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How can batteries store more energy? Electrochemical performance of Cu-Sb anodes is substrate dependent

Rechargeable Li-ion batteries store energy by
The lack of interdiffusion between Sb-

reversibly storing Li-ions (Li*) at different 25 _ nickel substrate
= electrochemical potentials in negative (anode) and . ithiation 1 E————— containing thin films and Ni substrates Sp ri
positive (cathode) electrodes. The cell voltage - 4 o C§c|e6 results in a film-substrate interface that _ ik
(difference in potential between electrodes) and the ﬁ l delithiation Is resilient to the volume changes of the Ni Foil
>
>

capacity (amount of Li* in each electrode) determine e Sb as it alloys and dealloys with Li*.

the energy the cell can store.

thin film anodes of any Cu-Sb

S S . This strong interface results in Cu-Sb
£ ) Thus, one way to increase the energy that a battery 0.0
! stores is to use an electrode material with greater | | | | | | i composition to have cycle Ni Eoil
L1, capacity per unit mass (mAh/g) or per unit volume 20 40 60 80 100x10° lifetimes superior to mechanically robust
i 15 (mAh/cm?). Many new materials exist that have 1.5 — Capacity (Ah) Sh those on Cu interface
118 capacities greater than graphite, the anode used in S o substrates.
Hlectrolyte - today’s Li-ion batteries. However, many of the new < delithiation == Cuzsb ¢, sp Cu,Sb 800 - — Sb@Ni —— Cug ,,Sb@Ni —— Cu; ggSb@Ni
datnoae . g s . . . . . . .
(graphite) moference 1 (LiC00,) materials eXthIt. limited useful Ilfetlm_e.s due to failure el 0@ LoS>— "~ | e |----- Sh@Cy ----- Cug ,,Sb@Cu ----- Cu; gSb@Cu
/ modes that we aim understand and mitigate to produce > o
high capacity batteries that are commercially viable. ~ Cu,Sb Cu,Sb cu.Sp €lithiation > 600 -
% 2 =
m m Sb
Next generation anode materials 1.5 | | | | | | | T |
_ _ _ 0.6 0.7 08 0.9 1.0 1.1 1.2 > 400+
Intercalation material: graphite Vvs. Li/Lit =
Failure mode: S
<+
Co Y LiCyg 372 mAN/g volume changes vV re S 200-
== . . *
% 800 mAh/cm3 f.ld“””g (2'.0:'”9 f el
. iIm or particles o O g htinlu .l is *
— == good conductivity active material © WPost—cycIed 0+ | | | | |
S O 10% volume change W‘MNWWMWWMWM ® Cu,Shy 0 20 40 60 30 100
—— e . . Pre-cycled v Sb Cycle Number
_ _ _ | | | | | copper substrate - PER
Alloying material: antimony l 20 25 30 35 40 45 - Thes'gterd'qufon
Sb > LISSb crackin cTheta (degrees) Cu Foil PTG 0108 thin films ear\:\:je?)nu su-l;;sc,)trr]a?lens”jtg
u rol
+3] j 660 MAh/g pulverizatiog, and Electrochemical cycling of Sb on Cu drives interdiffusion | form Cu,Sb is confirmed by XRD. The
m @O % 4418 mAh/cm?3 delaminati,on (T%p)t \(oltaﬁ/le. d(\jlls ' CDa.]E)facityt. tlracesl OT S? t:]hint filrr:j (t)n i Cu process cz)f interdiffusion creates Kirkendall
No™® © © © poor conductivity substrate. (Mi _e) mierential analysis ot e 1op data shows voids that mechanically weaken the film-
f ® @ 129% volume change the electrochemical transformation of Sb to that of Cu,Sb over substrate interface and exacerbate film
© D 9 ° J ‘ only 6 cycles. (Bottom) XRD measurements of the anode before Cu Foil delamination. This weak interface results
taonc(j:uaftsebr cycling confirms the structural transformation from Sb meCha'nifa,—I;y unstable in Cu-Sb thin film anodes of any Cu-Sb
»9b. interface

composition to have cycle lifetimes inferior
to those on Ni substrates.

Conversion material: copper antimonide
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