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Abstract In order to identify secondary battery technologies required in defense applications, strategic
defense technologies were analyzed, and the current status of research on critical technologies related
to secondary batteries was investigated. Among the various critical technologies, high-power electric
power technology was studied. High-power electric power technology is critical for future applications
and could be applied to directed-energy weapons (DEWs), such as lasers and rail guns. High-temperature
stability and high energy density are required for use as a high-power electric power source. NaS
batteries are stable at high temperature, have no self-discharge, and have a high theoretical energy
density, so they are proposed as the most suitable candidate. NaS battery trends were investigated to
verify the validity of the proposed secondary battery. NaS batteries use S, an insulator, as the cathode.
When manufacturing the S electrode, a conductive material that can secure conductivity must be added.
A previous study was done on manufacturing S felt electrodes and obtained excellent conductivity by
using C felt and C/SiO2 felt. In order to expand the supply of renewable energy, research on introducing
NaS batteries is being conducted, and there is also research on designing NaS batteries as flat plates to
increase their usability and portability. Demand for development of next-generation military energy
sources is increasing due to the expansion of future weapon systems using advanced new technologies.
Research is required on NaS batteries that have higher energy density and are more operational in
high-temperature environments compared with existing lithium secondary batteries. NaS battery
research should be promoted so that the batteries can be used in defense applications along with the
growth of technology in civilian applications. If NaS batteries are used in defense applications, they
could be applied to systems that require large-capacity energy sources, such as DEW systems, which will
greatly contribute to the improvement of performance.
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LA 5 AP oAHXF7I(DEW : Direct Energy

Weapon)7t 575tHA|, =4 HofolA &8 HAF
Hol 7St A olvAhe] i g5 SHEIL
At A oA Pos gget 4 Qi oA A Ao
et A9 "a A d4sta, ojxbdA] HAv|E &
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2. O|XPHX| EV/ESS e

2.1 O|RFHX| 7HL

ojFMA=  FHA(storage  battery), FAA
(rechargeable battery, F%4] HZ]) &2 HiEF
(battery)2tal Eejn, 959 7] HAE 3t5 A
A FHE HAste] AGs) £t TR wof A7
£ WEojllE AAolth oA A = F H(EE 1 o]
8 & & Uvh= %ol oz S-S B9l vrgdrHes
ARR3H= ARZE ougiet 1900Wd] Y&AX], 1950
of Ni-Cd A, Ni-MH AA|9] 5402 o]xpdA|= At
FEoA gHFeH, 19909 =l Eol2 A7t 5
SHAA EAZ o7 WHsItt LEE, FE, F2H,
g7zt 5 Fi8 AA7|7]0] AHEE AFAA
FE], EV/ESS 5ol AHgEl= SHIAA7HA] thefst &
ofof| ARZH T Qltk. 1990, 2000¥ o= 48 oAk
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71537 E(EF A4 oJAHA] 71%), 2023
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Table 1. The field of defense Strategic Technoloies,

Critical Technologies.

Feild

Defense Strategic
Technologies

Critical Technologies

Al intelligent
surveillance and
reconnaissance

feild

Space power
system design
technology

Space solar battery
technology

Super speed and
hypervelocity
precision guided
munitions feild

Trajectory flight
Smart Technology

High-shock resistant
video acquisition and
Transmit/Receive
device design
technology

Ultra-long-range glide
guided munition

Future
propulsion
and stealth

flatform feild

development
technology
Submarine High-capacity Air
low-noise high- Independent
power propulsion | Propulsion(AIP) system
technology technology
Unmanned

maritime system
high-performance
propulsion
technology

Unmanned maritime
reliable energy
source technology

Aircraft high-
power propulsion/
energy technology

Aircraft technology
energy storage
system development

technology
Hi
igh speed High-power
underwater . o
ropulsion high-efficiency thermal
p battery technology
technology
extrem enviorments
electric power
technology
fibers composite
MUM-T(manned-u Unmanned rlr;attfrlali st;uciural
nmanned ground propulsion attery technology
teaming) Combat and energy Micro robot electric
System feild technology power technology
Secondary battery
technology
High-voltage battery
cooling technology
wvidual
High-tech Individual Individual Combat
. Combat System .
Individual System ultra-light
wearable
Combat System computin powerpack
feild puting technology
technology

Future high-tech
new technology
feild

Renewable energy

technology -
(fuel cell)

lect: ti

elec romagne 1c High-power electric
propulsion ower technolo
technology p 8y
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7S BEopdE BRIl 2Aged deEe
FH7&S BA6ISITh Table 13} Zo] ZHAIZ Eof,
AUetz Hof 5 Tt EopollA e NS
g WA7E A7 FXEL Qo HFEA], GFA,
AEHA, AR, HEbdA], AuARA] 5 ohggt A
Ao et AF7E AF FolAY, XFE AfAo|THLI.

T & A Bl EASE S71E719A
o ThFet 48 7]&o] AHE/0] Yt IF AT
ol md Hdk Al7|& EoKFuture high-tech new
technology feild)ell Hal] dAstgict. &2 - 845t - 4
&, A3 oA 5 vAE 71e9 544 AL Bl
Azt it F71AA 9] §414 TS ERshe Eofol
o} v X F oA, g T AF AHAFIE
grsly] Ao g HdY 71<(High-power electric
power technology) & SA7|&=Z A=At thdg
AL 71&L 7Esh7] sixdes ouAdE Ao o
gk A7t dasieh o|RIRE7Io) AE5t7] YsiAe
12 P gRE Fasith mEA, 12 Mg R
F|ALEE 7H= oA et A7 B Qs
o}

)

3.2 EV/ESSE O|XIHX| &

EVe 74, 884 5ol uet AR oI A-AE
83t o, ojAHA| FoME ECIRAAE A
8311 Q)T Fig. 12 2012~202097H4] ESS-& AEA
A 9] vlg-E eI Qlek ESSS AEAGIA R

F& o[4S ARSRITH

'H E
IH I

2012 2013 2014 2015 2016 2017 2018

[ete. [l Fly wheel

B 1cad storage battery [l Li-ion battery

2019

2020 1H

Redox flow battery [Il] NaS battery

Fig. 1. Penetration rate by type of ESS technology.
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O|X}AA] FolAE elFol2HX7} 71 Hol &85
™, Y= (Lead storage battery) @ NaSHA| = &
|5 A7 ok 8L =2 HEol2AA, 35
AR, NaSHA9] E/Jo sl Table 29} Zo] Z2AFSHA
o} oA, APolE 42, AlO|E A&, &% T &S
H Wi NaSAA7L 55H+= AHdE & 4 Sioh
SHEATE NaSAAl= 1-2(0300C)0A &5o] 7Fsot]
2o 283FE T2 AGT = Y& sH|7L
F7 =olof Bttt A|AFETE 204 AESIER,
2 oA PRl NaSHAE &8 4+ Yot
[2-4].

Table 2. Technical and economical characteristics of
electrical energy storage technologies.

Li-ion Lead-acid
Spec. battery battery NaS battery
Energy density _ ~ _
(Wh/D 200~500 50~90 150~400
Cycling Times
(Cycles) 1,500 900 25,00
Cycle efficiency 90~97 63~90 75~90
(%)
Energy capital costs ~ ~ ~
(USD/kWh) 600~3,800 200~600 300~500

%ot

4. NaSZTX|[e| Hz2| ¥ IHUS

4.1 NaSTX|Q| 22|
UuFAQl o]xpHR|e} Zo] F=, o=, Hoid &
guto @ =0 9tk FollE ZKHS), =
(Na), Aofid & Fejutoz p-gFujurt AHgHh
= SEARI S RrAol7] o] =84, A7t &
A& F7t=ofoF it
NaSZA 9] At 350CA 2.076 VolH, A
|31%l AX] ZoA 765Wh/kgolet= 7FE &8 o]2
NYALEE 7Hct. A7-(Self discharge)e] gltt
L A4S 73 k. Fig. 2, 33} Zo] 350Ce= 1
204 AFok= oapdAo|Bg =yt 35 FEHL
e} o] Aoz EAgitt. 4ET o] Hrskst
o= gkgoto] tsthES FAoHHA 2sotA =
o}, Aol ¥hE wf A A2 TAANAR] B -LF]
s B9 olsota AEdt f'-GFuuke] AHoA A
ste]o] &% o] 2(Nat+)o] FHHHISA] (1). &F ©l

1

T
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22 B'-LEUUE o FS2E o]Fshal ¥4 (2)
o oAl A3/gH ol ghgote] TSt ES A3
SHA "ohERS4] (3). 183 Aol S4sHA =HH 7]
SEES-E 9 §hgo] dolubA HRdtaEe dFolA
EolE AEol22 ST08 HEOKIT
Anode reaction : 2Na—2Na++ 2e- (1)c
Cathode reaction : xS + 2e——Sx2-(x=3~5) (2)
Overall reaction : 2Na + xS<Na2Sx(x=3~5) (3)

2 Volts ?

Beta
alumina
tube

Fig. 2. Diagram Na$S battery.

Load

Dischorge

®
@ ot~ ' e
® e \. @ ®
@ o ® @
\ [ &
® © [ The Dok T -.._“( ® L]
ee® o e 9
-Pole|Ma) Beta Alumina +Pole(5)
Fig. 3. Operation principle NaS battery.
4.2 NaSTX|Q| IfuzE
NaSAA= kW3 2lEol2dA] tiH] =5 &9

< 7, 7ol glong, tf87F ESSE AR
Hgtsiet. MA19] TAH2AA HAHNa, S AfA(S-
GFH|L) O] 7HA o] sttt of Fig. 49F o] 1960
ddh w5t Ford AHgat SAIA Hgoz 712de
7} ZREYT, A7] AEE A2 AEo] AzHE Y]
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t}. 1980 o]Fof= UE2] ‘Moonlight TZA|E Q]
gstog HALAY| Fofst Tokyo Electric Power
Co.(TEPCO)} At A A& 71990 NGKAHY
55 L= NasiA7l&e9] &7]4<l AEE o]F9l1

A 716g FEstT Atk

1970 1980 1990 2000

* Presentation
of basic principle
#|Started development in Japan

: Toyota Central R&D Labs, Inc, ete.

# First development and driving for EV
(Electricity Council Research Center)

@ NaS battery for EV in japan,
developted by Sunshin Project
@ NaS battery for load leveling|in Japan
Moonlight Project = NECO Project
# The Tokyo Electric Power Holdings, Inc.
-NGK Started
develaping |::> industrialization
# Development for EV

(The United $tates Advanced
Battery Consortium

# Space shuttle test

® ZEBRA battery
developmant for EV
(company MES-DEA
GmbH in Swiss)

¢ Commercialization

sales installation
in 2002

Fig. 4. Development history Na$S battery.

NaSAA= AlA Hzx=2 AJ-83tol 433 d& NGK
AZF Sk glom, ZE2% 350 €, &% 200 kW
~ 1,200 kWh, 7F4 450 USD/kWh9] 452 7IX&
ESSE HFst ok BE/|7he 159 E: 4,500
CyclesolH, 24A17F AR YA H|A7F AFHet. ot
3o} o] taket AF AGS Bl A, P4, BA
go] AZEHATH5-71.

Table 3. Technical and economical characteristics
of electrical energy storage technologies.

Year | Nation System Capacity System type
2010 |Abu Dhabl 108MW/648MWh [Substation load leveling
Peak shaving and
2013 | Canada 1MW/7.2MWh backup electric power
power ESS
2015 | Ttaly | 34.8MW/250MWh Reliable energy
support system
2021 | Belgium | 0.95Mw/s.8Mwh | roduction facility
support system
2023 | Australia| 0.25MW/1.45MWh | Mine support system

Fel BB S FEAC|LR EAHS N
% =S SRA7F F7tsolol St EAARE @ 8
A8 gPgAol Holuk 948 EAXS 7HIE b
F2 ALE, Fig 59} 0l U= Y9 A8 =
WS FYAAD BRAS S SHIFS A2
4 9t Fig, 63} 2o] CHES Bslo] J2 Az}
L TRt A7 ABER k. CRRoRE 949t &

A4 gHo) A7} 9Jorg 20199 Fig. 73 Zo]
SiOE F7loto] CHE Hrh 943 ZHAE 7HAle
A= 9lth4,8,9].

C/Si0; WEES Axsh=

Fig. 5. SEM image and elementals mapping results
of raw materials and elqectrode (a) Sulfur,
(b) MWNT, (c) Pure carbon felt, (d) Sulfur
electrode.

Fig. 7. The structure of the C/SiO2 composite felt.
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, 3ol A
. &R ool
L, Zgo] "olA= &
&3 Aofstr] s A
ojt}. AAAZe|R] X
Al AAYALEEE 7= NaSHAE =Yet A8
AAE B AAYANIR Y HEHE E5T 5 Utk

ARG A] g Yol T 5 4] =8 A
o] A AL T AY AFAE sk o
gt A7t J¥=] 2 Qlet. d9t=9] Dong Energys= &
gog Azt A7|E A7)t Aok WS Aot
I Qlth. Fig. 8 Zo| n|=9] AZ3IAF AEP HA] 47
A8 AFGAE Alofol= Community Energy Storage
DZRAES APt Qick. ol =717t AFs e #
o= W2 Ao A= o] U= AP A E 5t
o] 2dig AFG(Super Grid) o2 F7] Y3 =<,
ngA UEHRE, dvta, A9 5 F 97 =7 7
oJ3t North Sea grid Z2AEZ} QI

Power

transmission Power

distribution

) E@®

e |
> eI

Power plant

Large-scale ESS
(Pumped-storage

hydroelectricity) Substation-scale ESS

(NaS battery)

ESS close to customer
(Community Energy Storage)

Fig. 8. AEP community energy storage.

20229 AR BEE 52 fIoi MATLAB
CHIO(Cong Z8sto] 39, si33 A NasidAl
£ AAsto HHste £F4E A7Isks A+= AUtk
olZe} Zo] 3gAY IFE Foll ASSHAUTE WA
A= H31E 4Edlo] SCR(Self consumption rate)
243t faHdg &4 248} YA BweHlE T4 7
g 435t 2848 AA 5 3HAE B EEY =
2 AR EEHE AAsHATH01.

NaSH#9] &84 9 i S fIsf 20229 1
Y3} Zro] Yy (Planarn) 2.2 AZsh= A3x AgPH
I QJoh Hugog AxshH WHHo] +=1, Cell
packingol] €olstH, ¥ 9 327} Hrh. NaSHA|
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ATE Bl FEEE FTHIPIE ATt ARET ot
[111.
15mm
] 6.9375mm__ 75mm
/ Molten
E [[ Na
8 \ BASE
\
\\ \ olten
\ Molten §
\\\ 0.5625 mm
(a)
/ Moten ] 6.2465 mm
/] na
8 EI | base —N 1.5 mm
o E
- 50 mm \
| [Molten
\ s 10 mm
\
(b)
Fig. 9. Schematic diagram and dimensions of
tubular
(2) and planar (b) geometries of the NaS cell
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Bk, olAEA TRl HAlE AT ABE 2AS
St AV14E A ol 2744 42 g A
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o % Qeirt. olAA WAYIEQ Y A A%

(High-power electric power technology) ©ll ogt
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olfgt E4of we} thdeg MY 71w €8 & A=
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s xAlSkGATH
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