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Attorney Docket No.12012WO021

ELECTROLYTE FORMULATIONS FOR LITHIUM ION BATTERIES

BACKGROUND OF THE INVENTION

[0001] The present invention is in the field of battery technology and, more
particularly, electrolyte formulations that enable both low temperature and high

temperature operation of lithium ion batteries.

[0002] Certain applications for lithium ion batteries require wide operating
temperature ranges. In general, the power capability of lithium ion batteries suffers at
low temperature due to one or more of the following factors: 1) an increase in
viscosity of the electrolyte resulting in slower lithium ion diffusion; 2) a decrease in
the ionic conductivity of the electrolyte; 3) a decrease in ionic conductivity of the solid
electrolyte interphase (SEI) on the anode; and 4) a decrease in the diffusion rate of

lithium ions through the electrode materials, especially the anode materials.

[0003] In the past, solutions to the problems associated with operating a lithium
ion battery at low temperature have involved adding solvents that have very low
melting points and/or low viscosity to the electrolyte formulation. Such additional
solvents can help prevent the electrolyte solution from freezing or having
substantially increased viscosity at low temperatures. However, such additional
solvents tend to be detrimental to the high temperature performance of a lithium ion

battery, and in particular the high temperature stability on cycling or storage.

[0004] Certain of the shortcomings of known electrolyte formulations are
addressed by embodiments of the invention disclosed herein by, for example,
improving power performance at low temperature without substantially decreasing

high temperature stability on storage.
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BRIEF SUMMARY OF THE INVENTION

[0005] According to certain embodiments of the invention, electrolyte formulations
include a lithium salt, an organic solvent, and an additive. The additive includes a
boron-containing compound selected from the group consisting of diborons and
borates. In some embodiments, the additive includes tris(2,2,2-trifluoroethyl)borate,

bis(neopentylglycolato)diboron, or bis(trimethylene)diborate.

[0006] In some embodiments, the electrolyte formulation includes a second
additive, which includes one or more of lithium bis(oxalato)borate, 4-nitrophenyl 2-
(trimethylsilyl)ethyl carbonate, cesium nitrate, maleic anhydride,

tris(trimethylsilyl)phosphate, and trimethylsilyl polyphosphate.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0007] Figures 1A and 1B illustrate low temperature and high electrochemical
performance characterization of battery cells assembled to contain electrolyte
solutions made from formulations of certain embodiments of the invention and

control electrolyte solutions.

[0008] Figures 2A and 2B illustrate low and high temperature electrochemical
performance characterization of battery cells assembled to contain electrolyte
solutions made from formulations of certain embodiments of the invention and

control electrolyte solutions.

[0009] Figures 3A and 3B illustrate low and high temperature electrochemical
performance characterization of battery cells assembled to contain electrolyte
solutions made from formulations of certain embodiments of the invention and

control electrolyte solutions.

[0010] Figures 4A and 4B illustrate low and high temperature electrochemical
performance characterization of battery cells assembled to contain electrolyte

solutions made from formulations of certain embodiments of the invention and
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control electrolyte solutions.

DETAILED DESCRIPTION OF THE INVENTION

[0011] The following definitions apply to some of the aspects described with
respect to some embodiments of the invention. These definitions may likewise be
expanded upon herein. Each term is further explained and exemplified throughout
the description, figures, and examples. Any interpretation of the terms in this
description should take into account the full description, figures, and examples

presented herein.

[0012] The singular terms “a,” “an,” and “the” include the plural unless the
context clearly dictates otherwise. Thus, for example, reference to an object can

include multiple objects unless the context clearly dictates otherwise.

[0013] The terms “substantially” and “substantial” refer to a considerable degree
or extent. When used in conjunction with an event or circumstance, the terms can
refer to instances in which the event or circumstance occurs precisely as well as
instances in which the event or circumstance occurs to a close approximation, such
as accounting for typical tolerance levels or variability of the embodiments described

herein.

[0014] The term “about’ refers to the range of values approximately near the
given value in order to account for typical tolerance levels, measurement precision,

or other variability of the embodiments described herein.

[0015] A rate “C” refers to either (depending on context) the discharge current as
a fraction or multiple relative to a “1 C” current value under which a battery (in a
substantially fully charged state) would substantially fully discharge in one hour, or
the charge current as a fraction or multiple relative to a “1 C” current value under
which the battery (in a substantially fully discharged state) would substantially fully

charge in one hour.

[0016] To the extent certain battery characteristics can vary with temperature,

3
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such characteristics are specified at room temperature (about 25 degrees C), unless

the context clearly dictates otherwise.

[0017] Ranges presented herein are inclusive of their endpoints. Thus, for
example, the range 1 to 3 includes the values 1 and 3 as well as intermediate

values.

[0018] The term “NMC” refers generally to cathode materials containing
LiNixMn,Co,Ow, and includes, but is not limited to, cathode materials containing
LiNio.33Mnp.33C00.3302.

[0019] A lithium ion battery implemented in accordance with embodiments of the
invention includes an anode, a cathode, and a separator that is disposed between
the anode and the cathode. The battery also includes an electrolyte formulation,
which is disposed between the anode and the cathode. An electrolyte formulation
can include one or more solvents and one or more lithium-containing salts.
Examples of conventional solvents include nonaqueous electrolyte solvents for use
in lithium ion batteries, including carbonates, such as ethylene carbonate, dimethyl
carbonate, ethyl methyl carbonate, propylene carbonate, methyl propyl carbonate,

and diethyl carbonate.

[0020] The operation of the lithium ion battery is based upon intercalation and de-
intercalation of lithium ions into and from the host materials of the anode and the
cathode. Other implementations of the battery are contemplated, such as those
based on conversion chemistry. The voltage of the battery is based on redox
potentials of the anode and the cathode, where lithium ions are accommodated or

released at a lower potential in the former and a higher potential in the latter.

[0021] Examples of other suitable cathode materials include phosphates,
fluorophosphates, fluorosulfates, fluorosilicates, spinels, lithium-rich layered oxides,
and composite layered oxides. Further examples of suitable cathode materials
include: spinel structure lithium metal oxides (e.g., LiMn2QOs), layered structure lithium
metal oxides (e.g., LiNixMnyCo0,0z2), lithium-rich layered structured lithium metal
oxides (e.g., Li2MnOz-LiNixMnyC00>), lithium metal silicates (e.g., Li2FeSiOa), lithium

4
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metal phosphates (e.g., LiFePQO4), metal fluorides, metal oxides, sulfur, and metal
sulfides. Examples of suitable anode materials include conventional anode materials
used in lithium ion batteries, such as lithium, graphite (“LixCes”), and other carbon,

silicon, or oxide-based anode materials.

[0022] In many lithium ion batteries using conventional electrolyte formulations,
components within the electrolyte solution facilitate the in-situ formation of a
protective film on or near an electrode during the initial battery cycling. This is
referred to as a solid electrolyte interphase (SEI) layer. The anode SEI can inhibit

further reductive decomposition of the electrolyte components.

[0023] In lithium ion batteries, low temperature performance is characterized by
measuring the area specific impedance (ASI), which includes contributions due to
the electrode materials, the SEI layers formed on those materials, and the bulk
electrolyte properties. As this is a measure of impedance, low ASI values are

desirable.

[0024] High temperature performance is characterized by measuring the change
in AS| after storage at elevated temperature. Again, small changes in the ASI after
storage are desirable as such small changes would indicate stability of the cell while

it is stored at elevated temperature.

[0025] At high temperature, stability of the battery cell can become compromised.
Instability at high temperature is believed to be due to: 1) increased reactivity of
electrolyte with an active material; 2) accelerated decomposition of LiPFs, which
generates decomposition products that can be reactive with the both the electrolyte
and the electrode active materials. Parasitic reactions driven by the decomposition

products can result in loss of cell capacity and further decomposition of any SEI.

[0026] Conventional electrolyte formulations with no additives can show good low
temperature performance (as shown by low area specific impedance) because thin
and/or poor SEls are formed. Similarly, electrolyte formulations with conventional
additives can also show good low temperature performance for the same reason

(thin and/or poor SEIs). Thus, acceptable low temperature performance is apparently

5
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achieved with certain additives even though these additives are not forming
desirable SEls. Yet, these formulations show very poor high temperature stability (as
shown by high area specific impedance after high temperature storage). Thus,
apparent acceptable low temperature performance does not ftranslate into

acceptable wide operating temperature performance.

[0027] Embodiments of electrolyte formulations disclosed herein address the
problem of achieving both low temperature power and high temperature stability.
Certain electrolyte additives present in the electrolyte formulation provide
improvements to low temperature performance and improve or maintain high
temperature performance. Without being bound to a particular hypothesis, theory, or
proposed mechanism of action, the performance improvement of the additives is due
to improvements in the SEI layer, specifically the SEI that forms on the graphite

anode in the presence of these additives.

[0028] In some embodiments, combinations of additives improve low temperature
performance and improve or maintain high temperature performance as compared to
conventional electrolyte formulations (with or without conventional additives). Certain
combinations disclosed herein can be thought of as being either SEI formers or SEI
modifiers, and combinations of these classifications of additives show benefits as

demonstrated by the data disclosed herein.

[0029] For example, in the class of SEI formers are additives such as lithium
bis(oxalate)borate (LIiBOB), certain carbonates, 1,4-butane sultone, and maleic
anhydride. These SEI formers form passivation layers to protect the graphite anode
surface. In contrast, the class of SEI modifiers includes additives that tend to react
with pre-formed SEI or precursors of SEI (such as the reductive decomposition
product of ethylene carbonate). The SEI modifiers improve the SEI| physical
properties (e.g., thickness and uniformity) and SEI composition (e.g., the ratio of
inorganic to organic species and the ionic content). SEI physical properties and SEI
composition determine the high temperature stability and low temperature
impedance of the SEI. Generally speaking, SEI formers tend to show thicker SEI at

higher additive concentration, which often results in better high temperature stability
6
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but worse low temperature power performance (likely due to thicker, higher

impedance SEI).

[0030] In certain embodiments of additive combinations disclosed herein, SEI
modifiers include certain silicon-containing additives, certain inorganic salts, certain
activated linear carbonates, and certain isocyanate-containing compounds. The
silicon-containing additives may reduce the LiF content of the anode SEI due to high
reactivity between silyl ethers and fluorine ions, which would result in anode SEI
compositions with a lower ratio of inorganic to organic species. The inorganic salts
may alter the ionic content of the SEI. The activated linear carbonates and
isocyanates can readily react with precursors of SEI (e.g., reductive decomposition
intermediates of ethylene carbonate or LiBOB) to modify the chemical composition of
SEIl. Thus, by introducing SEI modifiers, formation of a thinner but more thermally
stable SEI can be achieved. These SEI modifiers act to improve the anode SEI
generated by the SEI formers. However, as demonstrated herein and described
below, the classes of SEI formers and SEI modifiers act in specific ways such that it
is not obvious which members of each class will work synergistically to provide the

desired wide operating temperature performance.

[0031] In certain embodiments of additive combinations disclosed herein, the
electrolyte formulation includes certain boron-containing additives. The boron-
containing additives are often strong electrophiles. In other words, they readily react
with reductive decomposition intermediates from solvents and salts on the anode,
which may result in a thinner but more thermally stable SEI. Effective boron-
containing additives are believed to be highly activated compounds that contain at
least one activated B-O bond by either being attached to at least one fluorinated

substituent (e.qg., fluorinated alkyl chain) or being part of a cyclic moiety.

[0032] In some embodiments, the boron-containing additive is a compound

represented by structural formula (a):
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OR;

PN
R;0 OR;
where at least one of R4, R2 and Rz includes a fluorine. R1, Rz and are independently
selected from the group consisting of substituted C1-C2o alkyl groups, substituted C+-
C2o alkenyl groups, substituted C4-C2o alkynyl groups, and substituted Cs-Cxo aryl
groups. At least one of the substitutions is a fluorine, and other additional
substitutions are possible, include further fluorine substitutions. Preferred

embodiments include tris(2,2,2-trifluoroethyl)borate and its derivatives.

[0033] In some embodiments, the boron-containing additive is a compound

represented by structural formula (b):

N,
v-‘\ U
4 T
3 b
E\ %
1 |
% {5
5 ooy 8 R
:
RA
¥ (b)

where X is oxygen or carbon and, independently, Y is oxygen or carbon. The
remainder of the ring can be unsubstituted or include further substitutions. The ring
can have any number of members. Preferred embodiments include certain diboron
structures. Preferred embodiments include bis(neopentylglycolato)diboron and

bis(trimethylene)diborate.

[0034] The following examples describe specific aspects of some embodiments of
the invention to illustrate and provide a description for those of ordinary skill in the
art. The examples should not be construed as limiting the invention, as the

examples merely provide specific methodology useful in understanding and
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practicing some embodiments of the invention.

EXAMPLES

[0035] Battery Assembly. Battery cells were formed in a high purity argon filled
glove box (M-Braun, Oz and humidity content < 0.1 ppm). A LiNixMnyCo0,0> (NMC,
x+y+z = 1) cathode material and a graphite (G) anode material were used. Each
battery cell includes the composite cathode film, a polyolefin separator, and
composite anode film. The G : NMC capacity ratio is greater than 1 to help ensure no
lithium deposition, particularly at low temperatures (e.g., temperatures less than 25
degrees Celsius). Electrolyte formulations were made according to the ratios and

components described herein and added to the battery cell.

[0036] Electrolyte Solution Formulation. Electrolyte formulas included a lithium
salt and a solvent blend. The lithium salt was LiPFs, and was used at a concentration
of 1.2M. The formulations typically contained ethylene carbonate (EC), ethyl methyl
carbonate (EMC), dimethyl carbonate (DMC), and methyl butyrate (MB) in the ratio
EC/EMC/DMC/MB (20/30/40/10 by volume).

[0037] Electrochemical Formation. The formation cycle for NMC//G cells was was
a 6 hour open circuit voltage (OCV) hold followed by a charge to 4.1V at rate C/10,
with a constant voltage (CV) hold to C/20. The formation cycle was completed with a

C/10 discharge to 2.5 V. All formation protocols were run at room temperature.

[0038] Electrochemical Characterization. Initial area specific impedance (ASI)
was measured after setting the target state of charge (SOC) (by discharging the cell
at rate of C/10) and then applying a 10 second pulse at a rate of 5C. Low
temperature ASI results were derived as follows: The cell was recharged to 4.1 V at
a rate of C/5 at room temperature, with a CV hold at C/10 followed by a one hour
OCV hold. Then, the ambient temperature was reduced to -25 degrees Celsius,
followed by a 12 hour OCV hold to allow the test system temperature to equilibrate.
All discharges to the specified SOC where conducted at -25 degrees Celsius at a

rate of C/10, with a one hour rest at the specified SOC. A discharge pulse at 50%
9
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SOC was done at a rate of 2C for 10 seconds, followed by a 40 second rest. ASI
was calculated from the initial voltage (V;) prior to the pulse and the final voltage (Vy)
at the end of the pulse according to Formula (1), where A is the cathode area and i is

the current;

Vi—-Vg)XA
(Vi-Vy)

l

ASI(Q - cm?) = (1)

After full recharge to 4.1 V at room temperature, the cells were then stored at 60
degrees Celsius at OCV for two weeks. After two weeks the cells were removed from
high temperature storage and then allowed to equilibrate to room temperature. The
ASI| was then measured by the same protocol used to determine initial ASI (after

setting the target SOC and then applying a 10 second pulse at a rate of 5C).

RESULTS

[0039] Figures 1A and 1B illustrate electrochemical performance characterization
of battery cells assembled to contain electrolyte solutions made from formulations of
certain carbonate additives as compared to control electrolyte solutions. While
vinylene carbonate (VC) is a commonly used SEI additive in lithium ion batteries,
other carbonate type additives provide improved low temperature power
performance. The presence of strong electron-withdrawing functionality (such as
fluorine) showed the best improvements. Specific additives include 4-nitrophenyl-2-
trimethylsilyl ethyl carbonate (“NPTMSEC”) (structure (c)); allylmethyl carbonate
(structure (d)); allylphenyl carbonate (structure e)); and

bis(pentafluorophenyl)carbonate (“‘BPFPC”) (structure (f)):

10
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These additives also improved or maintained high temperature performance relative

to VC, as demonstrated in Figures 1A and 1B. Figure 1A shows the area specific

impedance (ASI) at low temperature for certain electrolyte formulations containing

11
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carbonate additives. The control formulation contains no additives. Two additional
control additive formulations are depicted (LIBOB and VC), both of which have
higher impedances than the formulations with carbonate additves. Figure 1B shows
data collected after the high temperature storage described herein. Taken together,
Figures 1A and 1B show that certain carbonate additives improve low temperature
performance while maintaining, or not significantly diminishing, the high temperature

performance of the system.

[0040] Figures 2A and 2B illustrate electrochemical performance characterization
of battery cells assembled to contain electrolyte solutions made from formulations of
certain silicon-containing additives as compared to control electrolyte solutions. The
same controls are used as in Figures 1A and 1B. Specific silicon-containing additives
include tris(trimethylsilyl)phosphate (“TTMSPhate”) (structure (9));
tris(trimethylsilyl)phosphite (“TTMSPhite”) (structure (h)); trimethylsilyl polyphosphate
(TMSpoly) (structure (i)); and trimethylsilyl acrylate (“TMSA”) (structure (j)):

(9

(h)

(i)
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Figure 2A shows the ASI at low temperature for certain electrolyte formulations
including silicon-containing additives. Figure 2B shows data collected after the high
temperature storage described herein. Figures 2A and 2B show that certain silicon-

containing additives improve low temperature performance while maintaining the

high temperature performance of the system.

[0041] Figures 3A and 3B illustrate electrochemical performance characterization
of battery cells assembled to contain electrolyte solutions made from formulations of
certain inorganic salt additives as compared to control electrolyte solutions. These
inorganic salt additives are used in addition to the conventional LiPFg salt that serves
as the lithium ion conductor in the electrolyte. The same controls are used as in
Figures 1A and 1B. Specific inorganic salt additives include carbonates (Li2CQOsg,
Na2COz, KoCOs), perchlorates (LiClIO4, NaClOs), hexafluorophosphates (NaPFe,
CsPFs), oxalates (Li2C204, Na2C204), and nitrates (NaNOs;, CsNOaz). Figure 3A
shows the ASI at low temperature for certain electrolyte formulations including
inorganic salt additives. Figure 3B shows data collected after the high temperature
storage described herein. Figures 3A and 3B show that certain inorganic salt
additives improve low temperature performance while maintaining, or not

significantly diminishing, the high temperature performance of the system.

[0042] Figures 4A and 4B illustrate electrochemical performance characterization
of battery cells assembled to contain electrolyte solutions made from formulations of
certain boron-containing additives as compared to control electrolyte solutions. The
same controls are used as in Figures 1A and 1B. Specific boron-containing additives
include tris(2,2,2-trifluoroethyl)borate (“TTFEB”) (structure (K));
bis(neopentylglycolato)diboron (“BNpGB”) (structure 1) and
bis(trimethylene)diborate (“BTMB”) (structure (m)):

13
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F (k)

Figure 4A shows the ASI at low temperature for certain electrolyte formulations
including boron-containing additives. Figure 4B shows data collected after the high
temperature storage described herein. Figures 4A and 4B show that certain boron -
containing additives improve low temperature performance while maintaining, or not

significantly diminishing, the high temperature performance of the system.

[0043] Area specific impedance is one measure of performance, but it is also
important that the additives have no negative effects on initial discharge capacities or
coulombic efficiencies. Table 1 presents electrochemical testing for certain additives
and demonstrates that the additives generally maintain the electrochemical
performance of the controls while improving the wide operating temperature
performance (as described in other figures and tables herein). Two types of control
electrolytes are included: (i) the electrolyte formulation with no additives and (ii) the

electrolyte formulation with control additives VC or LiBOB.

14
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Table 1. First cycle capacities and coulombic efficiencies

Additive
Additive Concentration | Capacity CE
(%) (mAh/icm?) | (%)

Control with no additives 0.0 0.99 86.1
Control with LiBOB 0.5 1.00 85.7
Control with vinylene carbonate 1.0 0.91 83.1
bis(pentafluorophenyl) carbonate 0.5 0.93 77.8
allyl phenyl carbonate 0.5 1.00 86.4
4-nitrophenyl 2-(trimethylsilyl)ethyl 0.5 0.95 79.6
carbonate

allyl methyl carbonate 0.5 1.00 86.8
tris(trimethylsilyl) phosphate 0.5 0.97 88.2
tris(trimethylsilyl) phosphite 0.5 0.99 88.1
trimethylsilyl polyphosphate 0.5 0.98 86.9
trimethylsilyl acrylate 2.0 1.00 88.3
cesium hexafluorophosphate 0.5 1.00 88.4
sodium nitrate 0.5 0.99 83.2
sodium oxalate 0.5 0.98 86.9
cesium nitrate 0.5 0.99 85.2
sodium hexafluorophosphate 0.5 0.98 87.9
sodium percholorate 0.5 0.98 87.7
lithium percholorate 0.5 0.98 87.7
potassium carbonate 0.5 1.00 88.2

15
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Additive

Additive Concentration | Capacity CE

(%) (mAh/cm?) (%)
sodium carbonate 0.5 1.01 88.3
lithium carbonate 0.5 0.98 88.0
lithium oxalate 0.5 0.98 86.8
bis(trimethylene)diborate 0.5 0.98 86.4
bis(neopentyl glycolato)diboron 0.5 1.01 85.9
tris(2,2,2-trifluoroethyl) borate 0.5 0.95 854

[0044] Table 2 provides the numerical data that is presented graphically in
Figures 1A, 1B, 2A, 2B, 3A, 3B, 4A, and 4B.

Table 2. Summary of low and high temperature improvements

Additive
Additive Concentration | Low Temp 2nd
(%) ASI ASI

Control with no additives 0.0 223.0 99.7
Control with LiBOB 0.5 351.6 28.7
Control with vinylene carbonate 1.0 333.3 59.8
bis(pentafluorophenyl) carbonate 0.5 222.2 105.6
(BPFPC)
allyl phenyl carbonate 0.5 267.4 82.7
4-nitrophenyl 2-(trimethylsilyl)ethyl 0.5 305.7 27.4
carbonate
allyl methyl carbonate 0.5 263.9 110.1
tris(trimethylsilyl) phosphate 0.5 255.2 23.5

16
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Additive
Additive Concentration | Low Temp 2nd
(%) ASI ASI

(TTMSPhate)

tris(trimethylsilyl) phosphite 0.5 177.6 29.0
(TTMSPhite)

trimethylsilyl polyphosphate (TMSpoly) 0.5 203.6 24.0
trimethylsilyl acrylate (TMSA) 2.0 248.8 26.0
cesium hexafluorophosphate 0.5 201.3 94.3
sodium nitrate 0.5 165.9 47.9
sodium oxalate 0.5 264.5 105.1
cesium nitrate 0.5 227.0 28.1
sodium hexafluorophosphate 0.5 248.9 96.0
sodium percholorate 0.5 239.9 419
lithium percholorate 0.5 233.4 47.7
potassium carbonate 0.5 208.0 92.1
sodium carbonate 0.5 242 .4 137.7
lithium carbonate 0.5 220.7 87.1
lithium oxalate 0.5 2237 103.2
bis(trimethylene)diborate 0.5 232.0 914
bis(neopentyl glycolato)diboron 0.5 190.3 105.2
tris(2,2,2-trifluoroethyl) borate 0.5 171.2 86.4

[0045] While the additives described above can improve low temperature

performance without substantially diminishing high temperature stability, certain
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combinations of these additives with other additives can also provide wide operating
temperature performance improvements. Six of the above additives were chosen to
combine with other additives: lithium bis(oxalato)borate (LiBOB), 4-nitrophenyl-2-
(trimethylsilyl)ether carbonate (NTSEC), CsNOs;, maleic anhydride (MA),
tris(trimethylsilyl)phosphate  (TTMSPhate), and trimethylsilyl polyphosphate
(TMSPoly). Specific additive combinations were tested based on the improvements
observed on each individual additive. For example, if a given additive improves low
temperature properties while a different additive only improves high temperature
properties, the two additives were tested in combination. However, the results from
the combinations are not obvious. In other words, combining a given low
temperature additive and a given high temperature additive does not necessarily

result in a formulation with improved low and high temperature properties.

[0046] Table 3 summarizes the performance of the six additives chosen as the
primary additive for the combination. These six additives demonstrate high
temperature stability improvements over a control electrolyte formulation that
contains 1% VC and 0.5%LiBOB. Formulations containing the additive combinations
do not include VC or LiBOB with the exception of the target LiBOB combinations.

Table 3. Performance improvement of high temperature additives

High Temperature Conc. Cyc1 Cyc1 | -25C | 2nd
Additive (wt. %) | Capacity | CE | ASI | ASI
(mAh/cm?) | (%)

Control - 1% VC + 0.5% 0.96 86.1 | 385 35
LiBOB
lithium bis(oxalato)borate 0.5 1.00 85.7 | 3516 | 28.7
4-nitrophenyl 2- 0.5 0.95 80.3 [ 309.3 | 28.7
(trimethylsilyl)ethyl
carbonate
cesium nitrate 0.5 0.99 85.2 |227.0| 281
maleic anhydride 0.5 0.92 81.8 [ 3405 |26.3

18



WO 2016/209841 PCT/US2016/038572

tris(trimethylsilyl) 0.5 0.97 | 882 |2552 235
[0047] Surprisingl |Rnosehate
y, as the results | MiMmethylsilyl polyphosphate | 0.5 098 | 86.9 |2036|24.0

presented in Tables 4 through 9 demonstrate, the additves that performed well
according to Tables 1 and 2 do not necessarily perform well in when combined with
the six additives of Table 3.

[0048] Table 4 summarizes first cycle capacity, coulombic efficiency, low
temperature performance, and high temperature stability for several low temperature
additives with lithium bis(oxalato)borate. Certain of the combinations, but not the
majority of the combinations, show improvement over the control in both low

temperature and high temperature evaluation.

Table 4. Low temperature additives with LiBOB

Low Temp Additive | Conc. High Cyc1 Cyc | -25C | 2nd
(wt. %) | Temp Capacity |1 CE | ASI ASI
0.5wt % | (mAh/cm?) | (%)

Control - vinylene 0.5 LiBOB 0.96 86.1 | 385.0| 35.0
carbonate
sodium oxalate 2 LiBOB 0.95 85.6 | 395.3| 33.0
sodium percholorate 0.5 LiBOB 0.93 87.1 | 348.5 34.6
sodium oxalate 0.5 LiBOB 0.93 86.0 | 329.3| 353
sodium 0.5 LiBOB 0.96 87.6 | 252.1 29.4
hexafluorophosphate
sodium carbonate 0.5 LiBOB 0.93 86.1 | 417.1 35.6
potassium carbonate 0.5 LiBOB 0.94 87.0 | 364.5 32.0
lithium percholorate 0.5 LiBOB 0.91 86.6 | 356.3 41.4
lithium oxalate 0.5 LiBOB 0.95 86.9 | 334.3| 284
lithium carbonate 0.5 LiBOB 0.95 87.0 | 369.0| 33.2
LITFSI 0.5 LiBOB 0.92 854 | 308.8| 434
cesium oxalate 0.5 LiBOB 0.92 85.7 | 4043 | 27.7
cesium nitrate 0.5 LiBOB 0.96 87.8 | 3126 | 50.9
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Low Temp Additive | Conc. High Cyc1 Cyc | -256C | 2nd
(wt. %) | Temp Capacity |1 CE | ASI ASI
0.5wt % | (mAh/cm?) | (%)
tris(pentafluroophenyl) | 2 LiBOB 0.87 78.8 | 351.5 454
borane
vinylboronic acid 2- 0.5 LiBOB 0.95 849 | 3329 621
methyl-2,4-pentanediol
ester
tris(2,2,2-trifluoroethyl) | 0.5 LiBOB 0.91 842 | 2652 | 40.0
borate
bis(trimethylene)dibora | 0.5 LiBOB 0.93 85.7 | 269.7| 461
te
bis(neopentyl 0.5 LiBOB 0.95 85.8 | 258.7| 437
glycolato)diboron
diallyl carbonate 0.5 LiBOB 0.95 86.3 | 349.3| 328
allyl phenyl carbonate | 0.5 LiBOB 0.95 86.8 | 374.1 26.6
allyl methyl carbonate | 0.5 LiBOB 0.94 86.6 | 319.9 25.2
4-nitrophenyl 2- 0.5 LiBOB 0.90 80.9 | 3433 | 287
(trimethylsilyl)ethyl
carbonate
N,N-dimethylacetamide | 0.5 LiBOB 0.93 86.8 | 400.8| 357
1-methyl-2- 0.5 LiBOB 0.90 84.7 | 4352 36.5
pyrrolidinone
succinic anhydride 0.5 LiBOB 1.02 84.6 | 567.2 97.2
g-caprolactam 0.5 LiBOB 0.96 85.6 | 387.5 39.3
4 - fluorophenyl 0.5 LiBOB 0.92 83.4 | 350.1 32.8
isocyanate
3,6-dimethyl-1,4- 0.5 LiBOB 0.99 87.0 | 5344 | 101.2
dioxane-2,5-dione
1,4-butane sultone 0.5 LiBOB 0.98 86.4 | 501.2 81.9
tris(trimethylsilyl) 0.5 LiBOB 0.89 82.8 | 276.4| 126.8
phosphate
tris(trimethylsilyl) 0.5 LiBOB 0.97 86.6 | 253.0| 228
phosphite
trimethylsilyl 0.5 LiBOB 0.97 854 | 3005 219
polyphosphate
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Low Temp Additive | Conc. High Cyc1 Cyc | -256C | 2nd

(wt. %) | Temp Capacity |1 CE | ASI ASI
0.5wt % | (mAh/cm?) | (%)

trimethylsilyl 0.5 LiBOB 0.91 844 | 341.8| 53.0

isocyanate

N,O- 0.5 LiBOB 0.98 86.6 | 3239 | 394

bis(trimethylsilyl)aceta

mide

1-trimethylsilyl-1,2,4- 0.5 LiBOB 0.93 84.7 | 4316 38.0

triazol

malachite green 0.5 LiBOB 0.89 68.4 | 496.9 35.4

oxalate salt

1-(4,5-dihydro-1,3- 0.5 LiBOB 0.95 82.0 | 379.1 69.1

thiazol-2-yl)piperidine

oxalate

[0049] Combinations notable for their wide temperature range performance
improvements include LIBOB and: sodium perchlorate, sodium hexafluorophosphate,
potassium carbonate, lithium oxalate, lithium carbonate, diallyl carbonate, allyl
phenyl carbonate, allyl methyl carbonate, 4-nitrophenyl-2-(trimethylsilyl)ether
carbonate, 4 - fluorophenyl isocyanate, tris(trimethylsilyl) phosphite, or trimethylsilyl

polyphosphate.

[0050] Table 5 summarizes first cycle capacity, coulombic efficiency, low
temperature performance, and high temperature stability for several low temperature
additives with 4-nitrophenyl-2-(trimethylsilyl)ether carbonate. Certain of the
combinations, but not the majority of the combinations, show improvement over the

control in both low temperature and high temperature evaluation.

Table 5. Low temperature additives with NTSEC

Low Temp Additive | Conc. High Cyc1 Cyc | -256C | 2nd
(wt. %) | Temp Capacity |1 CE | ASI ASI
0.5wt % | (mAh/icm?) | (%)

Control - vinylene 0.5 LiBOB 0.96 86.1 | 385.0 35.0
carbonate
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Low Temp Additive | Conc. High Cyc1 Cyc | -256C | 2nd
(wt. %) | Temp Capacity |1 CE | ASI ASI
0.5wt % | (mAh/cm?) | (%)
sodium perchlorate 0.5 NTSEC |0.93 80.8 | 354.1 356
sodium nitrate 0.5 NTSEC | 0.91 78.8 | 397.7 69.3
potassium carbonate 0.5 NTSEC |0.90 79.2 | 319.3 90.3
lithium perchlorate 0.5 NTSEC | 0.90 78.1 | 338.5 27.2
lithium oxalate 0.5 NTSEC | 0.92 794 | 322.4 477
lithium carbonate 0.5 NTSEC | 0.91 78.7 | 3156 | 114.8
cesium oxalate 0.5 NTSEC | 0.93 79.8 | 369.4 50.3
cesium nitrate 0.5 NTSEC | 0.91 786 | 337.0 27.6
vinylboronic acid 2- 0.5 NTSEC |0.92 78.8 | 309.5| 147.2
methyl-2,4-pentanediol
ester
tris(2,2,2-trifluoroethyl) | 0.5 NTSEC |0.88 76.0 | 3026| 116.9
borate
bis(trimethylene) 0.5 NTSEC |0.86 66.8 | 337.3 87.3
diborate
bis(neopentyl 0.5 NTSEC | 0.93 80.3 | 6346 | 134.1
glycolato)diboron
2-allyl-5,5-dimethyl- 0.5 NTSEC |0.88 745 | 3248 | 126.6
1,3,2-dioxaborinane
diallyl carbonate 0.5 NTSEC | 0.93 80.3 | 356.0| 102.5
N,N-dimethylacetamide | 2 NTSEC |0.90 776 | 322.2 493
1-methyl-2- 0.5 NTSEC | 0.92 79.7 | 3326 35.6
pyrrolidinone
4 - fluorophenyl 0.5 NTSEC | 0.92 79.7 | 3171 38.6
isocyanate
1,4-butane sultone 0.5 NTSEC | 0.91 79.6 | 2921 27.9
1-(4,5-dihydro-1,3- 0.5 NTSEC | 0.91 66.8 | 342.8 50.4
thiazol-2-yl)piperidine
oxalate

[0061] Combinations notable for their wide temperature range performance
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improvements include NTSEC and: lithium perchlorate, cesium nitrate, or 1,4-butane

sultone.

[0052] Table 6 summarizes first cycle capacity, coulombic efficiency, low
temperature performance, and high temperature stability for several low temperature
additives with cesium nitrate. Certain of the combinations, but not the majority of the
combinations, show improvement over the control in both low temperature and high

temperature evaluation.

Table 6. Low temperature additives with CsNO3

Low Temp Additive | Conc. High Cyc1 Cyc | -256C | 2nd
(wt. %) | Temp Capacity |1 CE | ASI ASI
0.5wt % | (mAh/icm?) | (%)
Control - vinylene 0.5 LiBOB 0.96 86.1 | 385.0| 35.0
carbonate
sodium percholorate 0.5 CsNO3 0.95 86.1 | 284.8 51.1
sodium nitrate 0.5 CsNOs; | 0.93 85.2 | 2926 | 28.0
potassium carbonate 0.5 CsNOs3 0.97 86.5 | 283.9 29.7
lithium percholorate 0.5 CsNO3 0.92 83.5 | 2994 89.9
lithium oxalate 0.5 CsNO; | 0.95 85.1 | 301.1 40.2
lithium carbonate 0.5 CsNO3 0.96 85.7 | 273.9 28.2
cesium oxalate 0.5 CsNOs3 0.96 86.2 | 263.0 47.9
vinylboronic acid 2- 0.5 CsNO; | 0.93 85.8 | 295.7| 1315
methyl-2,4-pentanediol
ester
tris(2,2,2-trifluoroethyl) | 0.5 CsNO; | 0.90 84.1 | 226.2 56.8
borate
bis(trimethylene) 0.5 CsNO; | 0.93 86.3 | 293.7 95.4
diborate
bis(neopentyl 0.5 CsNO; | 0.95 86.1 | 2476 | 1121
glycolato) diboron
2-allyl-5,5-dimethyl- 0.5 CsNO; | 0.94 86.4 | 270.5| 139.2
1,3,2-dioxaborinane
diallyl carbonate 0.5 CsNO; | 0.94 85.7 | 329.2 62.5

23



WO 2016/209841

PCT/US2016/038572

Low Temp Additive | Conc. High Cyc1 Cyc | -256C | 2nd
(wt. %) | Temp Capacity |1 CE | ASI ASI
0.5wt % | (mAh/cm?) | (%)
bis(pentafluorophenyl) | 0.5 CsNOs 0.91 78.9 | 256.3 457
carbonate
N,N-dimethylacetamide CsNO; | 0.95 854 | 297.4| 4838
1-methyl-2- 0.5 CsNO; | 0.95 86.0 | 3156 | 36.3
pyrrolidinone
4 - fluorophenyl 0.5 CsNO; | 0.95 86.0 | 337.0| 254
isocyanate
1,4-butane sultone 0.5 CsNOs; | 0.96 86.6 | 299.9| 255
1-(4,5-dihydro-1,3- 0.5 CsNO; | 0.91 78.7 | 356.0| 906
thiazol-2-yl)piperidine
oxalate
[0063] Combinations notable for their wide temperature range performance

improvements include CsNOs and: sodium nitrate, potassium carbonate, lithium

carbonate, 4 - fluorophenyl isocyanate, or 1,4-butane sultone.

[0054] low

temperature performance, and high temperature stability for several low temperature

Table 7 summarizes first cycle capacity, coulombic efficiency,

additives with maleic anhydride. Certain of the combinations, but not the majority of

the combinations, show improvement over the control in both low temperature and

high temperature evaluation.

Table 7. Low temperature additives with MA

Low Temp Additive | Conc. High Cyc1 Cyc | -256C | 2nd
(wt. %) | Temp Capacity |1 CE | ASI ASI
0.5wt % | (mAh/icm?) | (%)
Control - vinylene 0.5 LiBOB 0.96 86.1 | 385.0| 35.0
carbonate
sodium percholorate 0.5 MA 0.88 82.9 | 402.2 32.5
sodium nitrate 0.5 MA 0.87 80.6 | 487.2| 57.8
potassium carbonate 0.5 MA 0.91 82.6 | 358.8 35.8
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Low Temp Additive | Conc. High Cyc1 Cyc | -256C | 2nd
(wt. %) | Temp Capacity |1 CE | ASI ASI
0.5wt % | (mAh/cm?) | (%)
lithium percholorate 0.5 MA 0.89 82.3 | 387.3 26.6
lithium oxalate 0.5 MA 0.88 816 | 336.7| 334
lithium carbonate 0.5 MA 0.90 81.8 | 399.9| 345
cesium oxalate 0.5 MA 0.89 81.9 | 375.0 23.0
cesium nitrate 0.5 MA 0.93 81.9 | 390.9 33.7
vinylboronic acid 2- 0.5 MA 0.93 82.4 | 408.2| 66.7
methyl-2,4-pentanediol
ester
tris(2,2,2-trifluoroethyl) | 0.5 MA 0.90 816 | 283.6| 398
borate
bis(trimethylene) 0.5 MA 0.89 814 | 309.9| 56.5
diborate
bis(neopentyl 0.5 MA 0.88 814 | 325.7| 74.8
glycolato)diboron
2-allyl-5,5-dimethyl- 0.5 MA 0.89 81.2 | 471.8| 1127
1,3,2-dioxaborinane
diallyl carbonate 0.5 MA 0.90 82.1 | 476.0 55.0
bis(pentafluorophenyl) | 0.5 MA 0.90 79.7 | 402.0 29.8
carbonate
N,N-dimethylacetamide | 2 MA 0.89 81.9 | 35634 | 355
1-methyl-2- 0.5 MA 0.89 81.0 | 3516| 629
pyrrolidinone
4 - fluorophenyl 0.5 MA 0.90 796 | 367.4| 655
isocyanate
1,4-butane sultone 0.5 MA 0.89 816 | 336.8| 432
1-(4,5-dihydro-1,3- 0.5 MA 0.89 79.7 | 410.1 39.8
thiazol-2-yl)piperidine
oxalate

[0065] Combinations notable for their wide temperature range performance

improvements include maleic anhydride and: lithium oxalate or cesium oxalate.
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[0056] Table 8 summarizes first cycle capacity, coulombic efficiency, low
temperature performance, and high temperature stability for several low temperature
additives with tris(trimethylsilyl)phosphate. Certain of the combinations, but not the
majority of the combinations, show improvement over the control in both low

temperature and high temperature evaluation.

Table 8. Low temperature additives with TTMSP

Low Temp Additive | Conc. High Cyc1 Cyc | -256C | 2nd
(wt. %) | Temp Capacity |1 CE | ASI ASI
0.5wt % | (mAhicm?) | (%)

Control - vinylene 0.5 LiBOB 0.96 86.1 | 385.0 35.0

carbonate

sodium percholorate | 0.5 TTMS | g o5 882 | 257.9| 37.8
Phate

sodium nitrate 05 TTMS 1 5 93 858 | 2608 | 324
Phate

potassium carbonate | 0.5 TTMS 1 5 95 872 | 231.0| 296
Phate

lithium percholorate | 0.5 TTMS 1 5 95 883 | 213.7| 23.3
Phate

lithium oxalate 0.5 TTMS 1 g 95 86.4 | 2462| 820
Phate

lithium carbonate 0.5 TTMS 1 o4 872 | 2462| 367
Phate

cesium oxalate 0.5 TTMS 1 5 96 866 | 221.4| 93.4
Phate

cesium nitrate 0.5 TTMS 1 5 g2 845 | 2445| 285
Phate

vinylboronic acid 2- 05 TTMs | 0.96 87.6 | 2203 | 78.0

methyl-2,4-pentanediol Phate

ester

tris(2,2,2-trifluoroethyl) | 0.5 TTMS | 0.93 83.7 | 1704 | 94.4

borate Phate

bis(trimethylene) 0.5 TTMS | 0.94 85.7 | 215.3| 105.5

diborate Phate

bis(neopentyl 0.5 TTMS | 0.94 843 | 199.9| 80.7

glycolato)diboron Phate

2-allyl-5,5-dimethyl- 0.5 TTMS | 0.94 87.1 | 368.8| 139.8
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Low Temp Additive | Conc. High Cyc1 Cyc | -256C | 2nd
(wt. %) | Temp Capacity |1 CE | ASI ASI

0.5wt % | (mAhicm?) | (%)

1,3,2-dioxaborinane Phate

diallyl carbonate 05 TTMS | g o7 876 | 3030| 412
Phate

bis(pentafluorophenyl) | 0.5 TTMS | 0.86 76.7 | 303.7| 128.2

carbonate Phate

N,N-dimethylacetamide | 2 TTMS 1 0.93 859 | 2555 1159
Phate

1-methyl-2- 0.5 TTMS | 0.90 85.8 | 273.8| 42.9

pyrrolidinone Phate

4 - fluorophenyl 0.5 TTMS | 0.94 83.4 | 279.0| 50.3

isocyanate Phate

1,4-butane sultone 0.5 TTMS 1 5 94 87.9 | 2342 | 387
Phate

1-(4,5-dihydro-1,3- 0.5 TTMS | 0.93 78.0 | 256.9| 232

thiazol-2-yl)piperidine Phate

oxalate

[0057] Combinations notable for their wide temperature range performance
improvements include tris(trimethylsilyl)phosphate and: sodium nitrate, potassium
carbonate, lithium perchlorate, cesium nitrate, or 1-(4,5-dihydro-1,3-thiazol-2-

yDpiperidine oxalate (structure (n)).

S
ST
1

Nsroo® N

[0068] Table 9 summarizes first cycle capacity, coulombic efficiency, low
temperature performance, and high temperature stability for several low temperature
additives with trimethylsilyl polyphosphate. Certain of the combinations, but not the
majority of the combinations, show improvement over the control in both low

temperature and high temperature evaluation.
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Table 9. Low temperature additives with TMSPoly

Low Temp Additive | Conc. High Cyc1 Cyc | -256C | 2nd

(wt. Temp Capacity |1 CE | ASI ASI
%) 0.5wt % | (mAh/icm?) | (%)

Control - vinylene 0.5 LiBOB 0.96 86.1 | 385.0| 35.0

carbonate

sodium percholorate 0.5 TMSPoly | 0.93 85.5 | 237.8 67.7

sodium nitrate 0.5 TMSPoly | 0.87 78.7 | 228.5| 103.8

potassium carbonate 0.5 TMSPoly | 0.96 88.4 | 225.9 47.4

lithium percholorate 0.5 TMSPoly | 0.93 86.1 | 232.1 45.7

lithium oxalate 0.5 TMSPoly | 0.95 86.1 | 200.9| 40.7

lithium carbonate 0.5 TMSPoly | 0.97 89.1 | 189.6| 237

cesium oxalate 0.5 TMSPoly | 0.93 86.4 | 212.2 34.1

cesium nitrate 0.5 TMSPoly | 0.94 81.7 | 235.5 36.1

vinylboronic acid 2- 0.5 TMSPoly | 0.91 826 | 3264 | 1117

methyl-2,4-pentanediol

ester

tris(2,2,2-trifluoroethyl) | 0.5 TMSPoly | 0.92 86.3 | 184.5 55.7

borate

bis(trimethylene) 0.5 TMSPoly | 0.94 85.2 | 220.0| 1016

diborate

bis(neopentyl 0.5 TMSPoly | 0.93 82.1 | 234.2| 100.3

glycolato)diboron

2-allyl-5,5-dimethyl- 0.5 TMSPoly | 0.86 79.5 | 4784 | 1271

1,3,2-dioxaborinane

diallyl carbonate 0.5 TMSPoly | 0.95 86.7 | 318.2 50.8

bis(pentafluorophenyl) | 0.5 TMSPoly | 0.83 72.3 | 286.1| 107.2

carbonate

N,N-dimethylacetamide | 2 TMSPoly | 0.87 79.0 | 2389 | 88.7

1-methyl-2- 0.5 TMSPoly | 0.87 80.1 | 269.4| 106.9

pyrrolidinone

4 - fluorophenyl 0.5 TMSPoly | 0.91 81.1 | 252.3 | 1271

isocyanate

1,4-butane sultone 0.5 TMSPoly | 0.94 84.6 | 2454 31.2
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[00569] Combinations notable for their wide temperature range performance
improvements include trimethylsilyl polyphosphate and: lithium carbonate, cesium

oxalate, or 1,4-butane sultone.

[0060] While the invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various
changes may be made and equivalents may be substituted without departing from
the true spirit and scope of the invention as defined by the appended claims. In
addition, many modifications may be made to adapt a particular situation, material,
composition of matter, method, or process to the objective, spirit and scope of the
invention. All such modifications are intended to be within the scope of the claims
appended hereto. In particular, while the methods disclosed herein have been
described with reference to particular operations performed in a particular order, it
will be understood that these operations may be combined, sub-divided, or re-
ordered to form an equivalent method without departing from the teachings of the
invention. Accordingly, unless specifically indicated herein, the order and grouping

of the operations are not limitations of the invention.
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CLAIMS

What is claimed is:
1. A electrolyte formulation, comprising:
a lithium salt;
an organic solvent; and

an additive comprising a boron-containing compound selected from the group

consisting of diborons and borates.

2. The electrolyte formulation of claim 1 wherein the additive comprises a
compound selected from the group consisting of tris(2,2,2-trifluoroethyl)borate,

bis(neopentylglycolato)diboron, and bis(trimethylene)diborate.

3. The electrolyte formulation of claim 1 wherein the additive comprises

tris(2,2,2-trifluoroethyl)borate.

4, The electrolyte formulation of claim 1 wherein the additive comprises

bis(neopentylglycolato)diboron.

5. The electrolyte formulation of claim 1 wherein the additive comprises

bis(trimethylene)diborate.

6. The electrolyte formulation of any of claims 3, 4, or 5 further comprising

lithium bis(oxalato)borate as a second additive.

7. The electrolyte formulation of any of claims 3, 4, or 5 further comprising

4-nitrophenyl 2-(trimethylsilylethyl carbonate as a second additive.

8. The electrolyte formulation of any of claims 3, 4, or 5 further comprising

cesium nitrate as a second additive.

9. The electrolyte formulation of any of claims 3, 4, or 5 further comprising

maleic anhydride as a second additive.
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10.  The electrolyte formulation of any of claims 3, 4, or 5 further comprising

tris(trimethylsilyl)phosphate as a second additive.

11.  The electrolyte formulation of any of claims 3, 4, or 5 further comprising

trimethylsilyl polyphosphate as a second additive.

12.  The electrolyte formulation of claim 1 wherein the additive comprises a

compound represented by formula (a):

OR;

B
R3O/ \0R2 @

where at least one of Ry, Rz and Rs includes a fluorine.

13.  The electrolyte formulation of claim 1 wherein the additive comprises a

compound represented by formula (b):

N &
! (b)

where X is oxygen or carbon and, independently, Y is oxygen or carbon.
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B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
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Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
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Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014-0023941 A1 (AMINE, KHALIL et al.) 23 January 2014 1-4,6-13
See claims 1, 10, 22-23; paragraph [0017].
A 5
X US 6022643 A (LEE, HUNG SUI et al.) 8 February 2000 1-3,6-12

See claims 2-3; example 1.

X US 2012-0288771 A1 (LIM, JIN-HYUNK et al.) 15 November 2012 1
See claim 1.

X US 2011-0223476 A1 (KOBAYASHI, TOSHIYUKI et al.) 15 September 2011 1
See claims 1, 9.

X US 2011-0067230 A1 (TAN, TAISON et al.) 24 March 2011 1
See claims 1-4.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
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