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ABSTRACT

Synthesis of Organosilicon-based electrolyte additives

for highly stable Lithium—ion batteries

Noh Young In

Advisor : Prof. Sohn, Hong Lae, Ph.D,
Depar tment of Chemistry,

Graduate School of Chosun University

Lithium—ion batteries are commonly used in batteries of portable electronic
devices such as smartphone, notebook, and tablet PC. In addition, demand for
lithium—ion batteries has been extensively rising due to the development of
Electric vehicle(EV) because of the recent petroleum depletion crisis.
Therefore, it is important to develop the performance of [lithium
ion-batteries including stability. In this paper, organosilicon-based
electrolyte additives used in lithium—ion batteries were synthesized and
applied to actual electrolytes to confirm the electrochemical properties of
each electrolyte. As a result of ionic conductivity, LSV(linear sweep
voltage) and charge-discharge test of the electrolyte containing 5 wt% of
organosi | icon-based compound, the possibility as an additive to be used in
lithium—ion batteries.
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O™ Xt 222 &I HUXE & HUXIZ HtR0 MEH ArZote &X
2, dXAEXAsE TEH SEY &H0| Jisol MAIEE = s EHoIH =&
Kl(storage battery), ™4 MX &2 S&X(rechargeable battery)etl £
Ct. &0l Hg = Uz 0IX MR BEF=2= LIEIESE MXI(NiCd), LI
HXI(NIMH), 2l& Ol AMXI(Li-ion), & =&XI(lead-acid accumulator) S0 U
Ct. (281) LUAIIEE &Xle N8 MX0IXLt =2 L) YHMES IHAl
H Y2 2Z0AME M 852 WO HIAdXZHo=Z 20| MEECH LA JX
= LIZIIEE MXEC =2 UK L= +HS XN =42 Al=2ol A
SoliotXIgt A2 M20 ols Jl&2 2ol HIMCHE S&EO0l UCH 218 o2
HXeE =2 U &2 L2 XD HI2esaet o ¢g&ol = MEo
=5 E08 XD MUK ME L Cgst 2orlA AtgEth T oA
X AEO E=EX0A 2IE 0l2 EXZ2 WEA UMD Asd, ADEEOIL

BHEX S A8 1T SHUAM HIIRMEA, HIIXH, HEHX MEEXII(ESS) S2
Z NgYUAT SUEACH. (28 2) HUX HEE 2§ OIXNEX AIEES 20134
TAXZRUA 20208 29.72&8 A2 SHEEE Mot UN IS OIX &KX &

ool

g2 0uXl M&E AMAE 2 HIIXE Sa2 SUE Ol 8K =2 S M2
2 4310 E0El JYd, AIINsSKHE 2s X8 =220 HUXNEE
It O=0 WEH 488 H22 adel, s & AU X 23 =
LI 8H2 70% OladS XX X2 =0 WX ME AIAE AIESl M
22 48 S22 2s XX et It =2 420A ATHENUHX 2
= S HEHE 26| fIohA D etE M MoHE W 012 HESH OIXt
X & JHE 0l Al=S0otC,
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1.1.2. 2l& 0|2 &X2 &#S&c

Negative electrode

Positive electrode

Ci+xLi”+xze” = Li,C;

LiCoO, = Li,,CoOy+xLi" +xe”

2lS 0|2 MIs 919 BrSAl L T2 49 20| =& 2HO0| 0|20ACH A
b QB3 22 S5l S2A Y22 SoIIHE MX UWHAMS MeiAES IS
01201 2Jdh 280 AtstatABt20| XBMECH, 2|18 0/ MXIJL = (charge)
o = MRS SXy WMt 2IE0120 MHES Sill Y20A =222 0ls
5l04, 2™ (discharge)® M= 2IE0I20] S20A %202 o|ssict, P
«— g 1|
~ Charge ! |  Discharge
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; P
Anode .
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IO H 2= II2UIOIE HEW KI| A2 D8 MoilE e =el& EHd= LIE
H O Z10ICH. R®II A& J18tel FoHE 2 =& (boiling point)dh 2I3HE (flash
point)Jt =J1 W20 220K AHEES X0 ==& (melting point)Jt 0t
A DXMAEIOE SX 2D HHEo 20 =2 83&EEE JIN doldel o34
U dAss =2 = AS 2092 I, O0E &MD|gstEol ot S JHA
1 PE4H0I04 g0l MEsiCisE &&0l JUCH. (E 3)

TE Carbon-based Organosi | icon—based
Jonic conductivity Good Good
Chemical stability Medium Medium
Electrochemical stability Good Good
Low m.p & High b.p Bad Good
Toxicity Bad Good
Cost Medium Medium

Table 3. FI2EUHIOIE HEW S| 4cl&2 It MHES S4HI0
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Silane Spacer £Q

Silane Spacer Functional group

Silane Spacer Functional group

Figure 2. TriethylsilaneOl spacer® functional group=2 T & &t
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3-[2-(2-methoxyethoxy)ethoxy]-1-Propene &4 (Compound 1)

250 mL BF=Z2D|0l Diethylene glycol monomethy! ether (3.82 g, 0.0317 m
THF (dry) 26 mLE E=0CH. & 22l KOH (3.56 g, 0.0634 mol)& ¥

)
Ol22 XI& = WBHAIZICH. drop funnel2 HZat] Allyl bromide (5
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o
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SE 36 % 1 NMR (300MHz, CDCls, 298 K) &=

0.62~0.66(8H), 0.9(9H), 1.5(2H), 3.24(3H), 3.37(2H), 3.54(8H); 13C NMR

(75MHz, CDCls, 298 K) 5.8, 7.8, 25.4, 59.3, 70.2, 70.5, 72.7, 75.6

_14_

Collection @ chosun



4—(triethylsilyl)-Butanenitrile &4 (Compound 3)

250 mL BFZDI0l triethylsilane (15.76

nE €1 gsJIIE o2 & =
A

triethylsilane (10 g, 0.1491 mol)E &ElXZ E=Ct. SFAS HZ3ILD 24Al
2t St 110 Tz BrSAIZICH. B30l BS8E = 25 422z IF1) 2d:sS
2 Ot0l JtZSt Toluenes 2 &ol HMHolLD SF/E Soil IWRE ste=2S &
=0, ==& a2 2I| <o Vacuum distillationS OIEdH 3Xt SFGHJULY.
(=S8 20 %) 1H NMR (300MHz, CDCls, 298 K) &= 0.62~0.66(8H), 0.9(9H)

7(2H), 2.41(2H); 13C NMR (75MHz, CDCls, 298 K) 5.8, 7.8, 8.4, 20.8, 21.1,

4-[2-(triethylsilyl)ethyl]-1,3-Dioxolan—2-one &4 (Compound 4)

250 mL BrSIIO0l triethylsilane (18.25 g, 0.1569 mol)2t Toluene (dry)t 70
nE Y0 BSIIE o222 Xg = WEHAIZ2ICH. Pt=0H 0.1 mlE ¥
4-Vinyl-1,3-dioxolan-1-one (20 g, 0.1753 mol)E &AlglXlz2 E=Ct. 242 A
Zot 24A12F SOt 110 T2 BtSAIZICH. B30l B8 & 2
2+t ot0ll JFEot0 TolueneE &&3dl MHGELD 3

. &8t tEES 2J] flof Vacuum distillatio
) 1H NMR (300MHz, CDCls, 298 K) &= 0.62~0.66(8H),

~4.28(3H) ;13C NMR (75MHz, CDCls, 298 K) 3.2, 5.8, 7.8,
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Compound 1 1H NMR
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Compound 3 *H NMR
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Compound 3 3C NMR
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Compound 4 1H NMR
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Compound 4 33C NMR
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HI

HMolE 2 1 M LiPFs in ethylene carbonate(EC):dimethy| carbonate(DMC):diethy|
carbonate(DEC)=3:3:4(v/v/v)E Jl222 {J| acl2 stet2 = IIM compound 2,
3, 428 22 5 wt%E =&l ALESSHRULE.

DoIA MEAH A=E 2322 90 wt% LiCo0;, 5 wt% HI2IH= Polyvinylidene
Fluoride (PVDF, KF-1300, kureha, Japan), &MXQl S&2 S= S92 5 wth &
&M= Super-P (Timcal, Switzerland)E Z&6t0d AATCL Al foil0l 2E SHCE.
232 9 wt% Graphite, 4 wt% BIeIGH= CMC (Carboxymethlycellulose, Dahchi
Kogyo Seiyaku, Japan) / SBR (Styrene butadiene rubber, Zeon, Japan)S =86t
SoIAU2M, 1 wt% =& = Super—P (Timcal, Switzerland)S ArE3H0 Cu foil

of 2EetH. Zed A2 ot22 JtA 22712 =2dE2 =4 WA JHEA

10
=}
0
P
in
in
rr
=]
It
It
A
>
HI
40

12 22 =4 WM 2EMN

S0t L2868t = CirculatorE HASIH a2(25
2.3.2. HE8FAIEAY (Linear Sweep Voltammetry, LSV)

SEAF=AMRAY (Linear Sweep Voltammetry, LSV)S Sol &MoHE

=
42 HAEGRL HEA22 3~7 V, 82l A &
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T 4= 1 M LiPFs in EC:DMC:DEC=3:3:4(v/v/v)0l 5wt%2| &oHZE &HIIHE T &t
MofE S A2(25 T)HAMS OIRME=EE UEHH D= olC
LiPFs in EC:DMC:DEC=3:3:4(v/v/v

WM compound 2 EJISH MG

. Reference® 1 M
HoHE S AR 9.04 S/cme OI2HEZEE LIE

IU

4 S/cm, compound 3& &EJISt MolE2

[y

r
r&hzv
I
o M g
A oo
0 @

8.26 S/cm, compound 4 &I} S/cm O|2MEEE LIELHRACE.

(tetM compound 2,3,4 =22 0|2 LS & 4= UL,

-“ Compound 2 Compound 3 | Compound 4

\/\/\o/\/°\/\o \/\/\ ~ o
/_K /—slK o /JS(\)\/
mS/cm 9.04 8.34 8.26 7.95

Table 4. RJ| el S0 Hote HHEQ O|I2dET

[— d—l—_l_
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4.2. S8 FAIEY (Linear Sweep Voltammetry, LSV)

Figure 4= 2t EJIMISE T8t MlEQ Atgl - &R OHAMS 20I61)D|
=Xt dEF=AIELAY (Linear Sweep Voltammetry, LSV) JeHZOICH. 38=2 &S

tOl MoE ol dtetEofdgS ZHoIRUCH. JIE2 doilZ2 6.5 V 0l&t0ilA

8 = o
ZolJoF oLt current(mA)Dr =40l Sotole A2 =0I6HUCH. BHHN compound
(@]

ol
o
o

of
2 5.1 VOlAl, compound 45 &EJI8t HAHEZ 5.3 VOIA oo 0L 4.5
iMeE CtAslE E0I5tY N AlZNMOZ A=5lot=l ERS XA ==
= UALCH

1.5

Ref

Compound 2
Compound 3
Compound 4

Current(mA)

Potential(V, Li/Li")

Figure 4. |7 42|E 20| EJtel HoiZE2 LSV dci &
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Cost MAEE NESH elg 0l X2 AoI20 e
= LIEHH JeH=ZOICH. JI&E HMoiEe =I|IEZES 144.67
mAh/g OIA204 compound 2, 3, 45 &IISt &MoHES ZR0U= =JIEH0| 129.22
mAh/g, 137.66 mAh/g, 133.07 mAh/g22 HlI=xst =F2 =2 L. compound 2E &
Jtst MOHESl AIOIZE2 50Y Bt=3E2 e 110.22 mAh/gl2 FIIEE Uil
85.3 %, 10081 Bt=3MS [H= 198.64 mAh/g22 76.3 % S AIEIACH. compound 3=
otst MoE ZR0e= =JIEY 137.66 mAh/g2=, AOI22 508 IS
[ 128.83 mAh/g2 2 =J|&EZF CHHl 93.6 %, 10081 Bt=3HES M= 119.77 mAh/g2
£ 87.0 % FAZAJLCH. DAL= compound 45 EHItst Mo FR0M= =D
22F 133.07 mAh/g2 2, AIOI22 50Y Bt=3Z2 M 111.59 mAh/gl=E =JIEE
CHEl 83.9 %, 10081 BI=ME M= 96.70 mAn/g2 2 72.7 % SAIEIRUCEH. (HE 5)
S - 4N HAE Z compoud 35 EItSH MOHAE 2 100 MOIZ2 AYS & SR
X0l 87.0 %2 Jt& 240t %UCH. OetMd & - 2d SHUA X HE0f =

M= compound 2212 & == UL},
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ST 7XIE

(cycle/15t, %)

50th 100th

Ref. 114.67 96.3 94.4
Compound 2 129.22 85.3 76.3
Compound 3 137.66 93.6 87.0

Compound 4 133.07 83.9 72.7

Table 5. |J| &cl2 3&=0| It=l HollZE2

b

gL SRS
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trientylsilane0l functional group®@!' PEO, cyanide, carbonate

ret functional groupsS JIKl= S&S ClAteletD] Mol CH. 43 Compound
2,3,42 EC:DMC:DEC=3:3:4(v/v/v)0ll 5wt% &HJIol HMoHES HZEoIel, 0l
HNEE SH HdEFAMEAY(LY) & 5 - U™ HAEES | oL HsS

ZototRCH. 1 20 48 ]I &clZ 3
2 dX2 HIMZA E2 2Nt 2 = US
SollAd &M 2Is 02 &

210ICH.
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