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Abstract >> We studied the degradation phenomenon of Pt catalyst in PEMFC. We used the electron microscope
analysis technique including the ultra-microtome pretreatment method, FEG-SEM and TEM analysis methods for

analysis of Pt nanoparticles. The Pt catalyst degradation is observed not only in electrode site but also in membrane

site. We investigated these various degradation phenomena. The cathode electrode layer thickness is reduced. The

size of the catalyst is increased much larger than initial size in membrane site. The catalyst moved from electrode
layer to the electrolyte membrane. The rounded shape of catalyst was changed to the polygon. As a result, we
found that the catalyst degradation processes of migration and coarsening occurred by the followings mechanisms;
(1) dissolution of Pt ; (2) diffusion of Pt ion ; (3) Pt ion chemical reduction in membrane; (4) Coarsening of
Pt particles (Ostwald ripening) ; (5) polygon shape change of Pt by {111} plane growth.

Key words : Polymer electrolyte membrane fuel cell(215-A}71 3] 212} ¢d =7 ] X]), Membrane electrode assembly(2}-
A= 3&HA), Catalyst(Z1)]), Dissolution(-8-3l)), Diffusion(Z}4}), Ostwald ripening( 2. 2~2HE Q1RG4

.M E

L5 AT FE Lol B Aasiiel w
2t A AR SEHAE FetEaL e Al
A AU A A7 ZrdsiA Y=L ek -2u
2h= 20040 AlofuiA] B A A] A o]8-
B EA9E AHAstg on olof what oA E

TCorresponding author : yhl1026@hyundai.com
[ Foedd 201257 74Y 201264 ARIEFEY 2012622 ]

256

kA Aoy,

ARHRA A= 7180 a7 Bk g A7) 3fst
Al o g F8& YHEo] W MEA(membrane
electrode assembly, A=+-As2 A E2l=

LEFH ] A4 sfehiteg i W& 24




AFAARAA] W S| ols B s YFl BIt A 257

D C —supports

@ Pt catalyst
Binder

- Electrolyte

=y

£

Fig. 1 Diagram of MEA

i

ok MEAS] it i) dohdehe 54
o ek A2 Floll Fol7t BarElo] o)

OO
oy I X

o AL

% =2 v
9] 71E 7] anode(FHE GYH G247} Zufjo
o) Atsjo] Sxa ol 2at M7} WAsHA o]
WA E] =4 ofole o AR ukS E5}o] cathode
(BDE o531 HaL, At o 3|25 Eto]
2307 o]%dlo] Aba Y HEZof Zofstal Eo|

AEI o] ) pe} SolA o] ASE WIS
\!]

HAYatA ok
Anode —2H +2e E’=0.00V (1)
Cathode : 40, +2H +2¢ —H,0 E’=123V  (2)

Total : H,+1/20, >H,0 E'=123V  (3)

olefat H71stspikg o] WaEe] et 435 of
A AFEA, P Ele] 2ofst W o)F S Tiof
3 sk Aol Lrehpo] ol BB A AStE @
At U 3 o B TUE e MEA

S A A B
MEA 47)2] iﬁ} RS 6H

CAAMPARE RAFA] )] STEM(ETHLE) 2 of
#3001 1 B,

7lzo] Fagel A Mol waElo] Pl
A I B A,
ofUje}, ol o] W Zajeole] bt Zujo] A
2ol B, YA L T WSS B 71 BaSe
cHT HIEE A 2 dolet ok g
s Afstaic

1__0

% A7) k3ol Yolhe AUSES MEA(H

Aol
MEAL 30im Ufole] £718 1AL oo 25 9
&2

o i 74 Ao Y £F 4R M 3
ool € AAAR FAEe] e Fol 8 %
WA Frhet 5] 91 7 L 9l vhe 27]

o Pt A7} EISLEA vIIEISE Hof BATElo] o)
Fefolc. MEASIA] Sfahilg-e 7G5} A8
uf AN G Sl oA EE A
34 we) 34 A oA Qofiek

AHYL S 0] 28] o) FRolu] 2} AT

71ASo] Holx s Hel 3 F e ik

AAYURE S8 o] & Ao} e TR, &
Py R SR, Uy B B
g7o] Tk ANAO R nafiono]e} el
e A EA] AGE T Lo SEL]
(805 H)7h Sdo0l&2 A ofghe gtk

£ el AREN A4S ol 83 G4 L 12

A23H8 A3z 20129 6Y



258 o &3] - o]7]4

AL, wshAUZE ol 8
| Pt Zule] gaaby W 442 agel et gt
7 Ao stk

MEA AJH-S of|ZA] 422
A (ultra-microtoming) Z-8-5}o] 80nm ©]
ste] we =t )%

2) xR 74 0 AAEE AlHS SEM,
FEG- SEM, TEM 3u|E o] g3}e] Zuj g4k 0l =
7], fIAE EAste Ts

3) =3t wAYE A - 2R
o W s} B 2

datol| gt S

SEMZ ©]-§3F MEA
charging(H2t £24) A4S Fol7] 91e Aui®2
LEICA jite] SCD500 %dlS #8519,

AR AL 913 80nm o]t Hﬂi_i
Hh= A2 A E RMC it PTXL
A1-g-53t-
o] 27] 9 P4 w2 918l FEG-SEM £4]

4 H 7] (ultra-microtome) =

>> e W AeuA e =8

(e}
'ﬂ%‘ﬁ

A

2 FEI jit:2] QUANTA 450 AH|E, TEME-AS JEOL
it JEM-2100F &el-g 2-g519ich

2.3 M3y
2.3.1 HxzlY

SEM= o]-§-3h T ¥ ffal] A4 wiehy
o2 AXYSIATE MEAS 30<20mm=E ATl &
WA Aof SE ol "H7F &Rt 22| JBPEH7} =
A ol Zup HA] sor Aok jiRolth I th
ol 7Fo A2 o] golstes Au ZFE 7
ok o] wj WEstaIA} sk Hol §1& ke FA
o & FES AAgh

FEG-SEM / TEM £4& 9J5t AA 2= vy
Aot MEAS} 22 viuf 25 AAbdn| g Fak o
Aoz wEsly] 98 AR F7E 100nm o]5}e] Bf
How fes A 285k

ZEPHHH-S yltra-microtome #H] o] tlojop=
—s}oq e S9E AJHS A8t Bt
A oz A AR e vt 2k

O
= h
gk AE 71151—5}7] HBHH: AlE 1AL g

o2 =

_L/
r&
.

2k Smmx5Smm ©|3}
A2re woFo 2 2t

=
2] 227} AFAE 1520] H]& A Lol 4]
b2 7

AL Ao A 10AIE o4 =3Itk aio] &
o

423819 37|2 trimming(thE7])& St
Trimming 3t & tlo]ol2 o] 2 ].0mm/sec

AN 60~80nm FAR AeolH Ak
e AYE tololRE tolzt BE g 5 9
£ BEZL ol o2 AE verso] & giof 7}
A A=lo] TATAYo| FoIFlT). HHTFE



SAMPLE
/— CROSS SECTION

Fig. 2 Preprocessing using Ultra-microtomming
(a) Epoxy molding (b) Trimming
(c) Cutting at room temperature (d) Pick-up on Grid
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Fig. 4 TEM images of catalyst in Cathode fresh (a) and
tested MEA (b)
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Fig. 6 Proposed mechanisms of Pt corrosion®

(a): Ostwald Ripening, (b): Pt nano particles migrate on the
surface of carbon support and coalesce, (c): Pt detach from
the carbon support, (d): Soluble Pt species from the cathode
are reduced and precipitated out in the inomer and membrane
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Fig. 7 TEM images of Pt particle at the membrane : {111}
plane interplanar spacing 0.22 nm
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