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Multivalent metal ion batteries could provide transformative energy
densities
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Our goal is to determine the identity of and understand how interphases regulate Mg?* deposition

77", U.S. DEPARTMENT OF
‘(1 ‘ EI OINT CENTER FOR
(/ENERGY ? JCESR B ccancr



Free Cl- as an ideal interphase former for Mg deposition

(RS $ 50 cycles @ 2 mA/cm?

MACC: MgCl, + AICI; + nTHF — APC: 2PhMgCl + AICI, + nTHF —
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MACC: Single cycle epitaxial growth, 99.9 + 0.1%
CE, O s interrupt APC: 50 cycle epitaxial growth, 100.0 £ 0.1% CE, 1800 s interrupt

Epitaxial Mg deposition — no new interface, same orientation within a grain from substrate to electrolyte interface
The interphase formed facilitates Mg?* transport — Mg, O, ClI

MACC: R. Doe et al. Chem Comm, 2014, 50, 243
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Reduced electrolyte efficiency drives renucleation not epitaxy

CTLIELETEE $ 50 cycles @ 2 mA/cm?

SMURREEEREE  Interrupt O to 7200 s

Electrolyte does not support 100% CE
99.3 £ 0.1% CE, 50 cycles (APC), 1800 s interrupt
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A sub-unity coulombic efficiency electrolyte drives Mg renucleation

Renucleation layer — accumulation of Al and O, low in Cl — adsorbed CI- loss with equilibration
Newly formed interphase is O and Cl enriched
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Free CI- protection of the Mg surface is short-lived

SNEEEREVEY  |nterrupt 7200 s

Cycling leads to porosity evolution and Mg particle
separation, possible disconnection

Potential (V vs. Mg/Mg?*)

Accumulation of Al, O, Cl in a highly heterogeneous interphase
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Mg deposit structure/orientation change dramatically without CIl-
\

G3 is stabilized to reductive decomposition

Mg(CB,,H;), — Mg?*G3, + 2CB,H,; %

99.3+0.2% CE, 2 mA/cm?2 T. Seguin et al. Front Chem, 2019, 10.3389/fchem.2019.00175
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Impurities play a key role in dictating microstructure
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Spike electrolyte with 50 ppm H,O Mg(CB,,H,,), + nG3 + 50 ppm H,0— Mg%*G3-H,0 + 2CB,,H,,
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Carborate formed microstructure yields anisotropic dissolution
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Carborate formed interphase is a discontinuous oxide

GRS $ 50 cycles @ 2 mA/cm?
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Conclusions

= Epitaxial electrodeposition of Mg is possible in Mg chloroaluminate electrolytes. We
believe that epitaxy is possible in a range of chloro-Mg complex forming electrolytes.

» The effect of free chloride is short lived as re-equilibration of the stripped interface results in Cl- loss
and O, Al accumulation. Continued cycling drives localized activity, parasitic losses, and porosity.

= Mg can be deposited as fully solvated dication Mg?*G3,, using the carba-closo-dodecaborate anion
yielding continuous, crystalline films with growth occurring along the prismatic axes.

= Cycling produces anisotropic dissolution propagating vertically through the film with redeposition on
top, resulting in a thickening of the porous body.

ff'i“n} U.S. DEPARTMENT OF
H\?@é’l ENERGY 10 JC ES JEomT CENTER FOR

NNNNN STORAGE RESEARCH



Acknowledgements

This work was supported by the Joint Center for Energy
Storage Research, an Energy Innovation Hub funded by
the U.S. Department of Energy.

= Nathan Hahn (SNL) Electrochemistry JCEQR {EﬂggaﬁE;-LE,fA';iRﬂESEARCH
» Paul Kotula (SNL) TEM Analysis

» Mark Rodriguez (SNL) XRD .

= Timothy Ruggles (SNL) TKD Sandia

= Katherine Jungjohann (SNL, CINT) TEM National

= Colin Ophus (LBNL) ACOM laboratories

This work was performed, in part, at the Center for Integrated
Nanotechnologies (CINT), an Office of Science User Facility
operated for the U.S. Department of Energy (DOE) Office of
Science

rfz“% U.S. DEPARTMENT OF
A g
\O/ENERGY 1 JEESR e o neseance



Sandia

IOINT CENTER FOR .
JC Eg ENERGY STORAGE RESEARCH lNaaI;:)[:g?cIlries

The Identity and Role of Interphases in Regulating Mg
Anode Morphology Evolution

Nathan T. Hahn, Scott A. McClary, Daniel M. Long, Paul G. Kotula, Mark R.
Rodriguez, Timothy Ruggles, Katherine L. Jungjohann, and Kevin R. Zavadil

krzavad@sandia.gov

Material, Chemical, and Physical Sciences Center
Sandia National Laboratories

F.EN03.05.10, MRS Spring/Fall Meeting 2020

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell
International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525. Any subjective views expressed in this presentation do not
necessarily represent the views of the U.S. Department of Energy or United States Government.

,,é/“I:"i“'c‘@} U.S. DEPARTMENT OF
Nv:)
;@& ENERG ' Eg JOINT CENTER FOR
i " ) EMERGY STORAGE RESEARCH



