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# TEGDME : DI (v/v)
T10 10:0
T9 9:1
T8 8:2
T7 7:3
T6 6: 4
T5 5:5
T4 4:6
T3 3:7
T2 2:8
T1 1:9
TO 0:10

Table 1. Volume ratio of TEGDME and DI water mixed solution
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® 2M Zn(OTf)2 in DI
® 2M Zn(OTf)2 in DI:G4=1:1(v/v)
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Figure 5. Ion conductivity of 2M Zn(OTf) 2 in DI and 2M Zn(OTf) . in

DI:G4=1:1(v/v) electrolyte by temperature
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Temperature (°C) 20 10 0 -5 -10 -15 -20 -25

2M Zn(OTf)

) 8.300 5.895 3.847 3.531 3.111 - - -
in DI

Conductivity

-1
(Sm™) 9M Zn(OTH) 5

in D:GA=1:1 (v/v) 0.403 0.318 0.203 0.162 0.120 0.083 0.065 0.037

Table 2. Ion conductivity of 2M Zn(OTf) 2 in DI and 2M Zn(OTf) 2 in

DI:G4=1:1(v/v) electrolyte by temperature

15



Discharge capacity /mAhg”

Figure 6. Discharge capacity of 2M Zn(OTf)2 in DI and 2M Zn(OTf) 2 in

- N N w
(&)} o [8)] o

N
o

(6]

| —e— 2M Zn(OTf)7 in DI:G4=1:1(v/v)

|
l((((((((((((«.
(((((((‘
i

. (@

—e— 2M Zn(OTf)2 in DI &L&“

4 &
g
&
o
é&
&
&
(o
4 i
&
&
&
LL‘
&
&
-
>
&L
4 o
W
@(‘-‘&
((Lt&“

% s

e, e
18 e
_OI .\

-1—'(((((((({(((((({((((((((((((((((((_((((((((((((((((((((_((((((((((((((((((((.((((((((((((((((((((_((((((((((((((((((((_((((((((((((((((({((_((((((((((((((.

0 20 40 60 80 100 120 140

Cycle number

DI:G4=1:1(v/v) electrolyte cell in —15°C

16 ._:I_‘_E _l.;_. o



—

0

G+

il
O

o
M
iy

Jﬁmo

—

il

Zn(s) + 2H (aq) = Zn?**(aq) + H,(g9)

AN TS S48t Figure 7. oA

12 71419

_Z# r
W

ol

7}

L
a1

3

L/\g

=]
=

W ET 7]

o]-&&

fie)
0

o
ofny

ojn
&

FAAARR o 2

sfe]

5 -

$0g

T

r
Mo

3

v
afl

olo
Gt

o]

15~
L=2a |

o}l

B3 Figure 8.(bh)<

a2 e

13-

o

s

R S R
oA whd-g-v

By
=

—_L
=
ko)

ofel

XA
2= At} Figure 8.

Ak

e

Figure 8.(c)2

H 3
R IS B
A

H] &0

87171

BN

S

il

)

A8z o)
Bael

JEE RPN

(e}

el

Gl

sttt 1 A3} Figure

ol 1mA cm™2 9

°©

A =

B=
o
0

T
oy

17



0.016

0.014 1

0.012 1

0.010 -

0.008 -

Pressure / bar

0.006 -

0.004

0.002 - — 2M Zn(OTf)2 in DI:G4=1:1
—— 2M Zn(OTH)2 in DI

0.000 . .
0 5 10 15 20

Figure 7. Time—pressure graph for zinc metal storage within electrolyte

18



0.20

—— 2M Zn(OTf)2 in DI:G4=1:1(v/v)
0.15 1 —— 2M Zn(OTf)2 in DI

0.10 -

0.05

0.00

-0.05 1

Voltage / V vs. Zn/Zn**

-0.10

-0.15 . . .
0 200 400 600 800

Figure 9. Time versus voltage profile of Zinc metal symmetric cell

electrolyte

19 2 M E g



3.3. A&oX A Hs H7}

TgwE  o]g3% TEGDMEYX Ether ZA#9 Atiro]low
ol A#elEstes Ade  Za 9lv[23]. TEGDME+=
1100cm—1 #<LolA Ether A%e] 37t vetuAl @h[24]. Figure
10.(@) ol @3k o2& XFst A& Fo|d ether FAL] o]Fo]
Aes & F AL, ol Lwigs FE7F vHHANSS gulsith
m3k7kA 2 Figure 10. (b)ol”d TEGDMES] H-NMR 379 o]

Fo1% 5 9l9lth PR B2 ol 20 A% §uiaTEe W

offl
tlo

Lo,
il

olF =& 9dEmE o] wek TEGDMEE &= ©
o gt Ao WEtE sSAFFAPHCRE ST FAF FH
0.1mV/s ¥H 2mV/s7H4] 5702 Y-roiA SA3Ar. 1 A3} Figure
11.9] 2g9=5 45 F At a7 FAPHAA Hd A7 @

FASE WA thga PrH25-26].

ofo
ek

bl
rir

ip, = (2.69-10°)n3ADR>Cxv°>

ip= Aol A7 &% ne wgske AR <, A wEdd, D

AgEE BH] aAg, e AgEHE B9 27 E, ve Ad

o] 2ol ip—C;;vo'S% EAEA HY 7ler] BEY At
Ao @& & F AT Figure 12. o4 71&7]9 @& T3ko] Table
3. ol =AY 71&7]9] v Ak Algo] v

i
il

20 o 2- 1_i| -'



ol

0
o
ofi
S

)

<
o

o). wep

FXS

0

olt}. Figure 13. o4 ©dgm=

ol

o7
o
el

To

FLS
o

G+

21
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Figure 10. Spectroscopy of TEGDME with Mn®" ion (a) FT—IR spectrum (b)

500MHz 1H NMR spectrum
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2M Zn(OTf), 2M Zn(OTf),
in DI in DI:G4=1:1(v/v)

Slope 0.03214 0.01154

Table 3. Slope of regression line of ip — C}}v"'S curve
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Abstract
Role of TEGDME as cosolvent for electrolytes

of aqueous Zn—MnQO32 batteries

Jingyu Park
School of Chemical and Biological Engineering

The Graduate School

Seoul National University

Nowadays Lead acid batteries and Li—ion batteries take major
portion of secondary battery market. However, they have clear
disadvantage for meeting growing demand. Zn—MnO?2 batteries are
proper candidate to redeeming currently commercialized battery
systems. They are eco—friendly as using mild—acid aqueous
electrolyte, raw materials are inexpensive and evenly stored.
However, as using aqueous electrolyte, freezing point of electrolyte
is high, as using mild—acid electrolyte, zinc metal corrodes. As Mn**
ion dissolves at discharge state, coulomb efficiency of battery is low.

Herein we introduce TEGDME as cosolvent with DI water.
Electrolyte is composed of TEGDME:DI=1:1(v/v) solution with 2M
Zn(OTf) s salt. Volume ratio was determined by DSC analysis. Ion
conductivity by temperature was determined by EIS analysis. Ion of
TEGDME, DI cosolvent electrolyte conducted even at low

temperatures. From galvanostatic test, battery with cosolvent
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electrolyte worked at low temperatures, where DI electrolyte cannot
work.

At room temperature, Zinc metal corrodes at mild acid electrolyte.
When introduce TEGDME, less corrosion of zinc metal was detected
by pressure cell, SEM—EDS. In zinc metal symmetrical cell
galvanostatic test, using cosolvent electrolyte resulted in longer life
of zinc metal.

Finally, using FT—IR and NMR spectroscopy, it was confirmed that
TEGDME changes the solvation structure of manganese ions.

It was confirmed by the cyclic voltammetry experiment that the
diffusion coefficient of manganese ions was lowered by changing the
solvation structure of TEGDME. As a result, it was confirmed by
constant current charging and discharging that TEGDME inhibits the
diffusion of manganese ions, so that capacity loss can be reduced
when TEGDME is used as a cosolvent than when water is used as a

single solvent.

Keywords : Zn—MnO: battery, Secondary battery, cosolvent,
electrolytes
Student Number : 2020—26116
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