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typically a liquid solution of a lithium salt in a nonaqueous, aprotic organic solvent. A
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[005] The selection of electrolyte solvents for rechargeable lithium batteries is
important for optimum battery performance and safety and involves a variety of different
factors. However, long-term chemical stability in the presence of the charged positive and
negative electrodes, ionic conductivity, safety, and wetting capability tend to be important

selection factors in high volume commercial applications.
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[009] Drawbacks to the use of conventional lithium battery electrolyte solvents are
generally related to their properties such as low boiling points and high flammability or
combustibility. Some solvents, such as ethylene carbonate and propylene carbonate, have
boiling points above 200°C. However, many electrolyte solvents have boiling points that
are substantially lower and have flash points less than 30.2°C (100°F). Such volatile
solvents can ignite during catastrophic failure of a fully or partially charged battery that
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Formula I;

Rrﬂ#\ )(A_Rf
R2 T “Rp?

wherein each of the groups Rhl, R,% and Ry’ is independently hydrogen or CyHyy1, X 1S an

I.

integer from 1 to 4, Y is a single covalent bond or the group —CRy'Ry,’—, each of Ry and
Ry’ is independently a hydrogen or an alkyl group having 1 to 4 carbon atoms. Also in
this formula, R¢ is —-CFR¢' CHF R¢, wherein Ry is F, or CoF2n:1, and n is an integer from 1

to &, R{ s F, a linear or branched C,Fy,+1, wherein p is an integer from 1 to 4, or
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froml to 4, provided that when Rf1 is F and Rf2 is F,
then at least one of Rhl, Rh2 and Rh3 is CxH2x+l, and
RAGKRY O Avhayein msis@piel.cad RiresC-bonearst n crpantegerifsgm 1 to 8, and

R Sy BN RRRS] ) PR IR i BBl S s v
thentae teestn)natoflR@]aﬂh arkeR ofis &H&j;;lq Rd whereid(/Rishn d)glRooB)&@FBond or

1 CF 2CF2) CHFR f 7, wherein Rf 7 is F, CnF2n+l , or
¢ "3Q(Rf 40m , nis Oor 1, mis O or 1, and Rh 8

[0 I%Td R e, $n Aldidr a%e%%‘ RRoi@M 09 salvteﬁ’t c%n%%ﬁf@i@ﬂ a8lRiBg to the

d wherei’n Rh7 and may toget her a ring,
rpmdna/RdM?(FﬁarO Rhezvhemelnst tagsonb ofRRandikd iRf 7 ar e

R R TR o Yo bR ar FyR DR niso

or 11Me¢ 0 8A1 ashdagl QMRFQH@ p%mdfss AW B PEdrBdgtbds HndRvherein

p0|I| g points and | ow vo lities and thus, |n
Ri genddtiaimaydegethesdernt p aimgaypeided thagwderbihl bethtRseardhRn are
ﬂgrqnventlonal el ectrol yte solvents. Yet sol vent
conp03|t|ons i ncl udi ng the conpounds nay al so quite

[0 f ectli & beedidisolired tlacatlent yorke sBtht abdve- dli’séh’bed&lovel partially
el ectrol te conpositions that adequately
flugripaied e b ceamppeniavesHipstishshigh bewnaé)oglébﬁ}dalpm@aﬂhﬂes

and@fifls] 1H%ten&§lh LR L gﬂa‘n‘eﬁ}leeof RV GnARREHE bl ctoh€e°hnoﬁ£1 é{'ét‘?rolyte
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i ncluding the solvent conpositions) also can present

coidangyitids for iusaiint dlegrochemical devices over a range of operating temperatures
(for example, from about -20°C to about 80°C or even higher, depending upon the power
requirements for a particular application). The solvent compositions (and electrolyte
compositions including the solvent compositions) also can present fewer difficulties in
storage and handling than do some conventional materials, due to one or more relative
advantages such as lower volatility, lower flammability, and/or lower combustibility of the
inventive partially fluorinated carbonate compounds and electrolyte compositions.

[015] At least some of the partially fluorinated carbonate compounds are particularly
well-suited for use in large format lithium ion batteries (batteries that operate essentially
adiabatically and can therefore experience high temperatures, for example, temperatures
above 60°C). In such batteries, electrolyte compositions comprising the compounds of the
invention can exhibit adequate conductivities, while being less likely to react with charged
electrodes or ignite during catastrophic battery failure than some conventional electrolyte
compositions.

[016] Thus, at least some solvent compositions including the partially fluorinated

carbonate compounds meet a need for electrolyte solvents that have reduced reactivity,
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[026] However, some limited oxidation or reduction or chemical reaction of the non-
aqueous clectrolyte at the electrode surface can be beneficial if a passivating Solid
Electrolyte Interface (SEI) layer is formed in the process. This SEI layer can protect the

electrolyte from further reaction with the electrodes.
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anode material. One neasure of stability is the

exot herm onset tenperature of the reaction between the
[027dn- adiiewa $srach g prsanbinypfiqnEoviday gelic cabppate compositions

: %%%g ' charged, active anode materia
hwggé e ewﬁ?%%%hﬁéggi%% g%%?ing rate calorinmetry (ARC).

[ 026] However, sone |i@i ted oxidation or reduction or

chem cal reaction of t[le non aqueous el ectrolyte at

the el ectrode surfagg c be beneficial if a

passivating Sol ig1El pctr yteéknterface (SEl') layer is

formed in the prdbes 'slg I'f | ayer can protect the

eIectrontefromRhﬂrthgr r tion with the

el ectrodes.[027] In one aspect, the present invention

provi des cyclic carbonate conpositions having

structures according to Formula I : [028] In Fornul a

[028] eadih Fiotmulad, gachwpthergroups R, By’ andi Rihis Independently hydrogen or

i.ndependent .y hydrogen ar H2x&1l, wherein x,is.an
O SRR i o e 0% BRE s AP Bl bS8 R
—CgL®YP- whith4Rhbof R en@REaG fﬂndbfpeﬂéﬁtlﬁmﬂoﬂﬂﬁlﬂk}ﬂ group having 1 to 4
indggfndently H or an al kyl group having 1 to 4 carbon

carhpp msf 029] In Formula I, Rf can be the partially

uor i ltkyl ..Qr - 3 Ehiy 1 2
1039075 PHOER K} 4R iR bl ol BT SR G e,
whereirs Bites Brava@Pprentsd n is disineged fivraded St iosorhe tmb6diants, n is an

int!?gheé %,Ito?_nei Epeag&%nnogﬂériehﬁ)g%%qtg{a _]ej}tlo’es‘[ aﬂ%g@qﬁ Inas glg inléqrzgtes rgrrn 1 to 4.
SR O By RGOy BV, L i
braRth@l, psREARAP) .~ wWhberimmris Dor dnanidR @ et Fhr owhdretnon 8,an integer
fro%nPtomQ%%S iWQleIngn R is CyF,q wherein q is an integer of 1 to 4. In some
embodiments, n is an integer from 1 to 6 and in other embodiments, more preferably n is
an integer from 1 to 4. Ry and Rf* may be branched. In some embodiments, R¢*is CyFaq+1
or RFO(R{'0)y— . In the formula above, when Ry'is F and R¢*is F, then at least one of
Rhl, ha and Rh3 18 CyHoy11.

[030] In Formula I, A can be a single covalent bond or CH,O. Preferably, in
Formula I when A is CH;O, then Y is a single covalent bond.

[031] More particular cyclic carbonate electrolyte solvent materials are shown in

Formula II and III, below, wherein the substituents are as defined above.

0 O

oJ\o H OJLO
R/}\ Y/(\'%{R \_Q'O

h R,?2 R,2 F R/

I, L.



4 is CgF2q wherein q is an integer of 1 to 4. In sone
enbodi nents, nis an integer froml1l to 6 and in other
werinsaiwsent s, nore preferably n is an integer PCDOSDOTB7114
4. Rf3 and Rf4 may be branched. In some enbodi nents,
Rf2 is CnF2n+l or REBQ(RF40m . In the formla above,
when Rflis F and Rf2 is F,  then at | east one of Rh 1,
034 2 alﬁdmmlalesaﬁp§ct@hﬂz>keﬁznt inyq8iop pravidesaeyelis Gerbonatsan’

co ol R R e BB e R T LV P e Coval ent

bond. [03 1] Nbrelpémceﬂmwanicycllc cdvbonat e

Lectr te sol vent terlals are tmul a |
[033ha 1 19n¢ BerecRAr G SR PR SR Mm ot B
1
CREIORERPRYECFORRIHT A0t SaRpiot IRy
haV|ng structures Rocgsdi ng to For I LV
ROC(=0-OR {V. One nore fcul ar
enmbodi mekt® whegki n B,CrR FIS C(Rh 7)(Rh
8) CFRf CFZGPZ 1 i nvol ves the conposition of
Formul a V: [034] In ha V, Rh 6 is CxH2x+l and x
is an integer from1 to 4 R 1 7 and Rh 8 are V.
i ndependent|y hydrogen or an al kyl group conprising 1
to 4 carbon atons and nis O or 1. Rf 7 can be F, a
[034] nearlanor@i{lﬁr\‘z d 1@ 2R ian@% QYR intpef Bolh 1§ éﬁrR " and Rh8 are
i nteger fromone to four or Rf7/ can be Rf 3Q(Rf C5
mdﬁhmdemyhahdgm aqradkyi grduphpdipoiging, 1 toHeqarloni gords amdin is 0 or 1,

elther branched CnF2n+l qgr
Ryt e T 100 PSS P BB 6T G Siieger FoRkone to four or
R¢’ can be RFO(R{'0),-. When Ry and Ry® are both hydrogen, then n is 0 and Ry is

cither a linear or branched C,F,,+1 group, where n is an integer from one to four or Ry’ is
R{O(R('0)y-. When at least one of Ry, and Ry,” is an alkyl group, then n may be 0 or 1.
When n is 1, then at least one of Ry, and Ry,” is an alkyl group and R¢' and Ry are both F.
When at least one of R,” and R},” is an alkyl group, and n is 0, then Rf is F, or C,Fa,11 and
Rt is F, CyFani1 or REO(R{'O)-, as described above. When both Ry’ and Ry® are alkyl
groups, they may together form a ring having from 5 to 6 carbon atoms. A few exemplary
electrolyte solvent structures are shown below in Formulas VI through VIII:

R, Ry?

O H HF H O "FH
RhG\ JJ\ Rh6\ JJ\
o~ "o R?2 o 0 R
F F
R v, Ry VI
o RYRE £ F oy
R6
">S07 o F
FFEFF VIII.

[035] In another embodiment of ROC(O)OR’, R and R’ may each be independently
represented by group C(R, )(Ry,")CFR¢ (CF,CF,),CHFRy. The structures represented by

this embodiment may be symmetrical when R and R’ are the same, or the structures may



Rf 3SCRf 40 m . Wen at |east one of R 11 7 and Rh 8
is an al kyl group, then n may be 0 or 1. Wien n is 1,
W0 b@s/02670 east one of Rh7 and Rh8 is an al kyl BeDUR20aTIOR7114
Rf1 and Rf7 are both F. Wen at | east one of Rh7 and
Rh8 is an alkyl group, and n is O, then Rf1 is F, or
CnF2n+1 and Rf7 is F, CnE2n+l or Rf Rf 40 m,
be guauprbicd (ihey & angrie e differaay. ﬂnéﬁ@hm egmsawm cach Ry’
ancgécar ohs 12?%36{]@%'& pé:ggn o?%ﬂ‘afk G@%kﬁ&nélﬁ\%ﬁ?a}%n
atosdst ol Grrtalyrhe&eﬂi @r (ﬁi&pzwmi abééa@tmnemf IRﬂ ami Rﬁg 1h/ R driR’asgalkyl group.

WV'n'q'fayLO%] B:fear} Eher e"?l S’bﬁgh@&% gsy e 6155 %31% they
ma{)ole Rhk8d (3m Lt S Ricarbon MRSt ruct ures

epresented by this enbodi nent may be symmetrical when
[03&]and IR anather adpectsproridediis arhdedtolyte selvers comypbsition according to
Foas]én‘ggtrical (when R and R are different). In each of
oups Rand R, each Rh 7 and each Rh 8 is

i ndepempfently a hydro al kyl group c rising
1 tR}P4 carbon at onm,8 %\?rma ggrz %or one, Eaﬁﬂ

Ieastﬁﬂg of Rh7 an 8 R gr oup.
wWienFn i s~ EdeCrnb agg\ @:oal%ﬂ:% Wiér e
both R1 7 and Rh 1

R.1 F R

f F f IX,
wherein each substituent is as defined above.
[037] A few exemplary electrolyte solvent structures are shown below in Formulas X
and XI:

yYK PRV
R,
R
HF F F J\ R FFE H
F
FF F F F F FF XL

[038] Lithium salts can be used together with the solvents disclosed herein. For

example. Exemplary lithium salts are stable and soluble in the chosen charge-carrying
media and perform well in the chosen lithium-ion cell, and include LiPFg, LiBF,, LiClO,,
lithium bis(oxalato)borate (“LiBOB”), LiN(SO,CF3),, LIN(SO2C;Fs),, LiAsFg,
LiC(SO,CF3)3, and combinations thereof. Suitable cosolvents for mixing with the solvents
of the present invention include those useful in lithium ion batteries, such as ethylene

carbonate, propylene carbonate, dimethyl carbonate, diethyl carbonate, ethylmethyl



8 are al kyl groups, they may be linked to forma ring

of from5 to 6 carbon atons. [036] |In another aspect,
wWee@sihted i s an el ectrol yte sol vent conpositi oPCT/US2007/087114

according to Fornula I X2 wherein each substituent is

as defined above. [037] A few exenplary electrolyte

sol vent structures are shown below in Forpulas X and
carkpnatf 038ylens qerhanics winy s thydeneisarhosats. Hesattheenaparbonareor
co1?°1 ﬁ‘Sﬁt‘h scl osed herein. For exanple. Exenplary

I'um sa ts are stable and soluble in the chosen

[03%har geRahnrggablg litheaihdom el lspe bhoerns wehdrally céhprischossitive

el o 40 S Y 4 BN By e s e e e s charec-
Coﬁ%@l@c@gg{: n%i l:chg L?el-daﬁ(ygg B&h g’))fssol@éhq or solvent mixture as

I nat i Rer eof . table cosol vents for m xi ng
prcwiiddd it hes éxsblosm‘e slomg withea pthese sdlt. | Swrehte ldhiumsilts delude, for
se, use [ i,t hi um.i on battﬁri es, such as

exaé{‘ 1189 5?!%’5(& de BrsRedRE e honat e, di net hyl

[0408r bon@biets dh@hdihtagad HORARtLvenEbA Mic MY ifladtResi ethe following
vi nyl ene carbonate, vinyl ethyl ene carbonate,

exgmples but thy Ipéﬁ@u@ammmtseandranmntsuth@rwfdnmtqqiem dlafse e{cmﬂg}fs as
b | it n [ ]
We(f:forrpr | gggnaciltg%nssiatn? \?g{gﬁl ﬂ?ﬁﬁ (51015 be cd)ngfe‘ ne 9 tul%\alelglq 15t ?1 ?éwentlon
with a separator therebetween, toget her with a

chargecarrying el ectrol yt Exgﬁmési sing a
charge-carrying nedia or solvent or solvent mixture as

(0434 ow d/éldi npmbetyiase Wiright pasenné (vl dnginkdss hthgrwise hotadn sal t .
Te§ lithiumsalts include, for exanple, those
d in the precedi ng paragraph. [040] Objects
A. alﬂdnﬁﬂia/lﬂntyages of this invention are further
illustrated by the foll owi ng exanpl es, but the

[0474r t i theafﬂa%ﬁI@MYacrfseasm EPEPRI teRsttenidelo Plaeing prRfoximately 5 mL
I
of R BUATT A ME g Bl Bl roB BNl AMtEp Ml bringing  lighted
woodetembichro withanghoes1 4 df thélshmplershefase. df dlevmmgtet ignited it was
ercent (wt. 9 | ess otherw se. noted. Test t hods
R A 45 () W BhEIR Pt Al st PR bR (B affonds, B sample
wa$ @fgﬁ%ﬁﬁcﬁé@%ﬁhecﬁé ﬁghtgé( ik @C 'IFﬂle%%b%gﬂi%de {t¥wa’ gWenOf rating of
the conpound in an al um num wei ghi hg pan at room

Yes émpbutatone of tedamplengimgd ehid fatthg e ivdiddenigme cthvasggiven a rating
thHn about 1nmm of the sanple surface. If the sanple
of NgdPted it was

B. Solubility of LiPFs

[043] The proper proportions of LiPFg and the sample compound were combined at
room temperature to make a solution containing 1.0 mole of LiPFs in 1.0 liter of the
sample compound. If all of the LiPF¢ dissolved in the sample fluorinated compound, the
LiPF;s solubility is reported as “Yes”. If a major fraction of the LiPFs remained

undissolved, the solubility is reported as “No”.

-10 -



given a rating of Yes (a). If the sanple did not

ignite after about ten seconds, the sanple was then
w@eosatteedd with the Iighted match. I f the sanpP@r/US2007/087114

ignited, it was given a rating of Yes (b), but none of

the sanples earned this rating. If it did not ignite

itvvasgwenaratln of No (b). B. Solubilit

¢

C.  AeelrpfagRateCaloripaier E%‘B@Wu%t @mpppﬁumwér&ﬁ@iated

sn%c%Eﬂ&'nﬁ ﬁﬂpﬂ&ﬁ'@r t%v&ﬁf'ﬂe'@?%&%s room tenperature to
maKe a u

tion ntalnlng nole OFLiPF in 1.0
l'iter Ofl. Phepasatign ef Cishjaoedh$ilicoit and [Lithiated &raphite

0502 Yt 5T el S, RO e v
M(g)' ?@@%)O@u&]} StByonl (E’E‘%, MMR{ O%OH @él%ﬁﬁ{)vjsg ﬂiﬁ‘f‘dF\e)gte glﬂuorlde

ity is reported as el’e
(PVEF)J (Bt 8%0 Exotigbt sol@rsan N‘meﬁafﬂ aywolalih@re (iNMh) AR Ottawa,

angtﬁ]g[% é%v‘iqrjelt %\‘I]fengf Se Flﬁlg%}w SiﬁqfaaE lﬁ (f hg S rnlllegfI into a
slu@y?ﬁfhﬁé&aﬁ@ﬂ%ﬂlﬁié inGHo difidd Sp&e8hu0 ﬂall%ﬂl&%ﬂdlucﬁﬁ%— steel balls,

e area, Sigma-Aldrich, St. Louis

12@@@@@1@% @d@ ass ggtivivilcentie ﬁteelB@ﬂlg) ﬁ@l‘rﬁo min. using

506)8?2%\/: on I n ug%wagg%r)?gcfb(l b/l nZJIae %%;@F% aS% k@ Tg‘{vgshﬁeated for

ab@ﬂrladla)l)an@ﬂdn NVE: 101 qdetdhied beamgaiastrtti@osdd fr@@ithe glass plate,
gma Al dri ch(imq\gere mlled into a slurry by nmechani cal
graynfjin Agargr andrpsstle pedithgmendgones passed thiqugh@; 300, g (Hfgmesh)

scrg%rf I8k Surfde: a§%rqpl gl) @ﬂf&)ﬁ ; lgct:l'ocﬂeopdm;' v&faggéﬁ el g. The silicon

icon to steel usi ng

eleﬁﬁ@d@qﬁwﬂeﬂ (80Thems) tiid ¥ ci@sargidced stainless siRicCiedhay &y progyed
ss plate and was heated for about 12 h in an oven

(965%34%&) Hzt%@tbcorrﬁ@cm@eewlléb@ﬁurﬁ@ digraetele Rodanmithiski-t he
08455 PHELT AR B PR0L ok et BTt

Heihﬂmdiﬁilhospﬂta‘tadaPEJ) earodbtained from ENlBStielce ¢GibbstewnoderA

s 3.82 n2/g..The silicon egtr de owder (80
1 Melar é\”);%%taﬂng?f Pge‘@asoereg%r%ff {w@ wlipgdie %P@gqp(rw&samourﬁ? of LiPF
intd E}%Sﬁ@@bﬂcgfl 2 \D@%Nem %1%111&1&1'&589%1@(%?5&&9&@3@%)' (Ehelhddll

di anet e mm t hi ck Car'bonat e
Gn(tiEG)Erailifett HG érnGay b matdBSle E(E\:H)H_CE (m wify) to a saturated

uor e (L| PF ) were obtained fromEM
e B BB S Ny A 1 Wbl ar (M S0l ut§on of
[044] PFEv@sin RE@P@3e \bé/re {EédVWlﬂga tiliGoRBIREERICI pRi16t, BfRMA metal
O‘]Ll PF 6 into thseb EC. %E%S v/ v) solventp% Li t hi um

foibirs{ DMdi BEOBEAME €1 ¢ w{@@pueméamtaasepa@m HTheeelhkfaet
E
dlsgﬁ %(s)i%g W%?img n? %Qroy{eo forrigq ng 1nD'1:' Ebl%éé‘u?& an!i Y)gSE Gncqudlng

rati on
irrever51ble capacity) using a current density of about 6.5 mA/g. After the discharge was

completed, the coin cells were opened in an argon-filled glove box. The silicon electrode
pellet was rinsed four times with dimethyl carbonate (DMC) and dried under reduced
pressure to remove the residual DMC solvent.

[047] Mesocarbon microbeads (MCMB) (E-One Moli/Energy Canada Ltd.,
Vancouver, BC), that had been heat-treated to about 2650°C, were used to prepare a
graphite electrode powder by the same procedure used to prepare the silicon electrode

powder. The average particle size of the MCMB was about 20 um determined by

-11 -



[046] Coin cells (2325) were prepared with a silicon

el ectrode pellet, lithiumnetal foil and I M Li PF6
WEQBRD6(0 1: 2 v/v) electrolyte and a separ at orPCIH82007/087114

cells were di scharged using capacity control to form

nom nal LilSi, Li Si and Li Si (including irreversible

capacity) using a current density of about 6.5 rm/(aé
scampingrel qofen AnisOReDyd SEND, wshibe BEISDCifs Subage e vas G &’/g.

Th? W&r%ge Q{%F ?E tﬁt%%aisﬂhlrttie %%g%h? oﬁovp{&( aftH] ﬁryt%"l‘é %}ﬁf)rrégevn)lﬁ was

1. &Zanzm@ n@t@h(t@bﬁ}ctratecbedﬂetse{m mma @r dinmeiee entti pnes autrhmkhess) were

‘ eggl\ég e %}%ﬂall(e@%t%m ]\fy%gliéﬁ]gigtg?;i?e] tégecxﬁcrp]at tﬂat the graphite
elegtg%kf&?%\ﬂ%fs’we@g)lbodt hed nipad RREInd ﬁﬁtnot ﬁﬁ:ﬂa%%é ﬁalﬁté‘gé‘ﬁteel mesh.

were used to prepare a graphite el ectrode
Copoeatle rsdsynbi diewlathe grapctedilacaodsedlet. ditinepactel fofleseparator and

Pl ctrod owder.. . The .av arti.cle size of
DR eBhE ST S issatier Y Ay B G

el ect ron. MRCRGAPRY 1(e§§ tiorend the BET specific

surface area was % n2/g. The BET surface area of

[048e g rﬂtﬂﬂampleelfetthp SRC Faorberm Oapetdempeyaturg teshgvere prepared as
deSCI‘I%V& 1%y Waﬁ%,ret §12 cﬁqﬁétgochem?cﬁpé tdeSoel‘ld)eﬁate%%ﬁet%%&ﬁt&&lﬁMS

di ame

(2(10*6? $H¢@n@ﬂ@ﬁﬁdbﬂ@aﬁﬁad@ﬂtoﬁmﬁ4 StalirileRRtee] &ami@deubing with a wall
[lets except that the graphite_ el ectrode peI lets

thlgtg),eés %lflﬁ)QJ @gg(o 1ﬁch{e§g 1ISFRErQHPe Medtvay nMiA) d d he pater diameter of
thesthgl'ng lv&?&ﬁ% LG %)3.52 c[hlg%taﬂld‘tﬁ% kﬁ%t?t}]songt a%:seggm)lttﬂe Wi sample

graphite e ectr
ho]siemavatwrl and( 1l MOhnﬁEsECI@Eé‘mpbrentre of tht ARE mas sct to 100°C to

charged to ormno nal i0.8 C
Stabt ﬁ‘o%?ﬁfatgﬁwa{n@[?@yaﬁ%QI t@g 15 gping, HBE mﬁee% ewas
me%lﬁ@d oVE@INREBY BF €0 hEst 11WRL &lpﬁé%ﬁﬁg efle %S 085 Hah DA€ Nmin., the
Y. Wang, et al, Electrochem cal and Solid State

sarhplt tt@npt;ratg(e%)/as 1AG#ascA343 0°C2@@61)eat1ﬂ'g1@t@<aﬁﬁc?€é nhio| dke sarnple was

el TR A R LT Bl TR onBE R ey e e s
mcaddred. OPEONRC IRANGM, OMR) TerhP&ad ®bs fcaiiel RheRthd RF-heating
tubing was 6.35 mm (0. 250 inches) and the |length of

ratgy wag sestaingd gheve PHH4° 15 ks test vels d@paeduaiersthic sampie(temperature

rea%%%ﬁ% Etﬁggr s{elfTIﬂ:%tr{é@ee 5%9&6@6@%?&&1&6% r%g?lft é §63ARC tests

Witfhcﬁleclt'élmsrprepa&t&dwith Exstbfes he@iﬂ(ﬂglth @bﬁlpmwmsmplect are
_over a eriod of 10 mn. |If the self-heating rate was
displayed tmkablol.o40c/ i n. the sarrpl e tenperature was

D.! ARCERSSleY %PF’B ﬁ' Qelidifie®LiCGO, Tha d]glg{i'l‘;faltgd

san‘pl e was equl at t I'S new tenperafure
LiMinpO, wathdElettgolyédsf - heatl ng rate was agai n neasured.

e AL et oS ot RIS eyt
froflE-OrRSNo AR Sy AR Eﬂi‘?(‘\ﬁﬂ&%uvsémt? LT eS8l M Bemifa Corp.,
Osaka, Japan) was dissolved to a concentration of 1M in EC:DEC (1:2 v/v) solvent
(available from Ferro Corp., Cleveland, OH).

[050] A sample of delithiated LiCoQO, was prepared in a standard 2325 coin cell.
LiCo0; electrode powder was prepared by combining 7% each of Super S Carbon Black
and PVDF, (10% in NMP, NRC, Ottawa, Canada) with about 300 mg of the LiCoO,

-12 -



reached 3500C or the self-heating rate exceeded
200/ mn. The results of these ARC tests with

WeL@snTwryt es prepared with Exanples 1-4 and w@hus2007/087114
Conparative Exanple 2 are displayed in Table 1. D. ARC
Exot herm Onset Tenperature with delithiated Li CoO and
delithiated Livh 04 with El ectrolytes. [049] LiCoO

poypeir t%ﬂWE.Sa%nbwawap@rﬁteﬁﬁlwé}e?t@ hgymixfEe approomeely 100°C

an(? %&gﬁ? %15&@&% p%gl’\:@% E{é]%rtg%h gﬁngﬁg%hgcreetbsleCoOz electrode
pellapanic pmr@ti s pleyenk tho pawrdemnelrttle aTh@peltmi;s wideiabout 18 mm in

EC. DEC |(‘} v/vi1 Eol vent (available fromFerro Corp.,
diaggeterand phout 650] A sanple of delithiated Li CoO 2

[0973S Preéfglc V\% A28 whidh i@é&o?éi@éroﬁe g@ll&e L |sta1ﬂ-lés@%@e?mesh

el ectrode powder ‘was prepared nbi ni ng 7% each of
cleSupds; a $ NdrnBonEGIRIEK (lada/ VB’VBEtrol(yﬂd)%dl threblpPlypNR@Jene No. 2502

at Ca it t 300 f.the Li
ser3acr e (R Delivand) ke BBRAILE BoRETer slp e The
cell wérdlcRargbd }RARQGoh Sk t@uYreA0C) andudthend écfokl@ %g fdey vs.

owder was forced through a 50 nesh screen. Li

Li/ Il ‘echftesdeachisiz 42 ¥, W@rC@HpW@mlk@dveﬂyo preas ah@)enwgcmmtlons
& di Th el.l ets e di ter
o S PR B P Ly AP T P SRS e i

a cangarR Clifrogte o0&l hatto 42 $hatdk Qﬂil ‘stefedr arteahoffo@t fuch@@arge-rest
a IMLiPF ECDEC ( 1:2 v/v) el ectrol te and t hree

Y@t PHEEIPE ewEen eazé@zcwﬁérr@é%ﬁ@ ¥ SRYodfFeng ghacgyrgsnt used in the
T

pros 3ple Tl (MEEEH AIRGIRC EfschiliAlindl OO Fillod B8y ObG O™
deliihﬁtddﬁLlﬂhOlz Ielebhedeqmlllet wad teagecivrondth2 cd| wisd whs Ahded. with

} eachi V, cel ] s vver al.l.owed to _remain
dlr%&t xslﬁ?g OR4te Gﬁﬁ?@ cf%‘Hd}f? ﬁ@efps CtIASH %ﬂﬁ#é%theﬂk%ved%n
ant%&ﬁa?r%e? uﬂ&grtr@(ﬁl%ea\’ﬁl%silﬁ§ ForPR I‘é‘l’ﬂgVé/ theTQs?d&@ HMC V\’@ﬁl‘%ﬂly, the

char ge with a constant current of . .

sampins&ashlghﬂngrOHnd}ﬁcﬁmeﬁnathle@%&ﬂ?t@t four such char ge rest

cles, where.the, c n each e was reduce
o £ AR Of UF FbRE SR DR wER Ba T o5 B St OCTee S thec
uséan@rpgﬁﬁrec@k laslithei® dics@rBledbkitufin@l 8aR,d,idowaidr.gl ove
he delithiated Li CoO2 el ectrode pellet was

[053¢ nov ebhof segwplaster GelAR G Rgothasn Ansefdenperature test with delithiated
Llég(%(ggﬁée‘ﬂgiy(!,eﬁlﬁ{lﬁg&]ﬂ ((PW re é)%g dI il same ?ﬁlet gstcgggmples for the

2 'box Hanber

AR@ Esstliten D@Setﬂ"efhpbﬂtﬂ[re Y &ith highined lsdmaﬂl blpt thet aBbUtM N0 mg of
he sanple was lightly ground for use in the ARC test.

eltlpqysigilthp@t%h&@z&r dgkithraterl b Oivis Used Wil ap caum mags o test
R R R S L A e

E. Charge Discharge Cycling of LiFePO,/LisTisO;; and LiFePO4/graphite Cells
containing 0.5 M LiPFs electrolytes.

[054] Examples 1-4 were each tested neat in LiFePOy/graphite and
LiFePO4/Li4;3Tis;304 coin cells. LiFePO4 (from Phostech Lithium, Montreal, Canada).
Liy;3Tis304 was obtained from NEI Corp. (Piscataway, NJ). The graphite used was
mesocarbon microbeads (MCMB) heat treated to near 2650°C. Electrodes were made

from the active materials, 10% by weight Super S Carbon Black and 10% by weight

PVDF binder. LiFePQ4 and LissTi5304 electrodes were coated on aluminum foil and
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[ 053] The sanples for the ARC Exot herm Onset
Tenperature test with delithiated Li CoO 2 and
wa@letosorteat ed Li Mi2O4 were prepared in the sanmePCEON®O7/087114
as the sanples for the ARC Exot herm Onset Tenperature
test wwth Iithiated silicon, except that about 100 ng
of either delithiated LiCoO 2 or_delithjated Li Vh2O4
M3 ﬂ@@@dﬁﬁ Wﬁr%@a@é@m copp Joibf A8 canagidy picyt @ thepepative

o SR LR Pl S e LR o G oy
kndxwﬁ-gé’@lﬂdlgzeaph Li/ki Gelidnghe birviomi aellmeacBedthvl fuilyPBharged state (1 e.,

ﬁ,g@trolytes [054] Exanples 1-4 were each tested neat
LigkgPQ)EePO 4/ graphite and Li FePO 4/Li 4/3Ti5/3q 4 coin

02§ | s-Tikd fi&kQl ﬁ %rﬁﬁ’ﬂﬁt? HQ%&C@S byp § bt emrgfr]%%hrples 1-4 and

Canada). Li4/ was obtained from N
CorPlasatiart dwamypleNJ )C01f[ Iqellsg(Qébm aneplogeg Cw@rchﬁ eowﬂksoparators were

] d h treat.ed t 26

usql R SRl R TE o BHEE shPelE e T Sto apppypgl,

rechBig@ i 1GURRST 49 m/m T/B) 8E€/4DNPethR¥h My 1MeikOdT4 PVIInd 2.5 v
bi nder. Li FePO 4 Li4Z3 Ti Z3 4 el ectrodes were

verspakiédi on aIun1nun1f0|I andMCMB el ectrodes were coated
co r f0|I A 2 96 X he .n
[0 SQﬂ eot Plbgjlal erlrnent tfrﬁeraq Oﬁe%ol%e]? 5 eart] g?}%ﬁei s%lﬁalﬁg?%eg}/a%le

chﬁg@atslcm&g@bﬁﬁﬁlgoq“ﬁeﬂaa@hsaoﬁlb afdieatRndhdtROMG of tHeIMdtdlytes may
versuys Li/Li+ when the Li-ion cell reached the fully

noichye dly wetiedgthe pepgraton angredqoisesies. Thysepreppaeranents perd/caeated
for tﬂé E%o‘ﬁ% eq%h&@ [@e@ec@ro%ﬁnﬁ': dtafo r%f”g%%?@lvgts' bi&sure

arative Exanple n ce enpl oyi ng
we(fﬁiggmsoﬂhlmedZﬁﬁ By sehnaergtngrthe wlecteodes end stspatm‘s ivehiatbes.
|l's were char currents_corre

eleﬁ&s?%ﬂ u%”é%ﬁé‘ia&’égﬁs ﬁtei@"vglgbt tsrpr%@nhﬂ‘eaé*/nfosf%%g Q%HS p%ca%whm a
Va&% ] &u?@@eskélrﬁﬂdsthé’(fes@elzvféé e@ﬁ@hagedf’co Pﬁl%&sﬁ@piﬂ(ﬁ-l RPa). After

Initial experinents identif ose sol vents
30 1s¢m)tnd$; ol eessalstaaislhovdg pqumabdeé t@ h%(} ]gse (&ﬂ7sldhlar Géter an additional 30

sy thgirstit Vayaut o A Qietoll e Badlort b pe removed.

Coaéblg I\@@é ﬂféﬁ' Bfade -{;\hﬂlrtﬁf QldaiMPEEHRRE 9dd&S € I epeat ed
for the le 1 where the el ectrodes and separators

F. feyching pif /Silicon AHpg sellywithd Vs abfluerinated selentdntEC:DEC
ging the el ectrodes and separators in a via
bag¥“%FR7 {olyte using a stainless steel weight to
Prepadeion of SBirbhAdloyThe vial was placed within a
vacuum pressure vessel, and the vessel was evacuated
(0574 appf?‘ inym, sfjléqoné rom, t}gzpig)lm afgck tap were obtained as pure elements in

high purity (99.8 weight percent or greater) from Alfa Aesar, Ward Hill, MA or Aldrich,
Milwaukee, WI. A mixture of rare earth elements, also known as mischmetal (MM), was
also obtained from Alfa Aesar with 99.0 weight percent minimum rare earth content which
contained approximately 50% cerium, 18% neodymium, 6% praseodymium, 22%
lanthanum, and 4% other rare carth clements.

[058] The silicon alloy composition was prepared by melting a mixture of 7.89 g
aluminum shot, 35.18 g silicon flakes, 9.34 g iron shot, 1.00 g titanium granules, 17.35 g
tin shot, and 29.26 g mischmetal (MM) in an argon-filled arc furnace (from Advanced
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30 seconds, the vessel was slowy pressurized to 120
psi (827 kPa). After an additional 30 seconds, the
WEe@somoeo was sl ow y rel eased and the el ect r odeGI/ESZH07/087114
separators were renoved. Coin cells were then nmade
with no additional electrolyte added. F. Cycling of
Li FePO 4/ Silicon Alloy cells with 10% of fl uorinated
Vaggry Shistems, 4y DHS e edwsT heswth. tomragigeaniipgptofhe ingot was cut
I um silicon, iron, titanium
intdt %Fp?%an%rdg&{%({)@g?ﬁ%%e@k%s%%ure el ements in hi gh purity
[0&999 8 Thed ighdts perctanh fiothegpeatsed b nein spinhin gAckarmeldpithing

Hill, or Aldric I ukee, W, . m xture of rar
apRAFRtPHING|udee A vacuugy g@@“{({% Vigga ﬁyléf&ﬁlr@t Garte rei?pss Cwagb?e (16 mm
int@hS0diARLRE ARt 40 Am 1@41%@) K8k aro 3@1 hih $HQ tm'v&!g hoRBbE& Mbove a

mninumrare earth t'ent which contal ned
rotatppg aoling thaleyl. Qﬂ%rotenngj molmg%h@eb@@rmmrﬂncﬁ and 203 mm diarneter)

v FEREREY Popbgrreh ] (RRT o By SEHBE A SN GRBEL producs

Ind/rEeRaRA TNy BaEbid fr6ccdsifih Xhe! é@ge‘%ﬁrfle@& tHe %&ﬁg%&ﬁ@@i polished
35. 18 g silicon flakes, 9.34 S&llron shot

Wﬂtln qr@hbmﬁwcgmanunde@mpqmlwcgbﬁm irghisermn M&tz@@d\/l ) and then
( n-filled arc furnace (from
vvz‘ﬁltrﬁ%e é%luom\r{]’b Vean[h fﬁ%e MA) with a copper hearth

[0609 pr o@!ﬂ@xﬁpl@mng motg m@n @tripng@me wasiblythel spgtomShdsi (st evacuated
bl ade wet saw. The | ngot s

to ¥Rl G 1D 5 SBE406d Eih Fn SBIARING. éngsaéw“a"?’ melted using
raORERICASY ARRBAAL U85 hRIGHAGEA HAGRHTASHRTHED TRV AhiBssure
Wasl lappimdeo tlmmhrﬂlé@oﬁ]thb hehgh h)loywdrhpaitthnImdnie didyf doegosition was

t hat osi tioned above .a r ti ng cooling. wheel..
extrpid Bpaeh § AEOFIOPTASEEING 05 T ofhebops 8%‘%2&‘%1&‘% wheel
Rlﬁjdo%fﬁ%&r&er%&nfeﬁ%dt%& & ifith QP 1 ammORRE thRkhQY of 10 um. The

(N -Si-Cr-Cu C18000 alloy from Nonferrous Prod uc{L
ribberestripfFwarseninggled #)200Befforks pruodessiangon ithesgugein a tube
f surf ce of. the,cooling wheel was polished with a
urpﬁ“k?b Cg%lﬁ%(%q@ovﬁi rial Mcrofmshing from3M St.

[O(ﬁ ul, M‘dhom;ia PRE 14 w@ﬂus@utab afadl@fiad tolht cleBtrdIQRVE cdin cells
infilm [060] After &racm a 20 g ingot stri

(23tZI§éW¢th@@|ellﬂCéde¢ dlel i§9ROe mehest@@tLlévw@umoeaeftlol’fg(ﬁanada) an
ele[l‘.rfrl)&]%o-liqﬁé sik -Qal?o dco %gltlalsl iﬁ(?filo déd} (?eqéérﬂ%n]gﬂg‘to}s T%g%ﬂlcon

alloyeluetdden we1%920/|8 eﬂfrcelmpﬁds;atszye Kegat bladk, 3535%1 @ayuﬁﬁﬁ PI2555 (HD
hel i um pressure was applied to the surface of the

Mlﬁiﬂsfsé?{n%qlplaﬂ}}l S hpblas Ketrn Blaek pbsibeana)loy sppdseicarenaled
togl‘féevo o ?atF%sQH %c?onﬂ?%ll\%n‘g&te%\ﬁ [h§19 'N’gjoglgnétégiﬁ%%l with four 13

ons per mn cool I ng
migvenetd drampedert tuapstbachrbidaibdilhfoo thittpmiamds at 4 deitolgressvant

LiP]'e%OTgecggges were made from the active material, 4% Super S Carbon Black and

6% PVDF binder. LiFePO;, electrodes were coated on aluminum foil. A 10% capacity
excess of the negative electrode was used. This was to ensure that the negative electrode
had a stable and known potential versus Li/Li" when the Li-ion cell reached the fully
charged state (i.e., LigFePOy).

[062] Electrolytes used in the cells were 1M LiPFg in EC/DEC (1:2, v/v), with 10%
of Examples 1-4.
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ri bbon strips were anneal ed at 2000C for 2.5 h under

an argon atnosphere in a tube furnace, then cool ed and
wpowderesdr [061] Each of Exanples 1-4 was usedP@®US2907/087114

additive to the electrolyte in coin cells (2325) with

an el ectrode O Li FePO (from Phostech Lithium

Montreal , PQ Canada an el ectrode of the silicon

[Oééﬂ | oy Hesraswseelisorera plrrsesl anpshschapcd hriavcss gearatist 7V iiag a
|
C/ ik E @it BOFHIL ARG IRt O R icoft afiS). For
su‘tRaqlldnn dlsblahl)rge/ dd[fafgd@cjeem Bl5aate (hmédmlthﬁml\;lmel dbgcltli@de)j‘eas used.
{ t
> BRF G S5 BB o B B ERGTRT f r
hﬂﬁé’hdﬂ SHROEBT&I Qlo?%ts%fsed L4hg éﬁ@@f &ah il @ha*?%l bSthé 8&11. The cells

hirty m nutes a setting of seven.
renedle@t stoges-cwerieford d enifi r @sh Hckhveccachtlv ehanm ard dibcharpgs

S | k d 6% PV Li FePO4
ExaPRI 1oadh depa TS n P S o ReIRh-2- e, oy
[O@ﬁpam 3096 PS¥us plophiiel YRR eleGhicage IWRSiousik (200 &

is was to ensure that 'the negatlve el ectrode had

1.%tra¢lew Farka Geovia Cmmférﬁetl%ﬂnho%ms@manmmd Lisrox Hd (1O g,
0. OIZII e&%?%yken{are @%E‘?lﬂﬁf(g mc%J lé agaBavgqu gor%{) 8 m( a Pﬁ()s L }Faé*r

L|o rdly use

realctdr PdrFfsirimeay CQEQVIoliA¢,AL). VING readtbt Was’l.(i)%n@efd tEWGF'(D hed
1-4.[063] The coin cells were charged and di schar

hexpdlugianronzEne (300 24) mylegsMigAMeanufaguring e Desalyr, e‘gL)tw added
at P&f‘dls{a'ni’&t | ﬂ‘fettreg%&) w£ llotvﬂta t{) ls%f% é‘#]lk gllllle&tréht&% f81t 14 HeThe crude

con a r su sequen arge/ charge cycl es,
reaati @i Enatealhbw@sb dsetednsinpe tep]qﬂatb iQldershasc tolocia)to wisrdused.

-1 5 St s OBiorEl 1 EgI e 0 s P PG AT ¢ he
[O(%-f]l ' Cofhea&iﬂo%/ pile Cdé‘llﬁggu@tQéﬁg engs flol &GS grﬁblﬁg‘@{;&/ﬁﬁ rnethanol

the cell. I's remai ned at opeh-circuit for
(6 g 21108sn0lbytand epnaathted hpdrgehland add@fh% ge0.7 Exmixg) m a 3 -L

1...4-(1,1,2,3 3- fl I
ro%ngé)g]ttg%gﬂ.?% |agd %e\mg( U)F(g?a gﬁgggaggc{)?tp%}g%&) Oﬁ%ﬁgl (E(%esasr}nezthano? was
rerﬂm%ddiy'f@iaﬁy éval BeﬁmGh Oxpé AREltIng PRotbchdmREl dBl @36 oFb 8K @no(l)es) was

Chem e i senhof en, GErnangP and Luperox 575
cogbingd @v4t11 m‘@ude@)(l § e kR imolakid flichloramethered23 Tavaday 1-L round

r (P 0
bo ntét?lra%? nﬁ@tg%lpe%F Y n{%ntgzz %E(%_Rélgx%gfggtaggi ?ﬁ\é@eme solutaor% %20 % 1n
told&fie, ag phespahd, @Cﬂ’@lﬁbk@pﬂ@igrﬁﬁ@&irg;h 8t. Qo] ®IE)) WdWdaded dropwise

Nhnufacturlng Inc., Decatur, AL) was added at a .
frogumisekied pddidon fmaclithaorasmaip@inar rbowkelaw 03¢ i Foligwingite
feitnriR Gr HH LB i &fil ¢
co g PRRFI R P Reche 1ol B b B TP Rl B
roodn (dmper@w, I had {mmajﬁ humtutmwmqﬂie)lehe,d:imdl axoobsamaturated ammonium
chlsnkrllgle.l The or%grllirc] tph&s%veeis)coﬂfectg'cf 4%6' aqueous phase was extracted once with
dichloromethane (200 mL). The organic phases were combined and washed with 1N
hydrochloric acid, saturated, aqueous sodium hydrogen carbonate, saturated brine, dried
with anhydrous sodium sulfate, filtered and concentrated via rotary evaporation.
Components of the reaction mixture were separated on a one-plate distillation column.

[066] The purified product was analyzed by Gas Chromatography/Mass
Spectrometry (GC/MS). MCMB/LiFePOj coin cells (2325) made and cycled as per Test
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[065] The above purified product (265.3 g, 1.05 noles)

was conbi ned with nethanol (674 g, 21.03 noles) and
w@msemerat ed hydrochloric acid (26.03 g, 0.71PemUsn)7/087114

in a 3-L round bottomflask and the m xture was heat ed

at reflux for 72 h. Excess nethanol was renoved by

rotary evaporation. The resulting fluorochem cal diol
Mgthad § With Exagmled pety opbiscledialythselvantiied gyeapesitidaderste of

10 | | 46%% 0

2'@0@%8“%2? tf%dr%ﬁ)/ asﬁoﬁi %ﬂ%ﬂ%@g‘?@?g? g?e V\gs%?éﬁ afgdétha?lte 0f0.62%
caﬂm@itpﬁdé&@c]&rfdrp&@&gmgma&cﬁﬂﬂ/ﬂ@n (20%in toluene, 60 g

BRI Bt Il b L berTbior b feRe U g anene
[od7fat was, ALak %?eg)fa coR@if quydrg%ﬂn W&I?Q 3-BRxolan-2-one

conplete additio phosge e sol ution
(1(}0®@t84cmolns)>(ﬁmmenmssdt Ldwedity, & Wawith pmiassomnrcarbonate (23 g,

The. tion m wa
0.165 BT ol B PO E i ATBIR SR FREGT R Fetisia warmed
to ¥ LMl HeREMRFHopr E@neé(qgl@ L@9PH@$@, %§a&i&ﬁfa@%@@btﬁiﬂ@fﬁe The
wi t h di chl or onet hane ( 2( 0 . The organi c phases were

reagiiivian é@t‘r%éh@lntvbélsm@@r%m m prmssnmtmrio iotatidemeterial was removed
froﬁla%g 8 gn 1)991"1 8 o§a gt Iexll'lapo E}{Idoqlo ofeétun ocfgﬁae c?esureﬁi roduct was
Saturat e i Pat

rine, anhy rous sOodl um su

prefsbﬂttaﬁﬂ &chs aﬁtdracwigefrewﬁﬁlevdnm@yﬁmuam avapa ﬁ:ﬁfl}l)fﬁﬁhll‘e Vacuum
nponents of the reaction m xture were separate

dlS&Hémm wesedagede prtyithe Arodystu nthe flaghen thehkoijsgrat ﬂﬂ%&SO"C at3T

O o N e R T T, RO RS pplg b
GG#MBE&I@FEIQMHRd MGEMBL.i FERO, Meih lvokds @3M)Ih_adb(aajaipjyeledl agper Test
vsgpodo gthoPradinde £ o3 gl cleghtge el o R dusirgdnnge dingythe

caﬁcﬂ?faﬁﬁ%t@ cBélﬁ%'tBé’ cdladgegate of 0.62 % capacity
fade/cycle for a discharge rate of C 10. Exanple 2.

Exampl¢ 3. Emﬂ23,$4l4e‘khéxalﬁlmo¢hwpbowbmthyl ) -1, 3-di oxol an

- 2" 06 . nbj, ni
008 oL R TR iR S (B yyn1-
(18my, QSO12(HTM8§ &msteiszmhbﬁkﬁmp Witsd 1T, MY, ﬂld@ﬁ’}l@fﬁﬁiel(mm g,
car bonat e ? 6 mol es) and acetonitrile (200

1.098 ymales) ané wtlm_ byl cthen o8 rmL)nn@ I-baeunskbafies fhepkrha was
matng(a:égg at?f‘tgmggfé rg H § 9%.?.1?6 ) eac?h a%al%%n AX?(?Q/\@%? bath. To

ons or was S

thetitret niik eetﬂﬁemleaﬁ@maﬁe @065 0192 nsdley) ped.adveal ﬂbmlaq acketed
mat eri al was renoved fromthe reaction m xtu

adgigen fupngl thaoy ax meiRtainpd deby eninCondd feC.qdhs ?t@alcblowemlate was
add@lsbvg E%Wh a5 cS ditiH w5 &%nﬂl @Cﬁlé ?él | o Flluiture was stirred

anh at room tenperature.” Vacuum
fonmsaddmmealt 1® Ipanrd dys alhmeﬁnomm to ifdwn fetnqmtatum fThat 100 rnL of

d at 14 500C at I ] t
dlSﬁ*ﬁ%A ?%?Wa% ﬁg)%é rg%tb)arr%l tuﬁﬁe @3@? Vgﬁ%ea%ﬁi%d The
wait gﬁge%s&é&ga&e&gm%nhmﬂb&%gg 4t ©8ihY1-£8htk Beth@3dall of

e and cycl ed as per
the organic phases were combined. The organic phase was washed with a 100 mL portion

of distilled water and a 100 mL portion of IN HCl. The ether was removed by rotary
evaporation. The remaining sample was purified by fractional distillation, using a

concentric tube column. The product was analyzed by GC/MS.
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Method E with Exanple 2 as the only electrolyte

sol vent had hi gh i npedance, and the capacity fade rate
w@ouwBM7wod be cal cul ated. Exanple 3. Ethyl PCT/US2007/087114

2,2,3,4,4, 4- hexaf | uorobutyl carbonate [068] Exanple 3

was prepared by conbi ni ng

2,2,3,4,4, 4- hexaf | uorobutan-1-ol (184 g, 1.012 noles,
Expmpdedt MetlylntZh st < te dthexafirorobpiyl canpanpate

i et hyl anj (102 : h RVAL

10 or FoaToARA MFadpe MTRLERGAOH, AR Aknba Shfiogen,
andreiquippedredhatthantoeoee ptobe cChstnediptaCnagebtit 5t bart Wwat@r-cooled

carbon di oxi.de/water bath. To Lhe stirre 1 X
Coré@_ﬁweﬂ& i tio el @%@%5,3:4-1% ugPway- 1w§g§’é‘eoj gd-fbholes,
Lafcas@F KehRLiagdi twar miuniel), ihatyiNase 'E@i.‘?‘g?‘b.@ &6k RIS

5C and” 15C. The ethylchlorofor&%te was added over a
meperit-bdtyd ethér RO0@eweaddomboredwas ao antihlet@peratuee of 22°C,

r.e iop m xture.wa irred for ditional 16 ..
meerS el T2 b isTnui eEfbgdriioe Tom b dgigion
furfhle], @ferc ﬁhiﬁle}isdi atigg theagddridd ede t@npdhfufcadsd to@0°C. A white

m xture. The organi c phase was coll ected. The water

pregitaigts fpemedesurineche teacig A figr the coomleit agdiien ohdeof
thyl - t- bu ether and all of. rgani S
mefEp e pPled Tl SRR Sl PURBRAR B R o
teniflergtofel TR redetidh sdikfutedagadnttinal)evith slidbhd)withas predikcdfsolution
The et her was renoved by rotary evaporation.

HO .
of ML il oy FESr#pl GONRS. phAcq dad ‘41T YRGB mistire
seifild Il PPhackl 118 RebREGHNE WS yuRE Rty A 490 mL of

waktr, 8)0 ML of 574N Lordabot400 relapboivas ef ve6e] Thaomanic phase
e SR T Pk LT st
frabfGaMBRAHRIR, RERPRitrdgkRl 2 S APRRY ressﬁ?ege[hf%tai ifead tdrhperature of

bar, water-cool ed condenser and addition funnel,

15222,53,04C4THe prodadtiwas roblyzaiby GOYMEa0d B¢ mrit) wa9d®asured as

| es, aster Synthesis Ltd., Ward HII, M),

98{55?4’2’?@47%%% (62.7 g, 0.6196 nol es) and

[0708t hy| Edchtyfting E-einf)Rés (-4QQis Mbd Webs f6PFONIBIRE: of PR
initial tenperature of 220C, nethyl chl orof ormate
(64.12 g, 0.6678 nol es) was added dropw se, fromthe
addi tion funnel, over a 1 h period. During the
addition, the tenperature rose to 600C. A white
precipitate formed during the reaction. After the
conpl ete addition of the nethylchlorofornmate, the
reaction mxture was stirred for about 18 h at anbient
tenperature. The reaction m xture was conbi ned, with
stirring, with a prem xed solution of 200 nL of 1.023
N HC and 300 nL of deionized water. The resulting
m xture separated into two phases. The organi c phase
was washed sequentially with 400 nL of water, 400 nL
of 5% Na2CO3(aq), and two 400 nL portions of water.
The organi ¢ phase
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was treated for 3 days with activated 3A nol ecul ar

si eves. The product was collected by fracti onal
waele@siordeat i on, under nitrogen, at atnospheric PCEES20B087114

and a head tenperature of 151.2-153.0 0C. The product

was anal yzed by GO/ M5 and the purity was neasured as

98.9 % by GC-FID. [070] Each of the Exanples 1-4 was

rated "Yes" for sol ubi IT%Weéf Repyts Table 1. Results

Nopest (ay getl” Oycie Lo ps ARtomd {dlé’ﬁse‘i?eni‘pe‘fatqrp\
| D =i ) \I ML I"I‘O), JI 11 H)ll (I) CIdLI POST LT VE O)
(+) means that the Exoéifiaer ”’%@ ) T@mdat@ha@ed< Charged
hi gh&ramilan | WivemdBE |i d, A ). mekinsOt hdirapghite | Li-MnO4
Expt herm Onset Tenper a %kH&\% iéAl(lO e |Sztmdag Woede EQCitmde
used—sane—as EC—(=)1 e hat—ttreExothrermOnget
Tefmper gt ure I Syl r nﬂia? whe )EC i s %ec %an% 653
Bis (3,34, J,??I%%xaé@b%kopeman-zﬁ ) ar onat e
PI‘ pcu all UTI U'.f 3, 3, 4 iénll |c1\afi JuUl UlJCIIl all= L UI
e T R
(16— 2 HH—retes—AAPER-Acohol—rand—€hem—cal—¢o

with t per oxy- 2+ et Wyl hexanopat|e g, 0.0Q21 )
(ayai I e asell\l_%gjér o;%‘z) ‘éf ro?ﬁ_)Ar kelzréo,icchkv(? IST%% n%é%%
Ontar+e,—Catatda)—+h—a 600 At Par+—pressufre—freactor
(B0 SO b el e fart 35 Pt \CBSRLCTROE
AL)}—was—added—at—a—ep RSt ate— TheFedetor—was

al | ovaphritiestir at th'%i%’@nperature for 16 h. The

cr udexdmgaet ijo teri s| distilll ed usiing a.te

pl ate(@zderch%gzaal Uiy peTa £ dld 15‘3gl of %{03?4, g}“’Data
5, 5- hexad) uor opent an-?t(;yget (b.p. =[121C0). |[[072] I|n a

1- 3—neekroundbattomfask—3.34_5;

5 5 hoEGfl ||r\r(l\]>1%l b OII’) ol (15(’(:)9, Olygérrtl oc\ WaS 150°C
combi ned Wi th pyri d| ne (120 g, 1.51 noles) and 200 rrL

Nogs: et hyl enechl ori de The m xture was stirred using

ovefd &ﬁﬁ Cyelp Hifers HivaAfkdpte tad - 2EG BRE MM LIFRS) ofilicon 9@0y/L1FePO4
PO%FS‘ien% an eth Iene gl ycol / CO2 bath. Triphosgene (40 ¢

0. 18)ip! Ficthe ypaliers Hnsqpdpmpeagiare idrRghepdian wheskf we@ed =)
meprg ﬂza@@lerﬁzo Fﬁq‘@]@sﬁ T cameragtit bithegamantvradidls pedstae #i5C. ()
meggith the Exghpiay @epebbraneraghe blgrrsthangiben B ietiedt - 15C.

Fol l owi ng the addition of the triphosgene, the cooling
Exbuphe HvaBisr (@344, Sahn;kaﬂhemmatali-wl)maxbwﬂée was al | owed

to erature r a period of 24 h.
PrePhPLa o ATOAP e RObr | de’ (250 L) was added
[0119 theA qa@fﬁt @ﬂ3 B3 S”Sehexa_ﬂl%r@ﬁegl@dﬂ Z-oPhasprep@sd by combining

col | ected Rueous {)7ease was extracted with one

abspse thap 200 dvoadi |0k | Bmelcsih SPFReA el apd Ghamical Co.) with
t-aRSr[ ﬁérggf‘-ﬂ&{ﬁhexanoate (5 g, 0.021 moles) (available as Luperox 575 from

Arkema, Oakville, Ontario, Canada) in a 600 mL Parr pressure reactor. The reactor was
heated to 75 °C and hexafluoropropene (120 g, 0.8 moles) (MDA Manufacturing Inc.,
Decatur, AL) was added at a constant rate. The reactor was allowed to stir at this
temperature for 16 h. The crude reaction material was distilled using a ten plate
Oldershaw column to afford 150 g of 3,3.4,5,5,5-hexafluoropentan-2-ol (b.p. = 121°C).
[072] In a 1-L, 3-neck round bottom flask, 3,3,4,5,5,5-hexafluoropentan-2-ol (150 g,
0.76 moles) was combined with pyridine (120 g, 1.51 moles) and 200 mL of methylene
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conmbi ned and washed with a 100 nL portion of IN HCO ,

100 nL of saturated sodi um hydrogen carbonate and 100
wOoroopordron of dei oni zed water. A vol atil e frarCT/0R00AH687114

renmoved by rotary evaporation. The remai ning fraction

was distilled and the fraction boiling at 105-1070C

and 2. 66 kPa was col |l ected. The product was verified
chl@yd@ﬂ Wl@@ﬁ?ﬁ}s@@ed using an overhead stirrer and kept at a temperature of

-1 %8 %E Ilg'é\ eﬁhﬁfletgésé]geﬂfoqfddjﬁ{aﬁp ) dr%%lo)s%éneg(zl@ g%( bl m%lé%? ?TCI America,

repare
Poiﬂ,aﬁd,dDE)(afas alsm@ed(lazm)o @l af ﬁiEthlymlneshlo(‘l&b aﬂiﬂmddeﬂ:h@thecmﬂx using

a th?kétfd ﬁé&@gy ﬁmale ed%@alm %%T 3’3@2 o)ﬁlg t$ gg@ P'éf? %é@*osgene
therh%ﬁhﬁ bfltﬁ v&7a§ Qerﬁ@@edha%)él%é HAE N RRENE vx(aé gll@wec@tolxgzgﬁl to_room

mol es into the reactor over period. The
tennmaimatrovmas pﬂmcmfaMrie dSaratedeiqseius taempr&man gwherido 1(25-,’\)rmL) was

itional.24 h, The, reactor, cont ent ol l ecte
ad 1o e i p el T SREHA pHORN SuteMetee T TS Hhge wes
exttd iy with GRS 26 mU}jo‘{?tléthfQﬁéth?lEné’\bﬁlbrl@ee COHBoragiapéitiond Rere
those skilled in the art w thout departing fromthe

combimpe aptheraghcdndihpt £0 mi nomcgl ke FiGLoH0 rah @f paturgkpdsiodium
hy r%%]gt%n gagﬁgna etehndt Iq%lt u]t§ hIP1§ oanoe gltoI ogd wat rOtA Vﬁatqg frai;]tgonl Was

reﬂitarealuyabﬁv;eex@pataﬁsn 1Th&rs@divag tfraetﬁxsm@ss dlstﬁl[bdaa@ldahdfrﬁkglon
wherei n each of the groups Rh

: Rh 2
bOlélﬁa ahho%l% G %@e?p%ls%wwcqwatﬁ@g@he amde&tm%@menﬁed by GC/MS.
I
e X RS B B a2 gl 51 MRS o
[073!}5 [ sExamiﬂ@émhelptdeed Hyyindgeng d13-dinxal-Ryphe @F40up 2.35 moles)
(R@F‘VI A 11%1?0@ Hl%;fr %%ner Z]t\x%rlrlggq %érp@e Iﬂlnl ?e%fzoglrmrqqui%&agﬁ %F2 moles)

in é Bé@ﬂﬁrPJrf féﬁ&t@)? OTR reBRGr When&d (5739 hid Eexaﬁubﬂo?{?@fen@( 16 g,
branched CpF2p+i, wherein p is an integer from

0.1066 Rfoles) was fed into the reactor over a 2 h period. The reactor was maintained at
the set temperature for an additional 24 h. The reactor contents were collected and
analyzed by GC/MS.

[074] Various modifications and alterations of this invention will become apparent to
those skilled in the art without departing from the scope and principles of this invention,
and it should be understood that this invention is not to be unduly limited to the illustrative

embodiments set forth hereinabove.
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B3 Rf 40m , wherein mis 0 or 1, and wherein Rf 3 1is
CnF2n+l , and nis an integer from1l to 8 and Rf 4 is

w@mgg796herein q is an integer from1l to 4, pPOVUS®A7/087114
that when Rf 1 is Fand Rt 2 is F, then at |east one
of Rh 1, Rh 2 and Rh 3 is CxH2x+l , and wherein Ais a
S|ngle covalent bond or CH2O. 2. The conposition of

Clgim$ m 1wherein one or both of Rf 3 and Rf 4 is
branched. 3. The conposition of claimlwherein Ais
CH20 and Y is a coval ent bond, and Rf is -CFRf 1CHF

1. Rf 2 A @btdno ba@hpysitidrerceondidgf toiFormla [2CHFCF3. 4. The
conmposition of claimlwherein A and Y are coval ent
bonds and Rf is -CFRf {CHF Rf2, optionally wherein Rf
is -CF 2CHFCF3. 5. A s8lvent conposition according to
the formula RROC(=Q-0O®, wherein at | east one of R
and R is -C(R rRJ;%; —R{CFZCFZ) nCHFRf 7,
wherein Rf 7 is F Rf 30(Rf 40)m , nis
Oor 1, mis O orR& and Rﬁﬁwand Rh7 are qal kyl groups

having 1 to 4 carbon atons, and wherein Rn7 and Rh8
wherein each of the groups Ry, Ry’ and Ry’ is independently hydrogen or CxHpx 11,

wherein x is an integer from 1 to 4, Y is a single covalent bond or the group
—CRy,'Ry,’—, each of Ry, and Ry’ is independently a hydrogen or an alkyl group having 1 to
4 carbon atoms,

wherein Ry is -CFR¢ CHF sz, wherein R¢' is F, or C,F;,41, and n is an integer from
1 to 8, and wherein R¢ is F, a linear or branched CpF2p+1, wherein p 18 an integer from 1 to
4, or Rf3O(Rf4O)m— , wherein m is 0 or 1, and wherein R¢ is CoFani1, and 1 is an integer
from 1 to 8, and Ry is C4Faq, wherein q is an integer from 1 to 4, provided that when Ry’ is
F and sz is F, then at least one of Rhl, ha and Rh3 is CyHj.+1, and

wherein A is a single covalent bond or CH,O.
2. The composition of claim 1 wherein one or both of Rf3 and Rf4 18 branched.

3. The composition of claim 1 wherein A is CH,O and Y is a covalent bond, and Ry is

—CFR{'CHF sz, optionally wherein Ry is —CF,CHFCFs.

4. The composition of claim 1 wherein A and Y are covalent bonds and Ry is

—CFR{'CHF sz, optionally wherein Ry is —CF,CHFCFs.

5. A solvent composition according to the formula R-O-C(=0)-O-R’, wherein at least
one of R and R’ is —C(Ry, }(Ry")CFR¢' (CF,CF,),CHFR’, wherein

Rf7 is F, C,Fou41, OF Rf3O(Rf4O)m— ,nisOorl,misOor1, and

R:* and R, are alkyl groups having 1 to 4 carbon atoms, and wherein Ry’ and R,®

may together form a ring, provided that when n is 1 both R¢' and Ry are fluorine.

6. The composition of claim 5 wherein R and R’ are identical.
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may together forma ring, provided that when nis
lboth Rf 1 and Rf 7 are fluorine. 6. The conposition
wW@Ro0oghzemd 5 wherein R and R are identical.7. PCHUB206T087114
conposition according to the formula RO C(=0-OR,
wherein Ris CxH2x+! and x is an integer from1l to 4,
and wherein R is -C(R h 7)(Rh_8)CFRf 1(CF2CF2) nCHFRf
7.7, dhehenhcanpopitien gecordirip-the fosmpks RyD+({EYeP—Rrom 1

to Snefin Rlis éof(lzeﬂfaélﬂ% i% gﬁ }flt%%érr FrofD el fgare both

al kyl “groups haVin bon atons whi ch may
t ogethlmin ROisMGRE 1){RY,)OFRiy'$CB,QH, ), CHRR}T whetein By'as FAC,Fype, p is

provi ded t ha e i S one, bat hRf nd 7 are .
an et £ |85 4l Qg 89t RorTir o iy LI g blo 4
carBBfl afdins witish ﬁla& 't&%ﬁ{er @SP4 ﬁﬁg,f}ﬁ“i’s & BF2RHAH ndt 0¥P1, ﬁiﬁ@fd@d that
fromlto 4.79. T of

p is an intege he conposition

wheh aiisoie btk Rei andRil sreGluandeRf 7 is R 3Q(RE40m . 10.
The conposition of claim7 wherein n is 0 and wherein
Rf 1 is flugrine, 11._ The conpositjon of claim?7
8. wherl8F fompesition ofrglaimy Twherghy i fyd) andHfgy pralincar piprapchied CoFop

graﬂg?méﬁﬁnshﬁi&eg&ﬁ%m i% 4 A sol vent conposition
according to the formula RO C(=0-OR wherein R and

R are each independently represented by the group
9. - C( Rhb camp&Riti@) GFRiimCFRGE2HLCHARInd Ry is REO(R'O)ar—.

10. The composition of claim 7 wherein n is 0 and wherein R is fluorine.

11. The composition of claim 7 wherein n is 0, R s fluorine, and R{ is CoFapti

wherein p is 1 to 4.

12. A solvent composition according to the formula R-O-C(=0)-O-R’ wherein R and
R’ are each independently represented by the group —C(Ry)(R;,*)CFR'(CF,CF,),CHFR{’

and wherein in each of the groups R and R’, each of R, and R, is, independently, H or an
alkyl group having 1 to 4 carbon atoms, n is 0 or 1, at least one of Ry’ and R;,* in R or R’ is

an alkyl group, and when n is 1, R¢' and Ry are both fluorine.
13. The composition of claim 12 where R and R’ are identical.
14. The composition of claim 12 where at least one of Ry and R,,® is an alkyl group.

15. The composition of claim 12 wherein both Ry and Ry® in both R and R are alkyl

groups.

16. The composition of claim 12 wherein Ry’ in R and R’ is hydrogen and Ry’ in R and

R’ is an alkyl group.

17. The composition of any of claims 1-16 further comprising a lithium salt.

-0



7 and wherein in each of the groups R and R, each of

Rh 7 and Rh 8 is, independently, H or an al kyl group
whamsawel0 to 4 carbon atons, nis 0 or 1, at |PRPEHUSHAB087114

of Rh7 and Rh8 in Ror R is an alkyl group, and when

nis 1l R1 and Rf7 are both fluorine. 13. The

conposition of claim12 where R and R are _identical.
181 4. ATitbivepipndutterysionpristiganpleacprolfiennd apositipsticdiode ard a

. 7 .is. J The: i ti.on
e piecd, Wheftd Sufslriitle ShlBor kg ATRASIE 8
clain 18y @pt@inkljy wieeinpsach d6theThidy cloarpalsdltdt@deodf widbancty?have an

rejn 7 in Rand R is hydr .and Rh8 in and
A%Ef{gtlhgqu&nw| eg]ps{fﬁ_lref _Ve-lql?gukgﬁﬁ)ggép g}edﬁes(g:pcea hg peat solvent
comb&ifigy 1- 16 further conprising a lithiumsalt.18. A
[Tthiumion battery conprising an electrolyte and a
positive el ectrode and a negative el ectrode, wherein
19sai d kthaei ool batteryconprisBgsana | @oophos atd Dpositteor] clitroge tod a
claim17, optionally wherein each of the fully charged
nogE £R6RA. SoRAT i slerERlylcape i bR G Rt
claiR TRESRIoHARy ARONG BRRYE t%ﬁ?@@c%ﬁ#&@ec@fo@%@@ﬁﬁi@@at{eflkghave an

neat sol vent conposition. Ithiumion batter

ARSo hpothstinn@nsat Tehpetatwt pbeveaabdual W5€iin itheepredcact ofotie neatdolvent
a negative electrode, wherein said electrolyte

COIBB%‘?‘?DSeS a conposition according to claim17,
optionally wherein each of the fully charged

208! eqht egssotHioset daifi 1 ﬁ%e%bﬁpr%ﬁhg%lt‘%’é%{%@rﬁnpﬂ%ﬁ%, LiBF,,

_Tenperature above about 1700C i'n the presence of the
LiGlént lithoiny brstoxelangpbesiate, biN(SEQCFIhd iNOPPLESF)b.dnAsKs, cl ai m

. ther conprising,a salt selected fromLiPF , LiBF
LiCGEF o i SRR UHTBRPBER ot o) bor at o, Li N SO2CF3) 2.

Li N(SO2C2F )2, Li AsF6, LiC(SQ2CFs) , and conbi nati ons
21t herm@etomposition of claim 17 further comprising a cosolvent, optionally selected

from ethylene carbonate, propylene carbonate, dimethyl carbonate, diethyl carbonate,
ethylmethyl carbonate, vinylene carbonate, vinylethylene carbonate, fluoroethylene

carbonate, or a combination thereof.

22. A lithium ion battery comprising an electrolyte, wherein said electrolyte comprises

a composition according to claim 17.

23.  An electrolyte composition comprising a solvent and a lithium salt wherein the
solvent comprises a compound according to the formula R-O—-C(=0)-O-R’,

wherein R is C,Hyp11 and p is an integer from 1 to 4, and

wherein R’ is —C(Ry, )(Ry,")CFR¢ (CF,CF,),CHFR{, wherein Ry’ is fluorine or
CpFapi1, Ry is F, CoFgpr1, of RFO(R{'O)-, and Ry, and Ry® are independently H or an
alkyl group and wherein both Ry’ and Ry,” are not alkyl groups, the alkyl groups having 1

to 4 carbon atoms, misQor 1,andnis O or 1.

24. The electrolyte composition of claim 23 wherein Ry, and Ry,® are both hydrogen

and n is zero.
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21. The conposition of claim 17 further conprising a
cosol vent, optionally selected from et hyl ene

W@ 20080T8®TE®, propyl ene carbonate, dinethyl carbRCEUS2007/087114
di et hyl carbonate, ethylnmethyl carbonate, vinylene
carbonate, vinylethyl ene carbonate, fluoroethylene
carbonate, or a conbination thereof. 22. A.lithiumion

25pat tBe glestomyic ngsisian of elsim gp ythercimpeg @f ffn gad &y 15 an alkyl
e I SQRQsi tion according to claim
gn%@ f SP ﬁn% ﬁ@%?%&fﬁ?eﬂzonpogltlon conprising a
solvent and a lithiumsalt wherein the sol vent
26 CONMht 8RGtrélyRAiBR6Rtioa O Olatth ag v&lﬁrdulil 6nd Of Riilaad R,," is an alkyl
ROC=0-0R,. wherein Ris % and p is an_, s
grqup B geterd. eafRe is & A Cofind %Re.aﬁd qrg F. StRe 07 )REHRr O
8) CFRf 1(CFZCF2)nCHFRf 7, wherein Rf 1 is fluorine or
CpF2p+i, Rf7 is F, CpF2p+i, or REBQRF40 m, and Rh7
and Rh8 are independently H or an al kyl group and
wherein both Rh7 and Rn8 are not al kyl groups, the
al kyl groups having 1 to 4 carbon atons, mis 0 or 1,
and nis 0 or 1. 24. The electrol yte conposition of
clai m 23 wherein Rh7 and Rh8 are both hydrogen and n
is zero.25. The electrolyte conposition of claim 23
wherein one of Rh7 and Rn8 is an al kyl group, nis 1,
and both Rf1 and Rf7 are fluorine. 26. The el ectrolyte
conmposition of claim23 wherein one of Rh7 and Rh8 is
an al kyl group, nis zero, and Rf1 is F or CnF2n+l
and Rf7 and Rh8 are F, CnF2n+l, or RESQRF40 m
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