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1. -;frfi~fff~;;,&, JA~1-iEfrr: J1JT~~fff~1,Bl'E1Jt~fff~JJ1 ,~ifJUtJfU, ~1JPJfU;for}J~~1tirtm, 
m~~~~1r~~--~~--~~1r~~-•~••~~1r~~~~&-#,m~-• 
~~~~wtu!/~1t1rtmlo-«~~~wiw~1t1rtm7J\.JJUJl~~orrt: en Jfort: crn J1JrJFs{]~at1Jrt:: 

R11-CN 
I -
() 

I 
CN-R13-0-P-O-R11-CN ~ (I), 

f22-CN 

0 
I 

CN-R23-o-
11
-0-R21-CN 

0 

A~R1hR12,R13,R2hR22,R23~ § J!RJ1Jt!ti& § Cl ~C5S{]~iJt~!l)GjC{~~i%~o 
2 . tlHAHXllJ ~ * 1 ?Jr~ s{]-;frp ~ fij~;;,&, ;!t t~1-iE fr r : ?JT~J}J ~~ 1tirtm fr~ fij~;i,& ~ s{] JJ1 _;. 

a 7J\.1'i ;~o. o5% ~10% o 

3 . tlHAHXllJ ~ *2}1)T~ s{]-;frp ~ fij~;;,&, ;!t t~1-iE fr r : ?JT~J}J ~~ 1tirtm fr~ fij~;i,& ~ s{] JJ1 _;. 
a 7J\.1'i ;~o. 2% ~5% o 

4 . tlz 1h5 if,£ tu ~ * 1 ?Jr~ s{] - ;frp ~ fff~ ;I,& ' ,; t~ 1-iE fr T : ?Jr~ ~ fff~ m1 ~ L i p F 6 ' L i BF 4 ' 

Li S03CF3, LiB0B, LiDF0B, Li TFSI, LiFSI, LiP02F2 ~ S{] ~&-;frfi o 

5. t!ztfi5if2liJ~*l?Jr~S{]-;frp ~fij~;;,&, ;!tt~1-iEfrr: }1)T~~ifJUtJfU~t15EC,PC,DMC,DEC 
EMC,GBL,MA,EA,PA,BA,MP,EP,PP,BP,MB,EB,PB~S{]~&pij;frfio 

6. t!z 1As if2liJ ~ *5 ?Jr~ s{]-;frp ~ fff~;i,&, ;!tt~1-iE fr r: ?Jr~~ ifJUtJfU ~EC PC EMC DEC, 
PA,MP,EP,PP,EB~ S{]~&pij;frp o 

7. t!ztfi5if2liJ~*l?Jr~S{]-;frp~fij~;;,&, ;!tt~1-iEfrr: p)T~~jJpJfU~FEC VC VECPS,BS, 
DTD,MMDS,PES,MEWi0J1mW~, ~MEWiG'.i:mW~, SN,ADN,PN,HTCN,DENE, T =wiwf, ~*wiwf, 2-
Et3 ~ ~*wiwt ,2, 3-=E¥ ~ ~*wiwt ,::&ffilwiwt~ s{]~&-trr o 

s. -trrffl!.=tx~;;m, ~tt1'i~iEtii!it!:M14s{] iEtiJt, 1'i~ff:ttii!it!:;t,r14s{}ff:ttiJt, 1% 
~ ~l ;f P ~ fij~;;,& ; iE ti Jt ~ t15i!xA!1JG ~ mi ilxffl!. ~ -=f S{] iE ti i!itEifJ 14, ~ ~ JfU, ~ tTE 1-t 1k ~~ ?Jr~ 
iEtii!itU,t14, ~ ~ JfU, ~it 1-t~aif s{]:tr1J~a1fu; ff:ttiJt~tt PT ittA!1JG~ mi ilxffl!. ~ -=rs{] ff:ttii!i 
t!:;t,t 14 , ~ ~ JfU , ~ tTE 1-t lk ~~?Jr~ fft ti i!i ti: M 14 , ~ ~ JfU , ~ tTE 1-t ~a ifs{] fr1i ~a JfU , ;tt t~ 1-iE fr 
r: J1Jr~~fff~;i,&~if2lU~*l ~7{:E-:c91}1Jr~S/,J~fff~1,&o 
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1t#i~±t 
[0001J *'fe:. S)j ~rfi=tx~im~JI±]Jt, Ji1-tit/; lk -;frr ~fff~i,&lk 13-~i~~fff~i,&s{]fi=tx~ 

1m o 

.::11:..§-f:±-,l,i 
~ .ffl. DVI' 

[0002J fi=tx~imJi~I 11:~ff ~, tt ~~;.* &A,1rnvf-~1fp-*, § tJ!x:.~$1!£,xictl;}J: 
@.' xt ;ET, :ljj'5 ~ Jj\ ~1}t ,8 ' B t£.J1ZM ffl T 1r'3 ~ ~ ~ -=r' 1i1 ~~lk i}J jJ r ~ 0 m}F~~' riM~1fJ~ 
rt:~ -=r r ~ fPJ $£1JJt, ~ ti: ~~'fe:.M, ~xtfi= {JC~ 1m s{] ~~;.* l!l.tt tB £ ~ ~ * o Sxt ~ 1m£ 
~~;.*l!l.~~~~*'~~§$~~*m~~~~~~~~m~ff~~~~~~~-~ 
~ff O riM~ ITTJ*S{] ~~1mt!:~~s{]g;1i' t~JJIJ~fr~ff ~ilal. r' ~1filtiJt*ffi%P>GS{]SEI~ffit~ 
IA&:~ffi::l:~; fr1f£ilal.JE ~at, EE r ~ifuS{]i}J jJ$·ri~~x 1:t, 1f£ilal.JEJJ)(~at~~tfrfi, ~ im~~ 
·r1~~5tiu~~[rij 0 

[0003] ~liJCN2015105646960:ff 7 -;frp13-~_xxft~1ti:ft?JJNC-R-CN1f 7'Jfi ~-=f ~ 1fil ~fff~ 

1,Bl ~ JJP JfU, PT L::JJt ~ ~ 1m s{] ~ 11a1. 1¥1it·r1 ~~ ~ R.. 1m lT-·r1 ~~ 0 ~1~ s{] , ~tu cN201510964662 0:ff 
7-#~~13-~~~~~~-~-~~~if~~T'Jfi~-=f~~~M~~~~,~~fr~m 

*ffi'fe:.~•if&S%P>G13-~$~1t~~~if~,~~if~~~~~mMM*ffi~~~~-=f 
ttif , J)_ w tqJ tu~ fff~1,Bl fr~ ti* w 'fe:. ~ 7J\.fff~ , ti~ ~ 1m s{] ~ 11a1. 1it 1¥ R.. 1m vf- ·r1 ~~ 0 1s * ~JI ±is{] 
#~A~'fe:.~,13-~~~~~_xx-~--~~i:f~P>Gffiffitt~~A,*~1E~~£~~fi, 
~~1t£~1m~~·r1~~ 0 

[ooo4J l!l .tit, 3f 'fe:.-trr~5E~~eJ:ff ~11al.1¥1it R.. 1rnvf-·r1~~, ~ at x~~r'J:ff1t£11a1.JE ~ ·ri~~s{] fi 
- 'Iv t±r ',I,, t±r f;,n ,~ err. \'I * + -lX >--ei 1l!:'i >--ei mtr115Z.,EI, A.!!'./'- o 

~a~IA.IW 

[0005J *'fe:. S)j s{] § s{] fr riff~{* _tJ£tt* i'PJ ~, ti1~-tr11 ~5E ~~ r'J: ff~ 11al.1¥1it R.. 1rnvf-·r1 ~~, 
~~x~aff*~JE~tt~~~M~R..13-~~~M~~fi=~~~o 
[ooo6J *'fe:.S)j § s{]Jffitt~ rtt*1f~~JJJt 
[0001] -;frp~fff~i,&, 'E1t15~fff~m:t, ~tJUtJfU, ~1JpJflj;fPJ}J~~1ti:ft?JJ, J1Jr3£J}J~~1ti:ft?JJT'J­
lt~~--~~if~~-lt~--~~if~~ ~~&-#, mJ£-lt~~--~~if~~ 
- It~~~ WtU!/~ 1tif t?JJ 7]\. JJIJ Ji~ ~pr rt: (I) ;f P rt: (I D ?Jr?F s{] ta tiJ rt: : 
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[0008] 

f12-CN 

0 
I 

CN-R13-0-P-O-R11-CN 

f22-CN 

0 
I 

CN-R23-o-
11
-o-R21-CN 

0 
[0009] A ~R11'R12,R13,R21'R22,R23~ § J!Ridt!ti& § Cl ~C5S{] _1IHJt~!l)GIC{~_\[fiJt~ o 

2/9 IJr 

[0010J J1JT~r}J~~1tiftma~fff~1,Bl ~ s,g mi; s 7J\.*;. 1JtJ&Jgo. 05 % ~10 % , 31t£ro. 05 % 

at , ~ ~~ 1~ ff s,g 1i tf1 iE fft ti , J). w xt ~ ft, 7]\. ti ~ ~ 1m s,g ~ 11ili 1it 1¥ ti:~~ R.. 1rn lT- ti:~~ , w ~ tt 
10 % at, EE r ,;:1:i1Jo~fff~1,&S{]fr1Jft, ~i5:~imt!:~~~1to £ 1JtJ&rfil, ,;a~fff~;;,& ~ s,g )Ji; s 
7J\.15 ;Jgo. 2% ~5% o 

[0011] ?Jr~~ fff~)Ji 1JtJ&T'J /\ IC1i~@JH!!!. (LiPFs) , 1JI1 IC 1i)ffl@JH!!!. (Li BF 4) , - IC Ef3 ~1if@JH!!!. 

(LiSQ3CF3) , ,XXG=@tHJW@tH!!!. (LiBOB) , =IC~@tHJW@tH!!!. (LiDFOB) , ,XX -IC Ef3 i%1if@Jc_\[f~~'f!!!. 

(Li TFSI) , _xx1C1if@Jc_\[f~~'f!!!. (LiFSI) , =IC1i~@1'f!!!. 

[0012] (LiP02F2) S{]_¥y~trf!o 

[0013] }1)T~~:ffl1{HfU'E1J15~@1G'.i:ffl@~ (EC) ,~@1pg'.i:ffl@~ (PC) ,~@1=E¥@~ (DMC) ,~@1= 

G@~ (DEC) ,~@1 Ef3 G@~ (EMC) , y - T pg@~ (GBL) , G@1 Efl@~ (MA) , G@1G@~ (EA) , G@1pg@~ 

(PA) , G@1T@~ (BA) , pg@1 Efl@~ (MP) , pg@1G@~ (EP) , pg@1pg@~ (PP) , pg@1T@~ (BP) , T@1 Ef3 

@~(MB), T@1G@~ (EB), T@1pg@~ (PB) ~S{]_¥yp;J;ffrpo 

[0014] 1JtJ&S{J, }1)T~~;t}l1{HfUjgECPCEMCDECPA,MP ,EP ,PP ,EB~ S{] _¥d;-rJ;Jtrfi o 

[0015] ?Jr~~ 1J□ JfU Jg* ~JI ±]Jt ';W ffl s,g ~ 1Jo JfU ' 1'F Jg* 1}Ll ' ?Jr~~ 1J□ JfU Jg IC 1~ ~ @1 G 1m @~ 

(FEC) , ~@1_\[f G'.i:ffl@~ (VC) , ~@1 G'.i:ffl _\[f G@~ (VEC) , 1, 3-pg1if @1 pg@~ (PS) , 1, 4-T1if @1 pg@~ 

(BS) ,®E@1G'.i:ffl@~ (DTD) ,Ef3i%=1if@1_\[fEf3@~ (MMDS) ,pg'.i:ffl1if@1pg@~ (PES) ,®E@1pg'.i:ffl@~,_\[f®E 

@1G'.i:m@~, T =~w (SN) , ei=~w (ADN) ,~=~w (PN) , 1, 3, 6-eii%- ~w (HTCN) , G=@f_xx (pg 

~w)@~ (DENE)' T=@1Wf, ~*@1Wf,2-Ef3~~*@1Wf,2,3-=E¥~~*@1Wf,:tzffil@1Wf~s,g 

_¥y~frpo 
[oo 16J * /3t S}j ~ 1~ R.. ~ trr1'i ~ _t~ ~ fff~;i,& s,g ffl!.= 1JC ~ 1m , 'EL 1t1'i ~ iE ti it·r1;t,t14 s,g iE ti 

Jt , 15 ~ ff:t ti it ·ri;t,t 14 s,g ff:t ti Jt , 1% ~ ~ffiVfO _t ~ ~ fff~ ;I,& ; iE ti}, 'E1 t15ittA!1JG ~ mHix 'fl~ -=f s,g 

iE ti it ·ri;t,t 14, ~ ~ JfU , ~ tTE 1-t 1k ~~ ?JT~iE ti it ·ri;t,t 14, ~ ~ JfU , ~ tTE 1-t ~a if s,g fr1i ~a JfU ; ff:t ti 
Jt 'E11t PT tttA!1JG ~mi* 'fl~ -=r s,g ff:t ti it ·ri;t,t N , ~ ~ iu , ~ it 1-t lk ~~ J1JT~ fft ti it·ri;t,t 11, ~ 
~ iu , ~ it 1-t ~a if s,g :tr1i ~a iu 0 

[oo 11J * /3t S}j s,g ~ fff~;i,&Ji~~□ r 1Jt ,8 R.. ~ :fut:}J:~ = 

[0018] */3tS}j s,g ~fff~;;,& ~1'i~s,g -tt~_\[f1i~@1w~1tift?JJ!l)G-lt~1i~@1w~1tiftm, PT~a 

iEfftm*oo~m,H~~~~~-=r~if,~~iEm~~~-=rMllim~~M~~~~~,;m 

1Rfr ff:tti, J)_ W :it:JLlle5EiEti~at1J ;fOr'J: ff ff:t tiSEUls{] {'F ffl, ti~ 'fl= {}C ~ 1m1rn vf-·ri~~;fo ~ 

4 
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~tt~.~~*~~~~~~~~m~**~~mr~~mmtt,a~*~~~~~fi~ 
~, J)_ w ~~ti~~ 1m s{] ~~·r1 ~~. 

~1*~~llilJ~ 
[oo 19J r w ~a~~ JJW: 1}U xt* ~ ~ 11: fil~:tiJwtffi s{] m J£, 1s * ~ ~ s{] ~ JJW:1f rt:~~~ r .tit. 
~200 *~~~JJW:fflmm~~--~~--~~~~~-•~••~~~~~~~* 
jjlJ~D*llD*2?fr7T>. 
[0021J *1-«~~~~wi@~1t~tm 
[0022] 

CH, ·····CF·<""""CN 
! - -

0 

NC-··· CF,······CH ····O .... f,.····O······CH,··-CF,--·--CH-,·----CH ----CN 
J,. ' • ..;;. • • J. ~ ... .,.. .... ~· .. ..;, ... 2 ,:,. 

1tif4m !7 

\H2-·CF2 ······CN 

{) Cl:LF 

NC·--··CFi----··CJ-f2"····0·····l)·····O·······CHF•-i----=-----CN 

Cl::!_, 
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[0023J *2 - lt1Hiwi@~1tirt?JJ 
[0024] 

1tirW Il1 

{l~H2 •••••• CHF--·--CN 

() 

NC----CF~------CH·)----O·----P----O------·CH~-cF.,······CF.,······CH,····CN - • H - - - -
0 

(7H2-CN 

() 

N-C•--w(:H.,••w()•-swJt-sw()----s-CF- ·-CH- -------CF·,"""C'F·•"""'CN ~· . . .. _.;;. n •• ~-, i, • ~--~ .• '~ ,-,,,'. i, . A 

0 

~Hf-{-:'.HF----·CHT······CN 

() 

NC······CHf ··0·····P·····O·····CllF····CHF-····CHF····Cfff ·····CN 
c, 

[0025] */3t S)j ~Jnfi 1YU ~ ffl!.= '/x ~ itM{] tu~ Ez.t!:~~ ~ffi,htiv ]Jf~Dr: 

4/9 IJr 

[0026J c1) ~ fff~1,&s{] tu~= aie~ffli!E s{]-¥~ffi ~ , ~:ij-~iffl11HfUtt,(~ 5Em:t;. t:~ 1iif, ~ JJ□ 
A~1Jo1fu, -ft~_\[f ~iwi@~1t1rtm!l)G-lt~~iwi@~1t1rtm, ~fff~m:tJE7J\.~1-'l'::l:?J>1, ep;f~JU* 
/3t S)j J1JT~ s{] ~ fff~ 1,Bl 0 

6 
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[0021J c2) IEtLH&Jts{] tu~= ~~~5Em:L;.tt s{]~1ffiB#CG'.i:m CPvoF) 1tfff~r 1-E¥ ~-2-Pttriti% 
~[iij (NMP) 1t1,& ~ , ~~~~ 5E}FUiJt S{] iEtii!dii-Jf4JfP ~ ~ JfLJ:iJpA_tij~Jt;;,&}Hiif:l:?J >J, ~~1i 
tu s{] #tf41* ~ fr ffl rs s{] pijffi Fo , i~-=f, $iff Fo 1~ iu IE ti tLzJt 0 

[0028] (3) ff:ttitiJts{]tLl~: ~~ m:UiJtS{]SBRfr1iiaJfLl;fPCMC:l:ilftuJfLl1tr7-k1t1,& ~ '~~~~5E 
~;~~ff:tmMM~~~~~A_t~m~#m1r~>1,~m~~~M~~fr~ffi~MTIIT 
Fo, i~-=f, $iffFo1~JLl ff:ttitiJt o 
[0029] (4) fi=1x~1fus{] tLl~: ~~ _t~tLl~s{] iEtLH&Jt, ff:ttLH&J=,JfPI% ~~ttLlJJ>G~~, i:E 
A:tiJJJJ (1) J1JT1~~fff~1,Bl, t£1tJJ>G~I Z:FotUJJ>Gfi=1JC~1m o 
[0030J (5) ~1m·ri~~~ffi,ht 
[0031] r~dlal. 1rnlT-~ffi,f1,5\: fr 45 °C -r_g;;lal.ffi ~ ~ 0. 5/0. 5CS{] 1tr$xt~ jfufilff :ftJJ)(~ 1rnlT-~ffi,f1,5\ 0 

~ 11a\.1i'1H¥ ·ri ~~ ~ffi,fit = )t; ~~ ~ 1m fr~ 11a1. ~ ~ r ~ o . 5; o . 5 cs{] 1tr * xt ~ 1m fil ff JEJJ)( ~ ~ 1JC , ~ 
~ o . 5 c~~ ~ 1m JE 1i ~ Fo fil ff ~ 11a1. 1¥ 1it , 1¥ 1it ~ 5E at rsJ Fo t~ ~ ~ffi,u ti~ 1m s{] w It , 1t ~ 1m 3'E ~ 
1t tp Fo ~ o . 5cfil ff JEJJ)( ~ ~ffi,u ttit ~~; 1i=tt $lo~; •fij(J[ * 01t£11a1. JE ~ ~ffi,u ti = )t; ~~ ~ 1m fr 
~11a1.~~r ~o. 5CJJ)(~, ~fr~1f£11al.ffi~ 1f£11al.0°c=r~Ll'.41J\at Fo ~o. 3c~~~1mJE1i~, rtFo 
fr~~m~~~~ffi~mM~~~~ff:tm*TIIT~~~fio 
[0032J :zJs: ~ sJt~ JJW: 1?Ju 1 ~ 25 R.xt tt 1?Ju 1 ~6 s{] ~ fff~;;,&tilJJ>G ~P *3 ?JTJF o 
[oo33J *3~ JJW: 1?Ju ;fo xt tt 1?Ju s{] ~ fff~;;,&£117J\. 
[0034] 

~tJ1m:1f1J i1~hP1fU :r:bffMtir#JJ ~ffl"Jiff a 'f JI, 

':'¼ Jftff fjirJ 1 
EC:EMC:DEC:PC= 

3%1tirtm 11 
UM 

5%FEC 
25:25;40: 10 LiPF6 

EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, o.8%ftstM 1.lM 
~Jftff ifrj 2 

25:40:10 1%SN, 0.3%VEC, 1%DENE 11 LiPF6 

EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, o.s%1tittm l.lM 
~ ]ftff {frj 3 

25:40:10 1%SN, 0.3%VEC, 1%DENE h LiPF6 

7 
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[0035] 

*ffillf3'1j 4 
EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, 0.8%1-t-fr1m 1.1 M 

25:40:10 !%SN, 0.3%VEC, l%DENE l3 LiPF6 

:>khffi'Wtl 5 
EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, 0.8%1-t*~ Ll M 

25:40:10 1%SN, 0.3%VEC, 1%DENE l4 LiPF6 

:'khtf9tl 6 
EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, 0.8%1t11~ 1.1 M 

25:40:10 l¾SN, OJ¾VEC, 1%DENE Ts LiPF6 

:>klifBWLl 7 
EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, o.s%1tstm l.lM 

25:40:10 l¾SN, 0.3%VEC, 1%DENE 16 LiPF6 

EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, 0.8%1-t 1'i'-4:m 1.lM 
*fftsWtl 8 

25:40:10 l¾SN, OJ¾VEC, 1%DENE h LiPFn 

EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, o.s%1t 'A~tm 1.1 M 
*:fr't!l% 9 

25:40:10 l¾SN, 0.3%VEC, l¾DENE U1 LiPFn 

*mlHJIJ EC:PP:DEC:PC=25; 3%PS, 5%FEC, 2%ADN, o.8%1-tiH:m 1.1 M 

10 25:40:10 1%SN, 0.3%VEC, !%DENE Ih LiPF6 

*lifl:i{JIJ EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, 0.8%1-tif!Jm 1.lM 

11 25:40:10 l¾SN, 0.3%VEC, 1%DENE lI3 LiPF6 

*ff'ill1JJJ EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, o.s¾1-t1:rtm 1.1 M 

12 25:40:10 l¾SN, OJ¾VEC, 1%DENE Il4 LiPF6 

~]Tu'fy!J EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, 0.8%1-tir!Jm l.lM 

13 25:40:10 l¾SN, 0.3%VEC, l¾DENE Ils LiPF6 

~Jjffi fy!J EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, o.s¾1-t1:rtm 1.1 M 

14 25:40:10 1%SN, 0.3%\/EC, 1%DENE Ih LiPFn 

*)Jti1JJJJ EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, o.s%1-t1:rtm l.lM 

15 25:40:10 l¾SN, 0.3%VEC, 1%DENE Ih LiPF6 

'.¢JJ1tHJJJ EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, O .05%1t-k!Jm l.lM 

16 25:40:10 l¾SN, 0.3%\/EC, ]%DENE 11 LiPF6 

~JJtsfitl EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, 02%1-tir!Jm l.lM 

17 25:40:10 l¾SN, 0.3%VEC, !%DENE L LiPF6 

~!&Wtl EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, 1.lM 
5%1-t*4M I1 

18 25:40:10 l¾SN, 0.3%VEC, T¾DENE LiPF6 
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[0036] 

~JrJiflJIJ EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, 
10%1ti5-4Z1JI1 

1.1M 

19 25:40:10 1%SN, 0.3%VEC, 1%DENE LiPF6 

0.4%1tiif:0 
~~,: )ltlHifJ1i EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, 1.IM " .... ~ -.. 

Ii, 0.4%1.tB-
20 25:40:10 l¾SN, 0.3%VEC, l¾DENE LiPF0 

tm11:z 

0.4%1tB-~ 
~Mff flJlj EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, UM 

h, 0.4%1-tii 
21 25:40:10 1%SN, 0.3%VEC, 1%DENE LiPFi, 

(imTls 

3%PS, 5%FEC, 2%ADN, 1.0 M 
~~Wtl EC:PA:EP:DEC:PC 1.0%1tif4JJJ 

1%SN, 0.5%PES, 1%DENE, LiPF6+0.1 
22 =25:20:20:25:10 Ih 

0.5%::&!*~Jf M LiP02F2 

4%PS, 6%FEC. l%DENE, 
~~Wu EC:MP:EB:DEC:PC 2.0%1tir4JJJ 0.9M 

l%PN, 0.3%VEC, !%DENE, 
23 =25:20:20:25: l 0 

0.S%l:!1*&l~f 
h LiFSI 

:'tn&f1Ll EC:EA:DEC:PC=25 3%PS, 5%FECr 2%ADN, 0.8%1t ii't8 UM 

24 :25:40:10 l¾SN, 0.3%VEC, 1%DENE 11 LiPF6 

3%PS, 5%FEC, 2%ADN, I.OM 
~MffWtl EC:PP:DEC:PC=25: l.5%1tiif:0 

l¾SN, 0.5%DTD, l¾DENE, LiPF6+0.5 
25 25:40:10 II6 

0.5%HTCN M LiTFSI 

EC:EMC:DEC:PC= 1.1M 
xtttfYtl 1 5%FEC --

25:25:40:10 LiPF6 

EC:PP:DEC:PC=25: 3%PS, 5%FEC, 2%ADN, UM 
xtbtWtl 2 --

25:40:10 l¾SN, 0.3%VEC, l¾DENE LiPF6 

3%PS, 5%FEC, 2%ADN, I.OM 

M b~ff1J 3 
EC:PA:EP:DEC:PC 

1%SN, 0.5%PES, l¾DENE, -- LiPF6+0.l 
=25:20:20:25:10 

0.5%:t,U~itM M LiP02F2 

4%PS, 6%FEC, 1%DENE, 
EC:MP:EB:DEC:PC 0.9M 

xtbtiYLl 4 l¾PN, 0.3%VEC, 1%DENE, --
=25:20:20:25:10 LiFST 

o.s%J:!;*~l!lff 

xtbt1Ytl 5 EC:EA:DEC:PC=25 3%PS, 5%FEC, 2%ADN, -- 1.1 M 

9 

Zhuhai CosMX Battery Co. - EX1015 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 9 of 23



CN 106848381 A 8/9 IJr 

[0037] 

:25:40:10 1%SN, 0.3%VEC, 1%DENE LiPF6 

3%PS, 5%FEC, 2%ADN, 1.0M 

xtl:tWtl 6 
EC:PP:DEC:PC=25: 

!%SN, 0.5%DTD, 1%DENE, -- LiPF6+0.5 
25:40:10 

0.5%HTCN M LiTFSI 

[oo3sJ *~ a 7J\.* £~-rl'td=i ~tt~fff~;i,& ~ s{] m:t£ a 7J\.* £, 1;&Jl'.~1l'ta~tt~fff~1,& ~ s{] 

i;&Jl'. 0 

[oo39J ~ Mfi 1}Ll 1 ~ 2s;fo xt tt 1}Ll 1 ~6 s{] ~ fff~;;,& 1~ iu s{] ffl!.= tx ~ 1m s{] ti:~~ ~ffi,Llit~a ~ ~o *4l1Jr 

[0040] *4~M/i1}Ll;fPxttt 1}LlB{]~ffi,ht~a~ 

[0041] 

45'Ctil1; 500 f,1rJ 60 'Cfi)i'J ~ 1¥ fi:ti 30 7( 
ft;EWi, 0°CiE 

~~i%:ff ~~&5t1i ~1[13#!:ti ~!lt'r!J<~ ~&3t1i 
EH 

$/% $/% $!% $!% $!% 

~JM:1YU 1 86.9 4.9 78.2 87.5 8.6 :lCtfrfflt 

g;},W:1fu 2 85.6 4.5 77.2 86.3 9.2 *tfr4!ll! 
~JJ1J11f1j 3 84.5 4.1 78.1 85.2 9.5 *tJTW 

~JJ1J11Ytl 4 85.8 4.6 77.1 85.8 8.3 5fttfTW 

g;h'&1}1j 5 83.1 4.9 76.5 86.9 7.6 *tJTW 

~Jn[1Jtl 6 82.9 5.3 78.2 87.1 9.3 *tJTIDI 
g;JJ-OH1u 7 83.5 4.8 77.5 87.8 7.1 *tfr4!ll! 

~Jn[iJLl 8 83.3 4.2 77.3 87.2 8.2 *,ffrffl! 

~MI1YU 9 86.2 3.8 76.5 85.3 9.8 *HrW 

~MLiJu 10 83.4 4.6 78.5 88.7 6.4 :¥tfr4!ll! 

st Mi 1Ju u 82.1 4.6 76.1 85.8 9.2 *tfrffl! 
~{:fttfi{tU 12 84.6 4.1 76.6 86.5 8.2 ,:ttRfflt 

~tffi1Jlj 13 84.8 4.5 78.1 89.4 6.1 *tJrtit! 

~irfffWu 14 85.5 4.0 76.3 86.3 9.1 *tffff 
~ J}fff iJIJ 15 85.2 4.3 76.1 86.8 9.5 *tJTW 

~nt13fu 16 80.2 6.2 72.1 80.2 12.6 *tfrtl 

~:in!Wtl 17 83.9 5.3 75.3 84.5 10.5 *tJrff 
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[0042] 

'-%; lJi 1lf tl 18 85,6 4.1 77.8 87.9 7A *ffrt! 

~mffWtl 19 85.3 4.9 75.5 85.2 8.2 *tfr'i:m 

~fi{gWtl 20 86.2 4.2 78.8 89.6 6.3 *tfr~ 

~mff1lftl 21 89.3 4.1 77.9 88.2 8.2 **fr'f! 
~t'W:i'itl 22 86.6 3.6 78.3 88.5 8.9 **frfflt 

?kmff 1lftl 23 88.1 3.8 77.5 89.2 6.5 *tfrW 

~fjffi1lftl 24 78.9 9.2 69.1 75.2 13.5 *tfr'l:fil 

~JJi1lftl 25 87.2 3.5 75.1 82.6 8.2 ~~ffr'l:fil 

xti•Lt13tl 1 75.6 7.6 65.2 75.2 22.3 tfrtI 

xtttfftl 2 73.1 8.5 67.1 77.4 19.3 tfr4:I 

xttt19tl 3 74.3 7.3 67.5 77.6 19.5 tfr'ffi! 

xtttfftl 4 75.3 7.2 65.3 76.2 20.2 tfr'ffi! 

x0tt1fu 5 61.1 13.9 43.5 45.6 65.4 !f£1fMfrW 

xttt1fU 6 74.1 7.1 67.9 77.3 17.2 ti:1'"&.tfr-~-~ )Ji - . 

[oo43J Jffitt~Mli1?Ju 1 ~2s1=jxttt 1?Ju 1 ~6:ittff xttt, 'fe:.JJJifi1JPA-1t~_11r~~wiw~1t1rtm!l)G -
1t~••~~1r~m~~~a~~~~ffi~tt~, ~~ H~~ ~~~~~~~~~;~~ 
$, tqJtUJJ&~~*, mJ Jlxt1f£ilalJE~tfrfli'J:iJ ~ill~r'J:~ o 

OOM~ ~~~Mfiffl~*'fe:.~~~~~Mfi~A,~*'fe:.~~~Mfi~A#~~~~~Mfiffl~ 
~~ tu , ,; --ts{] 111PJ * 1f ~ * 'fe:. ~ s{] fl *11 ~ m1 £3 JJR ~ r J1Jr 11: s{] ej[ ~, 1,tttjj, flt-1~, £_§_if, r~ 1i, 
:t?J s~ ~ :}J: s{] _11. ~ ~A , t~ 'E113-a* 'fe:. ~ s{] 1:~111 m IE~ pg 0 
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(54) Name of Invention

ELECTROLYTE AND LITHIUM SECONDARY BATTERY

CONTAINING THE SAME

(57) Abstract

The present invention belongs to the field of lithium secondary batteries

and discloses an electrolyte and a lithium secondary battery containing the 

same. The electrolyte comprises an electrolyte substance, an organic solvent, 

an additive, and a functional compound, the functional compound being at least 

one selected from the group consisting of a tricyanophosphite compound and 

a tricyanophosphate compound. The tricyanophosphite compound or the 

tricyanophosphate compound contained in the electrolyte of the present 

invention can form films on the surfaces of the positive and negative electrodes 

and can complex with metal ions to prevent metal ions at the positive electrode 

from detaching and dissolving into the electrode and to prevent the metal ions 

from depositing at the negative electrode, thereby stabilizing the structure of 

the positive electrode, improving the SEI film at the negative electrode, and 

improving the cycling performance and high-temperature performance of the 

lithium secondary battery. At the same time, the functional compound of the 

present invention can reduce the film impedance in a low-temperature 

environment and mitigate the issue of lithium precipitation during low-

temperature charging. 

C
N

 1
0

6
8

4
8

3
8

1
 A

 

Zhuhai CosMX Battery Co. - EX1015 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 12 of 23



 CN 106848381 A                         CLAIMS                       Page 1 of 1 

 

2 

1. An electrolyte, wherein the electrolyte comprises an electrolyte substance, an organic solvent, an 

additive, and a functional compound, the functional compound being at least one selected from the group 

consisting of a tricyanophosphite compound and a tricyanophosphate compound, and the tricyanophosphite 

compound and the tricyanophosphate compound having, respectively, structural formulas as shown in 

formula (I) and formula (II) below: 

formula (I), 

 

formula (II); and 

R11, R12, R13, R21, R22, and R23 in the formulas are each independently selected from the group consisting 

of C1-C5 alkylene groups and fluoroalkylene groups. 

2. The electrolyte of claim 1, wherein the mass percentage of the functional compound in the 

electrolyte is 0.05%-10%. 

3. The electrolyte of claim 2, wherein the mass percentage of the functional compound in the 

electrolyte is 0.2%-5%. 

4. The electrolyte of claim 1, wherein the electrolyte substance is at least one selected from the 

group consisting of LiPF6, LiBF4, LiSO3CF3, LiBOB, LiDFOB, LiTFSI, LiFSI, and LiPO2F2. 

5. The electrolyte of claim 1, wherein the organic solvent comprises at least two selected from the 

group consisting of EC, PC, DMC, DEC, EMC, GBL, MA, EA, PA, BA, MP, EP, PP, BP, MB, EB, and 

PB. 

6. The electrolyte of claim 5, wherein the organic solvent is at least two selected from the group 

consisting of EC, PC, EMC, DEC, PA, MP, EP, PP, and EB. 

7. The electrolyte of claim 1, wherein the additive is at least one selected from the group consisting 

of FEC, VC, VEC, PS, BS, DTD, MMDS, PES, propylene sulfate, ethylene sulfite, SN, ADN, PN, 

HTCN, DENE, succinic anhydride, maleic anhydride, 2-methylmaleic anhydride, 2,3-dimethylmaleic 

anhydride, and itaconic anhydride. 

8. A lithium secondary battery, comprising a positive electrode containing a positive electrode active 

material, a negative electrode containing a negative electrode active material, a separator, and an electrolyte; 

the positive electrode comprising a positive electrode active material for lithium ion intercalation or 

deintercalation, a conductive agent, a current collector, and a binder that binds the positive electrode active 

material, the conductive agent, and the current collector; and the negative electrode comprising a negative 

electrode active material that allows for lithium ion intercalation or deintercalation, a conductive agent, a 

current collector, and a binder that binds the negative electrode active material, the conductive agent, and 

the current collector, wherein the electrolyte is the electrolyte of any of claims 1 through 7.
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ELECTROLYTE AND LITHIUM SECONDARY BATTERY CONTAINING THE SAME 

 

TECHNICAL FIELD 

[0001] The present invention belongs to the field of lithium secondary batteries and more particularly 

relates to an electrolyte and a lithium secondary battery containing the same. 

 

BACKGROUND 

[0002] Lithium secondary batteries provide a number of advantages, such as high operating voltage, high 

energy density, long cycle life, low self-discharge rate, no memory effects, and low pollution to the 

environment, and have been widely used in consumer electronic products, energy storage products, and 

power products. In recent years, as portable electronic products trend toward lighter weight and better 

performance, a higher demand is placed on the energy density of lithium secondary batteries. At present, 

in response to the continuous pursuit of higher energy density of batteries, a widely used strategy in the 

industry is to further compact the positive and negative electrodes and improve the cut-off voltage of the 

batteries. This is accompanied by deterioration of battery performance, and, in particular, it is easy for the 

SEI film formed on the surface of a battery’s electrode to be damaged under a high voltage or a high 

temperature; during low-temperature charging [sic], as the kinetic performance of the battery is less than 

optimal, it is easy for lithium precipitation to occur during low-temperature charging and discharging, and 

thus the safety performance of the battery is affected. 

[0003] Patent CN201510564696 discloses the use of a dicyano compound NC-R-CN as an additive to the 

electrolyte of a lithium-ion battery, which is capable of improving the battery’s performance for high-

temperature storage and cycling. Similarly, Patent CN201510964662 discloses the use of a compound 

having both an unsaturated carbon-carbon bond and a cyano group as an additive to the electrolyte of a 

lithium-ion battery; this enables polymerization on an electrode surface to form a compound containing a 

plurality of cyano groups, and this compound can complex with metal ions on the surface of the positive 

electrode material, thereby inhibiting the decomposition of the electrolyte at the surface of the electrode 

and improving the battery’s performance for high-temperature storage and cycling. However, researchers 

in the art have discovered that film formation by a compound containing an unsaturated carbon-carbon 

double bond or triple bond increases the impedance, which causes lithium precipitation to occur more 

easily when the battery is charged at a low temperature and thereby lowers the battery’s safety 

performance. 

[0004] Therefore, it is of significant importance to develop a lithium secondary battery electrolyte for 

better high-temperature storage performance, cycling performance, and low-temperature charging 

performance. 

 

SUMMARY 

[0005] The purpose of the present invention is to address the aforementioned technical issue, i.e., to 

provide an electrolyte and a lithium secondary battery containing the same for better high-temperature 

storage performance, cycling performance, and low-temperature charging performance. 

[0006] The purpose of the present invention is achieved through the following technical solution: 

[0007] an electrolyte comprising an electrolyte substance, an organic solvent, an additive, and a 
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functional compound, the functional compound being at least one selected from the group consisting of a 

tricyanophosphite compound and a tricyanophosphate compound, and the tricyanophosphite compound 

and the tricyanophosphate compound having, respectively, structural formulas as shown in formula (I) 

and formula (II) below: 

formula (I), 

[0008]  

formula (II); and 

[0009] R11, R12, R13, R21, R22, and R23 in the formulas are each independently selected from the group 

consisting of C1-C5 alkylene groups and fluoroalkylene groups. 

[0010] Preferably, the mass percentage of the functional compound in the electrolyte is 0.05%-10%; 

when the percentage is less than 0.05%, the positive and negative electrodes are not well protected so it is 

difficult to adequately improve the battery’s high-temperature storage performance and cycling 

performance; when the percentage is greater than 10%, increased viscosity of the electrolyte leads to 

deterioration of the battery’s performance. More preferably, the mass percentage of the functional 

compound in the electrolyte is 0.2%-5%. 

[0011] Preferably, the electrolyte substance is at least one selected from the group consisting of lithium 

hexafluorophosphate (LiPF6), lithium tetrafluoroborate (LiBF4), lithium trifluoromethanesulfonate 

(LiSO3CF3), lithium bis(oxalato)borate (LiBOB), lithium difluoro(oxalato)borate (LiDFOB), lithium 

bis(trifluoromethylsulphonyl)imide (LiTFSI), lithium bis(fluorosulfonyl)imide (LiFSI), and lithium 

difluorophosphate 

[0012] (LiPO2F2). 

[0013] The organic solvent comprises at least two selected from the group consisting of ethylene carbonate 

(EC), propylene carbonate (PC), dimethyl carbonate (DMC), diethyl carbonate (DEC), ethyl methyl 

carbonate (EMC), γ-butyrolactone (GBL), methyl acetate (MA), ethyl acetate (EA), propyl acetate (PA), 

butyl acetate (BA), methyl propionate (MP), ethyl propionate (EP), propyl propionate (PP), butyl 

propionate (BP), methyl butyrate (MB), ethyl butyrate (EB), and propyl butyrate (PB). 

[0014] Preferably, the organic solvent is at least two selected from the group consisting of EC, PC, EMC, 

DEC, PA, MP, EP, PP, and EB. 

[0015] The additive is a common additive used in the art; for example, the additive is at least one selected 

from the group consisting of fluoroethylene carbonate (FEC), vinylene carbonate (VC), vinyl ethylene 

carbonate (VEC), 1,3-propane sultone (PS), 1,4-butane sultone (BS), ethylene sulfate (DTD), methylene 

methanedisulfonate (MMDS), prop-1-ene-1,3-sultone (PES), propylene sulfate, ethylene sulfite, 

succinonitrile (SN), adiponitrile (ADN), pimelonitrile (PN), 1,3,6-hexanetricarbonitrile (HTCN), ethylene 

glycol bis(propionitrile) ether (DENE), succinic anhydride, maleic anhydride, 2-methylmaleic anhydride, 

2,3-dimethylmaleic anhydride, and itaconic anhydride. 
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[0016] The present invention also relates to a lithium secondary battery containing the aforementioned 

electrolyte, the lithium secondary battery comprising a positive electrode containing a positive electrode 

active material, a negative electrode containing a negative electrode active material, a separator, and the 

aforementioned electrolyte; the positive electrode comprising a positive electrode active material for 

lithium ion intercalation or deintercalation, a conductive agent, a current collector, and a binder that binds 

the positive electrode active material, the conductive agent, and the current collector; and the negative 

electrode comprising a negative electrode active material that allows for lithium ion intercalation or 

deintercalation, a conductive agent, a current collector, and a binder that binds the negative electrode 

active material, the conductive agent, and the current collector. 

[0017] The electrolyte of the present invention provides the following advantages and benefits: 

[0018] the tricyanophosphite compound or the tricyanophosphate compound contained in the electrolyte 

of the present invention can form films on the surfaces of the positive and negative electrodes and can 

complex with metal ions to prevent metal ions at the positive electrode from detaching and dissolving into 

the electrode and to prevent the metal ions from depositing at the negative electrode, thereby stablizing 

the structure of the positive electrode, improving the SEI film at the negative electrode, and improving the 

cycling performance and high-temperature performance of the lithium secondary battery. At the same 

time, the functional compound of the present invention can reduce the film impedance in a low-

temperature environment, mitigate the issue of lithium precipitation during low-temperature charging, and 

thereby significantly improve the safety performance of the battery. 

 

DETAILED DESCRIPTION 

[0019] A more detailed description of the present invention is provided below in conjunction with 

embodiments; however, the present invention are not limited thereby. 

[0020] The structures of the tricyanophosphite compounds and the tricyanophosphate compounds used in 

embodiments of the present invention are shown in Table 1 and Table 2, respectively. 

[0021] Table 1  Tricyanophosphite compounds 

[0022]  

 Structural formula 

Compound I1 

 

Compound I2 
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Compound I3 

 

Compound I4 

 

Compound I5 

 

Compound I6 

 

Compound I7 

 

[0023] Table 2  Tricyanophosphate compounds  

[0024]  

 Structural formula 

Compound II1 

 

Compound II2 

 
 

Zhuhai CosMX Battery Co. - EX1015 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 17 of 23



 CN 106848381 A                         DESCRIPTION                       Page 4 of 9 

 

7 

Compound II3 

 

Compound II4 

 

Compound II5 

 

Compound II6 

 

Compound II7 

 

[0025] Below are the steps for the manufacturing and performance testing of the lithium secondary 

battery according to embodiments of the present invention: 

[0026] (1) Electrolyte preparation: mixing, in an argon atmosphere glove box, organic solvents according 

to a mass ratio; and then adding an additive, a tricyanophosphite compound or tricyanophosphate 

compound, and an electrolyte substance and stirring well to obtain the electrolyte of the present invention. 

[0027] (2) Positive electrode preparation: dissolving polyvinylidene fluoride (PVDF) in 1-methyl-2-

pyrrolidone (NMP) according to a mass ratio; then adding a positive electrode active material and a 

conductive agent to the aforementioned solution according to a mass ratio and mixing well; coating two 

surfaces of an aluminum foil with the mixed slurry; and performing drying and calendaring to obtain a 

positive electrode. 
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[0028] (3) Negative electrode preparation: dissolving a SBR binder and a CMC thickener in water 

according to a mass ratio; then adding a negative electrode material and a conductive agent to the 

aforementioned solution according to a mass ratio and mixing well; coating two surfaces of a copper foil 

with the mixed slurry; and performing drying and calendaring it to obtain a negative electrode. 

[0029] (4) Lithium secondary battery manufacturing: making the positive electrode, the negative 

electrode, and the separator prepared above into a cell; injecting the electrolyte obtained in Step (1); and 

performing formation and other process steps to complete a lithium secondary battery. 

[0030] (5) Battery performance testing  

[0031] High-temperature cycle test: performing a charge/discharge cycle test on the battery at 0.5/0.5 C 

rate in a 45 °C temperature chamber. High-temperature storage performance test: performing charging and 

discharging of the battery once at 0.5/0.5 C rate in room temperature; then storing the battery at a high 

temperature after fully charging it at 0.5 C rate; performing a hot test on the thickness of the battery after it 

has been stored for a period of time; and performing a charge/discharge test at 0.5 C rate once the battery 

has cooled completely to calculate its capacity retention rate and capacity recovery rate. Low-temperature 

charge test: discharging the battery at 0.5 C rate in room temperature; fully charging the battery at 0.3 C 

rate after resting it in a high/low temperature chamber at 0 °C for 4 hours; and then disassembling the 

battery in an argon atmosphere glove box and observing whether lithium precipitation has occurred on the 

surface of the negative electrode. 

[0032] The composition of the electrolyte in Embodiments 1-25 and Comparison Cases 1-6 of the present 

invention are shown in Table 3. 

[0033] Table 3  Electrolyte composition in embodiments and comparison cases 

[0034]  

 Organic solvent Additive Functional 

compound 

Electrolyte 

substance 

Embodiment 

1 

EC:EMC:DEC:PC = 

25:25:40:10  

5% FEC  

 

3% Compound I1 1.1 M LiPF6 

Embodiment 

2 

EC:PP:DEC:PC = 

25:25:40:10  

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound I1 1.1 M LiPF6 

Embodiment 

3 

EC:PP:DEC:PC = 

25:25:40:10  

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound I2 1.1 M LiPF6 

[0035] 

Embodiment 

4 

EC:PP:DEC:PC = 

25:25:40:10  

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound I3 1.1 M LiPF6 

Embodiment 

5 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound I4 1.1 M LiPF6 

Embodiment 

6 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound I5 1.1 M LiPF6 

Embodiment 

7 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound I6 1.1 M LiPF6 

Embodiment 

8 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound I7 1.1 M LiPF6 

Embodiment 

9 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound 

II1 

1.1 M LiPF6 

Embodiment 

10 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound 

II2 

1.1 M LiPF6 
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Embodiment 

11 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound 

II3 

1.1 M LiPF6 

Embodiment 

12 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound 

II4 

1.1 M LiPF6 

Embodiment 

13 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound 

II5 

1.1 M LiPF6 

Embodiment 

14 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound 

II6 

1.1 M LiPF6 

Embodiment 

15 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound 

II7 

1.1 M LiPF6 

Embodiment 

16 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.05% Compound 

I1 

1.1 M LiPF6 

Embodiment 

17 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.2% Compound I1 1.1 M LiPF6 

Embodiment 

18 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

5% Compound I1 1.1 M LiPF6 

Embodiment 

19 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

10% Compound I1 1.1 M LiPF6 

Embodiment 

20 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.4% Compound 

I1, 0.4% 

Compound II2 

1.1 M LiPF6 

Embodiment 

21 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.4% Compound 

I2, 0.4% 

Compound II5 

1.1 M LiPF6 

Embodiment 

22 

EC:PA:EP:DEC:PC 

= 25:20:20:25:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.5% PES, 1% DENE, 

0.5% itaconic anhydride  

1.0% Compound 

II4 

1.0 M LiPF6 

+0.1 M

LiPO2F2

Embodiment 

23 

EC:MP:EB:DEC:PC 

= 25:20:20:25:10 

4% PS, 6% FEC, 1% DENE, 

1% PN, 0.3% VEC, 1% 

DENE, 0.5% maleic anhydride 

2.0% Compound I7 0.9 M LiFSI 

Embodiment 

24 

EC:EA:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

0.8% Compound I1 1.1 M LiPF6 

Embodiment 

25 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.5% DTD, 1% 

DENE, 0.5% HTCN  

1.5% Compound 

II6 

1.0 M LiPF6 

+0.5 M

LiTFSI

Comparison 

Case 1 

EC:EMC:DEC:PC = 

25:25:40:10 

5% FEC -- 1.1 M LiPF6 

Comparison 

Case 2 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

-- 1.1 M LiPF6 

Comparison 

Case 3 

EC:PA:EP:DEC:PC 

= 25:20:20:25:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.5% PES, 1% DENE, 

0.5% itaconic anhydride  

-- 1.0 M LiPF6 

+0.1 M

LiPO2F2

Comparison 

Case 4 

EC:MP:EB:DEC:PC 

= 25:20:20:25:10 

4% PS, 6% FEC, 1% DENE, 

1% PN, 0.3% VEC, 1% 

DENE, 0.5% maleic anhydride 

-- 0.9 M LiFSI 

Comparison 

Case 5 

EC:EA:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.3% VEC, 1% DENE 

-- 1.1 M LiPF6 

Comparison 

Case 6 

EC:PP:DEC:PC = 

25:25:40:10 

3% PS, 5% FEC, 2% ADN, 

1% SN, 0.5% DTD, 1% 

DENE, 0.5% HTCN 

-- 1.0 M LiPF6 

+0.5 M

LiTFSI

[0038] In the table, percentage refers to the mass percentage in the final electrolyte, and concentration 
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refers to the concentration in the final electrolyte. 

[0039] Results from the performance testing of the lithium secondary battery made with the electrolyte 

according to Embodiments 1-25 and Comparison Cases 1-6 are shown in Table 4. 

[0040] Table 4  Testing results for embodiments and comparison cases 

[0041]  

45 ºC, 500 cycles 60 ºC, fully charged, stored for 30 days Low-

temperature 

charge at 0 

ºC 

Capacity 

retention rate 

/% 

Thickness 

change rate 

/% 

Capacity 

retention rate 

/% 

Capacity 

recovery rate 

/% 

Thickness 

change rate 

/% 

Embodiment 

1 

86.9 4.9 78.2 87.5 8.6 No lithium 

precipitation 

Embodiment 

2 

85.6 4.5 77.2 86.3 9.2 No lithium 

precipitation 

Embodiment 

3 

84.5 4.1 78.1 85.2 9.5 No lithium 

precipitation 

Embodiment 

4 

85.8 4.6 77.1 85.8 8.3 No lithium 

precipitation 

Embodiment 

5 

83.1 4.9 76.5 86.9 7.6 No lithium 

precipitation 

Embodiment 

6 

82.9 5.3 78.2 87.1 9.3 No lithium 

precipitation 

Embodiment 

7 

83.5 4.8 77.5 87.8 7.1 No lithium 

precipitation 

Embodiment 

8 

83.3 4.2 77.3 87.2 8.2 No lithium 

precipitation 

Embodiment 

9 

86.2 3.8 76.5 85.3 9.8 No lithium 

precipitation 

Embodiment 

10 

83.4 4.6 78.5 88.7 6.4 No lithium 

precipitation 

Embodiment 

11 

82.1 4.6 76.1 85.8 9.2 No lithium 

precipitation 

Embodiment 

12 

84.6 4.1 76.6 86.5 8.2 No lithium 

precipitation 

Embodiment 

13 

84.8 4.5 78.1 89.4 6.1 No lithium 

precipitation 

Embodiment 

14 

85.5 4.0 76.3 86.3 9.1 No lithium 

precipitation 

Embodiment 

15 

85.2 4.3 76.1 86.8 9.5 No lithium 

precipitation 

Embodiment 

16 

80.2 6.2 72.1 80.2 12.6 No lithium 

precipitation 

Embodiment 

17 

83.9 5.3 75.3 84.5 10.5 No lithium 

precipitation 

[0042] 

Embodiment 

18 

85.6 4.1 77.8 87.9 7.4 No lithium 

precipitation 

Embodiment 

19 

85.3 4.9 75.5 85.2 8.2 No lithium 

precipitation 
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Embodiment 

20 

86.2 4.2 78.8 89.6 6.3 No lithium 

precipitation 

Embodiment 

21 

89.3 4.1 77.9 88.2 8.2 No lithium 

precipitation 

Embodiment 

22 

86.6 3.6 78.3 88.5 8.9 No lithium 

precipitation 

Embodiment 

23 

88.1 3.8 77.5 89.2 6.5 No lithium 

precipitation 

Embodiment 

24 

78.9 9.2 69.1 75.2 13.5 No lithium 

precipitation 

Embodiment 

25 

87.2 3.5 75.1 82.6 8.2 No lithium 

precipitation 

Comparison 

Case 1 

75.6 7.6 65.2 75.2 22.3 Lithium 

precipitation 

Comparison 

Case 2 

73.1 8.5 67.1 77.4 19.3 Lithium 

precipitation 

Comparison 

Case 3 

74.3 7.3 67.5 77.6 19.5 Lithium 

precipitation 

Comparison 

Case 4 

75.3 7.2 65.3 76.2 20.2 Lithium 

precipitation 

Comparison 

Case 5 

61.1 13.9 43.5 45.6 65.4 Slight 

lithium 

precipitation 

Comparison 

Case 6 

74.1 7.1 67.9 77.3 17.2 Slight 

lithium 

precipitation 

[0043] By comparing Embodiments 1-25 and Comparison Cases 1-6, it is found that the addition of a 

tricyanophosphite compound or a tricyanophosphate compound can effectively improve the battery’s 

cycling performance, significantly increase the battery’s capacity retention rate after storage at a high 

temperature, suppress thickness expansion, and mitigate lithium precipitation during low-temperature 

charging. 

[0044] The example embodiments above are better embodiments of the present invention; however, the 

present invention is not limited by the aforementioned embodiments, and any other alteration, 

modification, substitution, combination, and simplification made without deviating from the spirit, 

essence, and principle of the present invention shall be equivalent replacement and shall fall within the 

scope of protection of the present invention. 
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