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Abstract CINT’s Electrochemical Cell In-Situ Electrochemical TEM

Li-S is a promising prototype for transportation batteries
for its potential to achieve $100/kWh and 400 Wh/L. To achieve
these metrics, the barriers for the Li anode and electrolyte enclosure of volatile electrolytes within the high vacuum
stability must be overcome. In focusing on the Li anode, & Q0¢ b environment of the TEM. Galvanostatic cycling of
protection schemes are being pursued to protect the Li metal RIS ultramicroelectrodes allows for direct correlation between the
interface for reduction of Li dendrite formation and control over " electrochemical behavior and structural evolution at the
the overall Li deposition morphology. Morphology control should electrode. Li deposition/dissolution observation was conducted
provide conditions for reproducible Li deposition and stripping, to formulate a growth model.
whereby the energy density is conserved by reducing the
amount of dead Li on the anode surface. WE : Cu, Ni, Ti CINT's Electrochemical TEM Platform Attributes:

Direct imaging of Li nucleation and growth on electrode surfaces in R AR R s 10 Custom Designed Electrodes
solvate electrolyte systems allows for a greater understanding of « Multiple Experiments on Same Platform
the mechanisms that control Li morphology. This nanoscale view « Beads Simplify Window Alignment
of the process is achieved using in-situ electrochemical e Liquid Thickness > 120 nm
transmission electron microscopy (TEM) for quantitative * Passivated Leads to Localize Electrochemistry
relationship between the electrochemical signals and the Li * Picoampere Current Control
structural evolution on the electrode surface. » Chemical Compatibility with Cell

 Conduct in-situ & ex-situ testing

Li Deposition/Dissolution

Li deposition morphology on ultramicroelectrodes for the solvate
electrolyte (4 M LIiFSI in DME) was compared to the standard
electrolyte used in Li-ion batteries (1 M LiPF, in EC/DMC).
Dendrite growth was observed in both electrolytes regardless of
cycle number or current density. The electron beam was shown
to control the Li morphology under high beam dose conditions.

Direct imaging of early stage Li growth can be observed using
electron microscopy coupled with an electrochemical platform for
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Goals

Overall Goal: To determine the controlling factors for initial Li
deposition/dissolution in solvate electrolytes that can cause
dendrite formation.

Hypothesis: Initial Li nucleation occurs at specific locations on a
metal electrode, possibly due to defect electrode surface
structure, solid-electrolyte-interface (SEI) structure/composition e e
in that region, or current focusing through surface structures. Li
morphology is a result of ion transport to the depositing Li grains
in these specific regions.

Ni WE : 10 mA/cm? : Two Li grains originate from the same point and compete during deposition/stripping

[Leenheer et al., 2015]

Project Goal: Implement protection strategies at the Li surface to
control Li morphology during cycling and to prevent reduction of

active Li in the system. 4 M LIFSI in DME

Li Plating at Varied Current Densities: Copper WE, CE & RE

Passivated W Li dendrite

Background 433 mAleneon 1yt 4 M LiFSI in DME Observations:

* Li grain nucleation occurred at high
electron conduction regions of the
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Ni WE : 10 mA/cm? : Grain Regrowth and SEI Crack Formation
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Visualization of Li morphology using optical microscopy has -Eic:rr;:sep?:[fmencesthe
prOVided evidence of Li grOWth on hlgh aSpeCt ratio grains to = o < e preference of neighboring growing Li
occur at the base, tip and at kinks. This is in contrast to the R e ‘ o grains o
. . - . * SEl continues to deposit on Li grains
multiple Li dendrite growth models that have been previously during deposition steps
. . Li dendrite . . .
proposed in the literature. s e e gl e
10UM 1 M LIPE. — PC 4 M LiES! - DME B - Active Cu Separate Li disconnects at base
. - — 1 P G /gra'"s * SEI crack during Li grain regrowth did

not nucleate a dendrite, though a
nodule formed

Dep 9 - Final * Growth at the electrode/electrolyte/Li
grain interfaces was most commonly
observed, second being cap formation
on top of a Li grain

Cycle 10
[Qian et
al., 2015]
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Cycle 1
Competing Li Dendrite Growth Models:
« Uneven SEI layers on electrode form cracks [Cohen et al., 2000] F“tu re wo rk
« SEI cracks, dendrite growth from the base [Yamaki et al., 1998] 7
* Electric field enhancement at the tip or protrusions [Ding et al, 2013] & e on 0.75 pm Cu N i dencries - Li deposition/dissolution from evaporated Li metal electrodes

3D ion diffusion dominant at protrusions [Monroe and Newman, 2003] Cycle 1

« Ion concentration polarization causing space charge [Chazalviel, 1990] o * Implement protection layers on Li electrodes to study changes in L

morphology during deposition/dissolution

References . . . : : « Identify processes of Li metal accommodation at the protective film/electrode
Li dendrite growth observed irrespective of cycle number or current density. ]
Qian, J.; Henderson, W.A.; Xu, W.; Bhattacharya, P.; Engelhard, M.; Borodin, O.; Zhang, J-.G. (2015) High rate and stable cycling of lithium metal anode, Dendrites were more commonly observed with nucleation and growth of |nterface
Nature Comm. 6, 6362. . . .

: Krarmier D - M : " N AT , - S neighboring grains on the same area of the electrode : : i : : . .
ﬁtrﬁ:?nif’i'b};\r,sg?esréa}ée'\gozné%, Tié,ZOM) Mech.anlsms of den.drmc gro.vvth |n\./e.st|gated by in S|.tu light microscopy dur|-ng elec.trocfepc.)snmn a.nd dissolution of g gg ° En hanced |mag|ng W|” be ObtaII‘IEd US|ng d|reCt e|eCtI‘0n detectlon camera to
gl?cr:igégp?,,chuig;czl’éﬁé?nﬁgg;% gzoa??zl\z/légomorphmogmal studies of lithium electrodes in alkyl carbonate solutions using in situ atomic force Increase fra me rates durl ng Imaglng Whlle retalnlng IOW_dose electron beam
Yamaki, J.-i.; Tobishima, S.-i.; Hayashi, K.; Keiichi, S.; Nemoto, Y.; Arakawa, M. (1998) A consideration of the morphology of electrochemically deposited COHdItIOﬂS

lithium in an organic electrolyte, J. Power Sources 74, 219.
Ding, F.; Xu, W.; Graff, G.L.; Zhang, J.; Sushko, M.L.; Chen, X.; Shao, Y.; Engelhard, M.H.; Nie, Z.; Xiao, J.; Liu, X.; Sushko, P.V.; Liu, J.; J.-G. Zhang (2013)
Dendrite-Free Lithium Deposition via Self-Healing Electrostatic Shield Mechanism, J. American Chemical Society 135, 4450.

Monroe, C.; Newman, J. (2003) Dendrite Growth in Lithium/Polymer Systems: A propagation model for liquid electrolytes under galvanostatic conditions, J.
Electrochemical Society 150, A1377. o I N I ‘ E N I E R F o R
Chazalviel, J.N. (1990) Electrochemical aspects of the generation of ramified metallic electrodeposits, Physical Review A 42, 7355.
Leenheer, A.J.; Jungjohann, K.L.; Zavadil, K.R.; Sullivan, J.P.; Harris, C.T. (2015) Lithium Electrodeposition Dynamics in Aprotic Electrolyte Observed in Situ
ol ENERGY STORAGE RESEARCH

oON o o0 M W DN B

via Transmission Electron Microscopy, ACS Nano 9, 4379.

o Supported as part of the Joint Center for Energy Storage Research, an Energy Innovation Hub funded by the U.S. Department of Energy, Office of
ﬁ U.S. DEPARTMENT OF /| W A D()l_‘l
g N Faxt ) Science. Experiments were preformed and technology was developed at the Center for Integrated Nanotechnologies, a DOE-BES supported national
: : v \J . . : S . . . -
%éb ,,é'g ///’ v A Q-‘ user facility. Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of
] National Nuclear Security Administration Lockheed Martin Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.
SAND No. 2011-XXXXP



mailto:kljungj@sandia.gov

