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1. 

L-ION BATTERY WITH LOAD LEVELER 

This is a continuation-in-part application of application 
Ser. No. 12/437,745, filed May 8, 2009, the entirety of which 
is incorporated herein by reference. 

FIELD OF THE INVENTION 

This invention relates to batteries and more particularly to 
lithium-ion batteries. 

BACKGROUND 

Batteries are a useful source of Stored energy that can be 
incorporated into a number of systems. Rechargeable 
lithium-ion batteries are attractive energy storage systems for 
portable electronics and electric and hybrid-electric vehicles 
because of their high specific energy compared to other elec 
trochemical energy storage devices. In particular, batteries 
with a form of lithium metal incorporated into the negative 
electrode afford exceptionally high specific energy (in 
Wh/kg) and energy density (in Wh/L) compared to batteries 
with conventional carbonaceous negative electrodes. 
When high-specific-capacity negative electrodes Such as 

lithium are used in a battery, the maximum benefit of the 
capacity increase over conventional systems is realized when 
a high-capacity positive electrode active material is also used. 
Conventional lithium-intercalating oxides (e.g., LiCoO, 
LiNiosCoolis AloosC2, Li Nio Coos Minos O2) are typi 
cally limited to a theoretical capacity of -280 mAh/g (based 
on the mass of the lithiated oxide) and a practical capacity of 
180 to 250 mAh/g. In comparison, the specific capacity of 
lithium metal is about 38.63 mAh/g. The highest theoretical 
capacity achievable for a lithium-ion positive electrode is 
1168 mAh/g (based on the mass of the lithiated material), 
which is shared by LiS and Li2O. Other high-capacity mate 
rials including BiF (303 mAh/g, lithiated) and FeF (712 
mAh/g, lithiated) are identified in Amatucci, G. G. and N. 
Pereira, Fluoride based electrode materials for advanced 
energy storage devices. Journal of Fluorine Chemistry, 2007. 
128(4): p. 243-262. All of the foregoing materials, however, 
react with lithium at a lower Voltage compared to conven 
tional oxide positive electrodes, hence limiting the theoretical 
specific energy. The theoretical specific energies of the fore 
going materials, however, are very high (>800 Wh/kg, com 
pared to a maximum of ~500 Wh/kg for a cell with lithium 
negative and conventional oxide positive electrodes). 

Lithium/sulfur (Li/S) batteries are particularly attractive 
because of the balance between high specific energy (i.e., 
>350 Wh/kg has been demonstrated), rate capability, and 
cycle life (>50 cycles). Only lithium/air batteries have a 
higher theoretical specific energy. Lithium/air batteries, how 
ever, have very limited rechargeability and are still consid 
ered primary batteries. 

While generally safe, the amount of energy stored within a 
battery as well as the materials used to manufacture the bat 
tery can present safety issues under different scenarios. 
Safety is particularly an issue when a battery is subjected to 
increased temperatures either as a result of internal processes 
or as a result of the environment in which the battery is 
located. 
By way of example, when batteries are charged or dis 

charged, they typically generate heat due to a finite internal 
resistance that includes ohmic, mass-transfer, and kinetic 
terms. Exothermic side reactions can also generate heat 
within the battery. This heat generation can pose a safety risk 
if it is large and rapid. For instance, commercial Li-ion cells 
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2 
generally go into thermal runaway if the internal cell tem 
perature climbs above the decomposition temperature of the 
cathode (~180 to 220°C., depending upon the chemistry and 
the state of charge). Often the events that lead to a temperature 
rise above this critical temperature are triggered at much 
lower temperatures. For example, exothermic anode film 
decomposition can occur at ~120° C., providing enough 
energy to raise the battery temperature above 180°C. Exces 
sive temperature in a battery may leading to venting of gases, 
Smoke, flames, and, in rare cases, explosion. 

Undesired amounts of heat may also be generated in a 
battery due to undesired physical changes in the battery. By 
way of example, formation of an electronically conducting 
phase between the two electrodes (i.e., internal shorting) of 
the battery can lead to excessive internal discharge. Internal 
shorting may be caused by dendrite formation, separator 
melting, separator cracking, separator tearing, pinholes, or 
growth of some conductive material through the separator. 
Thus, in addition to safety concerns, dendrite formation can 
significantly shorten the lifespan of an electrochemical cell. 

Furthermore, without good control of the uniformity of 
dissolution and deposition of the electrode material, mor 
phology changes unrelated to dendrite formation may occur 
during cycling of the cell. These morphology changes can 
lead to changes in electrode surface area and Subsequent 
reaction with the electrolyte and/or deleterious volume 
changes in the cell, either of which can result in capacity fade 
and impedance rise in the cell. 
What is needed therefore is a battery that is less susceptible 

to dendrite formation and other undesired morphology 
changes. 

SUMMARY 

In accordance with one embodiment, an electrochemical 
cell includes a negative electrode including a form of lithium, 
a positive electrode spaced apart from the negative electrode, 
a separator positioned between the negative electrode and the 
positive electrode, and an electrolyte including a load leveling 
agent in contact with the negative electrode. 

In accordance with another embodiment, an electrochemi 
cal cell includes a negative electrode including a form of 
lithium, a positive electrode spaced apart from the negative 
electrode, a separator positioned between the negative elec 
trode and the positive electrode; and an electrolyte including 
a load leveling agent in contact with the negative electrode 
and with the positive electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a schematic of an electrochemical cell with 
one electrode including a form of lithium and another elec 
trode including an active material with a form of lithium. 

DESCRIPTION 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to the 
embodiments illustrated in the drawings and described in the 
following written specification. It is understood that no limi 
tation to the scope of the invention is thereby intended. It is 
further understood that the present invention includes any 
alterations and modifications to the illustrated embodiments 
and includes further applications of the principles of the 
invention as would normally occur to one skilled in the art to 
which this invention pertains. 
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FIG. 1 depicts a lithium-ion cell 100, which includes a 
negative electrode 102, a positive electrode 104, and a sepa 
rator region 106 between the negative electrode 102 and the 
positive electrode 104. The negative electrode 102, positive 
electrode 104, and separator region 106 are contained within 
a pouch 108. The negative electrode 102 includes an active 
material plate 110 which includes active material into which 
lithium can be inserted along with inert materials, and a 
current collector 116. 
The negative electrode 102 may be provided in various 

alternative forms. The negative electrode 102 may incorpo 
rate dense Li metal or a Li metal alloy. Incorporation of Li 
metal is desired since the Li metal affords a higher specific 
energy than graphite. 
The separator region 106 includes an electrolyte 114 with 

a lithium cation and serves as a physical and electrical barrier 
between the negative electrode 102 and the positive electrode 
104 so that the electrodes are not electronically connected 
within the cell 100 while allowing transfer of lithium ions 
between the negative electrode 102 and the positive electrode 
104. 
The positive electrode 104 includes active material 120 

into which lithium can be inserted, inert materials 124, the 
electrolyte 114 and a current collector 126. The active mate 
rial 120 may include a form of sulfur and may be entirely 
sulfur. The active material 120 may incorporate a form of 
lithium such as lithium oxide or Li Tis0. 
The lithium-ion cell 100 operates in a manner similar to the 

lithium-ion battery cell disclosed in U.S. patent application 
Ser. No. 1 1/477,404, filed on Jun. 28, 2006, the contents of 
which are herein incorporated in their entirety by reference. 
In general, electrons are generated at the negative electrode 
102 during discharging and an equal amount of electrons are 
consumed at the positive electrode 104 as lithium and elec 
trons move in the direction of the arrow 130 of FIG. 1. 

In the ideal discharging of the cell 100, the electrons are 
generated at the negative electrode 102 because there is 
extraction via oxidation of lithium ions from the active mate 
rial 110 of the negative electrode 102, and the electrons are 
consumed at the positive electrode 104 because there is 
reduction of lithium ions into the active material 120 of the 
positive electrode 104. During discharging, the reactions are 
reversed, with lithium and electrons moving in the direction 
of the arrow 132. 
The electrolyte 114 of FIG. 1, however, further includes a 

load leveling additive. A load leveling material. Such as the 
load leveling materials identified in U.S. Patent Publication 
No. 2004/0242804, published on Dec. 2, 2004, the entire 
contents of which are incorporated herein by reference, is 
preferably a high molecular weight material and/or provided 
in a low concentration, thus resulting in bulk diffusion con 
trolled adsorption onto the Surface of the depositing anode. 
The inclusion of a load leveling material in the electrolyte 114 
reduces the potential for formation of dendrites. 
As discussed in Roha, D. and U. Landau, Mass Transport 

of Leveling Agents in Plating. Steady-State Model for Block 
ing Additives. Journal of The Electrochemical Society, 1990. 
137: p. 824, the exact mechanism by which load levelers 
encourage uniform deposition of ions is not fully understood. 
Nonetheless, the load leveling material encourages uniform 
uptake of lithium by the negative electrode 102 even if the 
negative electrode 102 includes surface defects. Thus, uneven 
deposition, which encourages dendrite production, is 
reduced. Optimal concentrations of load leveling agents for 
particular battery chemistries may be determined using the 
model provided by Roha et al. 
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While the invention has been illustrated and described in 

detail in the drawings and foregoing description, the same 
should be considered as illustrative and not restrictive in 
character. It is understood that only the preferred embodi 
ments have been presented and that all changes, modifica 
tions and further applications that come within the spirit of the 
invention are desired to be protected. 

The invention claimed is: 
1. An electrochemical cell, comprising: 
a negative electrode including a form of lithium; 
a positive electrode spaced apart from the negative elec 

trode: 
a separator positioned between the negative electrode and 

the positive electrode; and 
an electrolyte including a load leveling agent exhibiting 

bulk diffusion controlled adsorption onto the negative 
electrode during each charge of the cell, the amount of 
the load leveling agent in the electrolyte selected to be 
between 1.5 to about 20 wt % of the electrolyte. 

2. The electrochemical cell of claim 1, wherein the positive 
electrode includes a form of sulfur. 

3. The electrochemical cell of claim 2, wherein the negative 
electrode includes Li+XTiO2. 

4. The electrochemical cell of claim 1, wherein the load 
leveling agent comprises a high molecular weight material. 

5. The electrochemical cell of claim 4, wherein the load 
leveling agent comprises a low concentration within the elec 
trolyte. 

6. The electrochemical cell of claim 4, wherein the load 
leveling agent comprises at least one of a high molecular 
weight and a low concentration. 

7. The electrochemical cell of claim 1, wherein the load 
leveling agent comprises polysiloxane. 

8. An electrochemical cell, comprising: 
a negative electrode including a form of lithium; 
a positive electrode spaced apart from the negative elec 

trode: 
a separator positioned between the negative electrode and 

the positive electrode; and 
an electrolyte including a load leveling agent exhibiting 

bulk diffusion controlled adsorption onto the negative 
electrode during each charge and in contact with the 
negative electrode and with the positive electrode, the 
amount of the load leveling agent in the electrolyte 
Selected to be between 1.5 to about 20 wt % of the 
electrolyte. 

9. The electrochemical cell of claim8, wherein the positive 
electrode includes a form of sulfur. 

10. The electrochemical cell of claim 9, wherein the nega 
tive electrode includes Li+XTiO2. 

11. The electrochemical cell of claim 10, wherein the load 
leveling agent comprises a high molecular weight material. 

12. The electrochemical cell of claim 11, wherein the load 
leveling agent comprises a low concentration within the elec 
trolyte. 

13. The electrochemical cell of claim 8, wherein the load 
leveling agent comprises at least one of a high molecular 
weight and a low concentration. 

14. The electrochemical cell of claim 8, wherein the load 
leveling agent comprises polysiloxane. 

15. An electrochemical cell, comprising: 
a negative electrode including a form of lithium; 
a positive electrode spaced apart from the negative elec 

trode: 
a separator positioned between the negative electrode and 

the positive electrode; and 
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an electrolyte including a load leveling agent, wherein the 
cell is configured such that the electrolyte is in contact 
with the negative electrode at a location at which plating 
of lithium occurs during each charge of the cell Such that 
the load leveling agent exhibits bulk diffusion controlled 5 
adsorption onto the negative electrode during each 
charge of the cell. 

16. The electrochemical cell of claim 15, wherein the posi 
tive electrode includes a form of sulfur. 

17. The electrochemical cell of claim 15, wherein the nega- 10 
tive electrode includes Li+XTiO2. 

18. The electrochemical cell of claim 15, wherein the load 
leveling agent comprises polysiloxane. 

19. The electrochemical cell of claim 15, wherein the load 
leveling agent comprises a high molecular weight material. 15 

20. The electrochemical cell of claim 15, wherein the load 
leveling agent comprises a low concentration within the elec 
trolyte. 


