . E [ 4
samples similar .
2241 .
O Change in crystallinity ¢ la -
increases for lowest loading: “anti-plasticization effect” > 220':1 |';| A °
decrease at higher concentration: aggregation effect 216- © .
Crystallinity further lowers for nanoparticles ‘ .
212-
O Increase in T,—slowing chain dynamics due to interphase . b | -
0 2 4 6 8 10

formation in nanorods ALO, (wt.%)

O T, decrease for nanoparticles—increase in amorphous fraction 10



PEO-ALO, Nanorods Based SPE: PALS Study |
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PALS Study (contd...)

SPE Intensity (%) Rx10 (nm) FWHM x10
T,yo 0-Ps (ns) 0 .
g +0.005 (nm) Avg. F, size less than PEO at lower
0-ALO;R 2.44£0.09 10.1120.61 3.236 0.971 loading: anti-plasticization effect of
_ AL, O; nanofiller
1-ALO;R 2.15£0.03 12.700.46 2.994 0.900
2-ALO,R 2.29+0.04 11.55£0.79 3.084 1.100 Q F, size increases with filler loading

2.24+0.01 8.28+0.90 O Increase in F, levels-off at highest

3.8510.04 4.47%1.02

loading: Aggregation effect

10-AL,O;R 2.24+0.04 12.58+0.40 4.160 2.004

s e S O FWHM follos F, sz trend
2-AlL,0;P 2.22+0.05 12.2210.51 3.021 0.768
5-Al1,0;P 2.39+0.02 9.26+1.01 3.150 0.898

O Nanorods shows bimodal distribution; Nanoparticle shows single distribution of F_ holes
U Bimodality-—-Two different spatial zones in nanorods

= Bulk F, holes (smaller) and F, at interphases (larger)

O Bimodal distribution not discernible till 2% loading
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PEO-Al,O, Nanorods Based SPE: Electrochemical Impedance
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Spectroscopy (EIS) Study

»Linear region: Warburg impedance (ion diffusion)
=Depressed semicircle: Non-Debye relaxation
Distribution of relaxation time

=Bulk conductivity calculation— model circuit

o = thickness/ (resistancexarea)
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Model circuit components

R,—wires-electrodes contact resistance

(R,, C,)—bulk conduction

R;— charge transfer resistance due to polarization at
nanorods interface

Q,—double layer formation along the nanorods interface
W,;—Warburg 1mpedance corresponding to ion
diffusion. Presence of slant line in Nyquist plot due to
unevenness of electrode-electrolyte interface

(R,, C,) —time constant corresponding to electrode-
electrolyte interfacial polarization
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Comﬁ;fison of Al,O, Nanorod vs. Nanoparticle Laden SPE
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Summary and Conclusion

SPE can possibly replace liquid electrolyte circumventing major issues associated
with these electrolytes

PEO based solid polymer electrolyte: suitable for battery application

Optimum concentration/ratio of all constituents & appropriate selection of
nanofillers in SPE may yield good ionic conductivity

Positron  annthilation  spectroscopy  (PAS), Electrochemical impedance
spectroscopy (EIS) and Differential Scanning Calorimetry (DSC) suitably
employed for understanding the change in semi-crystalline morphology and free
volume characteristics of polymer and its impact on ionic conductivity in PEO
based SPEs

Use of salt as plasticizer, fillers forming large interphase free volume (viz.
anisotropic filler), Single Li Ion Conducting (SLIC) electrolytes are some

strategies to enhance conductivity in PEO based SPEs
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Future Studies

*» Well-aligned nanowire as filler for getting

enhanced conductivity in PEO based SPEs

*»Using metal organic framework with

interconnected pore networks as filler for

enhanced conductivity

% Design & testing of prototype Li cell based on
these electrolytes

= cell cycle stability, electrochemical window,

= ¢lectrode-electrolyte compatibility

= Lisymmetric cell performance testing

= Li cells using new cathode viz. NMC, MoS,

Specific Energy

Specific
Power

Performance
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