UPPSALA
UNIVERSITET

A Renaissance for Li-Battery
Solid Polymer Electrolytes:
Polycarbonate-based SPEs

Bing Sun, Jonas Mindemark, Daniel Brandell

Department of Chemistry-Angstrom Laboratory

Uppsala University



e Designing Safe Electrolytes

State of the Art for Polymer Electrolyte

* Polymer host: Polyethers (PEO, PPO)
* lonic salt MX: M=Li *,Na*, X=Tf, TFSI
* Additives: plasticizers, nanoparticles, ILs
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John B. Goodenough, Y. Kim, Chem. Mater., 22 (2010) 587.




The archetype polymer host:
PEO - polyethylene oxide -(CH,CH,0),-
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Insufficient, yet dominating scientific literature!
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Macromolecule Solvents for SPEs
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Alternative Polymer Hosts: Polycarbonates

Organic Solvents for Liquid Electrolytes
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Possibilities for functionalization — for
low-Tg, for surfactant properties, for
for x-linking, etc,...



e The first PTMC half-cell
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This cell cycled at near full capacity for close to a year!

Sun, B.; Mindemark, J.; Edstrom, K.; Brandell, D. Solid State lonics 2014, 262, 738742
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LiFePO,/PTMC-LITFSI/Li, 60°C

Interface Mediator: Oligomer PTMC

LiFePO,/PTMC-LiX + oligomer/Li, 60°C
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O LiTFSI displayed better stability than LiBF,.
v High initial capacity achieved by applying oPTMC.
v Oligomer PTMC showed superior compatibility in cell studies.

B. Sun, J. Mindemark, K. Edstrom, D. Brandell, Electrochemistry Communications, 52 (2015) 71.
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Exothermic heat flow / mW
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Functional units for:
- Plastization
- Cross-linking

Record-low Tg achieved
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PTMC-SPEs: Surface Adhesion Enhancement

 Surface adhesion: side group modification
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B. Sun, J. Mindemark, D. Brandell
Polymer Chemistry, 6 (2015) 4766.
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PTMC-SPEs: Conductivity Enhancement

* Co-polymerization: TMC and e-caprolactone (CL)
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J. Mindemark, B. Sun, E. Torma, D. Brandell, Journal of Power Sources, 298 (2015) 166 9



e RT Functionality of P(TMC/CL) Copolymer
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Functionalized Polycarbonates for 3DMBs

3D-Cu,0/ P(TMC/CL) 20:80, LiTFSI/Li, RT
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RT-performance in all-solid-state Li-
polymer 3DMBs was demonstrated.
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Insights on Ion Transport in SPEs
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* Transport of Li* is assisted by Li*-ether
oxygen coordination along the polymer
chains;

* Anion diffusion via dissociation from
the ion pairs with Li*.
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Fiona M. Gray, Polymer Electrolytes, RSC Mater., Canterbury, UK, 1997, p18.
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Ion Transport in PTMC-LiTFSI
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L Dominating Li*-carbonyl oxygen coordination.

U H and 7Li NMR showed direct correlation in
spin-spin relaxation T, likely due to coupling
of the two motions.
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Ion Transportin P(TMC/CL)-LiTFSI
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~eate Interphase Layers: Cell Stability and Safety
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Q Safety
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Solid polymer electrolyte/electrode interfaces

I.i /composite AnOde*E ......... gusssssssssssssssssssnnnns .
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Composite cathode =™ :

J. B. Goodenough, Y. Kim, Chem. Mater., 22 (2010) 587.
J. Vetter, et al, J. Power Sources, 147 (2005) 269.
P. Verma, et al, Electrochim. Acta, 55 (2010) 6332. 15
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Potential [V vs. Li'/Li]

PEO-LiTFSI: SEI Formation on Graphite
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U;,J[%ET XPS Analysis on Graphite/PEO Interface
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C. Xu, B.Sun, T.
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Edstrom, D. Brandell,
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Journal of Materials
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Salt decomposition dominated on cycled G/PEO interface;
Water residues in PEO-LiTFSI might contribute to LiOH formation.




SEI Formation: PTMC-Based SPE

B. Sun, C. Xu, J. Mindemark, T. Gustafsson, K. Edstrom, D. Brandell

Graphite/PTMGCLITFSI Journal of Materials Chemistry A, 3 (2015) 13994.
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Intensity / arb. u.

PTMC (LFP)

PTMC (Li)
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SPE/Cathode Interfaces
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No obvious degradation products observed on the cathode/SPE interfaces;
complex degradation reactions dominately occured at interfaces close to the
anode (i.e., Li or graphite).
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Summary

3 Alternative SPEs using functionalized poly(trimethylene)
carbonate showed promising cycling performance and RT
functionality;

 Experimental and simulation studies on PTMC-based SPEs
displayed coupling between Li ions and polymer chains, with
preferential Li*-ester carbonyl group coordination observed.

(J Compositional studies of SEl formation for hygroscopic PEO-
LiTFSI displayed LiTFSI degradation and LiOH as a product due to
water contamination;

(1 XPS studies on interphase layers for PTMC-LIiTFSI suggested salt
and polymer degradation primarily on the anode.
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