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Abstract

PEM fuel cell has emerged as a key solution in the emerging renewable energy scenario. It
offers zero-emission-fuel driving capability with highest energy conversion efficiency along
with a host of other benefits in diverse applications. However, cathode catalyst durability of
PEM Fuel Cell is a major concern today. In this work, an in-situ Accelerated Durability Test
cum Diagnostic Analysis Protocol (ADT-DAP) based on electrochemical techniques is
developed towards studying performance and durability of cathode catalyst. The protocol so
developed is applied to various cases of relevance to PEM Fuel Cell and its capability to derive

significant inferences is demonstrated for 10,000 cycles long potential cycling tests.

The protocol developed is designed to de-convolute various types and classes of losses
pertaining to different electrode elements. With this, the changes in the catalytic activity under
true in-situ conditions are assessed. The changes in the cathode catalyst layer (CCL) with
regard to electrochemical surface area (ECSA), support surface area characteristics, catalyst
layer resistance, transport resistance and kinetic parameters are computed and compared for
various cases. A salient feature of the work is that EIS carried out under non-charge transfer
conditions is used for the purpose. The protocol is demonstrated to be a more deterministic and
powerful and more reliable tool than conventional cyclic voltammetry based durability
diagnostics. The results thus obtained are interpreted further along with the post-test physical
characterisation of the catalyst material involving XRD, Raman spectroscopy and SEM

techniques. which involves an element of subjectivity.

Specific cases studies selected include design and process changes in electrodes, Pt catalysts
with different supports and CCLs under varying test conditions. Pt loading in the range of 0.07
to 0.37 mg/cm? indicated variations in utilisation of Pt, catalyst layer resistance and the extent

of reduction of ECSA. Similarly, the electrode process changes in terms electrode pressing

Vi



temperature and varying catalyst coating processes have brought out the differences in the
catalyst layer ohmic resistance as well as ECSA reduction characteristics. Study involving
carbon and TiO; supports has revealed the contrast in stability of the Pt particles over the
respective supports. Support by itself was found to have similar degradation characteristics,
however, stability of Pt on respective supports were found to be significantly different.
Different test conditions involving upper limit of potential in the range of 1.0 V to 1.4 V formed
another case study. Increase in ECSA reduction along with increase in upper potential limit is
noted. Carbon support is found to undergo graphitisation due to cycling and, possibly as a result
of it, Pt is found to be getting unstable on the support. In the cases studied, exchange current
density values computed from the results indicated increasing trend with cycling. Also, with
cycling, Pt crystallite size is found to be growing in size and, it is inferred that, this is due to

dissolution-recrystallization.

The in-situ Accelerated Durability Test cum Diagnostic Analysis Protocol (ADT-DAP)
developed is found to provide quite comprehensive in-sights into degradation characteristics

of cathode catalyst layer under varying conditions.

Key words: PEM, Fuel Cell, durability, polarisation, limiting current, EIS, XRD, degradation,
catalyst layer, recrystallization, crystallites, lattice, ECSA, Pt, SEM, FESEM, Raman

spectroscopy

viii
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SUH SHT Tl 3 H&TT Sall TRET H Ueh AcaquT GATHT & &9 7 3817 ¢ | I¢ fafay
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