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Abstract @ Seawater batteries are next-generation secondary batteries that use seawater as a cathode. They utilize marine resources to provide
competitive prices, high eco-friendliness, and a structure suitable for marine applications. Based on these advantages, pouch types and prismatic types
have been studied and developed assuming natural seawater exposure. However, because of the electrical characteristics of the secondary battery, its
capacity and internal resistance vary depending on the use environment. These characteristics are not only utilized for predicting the life of a battery
but also have a direct effect on the capacity and power suitable for a specific situation. Therefore, the internal resistance was analyzed in this study

by measuring the capacity depending on the seawater battery use environment and the state-of-charge—open-circuit-voltage measurement method.
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Table 1. Comparison of Seawater Cell and Lithium Ion Cell

oX

Seawater Cell Lithium Ion Cells

- Eco-friendly
- Less risk of fire or
explosion . .
Advantage - Using countless seawater . L1.gh t weight
. - High output
as an energy material
- Affordable for high-capacity
batteries
- Research and development
stage - High cost
- Long time to charge and - Risk of an explosion
discharge - Use rare resources
Disadvantage - Possibility of performance  as energy materials

degradation due to marine
attachment organisms due
to exposure of cells to
seawater

- Vulnerable to shock,
temperature and
pressure
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Fig. 1. Principles of Seawater Secondary Battery.
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Fig. 2. Seawater secondary batteries used in the study.
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Table 2. Seawater secondary batteries Specification of using in the

study

Parameter Specification

Rated Voltage 25V

Rated Current 3 Ah

Current of Charge 50 mA

Current of Disharge 50 mA
Charge Cut- Off Condition 40V or 3 Ah
Disharge Cut- Off Condition 1.8V or 3Ah
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Table 3. Cell discharge results according to experimental conditions

Amount of discharge
%ell Test Condition R: ?di y
0. st 2nd tio(%0)
1 25C 5% 2.085 1.838 11.84
2 25C 5% 2.209 1.827 17.26
3 25 C 3.5% 1.688 1.660 1.63
4 5C 35% 2.000 1.565 21.72
5 5C 35% 2.350 1.817 22.68
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Fig. 3. Cell discharge results according to experimental conditions.

3.0

I 1st Discharge
BN 2nd Discharge

Capacity(Ah)
= Lo g
wm =] wn

=
=3

05

00 Celll Cell2 Cell3 Cell4
(a) Cell Capacity

0.5

e
'S

Difference of Capacity(Ah)
e e
~ w

e
=

e
=

Cell 1

Cell 2

Cell3 Cell4 Cell5

(b) Difference of Capacity

Fig. 4. Deviation of cell results according to experimental conditions.

- 226 -



Apol A ALE HAol WE 54 L uR A5 B4
e = AR ST SUhEkel wet vl e uiR 24 57t S 29| R, Rafr, Cairr #bS £Z317] $18l Fig 63 2
Apolel shet whgo] AoluwA wEE ] 53] Aol T & FAoR 1 A WA A, 2el: 23 FHY B
7hsha} Al &) A 1 ol AHdghe] S7FsF F SOC-0CV AE S B3l Fig 77 o] wiE e EF A9
of @A} Zgto] wiElE] 9 25 Al WEA =gslr] WE & FE ARSI oA A 35%e] 9% 2L WA
olch. WEe) WA Aghe 4% gl mHesit) Sz
BE Qs ol 5F Ao] opl7] W] F4 F oWE
dolo] Qg A ¢l AHEl7} © OCV(Open Cireuit Voltage)S m:/—/
Ak oty WE AT 9 Ao} o] v BHo R
A gl whE R A S7ER A Ask AR & —
A=A & AHlo] ;Lo].;ﬂl:].(]_ﬁe and Park, 2014). B
waba 5ol - A ¢ SOC-0Cve] A BAE A7) 9 W T /
3] KS C IEC 61960-3:2017 74 ZFarste] wjg gl SsoC ' S0000 100000 150000 200000 A7 ki "";“;;7{ il
100%~0%C1A 5% T 7Fdo =2 v 2 22X & ke (a) Cell No.l SoC-OCV Test result
Pstel ol ZYslch G wElelel AA Feish B T L]
~ue dza7] 98 A thdd 2ol Randes b
model of batteriesS E3f Fig. 52 UERA 4= a1, 0|5 T3 5 \v\/\_._:i
W vz e e F gtk SE RN Astag
ARy e AFolH 55 e Fa) s o 1A
37F vlE e E2 A9E u Jehus A9 £28 on O 50000 100000 150000 200000 AIZE g r_\\r_&l |
ok St AGRanS AT EWolA WA= 1Y) shet ]
& 5718 gholthPark et al., 2020). Hot — - y
Rd:' - \ l 1 ‘ \N
R" * 2 [ I——
-—" .- Mirr.
I + P
i Cd!‘g' 0 50000 100000 150000 AIZH e .
C-) ocv V, (c) Cell No.3 SoC-OCV Test result
O o oo 0z [} [ [ u:r
Fig. 5. Simplified equivalent circuit model of batteries. F \__4’/
0 50000 100000 150000 ;i‘ O e s AN /
a6 W w w
(d) Cell No.4 SoC-OCV Test result
ﬁcfzs z %m —— OCV
3001 | s - I
b | B
r(()'? 2%) ’,,/
':E* \\.\./_v_//
- V _ V T 0 25000 50000 75000 100000 125000 2 02 04 “u: o8 10
Ri:u Rdiff: b Cdiff: R E
Al diff (e) Cell No.4 SoC-OCV Test result
Fig. 6. Pulse charger for Impedance measurement. Fig. 7. SOC-OCV test results for each cell according to test

conditions.

- 227 -



P
AR

|o] W7l glem g SOC-0CV Algel ot vl g A<
sl712 $o) Fig 8 ulF d¥ w2 Rioll i3] %}%,5 %]
A% 24D A9 AL 35% A4 12 SOC-OCV Al
oy 2xke] djgk Adfolrh. FHI BHS wHE

SOC-OCVE 53 4L R;, Rairr ok 15} EHH] et A
o ¢ ot oo Z2 olf=E e T = A A

g STt Sl we W 8%l Aads

¥ O o o

iy
= T
ATk T oA AAISE Table 337 20| Cell 4, 59| Fade
Ratio’} 2 %S 7FA= ol i B3 otef o] Riok Ramate] ®

38 B 5 5 Atk olB Bl sirolAaAe] g

o
o o

Fig. 9(a)= $H4 el wret wiele] Frgol ik 3
SHITE. WA & 5% 213 2 3.5%9]
ST}, Table 30 w2} B2 22F2] Fade Ratio(%)
7ﬂ z;q 1:!_1 H]—;q /\]_ ]ﬁo HE = 7HH1—
o]
5}

o2t

N o2

Q‘L
;'5.\4.,
N

o
—

I & odo o

ob W o T

10 ol mo P oot kI o1x

S =R B ]
=0l & slgelabd A et Rigtel +
& 5 3Tk 53] Fig 4b)ellA A2 %7&011*1
o] Difference of Capacity(%e)= = A3 S7FstR=dl, ©]

Gl
=7}

_0.111

"
FZir

Y

1/ oi‘ﬁ

[o5

5 T*T  1stSeC-OCV Cell 2
. ——  2nd Soc-OCV Cell 2
=4
8
£3
8 —
22
T* 1stSoC-OCV Cell 1 1
—— 2ndSec-OCVCell 1
o o
02 04 0.6 08 1o 0.0 02 0.4 0.6 08 1.0
SOC SOC
5{ T 1stsoc-OCVCell5
_ 7| —— 2ndscc-ocvcells
=4
Jol
2 <2
1] —— 1stsoc-ocvcell 4 L
—e— 2ndSec-OCVCell 4
0 0
0.0 0.2 0.4 0.6 0.8 1.0 0.2 04 0.6 0.8 1.0
SOC soc
10 —*—  1st50C-OCV Cell 1 10
—e—  2ndSoc-OCV Cell 1 _
" e /
g g —e—  1stSoC-OCV Cell 2
z 6 Z 6 —e—  2ndSoc-OCVCell 2
& ] i
4 4
2 2
0 0o 02 04 3 08 10
soc soc

—e— 1stSaC-OCV Cell 5
61 —e— 2ndSoc-OCVCell5

- 1st SoC-OCV Cell 4

—*—  2ndSoc-OCVCell 4

Resistance (Rd)
)

0o 02 04 06 08 o 02 0 06 s 10
soc SoC

Fig. 8. Comparison of SOC-OCV test results by cell (Seawater 25 C
3.5 %. Seawater 25 C 5% and Seawater 25 C 3.5 %).

=]
By
o
e

o
me

-

RN
o
M

%‘8]—74] Fig. 8, Fig. 99] Ri9] w243 S71& & 4 9l
o 7 ALE A e A ST Jdg e

R R

o2 Ba WHY Ag BAe wE WA s
SOCOCY A& B3 U sles S42 Fa) A4
8% ael U@ A9 BHL S B Apels
FAI YA AN AT ARE Asbal Aol waE
B3 sl abaAe] A% % ANNL AeHE F2
Foltk. ol Aol Whe A7 Ul saE 4 e %
ol AR, e R sera Ayl od 47]H 54

(R).

—+— dSOCOCY_CH 1 \ —— IndSOCOCY_CH1 —— WdSOCOCV_CH 1
32{ —+— 20dS0COCY_CH 4 =M \& /\ —— IndSOCOCY_CH 4 \ —— IdSOCOCY_CH 4

(a) SoC-OCV (b) SoC-Ri (¢) SoC-Rd
Fig. 9-a. Comparison of SOC-OCV test results by cell Case 1
(Seawater 25 C_3.5% and Seawater 5 C_5 %).

M aasococy cne e IMSOCOCY CH 2 = JS0C0CV_ 112
—+— WdSOCOCY_CH 4 _50 —— 2S0COCY CH4 | 8 —— 1ISOCOCY_CH 4

i 3 = £

; g4s

00 02 04 06 08 10
soc

(a) SoC-OCV (b) SoC-Ri (¢) SoC-Rd
Fig. 9-b. Comparison of SoC-OCV test results by cell Case 2
(Seawater 25 C_3.5% and Seawater 5 C_5 %).

—— 2ndSoC-0CV Cell 1 X —— IndSoCOtV Cell 1 —= 2ndSoC-0CV Cell 1
32| —— 2ndSoc-0CV Cell 3 =34 \ — 1ndsoc0CVCeH3 58 \ —+ IndSoc-0CV Cell 3
/A :
430 /

NS

g
832
E
=39
28
10

02 04 06 08
S0C

(a) SoC-OCV (b) SoC-Ri (¢) SoC-Rd
Fig. 9-c. Comparison of SoC-OCV test results by cell Case 1
(Seawater 25 C_3.5% and Seawater 5 C_5 %)

] 04 06 08 |0
s0C

02

M1 ndsocoovoel 2 = ondSeco Cell 2
4y~ SO0V Gl 3 2 ~* IndSoc00V Cel 3
£ -
@230 g .%6‘
240 7
B 2
28 o &
35 4
2 “ \\QO\O U
e
0 02 04 (6 08 10 —— — D0 o
- 1 [ ] o 06 08 10
(a) SoC-OCV (b) SoC-Ri (¢) SoC-Rd

Fig. 9-d. Comparison of SoC-OCV test results by cell Case 2
(Seawater 25 C_3.5% and Seawater 5 C_5 %).

- 228 -



Aol AnAe) A B0l e 54 @ R A

I ANA - 2E BARE7 ol = A7 k. W] W) s}
8l v 339 (Electrochemical Impedance Spectroscopy,
EIS) o]-&3td Wi x7]s}et#Ql ol g 4o 7}
sot7] WiEel 71 1A Rl dAE Hes S drh
EIST 353k dAelA AFaa 744 n)agh A5
JA7bal wiElEe] d71% B Fefset
4 HY HHE Yo &g uHOHH ooy A w0
il £ Tl WE e WstE S5k i
£ P olth(Lee et al, 2014). L1} a] o] e %9} )

= TuH 1_.-9<E

(]

ol A o] g Wi AIE2T 1Q o] #®e Tt
Aoz, AT 5 s 71719 AnA @A7 Qlenw 2
Aol A= Al sk glch
4. 4 E
AT AR 2 ZHgekan gl sl Eol A Aol e A
AHERE S vrEA At S Agsta, ol dia)
AR B 47 A9 T3 246tk agelAt
Ao B sl A3 3=kl *}% aL, efseet 8het
WS FE S wHde éﬁﬂﬂ °l°ﬂ 3 e
] & v}

4o
)

o ajge) gE -491 ool wet Welele)
o 5, 0)8 e U ads B 5

e °l°ﬂ e i Ag WakE BE e
T

¢

[0}
e

o N rloomy Sb ofw o BN o S
JKN'-HOFOEH‘I—E T
o ol N
T, ﬂJlO >‘:~ F—i‘l _1
i% o o g
o = rﬂr
o
Ly 2R
3;253
;3_0
£ g
41:
_>.i
o«
0 Hl'r
ed
2
o
[

ot

2

A ey Ar|Ed ke oAb Al o8
3} 2 MWhi 7170 Abge] A ol e A

ey

%
2

References

[1] Choi, B. 1.(2019), A study on the development of environment-
friendly battery using seawater cell, Silla University, a
master’s thesis, pp. 48-49.

[2] Choi, W. S. and T. S. Park(2020), Modeling and Performance

AR

ot

Analysis of Electric Vehicle considering Electrothermal Model
of Lithium-ion Battery, The Korean Society Of Automotive
Engineers, pp. 807-814.

[3] Lee, M. Y., S. Y. Han, J. H. Park, J. H. Kim(2021), A Study
on the Selection of Failure Factors for Transient State
Lithium-lon Batteries based on Electrochemical Impedance
Spectroscopy, Journal of the Korean Society for Precision
Engineering, 38(10), pp. 749-756.

[4] Lee, S. H. and M. K. Park(2014), Battery State of Charge
Estimation Considering the Battery Aging, Journal of IKEEE,
18(3), pp. 298-304.

[5] Lee, S., L Y. Cho, D. Kim, N. K. Park, J. Park, Y. Kim, and
S. Y. Hong(2020), Redox
High Performance Seawater Batteries. ChemSusChem, 13(9),
pp. 2220-2224.

[6] Kim, Y., K. Shin, Y. Jung, W. G. Lee, and Y. Kim(2022),
Development of Prismatic Cells for Rechargeable Seawater
Batteries, Advanced Sustainable Systems, 6(6), 2100484.

[7] Park, S. J., G. S. Song, and S. M. Park(2020), A Study on
the Parameters Estimation for SOC and SOH of the Battery,

Active Functional Electrolyte for

The Korean Society of Industry Convergence, pp. 853-863.

[8] Park, Y. S., J. Y. Jeong, and J. S. Kim(2010), A Study on the
Minimum Safety Distance between Navigation Vessels based
on Vessel Operator's Safety Consciousness, Journal of the
Korean Society of Marine Environment & Safety, Vol. 17,
No. 47, pp. 401-402.

Received : 2023. 02. 09.
Revised : 2023. 04. 05.
Accepted : 2023. 04. 27.

- 229 -



