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non- aqueous el ectrolytic devices. "US 5,776,637 and US 6, 200, 703,

i ncor por atledrddefeinredfyom dfecroammeitive o€ thcheventiberhibitnthéercemectivigrandn  or gani ¢
solvents with a.po K | ectr.ode mat er.| or, use in formng an el ectrode
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bl ended with a positive active material and carbon and then dissolved in
NVP as the solvent to produce a paste. The process is in line with

convent i dbatkexemndof thednyentipnpr ocesses for el ectrodes where a | arge anount
of NMR sol vent S S di [S) di he role of .t he organic
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powered by smaller and lighter batteries. Batteries of non-aqueous electrolytic
solutions in combination with a negative electrode - such as a lithium compound or
carbonaceous material with lithium ions, and a positive electrode - such as lithium
metal oxides can provide higher power and lower weight.

20 Polyvinylidene fluoride, because of its excellent electro-chemical resistance
and superb adhesion among fluoropelymers, has been found to be a useful binder for
forming electrodes to be used in non-agueous electrolytic devices. US 5,776,637 and
US 6,200,703, incorporated herein by reference, describe a PYDF binder solution in
organic solvents with a powdery electrode material for use in forming an electrode to

25  be used in a non-aqueous-type battery. JP 2000357505 describes PVDF blended with
a positive active material and carbon and then dissolved in NMP as the solvent to
produce a paste. The process is in line with conventional solvent casting processes
for electrodes where a large amount of NMP solvent is used as a dispersion media.

The role of the organic solvent is generally to dissolve PVDF in order to

30 provide good adhesion (non-reversible adhesion) between the powdery clectrode
material particles upon evaporation of the organic solvent. Currently, the organic
solvent of choice is N-methyl-2- pyrrolidone (NMP). PVDF binder cast from a
solvent solution provides non-reversible adhesion in electrodes and an

interconnectivity of all the active ingredients in the electrode composition. The bound



provi de good adhesi on (non-reversibl e adhesi on) between the powdery

el ectrode material particles upon evaporation of the organic solvent.
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organic solvent. In addition, a large carbon footprint is associated with use of organic

solvents that is not environmentally desirable. Further, extra manufacturing steps,

costing time, money, and energy are involved to isolate PVDF formed in an aqueous

20  media, drying the PVDF to a powder, then dissolving the powder in a solvent.
There is an environmentally-driven, and safety-driven desire to be able to
produce excellent, interconnective PVDF-based electrodes, without the massive use

of organic solvents.

To effectively employ waterborne slurries in electrode-forming processes, it is
25  important to develop binder systems that are compatible with current manufacturing
practices and provide desired properties of the intermediate and final products. Some
common criteria include: a) stability of the waterbome fluoropolymer dispersion,
having sufficient shelf-life, b) stability of the slurry after admixing the powdery
material, ¢) appropriate viscosity of the slurry to facilitate good aqueous casting, and
30 ) sufficient interconnectivity within the electrode which is non-reversible after
drying. Additionally, from a regulatory view, fluoropolymers made without

fluorosurfactants are preferred.



To effectively enploy waterbone slurries in electrode-form ng processes, it
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particlesr }&&daﬁa Qarpé Oiffefl@ces in the properties of, processing of, and final electrodes
formed from PTFE and PVDF binders. PTFE polymers have very high melting points
and exhibit very strong resistance to common solvents. As a result, PTFE particles
are not able to soften, flow, and adhere to powdery particles and {o provide
20  interconnectivity within an electrode. Additionally, PTFE and its blends with other
fluoropolymers do not meet some of the criteria needed to form proper electrodes
including stability of the waterborne fluoropolymer dispersion with sufficient shelf-
life and PTFE binders do not provide sufficient interconnectivity in electrodes which
is non-reversible. PVDF based binders made in accordance with this invention exhibit
25  sufficient shelf stability, do not need concentrating steps, and as opposed to PTFE
based binders, provide connectivity by adding fugitive adhesion promoters. The
PVDF polymer particles are able to soften, flow and adhere to powdery materials

during electrode manufacture, resulting electrodes with high connectivity that are

non-reversible.

30 Surprisingly, a stable, aqueous clectrode-forming composition has now been
found for producing high quality electrodes for non-aqueous batteries and other
devices having interconnectivity and irreversibility. The composition contains one or

pore fluoropolymers, preferably PVDF, powdery clectrode material, and optionally



intercornmectivity within an el ectrode. Additionally, PTFE and its bl ends
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15 desired.

d) Aqueous PVDF dispersions contain PVDF particles that can be softened to

adhere

to electrode-forming particles by using fugitive adhesion promoters -
resulting in non-reversible connectivity between powdery electrode
20 materials. The interconnectivity can be accomplished without completely
coating the powdery electrode material — requiring less polymer and also

creating less electrical resistance

¢) PVDF-based compositions provide good connectivity, while the PTFE in

PTFE-based compositions remain as discrete particles in the electrode.

25 f) Carbon black is easily dispersed in PVDF, but not in PTFE, and the

increased dispersion increases the conductivity.

Summary of the Invention
The invention relates to a composition comprising:

a) from 0.2 to 150 parts fluoropolymer particles having a weight average
30 particle size of less than 500 nm,;



desired. d) Aqueous PVDF di spersions contain PVDF particles that can be
softened to adhere to electrode-formng particles by using fugitive
adhesi on woanwB8&7- resulting in non-reversi bl e connecPCTiusyolossareen
powdery el ectrode materials. The interconnectivity can be acconpli shed

wi t hout conpletely coati t he er | ectrode material - requiring |ess
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conposi ti ons prov4eq490d connectivity, while the PTFE in PTFE-based
conpositions remain as discrete particles in the electrode. f) Carbon bl ack

is easily disper sptionallyHuame 0 tbdf pads of eneRPFEEre dnckembxs; i ncr eased di spersi on
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materials; c) optPungingpprawetlingagrotsgad surlastanttie or nore thickeners; d)
optionally, on e%g@%@@@ﬁ%??%ﬁi%ﬁggf&%}%reeegflf{gﬁa?e@tﬁt° 10 parts of one

or nore additi gr oup “consi anti-settling
agents and sur§pebtddasly frbnoptd enal A0y phit©dfOoded o pard Sugitiveo ndhesionor e
wetting agents; g) optionally fromO to 150 parts of one or nore fugitive
adhesi on pronot ePEMYFrs100 parts water; all parts being parts by weight
basedon 100 ryg BXITWLtgpt of water, and wherein the conposition contains
no fHiorosurfa tan?. ’ _

all parts being parts by weight based on 100 parts by weight of water, and

wherein the composition contains no flnorosurfactant.
Preferably the fluoropolymer is a polyvinylidene fluoride.
The invention further relates to a composition comprising:
15 a) from 0.2 to 150 parts polyvinylidene fluoride (PVDF) particles having a
weight average particle size of less than 500 nm;

b) optionally from 10 to 400 parts of one or more powdery electrode-forming

materials;

¢} optionally from 0 to 10 parts of one or more thickeners;

20 d) optionally, one or more pH adjusting agents;

e) from 0 to 10 parts of one or more addifives selected from the group

consisting of anti-settling agents and surfactants;

f) optionally from 0 to 5 parts of one or more wetting agents;

g) an effective amount of one or more fugitive adhesion promoters;

25 h) 100 parts water;
all parts being parts by weight based on 100 parts by weight of water.

The mnvention further relates to an electrode comprising an electroconductive
substrate coated with the aqueous electrode-forming compositions of the mvention,
and a method for producing the electrode from the composition(s) of the invention.

30 The invention further relates to a non-aqueous-type battery having at least one

electrode of the invention.

Detailed Description of the Invention




Preferably the fluoropolynmer is a polyvinylidene fluoride. The invention
further relates to a conposition conprising: a) from0.2 to 150 parts
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[ voropol yrer g SBeLELon 20 phel ol Lo, Lic, Spriartanie, i n (e
ngy Mer i ZRji A8 ARS 8% the-aghbiRlsRempasides ivRichniQRit foll @Mng A drpiRUthye during
aqueous composition in which the polymer binder binds the powdery electrode-

15  forming materials to each together and to the electroconductive substrate, the polymer
binder is not soluble or redispersible in water. The irreversibility is due to the fact
that the polymer particies flow and adhere to the powdery electrode-forming
materials, providing interconnectivity within the electrode. This is opposed to an
electrode formed from a PTFE dispersion or excessive thickener (such as

200 carboxylated methyl cellulose) which form a binder without interconnectivity, and
thus when the coating is placed in water it redispeses.

By “interconnectivity” 1s meant that the powdery electrode-forming materials
are permanently bonded together by the polymeric binder, providing low electrical
resistance and high ion mobility within the electrode.

25 ‘The manner of practicing the invention will now be generally described with
respect to a specific embodiment thereof, namely polyvinylidene fluoride based
polymer prepared in aqueous emulsion polymerization using non-fluorinated
emulsifier as the principle emulsifier and used in preparation of electrodes. Although
the process of the invention has been generally illustrated with respect to PVDF based

30  polymers, one of skill in the art will recognize that analogous polymerization
techniques can be applied to the preparation of homopolymers and copolymers of
fluorinated monomers and their formulation for the preparation of electrodes in
general, and more specifically to homopolymers and copolymers of vinylidene

fluoride (VDF), tetrafluoroethylene (TFE), and/or chlorotrifluoroethylene (CTFE) -



pol ymeri zation, fed partly before and then during polynerization, or fed
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i nvention has been geneyrally_illustrated with respect to. PVDFE baﬁgd

pol yner s, tigheroshylsefy | chigratiBuoropthylens. r BRBHPRRTRTAL: alidlbgdlo
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and copol'yners o uorinated hononers and their formulation for
pr epar at ivomyl gtheglaad tinp od®r inrongewe telt woakiireadile cepedonérizsabithy vinglidensopol yer s
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Patent No. 827,308; and about 70 to 99 mole percent vinylidene fluoride and 1 to 30
mole percent hexafluoropropene (see for example U.S. Patent No. 3,178,399); and
20 about 70 to 99 mole percent vinylidene fluoride and 1 to 30 mole percent
trifluoroethylenc.  Terpolymers of vinylidene fluoride, hexafluoropropene and
tetrafluoroethylene such as the copolymer composition described in U.S. Patent No.
2,968,649 and terpolymers of vinylidene fluoride, irifluoroethylene and
tetrafluoroethylene arc also representatives of the class of vinylidene fluoride
25  copolymers, which can be prepared by the process embodied herein.

In one embodiment, up to 20%, and preferably up to 15%, by weight of
hexafluoropropene (HFP) units and 80%, preferably 85%, by weight or more of VDF
units are present in the vinylidene fluoride polymer. It is desired that the HFP units
be distributed as homogeneously as possible to provide PVDF-HFP copolymer with

30  excellent dimensional stability in an end-use environment — such as in a battery.
The PVDF for unse in the electrode composition preferably has a high

molecular weight. By high molecular weight, as used herein, is meant PVDF having



non-fluorinated surfactants are preferred, the use of fluorosurfactants is
al so anticipated by this invention. PVDF The term "vinylidene fluoride
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do so. Typically the temperature will be from about 30° to 150°C, preferably from
about 60° to 110°C. Once the desired amount of polymer has been reached in the
reactor, the monomer feed will be stopped, but initiator feed is optionally continued to
consume residual monomer, Residual gases (containing unreacted monomers) are

20  vented and the latex recovered from the reactor.

The surfactant used in the polymerization can be any surfactant known in the
art to be useful in PVDF emulsion polymerization, including perfluorinated, partially
fluorinated, and non-fluorinated surfactants. Preferably, for regulatory reasons, the
PVDF emulsion of the invention is made without fluorinated surfactants. Non-

25  fluorinated surfactants uscful in the PVDF polymerization could be both ionic and
non-ionic in nature including, but are not limited to, 3-allyloxy-2-hydroxy-1-propane
sutfonic acid salts, polyvinylphosphonic acid, polyacrylic acids, polyvinyl sulfonic
acid, and salts thereof, polyethylene glycol and/or polypropylene glycol and the block

copolymers thereof, alkyl phosphonates and siloxane-based surfactants.

30 The PVDF polymerization results in a latex generally having a solids level of
10 to 60 percent by weight, preferably 10 to 50 percent, and having a weight average
particle size of less than 500 nm, preferably less than 400 nm, and more preferably

less than 300 nm. The weight average particle size is generally at least 20 nm and



excel l ent di nensional stability in an end-use environment - such as in a
battery. The PVDF for use in the el ectrode conposition preferably has a
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regul atory reasons, e lnvention Is ma hout
f | uonbnatexdersls fpac 180 tsarts Nefhivhteor | Hiat adiustiof aisd potvdenys electkoderfotrhimg PVDF

pol yrreri ﬁ‘étér?aq d%gglll $ O%ewggtli‘tgr ith%néo(fnp%rslgion will be used to form a positive or a
negative electrode. In the case of a positive clectrode, the active electrode material
may be an oxide, sulfide or hydroxide of lithivm and/or a transition metal (including
but not limited to cobalt, manganese, aluminum, titanium, or nickel, and iron

20  phosphates, manganese phosphate). Double, and triple salts of lithium are also
contemplated. Preferred positive electrode materials include, but are not limited to,
LiCo0O;, LiNi,Co1402, LiMnyO;, LiNiO,, LiFePO4, LiNixCo,Mn,Op, LiNi,
Mn,Al,Op, where x+y+z =1 and m is an integer representing the number of oxygen
atom in the oxide to provide an electron-balanced molecule; as well as lithium-metal

25  oxides such as lithium cobalt oxide, lithium iron phosphate, lithium manganese
phosphate, lithium-nickel oxide, and lithtum-manganese oxide.

In the case of a negative electrode, the active material is generally a
carbonaceous material, nano-titanate, or other matrix capable of being doped with
lithium 1ons. Useful carbonaceous materials include, but are not limited to graphite,

30 manmade graphite, carbon, carbon black, acetylene black, phenolic resin, pitch, tar,
etc. In the present invention carbon fibers can also be used.

The ratio of PVDF solids to powdery electrode-forming material is from 0.5 —

25, parts by weight of PVDF solids to 75 to 99.5 parts by weight powdery electrode



non-ionic in nature including, but are not limted to,

3-al l yl sxy-2- hydroxy-1-propane sulfonic acid salts, polyvinyl phosphonic
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pol yet hyl ene gl ycol and/or pol ypropyl ene glycol and the bl ock copol yners

t hereof, al kyl . pho tes. and _sil oxane-base factants. The PVDF

pol yner i z 14t ]nggéF“?’g‘Pﬁ'ﬂmaog éﬁéxp r‘é(f”lgst ‘Pfgri\/‘?ﬁg Sﬁll‘i%tPiggstol%\ﬁeﬂaﬂéf 10 to

60 per centy ueivRiRReryPEIed IR Rhaterlf), h8rdREMHE Hom R19 ARY b)GvAciRirght

aver age pa?tié epgi zgrygf | ess thgn SQOr%%ne pr et er ambly Iﬁeags ?han 400 nm and

nmor e pref @ValH yolidsste Ythém 93QBrtarhy Fhghivppgheryaslestengle maietialc had sh oaei s

generally at l.east .20 nm ndrfer%gllF ? ast, 50 n..Th onposi tion of

t he inven?lf“hﬂé@c?ﬁ{ gf”ﬁ'sf G.ggpf“gs ﬁ%ﬁ’e %gﬁg P\‘/a\%q%&ﬂ?o 815%?7%[9“3%5%’/%?5’ i nder

particg es{)@@ﬂerﬂz@fkcﬁadé Sarbiaar ks PPDE i€ uadd, YorhipleR® iﬁérdbﬁhée‘%ivﬁ% n’ﬂﬁgﬂ it .
e bi

Addi tional adhesion pronoters may al so be added to_inprove t ndi ng
char act er b g¢laevednandoid angra & Vdghisased.viherp 1s Aagduciom sncanduelindiybhrd algo ni nor

amount of [ :mr ter-m.,scihle s ent h _as et hyl.ene

ol yool , it BukriTBheaE UF el ar el A P e T RS 1 1 1.
hi the prsesty snilemiilight bitdddes.pol ynmer binder is generally used in the
aqueous el ectrode-form ng conposition, however a blend of several different
pol ymer bd#ida ant/antisehtling acen fl uoropol yner binders, and nost preferably
all R bi nd ! . i t r astic

fl uorlz)dp?gl ymer ?ﬁ%%@%ogﬁﬁgeﬁ?éﬁgﬁggh%yﬁﬁﬁbﬁﬂ%\?@ IJaﬁétﬁepsr F%gib‘érr %Em d;‘r)g are used
as the polypats, andimoeteprefePahig 8rsytod e tsroddae foo hivré gntivedt@inigalgerdib and/onposi ti on
of the inveption contains 10 to 500 parts,. preferably 20 to 400 parts, nore
pref er abl i}'résta{ﬂa P§bé5§a?lﬁ%°fgwafeh§napg ﬁfslﬁoed‘ﬁgﬁne teylewql of ppiydettiing ageay

mat eri al S, NGk iPROhS2 9fto WBhSHs pd 10 o8 wafer ! ARcROUMBSMIing agents

el ectrode-formng materi al dependg on et her the conposition V\%H be used
to form arpagiatiage e addek gatlierBVBIFedispasien pont-pdigmenasatioof genepadli toi ve

el ectr.ode, the acti el ect.r ode Jmat er.i, al b .oxi.de, sul fide or

nydr X1 ddmBrovG SR S Sntrorna. erhmr i orediblomt FHRIPRPROBte SBES i ¢ ed
to cobal tpregiibanes dlsca itk B pbivhRAzaEn BfocBisCiiel sudRdhnmRRs@higgphat es,

manganese phosphate). Double, and triple salts of lithiumare also
agent used in this invention could be added all upfront prior to polymerization, fed

continuously during the polymerization, fed partly before and then during
polymerization, or fed after polymerization started and progressed for a while.

20 Useful anti-seftling agents include, but are not limited to, ionic substances,
such as salts of alkyl sulfates, sulfonates, phosphates, phophonates (such as sodium
lauryl sulfate and ammonium lauryl sulfate) and salts of partially fluorinated alkyl
sulfates, carboxylates, phosphates, phosphonates (such as those sold under the
CAPSTONE brandname by DuPont), and non-ionic surfactants such as the TRITON

25 X series (from Dow) and PLURONIC series (from BASF) . In one embodiment, only
anionic surfactants are used. It is preferred that no fiuorinated surfactants are present
in the composition, either residual surfactant from the polymerization process, or
added post-polymerization in forming or concentrating an aqueous dispersion.
Weiting agent

30 The composition of the invention optionally contains 0 to 5 parts, preferably
from O to 3 parts of one or more wetting agents per 100 parts of water. Surfactanis
can serve as wetting agents, but wetting agents may also include non-surfactants. In
some embodiments, the wetting agent can be an organic solvent. It has been found

that the presence of optional wetting agents permits uniform dispersion of powdery

10
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thickeners. In addition to organic rheology modifiers, inorganic rheology modifiers

can also be used alone or in combination. Useful inorganic rheology modifiers

include, but are not limited to, inorganic rheology modifiers including but not limited

20 to natural clays such as montmorilionite and bentontte, manmade clays such as
laponite, and others such as silica, and talc.
The thickeners of the invention are used in the aqueous composition
containing the PVDF and powdery electrode material, and are not used in pure form
as a second coating composition as has been described in the JP 2000357505

25  reference.

Fugitive adhesion promoter

A fugitive adhesion promoter is required to produce the interconnectivity
needed in electrodes formed from the composition of the invention. By “fugitive
adhesion promoter” as used herein is meant an agent that increases the

30 interconnectivity of the composition after coating on a substrate. The fugitive
adhesion promoter is then capable of being removed from the formed electrode
generally by evaporation (for a chemical) or by dissipation (for added energy).

The fugitive adhesion promoter can be a chemical material, an energy source

combined with pressure, or a combination, used at an effective amount to cause

11



preparation. Al so during the polynerization process, the
surfactant/anti-settling agent used in this invention could be added all
upfront pwoanies@ol ymeri zation, fed continuously duri n@CTrhis2010/036279

pol ynmeri zation, fed partly before and then during polynerization, or fed
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In the case of energy as the fugitive adhesion promoter, useful energy sources
include, but are not limited to, heat, IR radiation, and radio frequency (RF). For heat
20  alone, the temperature during the processing of the PVDF composition on an
electrode should be about 20 to 50°C above the melting point of the polymer. When
energy alone is used as the fugitive adhesion promoter, it is preferred that the heat is

combined with pressure — such as a calendering step, for good interconnectivity.

Other additives.

25 The composition of the invention may further contain effective amounts of
other additives, including but not limited to fillers, leveling agents, anti-foaming
agents, pH buffers, and other adjuvants typically used in waterborne formulation
while meeting desired ¢lectode requirements.

The aqueous electrode-forming composition of the invention can be obtained

30  in many different ways.

In one embodiment, a PVDF dipersion is formed (preferably without any
fluorosurfactant) and a predetermined amount of any anti-settling agent(s) or
surfactant(s), is diluted in water and post-added to the PVDF dispersion latex with
stirring, in order to provide adequate storage stability for the latex. To this PVDF

12



Addi ti on of water-soluble thickener or rheology nodifier to the above
di spersion prevents or slows down the settling of powdery el ectrode

mat er i al swatnioa3padovi di ng appropriate slurry viscosity POT/US2€189862ny
process . Useful thickeners include, but are not limted to the ACRYSOL
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conpositio ter coating on a substrate: The~“fugitive adhesion pronoter is
t hen capditicefindl dopeag cammsdobnf afothe tiheerftion rehduld! leot rodiscapan asaful yorby

evaporation,(for a.chemcal) or b¥ di ssi.pati aon %f.or added @Eer%. The
fugi tive GHRESTIGHHIHABES SBsFh e The WHLHT astos hatsdR it rangmo iy our ce
conbi ned tW2b!@09%?§§tFﬂOelpnpﬁn@259@@p%’(ﬁh Bn appIRA& nRthogf f ective amount to
causei nterconnect!vity of the components of the aqueous conposi tion during
formati on of tHe aguemtsrebasrod¢ormpdséinnds bpiliegionio/s leasherss sonfags, endt ers, t he

g?gg?;h:@gff:&gﬁ% lg)itﬁ gacg 65{3%&:}6?,2(::@ aﬁ%ﬁe%%rgggn%];gtri\%bsluxsulaté By rln%gn anro'gw%, inand ror e
: the art, such as by brush, roller, ink jet, squecgee, foam applicator, curtain coating,
vacuum coating, or spraying. The electroconductive substrate is generally thin, and
usually consists of a foil, mesh or net of a metal, such as aluminum, copper, lithium,
iron, stainless steel, nickel, titanium, or silver. The coated electroconductive substrate
20  is then dried to form a coherent composite electrode layer, that may then be
calendered, providing an interconnected composite electrode usable in a non-aqueous-
type battery. The aqueous electrode composition can be optionally baked at elevated
temperature to achieve high adhesion strength. The dried electrode can be optionally
subjected to calendering at high pressure and high temperature to further improve

25  electrode adhesion.

The aqueous electrode composition of the present invention has an advantage
in processing, in that water has a boiling point lower than the commonly used solvents
for PVDF, and thus can be dried faster, or at a lower temperature than solvent-based
PVDF compositions, and lower than compositions containing PTFE. Process

30  temperatures of 150°C or less, 120°C or less, 100°C or less and even 90°C or less may

be used and result in a useful el.ectrode.

Another advantage of using the aqueous coating of the present invention over

the solvent coatings of the art, is that an aqueous PVDF dispersion serves as a hinder
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or nore fugitive adhesion pronoters per 100 parts of water. Preferably this
is an organic liquid, that is soluble or mscible in water. This organic

i quid acwe 208/@8ql7asti ci zer for PVDF particles, maki ngPChaseeiaoksz7and
capabl e of acting as di screte adhesi on poi nts during the drying step. The

PVDF pol yne rticle Ieto fl ow an dhere .t.0 wder

Cor ol L, Pt neis chBing oBr B, I howd Y AhsBE i iprigi® iy 4V
connect i vigekiffcBicrate %oﬁ@@rorﬁwﬁc%l itefoonh&tioNt9, RANO S s6@ALN EHRIngrEAN £ | i quid
is a latent solvent, whi is a solvent that does not dissolve or

subst ant i mﬂtlyluQWewathB’Dﬂl ﬂ@sP@WéQrYrQimﬁﬁOﬂe mpaleEalsr eThebmntmilPIIlS Bolygt e t he

PVDF resin evat d t eratu f. rgani c
solvent i ¥ aﬁngél? %ompi?tl oTf o8 ?{ggs &}H]ee veerlg%ﬁdai g‘#ﬂg‘%iﬁs hﬁejslélllg ’ pronot er
agent 5 i nglitigleg ﬂﬁlﬁleoﬁﬁﬁleﬁidulcuﬁhk ed to, dinethylformam de,

N, N- di ni et hyl acet am de, di et hyl sul foxi de (DVSO , hexanet hyl phospham de,

di oxane, tet raﬁwlecftmdaﬁof theinvREeman heaiwed t¢ fosmiapelestroshmaied devicenet hy |
phosphate ﬁ'aQEBEWé ggdl%?te%ctéi‘é & Hﬁ&bm ;ﬁégﬂbﬂaﬁéé g& JI%' urea. In

t he case energ Ive a IOﬂ use ener gy sources

i ncl ude, atsaémlayQMB)ﬂt) drifoRitcel, li}ome:hﬁamowhﬁht}&dmam ﬁﬂu a@mﬂ;uﬂ-@d:led)afté@quency
(RF). For heat, alone, the tenp eratijre duri ng Ihe SSI n of . .t he PVDF
conposi t | G bEHoERFIYERIETIBE B NEBRUTF & Eo%%lﬁltpo’é@w?@ I $ife kel ti ng

poi nt; of &%E?aﬁmryqﬁ ser &legtelﬁegﬁ hg&u 'eﬁc §1%qsﬁﬁnh§ﬁe%ﬁab&wtﬁaﬁdh68'On

prormt er, IS prere onbl ned pressure - such as
a cal endedléatigplgicesplutionr good i nt erconnectl vity. Other additives. The
conposition of the invention may further contain effective anounts of other
addi ti ves“g—mx ding but not limted to fillers, leveling agents,

anti - f oamgragents, pH buffers, and other adjuvants typically used in
wat er borne fornul ation while neeting desired el ectode requirenents. The
aqueous el ect ridgdattp pfithegnecwipn & preeavedby & Ewidahpeeeisdar wakinge obt ai ned in

rany g' f ffFl{O?g}}Olﬁnéé'S using emulsifiers. The emulsifiers may be ionic or non-ionic, such as

those containing blocks of polyethylene glycol, polypropylene glycol and/or
polytetramethylene glycol. Preferably, the process and fluoropolymer produced
contain no fluorinated or partially fluorinated surfactant. The fluoropolymer
dispersions produced have good latex stability and shelf-life, and are coagulum-free.
20  These preferred dispersions are absolutely free of fluorinated or partially fluorinated
surfactant- with no fluorinated surfactant being used in cither the synthesis or in a
post-addition.
In the polymerization process, the emulsifier of this invention could be added
all upfront prior to polymerization, fed continuously during the polymerization, fed
25  partly before and then during polymerization, or fed after polymerization started and
progressed for a while.
Examples 1-3
Into an 80-gallon stainless steel reactor was charged, 345 1bs of deionized
water, 72 grams of PLURONIC 31R1 (non- fluorinated non-ionic surfactant from
30 BASF), and the desired amount of propane as a chain transfer agent. Following
evacuation, agitation was begun at 23 rpm and the reactor was heated. After reactor
temperature reached the desired set point of 83 °C, the VDF charge was started.
Reactor pressure was then raised to 650 psi by charging approximately 40 ibs VDF

14



I n one enbodi nent, a PVDF dipersion is fornmed (preferably w thout any
fluorosurfactant) and a predeterm ned anount of any anti-settling agent(s)
or surfacvern(miBsed7s diluted in water and post-added toPprChaSBMDB3&7Eper si on
latex with stirring, in order to provide adequate storage stability for the

| atex. To.this di,spersion/anti-sett] 1 s,.added,. with

St rri g, RBERGRATOATET HaC BpBReRLs or b Dl s A e Misfekener (s)
fugitive agheston vrPPRARIM perdiatt BEN0 BH m@go@mrﬁ BEtREWAR all@dith the
appropriate range for the thr ckener to be effective, if necessary. Sone

t hi ckener seagrsrctv @gla@@lmﬂ?ﬁmcﬂﬂl@é&tﬁ af ﬁlrmﬁﬁ@ldrmgtftbfﬁ ingtiqtoy sodutiohr om 3 t o
9 pH for t.r formn mat er i.al nd r

nor edi ent e BIBEA B SR b E AP NP o it o ERBRORL 1o

di sperse pdSlﬁndeFaaCﬁdlﬁdHﬁ@DFlHaﬁlo@@lﬁﬂﬁMaﬁﬁﬁﬁﬁd @hﬁﬁaed nti bﬁarf)idﬂtdtélye adhesi on
pronoter, the [atent solvent or wetting agent to provide wetting of the

powdery rrh?fém@rig‘@ﬁ was ingodenerin Hy repdtion s ahe Y0¥ fpsbmapst

f | at

Lo B oA T B YRS REPRIKI 0 kL eI ERL [ PREREISEL 1) i
The fi nal magoaaus decaphsd pressnre A fteh @0 nnmaaﬁ, rtl&rugsﬂaﬁoﬂ drabisteppaal andskeosi ty

useful for casting or coatlgigeonto a substrate. The useful viscosity is in
the rangecastox werﬁezltwdttlae XIeeP Ve agpllé@lwtbﬁrecaﬁﬁw@@é@ Weendi ng” on
appl | (AL | @lertFhd8|Pera e AOMERH S PhRG) & 0608 STRAL Ol Fei SRR bEEC 0N O a1
| east one S?JI‘ ?‘gce pr ef ergmjgﬁu %othr acoe surfa eé el%ﬂ Qe

el ect r oc opudiicle bize wasl hfeamecébmﬂ@@aﬂﬁlakerd@t $oattérivez msﬂrumenj(ahd &ss by brush,
roller, ipnk |et, ueegee, foam applicator, curtain coating, vacuum

coati ng, fglm‘i léeﬁ%ﬂ f#‘r?’@’“el ectroconductive substrate is generally thin,
and usual ly consists of a foil, nesh or net of a netal, such as al um num
copper, lithium iron, stainless st eeT4BEEdkel , titanium or silver. The
coat ed el ectraconduc ive substrate is then dried to forma coherent

conposi te e| Boamplee || &ek (8)t hat |dgit t\isepsiie (k) enfeluéian viseenityd{(Pacs) an
i nt erconnect ed conposi ectrg I na npp;.a g~battlery. The
aqueous el ectrode cojnﬁ:))(})(gjlaﬁ%on cc(rj@bzg gt‘rfoinal |y go gwﬁﬁé@ f:ed
tenperature[ fo achieyg hi gh adhdsippp strength. T"rglg'tjr ed el'ectrode |can be

optional ly |subjected|{to cal enderling at high pressure and high tenpgrature
to further jprove |12 900 50

3 170 200 7.5

15  The PVDF latex of example 2 is then formulated into an aqueous electrode-forming

composition and applied to an electro-conductive substrate and dried.

Example 4. A cathode-forming aqueous slurry was prepared by weighing 120 grams
of LiCoQ; and 8.3 grams of carbon black (VULCAN XC72R from Cabot) in a 500 m!
20  stainless-steel vessel and dry mixing at 500-1000 rpm for 5 minutes in a disperser. To
the dry mixture 3.4 grams of N-methyl-2- pyrrolidone (NMP), 0.64 grams of nonionic
surfactant (TRITON CF-10) and 0.25 grams of oil-based defoamer (TEGO Foamex
810) were added and mixed again at 500-1000 rpm for 5 minutes in a disperser. A 0.6
wt% solution of a polyacrylate copolymer (CARBOPOL 940) rheology modifier was
25  prepared in DI water by adding 1.2 grams of the rheology modifier to 198.8 grams of
DI water under vigorous stirring. Approximately, 150 grams of the rheclogy modifier
solution was added to the LiCoQOs/carbon black mixture and dispersed at 2000-2500

rpm for 10 minutes in a disperser. The final slurry was a smooth, thick paste.
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el ectrode adhesi on. The aqueous el ectrode conposition of the present

I nvention has an advantage in processing, in that water has a boiling point
| ower t hawotzh®/eedmonl y used sol vents for PVDF, and thugCrams2de/osered
faster, or at a | ower tenperature than sol vent-based PVDF compositions, and

| ower than conposj tions, con PTFE ures 15Q0C or
| ess, 1200C or Pé]%%sm‘i%b’d% %raq}l?é'g 5%0%1&%913%6%08?’?355& gggsed and
resul t | Ny U RidPVDIFRSINSR suchNR N Bkard \éan&ma@a alofi wmtm SaH8eYs

coating of the present invention over the solvent coafings of the art, is
t hat an agpelyethersoRank @m@l}gm@r@m@d%@efa&n@r (BEGFoamex I8y amd mpeedt | cl es

bi nding to the vvder trode mat nly at Sp eci.fic discrete
ot nt &t oTERBRabRPER Eh s fiob bk B S amrel reaie R SaRP R b v o
cont i mloug fiep4 W@ﬁbtﬁ'@ﬂleﬁﬁﬂq@ﬂé yOrﬁineg:ém@gi Waﬁ@iaﬁfehﬂﬂﬁmt dbesygentishuous
pol ymer coating fornmed from solution coatings, while very thin, still

serves as an insulator, reducing the EABEE cal conductivity. The

el ectrodes of the invention can be used to forman el ectrochenical devi ce,
such as a battlery,_ capacitor. el ectrfwouitadome |Peopeiotat dBelisist g Sofigabr ane
el ectr(pde assemﬂj(}oi( MEA) or fuel celll, byipmeajs knowms|i nzd.ou artgy. 2y
non- aqueous- t VBELIRBLEY Y cam be fored by Ti g8 0 gobg0atd 3§ ©f ©@.049%e and
positive el ect/yg@e O ef tITeT ST UE Of a SEPA (0T - .01 [SCIS6GI O 1500%
general |y a pOrEFeN CFPTuRERant! | 1 1 JpT egnatEgh|W T ghb el a5a4| 0t YU I Ca7%
sol ution. ExarpPEES FeERe &lgr TNe tatgx of UIE3[NVENgh 0.251 €epar gy a
typi cal proceqBaARBOPOREITVE.654 )T OPOIYIET S156dd)g_enok#d|T T &5.8b| The 0.65%
emul si fiers nHPVDEEMOBIoR (Twi%®N-1 ONIfC, SUCHp.GF [ hosgiajontago)l ng 1y agHs of
pol yet hyl ene JgTHGOIFcarnéd B8 OpyT ene ¢l ycol wy| o pobyd| et Tt NyT énmogl ycol .
Pref egabl y, tifeotar ocess and Tl uorop¢l yner 3 miiucedt.ocant a3743p0 T ioomoesiat ed
or partially fluorinated surfactant. The Tl uoropolynmer dispersions produced
have good |l atex stability and shelf-life, and are coagul umfree.

Example 5. A cathode-forming aqueous slurry was prepared by weighing 120 grams
of LiCoO; and 8.3 grams of carbon black (VULCAN XC72R from Cabot) in a 500 ml
stainless-steel vessel and dry mixing at 500-1000 rpm for 5 minutes in a disperser. To
25  the dry mixture 3.4 grams of N-methyl-2- pyrrolidone (NMP), 0.64 grams of nonionic
surfactant (TRITON CF-10) and 0.25 grams of oil-based defoamer (TEGO Foamex
810) were added and mixed again at 500-1000 rpm for 5 minutes in a disperser. A 0.6
wit% solution of a polyacrylate copolymer (CARBOPOL 940) rheology modifier was
prepared in DI water by adding 1.2 grams of the rheology modifier to 198.8 grams of
30 DI water under vigorous stirring, Approximately, 150 grams of the rheology medifier
solution was added to the LiCoOs/carbon black mixture and dispersed at 2000-2500
rpm for 10 minutes in a disperser. The final slurry was a smooth, thick paste.
To the smooth, thick aqueous paste of LiCoQOz/carbon black, 36 grams of 20
wt% solids PVDF emulsion such as in Example 1 was added along with 3.57 grams of
35 NMP and 0.57 grams of a polyether siloxane copolymer emulsion defoamer (TEGC
Foamex 1488) and mixed at 300-400 rpm for 2 minutes resulting in a smooth cathode-
forming aqueous slurry. After 24 and 48 hours the cathode-forming slurry was stable

without any syneresis.
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These preferred di spersions are absolutely free of fluorinated or partially
fluorinated surfactant- with no fluorinated surfactant being used in either
t he synt hwei2810013864m a post-addition. In the pol ynerizat iPCR/Use@omse 9t he
enul sifier of this invention could be added all upfront prior to

pol yneri zation, fed continuously duri Jilg&ﬂ;f pol yneri zation, fed partly
before and then during pol ymerization 2d after pol yneri zation started

and progress —Exahples 3| nto—an—=30 M'Jcn stai-ess st eel
reacforgwas o '@?Lﬁ‘ggm'g* ”T‘;’?l».si..., o2 Sl 31R)

(non- F1luori nkiG®anon- i oni ¢ surfacqant fﬂ%ﬂﬁoﬂsASF)O?’é% d 120 desi #eR%gnount
of propane adCabehBiadk transfer agent. Fol |886ing e at %3] agi t6aMPon was
begun at 23 rieWPand t he reactor wa$ heat e®.40Mf t er 0.fEAct dx00 enperldlOti] e
reached the dJeRiTONCHeSuaitant of 83 0C, t HBG4YDF chédage Webd| st ar t0ed%| React or
pressure was |THe® Fpanead0t o 650 psil by chdxaplng apHHPx| 2l y 40180
VDFi nto t he esRB@POL dx(e6%asact or | presstAldOnas sO-44511 i DB 4. 5 0189%| of
initiator solBYPROBMueIde(28fWiB) 5 wt % pot assIBNN per sUill f24t e 7 Q. S5Wit24%)| sodi um
acet ate was abWBd to the reactor to injti &% pol yhelliizal®n Thd.Bde of
further addi tiTEF0 beanmeaxel48hitiat or $ol uti o®-3%hs add-9%% ed %'d| abt 407 0%nd
mai ntain a filfete! VDE polynerizatioh rat e32273%t aughl-9007013ieA3hds W800¥GLr . The
VDF honopol yneri zati on was continued until approxi mat el y 170 pounds VDF was
i ntroduced in the reaction mass. The VDF feed was stopped and the batch was
al | oned tExangde6-Thetcatitodefernieg sinynles@ihed iaEyarepled worpphel pesaddal

nmonongr at. decreasin essure fter tation was stopped
and tde rBEETHM C%él‘”&’é‘ﬁ’f“e @ Ofgftﬁfﬁn%cé‘g\}g?(&cﬁng%&?%gal n the recovered
lat ex wergndgkieh Bvacs 1o °@rfaywﬁﬁﬁmes tBe g s iR dab@ef 30 wei ght %
and wei ght average particle size was measured by N COW |aser |ight

scatteri rtglclm@s olihEmicrantanddtadfgoan ddhasiopang seagk rosiganemunduperiing The PVDF
atex of EXAMRE B1dubs MlBRdpRl TRk EShe SR M QiR Rlkde- form ng

interconnectivity with fused PVDF binder.

25
Example 7. A cathode-forming aqueous slurry was prepared by weighing 120 grams
of LiCoysMmysNij 05 and 8.3 grams of carbon black (VULCAN XC72R from
Cabot) in a 500 ml stainless-steel vessel and dry mixed at 500-1600 rpm for 5 minutes
in a disperser. To the dry mixture 3.4 grams of N-methyl-2- pyrrolidone (NMP), 0.64

30  grams of nonionic surfactant (TRITON CF-10} and 0.25 grams of oil-based defoamer
(TEGO Foamex 810) were added and mixed again at 500-1000 rpm for 5 minutes in a
disperser. A 0.6 wt% solution of a polyacrylate copolymer (CARBOPOL 940)
theology modifier was prepared in DI water by adding 1.2 grams of the rheology
modifier to 198.8 grams of DI water under vigorous stirring. Approximately, 150

35  grams of the rheology modifier solution was added to the LiCoy;3MmnysNiy 302 /carbon
black mixture and dispersed at 2000-2500 rpm for 10 minutes in a disperser. The
final slurry was a smooth, thick paste.

To the smooth, thick aqueous paste of LiCo1sMn;3Ni110; /carbon black, 36

grams of 20 wt% solids PVDF emulsion as in Example 1 was added along with 0.57

40  grams of a polyether siloxane copolymer emulsion defoamer (TEGO Foamex 1488)

and mixed at 300-400 rpm for 2 minutes resulting in a smooth cathode-forming
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conposition and applied to an el ectro-conductive substrate and dri ed.

Exanpl e 4. A cat hode-form ng aqueous slurry was prepared by wei ghing 120
grans O LwGa@R/=3se78. 3 granms of carbon bl ack (VULCAN XCPeRUScan&gabot) in a
500 m stainless-steel vessel and dry m xing at 500-1000 rpmfor 5 m nutes
in a disperser. To the dr I xgure 3.4 qgr of. N-net hyl - 2- ryolidone
() O B st Afish P AT 18 s iehatogmp peing ebry 0y st S BhSYyr anof
oi | - based,glefgapkfs (TEGO Foamex 810) were added and m xed again at 500-
1000 rpmfor 5 mnutes in a disperser. A 0.6 W% solution of a polyacryl ate
copol ymer (CARBOPOL 940) rheol ogy nodilABLE das prepared in D water by
adding. 1.2 grans_of the rheology nodifier to 198.8 gra of DI water under
vigorous stirrfn oxi mof | % ¢ieT ot el@oliggy [Yoollifs er
sol ution was added, Mnj,Ng;0,CoO2/ carlbon bl4aoko|m xt wrespndodofsper spdzat
2000- 2500 r pm [PpodBFak NUTES T a di[SPerSergagiie 1 plggs| St BRIy WaSg gqosoot h,
thi ck paste. Tojgpfe STTOOTIT, TN CK_aqyeous pagkg Of  blo¢PCVCHRHION DI glpie,] 36
grans of 20 W |FRFIN OF10r-3(HEctERTUT ST 0T SUCT aggdln EXaRDp2le 1o @S adlgareal ong
with 0.57 granfeeb akek §RL Ner S1 1 0Xane COPEPSIMET el S| ofagiel oangkgd,|TEGO
Foanmex 1488) M 1 0T 180.00|NUL €9 4F@SUI §.64]0 | N @easppot h
cat hode- f or m NGvHAEGRIERN $2OWHY - dr 24 apslogi8 houon$3[t hey s@t hodes 3/ m ng
sl urrd was st AFEEOWobMBOL14881Y SYNEr 6S1S. 1AL 2 EB03] © P14|A 0.10%]|.
cat hode- f or m nM§o@mpUcoU OTTY Was QT epar 849.48] Wel H06|0 1324307 aHbo.8de11 CoO2
and 8.3 granms ©Of carbon black {( VOLCAN XC7ZR Trom cabot) tn a 500 mi
stai nl ess-steel vessel and dry m xing at 500-1000 rpmfor 5 mnutes in a

di sperser. To the dry m xture 3.4 granms of N-nethyl-2- pyrrolidone (NW)5
0. 64 grar@@&iﬂﬁéni onic surfactant (TRITON CF-10) and 0. 25 grans of

oi | - based defo T : qig}m Lnsat 500- 1000
rpomfor 5 m nuj'?ggeh?ﬁe g’%(;ilds:pe seé%&%}%%%gﬁﬁe?/ogggﬁﬂﬁéonlog@ %ol yg(f:ryl ate

copol ymerLiCCARBORNI; A%ehd Bileghmg pf nartiod bleck (AYLEAMDXCEAR I fronDCabat) er by

ddi 1.2 f. th heol di f.i. 8 f Dl . wat d
o1 gor gus e ORGP REAT HaE 1 SR b S KPP EE SR T or
sol uti on ggrrRdes tHeQiry ifxtitC08 cfreSs QM ACK pRirstidiR (M KD saer sed at

2000- 2500 o _
grams of nonionic surfactant (TRITON CF-10) and 0.25 grams of oil-based defoamer

25  (TEGO Foamex 810) was added and mixed again at 500-1000 rpm for 5 minutes in a
disperser. A 0.6 wt% solution of a polyacrylate copolymer (CARBOPOL 940}
rheology modifier was prepared in DI water by adding 1.2 grams of the rheology
modifier to 198.8 grams of DI water under vigorous stirring. Approximately, 150
grams of the rheology modifier solution was added to the LiCo/aMn,sNi;;0; /carbon

30  black mixture and dispersed at 2000-2500 rpm for 10 minutes in a disperser. The
final shurry was a smooth, thick paste.

To the smooth, thick aqueous paste of LiCo3MnysNip 302 /carbon black, 36
grams of 20 wt% solids PVDF emulsion such as in Example 1 was added along with
3.57 grams of NMP and 0.57 grams of a polyether siloxane copolymer emulsion

35  defoamer (TEGO Foamex 1488) and mixed at 300-400 rpm for 2 minutes resulting in

a smooth cathode-forming aqueous slurry. After 24 and 48 hours the cathode-forming

slurry was stable without any syneresis.

18



rpmfor 10 mnutes in a disperser. The final slurry was a smooth, thick
paste. To the snooth, thick aqueous paste of LiCoQ2/carbon black, 36 grans
of 20 wt Wveabiudss@YDF enul si on such as in Exanpl e 1 wasPatidsdoialoss?g wit h
3.57 grans of NMP and 0.57 grans of a pol yether siloxane copol ynmer emul sion
def oaner (TEGO Foanex 1488) and m xed -400 rpmfor 2 mnutes
resulting in a snooth cat hodeform ng 3%&3&%8 slurry. After 24 and 48 hours
t he cat ho -f.orm ng slurrv.ywas st a a wthout anvy cungraci

6. The Ca?ﬁofn fnrm na sl {:}:\l descrAmetsl(qu %rﬂq}rgraﬂ msar%ﬁm Fa\V rEXgnELe
i crord t hi ck |BiGamisMmaNuwe@ent col | éct or Wa90|a DoeBE| BRGRR andsh¥ed in a
convecti on oJeabaiBizadd OC for 30 mjnutes. b i nab2el edd3pde fid.ombad a
filmthi cknegaMef 55 m crons and had good B#thesi od0énd dr@gk redi.gdnce
under bendi ngTRISOANIH1IAGuEhatat r on M| cr ogr aphest| of  e0.8@2|r odeb4g ur f adk4784)d
Cross-secti onTEGOWweamexB16r connect i yity wi t0@5used0.PMDE Widbder. Exeiple 7. A
cat hode- f or ni|QARBOR@IOHD (86%rauy was | pr epaf &0y wed ¢8[ng 0900 qr ardshs%
O Li CQ Z3M 3NPIRBBERuiaina (2B wB%pr ans  ¢f car b¥fidMp| ackO.{ VUL CANOKC7 2R F2464n Cabot )
in a 500 m gumPnl ess-steel vessel |and drys.57 xed @o11$00-01@00 r prodoes] 5

m nutigs in alTEGPEb&Rx 148® the dry|[m xtur@.53]4 graoo| of oNdiret hylo-12%
pyrrolidone ), 0.64 grans of npni oni g22sa3f f act ago[ (13A4BON CHooldads| and
0.25 grans of oilT-based defoanmer (TEQO Foanmex 810) were added and m xed
again at R00-31090 rpmfor 5 mnutes in a disperser. A 0.6 wt%solution of a
pol yacrylm—e—Dé‘O‘pDI ymer ( CARBOPOL 940) rheol ogy nodifier was prepared in D
wat er by addi ribhellifogiMnmNof;(;fvethotie ddrogyg siuﬂyﬁe:e:nbtdmﬂl@:&nﬂalgﬁams of DI

wat er. under . vi gorous stirrin roxi mately, 150 heol o
e T R A B R Mo e e R e 0 et
m xture me@i@@dn%ealoﬁtovgﬂ%o?é%wﬁ@lﬁlﬁés lﬂlerﬂﬂauéleardda fAntliaaner ser. The

final slurry was a snooth, thick paste. To the snmpoth, thick aqueous paste
of Li Cqi /fBvhibicBNpds/o8§5 picanpa lirdagsiod aBBesgcn‘ami aickaesistneeswideds PVDF

emul si on baelsldmg S rTPngeElectro1131\/1‘?(:C11(C:ojgergtp A %gec\{mode suc}fa%z and cross-section

showed partially fused PVDF binder.

25
Example 10. The LiCo;Mmn;sNi,,30;, cathode-forming slurry described in Example 6
was applied over a 14 micron thick aluminum current collector with a doctor blade
and baked in a convection oven at 120°C for 30 minutes. The final electrode film had
a film thickness of 55 microns and had good adhesion and crack resistance under

30  bending. Scanning Electron Micrographs of electrode surface and cross-section

showed interconnectivity with fused PVDF binder.

Example 11.
A cathode-forming aqueous sharry was prepared by weighing 120 grams of

35 LiFePOy P1 (Phostech Lithium Inc.) with average particle size (Dsp) of 2-4 microns
and 8.3 grams of carbon black (VULCAN XC72R from Cabot} in a 500 ml stainless-
steel vessel and dry mixing at 500-1000 rpm for 5 minutes in a disperser. To the dry
mixture 3.4 grams of N-methyl-2- pyrrolidone (NMP), 0.64 grams of nonionic
surfactant (TRITON CF-10) and 0.25 grams of oil-based defoamer (TEGO Foamex

40  810) were added and mixed again at 500-1000 rpm for 5 minutes in a disperser. A 0.6
wi% solution of a polyacrylate copolymer (CARBOPOL 940) rheology modifier was
prepared in DI water by adding 1.2 grams of the rheology modifier to 198.8 grams of
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grans of a polyether siloxane copol yner enul si on defoaner (TEGO Foanex
1488) and m xed at 300-400 rpmfor 2 mnutes resulting in a snooth

cat hode- fwornrgiagaeous slurry. After 24 and 48 hours thecCtatshadasd2oy m ng
slurry was stable w thout any syneresis. TABLE 4 Exarrpl e 8. A cathode-

form ng agueous sl urry was prepared by we 120 o Li
12301 23NPL 2 UBAeT %’%‘%%{E’é‘ ngB%ﬁOBélﬁt‘E} @%9% ERIR iR 1%bot) i n
a 500 M ghighdy ReSaki@ed th\é%ﬁ@()ﬁ“ﬁcéﬂﬁdh Phet Mgkt a§991 %Q@Qi £t|%506 or

mnutes in a disperser. To the dry mxture 3.4 grans of N-neth -2-
pyrroli doﬁﬁ)qnﬁwﬁor 10 n6nutgs mdlspermnifbﬂﬁua@\!mf)awaammmtm t’ﬁ@dp@tel O and

0.25 f b dded and mi xed

agai ng;? n§08 1 9)81 r%sf'ﬂegtf gliuc %%fﬁee[%ég?gn?f@ﬁ%@bﬁfp %Ponilagk g"&ﬁf%%% ui(?on of
a pol yacryd a4 seRRPYDBen(ifibiBsRAIEQADle T RAOhATY ARG ikies drspared in
D water by addi ngﬁl 2 grans of the rheol ogiy nodifier to 198.8 granms of DI

wat er und‘!!!ﬂter/q‘llgtﬁ gragsi of wi pedyethns sl osanagerdlymen guulgion Wsfogmer HEGBeol ogy

nodi fier sol ut /carb bliagk m xture
and di spelr§s Xalt %%61 %ﬁ%@ F%)@:% rp%‘})%%zﬁﬂwgéél\lés‘lﬁ%glgﬁgwer alIhr‘i’ge'fi nal

sl urry weriingriaaédus stuthyC KA Rasiand 8 Holis tBeBahdtc-foRhilg shgHeRusstinast e

O Li CO Z3Mn1Z N 1Z3Q2 [carbon bl ack, 36 grans of 20 wt % sol i ds PVDF

enul si on it 48Y $YRCESEpl e 1 was added al ong with 3.57 granms of NWP and
0. 57 ans of apol yether siloxane copp ﬂtgr enmul si on def oamer (TEGO Foanex
1488) and m xed at 300-400 rpm for 2 mn es resulting in a snooth

cat hode-form My aquenys stur Ty AT TR Al oﬂ-g hroy otllékf gs&wgc f-or m ng
S! urry was SlLil*ﬂP%)&WH '1@15{}12_4?“%0 ne ESTS. jLft ﬁé)lﬁ 3 The 8!?.'2 Y Z3MWnl
Ni | O cathe RS-ty e e r-Hbed i Exan 5—was-appH-ad—over a
i [Garbon Black . = 4 3 7] A RN .
14 micron th gy Oﬂl AR tH-eRrt—eblHeet 830, U023, 8 adla "shaked in
. N;mp UENN] ||u rmoeurirorirt UCMoTT CCOT \Jl3'4 L ||. mUJL \JiQO “uue U‘:d 00
a convecti onpEetes O —for—36—mnutes Hrgtspteetrpade—itighad a
I I‘UN%Fm’Sﬁ’H“éct nt 0.6 2002 0.54 A7%
TEGO Foamex 810 0.25 0.001 0.25 0.18%
20 CARBOPOL 940 (0.6% ag) 180.00 0.504 1.08 0.78%
PVDF Emulsion (20 wt%) 36.00 0.101 7.20 5.23%
TEGO Foamex 1488 0.57 0.002 0.14 0.10%
DI Water 8.00 0.022 0.00 0.00%
Total 357.16 1.00] 137.61 100.00%

Example 12,
A cathode-forming aqueous slurry was prepared by weighing 120 grams of

LiFePO4 P2 (Phostech Lithium Inc.) with average particle size (Dsq) of 0.5-1 microns

30  and 8.3 grams of carbon black (VULCAN XC72R from Cabot) in a 500 ml stainless-
steel vessel and dry mixing at 500-1000 rpm for 5 minutes in a disperser. To the dry
mixture 3.4 grams of N-methyl-2- pyrrolidone (NMP), 0.64 grams of nonionic
surfactant (TRITON CF-10) and 0.25 grams of oil-based defoamer (TEGO Foamex
810) were added and mixed again at 500-1000 rpm for 5 minutes in a disperser. A 0.6

35  wt% solution of a polyacrylate copolymer (CARBOPOL 940) rheology modifier was
prepared in DI water by adding 2.4 grams of the rheology modifier to 397.6 grams of
DI water under vigorous stirring. Approximately, 220 grams of the rheology modifier
solution was added to the LiFePO, P2/carbon black mixfure and dispersed at 2000-
2500 rpm for 10 minutes in a disperser. The final siurry was a smooth, thick paste.

40 To the smooth, thick aqueous paste of LiFePO,4 P2/carbon black, 36 grams of
20 wt% solids PVDF emulsion as in Example 1 was added along with 8 grams of DI

water and 0.57 grams of a polyether siloxane copolymer emulsion defoamer (TEGO
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filmthi ckness of 55 microns and had good adhesi on and crack resistance
under bendi ng. Scanning El ectron M crographs of el ectrode surface and

cross- secwpaniogtismed partially fused PVDF bi nder. ExanplPeTAB2010la6219 Cqi /
Vhi z3Ni i z3g 2 cathode-form ng slurry described in Exanple 6 was applied

over a 14 _mcro I ck alum rrent collector with a dogtor, bl ade and
baked i EOUGHEE) o1t B theOL0GET G S50 Grelitee o Balerr oae
filmhad grfiddudubbskigsy RfteoRt MaysHbrAid cABRESIIRPEIRMIES) Fhs aRbleCr ack
resi stance under bending. Scanning El ectron M crographs of el ectrode
surface awtthertesysgertsion showed i nterconnectivity with fused PVDF binder.
Exanpl e 11. A cathode-form ng aqueous,ﬁgbﬁg was prepared by wei ghing 120

grans of LiFePO 4 PI (Phostech Lithiu Wi th average particle size
(D50) of 2-4 mcrons and 8.3 grans of car bon bl ack (VULCAN XC72R from

Cabot) in g—500 m—stal Nt €S5St EeTanaRs oI NIS6Id30 |93 Sonds) - O rpmfor

S L AT L R A T 1 e

pyrrol i don a*bé‘h‘foat;&”' U:l' gl Sl.llb OT III_L'J_:_II,‘L,'J\II&BO DUI_I—gb_p R AaN TON Af5ol ) and

0. 25 grans p O T - DaSet GeToOaner (T TEO0 S YRMEX— 04y ©h Ea) m xed
6 .

again at 5 TT%@@%SUH&&%W S—rutes lnagz}_th_sp‘%_loe = Q’-% 5 t ol uti on of

N DD

h B A8Y%
a pol yacryifgggﬁogmg*gi r—( CARBOROL 54070 5% eot OG0T 4 & Wasy pgegjpared in

D water by 288FRY o940 b3 5P of e THegERUY TOgES[ €T 83 198 Foggrjans of DI
wat er undepyBEEHRIG TR Y. APPToxi BELG{T Y, 1689[0T aFg Of tEsgefieol ogy
modi fier SEERRTRIT I pgaUUed U iTe T FerEy BFT[00Th B ToeHr e and

di spersed %,I—Wé 02500 pmfor 16—m Ilué'ﬁ'{}: T ag B3[SPER &8T - 1 ogosnal slurry
was a SMQif; TRk paste. 10 tHfe SToghdls7 |t TRy gg|Uqergs (Pas Y gn.6de4li FePO P

[ carbon black,—36—grams of 20 W 9% sotTds PVDF enurston as 1 n exanple 1 was

added along with 8 grans of DI water and 0.57 grans of a pol yether siloxane

copol yner |-on def oaner (TEGO Foanex 1488) and m xed at 300-400 rpm for
2 m nuteExecl ! 1E'Qng in a snoot h cat hodef orm ng aqueous slurry. After 24 and

48 hours the catdibaie-foommgrgusdusrshyrinass meprtébyweipbutg Btheraypnef esi s.

10 LiMnO, with average particle size {Dsp) of 0.5-1 microns and 8.3 grams of carbon
black (VULCAN XC72R from Cabot) in a 500 ml stainless-steel vessel and dry
mixing at 500-1000 rpm for 5 minutes in a disperser. To the dry mixture 3.4 grams of
N-methyl-2- pyrrolidone (NMP), 0.64 grams of nonionic surfactant (TRITON CF-10)
and 0.25 grams of oil-based defoamer (TEGO Foamex 810) were added and mixed

15  again at 500-1000 rpm for 5 minutes in a disperser. A 0.6 wt% solution of a
polyacrylate copolymer (CARBOPOL 940) rheology modifier was prepared in DI
water by adding 1.2 grams of the rheology modifier to 198.8 grams of DI water under
vigorous stirring. Approximately, 140 grams of the rheology modifier solution was
added to the LiMnQ,/Carbon black mixture and dispersed at 2000-2500 rpm for 10

20 minutes in a disperser. The final slurry was a smooth, thick paste.
To the smooth, thick aqueous paste of LiMnQO,/Carbon black, 36 grams of 20 wt%
solids PVDF emulsion as in Example 1 was added along with 8 grams of DI water
and 0.57 grams of a polyether siloxane copolymer emulsion defoamer (TEGO
Foamex 1488) and mixed at 300-400 rpm for 2 minutes resulting in a smooth cathode-

25  forming aqueous slurry. After 24 and 48 hours the cathode-forming slurry was stable

without any syneresis.



TABLE 6 Exanple 12. A cathode- form ng aqueous slurry was prepared by

wei ghing 120 grans of LiFePO P2 (Phostech Lithiumlnc.) wth average
particl e wozel(B38@y of 0.5-1 microns and 8.3 grans of cachars2tbasde7¢ VULCAN
XC72R from Cabot) in a 500 nml stainlesssteel vessel and dry m xing at
500-1000 rpmfor 5 mnutes in a d| ;ﬁé To the dry m xture 3.4 grans of
N- et hyl - 2- pyrrolidone (NWP), O0.64 ‘glé of nonionic surfactant (TRI TON
CF-10) ang 0. 25 grans of OI I - DAAGRuMETRDNES o Tidwabd Jo@ e Sdildg We| € added
and m xed Lag,"N at 500- TOO0 Tpm Tor J:8h@ut es glsesR BbIDE’ SeB7.36% . 6 W %
sol ution arb%pm.élclyduy'l ate cop |y|n=,'l (M%Bu-'uaﬁﬂﬁ RGO OUYs iR fi er was
prepar ed g water by addrmg (2% graghg of letmqllt:u B9y TT0Uh hae to 397.6
grans of IO EE10%8 Sttt 90T OUS StTT T4 5l /—\pglag‘_l TEh BAY, 228485 ANS of the
rheol ogy [FEBO EEmexBigPl | O Was [added tpog[Te ChipgOr §25[Car boghdatjack m xture
and di spelcaREoRPOL WY Wsrag0 T P T o7 16, ajTTUT €9 J658 @ gBHPeT Seherone final

sl urry WaSvBESRRIon .20 MG K Paster 10 Balgy SMoohNqs|l M £ Bo[aqUEOEB9pjast e

O Li FePOAREEETEIL AR 48gacK, 30 (r ans OTo g W 7 pesl USp TADF_CTRNgE;[on as in
Exanpl e NGRS aguedat oy Wt glangog)m D—Val 53] 45 3H o 198.6095 of a

180, .
pol yet her—sToxamnme Topotymer—enut ST om def oamer—{ 1 EGOFOaNEX 1_488“)“ and m xed
at 300-400 f mfor 2 m nut es resulting in a snooth cat hodef orm ng aqueous

slurry. ter 24 and 48 rs.the cathpde-formn urr tabl e wi t hout
any syner le Thp/Ecath Elgfﬁue%séﬁlﬂi’o‘ﬁ%g Hrﬁ?q%?‘ﬁ {@Blgsl lurry was

pr eparsed %Xm%fﬂftt aaha% DLk o@talﬂo%lé’\‘]m@)ﬁﬁr ﬁ@‘?zll?%}ﬂ Ehotpinze (D50)
. crons 8 3 grans of carbon bl ack (VULCAN XC/2R fr'om Cabot) in

a 500 m H0anhdtesksssted vessebarul dramdlngrayS@ﬁ' iOO{ngm fBO0RmOES in pm for 5

m'nutesi a dis erse Toth t - 2-

pyrrol i d ﬁQNP? C%}i ?‘té\‘ﬁ% %%%?Bcﬁ‘n &‘%’ ﬁ?ﬁ@%ﬁ%@“@@‘?@ gé%m? O and

0.25 gr ar@"n@ﬁmﬁic' subRsest (@Rﬁp@m&tm@ﬁm -29 PR FO)1-piRsEdasdeed and m xed
(TEGO Foamex 810) were added and mixed again at 500-1000 rpm for 5 minutes in a

10 disperser. A 0.6 wt% solution of a polyacrylate copolymer (CARBOPOL 940)

rheology modifier was prepared in DI water by adding 1.2 grams of the rheology
modificr to 198.8 grams of DI water under vigorous stirring. Approximately, 150
grams of the theology modifier solution was added to the LiCoO»/carbon black
mixture and dispersed at 2000-2500 rpm for 10 minutes in a disperser. The final

15  slurry was a smooth, thick paste.

To the smooth, thick aqueous paste of LiCoQOs/carbon black, 36 grams of 20

wt% solids PVDF emulsion as in Example 1 was added along with 0.57 grams of a
polyether siloxane copolymer emulsion defoamer {TEGO Foamex 1488) and mixed at
300-400 rpm for 2 minutes resulting in a smooth cathode-forming aqueous slurry.

20 After 24 hours the cathode-forming slurry was stable without any syneresis.
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again at 500-1000 rpmfor 5 mnutes in a disperser. A 0.6 w%solution of a
pol yacryl ate copol yner (CARBOPOL 940) rheol ogy nodifier was prepared in DI
wat er by wiodnrg3ged2 grans of the rheology nodifier to 128TRISQe1anss20f DI

wat er under vigorous stirring. Approximately, 140 granms of the rheol ogy
nodi fier solution was added to the Li Mﬁr bon bl ack m xture and

di spersed at 2000- 2500 rpmfor 10 mn a disperser. The final slurry
was a smooth, thick paste. To the snooth, thick agueous paste of

Li M2/ Gar bon bl ack, 36 gpamentofgn20{%biad«al il8sidPVDFE enul si on Solids Exanpl e
1 was acgﬁgj)@l ong wWih 8 or ans oo dgl wat gry7gind 0. 57 gr ansu@fooa poI y@tﬁ%
si | oxan Cé’l’b’éﬁ%f&dkcl Cllul StHon UCI U%% = Uallc/\ J.‘-l-OU} alllgslo xed a—%04°/0
300 400 go L III IIUl. Cco ICDUI LISM III aohjl.*.utll L,G.LJI-I_OUCI Ul IOIU{}J aqu’U%LonD
slurry. ] clatt ur—s LII%BHJILIIUU'E—CQ.IIIIIIQ storry WS4 LaUIUOFé‘
any syng Foahfé '8'1700 Exgmpte J.H-pz; batllﬁgdseflw nT1g aqucucrﬁzs Ur Ty Y58,
prepar edsJyg Lgk&bl(wsc},légj gr-arms 150,06 WU‘QQH’[} 8 8—grams—of b,@ﬁ T O &5y,

hout

( VULCAN T S00starmessosteet—vessel gnd—ory—nTi ng
at 500- 1808 ERIRi§Obo med)i Nut es i ng@oMi spepgpy]. To the dry mipspure 3. 4,94 ATE
of di metfgag %] . 0. 9470T amsq ggp| O OM T Surfagh &

CF- 10) Bial0. 2o grams of [0 I - DagqgYe[0CT Oanggo| ( TECO FOANEX B%@3[ Wer elggg
and m X agar m at 500- 1000 rpm for mMnutes 1m a df Sperser. A 0.6 W9

sol ution I%Im%l@%.y%ée\éﬁ@ée%ﬁﬁ&%'a\ﬁ us@%m e;?a‘%ﬁéeor og%nﬂ%)éll 4 g'rf'tgr 1\3288

pr epar ed wat er addi ng~1 gr ans “of
grans of @hmwafbr(?amwad a4 genlslmﬁabomblan]g(vmhmw&qum[ﬁﬁotglm ns of the

heol difi | ut,i dded. t i Coq 2/ carbon bl ack mi xt
naCar o T sihssoue samel i FEmeg SiFd wﬂﬁoa%ié@ﬁ%@an aThe f1nal
sl urry WafspRrsef09s the drghﬁk u¥@§ﬂ%raﬂsooitd¥1%e§ﬁpﬁﬂibxﬁe @ ¥esmPast e of

Li Coq 2/ carbon bl ack, rans of 20 wt % solids erm sion as in Exanple

1was addem’nmnmrf&mﬂht @. IG%OM Gahd 0panda0.8% E;ﬂémﬂrmfrmhbasgi( defeame(dBE®r enul si on
def oamer P(o-ell-lllz‘l(é;)?SIl:(?)a wete aéé (P Z}Hdanqg(eg‘l aéa%j af® §OO-1000 rpm for 5 minutes in a

disperser. A 0.6 wi% solution of a polyacrylate copolymer (CARBOPOL 940)

rheology modifier was prepared in DI water by adding 1.2 grams of the rheology
10 modifier to 198.8 grams of DI water under vigorous stirring. Approximately, 150
grams of the rheology modifier solution was added to the LiCoOs/carbon black
mixture and dispersed at 2000-2500 rpm for 10 minutes in a disperser. The final
slurry was a smooth, thick paste.
To the smooth, thick aqueous paste of LiCoO,/carbon black, 15 grams of 20
15  wt% solids PVDF emulsion as in Example 1 was added along with 0.57 grams of a
polyether siloxane copolymer emulsion defoamer (TEGO Foamex 1488) and ntixed at
300-400 rpm for 2 minutes resulting in a smooth cathode-forming aqueous slarry.

After 24 hours the cathode-forming slurry was stable without any syneresis.
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300-400 rpmfor 2 mnutes resulting in a snooth cathode-form ng aqueous
slurry. After 24 hours the cathode-formng slurry was stable w thout any
syner esi SWOABLOA3S4Exanpl e 15. A cat hode-f or m ng aqueous PETArSey10maR7pr epar ed
by wei ghing 120 granms O Li CoO2 and 8.3 grans of carbon black (VULCAN XC72R
from Cabot) in a 500 ml stainless- steﬂ@xﬁsl and dry m xing at 500-1000
rpomfor 5 mnutes in a disperser. @mxture 3.4 grans of dinethyl
sul foxide(DMSQO) 64 grans of nonjonic surfactant (TRI TON CE-10Q) d 0.25
grams of oil-hased_def nrﬁ'ﬁQumﬁ Yeendiiek 18913 were added JxRPid%i xed] agai n at
500- 100QLiCpf f or 5 i nutfes i n120.00f sperd#ee] A 0.6 wt % $20100) i on @£07%
pol yacr yEakd seapol yner (|CARBOP@30P940) gdaeol ogy nodi fremapas pregmied in D
wat er bypmsll Ng- 1. Z grans of ( kagr heolgagy] nodifrer to 1938 8 gr amwe%bf DI
wat er unfTRTONCRIOSHHEstaRT 1|1 r1 ng. oAppr oxigvatlel y, 150 grameegff t he o4ggpl ogy
nmodi f i enTE0 esbmeRigvas added tookBle LI / carbon bl ack osxt ur e caied
di sper s¢chrREOPEDMHEEPEY) [ pm Tors5000] M nuises| 1 n a di sperserpl The Tagsa| slurry
was a snooth, Thick pastfe. To the snooth,] thick aqueous gaste of
Li CoQ2/ ¢rums@mulsibe@iwtsl5 | gr anms 1800020 wodsgol | ds PVDF enabgi on ag26n| Exanpl e
1 was adrkd rebexg48® th (. 57 grags of a@.0pyl yet her si | oxang copoloyior
emul si offifot@T oamer ( TEGO| Foane2081é88) amdo]m xed at 300t382§] r pmido@o%P mi nut es
resulting 1n a snooth cat hode-form ng aqueous slurry. After 24 hours the
cat hode-formng slurry was stable w thout any syneresis. TABLE 10 Exanpl e

%;5 A catEvgnm}Ie flér mcgh?m@ugmgsagrem?: shary wasgpepad! by waghyigi 12§ 120 gr ans y
Li CoO U 500
st a: nl esgglflégl“&%’%agrﬁgga%?@%m% : b]%f gg@“‘fggg%igﬁgﬂnﬁ%bg?ﬁ H’Itf?eg in a

di spessersoo kRl dillRlcti-Medliveisel -.ﬁld?drg 9@0 tﬂoojtﬁﬁphyforguhﬁlmég dea (DVMBO) 5 0. 64
granms of nonionic surfactant 10 and h?r ans of oil-based

def oaner dispEGEr. FB@ﬂ@)dIB]IO}tWégm@le@mthﬁi S@éﬁJXH@a{D ¥?), 09-21909 rpmfor 5

m nutes in_a disperser A I copol yrer

(CaracraCT SRR SRSy (HBAT N a0 428 R oS et vy 2. 2

grans of (TEQ}U Reehaxoy 0) were added and mixed again at 500-1000 rpm for 5 minutes in a
disperser. A 0.6 wi% solution of a polyacrylate copolymer (CARBOPOL 940)

10 rheology modifier was prepared in DI water by adding 1.2 grams of the rheology
modifier to 198.8 grams of DI water under vigorous stirring. Approximately, 150
grams of the rheology modifier solution was added to the LiCoO,/carbon black
mixture and dispersed at 2000-2500 rpm for 10 minutes in a disperser. The final
slurry was a smooth, thick paste.

15 To the smooth, thick aqueous paste of LiCoQO,/carbon black, 60 grams of 20
wt% solids PVDF emulsion as in Example 1 was added along with 0.57 grams of a
polyether siloxane copolymer emulsion defoamer (TEGO Foamex 1488) and mixed at

300-400 rpm for 2 minutes resulting in a smooth cathode-forming aqueous slurry.
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nodifier to 198.8 grans of DI water under vigorous stirring. Approximtely,

150 grans of the rheol ogy nodifier solution was added to the Li CoQ2/carbon

bl ack m xwoneioarssksdi sper sed at 2000- 2500 rpm for 10 m neCeEUSRMOA3ATSpeEr ser .

The final slurry was a snooth, thick paste. To the snooth, thick aqueous

paste of LiCoq 2/carbon bl ack, 60 gr L‘_( 0 Wm % sol i ds PVDF enul sion as
SAgE

i n Exanple 1 was added al ong with O. of a pol yether siloxane
copol ymer mil sion defoaner (TECGQ Foanex 1488) and mixed at 300-400 rpm for

2 mnutes fesulting in asiATRLNS @Rk RRGRTYR, ISAHs oouoous sludPPoiting B ] |
Exanpl e 17|LiG¥& Li CoO cat hpde-f gi2bdlyg sl 8% descri bed 1808 anpl &4 3%6was
appl i ed ovglarben Bld&km cron thick al @#8dlnum 6024 ent col |l ector88ilth a &é4k|or
bl ade and p#&&d in a convertion o¥%#h at 98® QC for 30 m nUPks, TheoFk|nal
el ectrode [TRITNICAM Sprfagtantn | hi ckne%®4of 70004 cr ons and hadd-8fnod adBé%tlon and
crack resi iﬁEﬁﬁéFaamehBMr bhenfi ng =43 0. it  odes 0%

produced u a ousa? ' -dgsc:-pbed—mw ﬁs" Two
sets of tw gggg% ip'%:e(\g Iﬁ%}(gylnl .rfrhfj? | bat b&{s es_) wth de5|1 capa%'% of 2

Ah were pr Eotvh
positive e oamex 14 . L0571 0 TTe02b } ML JO% P or
) ' C :ﬁa I"Uuc vwao bylllpl I DC%43J16 J=70 ! UCT y atll v I.‘ - Ialﬁ.oabdg
Li Nl CoMnO y—ptrus——conductive materrta J, SUY/W the—agqueous u'?' persromr PVDF
bi nder (on a dry solids basis), plus less than 1% thi ckener and ot her
addi tives including antifoanm ng agent in order to have an appropriate,

wor kabl e Btamply 1%.i $bokiGo; datwdeforanns shfrynicsaibal imBkahple 3t weburry) of a

fugiti d ' t . ! dd t he. sl id

| nter conBeRTOPYS A eron sk g aren s Relgari D doribe bR

conpr issed,@td FPNERRAEctIARRh bE 1T WUSToF 0D MhahtcY CTRORES klec¥BALInghsd £ 97. 59
and wat er borne styrene-butadi ene rubber (SBR) binder (2.5%on dry basis).

Bot h posifilin/icknessioédamiigrone prdhadgned adhescorndesgackrasistiess widblender ed to
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Examples 18. Positive electrodes were produced using the PVDF aqueous dispersions
10 described in Example 1-3. Two sets of two 18650 cells (cylindrical batteries) with
design capacity of 2 Ah were produced using LiCoO; or LiNiCoMnO; active
powdery materials.
The positive electrode was comprised of 94% powdery active materials
(LiCoO; or LiNiCoMnO,) plus conductive material), 5% of the aqueous dispersion
15 PVDF binder (on a dry solids basis), plus less than 1% thickener and other additives
including antifoaming agent in order to have an appropriate, workable slurry
viscosity. Less than 5% (on total weight of slurry) of a fugitive adhesion promoter,
NMP, was added to the slurry to provide interconnectivity within the electrode.
The negative electrode was comprised of manmade graphite plus conductive
20  powdery materials (97.5%), and water borne styrene-butadiene rubber (SBR) binder
(2.5% on dry basis). Both positive and negative electrodes were dried and then
calendered to ensure good interconnectivity.
After initial charge and discharge cycles, all four batteries were tested at room
temperature and were cycled at 0.45, 1.2, 2.4, 3.6 and 4.8 A current rates. Both sets
25  of batteries achieved over 95% of theoretical capacities and showed good capacity

retention, which is indicative of good interconnectivity.
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After initial charge and di scharge cycles, all four batteries were tested
at roomtenperature and were cycled at 0.45, 1.2, 2.4, 3.6 and 4.8 A
current rapes1o/Bsdd sets of batteries achieved over 95%pafi/ush@onsdrcal
capacities and showed good capacity retention, which is indicative of good
i nterconnectivity.Both sets of batteries re cycled at Q.8C discharge/1 C
charge for at P8 Stetsz{%blaftﬁ%%g e FQS‘S?F{ ?@&éﬁ%ﬁﬁ%&eﬁmép@gﬁ OrAt Lt Tt ant
reduct i ongjjs Eﬂ%oﬁﬂ%ﬁb&h%eﬂ%%ﬁg{ﬁﬂcan%wcﬁﬁin]tﬁc cdpaSiff wlf batteries was
produced using a flat pouch design, having 3 Ah design cdpacity. The

posi tive ebsctedode was conprised of active ingredient Li NiCoMhQ2 (88.2%,
conductive carbon (acetylene black and super P, total of 6%, thickener
(CMC, 0.8%, and water borne PVDF binder (5% on dry basis). The negative
el ect rpdepwaapie®ri sed of manmade graphite (86.5%, conductive carbon
(acetyl ene bl'ack and super P, total of 5.5%, thickener (CMC, 7.0%, and
wat er bor AserufibrRttpliesiers redecsa using aglas peych designs hayass3 idesigybj ect ed to

heat and pressurg to ure. i pterconnect i, viet v, k. jni.tdal arge and

i schar ge ByeDas e ERF LlBubll 85 QIRRGA Bt bfbre b ieb N MR Lr e Oy e
at 0.2, 0(88.29%9), céndusiiet &rbon @t@slend Blachbaid &ipyr Pabia0 bNEmy, ehidéheat 100, 98. 5,
94.8, 86.8, and 82.2% of design capacity respectivel ﬁ" The batteries

mai nt ai ne@ME98-8¥0)¢ andiwaterdurmP ¥R dundey (Shon dybpedt dicnegaver 250 cycl es

at 1 Gr [ i ' Fovi t it ' is: 1. An
quedls. e HShARHES Rl SRR TR Sy ot Be Lo BoBBRerklt
parti cl esblivkvindgupendt itarhlt ofavEn g declpmet (QUE, 31028, afd WassbdrhaRVBFO run, ; b)
om 10 to 500 parts of powdery el ectrode-form ng materials; c)

opt i onal IBngsr§hien; Y?ggqéa(r)]t%@g%‘;d%éﬁ‘@r%“bﬂﬁﬂféi tp heghdBd eFessugyo gptiiconal |y, one
or nmore phi-adhHskivity. agents;

After initial charge and discharge cycles, batteries were tested at room

15  temperature and were cycled at 0.2, 0.5, 1, 3, and 5 C rates. The battery performance
was at 100, 98.5, 94.8, 86.8, and 82.2% of design capacity respectively. The batteries
maintained 95% of their design capacity when subjected to over 250 cycles at 1 C

rate, illustrating good interconnectivity.
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e) optionally fromO to 10 parts of one or nore additives selected fromthe
group consisting of anti-settling agents and surfactants; f) optionally
fromO towb2pavi3se46f one or nore wetting agents; g) optipcmaliskgrofosen® O to
150 parts of one or nore fugitive adhesion pronoters; h) 100 parts water;
all parts_heing parts by weight based on 100 parts by weight of water, and
wherein t BN contains no fluorosurfactant. 2. The aqueous

conmposi ti pnagf ﬁéd’ﬂs% GQRPE Lehfgkin®) 1 to 50 parts fluoropolyners
particles haV| g a V\BIS ht average particle size of less than 400 nm b)

from 20 to 400a)par t omf0. bttelii}paxtsrfhloymmengrs phizictos bdeingatvesi ghilageragy

optionally fromQ to. 5 0 ne or nore thickeners; d) optionally, one
or nore pH adj ng{l?lﬁéi@@gfﬁsgﬁu@?@ﬁmo 1 to 5 parts of one or nore additives

sel ectsed fromge QfeMP1GABSSGY ipBds OF @t br Sﬂir&'pdﬁ@ﬁ%ﬁcﬁod&ﬁ)rﬁhﬁ% actants;
f) optionally fromO to 3 parts of one or nore wetting agents; roml to

50 parts of onmaigrialsbre fugitive adhesion promoters; h) 100 parts wat er ;

all parts bein gg,r‘%l’I(S’HXlg’mﬁP‘g’}Htob@(S}”?ﬁsogP&Qgr arts. Pé’ne\f\@' ght of water and

wherein the co osur act an ’3. The aqueous

conposi tion ofgl ai @tibnﬂ\ﬂfbglbﬁb arﬁ@mp}ﬁlaujagmgoégemf is a polyvinylidene
fluoride (PVDF) homopol ymer or copol ymer conprising at |east 70 nole
percent of virgli de(?}’élofliﬂ@bffpﬁbo ddilpgans Ofweeaﬁme§dé5%%§?lﬁqt%ﬁem claim 3,

wher n said P \ n 1.0 kp, by ASTM
D 38 at 45G)tg mglg%@s ﬁfﬁtg; fa!.nﬁ%gﬁf.ﬁl% gghﬁg%gg&g%c%ggl tion of claim1,
wherein the flfyor opgitiprzEity femtd ol Sesurtsay enaorv@bghtctingagges; parti cl e si ze

| ess than 400 i crons.
g} optionally from 0 to 150 parts of one or more fugitive adhesion

promoters;
h) 100 parts water;
15 all parts being parts by weight based on 100 parts by weight of water, and

wherein the composition contains no fluorosurfactant.

2. The aqueous composition of claim 1 comprising:

a) 1 to 50 parts fluoropolymers particles having a weight average particle size
20 of less than 400 um;

b) from 20 to 400 parts of one or more powdery electrode materials,

c¢) optionally from 0 to 5 parts of one or more thickeners;

d) optionally, one or more pH adjusting agents

¢) from 0.1 to 5 parts of one or more additives sclected from the group
25 consisting of anti-settling agents and surfactants;

f) optionaily from O to 3 parts of one or more wetting agents;

g) from 1 to 50 parts of one or more fugitive adhesion promoters;

h) 100 parts water,

all parts being parts by weight based on 100 parts by weight of water and

30 wherein the composition contains no fluorosurfactant..

3. The aqueous composition of claim 1, wherein said fluoropolymer is a
polyvinylidene fluoride (PVDF) homopolymer or copolymer comprising at least 70

mole percent of vinylidene fluoride units.
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6. The aqueous conposition of claim1, wherein said powdery el ectrode

mat eri al conprises one or nore materials selected fromthe group consisting
of |ithiuweoalwssall nmetal oxides, sulfides and hydroxi desT/use@o@s6279

Li Ni xCol-xq 2, Livn O, LIiN O, LiFePO4, LiN xCoyWMhzOm, LiN xM®A z0 where

X+y+z = 1 a mis an integer resenting t, er of oxygen gtomin the
ox1 de Lo fir 0P AaSHHS BYEEET O WAL e et YUY R AP ST SN de.
it hi um i 6RAEPRRSANGKS byl ASTMUNIRBR GRIRSE alkh 0Pt e, | i thi um ni ckel oxi de,

and |ithi um nmanganese oxi de, carbonaceous materials, nanotitanates,

graphite, activated carbon, carbon black, phenolic resin, pitch, tar, and
carbon fi m,0.2 to 150

ers. 7. An_aguequs osi tion.c ising. a) fr .
o e pol Sy e TR, Mo B RoR A patle R g or ago
particde kbt HferdRartidasiz~4 R8s thiah A00miérban 10 to 400 parts of one or nore
powdery el ectrode-formng materials; c) optionally fromO to 10 parts of

one or nore thickeners; d) optionally, one or nore pH adjusting agents; e)

fromO t°6.19¥1e°§c{11{e8us°£otr§§%%ﬁ% orf%[a?mqg%%k}’ne%{%ﬁgcéferef):{rgépé‘tr:hﬂ%ﬂ roup

consisting o I-se I'ng agents sur onally fromO to

5 parts ofondieobnd® orsahitemdls fdenédirod )thagroap teslistivg ofifithinh-salts ehe or
nore fugitive adhesiqgn pronoters; h). 100 ]E),ar,ts water; all parts being parts
by wei ghtmptakeddes sulfdesandihydpaxidgs; Qs Lipdis(etxOg, LiheOaddd#ds conposi t i on
of clgj m; I S G, fr : yyi ' ori de (PVDF)
part ily esLlﬁgggﬁ’gh?l’&%%ﬁ%oﬁ’vgﬁggh%?%c élt%(l%&o}{ aﬁg@sgﬁﬁgﬁ&g 0 nm; b)
from 10 tepefhting thesmofibanné onygentaten pothe exidead potvidecerdlettivnriglamagéderi al s; c)

optionally fraom ol ar f . one or nore thickeners; d) .optionally, one
OP mor e dﬁp]gaﬁa,slgtp{q& %cg)@ﬁtog(}dse, ﬁthium %‘on phospLate, llthlcum manganese? phogphate, y
lithium-nickel oxide, and lithium-manganese oxide, carbonaceous materials, nano-
titanates, graphite, activated carbon, carbon black, phenolic resin, pitch, tar, and

15 carbon fibers.

7. An aqueous composition comprising:
a) from 0.2 to 150 parts polyvinylidene fluoride (PVDF) particles having

a weight average particle size of less than 400 nm,;

20 b} from 10 to 400 parts of one or more powdery electrode-forming

materials;

c) optionaily from 0 to 10 parts of one or more thickeners;

d) optionally, one or more pH adjusting agents;

€) from 0 to 10 parts of one or more additives selected from the group
25 consisting of anti-settling agents and surfactants;

f) optionally from 0 to 5 parts of one or more wetting agents;

g) an effective amount of one or more fiugitive adhesion promoters;

h) 100 parts water;
all parts being parts by weight based on 100 parts by weight of water.
30
8. The aqueous composition of claim 7 comprising:
a) from 1 to 50 parts polyvinylidene fluoride (PVDF) particles having a
weight average particie size of less than 400 nm,;

b} from 10 to 300 parts of one or more powdery electrode-forming materials;
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e) from2.7 to 10 parts of one or nore additives selected fromthe group
consisting of anti-settling agents and surfactants; f) optionally fromO to
5 parts oVOoan®/B3864more wetting agents; g) from1l to 50 partts2@i/ 086229 or nore
fugi tive adhesion pronoters; h) 100 parts water; all parts being parts by

wei ght based on 100 ts b i.ght of water. 9.. The aqueous conposition of
claim7, V\/nerei%n @HPEG?B\%P“ﬁé\é\%Q%ﬂQF P£%%&?rF®1%e%Feater than 1.0 kp, by
ASTM D- 3835 at g/ 2R ARdodOf koS adjtfing Hgnt&queous conposition of claim?7
wherein said PVDF I's a honopol ymer or a Copol ymer conprising at |east 70

wei ght per cent eloffrom Bylto d@perts bliens atenore nddrtvesgeiectsd floin thEhmoggueous
conposition of claim.J’ articles have a wei ght average

7, (%lner.ei .t he PVDF
particle size | eSEOYHINg 35“'1%8@8??9%8?@.an‘_iLgL.‘rf&FﬁaéltSaqueous conposi tion of
cl ai ms7, wher eb“oﬁﬁbﬁl@%ﬁ‘b)to%'p@ﬁ&BP%M&EWthng{géﬁisjseS one or nore

materials sel ected fromthe group consisting of lithiumsalts of netal

oxi des, sul fi d®s figmd 1Hg §P priteleSona granae fugiting adbghlor gramoteisvh2C2, Li Ni O ,
Li FePO4, Li N )IM?ZOQWL,J yi XMyAl zOm where x+y+z = 1 and mis an integer
representing the RS ’oxygen atomin the oxide to provide an

el ect r on-HppaRGethgHatte by Meight bhdvdwim 100pattt bemietttht of whiet.um i ron phosphate,
| it hi um manganese phosphate, |ithiumnickel oxide, and |ithium nanganese
oxi de, carbonaceous materials, nanotitanates, graphite, activated carbon,

carb bl | J.¢ I esi i , : i - . The
aqueats conpis MBS cLfwliEbhor Bl 1 whitem A B0 MAiRiRoaler (0 o1 1
sel ect ed dresen thirel.Qikppipy ASTM BL383G av# 50t PO~ Bepyr r ol i done,

di met hyl f or mam de, N, N-di net hyl acet am de, di et hyl sul f oxi de,

hexanet hyl phospham de, di oxane, tetrahydrofuran, tetramethylurea, triethyl

phosphat g, tﬁﬂefﬁﬁﬁébélkc ?éﬁﬁéﬁ @%clﬁHT?m&eﬁﬂ%&?vﬁﬁs AbibPylynpeCs Nat e and
tetraethyl urea and m xtures thereof.14. An el ectrode co I sing an
el ect r oc enpelymicveorsprivst g @tlenst dhweghoperagnt o€ asiylidere fluoride monomer

15  units.

11. The agueous composition of claim 7, wherein the PVDF particles have a weight

average particle size less than 300 nanometers.

20 12, The agueous composition of claim 7, wherein said powdery electrode material
comprises one or more materials selected from the group consisting of lithium-salts of
metal oxides, sulfides and hydroxides; L1CoO;, LiNi,Co;x02, LiMn,0,, LiNiO»,
LiFeP0O4, LiNixCo,Mn;Op,, LiNi,;MnyAl,Oy, where x+y+z =1 and m is an integer
representing the number of oxygen atom in the oxide to provide an electron-balanced

25  molecule; lithium cobalt oxide, lithium iron phosphate, lithium manganese phosphate,
lithium-nickel oxide, and lithium-manganese oxide, carbonaceous materials, nano-
titanates, graphite, activated carbon, carbon black, phenolic resin, pitch, tar, and

carbon fibers.

30  13. The agueous composition of claim 7, wherein said fugitive adhesion promoter is
selected from the group consisting of N-methyl-2-pyrrolidone, dimethylformamide,
N,N-dimethylacetamide, dimethylsulfoxide, hexamethylphosphamide, dioxane,
tetrahydrofuran, tetramethylurea, triethy! phosphate, trimethyl phosphate, dimethyl

succinate, diethyl succinate and tetraethyl urea and mixtures thereof.
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surface with the aqueous conposition of claim1 in dried form wherein said
el ectrode exhibits interconnectivity. 15. The el ectrode of claim 14,

wherei n swi0Odopomssiary el ectrode materials are not fully ecatusdolop3@RVDF. 16.
A device conprising at |east one electrode of claim 14, selected fromthe

group congi sting of an non-aquequs-ty battery, a capacitor, and a

menbr ane ‘1‘-eé{1!’3 godg cumyIsing %QG%FPCQF‘SHIVBE‘@’S{‘BWPP@HHEa aa.:t one

el ect fPCPELQPa%I? LN (REBSI0AL SorfRRkRS ik 1| Bakied 708, SHIctAR Salellubdle aqueous
conposition of claim2 in dried form wherein said electrode exhibits

i nt er connexdtibitd iniercob8ectikitgevi ce conprising at | east one el ectrode of claim
17, selected fromthe group consisting of an non-aqueous-type battery, a
capacitor, and a nmenbrane el ectrode assenbly. 19. A method for making an

el ect rpde; s CORPEIEGHIAY othEirﬁtlﬂg)&h&fsfn s fowWdBPde@foddaRaids Aelnpvivmy! i dene
fluoride (PVDF) dispersion; b) adm xing the PVDF dispersion with other

mat er i al scaatedftyrBYRRR. aqueous conposition conprising: i . 0.2 to 150 parts
of polyvinylidene fluoride (PVDF) particles having a wei ght average
particle size of less than 500 mm; ii. 10 to 500 parts of one or nore

powdery el@ch dediee tanpriaige MEtSt bad slecttdde of oPihaAaddlectdd fiem Uk graip s of one

or nore thickeners; iv. optionally, one or nore pH adjusting agents; v.

opt i onal | §engisting alrngentaguseusoiype bitierpraccaperiior, apd ¢ Menapealetule t he group

consigting nti-settling agents and surfactants; vi. optionally fromO
I sembl§. . _

to 5 parts 0 he or nore wetting agents;

17. An electrode comprising an electroconductive substrate coated on at least one
surface with the aqueous composition of claim 2 in dried form, wherein said electrode
exhibits interconnectivity.

15

18. A device comprising at least one electrode of claim 17, selected from the group
consisting of an non-aqueous-type battery, a capacitor, and a membrane electrode

assembly.

20  19. A method for making an electrode, comprising the steps of’
a) forming an aqueous polyvinyhdene fluoride (PVDF) dispersion;
b) admixing the PVDF dispersion with other materials to form an aqueous

composition comprising:

i. 0.2 to 150 parts of polyvinylidene fluoride (PVDF) particles
25 having a weight average particle size of less than 500 nm;
ii. 10 to 500 parts of one or more powdery electrode-forming
materials;
1. optionally 0 to 10 parts of one or more thickeners;
1v. optionally, one or more pH adjusting agents;
30 V. optionally 0 to 10 parts of one or more additives selected from
the

group consisting of anti-settling agents and surfactants;
vi. optionally from 0 to 5 parts of one or more wetting agents;

Vii. 100 parts water;
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vii. 100 parts water;all parts being parts by weight based on 100 parts by
wei ght of water; c) form ng said aqueous conposition into an aqueous-based
slurry orwpasteer3sey addi ng an effective anbunt of a fugiPCins2@dioeRron
pronoter to said aqueous-based slurry or paste either prior to formng said
aqueous conposition into a.slurry

fter .appl.icat,ion of sai d
aqueous- based sl urr?‘lB?ﬁsp}%\eé‘E%W@bé’tw‘Flglé&a (ﬁ)r?%é’yc}?el%lﬁ of water
el ectroconductb\/%ﬁﬁm@%mtﬂaae&& cBh ?bs}ih&gm%ﬁhﬂja Hﬁ@b‘%e@?ﬁaﬁ?o‘f ys&é;y or paste

to at |east on€ surfa an el ectroconductive substra orma
coating; and f{) eddinggnséedicomamgof nfigisicradbedion plogwtterddeaidxhi bit s
interconnectivity. 20. . The method of claim19, wherein said fugitive
adhesi on pronot e 1EEHS gs a material selected fromthe group consisting

of N-ngethyl -2- pyrsnﬁw d;kya@te cHhérirdyY bd ey RS agNebbsiomobioagabani de,

di met hyl sul f oxi de, hexanet hyl phospham de,” di oxane, tetrahydrofuran,

tetramet hyl ur ea, sluryerppstepradishapmication ofsaidaqueeusshised €uiryoRpastslo

succinate, dieth ccinate and t aet hyl.. ure d m xtures thereof; and
said materi al is)ég]ﬁﬁsg&neﬁmﬁ% ﬁgf&%congﬁcutvﬁémgm dus conposi tion. 21. The
met hod of cl aien 4fply mﬂg&aﬁnaalustaiscbafsugsmﬂryerp&t@tsla@maw@mﬁﬁﬁceqmnr| ses an
energy source that 1s applied to the conposition after application and

drying of said skFlFirgeondugivstsubitpiclo fPamadcoyms; avd f ace of said

el ectjoconduct Vﬁaﬁ%@%ﬁ& %a‘?m 22. The method of claim19, further conprising
a step of appl gssure Fo the el ectroconductive substrate havi ng the

coating after wshegnalid c2@trodbexhigithiattrahnedtaityn 19, wherein said aqueous
PVDF di spersion of a) contains no fluorosurfactant. 24. The nmethod of claim
19, wherein said aqueous conposition of b) contains no fluorosurfactant.

20. The method of claim 19, wherein said fugitive adhesion promoter comprises a
material selected from the group consisting of N-methyl-2-pyrrolidone,

15  dimethylformamide, N,N-dimethylacetamide, dimethylsulfoxide,
hexamethylphosphamide, dioxane, tetrahydrofuran, tetramethylurea, triethyl
phosphate, trimethyl phosphate, dimethyl succinate, diethy! succinate and tetraethyl
urea and mixtures thereof; and said material is added in the formation of the aqueous
composition.

20
21. The method of claim 19, wherein said fugitive adhesion promoter comprises an
energy source that is applied to the composition after application and drying of said

shurry or paste to at least one surface of said electroconductive substrate.

25  22. The method of claim 19, further comprising a step of applying pressure to the

electroconductive substrate having the coating after step e).

23. The method of claim 19, wherein said aqueous PVDEF dispersion of a) contains no

fluorosurfactant.
30

24. The method of claim 19, wherein said aqueous composition of b) contains no

fluorosurfactant.
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