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# # 5270343323: MAJOR CHEMICAL TECHNOLOGY

KEYWORDS: CO-TOLERANCE / COMPOSITE CATALYST / CATALYST-COATED

MEMBRANE / INKJET PRINTING / PEM FUEL CELL
NARATHIP KANLAYAKAN: PREPARATION OF CO-TOLERANT COMPOSITE
CATALYST-COATED MEMBRANE BY INKJET PRINTING FOR PEM FUEL
CELL. ADVISOR: KUNAKORN POOCHINDA, Ph.D., 90 pp.

PEM (Proton Exchange Membrane) fuel cell is a clean and efficient energy
conversion system using electrochemical reaction of hydrogen and oxygen to
generate electricity. However, conventional catalyst loading methods, such as hand-
painting and air-brushing, bring about a significant material loss and non-uniform
catalyst layer, which pose problems in capital cost and platinum utilization. This
research studied the preparation of catalyst coated-membrane by direct printing of
catalyst onto Nafion membrane, using a piezoelectric inkjet printer. The small droplet
size of 10 pL and programmable area printing help produce a well-defined shape of
the catalyst layer without the need for a mask. The current density of membrane
electrode assembly prepared by inkjet printing of P/C catalyst, with the loading of
0.15 mg/cm2, on membrane was found to be 476 mA/cm’ at 0.6 V. Moreover, this
research was carried out to develop the CO-tolerant composite catalyst-coated
membrane in comparison with that prepared by single catalyst layer. It was found
that MEA which has PtRu/C layer on anode side had the best CO-tolerance. This
research also scaled up the catalyst-coated membrane from 5 cm’ to 25 cm” by
inkjet printing. The scaled up catalyst-coated membrane showed a lower current

density of only 11 percent at 0.6 V.

Department : ____Chemical Technology

Student’s Signature

Field of Study : ___Chemical Technology

Advisor’s Signature

Academic Year : 2012
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- sevvinANFaunaurn 1l (Heat recovery system)

sruvreamadiaowmasinavio i linasnulugduuureanszualaiy usdiliasannly

[ %

AR ITANAILINTRATINNUN N NGIRIRNAT AN FaudauAnaanuua wIuin
dl o % ] a 1 d” o 1% a %; A 901 v A

FanasaruaonfeudauivmaniannnsnvnllldlunisuanleuinsenFaunse
nszua i lnesiuisiuuiavseanaldmalulataupnaduniaiulss@ninninason

UBANTSUL
a a o ¢ & a
2.1.2 AUALAZKRANNITVINIUADILLRARALTRLNARY [2, 5]

dy a a 1 1 Y aaa a A a a
waemaRagualsvnn wiazdssinnuanuezlagldUgAseevieatinaesd
iannsalad (Electrolyte) M ldldluaamamas wamamwasudszinndauialug e
azlinasIilman - anunmntinldanannasndin i lsseuld  wiunsaiiainlddaus
s A o Y o o ey 4 9 = &
An et W ldndseuineuniue. Afean1annsniunT viseinlauImanauaINngg
W ld Agaunsnin 1 luesespaniamasunulinie vie nedwinenals Tnadails

sapalilil



- iaslmanasTiaaan lamAuda (Solid Oxide Fuel Cell)
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2193, O, Stabilized ZrO, ludianvnsalailaagnmginisinauilszuns 600-1000 °C
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UIUNINTAALTR NI THAR Y
Ufisenesamad
Anode  :H,— 2H + 2¢ (2.1)
Cathode : 1/20, + 2H + 26 —» H,0 (2.2
Electric_Current
= ,—l| Air ln

= |4 €l <=

Fuel In

- 0 'r
b ol
o=
Ha L]
> 4]
o 2
Excess Unused
Fuel and Gases
water [H20 | out
==
= =
Anode | Cathade
Electrolyte

NN 2.1 UANNITNNNBIRATARTRNAITTAeeN [T AUaauds [2]
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- AR ANAINALA (Proton Exchange Membrane Fuel cell)

iasia A lailiniasiningauazainnsndfudainiasTuinlfsansamueny
foanstiaqriulafinisinlldseyndldanulivaadnu wu lusnausd a1a1sdrtineu vie
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Exchange Membrane (PEM) Al
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1 50-80°C



Ufisenpsaad
Anode  :H, —> 2H + 2¢ (2.3)
Cathode :1/20, + 2H + 2¢ — H,0 (2.4)

PEM FUEL CELL

Electrical Current

Excess e- €| ‘Water and
Fuel Heat Out
e (==
o ne |§
H40
t e L2
Ha| | He#|
=4 02
: H"'|
FuglIn g \ 3 Air Im
..ﬂ'.ri::nr:hz:’IF 1’“'lilslthc:uc:ha
Eleciralyte

NN 2.2 NANNIIN NV AR TR NAITHANDLEN [2]

- Direct Methanol Fuel cell (DMFC)

WU AS TR NI NN N UIAANIAIN AR LTDINAITRA PEMFC  Wh ldidainaatil

a o

A19ATANELNNIUAA (Methanol Solution) m?ﬁﬁﬂﬁﬁ?‘mﬁ@mmmma‘mmuiuﬁw 60 °C -
90°C ANAULHAUE 2 atm I%ﬁmﬁ"aﬂﬁﬂ?m%mﬂiumﬂu Pt - Ru alloy wazdualnaily Pt
ﬂﬁ‘ﬁ?ﬁmﬂ?wmﬁ
Anode  :CH,OH+ H,O—— 6H + 6e +CO, (2.5)
Cathode :3/20, + 6H + 66 — 3H,0 (2.6)

A METHANOL FUEL CELL

«— —
Carbon Co, ) H,0 Water
dioxide C Ly
W A/
e T/
9t
CH;OHA™ B e
Methanol | H,0 D 0, Air
e S

Water

NN 2.3 UANNIININUITABLTDLINASTRA Direct Methanol Fuel cell [2]



- waaawasTiansanaanasn (Phosphoric Acid Fuel cell)
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Anode  :H, — 2H + 2¢ (2.7)

Cathode :1/20, + 2H + 2¢ — H,0 (2.8)
PAFC FUEL CELL

Electrical Current
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PN 2.4 NANNIINNIBIRaasIamAsTiansanaanasn [2]

- Alkaline Fuel Cell
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90°C tnefiaselfjnansinunalun A nickel wazdinudauntname Nickel oxide
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Anode  :H,+20H 2H,0 2e (2.9
—

Cathode :0,+ 2H' + 4e 40H (2.10)
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ALKALINE FUEL CELL
Electrical Current
B -
Hydrogen In Cicygen In
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Water and . T
Heat Out J o &
: ; Y
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Electrolyte
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- Molten Carbonate Fuel Cell (MCFC)

rd‘j’ a a dgld a Aa v da’ a a aAa
AR AT AN ANENNgean 1 TeinAaTiin Coal-base fuel HBWANINg
laviiiludaunanaes alkaline carbonate @atlsaglu Lithium aluminates matrix HgunsHnIg

#1191 lut99 600 °C - 700°C axsin’lif Alkaline carbonate a¥19mnainaaiitiniszqléanan

£
a A4A o

wadria sl nsenfuuelun Aa Nickel uazditudaualnare Nickel oxide
Ufjnsenassiaad
Anode  :CO,”+ H,—> 2H,0+2¢ +CO, (2.11)

Cathode :1/20, + CO,+ 26 ——% CO,” (2.12)
MOLTEN CARBONATE FUEL CELL

Electrical Current
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# Electrolyte t
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2.2 LIARLTRLNAINALAN (Proton Exchange Membrane Fuel Cell; PEMFC)
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2.2.1 UANNNISNUTRUTRALTALNAINAL BN (6, 7]
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Fuel (Hz) In

%4—

Oxygen In

Oxygen + Water Out
‘uel (Hz) Out

— @

Bipolar Plate
Gas Diffusion Layer
Catalyst Layer/Electrode (Anode)

Bipolar Plate
Gas Diffusion Layer
Catalyst Layer/Electrode (Cathode)

Membrane
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PANNIININIUTDILTARLTALNAINDLANWAAIIUAINA 2.7 azifiudnnielultas
dsj a aa v ?.'/ a dld i’/ A
FEawasiaLansenaudoadngianmeandaaungu 2 49 Ae walun (Anode) uaz ualng
(Cathode) tsznuAnAuiuNiusuiagnsenas UfAsenGEusiundaualun (Freie) Iny
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Anode ; 2H,(g) - 4H*(aq) + 4e~ (2.13)
Cathode 0,(g) + 4H*(aq) + 4e~ - 2H,0 (1) (2.14)
Overalll ; 2H,(g) + 0,(g) = 2H,0(D) (2.15)
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2.2.2 asAlsznauaadtdaatdalnaInNala N

2221 draanngalsrnaiiuNiusuTaLeNaLe  (Membrane  Electrode

Assembly, MEA) [8, 9]
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22211 d98anngm (Electrode)
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- FULNTIRILNA (Gas diffusion layer, GDL) [9, 10]
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- fusiLaLf)isen (Catalyst layer) [11]
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iy manaeamadidamasiatn uilagiiuuarfasdnisimuudladusall
22212 NN

dl o o e‘dﬂl a aa % = o
watsuimEnzd miulflusadiiomasiadusasiauainisolunisin
szl lsausiuriniduauulvii Aeseulilesauduusldoanlididnnsauniu &
A 1 v L% 1 L% Y% %I (N 4 1 1 v 4 23 1 <3
anangulinudogluaniazuia aenlitunginwlius ldoaniufanu udauwsaunn
wanarfuuselineanais wanaInuuIAInUNIUAedIsLAN ANFaULATNNTAILAN

<

Ysnnau Iunnzan wsmsunlddanlug lumadiiomasnadune wlesgoalsdalniin
LWWHL9Y (Perfluorosulfonic  membrane) THTaN19N17AA8 WNBaWLNNLLTY (Nafion
membrane) lagidunadinasnanszudnamnnaan (Tetrafluoroethylene, Teflon) v
Perfluoro-3,-6-dioxa-4-methyl-7-octene sulfonic acid T9nTA98 5190 NN 2.9 dauraany
aautiudqunldganin (Hydrophobic) TaadWuszszuinsafuauiungeasundAy
[~3 d! o val 1 = ] dl [~ (X4 d} | ] dl 90’
wiaussaarin il aounumusieansiadl uazasuiidundalniun (SO,) Fafludiungeuin
L = ¥ a A a = v ~
(Hydrophylic) HAauatunsnlunisgedniuianaaesinlnstduiifianisgasutiiayd
[ o 1 1 o o 1 =3 o EX% dl dl

AN UTILIITRIR s rsud Iy FaTWmaiuTisnenudeanamnldllsnauaiunsnnfeun
BN S 1WNANNTUN 20N NLLITULAR ST AN I WA LA Z AN NN WAN AL T

LAANFIAITIN 2.1

inL‘l:F _JCF, i‘
D—CFEH p D\\ //
I s

CF,

AN 2.9 TATNAF1IUAN TR UNDAULNNILITU [7]
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AN919N 2.1 ANLRNINNIEAINDBIUNNILITY [7]

piaulslulazaasdng TANI9NITAN dnanya  Auuun (lulaswms)
DuPont
Nafion 120 1200 260
m=1, x=5-13.5,
Nafion 117 1100 175
n=2, y=1
Nafion 115 1100 125
Nafion 112 1100 80
m=0, n=2-5, Asashi Chemicals
x=1.5-14 Aciplex-S 1000~1200 25~100
m=0, n=2, Dow Chemical
x=3.6-10 Dow 800 125

2.2.2.2 weuazannszud il (Current Collector Plate) wazilvii (Seal) [12]

WEUAZANN I WA WA (Current Collector Plate) 111&91UN AU IZUINITABUFARY

& © v dl o -dl = % rdgj a 1 (23
LI Vl’]ﬂu’]ﬂu’]ﬂﬁxLL@1W‘W’W]N@F‘Iiﬂ‘ﬂ‘ﬂﬂ"ﬂ’mt’ﬁ@@L‘H'ELW'ZQ\?LL@%L‘ﬂu‘ﬁ‘ﬂQVI’Nﬂ’]?VLV@‘ﬂ@QLLﬂ’&
. dl a a ¥ 1 1
(Gas flow field plate) T9agjUFnnHTIIRIuNNATaNNTzLa AN Tnagduuuvestes
0O KR KR a o dl o rdw a dlq ¥ 1
‘VI’Nﬂ’]?VLV@ﬂ’]u\‘]ﬂ\WIﬂ‘VI’]\‘]LL@Z@G\?Wﬂ’]ﬂVI@VILV@J’]%@NﬂULGﬁ@ﬂL‘ﬁ@L‘W@\‘] gﬂLL‘]_I‘LWluEINSL‘H b d

Serpentine, Parallel uaz Spiral ufiv wanainsiuuauazannszwd AN dadudiundaslu

!
aa

nstlasiunisfresuiia sxunamannien uardanistnifinanUiAsen Jagntauinun
namuLbuaraNnszua At Tnagaia iy wng s waainasuay lavy usy I
A7 0L LHuAz NNz LA AT 2 sz Aa weugzannszua A wuudaLmeg

(Unipolar plate) kazuiuazannszudlifnuuugesda (Bipolar plate)

dnudlziiu (Seal) Wugnunniutinidusadscanuldiiznatudaanianig lvat nfa

v 1 v
Aulduale wananueedqatlaaiun1ssaaLA A aINAIaNA0e)
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2.3 MSLATENTUASIUGATEN [13]

= ij/ o 1 aaa :l/ 1 P A a 2\// o 1 aaa :j/
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o

o = aAaadaa 7 = ;’a// o 1 aaa 1
Anerelunismsay luﬁﬂ’ﬂ‘i_lullQﬁwuﬂﬂifﬂluﬂqﬁ‘LM?ﬂﬁJ‘ﬂuﬁmLi‘\i‘l_]{]ﬂﬁ‘EIWL‘I]u n1sselng

v
o =

(Brushing) n13a13el (Spraying) n1sANaerian TR LAaZ3TRITNT TUABUNNTLATE
wazdneuzresiuiaeljisenldunnseiulteasdeanasdeanimasda lnfanled Tuddn
aziili A ENgE AHTWY Ns IAILaz AN UNIL TIRIUN AR AINARaANTIDULNNT

NINNUADILTARLTDLNAS
2.3.1 n1ggzue [13]

NNILETENANSLN T LUAII0T LAY NI TN HITONNTILUNEALETNANNITHAN

b
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1 !

[ dl ¥ = A 1% 1 [ dla wWm ¥ ! ' ¥ e |
‘J“IN?UWl‘ﬁ@q@NgWﬁ;uﬁ?‘ﬂiNNﬂiﬂ LLNM?@\‘]?UWHHNi‘ﬁi@LLﬂ N7LANHANTUAY H1ANTUAW LTIU

¥ vy A 173 1 v v A @ Ql?:/ 1 , = dl ] dl dl
Fi NANNT LA UgasudaRLanngna s uLNg (Diffusion layer) Wadaa lun1apaaunTes

v 3 1
] o A

dQIJ a % o O e & a 54 16) & 1 o A ¥ =
amnauazinEnrrauTn luas g widn l duausaefuvre lduausaeiun lal ?

dll o :// Y o ¥ o I o dl 1= oI/
NI LN@V]’m’]?‘]Jﬁ‘zﬂ‘]JT’J'lWW’]LﬂJ’m‘ULNNL‘].I?Ll"ﬂiﬁ[ﬂ‘ﬂ\‘iu’]LLNuiﬂﬂiUWiNN?W?uﬂﬂﬂ Iﬂﬁl‘lﬂ'ﬂﬂ

a q

1 o dl 1 dl % a ?:/ a 3| a dl % 1
udusaafun ldfesngunldlun simsandadidaninsaazidunannanamninuaanuFeu du

a Q

v 1
maau TnaddunaunsmraNLanasaliunIng 2.10
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-« Squeegee

v
o

5191 2.10 nszuauNIsERENdARIAN AR ENIIRNTTaNI9sz LN [13]

2.3.2 n1sdtdsd [13]

dl i é’ ¥ = | j = o o s 1
ansazarenldlunsruaunminareesiiazfesiinanuiduilainaaiigs 4Ny

o =g o = = @ o o Y - 2 = o
seafuinldanalgnguire lifldlnanaliinazldnseaeanfuen Tunauniamsansiag
Ufisenuugdasesiusianisnuazasauandlugii 2.5 Guarnnistinuedasalisenas
Audainavasuavdrunanay udatn inuuufasesdy seudnanisnuaziianIssvineves
sainazatein gl isenduAuwinsesiundaantiurii sz e dadeniiug

¥
anad A

flanT9TeNFaNL AT AaeTBliRe ANTNUTATEIENTNANTEUNITN LA BBILAZITEZIIA

lunnsuiereasigalgnsen

Sintering

59 2.11 nezuaunawsizanda InidaeRBnisviuazens [13]
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a d a a <
2.3.3 NISANNAILLATDINNNDINLAR [14]

o < A '

naiNsaeeTasRNWETA Al nd 1 Anyag Nnnawssa Nl ninsiiag sl §isendmiu
A a Mmoo © KX a 6" o ! aaa ¥ = e d‘ A IS
TR NNBerllan  Tnaniinfinyisised)isensesiantdminianisninaeinsAuvilnuay
=KX a ' 1 A dll a s a ¥ :j/ o a a A & 9/
LIFEN0E lWTTIeTaIRNHAINITO RN LS Aniuatunsnatunsianesian lAlne

AINTONMUATIAZLINUATATINAN AN TR AT AR
d a a [~
2.4 \AFRINNWAINIAR [15]

luilaqiiuiinasldnisnnidemidnldfuaonlionatrsunsnaelidiaziiul
o o 4y A A > Yy o o
Arineuretiuirenawiadnitiasanldnuliiiauazazaanlunimieu Tnanannis
3 a a o @ A ¥ = |
N9uIINIsRNREsTidnAan1saieaauinasliinnzuunseawaunanefuglnan

N

wAtulagnsiunBeiantiulANN T3 ENNAausT 1950 udEnAnIsldanulfaselu
= a o dJ o | a o
1 1970 Tneini31 Epson, Hewlett-Packard (HP) waz Canon @slutlaqiiunaneiiuiizsm

¥ o v = a a &
Hu’]‘l’l’]\iﬂ’]uL‘l’lﬂIuI@ﬂﬂ’]?WN‘W‘NﬂL‘ﬂﬁl

2.4.1 wialulaginsANwaInLan [15]

[ %

= a ] I X
walulaginsiuwaenianataniau 2 uuuaeil

2.4.1.1 nMsRNRLULReAsaLEaY (Continuous inkjet) [15]

a g 1 dl 5| ¥ o o 9./%’ =K 1
nsiniuuveasaiiasiilunisldarusugelaansalunieinlduimiinlnaniu
fnnuaunadnszaulalaswns Tnafuwuuy Piezoelectric crystal azninisas1ailu
=K oI/ [ % f(/ =® | 1 A&I a
weandnlaanisdu nasandunaaurnazgndsdiuaus Wil niepquauiantsuas i

INTUUNITAEAIL
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From Computer Desktop Encyclopedia
1088 The Computer Language Co. Inc.

Paper
motion

from \

character
generator

Ink Nozzle |
(piezoelectric Deflection
crystal) Plates

AN

@ = D
Charging Tunnel P
\ from

control unit charge
Pump

-

NN 2.12 NIANBITE AL LUV ARBLTaY [15]

Ink Reservoir

a 6 1 dl [~ dlﬂl 1 k4 1 Y o % v A
nsiaiuuuveasaiianilumelulatinAeudisaziiiuasldiunuuuda denves

walulatilhanaaudinilfazdaniuiiogeaeii lianuisninssasisseud e uua:

1 o v dg( = L% dl o U a b < d’g ij/ o [
welusaefuliuINTL amnsoNuWia AN Rgein AN lAs a3 Iu wananiiudslddas

o = Yo . 4 = s v

wutlyminisgasuasatnnsnldivaissyieadrananuaanageansantnuiiadon i n

=K dl 1 o/ % 1 v Y @ 49{
ulnflUinnzuuuiugesduliuiuuazuialdiaan

24111 maﬁuﬁunumuaummm (Drop-on-demand) [15]

nsfinLLLALANNITUE A TF AN s Ut Ul neuraeaRNLEN A Teesn Ty
dJ 1% dll ¥ o o al/ 901 IS a c = o
wnadegnacuAndae iy e ldfuAdeiiulnazgniinies NN Az uaIAUATLLIIIA

flaqifunisfiniuiuraugun s aulis 1AL 2 e

2.4.1.1.2 nanunwass e LUy A NEau (Thermal drop-on-demand  inkjet

printing) [15]

dl a A c @ 1 o [~ a A c & £ v il v
wrsasiuBariiandoulvnfluilaqiiudunsfinideiidauunldmnniauteazny s
1ULATRINNWRATLIAMAINLU3EN Canon, Hewlett-Packard 478 Lexmark T9LATAINNN
v o KX a rndld a :I/ v % o o dl a o
tsrnaulUfng AR UNHNANTNRN1IRAFRIUNINAT I AINTEU UANNITNIUURILATAIN NN
femiannuuiAanisiiunszud A nuuiudsun g lEinaa uFa ulua e nilani s

aamaviTaninAnWiian1sszaednemaiinanaduleuaznesenniadeaziduniaia
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o U] 1 v A " | =< 1 [ KX a 6 o o
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v
° G|

dl ) o =3 ¥ ¥ ISV dld o 2
mewuwmm@mLmﬂ‘nmmmmmmuﬂizﬂ@umumLﬂumﬂmezmmsmzmaimw

2.4.1.2 n1sRanasntanuuuldusanu (Piezoelectric  drop-on-demand

inkjet printing)

lunnannsduazgaarunssudaulugacldiarasiuwaemidauuulduseiugelu
flaqiiun@mtneFsn Epson uay Brother Industries tAzasiasiulfussfiuazumansteiu

wuulEAnuFaulaaduda asainiaraanuwuuulfusasuaz ldaang lsinsua lWiauqlal

'
= v &

fasiupsasani liunuasadadusauazilasuglinedeazin linuinfagduuu s

1 v a c” =K 1% dl !
gnuueannIiaiun naainisnatuaNtanaauinlAlaenisaauANnszua iandeld

%

FalNUATaRn OuHuATaAaduLINIuATasaanind idaslun) wiluntandaunudiusu

AIAFARUILNAZN W AN ANULIALAN LATAINNNASS LA AL I 79 A U n I AU WA LA

HANAZIBEAgIUANAINTRENa NI TINNA LFanLEINg)

1 a a (=3 J :
2.4.2 LASRINNNAINLAA Dimatix drop manager

MNA 2.13 LATEIRNWENTLAR Dimatix drop manager

LATRINNNBITAR  Dimatix drop manager WuLATaINNABITAALLL 1 usas
(Piezoelectric drop-on-demand inkjet printing) 14 lun1siuWasiARTaulNAN e IH

nanaain lasnialulsenausaininwaus 21.5 lulAsiunsanuou 16 FANWnaIN190

a o

ay y=K al a A & @ aid %’ [~] o o dld
muqu@mmﬂmm 70 a9ATAITEE AN RN NN ERag lnanHuludnazate i
3.3 UIFUGBLNAT

prrnuilnegludaq 10-12 lruinesd uazilaruuilneglutos 2.8-3.3
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Y o Ao a A o o R A el !
PANANNBULNHAINTNAIBUANUAANNAIALINIAURNANNANHYUIANINNGT 0.2 13\1?]?
LNAT

2.5 AaL§aLngen [16]
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o
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"
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2.5.2 MSAIUUNTEULARIANSIUATEN [17]

[?Tfal,éqﬂﬁ'ﬁ??mgﬂﬁmuﬂ%’3 ginlagnNansnanila (Phase) 209A9L
Uiseniuasedanssias

1. Fadadnseuuuenug (Homogeneous catalyst) AasaifaLAzenalu

U

[~

= o Ao jaaa ' o o A y | o Ao
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PENITUENANINARATIUAT AU BN ana N biean
2. el AzeuuuATeiug (Heterogeneous  catalyst) ilugaidaljizenind
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anuzwAnFNiuasAesy vise ldsuiduiiamaaiu Insdawluajasisasel ey
<3 dl ZJ/ v g A 24 1 o o ! aaca dl
veaudls lwanenansismuiluuia seamas viseiduuigegsaniureanan fuseljisey
= oa = A &2 a jasma o a = A
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Ha1e9AafaljiTen Aedunisseuinaudizsannng (Surface interaction) Asm@slyl
¥ v i ¥ !
Aadfisamequinldhulleduluresesudnduioglfizen Auludjisenntoasiiu

fnasennsgady (Adsorption) Wintiu

' 1
o

3. woulasd (Enzyme) ilusaidetlisenituanalvajduneadudisandownd
e ludatoulasiag Lﬂummﬂgm‘mmm% (Specific catalyst) sJuAaay Léqﬂﬁﬁ?miﬁ

meuuqﬂﬁﬁ?ﬂw@wuqmiﬁq AU
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2.6 ANTTOAUSURILERALTALNAY [17]
NNINARDLANIIDULURITABLTALNAIRINITON IO NANEAT Aail

2.6.1 Twanlsvrgu

dl rdp a ' ¥ o = dlf a Y o rdsj a
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¥
a
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anuNdsulAfaaNN9N (2.16)

EceII = Ecell,rev —Mact — Monm ~ Meonc (2-16)

A 1%

e E e Andlivdndunduliresaadinainaudaliianinsgulalnsiau

(Tnas)
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N P ANEANdaARaNUgRFmMmsalzewisiauninauazualun (Taas)
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o
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A o

Neone A AN AN dwAMTasanAdudy (Taas)

WatA A A TuAuLdunszua AR lsa N e d T a N A A LE NN 1A 21
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IS DA 4 ! ' =

41 AAneAN9a9@lm (Open-circuit potential) Lwi%umu@ﬂmﬂmquwglﬂmmﬂ

NangunsdNgaeaunia (Reactant cross over) 7243199948 IUALAZILATNALNLLNS
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a o
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1. Twanlsigfuniesadl (Chemical  polarization)  %3an19gaULAEIAINNNg
\NALAzeN (Activation losses) flulnanlsurduitiasainnisiadjisenlinizesuia
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2. ‘L‘wm‘lsmﬁ'mﬁ'aamnmwﬁﬁumu (Resistance polarization) TR
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3. Twan st iU iaIaInANL I NDU (Concentration  Polarization) #3aA27N
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MAN 2.15 Inanlsaduaasasimanasriaitananilasuilsnan [18]

2.6.2 ldpanlaaunuiuna (Cyclic voltammetry) [4]
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3. dqlWHng9un9 (Counter electrode, CE) wluda AN AN ez inidnal

anysnd e liinisuareanszua Wil luszuy

Amdunisanssda i Tiuuansegflugli 2.17
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P vind [20]

2.6.3 NM93LATIzaNNLANG TN LW (Electrochemical impedance

spectroscopy, EIS) [4]
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Z(w) =|Z ()" (2.18)

Wa (Z(@)  Aeruisresdninaud uas @ Aantsiaeuna Tuidaanfdew
Buueudaaulalugl
Z(w)=Z,(w)+ JZ;(®) (2.19)
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AINANAUTIEUINNTTUARINALe9TR3 A lug1la99 Nyquist plot uay Bode plot
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Z, =|Z|cos¢ (2.22)
Z,=|Z|sing (2.23)
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ANs197 2.2 asAtsznasaassasiniinanya [22]

A9ALTENALURII9AT ANN WAL NNTARINE (R9AN)
AHNENUNTU (R) R 0
o/ [~ 1
FaLiulsyq (C) —_— 90-
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AnRIAUTETN (L) joL 90+
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Rtanh,/jan'

— |
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2.6.3.1 AIATUNIY
al a 1 v a =l A
FAPauinAUaNALALdAD

Z

a A

R

(2.24)
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2. AEnunWasTwanlsd (Polarization resistance, R,) lwrnsiindisen nna
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2.6.3.2 Aatnuilszq [22]
a a I o Aa = o A
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L = —— (2.25)
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2.6.3.4 UARIALAIEN [22]
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2.7.2 aundAMIMNULRITAALTRINRS [24, 25]
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a1fiaudled (Arrhenius’s equation) T4AINNTOUN IRANNANNIN 2.28
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k=AeRT (2.28)
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Cell Voltage

Atmospheric pressure aunIsiia

Higher current before mass transport

losses become important
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