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How can rechargeable batteries store more energy? 

Electrodeposition of Sb/CNT composite films2 

Electrochemical performance of Sb vs. Sb/CNT composite anodes2 

Outlook: Irreversible capacity losses still limit cell lifetimes 

Questions: 
How can we keep Sb anodes from cracking during cycling? 

How can Sb anodes continue to reversibly store Li+ even if they do crack? 

working electrode 
(Sb/CNT composite film) 

separators and electrolyte 
(salts in carbonate solvents) 

counter/reference electrode 
(Li metal foil) 
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Hypothesis:  
Incorporating carbon nanotubes (CNT’s) 
into Sb anodes can help extend their cycle 
lifetime by preventing cracking or keeping 
cracked portions electrically connected. 

•Above: Large portions of Sb/CNT composite film remain intact and able to 
reversibly store Li+ after cycling despite substantial film delamination.  
 
•The Sb/CNT composite anode exhibits a larger reversible capacity for more cycles. 

•The Sb anode without CNT’s exhibits  
a smaller reversible capacity for fewer cycles. 
  
•Below: The Sb anode is substantially cracked and pulverized after cycling,  
leading to poor electrical connectivity and less reversible Li+ storage in the anode. 

•Above: Li-ion half cell used to test 
electrochemical performance of anodes. 
 
•Below: The resulting potential vs. time 
t races measured dur ing repeat 
discharge-charge cycles of the cell at 
constant current. 
 
•Right: The plot of capacity vs. cycle 
number calculated using the following: 
 
 time * current ÷ massSb+CNT = capacity 
  

(hours)                  (mA)                          (g)                          (mAh/g) 
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Irreversible capacity (IC)  

A discharge-charge cycle is not perfectly 
efficient; some capacity is irreversible 
when charge is lost to side reactions. 

Graphite (C) 
(intercalation anode) 

372 mAh/g 
800 mAh/cm3 

10% volume change 

C6 + Li+ + e-            LiC6 

Antimony (Sb) 
(high capacity alloying anode) 

660 mAh/g 
1892 mAh/cm3 

129% volume change 

Sb + 3Li+ + 3e-           Li3Sb 

negatively biased nickel 
(Ni) foil substrate 

dissolved antimony 
cations (Sb3+) 

carbon nanotubes 
(CNT’s) suspended by 

cationic surfactant 
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Electrodeposition mixture in water 

Positively charged CNT’s are electrostatically attracted to negatively charged Ni 
while Sb deposits onto Ni and CNT’s surfaces via reductive electrodeposition: 

Sb3+ + 3e-       Sb(metal) 
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cycling in Li-ion 
battery 

CNT’s maintain mechanical and 
electrical connectivity between 
cracked anode portions 
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•Irreversible capacity is due to side reactions 
between Li+ and electrolyte components: 
 
 
 
 
 
 

•These reactions form a layer on anode 
surfaces called the solid-electrolyte-interface 
(SEI) that is extensively studied in literature.3 
 
•The SEI irreversibly traps Li+, making a cell 
useful only for as long as capacity losses are 
less than the initial reversible capacity (!). 
 
•This mode of cell failure is especially bad for 
alloy anodes and needs to be addressed for 
these anode types to have useful lifetimes. 
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A cell’s energy can be 
increased by substituting 
graphite (anode used in 
today’s Li-ion batteries) 
with a higher capacity 
anode like antimony (Sb).1 

 
cell energy = (Vcathode – Vanode) * capacity 

  

(mWh/g)                 (volts)                  (mAh/g) 
 
Capacity is the amount of working ions (i.e. Li+) that can be 
stored in each electrode and is measured in units of (mAh/g) 
or (mAh/cm3). 

However, higher capacity anodes 
exhibit limited useful lifetimes due to 
large volume changes during battery 
cycling (charging and discharging) that 
crack and isolate parts of the anode.  
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Over many cycles the irreversible capacity 
accumulates as capacity losses that can 
far exceed the initial reversible capacity. 

Cumulative capacity loss  
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