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(oxidation)
(reduction)
2.1
Blip>0lof-PEate  Gas Diffusion Layer Membfaii GMDl‘ffysiﬂ#i Layer  Bljpular-pfaté
meti with Catalyst with Catalyst ixathadé)
2.1 [1]
(humidified gases)
H2 - > 2H++ 2e~ E° =0 VoIt /[SHE
2HY+2e~ + 9 e > H20 E°=1229 Volt/SHE
[+ 9 e > H2 °=1.229 Volt
1 {E°) = 1.229
, 25 )



2.3
(Polarization
curve) 22 1 (cell potential)
(open circuit
potential)
(overpotential)
(polarization)
4
2
2.2 [2]
2.2
(open circuit
potential) (cross over)

(internal current)[2]



2.2

overpotential region)

24

(ohmic overpotential region)

(mass overpotential or concentration overpotential region)

241

(activation

§



0, or air
(©)
air leaving
2.3 [4]
1.
2.
"Electro-osmotic drag '
3. (back diffuse)
4, (Humidification)
)
6 1 1

242 K



2.5

24.3

pu

1 R T 1
| N
KEcel, D E- L=y (2.1)
(volt)
(gas constant) 8.314 Jimol.K
(K)
(Faraday's constant)
96,489 A.slequiv
(atm)
(atm)
300-500 kPa
i
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e ME Qr Al ac s

Adre-AC  H  0-20C  Usdingece\endes eg AdloSute

Hdm% H  50-10C Eqemdly sutade for \endes ad ke

nentrare- guicatiors, ot ako for lover pover G
cad H  -2T 98E®

- Larte ruers of 20 RAGHP*systaTs ntee

Mitmatre 02 -6t

-MIC Suiteble for veciumto larce Scale GHP* 9y,
dd ok o2 50010 Yo Micapeoty

K Snﬁﬁ%vmlmdwmzm

CHP* = Combined heat and power

2.6

H2(g)-*2H \aq) + 2e- (2.2)



QH++2e-+]02(g)"H 2()

H,(g)+ 502(8) — H,0() + heat + electrical energy

E FC = E Nernst — nacl 7 nohmtc = nconc

Efc =

* 5

261 6]

(Equilibrium state)

(Thermodynamics)
1 atm 1 -

10

(25)

25°C
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Yal, = (standard Gibbs free
energy of formation) (J/mole)

b3 o = (standard Gibbs free
energy of formation) (Jimole)

n = (equivalent/mole)

F = (96,500 clequivalent)

E,, = (25 °<, 1 atm) (Volt)

2.4 B9
AG°=AG°fM10- AG’fM2- Ag;a =-2r¢; (2.7)

Open-circuit cell potential
(Nernst’s equation) [3]

ENernst (T ,p | - Eép+FF$/t 'To,)+ nRFT 2 (2.8)
AS = (J/mol-K)
R = (8.314 J/mol*K)
pHL = (atm)
pd = (atm)

ENemst =1.229- 0.85x10'31(r - 298.15)+4.31X10'5 T1 1 (pH)+yIn (p01) (29)



2.6.2
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(Activation overpotential)

(oxidation reaction) (reduction reaction)

Butler-Volmer

Anode :

Cathode :

jc

jo

j @f

al

ac

o fa,F | -0F A 210

. \
(60 (VAN Y
Jo- 307w SRt P (2.11)

V2 )

I (local current density) (Alcm2)

(local current density) (Alcm?2)
(exchange current density)

(reference state) (Alcm2)
- activation overpotential (Volts)
= |
(mol/cm3)
= |
(mol/cm3)
(transfer coefficient)

(transfer coefficient)
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2621 U
2.10
xk= NOFAKe»)-fE Ini <Z12)
A = (cm2)
ka = (cmls)
Cwe = ( (Ym3)
| = (Amp)
2.12
ala = -(5-18X106)aG + (4,309 X1(Ta)x T - 12.863 + In;/A CI o)
1 J
2.6.2.2
2.11
RT ,
Macte agﬁn{ln nFAkc -exp - Ini  (2.14)
ke = (cmls)
Co, -~ (molicm3)
CH+ = (mol/cm3)
Chb - (mol/cm3)

2.12
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e = 0.36 X10 6)AGe + ( .62 X10'5)x T -(12.863 + InA + Inke
#(0-ae)ine i - In)] (2.15)
ke - keCLCHNQ
2.6.2.3
, =g+ Atr[In(cOnNHf,r[In(i)]) (2.16)
K
s =~ InfnFAk{c,,M ¢, 10Y}+A -In*c*.] (216h)
- (-«
(5 e
. - fR R "
= ,2F acF, (2.16d)
Co (2.16e)

2

(5.08x106)-exp " A

2.16

2.2



15.

2.6.3 ' (Ohmic overpotential)

omc= dmc+ owmic=K&C +Rm)

Rc = membrane equivalent contact resistance (Q)
RM = equivalent membrane resistance (Q)

« =PmIL
A
| = (cm)
Pm = membrane specific resistivity (Q -cm)
fi-,:c L Vi,
Pm
f| Y (r-303Y
N-0.634-3 "F¢  xexp 4.18x
L T AT

(electro-osmotic drag)
(pressure driving flux)
(diffusion)

(2-17)
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2.6.4 (Concentration overpotential)
3]
e =B TEI 2.18
v A (2.18)
B
A =
=)
Pi -~
(.
pi=p\ 1-1 (2.19)
Voit)
jl= (limiting current density)
ig A d d v
(overpotential)
2\
P cone ~ -1 /TJTBXy (2.20)
265 8

2.21 2.22

2.2



2.6.6
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dpP, : . i
&VrAJTHZ—anun Vit (2.21)
K ) 4P .

Er t)) d,; =Kpa(p - Pa)~ “downa(Pa- Pam)- ,c (2.22)
kua = (mole/atm.s)
kdwa = (mole/atm.s)
Ps = (atm)

Va = (cm3)
iilH Lin = ( /)
m HLout = (mole/s)
? 8
223 224
dpo2 .
AT 4y — f7102jn  fM02,0uty IF (2.23)
d

AT gtozlz KpXPs - pc)~Kownc(pc - pant)-j» (2.24)
Kpe - (mole/atm.s)
kdowng - (mole/atm.s)
Ve o o= (cm3)
mOLin - (mole/s)
m0Lin = (molels)



2.6.7 [3]
i -
12 o (molfsec)
18.02X 1er3 kg/mol
on o f8.02x 10-3)xp
wateréprodUctlonf- N
(9.34x10'8)x" (kg/sec)
P b:a,
v LR
2.2
Parameter Value symbol
1
5 A
0.0178 t
333.15 T
0-1.8689 )
0-2.3914 P02
0.005 \a
Il 1
0.0017769 kipe
jown a

0.001085884

18

(2.25)

(2.26)

Unit

cm2
cm
°C
atm
atm
cm3

mole/atm.s

mole/atm.s



2.2

Parameter

membrane  equivalent

resistance

parametric coefficient (£,

parametric coefficient (£,2)

parametric coefficient (£3

parametric coefficient ("4)

Value
2.4
1

0.01

1.13E-02

0.00006875

contact
0.0003

0.016

-0.948
0.00286 +0.0002 «InA
+(4.3x10-1).In(c,, 1)

1.6x105

-1.93x10 4

32

0.2

symbol

P,
Pen,

K
Kp,c

k down ¢

Rc

19

()

Unit
atm
atm
cma3
mole/atm.s

mole/atm.s

ohm

Alcm2



2.7
Arriagada [9] :
performance maps
Waon-Yong [10] :
Nation 1135
Jemel [11] :
board
Martins [12]

proportional integral and derivative (PID)

Nation 115

20

on-



2

Yerramalla [13] :

Tao [14] :

Levenberg-Marquardt backpropagation (LMBP)

LMBP

Pathapati [8] :

benchmark
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