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Abstract: Currently liquid electrolyte having good ion-conductivity and high electrochemical stability has been used for
the lithium secondary battery. But it has been reported there was a serious problem in the high temperature stability. In
this study, the development of PVA-CN cyanoethyl polyvinyl alcohol additive which is used in lithium secondary battery
electrolyte was carried out with two steps; the first step was the dissolution of PVA raw materials, and the second step
was the synthesis of PVA-CN. The thermal property of the prepared PVA-CN was quantitatively analyzed using TGA.
The significantly improved thermal stability of the electrolytes containing PVA-CN additives was also confirmed by mon-
itoring swelling behavior of the membranes at high temperature, i.e. 29% less swelling effect, although they exhibited
slightly lower ion conductivity, about 6% lower than commercially available electrolytes. This finding clearly suggests
the possibility of preventing the swelling issue at high temperature which is the main cause of dangerous accidents from

secondary battery systems.
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Figure 1. Typical cyanoethylation of PVA.
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Figure 2. Synthesis reaction of PVA-CN additive.
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Table 1. Synthesis Process of PVA-CN Additive
STEP-1

Experimental contents

1. Put 100 g PVA and 900 g water into the main
reaction tank
PVA is completely dissolved at 85 °C, and

Dissolution 2.

of PVA stirring at 200 rpm
3. After 24 hr, the temperature is maintained at
RT (28 °C)
1. Dissolve 10 g in 100 g of water
. 2. Put NaOH solution into the main reaction tank
Alkalize
at RT.
3. Stirring at 200 rpm for 30 min
STEP-2 Experimental contents
1. Adding mixed solution into the main reaction
Adding tank by metering pump
and stirring 2. Adding speed: 3 ml/min (about § hr)

3. After adding materials, start stirring

1. Stop stirring, Layer separation in the tank
(lower: reacted material, upper: unreacted
material)

. Neutralize with a certain amount of acetic acid

Synthesis and
neutralization
2

Washing and 1. Washing thoroughly with water and dried in a

drying vacuum oven
PVA 15 S (step )@ PVA-CNS A ste

gallsh=s 34
T (step 2)0F Lroir] 8YslSitt. STEP-1 342 Table
17} 720] 10 wit%2] PVAE- 85°CollH /42 o] 9443
allslar, 24417k Bt A2oA gelationS 18Y3I3ATE. o] ¢
10 wt% NaOH =89 (NaOH 10 g2 ZF5= 100 goll £-3l)
72 el vhg7]e] Fiste] ¢ZeE)skE AIFTE STEP-2
2 AFP2E 01831 3 mL/min TYSFL 200 rpm S
A

5
A€ 7 =S stk o
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= 308 Bob mukslel whgo] AW

HE & acetic acids YA FHsto] T3 F A # A
25 717 AT IES Azt

PVA-CN 4. PVA-CN9] 3}3H43 2 75715 ERlst
7] $18ke] FTIR(Thermo Scientific, 1S50)) ©]&-3lo] PVA
o} PVA-CNS #4319tk 18] =9 94 e
glslr] $Jste] € S H417](thermogravimetric analyzer,
TGA, TAQ-500)Z ©|-&sl9 o, A F-2)7]0l1A 30 °CollA
1000 °C7FA] 10 °C/minC-2 719-S 7188519 o},

el M= 2 "I Table 29} 7o) glF o]LAx& o
HE Aafjiel 1 M LiPFg EC/EMC(3:7 vol%)E ¥ 28| (R)
o2 ARSI dRbE oz AR Aedde fldl v
A7l Axxd FFS VXA F= b9 2 wi%eo] §
o] Urkxolt), Mafjde] A

T
TS Wk S8 2 el
A} 2 wi%2] PVA-CN H7HA|7F 71 s (R+PVA-CN)
a2l dA) 2lE ol 2dX] dal HVHIE 7P Bl 4
453 2= fluoroethylene carbonate(FEC) 2 wt%7} &2
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Table 2. Composition of Reference Electrolyte and Comparison
Electrolyte

Composition
Sample —
Salt Solvent Additive
. EC/EMC
R (reference) IM LiPFs (317 vIv%) X
. EC/EMC
R+FEC IM LiPFs (/7 VIv%) FEC
. EC/EMC
R+PVA-CN IM LiPFs (/7 vIv%) PVA-CN
*EC: Ethylene carbonate, EMC: Ethylmethyl carbonate, FEC:

Fluorinated ethylene carbonate.
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Table 3. Test Method for Cycle Life Characteristics

Experimental method Remarks

1. Discharging(CC): 650 mA to 3 V- Cells are to rest 10 min after

2. Charging(CCCV): 650 mA 4.2V charging and discharging
cutoff: 65 mA - Charging and discharging

3. Discharging(CC): 650 mA to 3V are to be performed at

4. Step 2~3: 300 cycles (25£2) °C

CC: Constant current, CV: Constant voltage.

Table 4. Test Method for High Temperature Swelling

Temperature condition Duration time

Classification

(°0) (min)
Step 1 25 - 90 5
Step 2 90 240
Step 3 90 — 25 5
Step 4 25 120
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Figure 3. FTIR of PVA & PVA-CN additive.
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Figure 4. TGA of pure PVA & PVA-CN additive.
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16 Table 5. Cycle Life Test Results of Pouch Cells Applied by
10 ] Different Electrolyte
_ Test results
T 12
P Sample Aftf:r 1 cycle After. 300 cycles Relatiye
E 107 discharge discharge capacity
f-- capacity (mAh) capacity (mAh) (%)
]
g, R 646.4 561.7 87
=
5 =R R+FEC 635.68 575.11 90
4 -
A ReFEC R+PVA-CN 654.8 561.8 86
2 1 —8—R+PVA-CN
0 r
-20°C 0 23°C 60°C 700
Temperature (°C)
600 4
Figure 5. Ion conductivity characteristics of PVA-CN additive syn-
thesis electrolyte and general electrolyte. = 500
£
as E 400 1 ——R
g' 200 —+—R+FEC
8 —B—R+PVA-CN
42 -
£ 200
[*]
B
a
g3 —R 100 4
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s 0 . . . . : .
E ie B R+PVA-CN 0 50 100 150 200 250 300 350
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Figure 7. Cycle life characteristics of pouch cells by different elec-
33 1 trolyte.
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Figure 6. Initial capacity of pouch cells by different electrolyte.
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ing test.
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