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Decomposition reaction of LiPFg based electrolytes for lithium ion cells

Tetsuya KAWAMURA, Shigeto OKADA, and Jun-ichi YAMAKI
'E-mail of corresponding author: yamaki@cm.kyushu-u.ac.jp

The decomposition of LiPFs electrolytes with water was studied by measuring the water content
after storage. The solvents used are ethylene carbonate(EC)+diethyl carbonate(DEC), EC+dimethyl
carbonate(DMC), propylene carbonate(PC)+DEC and PC+DMC. The experimental results were in
good agreement with -d[Hz0}/dt = k [H20}2 [LiPFe]. We obtained rate constant(k) from this empirical
equation and rate constant(k) increased in the order of EC+DMC<EC+DEC<PC+DMC<PC+DEC.
This order is inverse proportion to order of dielectric constant of these solvents. Non-ionized LiPFe
dissociates to PFs and LiF in organic solvents and PFs reacts with water. High dielectric constant
solvent increases the ionization of LiPFe. Therefore, the reaction with water is suppressed in high

dielectric constant solvent.

Key words: lithium ion battery, water, LiPFs, electrolyte, rate constant, decomposition

1. #
LiPFs B E A2 UV F U LA F BT, thDE
HUTIER DNV ONDORIBERRH D, —DI3BE
EMOHBBETHY . b H—2iKE DRISHEDORET
Hb, VFULL A BMOBEZEERLRERNL, =
O+EOH, REEBRBEFR Accelerating Rate
Calorimetore % i\ THNICHFFEES N TE 72 19,
LAaL, VFULEMEKDORISMECOWTIEE, &
EMIE RIS TV,

UF U LALZEBHR)FTLEREBHIZE > TK
BEETHD, RERL, KIZE>TYF UV LEHRD
EEMBBRSEINENLTHD, TNETIZ. JF
B A A LMD — R AR L ORI (Solid
Electrolyte Interfase : SEI) T#» % lithium alkyl
carbonate BKIZE > THMEINDZ ERBEINT
W3 9, Bz, VFUVLEREMTO)F U LAERA
BEKIIFIEUKRBTREREL, AU FULE
BAME LA A AREEO RV KBRS L LY

] BT ut RBTEER
*2 A R IERT

PERESNDZ EBHESR TN D,
EClRELBY, KXY FULEMIZE > THE
WHEETHS, LrL., VFULEBRILERIIKE
BETHOIIRTMEE B TS, BERVF VA
BMICEAINIAERERBET ISR L
H 20ppm LA EDKBBALTNEZ L BHEINT
W3 8, iz, VFULABMOEBIANVWONLEERE
B 0%  ERIEBENEL . ZO&BERIMIZ Lo
TYFUVLEMRNCKBPERZEND Z EABESH
TW5 89, ZOEIBALILAND I —R A
RV F T LABBETFIHEPHEIN TN D, TON
D=L > TH—RBBEE D FIETHY V.
5 —DDOFEL, EMHENAEZMZ 5 HETH
52,
FOMIZAKICE L TR L 2 5013, LiPFs AW
T BRIEPKE ORIGHEPRKEVRTH D, £0D
= LiPFs BALE O Y O AEELL BoTH D, L
L. LiPFs # AW BMRIIm WA T 582 F L
TWA7z®, BFETIE LiPFs I3EMROE L U TEL



—282—

) 5 LEMA LiPFs EARE O 58 7S

FRINTWD, FBEETD LiPFs &K & OIS
1 Hider 5 9%, Aurbach » Wiz k- THE &
TW3, ¥LT, UTFORERXBNBEEHL TS,

LiPFe = Li* + PFg™ ¢))
LiPFs = LiF +PFs )
PFs + H:O — POFs + 2HF ®

FEEHEIRBD LiPFe 2338\ VLA AR ThH 5 PFs B4
L. PEs AR ERIETDEVWIHETH D,

®iZ, POFs RO & 5 2 RISHE TR E RIET S
EENEZ LN,
POF; + H:O — POF2(OH) +HF @

IR ETI, LiPFs & KD RIZH L THEERAY
TZu—FR%EoNnRENT VWS, Heiderb i
lmolar @ LiPFe % ., K& it 1 1 T ethylene
carbonate(EC) & dimethyl carbonate(DMC) % iBH7=
BEBRICED L= ERBKEAM LiPF/EC+DMC(1:1
in vol)POHF L KDOBREEILEHELTND, D

2000| [—e—LiPF, (1 /EG+DEC(T: 1)
—a—LiPF, (W) /EG+DNC(1: 1)
—E-LiPF, (1W) /PC+DEC(1: 1)
—LiPF, (1M) /PC+DHC (1:1)

H,0 concentration (ppm)
s
=3

-10 0 10 20 30 40 50 60

Time (hours)
6000

20°c
5000

4000
3000

2000

0 concentration {(ppm)

1000

(3]

H

o—10 0 10 20 30 40 50 60
Time (hours)

R, RUSBAMHICKBENSBIIBO T L %
R L7z, Exnar 51243, 1M LiPFe/EC+ethyle methyl
carbonate(EMC)(60:50 in wt.%)IZKZMZ B ED
HF L RDBEELEZRE L TWD, Bz, BFRIEICM
ZBKOBEESY, 2 2KIRE ORISR DK
ORASEE, MATEKOBRIZHMLTT L=y A oy
FL. BEEEERDEZ, ZULOLDORI TR, IR
ISBRER1IRER LA D RS HIIZ W TR L b TN 5,
% ZCHR 41X, 508 &\ ) RV OFHBEE P O
K ELIPFeDRIRICOWTHES L, E8E{To7,

2. £ B

EBR T L7 IM LiPF/EC+DEC(1:1 in vol.),
IM  LiPF¢/EC+DMC(1:1  in  vol) . M
LiPFe/PC+DEC(1:1 in vol.). 1M LiPFe/PC+DMC(1:1
invol) (BILFERTH) 0 4FEEOY FVLAERAE
RIRDOADEHEIL 50ppm A FThotr, Ty
EficLic/a—7R Ry 7 A (BR—60CLLF) T

6000

5000

4000

3000

2000

1000

H20 concentration (ppm)

q—]O 0 10 20 30 40 50 60

Time (hours)
6000

30°c

o
(=]
[=4
o

>
(=4
(=4
o

w
(=3
(=
o

~N
(=3
[=4
(=]

1000

H,0 concentration (ppm)

0—10 0 10 20 30 40 50 60

Time (hours)

Fig.1 Change of water content in 1M LiPFe/EC+DEC, 1M LiPFo/EC+DMC, 1M LiPFs/ PC+DEC and

IM LiPFe¢/PC+DMC after about 5000 ppm water addition
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Table 1 Relative permittivity and viscosity of EC, PC, DEC,
DMC and expected relative permittivity and

viscosity of mixed solvents

Er no(CP)

EC 90 1.9
PC 65 2.5
DEC 2.8 0.75
DMC 3.1 0.59
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Fig.2 Change of water content in 1M LiPFe/PC,

IM LiPFs/DEC, 1M LiPFs/DMC, 1M
LiPFe/PC+DEC and 1M LiPFo/EC+DMC
after about 5000 ppm water addition(initial

water content in each electrolytes is 100%.)
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Fig.4 Rate constant(k) that obtained by solving
various rate equations of reaction between

water and LiPFe in 1M LiPF/EC+DMC
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Table 2 Density of LiPFg electralytes with/without water and after 50 hours after water addition

Density (g1) | @ 1Density after | @  Density of | Change of density
addition of 5000ppm | electrolytes plus water | after SO0h
of water (g/l) after 50h (g/I)
1M LiPF¢/EC:DEC 1672 1665 1661 0.285 %
IM LiPF/EC:DMC 1734 1726 1724 0.096 %
IM LiPF¢/PC:DEC 1579 1576 1570 0.406 %
IM LiPF¢/PC:DMC 1642 1637 1631 0.367 %
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Fig.7 kt-Cz2(mol "2) to t(h) in the reaction between LiPFs and water in 1M LiPF¢/EC+DEC, 1M

LiPFo/EC+DMC, 1M LiPF¢/ PC+DEC and 1M LiPFs/PC+DMC at 10°C
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Table 3 Rate constant of reaction between LiPFg and water in LiPFg electrolytes at 0, 10, 20

and 30°C and correlation coefficient

PC+DEC PC+DMC EC+DEC EC+DMC
rate constant at
0°c([mole/l]*[s]") 56 %107 22 %10 16 x10°® s
(R?=0.99) (R?=0.98) (R2=0.95)
10°c([mole/l] *[s]™) 31 x10° 15 x107 13 x107 66 x10°
(R?=0.98) (R?=0.98) (R2=0.96) (R*=0.99)
20°c([mole/l]*[s]™) 89 x107° 47 x10° 42 x107° 1.5 x10°
(R?=0.99) (R*=0.99) (R*=1.00) (R*=0.99)
30°c([mole/l’[s]™) 24 x10™ 16 x10™ 8.7 x10° 6.7 X107
(R2=0.97) (R?=1.00) (R2=0.98) (R2=1.00)
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