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gneenwuunldliiissniufien usanusaiuladuszesnaunulaslifanisaeUszq (Self-
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Abstract

Thermal batteries are specially designed according to the requirements for such
military applications which present the need for a high power density battery. Thermal
batteries rely on an electrochemical cell to produce an electric energy from the energy
released by a chemical reaction with electron transfer. A thermal battery is a
non-rechargeable, single use battery that can be stored for a long time without
self-discharge. The key composition of the performance of thermal batteries is the chemical
reaction between an electrode and an electrolyte. The materials selected for anode,
cathode, and electrolyte are also important for energy-stored capacity. In this work, the
performance of electrochemical cell was investigated. The experiment was divided into
3 parts to investigate; (1) a half-cell reaction on anode which was synthesized from Li/Si;
(2) a half-cell reaction on cathode which was synthesized from FeS2; and (3) a single cell
which composed of the anode, cathode, and electrolyte. The charge-discharge test was
used to investigate the performance of set-up electrochemical cell. The results showed
voltage of 0.20 - 0.25 V on the anode, voltage of 1.6 - 1.8 V on the cathode, and the
voltage of 2.66 V for the single Cell.

Keywords : Half cell, Single cell, Electrochemical, Performance, Thermal battery
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TrzviaoumaIanTBEnnglas (mp. LICLKCL 352°0) [3]
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Ufnselriiainintuluwaduunines
AU (Thermal Battery) Ao Ufisen3nend
(Redox Reaction) \JuuffzeniifinsuaniUaeu

ANNTOU WARIPBANNITHAT F1ail

Reduction Reaction:
FeS2 + 3/2Li+ + 3/2 e- > 1/2 Li3Fe254 (1)

Oxidation Reaction:
Li13Sid —> 4/3 Li7Si3 + 11/23 Li+ + 3/2 e- (2)

2. /A nlun1sIe
2.1 g@13Adl
1. Lithium, Li (99%, Aldrich) 9u1991n1A
1-6 mm
2. Silicon, Si(99.5%, Alfa Aesar) UU1ABUNA
45 tm (325 mesh)
3. Iron (Il) Disulfide, FeS2 (99.5%, Aldrich)
wneunIA 45 LLm (325 mesh)
4. Polyvinylidene Fluoride resin, PVDF
(Aldrich) AusUILLY 1.74 g/cm3
5. Lithium Chloride-Potassium Chloride,
LICLKCL (Alfa Aesar) digaviaesivian 357 C
kasTUINBYNIA 10 Mesh
6. Magnesium Oxide, MgO (99.95%, Alfa
Aesar) ¥1aaunIA 45 Lm (325 mesh)

2.2 w3nsilogunsal

1. Glove box 8% Inert §u I-LAB 2GB
2. AEUNSISOU VWA 149-44 LUm
(100-325 mesh)
3. 1AF0sdALATAN USISAZIER 30 G Do MSK
U YLJ-E30T
4. pgliungaiia
5. Hot Plate gaumgiigan 300°C Bvie IKA
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6. Charge-discharge Test §%a BK Precision
Ju 8616 f1de 1200W Tuusasulniin
(Operating Voltage) 0-500v WagnNIELa
19#1 (Rated Current) 0-60A

2.3 YUNBUNISIVY

2.3.1 fMurwaduUAAe3

UszAnsn i fosnisvednunined dedld
nsvualiingesan 30A lwan 100s @1wnsn
AuInAIAIILg (Capacity) YedwaduunLnes

U Faraday’s Law lédsaunisi (3)

Q = Capacity (Ah/g)

n = Number of reacting

F = Faraday constant = 96500
Mw = Molecular weight

ANUIUNNIT Mw UB9ANS b UANNISLATT (1)

v
=

wag (2) lamad

LigFGqu = 260.773 g/mol
LizSiz = 132.34 g¢/mol
Li13Sig = 202.575 ¢/mol

INAUNITATN (1) hag (2) @Un5aAIuIe
mANAIHY (Capacity) lngldaun1si (3) ladail



#UN50MANANINVRY Oxidation Reaction

[ 5%

OX) i

UszAvdamiidesnsvesuunmes nszualiih
am 30 A Tuna1 100 s ansnsadmInUTIIM
ansTldrowadlianaunsdt @) Ysuaans Lisi
dmsutuelungall

LhRle. ..

910 Reduction Reaction luaunisd (2)
WU 0.5 mol LisFe,Sq $iadld FeS, 1 mol way
0.01 mol LisFe,Sq $iaeld FeS, fail

2.3.2 N15LASUULYAAWUALADS

nawieudauelun (Anode) wawens Li/S
ludnsd 44/56 laeuaa [1] wagkaulidniu
lusgiwasiida wastknmenuiou 300°C Uy
Hot Plate Tu Glove Box Lfuan 90 unit aniiu
THnzunsssoudioliliioynaduiiuuasiisl il
Wudunan 7 Ju Weliuffseuaiiiadeauysal
LLazﬁﬂlﬂé’msﬁugﬂé’amLiaé’ﬂ 3,000 psi VWAL
Fuguenans 20 mm uandlumsned 1

nsw3eudaualng (Cathode) Hauans
FeS2/LiCl-KCl-MgO/PVDF ans1diu 70/27/3
Tneina 91NN15MARDIEIMATY 9 ATaShTIE
fanardudanduiivmnzauiivinldtuelne
annsndatusUldlasldunnuaznanlfidifu
Tuegiiviagdida mnduuanauliiddusnads

W linzwnToULaLnTUTUMEUsISR 3,000 psi
YUIALFUHIUANINAS 20 mm kandlun1sei 1

nswssudaninslan (Electrolyte) wanans
LICL-KCUMgO ludnsidu 65/35 lawana [1]
waznadlvidiilueginasBida uazlinnudeu
Nngungiiviesauia 125°C 18051 0.5°C/min
felidunar 1 v Wemdanuty anduly
anufousieauiia 500°C w51 0.5°CU/min Ju
na 15 $alue dielansvaeusiudadniuy uay
fslilmBuly Glove Box douonlusatugtivad
ABWIIBA 4,000 psi IUIALHUHIUAUENAIS
20 mm wanslums9d 1

2.3.3 nMsnagaudszansawmsindad

AMsnageuUsEaNS A nalidLATl  wana

Tusui 3 uag 4 Avunou Al

1. Usznauwadimesusauwuniness (Single
Cell) Usgnoumledauelun dianlnsiad uaz
PuAlne Fesgouiunuaaulu Single Cell Test

2. 11 Single Cell Test WuauW1 (Tube
Furnace) anu3ouiigaumail 400°C Lileviasy
Sidnlnslas (Electrolyte) Imevmsiousiedn
wUnmeIH LAY Charge-discharge Test

3. Usznau Half Cell $huelun vidodhunlna
ﬁlﬁmﬂmiﬁugﬂiumaﬁ Swagelok Tagldidlviiin
§nil sunudaedaunsgiu uazldarsazane
ddnlaslasmunnsgu nedaeduanmzeaumgiives
wavid ous et lulnfuad s maaoy Charge-
Discharge Test LLamSLug‘Uﬁ 5 evndeuUsyavisnm
naluedl

3. NAN15398

HaNIINAFaUNISonLarAteUsEuuUld
NILUAAITIAELATEY Charge-discharge Test Liag
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o P =4 ¢
M99 1 5'1863[:33@?1'15?]1«!21]“3&3

Composition [0} U/ ad wun pP use8n
Cell .
(%wt) (mm) (9) (mm) (g/cm3) (psi)
FeS2/LICI-KCl-
3000
Cathode MgO/PVDF= 20 0.5 2.00 2.80
70/27/3
LiCl-KCl/MgO 4000
Electrolyte 20 0.5 1.70 1.75
= 65/35
3000
Anode Li/Si = 44/56 20 0.5 2.16 1.00
1000
Single cell Cat+ Elec+ An. 20 0.5 5.86 -
Ul 3 M3UsENeU Single Cell Test UALNN5HBIITT UM 4 mslyinnuSouwaduuame3lu Tube Fumace
mMsnaaeuUszansnmmslniiveasad
4 o Swagelok
mMsasuLUaweIusU (Voltage) LagAIuques Charge - Discharge Test

WUALAE3 (Capacity) wuswansageusandu 3
g1 A Half Cell voatnelua (Anode), Half cell

Vo3 AlNA (Cathode) Wag Single cell AmMuE1AU 3UN 5 M13792395 Half Cell NuLATDIMAFDY
Charge-discharge test

PNMIAdeuUTEAMS WSl Half Cell
vastuelun  (Anode) MHuMsERATIEREE
an3 Lisi3.18 wanslugudl 6 wuin anunsadae
Ausnedng (Voltage) Tnldiszanas 0.20-0.25 V
TneuannssnUsEq (Charge) daust 0.1-0.35 V
Sloteusasulniig 0.35 v eiduanawansinead
Buden 0199zAnanlnih&n9es (Short Circuit)
fuvestaludiumeUssy (Discharge) anunsnndn
I§lneazanainngt 0.2 V uazifu 0 V wihdudl

) . o 3U17i 6 nansvadeuUszansnmnsliivesedasad
1539 0.35V Feo1alunaainn1snaaninslan (Half Cel) vosauslug (Anode) LiSi3.18
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Liﬁ,maummmaﬂmamlumm‘dgmmmmau
AndluihJsanatedesings wenantudmudy
AhadfiAuUszquayaeUsyatiasei uandli
wiudsAnusuuneluwadas 91ainn
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gﬂﬁ 7 nansnageuUseansammslniinvesniamad
(Half Cell) vastwalng (Cathode)

PnMsgeuUsEavisn sl Half Cell
vesthualna  (Cathode) Arumsdaaseigne
FeS2/LiCl-KCl-MgO/PVDF LLamTui‘U‘m 7 Wun
anansainAAuReng (Voltage) m’ﬂmﬂi“mm
1.6-1.8 VIGWEJLSJJﬁ]’mmiE]mUiuﬁ] (Charge) Haust 1.0-
2.5 V wagmeysey (Discharge) rnadnglindu
wansliiuIUssansammslniweswaddslyla
naenvazidasunsduasziansiionaasdaliuan
Huidleieafunaraniiznisiiaedugumgiivos
Firnsnanmznslduasidmalinnudiuniuy
neluaddenailangs
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nszuagaandl 30A nadsiinnmddylumslda
ieldidninslandinmasmaiaraiusodng
nszualnlanIuABINIT NUIIUINVDINTINAEDU
ﬂ'wﬁ“ﬂEﬂ,w%hs]”amlu'aﬁﬂLamal,ﬁmmﬂqmmqﬁé”ﬂ

3UN 8 wan1snageulszansammdliinveswadines
(Full Cell) vpauunnoIAN5oU (Thermal battery)

Lyiflagaviaeimias (Melting Point) wesdianinglas
Ui eiineluwadislsined eitldFadilietos
wazidlosinilutianatsesna 2000s guvgiisgad
Bidnlnslasvaoumanognsasnysal dunsRaBuEey
ahiawe  @nsasumANLAEn eI UAAEILS
266 V donaemuluuszana 2750 s wuhmay
fing (Voltage) anaseenssind itmaninidnasas
(Short Circuit) iipsansuvedidninsladimaouman
vaAdldamavhlsnlnihoradansdusaiule
VD01 ANTeI RS IwaRIALT s Y
Talifudt Fsdndluihinlsuusiulnenseunssua
T arnn1svnassuanslidiuindndlwihisaled
fsnann amaliulilgnsudlndhsnluse

4. dayuia

NuATelldAnwIUsEaAns nnmsluiiniad
YOUYASUUMADIALSDU (Thermal Battery) Tne
wadlu 3 dhu Ae Half Cell vasihwelun (Anode)
Faduasizaigaeans Li/Si Half Cell wastaualng
(Cathode) Fedaasizrigneans Fes2 [undn lne
maaeU 2 Sl (Half Cell) azdnapsnsvngeu
%qummgﬁﬁamﬁz Single cell Fudunsusyneu
uelun Ennslad uazdhualnmnsdouiy wazih
Tunegoulssansamnslnihedidnenismageu
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Charge - discharge Test 1ngn1991899d01I2NNT
viasuvadidninsladliuieufignmgi 400°C
HANIINAAEUNUTY Apusnedng (Voltage) i
FauelualdUszanas 0.200.25V  Aausinedng
(Voltage) tumlnaldszana 1618V uazenm
Ansdndreaeaduunael (Single Cel) 16 2.66V
wansliiuiwaduunineidussansamnalih
Lﬂﬁsﬁl’wmaﬁmmqmmﬂwmaﬁafﬁ’a Fanuina
fumuneluwaduunnoigs o19dHamaNg
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waENERREYThMsMsnaaennt 2 Cycle 8193y
Faelszuuiinnuiatiosinniu

5. VaLEUDLUS LAY

PnneauTinsiiheiveswaduiunaes
Au3ou (Thermal Battery) Sswulgmuagusziou
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