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High Temperature PEM Fuel Cells
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Why Electrochemical Impedance Spectroscopy? www.iceht.forth.gr
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Experimental Tafel & Limiting Current Plots

(Differential conditions- single 4cm2 HTPEMFC)
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HT-ORR Mechanism & Physical macrokinetic Model
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v' For the determination of the kinetic parameters:
13 experimental EIS and 13 I-V points were fitted simultaneously (2309pts in total)

ﬁ Choose with equal probability the parameter vector P{k, Cur 0, A }=45 parameters\

13

2. Minimize: f (I5) - Z(norm2 (ZREi -Z, )+ norm, (Z,Mi -Z;, )+ norm, (ICELL%S L ))

W.EE TP = {Kyge, Ko, Koy Ko Kay } O{Clpens Cppa U010 O f O A1 s Ay
3. Store P,,,, vector and f (P, )
4. Repeat steps (1-3) 10° times
QFind the global minimum P_._vector among the converged local minima /
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The EIS are composed of three types of contributions:
1. The effective proton resistance (Ry,) within the catalytic layer modeled by the use of TLM
2. The Charge transfer resistance (R¢y) representing the electrochemical reactions across the interface

3. The relaxation arc (Rpeiqx) related to hysteresis of the coverages on the catalytic surface —”Intrinsic Kinetic Inertia”
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Ry, Deconvolution : Rq; - Rpgiox
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Determined Kinetics & Degree of Rate Contirol

Table I Model Fitted Parometers

Parameter Value [Units] Description

MSE 195 510" (2309pts) Regression Mean Squared Error

(#pts)

Kad: 296510 -mnlml',fs'latm'“} Step 1: Forward chemical kinetic constant
ki 4751%1012 'mﬂlm;{l_ Step 1: Backward chemical kinetic constant
kit 1.614 x10° -fﬂ{ﬂﬂl;g'l Step 2: Forward chemical kinetic constant
ki 3.909 %101 -ﬂlﬂlﬂl;fl_ Step 2: Backward chemical kinetic constant
kst 4690 %10 _m{im;fa'l Step 3: Forward chemical kinetic constant
kap Step 3: Backward chemical kinetic constant
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List of the determined energetics

FORTH / ICE-HT
www.iceht.forth.gr

Kinetic constants according to Transition State Theory (TST)

Table Il Calculated reaction free energies

Calculated at Unit Activities and T=180°C

FreeEnersy | U=0[V] | U=0361[V] | U=098[V] [ U=Lu7[v] | o =T exp[—% r
(ko) =LIT[V] | 0386V | =032 | =0 5
AGy 1027 10272 10274 10274 K e KKTT xp[—As;* r,
AGy 1077 070 10770 170 5
AGI=AGy-AGn | -68.048 48,046 08,046 -63.046 Ky ="khBT exp(—f;* a T, x =1(transmission coeff.)
AGy 51,638 48,707 9991 116976 ; a,. =1(H activity)
AGy 16054 153790 122501 105310 k2b=‘“khBTexp[—A§$ r, I, = 2.2x10-°[mol/ mZ,](Monolayer)
AG=AGr-AGn | 90216 45088 0510 T — y
AGs 74978 10040 13331 130317 Ky = ""hBT exp[_ As;ﬂ )aH r,
AGy 19076 102010 9073 BT 5
AGi= MGG | 54008 0030 608 T M— K, = “khBT exp[— AE;&]Q
\CoreACreACrAG: | 121300 113104 £1.048 |

Gibbs Free Energies (energy states) and activation energies

of ORR intermediate species

A(31 = AG g§5—> o AG 8:s<—

AGZ = AGg?a B AGg;;(_
AGS = AG(B?—) _AGgli—
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ORR Energetics @ Unit Activities and T=180°C www.iceht.forth.gr

@ U=1.147V (Open Circuit) the activation overpotential is mainly related to_the electrochemical energy spent to
overcome the positive free energy change (uphill) of the two electrochemical reaction steps (2 and 3)

ORR Free Energy Diagram
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> The ORR Spectrum In the activation reqgion & under Differential Conditions consists of:
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Relaxation: 2 arcs

M A small high frequency linear contribution due to H* ionic resistance of the catalytic layer

M A high frequency arc due to Charge Transfer Resistance of both electrochemical steps

M A large low frequency arc due to the intrinsic KINETIC INERTIA - RELAXATION of the accumulated
adsorbed species (Oads, OHads) on catalyst surface, caused by the hysteresis between the competing
ORR reaction steps
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Conclusions I

» Reqgarding the Kinetics & Energetics of ORR:

M The limiting step of the whole process is the dissociative adsorption of O, (DRC)

¥ The energetics of the reaction steps can be estimated according to the Transition State
Theory

¥ The activation overpotential is the elecirochemical energy spent to overcome:

i) the positive free energy change of the two electrochemical steps (thermodynamics)

ii) the high activation energy of the O2 adsorption step (kinetics)

Laboratory of Elecirochemical Processes 16
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Regression Resulis
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Name Value Units Description
MSE 1.950 x10-4 ) Regression Mean Squared Error for
’ 2309pts
Kads 2.965x10* mol m;Z s atm Step 1: Forward chemical kinetic constant
Kdes 4.251x10°*2 mol mzZ s Step 1: Backward chemical kinetic constant
Kot 1.614 x10* mol m;? s™ Step 2: Forward chemical kinetic constant
Kab 5.909 x101* mol m;? s™ Step 2: Backward chemical kinetic constant
kst 4.680 x101 mol m;Z s Step 3: Forward chemical kinetic constant
kab 2.720 x107 mol mzZ s™ atm Step 3: Backward chemical kinetic constant
Avg. Pt Double Layer Capacitance, (min,
CDLpt 1.107 x10°® F cm;? E cm=2
max)= (10.5,12.3) " Pt
Avg. effective CL ionic conductivity, (min,
ccL 5.541 Sm* Sm
max)= (5.1,5.9) 2 M
B Avg. potential deviation, (min, max)= (0.14,
A 3
AVi 1.374 x10 \Y4 2.48) mv
Calculated OCV Potential for Py2=1 atm
ENerst i ]
ocv 1.1899 v Po2=0.2 atm, PH20=0.05 atm
Experimentally measured OCV Potential
E2®, 0.960 v P Y
due to H2 crossover
E° 1.1471 v Standard thermodynamic potential at 180°C
cale ’ and unit activities for reactants and products
JORR 2135 x10-2 A em> ORR Exchange Current Density per CCL
° ’ cet area
JORR 3558 x10°5 A em’ ORR Exchange Current Density per
0.t ’ Pt electrocatalyst active area
. model 1.124x10-3 A em> Hzg) Crossover Current Density per CCL
J 2 . CccL

xover

area
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ORR Polarization Curve - Tafel Slope - Intermediates’ Coverages FORTH / ICEC
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