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Transient Analysis of CO and CO, Poisoning to Cell
Performance of PEMFC

Student : Meng-Xi Lu Advisor : Hsin-Sen Chu

Department of Mechanical Engineering

National Chiao Tung University
Abstract

The effects of variable CO and CO, concentrations on the
performance of PEMFC were investigated. The CO; poisoning is a minor
source of performance losses compared to CO poisoning in general

conditions. The significance of CO: poisoning, however, emerges in

presence of low CO concentration (<10. ppm), e.g., with good fuel
reforming systems. It is well accepted that the reverse water gas shift
reaction (RWGS) is the main effect of the CO, poisoning effects, through
which a large part of the catalytic surface area becomes inactive due to
hydrogen dissociation. The mechanism of CO poisoning lies in the
preferential adsorbing of CO to the platinum surface and the blocking of
active sites of hydrogen. These phenomena were described with
adsorption, desorption, and electro-oxidation processes of CO and
hydrogen in present work.

The results showed that, by contaminating the fuel with CO of 10
ppm at the condition of Py=0.8 atm and Pcp,=0.2 atm, the current
densities was lowered 28% of non-poisoned performance. With 50 ppm
CO, the performance drop was 18%. For reformed gas, CO, poisoning

had the largest effect when the CO content was small.
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Z1-1 2 B A& & > ;%2 3 %[29]

Status of Efficiency Costs Relative

Process Ideal Practical
Technology [90] to SMR
. R&D to
Methane/NG pyrolysis 72-54 0.9
mature

Landfill gas dry reformation R&D 47-58 ~1

Naphta reforming

Coal gasification (TEXACO)

Steam-iron process

Grid electrolysis of water

High-temperature electrolysis of

R&D 48 2.2

water

Biomass gasification R&D 45-50 2.0-2.4

Photolysis of water Early R&D <10

Photocatalytic decomposition of
Early R&D
water
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[ s p H[30]

QGravimetric

Volumetric

H, density H, density System Cost

Units kWh/kg kWh/L $/kWh

US-DOE Goal (2015) 3 (9%) 2.7 (0.081) $2 (67)

US-DOE Goal (2010) 2 (6%) 1.5 (0.045) $4 (133)

US-DOE Goal (2007) 1.5 (4.5%) 1.2 (0.036) $6 (200)
Chemical Hydrides 1.4 1.0 $8

Complex Metal = .
. . : : 1

Hydrides(*Projection) 0.8 06 316
Liquid H, 1.7 1.2 $6
10,000 psi gas 1.6 0.8 $18
5,000 psi gas 1.9 0.5 $15
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Quadrillion Btu

250
History Projections
200 -
150 —
100
Renewables
50 — Natural Gas
_— Nuclear
0 -/
1970 1980 1990 2002 2015 2025

Bl 1-18 02 & s hs 357 FAE$ R[]
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Hydrogen =0 i{— Oxygen
QO
O
oQ
<« OO ->
I

Flow Field Plate —| [ FlowField Plate

Gas Diffuse Electrode (Anode) Gas Diffusion Electrode (Cathode)
Catalyst Catalyst

Proton Exchange Membrane

B 1-3 9T 7 LW
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Cell voltage (V)

SRR
S

ERET L —

Current density (mA cm™)

Bl 1-4 24 % 54 fm i o SRF
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Renewable
Energy ID
[ Direct Solar 1recj[ Water
Splitting
[ Biomass
[ Solar PV
[ Wind
- Hydrogen
Electricit
[Geo—Thermal o y Storage
Electrolysis . a'md _
e Vilation
Waste
Fossil Fuels
Coal Energy [
O1l SHEL Cracking
Natural Gas B
Reformation|
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2.1 #;F 50

frﬁup WL m 5 0 K TR G R R F R AR
BRRAL &

d 2R
FoLRBREOAA IR 2-1 9T o B 2-2 R T A R4 LSRR

Az, PEM % T % > 5@ % G chAd#RB T 0
FI20] - #mi5d €0 BA S N kenf M E A2 K TA%:nE § - 25%
“iE
o T U — F R R 5] 2~100 ppm o @ T degt 7 g i S B
L3 v - % A 1988 # Gottesfeld and Pafford[32] fj}ub g
Aan A o] 0 AT A T AR AR

=k

._\

pin B
Gz F VR E F G 12%- F Y p[31] e 5d - EE M

BTG RS RS F A R G R
% 1987 & Dharetal. [33]# B - 2%k o587 k§pE g
RES LR UFHBIRE TS 23 Fag R
- F PRURRTH TP a2 - 5 PGS L eniFaj g - §
fe

ﬁjlﬁ&’ * g’frlnCO/[Hz]_L%ELI“+F5§f"<o

=
[\

001 & Springer et al. [22]d * § F R d B > 1 de
U IR R 3-8 SRl A ?ff%féﬁ*ﬁ"ﬁjf?@}‘?
g ted § 21— F PR Afiat
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x> 2B F RN4e(2-1)~(2-4)58 - @ 2004 # Janssen[27]3] *
Springer et al. [22]¢7— ¥ i“ & “ FE N 0 T r 2 F VR F L
s BP o F it P RALAR I RN e R BEHFR
(Reverse water gas shift reaction > RWGS) > # it & 7\ 4e(2-5)5% » 7 12

AR TF(2-4) 5% i F Il <

H, +2M < 2(M -H) (2-1)
2M —H = 2H" +2e~ +2M (2-2)
CO+M < M -CO (2-3)
(M -CO)+H,0=CO, +2H" +2e + M (2-4)
CO,+2M -H =M -CO+ H,0 + M (2-5)

(2-1)5" A%«%&éﬁﬁﬁia%é$ﬁawﬁmwim@,@g
AR A A - F LAY 43 R GERMPERIGI %o - AR FH Ben
RE B AP B R g o @ T kP22 N P F
TEF 2R E o R R E GRS R R4 R -

PR HEAATR A QRN E AL D F RS Gk FHEB
FOEE o Fl g st g 2 o

o

4o
de
d_tH = kH,ads X H, P(l - eH - Hco )_ bH,adskH,adSHH
—K X, PO = 2K, .6, sinh[ E’Za ] (2-6)
H2
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Yoo s XcoPl1-0, 00 )exp[— %j e nKeo oo exp[— [1=/lr6eo ‘ﬁ]TwCO]
K5 X o, POZ = 2Keo 000 sinh[ s ] (2-7)
co
Q-6)F » 2 F- T EAEF L &40 R EFETRT chic
o+ @5 - AL e LR DA LT F R
I /ﬁ’rﬁ%zjﬁ“%ﬁRWGS%%&&%WWﬁﬁﬁfﬁ’égg
SR AEATAEE BRZPEE;QDN R EANE - F QLAY

£A G HEHINTFE o 2QOF LAF LT FHLL S
% d RWGS #7i¢ = @ & 5 BR"ﬁmﬁa S ] &(2_7)52?%\%%;_

\\\

i HE L g e e s 51 % Liand Baschuk[10]%F Springer et
al. [24]¢h— § fpi& ( ATiRAehig & o W] 3 Springer et al. $t- ¥
b B e Kt 2 B IR TR e § i i3 B e Langmuir kinetics> @ Li and
Baschuk #73% * % TemKin kinetics > = -‘F"f Z2_ B enZ W] 33t Langmuir
model 2 F 3+ 5 L & SR IEEE AR R i AR T 2 R o
ERE RS E D k2 15 > Springerietal B i HF 5 F 2 F i ¥
B A R EFHRRRIPFE > Y o Springeretal * { -
WA & F rperud IO Bolr - F R g 5O Bl - § 1R
EfEA G PRESG M P LB T REA P & AR D
P?‘z BUOAR - F MERE T IEHHES AAH 0 4o 2004 £ 0 Wang
A[24] > #rfE 2o BTAL I % T 31 % Springer et al. [24] > #rE E
ke 5 e
A RFTE PR A AR % 1 e S F A e
Yo - ¥ VR A MR IR R 3R * Temkin model » I ¥ 4e » #T

Lol T B B R o o d St xR R G0 fl 0 F]

~my

Ton B RES o H a3l Springer et al. A% EF 5 el P 2
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TorRAEI M T BIfRS T § 2 Bulter-Volmer = #2584 2 £ 3§ * >
K REFEY AE MBI Lo FLEEB P E AT R
RRZAFEF L AAKRNTLIpE A - F VRS L2 208

2.2 A ABK

A AR AR R T R R -
NI FE-F CRaER A
PR Fpt o 3 &g e B LA R A A (0<z2<L,
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g2 & g FBEER 4
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6. BIEfIHA M Y RE F 2 - F PRZBHES -
7. BRABERET L E - @ o
2.3 ifma fz 5l
A AT 2 Fe TR 4o B 2-3 41m od - F v ptd LI %A

EREOTE I IRAEE > T R R B L R AL 30
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231 kR AT

oC 0°C di S
) &, —2=¢gD, 2” i e (2-8)
ot Pooz dz (n, F
co C 0Cqo De, 0 CZCO dico [ Sco (2-9)
ot 0z dz \ nF
;El?r’gcfl;g\,;,blrﬁ:g‘?c\Dg‘%% Gl ~IETAL Z TR AE s VE

FEHENAEATE CFRIEAZE S VR - AR LA K
BRNERFR R ciiAac® 0 % 2 A S AT 2 AR R

LR FZ BRI A AT R SRR EREE o

FILRE -5 PR T 5B
ke & & o R TR SR
o RPN EA G EFE-F O RRES

Mo PR ERFE e R FEBF B ® F gy &L G hE

FORY > A BTIBLCEIS TELE AR > Bt L BiEARATY AT

Eo|ehig ¥ g0 B AT N AeT
B _ Xy P(1=0y =00 )—by agski aas0n — K X oo PO, 2k,, .6, sinh| -2
P at H,ads MH, "\~ VH ~Vco /7 PH,ads"H,adsYH ™ Mrs N co, H — <Ky Uy SIN B
HZ

(2-10)
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do ré 1-3]ré
L d('EO = Keo,ads Xco P(1- 64 —0co )exp[— 'BRTCO J = beo adsKco,adsfco eXp( [ R]T co j

K5 X e, PO = 2K 00c0 sinh[ ga j (2-11)

Cco

pLfiEE G R FRAEEZRE SV INEH F ALY ¥ 8ok
b 2@ FH e XZEBLF > PRRY > pa- § i
HFF ors— F LRSI T Sl p, ABHRET =0 B A
B RLE Y FHMA I TRATH ER - SN2 804 G2

o O Y TS LS T AR CUEs
EL
e

BRIt 0 % 238 N A d RWGS #7ig = 3§ R ¥

[e]

|k
i 1§
e
&
)
?L'g)
—
N

}\
g
¥
@

g\ifﬁ% £

Foobo & Foeterug ¥ B - F R K oF B - § 1

RAEA G R E S W TS BT

Kt ags = Kpio.acs * eXp{— % [1 - exp[%n:l (2-12)
co

o\AG
bCO,ads = bcoo,ads ' exp{%eco} (2- 1 3)

S

HY AE, & & §F 3 G9rR 25 i~ AG,, & - F Rt

233 R RE A T

P - F A e REF L -3
b ﬁ_a\—k CEN R EF AL 2 BT RA LR & §
- F B A 4 > F) > @ ieh Bulter-Volmer = #7258 % S ¥td £ 4 m
hEFEeFge
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i di i n
ﬂ _ ierlﬁ = 2ak,, .0, sinh ty e
dz dz dz ’ B,

j-+4akulweh)gnh(fégﬂij (2-14)

co

Hoe a S 25 H AP Fend oo $- R4 4 FF RA

i—i@—?ﬁ%‘lﬁ,m '..”}i ’ %’ - IEE]J'L‘ ™ ‘f TLEP\?\ TQ%JEL’” "‘”&

2.4 Az iE i

A2 P oarid d PlerdedniE i R T RTS8k S FASA
ol it fi 0 4 RALL=0 R 0 T PN G B F A F >0
TE T F M BB A T AT

C,.(z.0)=C; (z,0) (2-15a)

Co(2,0)=C2 (2,0) (2-15b)

6.(2,0)=6" (2-15¢)

O (2,0) = 0, (2-15d)

25 B R iEi
p/k}iméikzl+x iy s L&A ol -k~ v E(2=0) > FE

2 kR B R 2R Rkl 2= )0 d TG PR F W eDTE
oo F A E R R g
z=0:
Ch, =CH, (2-16a)
Cco :Cicno (2-16b)
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e (2-17a)
Ceo
:0 )
© (2-17b)

TR RS 0o S BRI T A(2=0)0 LR EF ok
iy

5
;t)%:‘—éﬁ’l = rﬂﬁb?_ﬁ/‘ﬁ# ‘;4 ﬁb/it@ﬁ?g‘ﬁé'é_i ’ ’&—lg??:{%‘?,/f?ﬁ)i?\

(2-18)
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Water

Fuel Air
Gaseous
Reactor <
] 700C
(10% CO) CH,+ 2H,0 — CO, + 4H,
‘ CH4+ Hzo — CO + H2
Sulfur
Removal
350C

»‘

HTS
260-370°C
(1% CO)

|

LTS
200-260°C
(1000 ppm CO)

220 +H,0 — COz—i-HD

{
CcO
Removal
150-200°C
(10 ppm CO)

Reformate to
Fuel Cell

B 2-1 %0 & i

B

i)



Steam

- fITITIT™
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Anode

B 2-3  FIZ4ET R
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= N~ EE 2
FI# feip 3t B ch 5T R R LS B AL L el S R i
* B R BIBEE o FP T U E R T 2 E T L R E RS
Wfr g o h 2 orfReanik RS AR 2 fuA G RE S AR 0 4 i

* Crank-Nicolson method[34]% Runge-Kutta method[35] °

3.1 Crank-Nicolson method

Crank-Nicolson method % - f#icE Ff24 @ H > 4258 ehy ' TE
AiE o e PERIE % = Ff 2 (Second-order method) > ¥ B #iciE A 2
Moo A2 TR R R PRET T AR BT s B AR Y BB fe

740 WA ehpe e S A (Parabolic type)

— e AR B TR (A A S 6))

oC 0°C
H:[)az2 G-1

PRI A LA BT AT AR S n 2 ntl R Lo

s AN ESE o o] 3-1 4 0 b R

cit-ci _ D(lj Cli-2¢{"+C1Y CiL,-2C7+CY,
At 2 (Az) (az) (3-2)

—elfe(er)et-Zen =2el (1-r)e e el (3-3)
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d@)A T gl AR REN SRR G o R E ]
h= B R kR 5 A4 woR 32507 > Rp s R iER > g

VA VPCESR - ;500 AN

d a cr ] R,
b d a crm R,
b d a : :
= 3-4
b d a : : (3-4)
b d a| |c™ Ros
L b d_ _Cr?;rl_ _Rnx_

P fEEE A ¥t & Bl 0% Thomas' Algorithm = j% R jZ » 4o
BT

DO i=2 to N (if N is the numbes-of unknowns)

di:di—bizii—j (3-5)

R, =R —b, % (3-6)
END DO

Cy =§—L‘ (3-7)
DO i=N-1to 1

c =Ri+;c”‘ (3-8)
END DO
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3.2 Runge-Kutta method

A EAREE RE > AT A K KRN D AR liEfF
R SR R B R R Yl R i U
fourth order Runge-Kutta Method (RK4) $-f# » ¥ g 12 T cijic/s = 42.5¢
&

y'=f(xy) (3-9)
with y(x¢) = K (initial or starting value of y)
Bk S AR 2 hfabl R F o REEA LI EHRE E- L] F

B enfEE S h

letyo=K
yir1 = Vit (1/6)[ ki 2k H2ksFky ] for1=0,1,...,n-1 (3-10)
where
yo = K (starting value) (3-10a)
k; = hf(x;,y;) (3-10b)
k, = hf(x;+h/2,yi+k,/2) (3-10c)
ks = hf(x;+h/2,yi+k,/2) (3-10d)
k4 = hf(x;th,y;tk3) (3-10e)

BB onEiEY o AR E 2 ET St S BT R i
BRI FOT R R LR TR A R AT E AR
fo o > AN B QA SRR A I A 0@ 20 RR
A HL > At B TuEaRY » L3 R AMRS B R

2 A EET
R EETE B EAPATR T AT AE R Aot T T UL T T
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BA 2 P oA AT ACIE E 4T
Cin+1 _Cln P
Eerror < 10
o
B G DAL
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>

n+1 O O O
At
2
n+1/2 Q—
)
2
n @ ® ®
> X
Do i+l

] 3- 1 Crank-Nicolson method & 8k %4 i 7+ &, B
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n+1 -r/2 1+r -r/2

time=n ( 12 @ @

unknewn

O known

®B] 3- 2 Crank-Nicolson scheme 7+ %, [B]
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Lim s BEFAGNUE TINBREAL GG o

Bl 4-1~4-3 & %] & 7o ivif 2 5 EHRET = 0.01 V3L 5 0.4~
FEEEA 5 & 10 pm 2 - § B¢ O ppm PF o fREEA N & FORR & F

4

RESZTABAEEAS TR B® = R4g(Z2=0) iHBEF
BB SRR 2 B e L B ik &z 2 R
Foo Z EBI A A BRI 4A T A= §F Lt atd % o KR 4-3
Foa A R AR ORIARE ST 1497 Aem” 0 hifER T n
BRZT ool A F B F R FNIE F o AR BFREE o R
417 g0 2=15 pm e & F ¢ BT ERE O T EFRE
AREE G A 4 BY Az=02% 1.5um 2 ¥ 5 d 3 AfPeLA
Cl & F R ERE o TR REFS B A 085

I

%?%ﬁ@%’%%ﬁ%ﬁﬁﬁﬁﬁﬂ??—i“&’%ﬁﬁﬁ
o

LR R R LT RE CO & TS A2 R - B 4-4~49

=
oo

T

AU ET AHERET = 001V 3V 04 fR4A AR 10 um % -
FBUER 100 ppm PF o fR-A P & F - F 2 RRCRESF
2R AR AEA G R E o HH 4143 AL 5 AL R R

THERE - F YEUER S 100 ppm P B BT S @R B9 4
REFFemeg o d - FUR T F L5 A e £ R
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B AZ=0% 15umz B -7 H- L F - § " Ik
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GREAEE TS FAEEY SR FM G d 1 P K 3] 529
Fio F AR Y 0 REF RSP LI EEE TR > A B E X
R BBAN PR A G - § Y RER S TER D Y- § 1L
FREOPRACE BB Flt - F PR BRE PR A ¢ I LG o
TR - § RS - F R & 8E ) R it

sl Gl 24 ST b 4 o2 + -
= ff&fﬁrﬁ/ﬁ?ﬁﬁﬁ [£392) é’iZ\'m °

Bl 4-10 2 (TiE i L HBRE T 2 0.01 VT4 04&@%@;&
EIMM’&%kﬁ~§@ﬁ%ET’W%%Wi?mmﬁﬁ%

o Bl Y #rF 2 t5 4k B H.27 1996 # Oetjen et al. [37]#7 #ach§ S &2
e RS MAPH AR - F CRERS MEBZTINRAES D o
PRV EREFEFRENG L A2 AL AN FEE SV B RES
BRI FRE A 2 B0 BTBATE L2 d 43750
TR ALY 1497 Alem’s B A EF @ eh— 5 pER P 50 ppm
B 2 A L 0.636 Alem” » FFEITIS57.56 % (Oetjen et al. [37]2 %
55954 60 %) - F pERFNEET00 ppm FF o TR A 2 0393
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=
e
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(Oetjencetal. [37]2. %% 5 5 85%) °

af

2R R F A R TR RSP
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Fiokfl o B 411407 SR IERE R 2 HBIREB T =001V 3 5 % 04
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