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ABSTRACT

A method of predicting polymer electrolyte fuel
cell performance loss due to electrocatalyst degradation
was developed in order to reduce the performance
loss caused by fuel cell startup and stop and by
acceleration and deceleration during driving.

An electrochemical method was used to define
a platinum stress index to express the influence on
platinum (Pt) catalyst degradation from potential
cycles in a fuel cell stack. It was found that Pt stress
shows an exponential relationship with the rate of loss
of catalyst activity, and an empirical prediction model
for Pt catalyst degradation was developed.

When the developed model based on Pt stress was
used to predict performance loss in a stack during
startup and stop, the results showed that a prediction
accuracy of approximately 90% was achieved and
confirmed that the model could be applied as a
catalyst degradation prediction model.

Operating conditions derived from the prediction
model were incorporated into fuel cell system
development. The results showed that the rate
of performance loss during startup and stop was
reduced by approximately 57 points compared to the
conventional rate, thereby confirming the usefulness of
the model.

1. EANVE

REHERRIE T 2 0B EA B H (fuel cell vehicle:
FCV) X, 7V ) v HIZILECT 2 E R E A3 5 L ki
7)) =V TEEIREE WS RSO 2T 5.

EHIZ, T=RIZKBWBE LD LRt R DB Z L
5, HEIHEOREAMH{KINTFEO—D L LTHEAEINT
W5,

FCV O KA kD 7=9121%, BokFE M (fuel cell: FC)
Z 8y DES K LEMERL, mAER &I X b
LB RETH 5. HERETORKEL,S, FC OMATED S
HSHREMK T AFED —D L LTEIT 6N, HHREIC T AL
VDB IE L ETIRTH D I EBHE2IZE 5T
W3 (Fig. 1).
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Fig. 1 Breakdown of performance loss in conventional
FC stack
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FNFIF L A E .,

Interface of membrane and cathode

b T ) -
s a* i

Pt dispersed on carbon black|| Pt deposition in membrane
(a) Before startup test (b) After startup test

Fig. 2 STEM image of Pt catalyst on carbon black
support (Pt/C) before (a) and after startup
test at 1000 cycles (b)
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BOHALT RO DN TN S,

12, BALT RN K 2k 845 1k 15 o il 5 Ak 3] 12
72 FC ¥ 27 AHIBIORFEIZBE§ 2 FHliZ Ol
N3,

FC ¥ 27 4filfE & Pt iSO BIRME 2 R THHE S
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Fig. 3 Typical pattern of cathode potential cycle in
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BT, Pt Fcix 7 a b v oWl E G (hydrogen
adsorption desorption: HAD) 2 Z 5. HAD O&E X
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Fig. 5 Diagram of relationship between FC
polarization curve and voltage loss

3. BUEBIMELIICRIETHZEDOHEL

3.1. EBAE

BAUZ KD Pt iEANORE A BE T 5729, ikt
& Wz CV EHll & FE L 7-.

G U 72 IS M 3% A 18 (membrane electrode assembly:
MEA) iZ, HlROMERE B X OS5 T EREIE (catalyst
coating membrane: CCM) & 4 2 f:8UE (gas diffusion layer:
GDL) # W T —AR{LAABE L 72 & D & L 7z (Fig. 6).

Ak £ LIRS & Table 1 12/

MEAROSEARSFEER O 2 2FICR0EE Lz, vVl
& % BT 70°C ISHilEE L, MRS 2 VT Anode
KU Cathode DIV (relative humidity: RH) % J{%&
L7z, /1 A1 Anode IZH#ikFE % 0.3 NLM, Cathode {22
NLM OARFEMEA Z (N,) & Jitil £ &, Anode 230 kPa ¥ &
U Cathode 200 kPa O JJT CV GHill & F2fiE L 7=,

Cathode % 1EHM (working electrode: WE), Anode #%
Wk ds &K OSRA#R (reference and counter electrode: RE and
CE)IZi%® L, Anode ® RHE 2% L T WE O& N il f#l &
RF vy aHNINI 24y b (potentiogalvanostat: PGS)
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Table 1 Operating conditions of single cell
Operating Anode Cathode
condition (RE/CE) (WE)

Atmosphere H, N,

(flow rate) [NLM] (0.3) 2)
Pressure [kPa] 230 200

Temperature [°C] 70
RH [%] 50 | 73

W THELEL, Pt il o o F % sl L 72, e R
DORENEX % Fig. 6 127737

CV OENFIBESGME, 5 1HE 50 mV s7 #[FE L, &
NEB T T T 7 A TENOSER (FIEEN B L OFhE
TN O PRFFIFA]) & 0 @%E L 72,

3.2. BEEIEICL 2 REEEENM & 7 OFRFE/IC L
SEDOHEL

3T I, RO EEN 2 E LU s #E A
(upper level potential: ULP) DB AHERE L 72, MEEHI &
LTFig. 7I2ULP = 09 VH KLU 1.0 VISEELZED
BUEB 707 74 0k LOZOER - B E RS

Fig. 4 TiliN7=t 50, 025 0.45 V O KRG
12k B RIBERIE, ULP 23 U TIRTEMEAVN X VSR T
bhb.

ZHIITHLT, 0.6 25 1.0 VIZE5N3 Pt filllf & ik
DETCEFDOUAFENRE N & B R L 72,

ULP BAEMEEEBMN EFICE DR EN S PtO P
DRICERMABEML, Pt & BROBE SN & ALK S
PHETTS 5. [RBROMEREEE#R  ICh nT R ER SN TE
D, ULP & Pt fillEOM L 2 MRS 2 EHRKTH S Z &0
o7z,

Wiz, ULP OfHEERIC & 5 Pt i o L84 1 &
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Fig. 6 Schematic drawing of electrochemical system
using single cell
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1) 25 AU OB SRR R AR § 2 L S & 25 5 72,

3.3. EfTEOIBRIC L ZREEEEMS LV Z DR
ERFEIC L 2 EDOHEL
CATEATRE D IR IZ & 5 BB O 2 & Fleifb 5
578, NGERKEOZEENZ K 5 RIKEHEEN (lower level
potential by drive: LLP) &% & L 72560 CV #HUS L 7=.
WGl & LT Fig. 912 ULP = 1.0 V, 10 sec f#f}, LLP
= 0.8 VT 100 sec LA 0ENERH T T 7 4L
L CVarofashzaEi - Ehidh#R 2R L 7. Fig. 9ic%k
5 LLP SRR B ffic & 5 BAAKT 2 48E L Tn
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Fig. 7 Graph of WE potential trend, showing changed
ULP levels using CV (a). CVs obtained at
each ULP from 0.05 V up to 0.9 V (blue solid
line), up to 1.0 V (red solid line) (b).
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Fig. 8 Potential trend at cathode in CV (a). CVs
obtained at same ULP from 0.05 V up to 1.0
V (blue solid line), and hold at 1.0 V for 10
sec (green dotted line) (b).

Pt AL ZA=A0= 0,0, (3)

O, (3B FIERE DB Z B A E L 72 PtO HiROE R
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BXEED (Fig. 9D Q) ThH 5. Pt 2 b L ZITFEX
LERIGIZE E DL ZhooBRErREEh, T—F
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B (AQ) TEBT 5. CV AWM W ORI LT,
Pt 2 b L ZIZENEEMES LLP OfE%E PtO #KED
BRELTERTLI LT, 2ORBELERNICERT
BT ENRETH 5.

PEDZens, Pt 2L 2%4EEETS5ZECTFC
DBENZEEH KT TREL AN DB A ERIIZH D S
ZEeEAFEIZL. Dk, Pt ANV Z&2 AQ & T 5.

AQ % HEFEIZ Fig. 81/R L7= & 9 & FC ez B 48
BB & ¥ 5728, ULP, LLP 3 X U2 6 DR
AL EETCV ZHUSG L, AQ DFENIKGEN A~ v 7L
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oo High Table 2 List of accelerated stress test (AST) by
1.000 o . : . h
Higher ooet potential cycling mode using single cell
0.950 U-OZ Cell RH [%] Potential [V vs. RHE]
o o0 loae ssumption lemperature - Ho.lding
% 0.900 pose Mod Assumpt ! FEGC]t An. | Ca. | ULP | LLP | wWave profile [t;rgce]
. 0.054 Load cycle-l Drive low RH 70 50 | 40 | 0.90 | 0.70 | Rectangle 4
2 0.850 0.050 Load cycle-Il Drive middle RH 70 50 | 73 [ 0.90 | 0.70 | Rectangle 4
> sg:f Load cycle-lll Drive high RH 70 50 [100] 0.90 | 0.70 [ Rectangle | 4
5 0.800 \ 0.036 Potential cycle-IV mfj':lz BT_P 45 100 | 100 | 0.95 | 0.80 | Trapezoid 4
> 0.750 oo Potential cycle-V h;;aSL“F?_ ; 45 100 | 100 | 1.20 | 0.80 | Trapezoid | 4
ggfz Potential cycle-VI | _Air Start up 45 100 [ 100 | 1.40 | 0.80 | Trapezoid | 5
0.700 0:014 Potential cycle-VIl [ Fuel starvation 45 100 | 100 | 1.60 | 0.80 | Trapezoid 5
0.009 Potential cycle-VIII High load 70 50 [ 73 | 0.95 | 0.65 | Trapezoid 4
0 50 100 150 200 250 300 0004 | Potential cycle-IX_| Middle load 70 50 [ 73 [ 0.90 [ 0.70 [ Triangle 0
Holding time at ULP [sec] o HOW
TR AR Z & HIBI L 72, 7275 L, Fig. 12 OIS
oare High (FIBER % ; R? = 0.975) i@V 2V 90llfil & DERH A5 h
0.900 — 0.072 = . e Ly
poee %. JiK & LT3, Table 2 TRE L 7= ks 1L 5D SefF
= o (IV #5 VID 25T, ECSA AME T L =BRIZ Pt 0%
E oeo ave RIEEBAADZ L, Hithkn —K Y OBLEENEEI S
E 0.750 g:g:: 7= RBEAMED 5 DERIE U 72 L EET 5.
o 0700 ooz R — KV OHHED /LT E T A0, Fig.
= o650 oez0 12 OFEFIZ & > THIEEEE — FIZ & 5 ECSA OIK T
0500 . o2 7% AQ THEBIF 5 Z & ANAEL 75 0, PEREIE T 4k & )
0 50 100 150 200 250 300 0004 | oy Bk & BT OMBERLDENERMEIZ TS N TE -,
Holding time at LLP [sec] X512, Fig. 10 O v 7 % 4 U S48 o Hl 4 35 3%
Fig. 10 Dependence of AQ on ULP, LLP and holding (ULP, LLP, RFEH]) 205 AQ G154 2 Z & Thillid

time at each potential. CVs obtained by the
same conditions as Table 1
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THEEL, BY A 2T X O AQ IZFEEDOBENZ T %+
Bl U7z Table 2 D&METELEE72. £— F IV 25 VII
A A E L 2B X ORI AL, RO D
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7 HER % Fig. 11 1287
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B A& e BB DR U, Pt OBSACAN 2 ERGRTH
% ECSA O T OHifs & M2 L 7-.
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Fig. 13 Average voltage profile of FC stack at startup

| Average voltage profile of FC stack at startup and stop (Fig. 13) |

l

Identify ULP value and holding time of ULP from voltage profile in Fig. 13
(ULP =1.0V, holding time = 100 sec)

]

| Calculation of AQ using ULP, hold time and data map of Fig. 10 |

]

| Convert calculated AQ into numerical value per amount of Pt loading in cathode |

l

| Determine ECSA loss rate from correlation of AQ and ECSA in Fig. 12 |

]

Evaluation of ECSA at startup and stop test from determined ECSA
loss rate and number of cycles (Fig. 15)

Fig. 14 Prediction flow of catalyst degradation in FC
stack using empirical model based on AQ
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Fig. 15 Actual data of ECSA during startup cycle
and prediction line (a). Comparison of
actual data and predicted data at EOT (b)
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Fig. 16  Verification result of effect to performance
loss in FC stack by modify mode at startup
and stop
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