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Abstract

In order to make proton exchange membrane fuel cell (PEMFC) more economically viable,
researchers have been developing non-noble metal catalyst to replace platinum catalyst,
redesigning PEMFC to increase its efficiency and studying various performance loss causing
issues like water accumulation, poisoning of catalyst, membrane electrode assembly (MEA)
degradation. In the present work, the focus has been on diagnosing and mitigating performance
loss causing issues like water accumulation in cathode channel and CO poisoning of anode
electro-catalyst. Mathematical modelling and simulation has also been carried out to better
understand the mechanism behind CO poisoning of anode electro-catalyst and its regeneration

process.

A single channel PEMFC with bends at the entrance and exit has been used to investigate
effects on the performance of PEMFC due water accumulation in cathode channel. For this
purpose, MEAs with reversible hydrogen electrodes (RHE) are placed in a series of sub cells
and current-voltage (i-V) characteristics and electrochemical impedance spectroscopy (EIS)
data are collected for anode and cathode separately. By comparing i-V characteristics and EIS
data between different sub cells, a dip in i-V curve is found to follow cathode polarization loss
from sub cell 1 to 5. The increase in charge transfer resistance at the cathode and dip in i-V
curve attributed to product water accumulation in subsequent sub cells. However, no dip in i-
V characteristics and increase in cathode charge transfer resistance is observed when single sub
cells operated at different locations, i.e., close to entry, middle and exit of the channel. Further,
in sub cell 5, accumulation of product water at the cathode and in the exit bend leads to drastic

reduction in the limiting current density due to high concentration over-potential.

In case of CO poisoning study of anode electro-catalyst, an experimental procedure is

developed based on break-in procedure and dilute KMnQs solution is used to regenerate the



CO poisoned Pt black anode electro-catalyst of a PEMFC. Also to understand the effect of
operating temperature on extent of CO poisoning and regeneration of CO poisoned Pt black
anode electro-catalyst, PEMFC is operated at 30 °C, 50 °C and 70 °C. At 50 °C and 70 °C,
break-in procedure contributes towards recovering the initial performance i.e. 74.6 % and 78.8
% of the initial current density at 0.2 V respectively and rest is regenerated by use of dilute
KMnOs solution. Later, in order to restrict the usage of dilute KMnOas solution, the

experimental procedure is further modified by increasing the number of activation cycle.

In order to better understand the actual mechanism being followed during CO poisoning and
regeneration of CO poisoned electro-catalyst, a single cell PEMFC mathematical model
coupled with surface coverage equations are simulated. Hydrogen oxidation reaction (HOR)
are assumed to follow Heyrovsky-Volmer mechanism “before CO poisoning” and “after
activation cycle” and Tafel-Volmer mechanisms “after CO poisoning” stage of operations.
During CO poisoning, surface coverage variation for CO and H: clearly shows that adsorption
of CO hinders adsorption of H> and eventually decreases the cell performance. The above
mentioned diagnostics and regeneration procedures followed for water accumulation and CO
poisoning can be used extend to large scale PEMFC stacks, which may facilitate PEMFC

commercialisation.

Vi



RIE

Oiel TS At 1A 9d (PEMFC) &1 3ifiies s © 0 ¥ sgded §9 & fag,
Meymdfar 3 @ieTH ITRE B Iga & fofE AH-Alad Aed IARS [AHRyd fhar g, 39t
AT TG & fore PEMFC &) bR T fewims= fosan a1 8 SR oTd T, SRS i fasradan
& HRUT AT Te=H g1 &1 siegg frar ] 1, BRI gaaers sr¥iad (MEA) &1 fiRTae |
AU B H, UG g1 B HH R 3R HUTS o H ofd A9 3R TS FAd - SRS
& ST fATaRTdT SR gl &1 HRUT ST 8 | TS Iaae]-3R® 3R $HPb Yo Uichd
3%@%%%@@%@@%%@%%@?%
T g
U4 §R IR Fohdl g3i1 Th Ubdl Il PEMFC 3R TS o-7el H UM & SHIG & HRU]
PEMFC%WWG@H@U@&%WW%WWWW%s*aunﬁatr%
fore, wifdad! gRSIoH gaacis (RHE) ald MEAs @1 SU BIRIGIS & T gae | @l
A1 2 SR FHHA-ARH (i-v) RRrwarsit ofR Riggd Iamfie ufierr Wae e (E1S)
ST B AT I TS 3R HUIS & e e fovar oar g1 faftrd Iu Sifkrere & a4
3t faRvaraft 3R S3METY ST &I ol B, 3ATsdl asb H Uh gad SUIA 1 5. 9
HUTS YdTHRUN THUTT PI UTer HR o [o18 UTT STl 8 | HaTS H UHRT RIFTAR0 TRty
A g 3R IdTE 5Tt o & o) oieR iv ash H §aa! | S1e o 39 Sl H | gTdifds, 3113-
I faRrrarait 3iR Huvs Aol <RI uferiy § w13 fRTde 8 <t et §, o fafvrs —urf
anﬁrwaﬁﬁm&ﬁﬁw%aﬁv‘mw% 3T, %’ﬂ%tﬁm ey 3R e &
HAT | 3P 3QATET, IT I 5 T, HUIS W 3R o 7ig W IdIE & U &1 99 3=
W&W%W%ﬂﬁamﬁuﬁﬂﬁaﬁiw%
TS SaIde]-SARD ob 131! fasTaar 3ieqa= & A1He |, U Ui Ulcha sidb-34 Ufshan
¥ SMUR R RABRI & ST & 3R T NETHTHE Wl TR N 1l T gqagl-
IAR® DI TH: I B B I8 KMnO, THIYT BT SUTNT fovat ST g | s fasmada
B! FAT R FTRET TUHE & THE B GHH & 1w 3R e e ard U1 o1l TS
SATRI-SARD & YoM DI THIH & oy, TETHATH! &1 30 °C, 50 °C 3R 70 °C W
Trferd fpar SaT 8150 °C 3R 70 °C WR, §b-39 Ufhar URFYS TR Tt 74.6% 3R
78.8% & URIYSE TTHM °9d P HHL: 0.2 V TR JAUW B B! G- & IR Ha §
3R TAAT KMnO, THTHT & SUANT § GAsiad gt g1 &1¢ H, Tdel KMnO, JHIYM &
JYINT B! Ufdeld = & foIQ, Fichaur Ieh ! T | g Hxor TS UiehadT &l
3R =N frar mar j
It fasTadr 3R Haf oex TAdel-3ARS & IUM & SR Ual fht 9 ard aRafde®
a3 Pl dgdR & H I & iU, Jag dHarsl UGN & 1Y A Th Uhd ddl
TEUAUE T Aied ! Rgecs fhar ST § | g18s o SHTRi®RuT ufdfshar (HOR)
DI {HT ST & fob g3iRIck!-aieR dFf el fauradar ¥ uga iR "qfshgur s & a1g"
3R eThd-aieR o3 "It fasTedar & srg Tmer & °R01 & UTa- o1 | e fauradar
P SR, T3l 3R TF 2 F L Tag Havel fierdr Wy U I femrd § fo st &1 Jra
Td 2 & GRT H 14T ST § SR 3idd: I & TSR P &H Hal g | T & T99 3R
co fauraaar & fore Iudad e SR g Ufsharsit &1 ITIRT 9 YHM TR PEMFC
WH I [hdT S YbdT g, ST PEMFC STTUTAIGHRU Bt JfAYT U R IHhdl g |
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