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ABSTRACT

A calculation method was developed that can
predict the lifetime of polymer electrolyte membrane
for fuel cells. The chemical degradation of polymer
electrolyte membrane is caused by two reaction
mechanisms, scission of polymer main chains and
unzipping reaction. It was made clear by both
experimental and theoretical approaches that the
degradation behaviors can be closely approximated
with exponential function. By defining the coefficient
of the exponential function as the accelerating factor
of membrane degradation, the size of the effect of
factors accelerating or mitigating chemical degradation
could be evaluated quantitatively, and the influence
of multiple factors could be represented by a single
variable. With the development of a method for
predicting membrane lifetime, it became possible
to estimate the durability of the polymer electrolyte
membrane under the specific fuel cell control as
envisioned in the actual operation of an FCV. As a
result, polymer electrolyte membrane design values
related to the trade-off between fuel cell performance,
efficiency, cost, and durability could be optimized.
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Fig. 1 Schematic cross section of typical fuel cell
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Fig. 4 Comparison of Nafion®, GORE-SELECT®
membranes (GSM A, B) and their
comparative non-reinforced membrane (FSM)
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Fig. 5 Fluoride release behavior during stable
condition durability test
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Fig. 8 Fluoride release behavior, calculated by PFSA
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approximated by exponential function

4. HAEIRIRELIC & 2 5

41. 2B1 A & BLEIE

PFSA OSBRI % 5 2 5K+ D—DIZ,
EEA X VORADRD TSNS, ElFEA A+ v OHPTEHRIC
Fe 4 4 VI3 PFSA RIZx LU T BAL e 274 Z
ERHIEN TS, ZHIZ Fe 4 A VA, MEILAEE S
9% Fenton IDDMEEMEE £ D720 Th 5. REE
WTIE Fig. 11N L2 RBERISORIKIG & U T—EDHEHR
TBMBILAENER ENBH, Fe 4 4 v i3k (10) 128
Fenton T & » Tt ARKE % 53 L, OISMED &
OH 7V h%a4)Kd 5. Fe' i@t AkFE 4L E L NG L
THUF IR, il LTHOVELIZZEL EELD
h<Tng .

Fe* + H,0, + H* — Fe** + - OH + H,0 (10)

Fe 4 4 v O & HACHELEH OBIR % g5l 5 729,
PEMHIZFe 4 4 Vv ERENG-I2hE2 EICHERBLT
RAEH, OCV ik & 920 L 7= 558 % Fig. 10 12”37, Fe
ALY OWREH 0.2, 0.3, 0.5 pg/cm” EWMT 512O0T
TRV —2BOT Oy FOEHENKREL E-5TED,
Fe 4 Vv ic&k > TLEHIEBIE S T3 Z & %R
L 7.

%72 Fig. 10121%, OCViREED 7 v KV V) — ZHOFER
ZRLT, X (9)DEKBEEAE 7 1+ v T 14 V7 LEMER
EHDETRLTWS. Fe 4 4 VIEEA 0.0 ng/cm’ (i
THRUT)DF — 213 Fig. 9IS/RLA8DEFE—Th 5.
T4y T4 Y TOME BB RETEE L, H7aDARE
KABZETT R - ZARBOFHE2RITEXEI LN
HEMZE 72 22 TZOFRKa %, (L¥HLOFHLM
WAL EFRT S, HIUIEREIE 7 v R) ) —ZAR/DOFE



Honda R&D Technical Review

Vol.28 No.1 (April 2016)

BT —21iR(9) 2 T4 v T4V T5ILTHRBITE
NTE, L¥HIOEE DI 5 5. F-FEIZ, H1t
NBEER BT FHAC A NS 5 KT OB % £B$ 545
BTEdHb. PEMHO Fe 4 A4 VIRIENENIT 5DIZL 72
2o THALNESR BN 5 720, BRI Fe
A X VIR OB E 5> T 5.

4.2. 7 I HIVIEIREIC & 3 LI

PFSA BN A AR T 5 72912, 7 9 7 GfifiAl %
WY 3 Z 12K > TS B O & P4 5 Fika
MonTnb, 7V H LA E &, T2 7V R
ICRIBL T Zh#MET 2R/MATH 5. &4+ V%
HEBEROAHA T HZ OBWEEAS 2%, IV AL
Al e LT&mA A+ v X 2 L 250 KibRuERk
1)D&XS5icx3®,

-OH + X™ + H* — X™V + H,0 (11)

OH Z YV hnizk o> TIb X7z XUV A4 o vidAkRICE
TLEINBEELTX" A VIZRS =0, e LTHRD
WUKHET 5. 72, 7 9 A LHIRSIEESB O HE %
P4 2 5 3RE, HIIEREIZ K > TRBET 52 &0 T
&%. Fe A+ v OBA LIRS, HILIBRGREIE T ¥ 70
A OWIMEORI L 7% 5.

5V IVIREER 2 RIAl & U 2354, Stk
B, PEM o Fe A & ViR & RIIAIEO D ORK T
OB L k5. FCVOEHAPIZEEINDS Fe 4 + VDR
A®IZX LT, PEM O+ i AME & MR 5 72012424
FARINAIRARETS7-0121F, 2hd DOl TOE
ELUNER B OBERE M B BENRH 5. ZZT, Fe A 4
VIZEKBHIEEH &, 52 AN X 2 Bk
IR HAEHR $ 5729, “DODRFIzk->Tkx 5
FANBRREDME R, HAGDEEFIZL > Ty T 21

1.0
¢ 0.0 pg/ecm?
& 0.8 A
£ A0.2 pg/cm?
o
> ©00.3 pg/cm?2
£ 06 -
o m 0.5 pg/cm?
%
ko)
2 04
s
I
L 02 -
0

0 500 1000 1500 2000 2500

Duration time (hr)
Fig. 10 Comparison of fluoride release behavior

between membranes with different
amounts of Fe ion contamination

W BB D B,

FERIZ & > THE L 25 bk o~ v 7% Fig. 11
IZRT. Fe 4+ VIBARE 7 ¥ 7 UHHHESIRIN R % il
LD, OCVREi A Z %5 2 & THUE L =B L IEIR R
EHEOHTT Oy L ZhoDEBREREL S &I,
FALIMHERE A, Fe A A Y ORARE 5 Y LRI O
WIROBKE LTEBLAZ3KILD~Y v AR L 7=
ZDEIZ, 79R) ) — ZHEOKNEHMER IS
Ko TERTBIEZ S AHEALLZEIZLD, (L¥HLE
MR & 7213 PIHT 2 R 7 OEH &2 ERIICHD RS Z & h
WREL 5 72720 Th <, BEOKRTFORELE DD
ECEBT 2 Z ENAREL &5 7=,

2
&

e
D

aw
.

Accelerating factor a

Fig. 11 3D visualized map of accelerating factor a

5. PEM DO FH4 TRl

51. FEEEREICS T EEHTFAE

45T, HALNERRE A I % 728D OCV it
ETCEWRRETHBLZ. 79 F) ) — 2BOFIIHK
BB AET 4 v T4 VI T572012, —EDORERKOM,
HHUZRKTRZ OMD SN KOCREAHIZI—ETH S
WERDH > 7=,

—Ji, FCV OMMPIZIE, {L¥ M bod s IcE+ 5 2
5B R IR, X513 SEA A Y ORARLE
PEAZZALT 2720, HALNERE DM & FHIZZ§ 5.
L7235 T, FCV OFEHEH %2 % L TPEM OFFar il
AR IR 72HI2F, EHEIRED OCV B TE L 725
(9) DIEBKBIEI & 2 HEHDOREAD, IFEFIRIEIZE
IRHTE 2 Z L 2T 20BN D 5.

Fig. 12 IZi3IEEFIREDOHIE LT, OCV ilERoEHh T
EIEAF Y ERAIED Z LT, HAUIERE D A&



MHENAS? FEREROIEFHIEICH T 5 FHa TRl

TEALT 5 — 2 # Bl L 72 BR S R A2 R $. 204,
7 9FE) Y - 2 mOFEIH - OHNERE TIEEB
THIEMNTERW. ZZCFig. 12 OFEERHEE %012,
OCV kB D& THNMRREAZ AT B FEE H IR
BB EADOMO PN OWTEREB Z k5. Fig. 12 T
BB (D) BXO () IcxtisT s 7 v #EY ) — 2 &
DX %, HLNERED a, 8L Wa, TEENDE DD
BRI X ->TREPTE 22 nbr s, £F, X (9)
AR R 0, B &V a, TN ZFNRATEE, DT
oA (12), (13)&k3.

F\(1) = a\[exp(b-)-1] (12)

Fy(1) = a;[exp(b-1)-1] (13)

X (12), (13X EHL LK MAMS 728, Fig. 12 TR
(13) % x$li i A ZIBEI LT, 74974 V2 %BZ
KoTWab., ZOBKEF 1) &T5L,

F, (1) = a,{exp[b-(t-AD)]-1} (14)

LB, WIZ At HHUNERE o, 5LV a, TETZ L%
A%, Fig. 121260 T, ikBfF a2 L, HIEeR
Bha 5 a \IZEL L2058 %2 =1, &5 &, B 1 (2
BWTIE Fi(ty) = Fy' (1)) = Fy(ty— A 28D DD T,

F(ty) = a,[exp(b-1y)-1]

= a,{explb-(t—AD]-1} = F,’(t,) (15)
Z D% (15) & At IZDWTRL &,
log{ G- lexp(bg)-11+ 1) 16)

At = ty— -

s U EO X2, AREDE T (r = 1,) THILHE
RBOPZALT Z25A121, FrLWHIURRE TR X 5 45

1.0 T
o Experimental data /)
<<.E‘ 0.8 A a, : formula (12) 7
=S Y [ a, : formula (14) //
% 06 - i &
§ Condition (1) ! Condition 2y
e 04 9
iR ! o
= i ,’
2 oz e
0
0 500 1, 1000 1500

Duration time (hr)

Fig. 12 Fluoride release behavior in case of non-
steady state in which test condition was
changed at 700 hr
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Fig. 13 Achievement of satisfying lifetime without
reducing FC performance and efficiency.
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