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The search for an alternative anode materials to
replace graphite in lithium-ion batteries has been Figure 1. SEM image of electrodeposited silicon on
underway for many years. Silicon anodes have become copper foams.
attractive aternatives to carbon because of its very high
specific capacity (gravimetric, >3500 mAh/g; volumetric,
>8200 mAh/cm®) and low charge/discharge voltage at 4000 T— 102
room temperature. Unfortunately, silicon suffers from 3500 1101

poor capacity retention due to large volume expansion
and contraction (~300 % with full lithiation) during
lithiation/(de)lithiation. Various approaches has been
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proposed including new binder systems, capacity/voltage 1 962
cutoffs, composite electrode formulations as well as 15001 \ 1es
different electrode designs. 1600 | 1 94
In this study, three dimensional microporous 19
copper current collectors are used to combine the duties e I g\:::?r:fh/g 19
of the electrodes conductive additive and the binder 0 1 ] Z;
matrix concept into one electrode structure providing a 0 20 40 60 80 100 120
sufficiently large void volume to accommodate the cycle#
volume expansion. The active materia silicon is Figure 2. Cycle performance of electrodeposited silicon
electrodeposited into copper foam structures. Because the on copper foams.

synthetic process based on electrochemical deposition is
an inherently complex method, we have identified several
variables to incorporate higher levels (> 2 mAh/cm?) of
active S into three-dimensional electrode structures and
assessed the effect of loading level, morphology and long
range order of the product formed on its electrochemical
properties. The local environment of electrodeposited
silicon, its interaction with the surrounding copper foam
and interfacial regions within the electrode are studied by
various characterization tools such as solid state NMR
and synchrotron tomography.

Figure 1 shows the SEM image of silicon
electrodeposited into copper foam structures and Figure 2
highlights the performance of electrodeposited amorphous
silicon. The cell showed > 2000 mAh/g and >99.7%
cycling efficiency over the first 125 cycles (formation
cycle not shown). The electrochemical curves and powder
X-Ray diffraction studies are consistent with the
deposited Si film (on Cu foam) being amorphous.
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