11 3 Vol 11 Na 3
2005 8 H ECTROCHEM ISTRY Aug 2005

Article D: 1006-3471 (2005) 03-0254-08
Qurface and Sructure Investigations of M anbrane Electrode A sssmbly
in DM FC L ifetime Testing

CHENG Xuan , PENG Cheng, YOU Meng-di, L U Jing, ZHANG Ying

(Deparment of Chenistry * , Depariment of M aterials Science and Engineering, State Key L aboratory
for Physical Chemistry of Solid Surfaces Xiamen University, Xianen 361005, China)

Abstract The lifetime and perfomance of a direct methanol fuel cell (DM FC) were investigated © under-
stand the correlation betveen the structure of catalysts /mambrane and cell peffomance veraus time The cell
polarization and perfomance curveswere obtained during the DM FC operation with the time The catalysts and
Nafion membrane of the membrane electrode assambly (MEA) fram the lifetine testwere comprehensively ex-
amined by XRD, HRTEM, FTIR and Raman gectrosoope techniques The reaults revealed that there was signif-
icant performance degradation during the first 200 hours operation; while the degradation was sloving dovn be-
tween 200 and 704 hoursoperation The degradation became worse after 1 002 h operation The increases of the
catalyst particle size from both anode and cathode catalystswere observed after the DM FC lifetime test The chan-
ges of microstructure, surface composition, the interfacial structure of theM EA, and the aging of Nafion  under
the DM FC lifetine testswere al® observed
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1 Introduction propertiesof MEA. In a DM FC, methanol oxidation
at the anode and oxygen reduction at the cathode Iim-
its the cell perfomance However, due o six elec-

Direct methanol fuel cells (DMFC) convert
methanol directly into electricity without using a re-
fomer, and have advantage of a higher power densi- trons inwlved in the methanol oxidation, the anode
reaction ismore mportant than the cathode In addi-
tion, methanol crosover fran anode o cathode al®
drastically reduces the cell perfomance  The elec-
trocatalysts in the PEMFC are required t have

a high intrinsic activity © enhance the electrochami-

ty than the refomer based hydrogen polymer electro-
lyte membrane fuel cell (PEMFC) systam

M enbrane electrode assambly (MEA) is a key
canponent in a polymer electrolyte membrane fuel
cell TheMEA mainly is comprised of a proon con-

. cal oxidation of the fuel at the anode and electro-
ducting electrolyte, a cathode and an anode In
the PEMFC, Nafion basd manbrane is widely

used asan electolyte, while Pt and Pt-based catalysts

chemical reduction of oxygen at the cathode, good
electrical conductivity © enable the electron trander,
and good tolerance  resist poioning caused by CO,

are commonly used as electrocatalysts  The cell per- )
00, and other contaninants  The electrolyte for

fomance is greatly affected by the microstructure
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PBEM FC must be high proton conductive, mpemeable
to fuels and oxidants, electrically resistive and chemi-
cal stable
lyte should have aufficient mechanical and chemical

Under long-tem operation, the electro-

integrity © awoid developing cracks or pores
During recent years significant efforts have
been made o develop improved catalysts and mem-
branes 1o optimize the electrode structure and © im-
prove the fuel cell design, which have led © a rgpid
improvanent in the perfomance of the PEM FC and
DMFC™ . Most studied and operated catalysts for
DM FC are supported or unsupported Pt and PtRu  In
addition © Ru, platinum alloying with other metal
gecies, such as Au, Co, Cu, Fe, Mo, Ni, S, W,
Os Rh, Pd, and Bi'®* ™' or carbon supported Pt-
metal alloys? o fom CO-plerant binary and temary
catalysts, has al®o showvn © enhance the activity for
methanol oxidation The use of unsupported catalyst
features a lover methanol crosover rate than carbon
supported catalyst due o the carbon aksmore meth-
anol in the catalyst layer
One of the major concems in the conmercializa-
tion of DM FC is the stability of the cell after a long-
tem operation Previous systamatic lifetime study in a
hydrogen-air PEM FC single cell demonstrated that the
goparent particle agglomeration and the fomation of
metal oxide at the anode surface reduced the active
aurface area and ultimately resulted in dlight degrada-
tion in cell perffomance **. Degradation rates of DM -
FC are preamably higher than that of hydrogen
PEM FC due to the poioning of the intemediates
fran the methanol oxidation In order t gain more
infomation for better understanding the correlation
betveen the cell perfomance and microstructure of
MEA, this investigation was focused on the DM FC li-
fetime study by using electrochemical methods and
analytical instruments, such asXRD, HRTEM, FTIR
and Raman gectrosoopy.

2 Exper mental

(1) SihgleCellL ifetme Tests

The mambrane electrode assambly (MEA) for
the DM FC lifetime testwasmade by hot-pressing pre-

treated Nafion 117 (Dupont) with cathode and an-
ode, both consisting of backing material and cata-
lysts The cathode and anode catalysts were unsup-
ported Pt and unsupported PiRu (1 1 ratio) , regec-
tively  The catalyst loading was 2 mg/an’® on each
side The backing material was made using carbon
cloth (Zoltek) and a layer of carbon black mixed with
hydrophobic polytetrafluoroethylene ( PTFE).  The
catalyst ink wasmade fran a portion of 5% N afion -
lution (DuPont) and a certain anount of catalysts
(Johnon M atthey). Using a coating gpparatus, the
catalyst ink was coated on the carbon black layer of
the carbon cloth backing material  The catalyzed
backings and a piece of Nafion 117 were sand-
wiched and hot-pressed at 120 °C.  The active area of
the cellwas@ 45 an’. TheM EA was then assmbled
int a single cell with graphite bipolar plates and gold-
plated copper end plates A double-smpentine flon
field wasmachined into each graphite plate

During the single cell operation, methanol lu-
tion (0 5mol/L, 1 an’ /min) was punped into the
anode chamber at roam tamperature and amogpheric
presure through a model BT00-100M peristal-
tic pump (Lange Campany, China), while purified
airwas fed © the cathode chamber at 300 an’ /min
The cathode presaure was 0. 1 MPa An inalating
heating belt and an A I-808P camputer-progranmed
temperature contoller (Yuguang, China) were used
i heat the cell 0 60°C. The cell was discharged via
an ohmic resistance, variations of cell woltage and
current with operating time were automatically recor-
ded through a data acquisition systen (controlled by a
PC camputer and ftvare) during the cell operation
After each test, the MEA sample was carefully taken
out fram the cell, labeled, and frozen with liquid ni-
trogen for awhile The frozen MEA sample was im-
mediately cut by a razor blade into several pieces for
further examinations

(2) Character ization of M EA

The instruments and experimental procedures

of XRD and Raman analyses used for theM EA char-
acterization were the sane as those described previ-
ously ™. A Tecnai F30 300 kv field emission high
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Fig 1 Variations of cell wltage (a) and current (b) with gperating time during aDM FC single-cell operation

reolution trangnission electron microsope ( HR-
TeM) (FEICampany) wasused for TEM studiesof
the catalysts A Fourier Trandom Infrared (FTIR)
pectrometer (Nicolet Company) was used to obtain
R gectra of the manbranes The scan range was
4000 400 an'*, and the san numbers were

32 with the relution of 4 an™ ™.

3 Reaultsand D iscussion

(1) Sigle Cell Performance

The cell wltage and current as a function of op-
erating tmemeasured during the DM FC 1 002 h life-
time testing is showvn in Fig 1
both the cell woltages and currents dropped ramark-
ably at the first 50 h operation, and then remained
relatively stable aftewards It will take sme time ©
"wam up" the cell, and this precondition leads ©
the initial decrease in the cell woltage and current
The cell wltages and currents decreased noticeably
after 700 h operation

The polarization and pover density curvesmeas
ured during the DMFC 1002 h lifetme testing are
given in Fig 2 As can be sen fran the figure, the
open circuit voltage (OCV) was goproximately 627
mV at the beginning of the operation This value is
much lover than 960 mV, the OCV value observed
fran the hydrogen-air PEM FC single cell operated
The significant decreaee in OCV

It was observed that

previously **'.
when usingmethanol as a fuel might be caused by the
crosover of methanol fran the anode to cathode and

-2
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Fig 2 A camparion of polarization and powver density curves at the

beginning (0 h) , after 200 h, 500 h, 704 h and 1 002 h
DM FC single-cell operations

this adversely influences the kinetics of cathodée™.

TheOCV dropped o 527 mV and 427 mV, regec-
tively, after 200h and 1002h operations The maxi-
mum power density wasonly 28 mW /an’ at 88 mA /
an’® when the cell operation started, while the power
density decreased o 17 mW /am® at the same current
density after 200 h operation Campared © 435 m\W /
an’ at 88 mA /an’ obtained from the hydrogen-air
PEM FC single cell operated previously ™!, even after
200 h operation under the ssme load, the operation of
DM FC single cell was rather prelminary because it
did not operated at the optimizing conditions The cell
perfomance dightly degraded during the period of
200 h o 704 h More significant degradation in cell
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Fig 3 A comparison of XRD gectra obtained fran the catalysts before and after DM FC single-cell operations (a) Pt black (b) Pt-

Ru black

perfomance occurred after 704 h operation as evi-
dent in Fig 2
(2) Structure of Catalysts

In an effort ©o find the relationship betveen the
microstructure, chanical composition of the catalysts,
membrane properties, and the cell perfomance, the
MEA s fram the single cell after 200 h and 1 002 h
lifetime tests were examined, regectively, by XRD,
SEM, HRTEM, FTIR and Ranan gpectrosopy tech-
nigues Fig 3 compares the XRD 9ectra of as re-
ceived catalystswith those of catalysts from theMEA s
after 200 h and 1 002 h lifetme tests Five character-
istic peaks correpponding to platinum (111) , (200) ,
(220), (311) and (222) were identified from both
the Pt black and PtRu black  The strongest peak of
Pt (111) gppeared shamper after the lifetine testing,
implying an increase in the particle sizes In addi-
tion, all the characteristic peaksof PtRu black shovn
in Fig 3b gppeared broader than those of Pt black
showvn in Fig 3a, in particular, Pt (111) and Pt
(200) of PtRu black becane more overlgpped, while
Pt (222) becane less defined as compared o those
of Pt black It was reported that the increase in Ru
contentwhen alloying with Pt reduced the intensities
of Pt (200) and Pt (222) , and that Pt (222) aimost
dissppeared when the Ru content increaed
62%'*!. The Bragg angles of PtRu black shifted ©

higher degrees as compared o those of Pt black, indi-
cating the catalyst consisting of face-centered cubic
PtRu alloy particles The mean particle sizes of cata-
lysts were calculated using Debye-Scherrer equation

based on Pt (111) and Pt (220) by taking the aver-
age of three setsof XRD data and are summarized in
Tah 1
ticle sizesof both cathode and anode catalysts dlightly

It is evidential from Tah 1 that the mean par-

increased with the increase of operating time This is
consistent with the previous lifetime testing reaults
The in-
crease in particle sizes requlted in the reduction of ac-

from hydrogen-air PBM FC  single-cell'*.

tive surface areasof catalysts, accordingly, adversely
affected the reaction kinetics and ultimately degradat-
ed the cell perffomance

The HRTEM images for as received catalysts, a-
long with their correponding size distributions, are
presented in Fig 4 Smilarly, themean particle sizes
of 200 h and 1 002 h tested catalysts were al® ob-
tained
and gpparent particle agglomeration for PtRu black

In general, larger particle sizes for Pt black

were observed after the lifetme testing The particle
sizes of Pt black obsrved from HRTEV analysis
agreed rea®nably well with those calculated fram the
XRD data given in Tah 1  However, the particle
sizes of PtRu black after the lifetme testing were
dlightly larger from the HRTEM analysis than fram
the XRD data due to difficult evaluation resulted from
severe particle agglameration, as evident in Tah 1
Typical Ranan Pectra of PRRu black are shown
in Fig 5 Three characteristic Ranan bands gppeared
after the lifetime testing, suggesting the presence of
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Fig 4 HRTBM images and size distributions of catalysts

metal oxide pecies, i e , ruthenium oxide, which
was al® identified fran the anode catalyst ( carbon
supported PtRu) during a hydrogen-air PEM FC sin-
gle-cell lifetme testing reported previously ™. The
intensity of Ranan bands enhanced with the increase
of operating tme No metal oxide gecieswas found
fran the cathode catalyst

The chamical bonding and structure information
of Nafion 117 meambranes before and after the life-
tme testing were al® obtained by perfoming FTIR
and XRD measurements The Infrared gpectra of as
received, 200 h and 1 002 h tested Nafion 117
membranes are campared with that of polytetrafluoro-
ethylene (PTFE) in Fig 6 For the PTFE wo strong
R bands occurred near 1151 an” and 1209 an®
correpponded 0 the main chain of gmmetric stretch
and anti-smmetric stretch of (CF, ), regpective-
Iy***!. More adomption bandswere observed from Na-
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a b) as received Pt black, ¢ d) as received PiRu black

fion 117 and their origins are smmarized in Table
2 The R band gppeared near 1057 an” s related
o gmmetric stretch of (S0, ). Therefore, the
change in the ratio of band intensities for 1057 an™*
(%;) and 1151 an’ ' (CR ), host /st

indicates the extent of chamical degradation for
(80;) inNafion . The value of s, / hys; Was cal-
culated © be Q 35 for asreceived Nafion 117,
while the ratio decreased o O 31 and O 25, or 11

4% and 28 6% reduction, regectively, after 200h
and 1 002 h lifetime tests, suggesting possible chem-
ical aging of (S80;) inNafion .

Fig 7 compares the XRD 9ectra of as received
and lifetime tested Nafion 117 membranes The dif-
fraction peak appeared around 12 20 degrees indi-
cates the hexagonal structure of Nafion , which in
fact overlaps with the anomphous and crystalline re-
gions”>™. The second diffraction peak sppeared near

. All rights reserved.  http://www.cnki.net
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Tabh 1 Mean particle sizes from XRD and HRTEV
Pt black /mim PtRu black /mm
Sample XRD HRTEM XRD HRTEM
(111) (220) (111) (220)

A s received 8 2 6 8 34 27 29
200 h 95 8 2 33 29 50
1002 h 10 2 8 6 39 32 5 4

meaduranents are sammarized in Tah 3 It can be

Fig 5 Raman pectraof PRRu black

Transmittance
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Fig 6
branes

40 degrees is asociated with the polyfluorocarbon
chains in the Nafion  structuré”’.  The peak near
12 20 degrees can be deconwluted into two peaks
correponding o the anomphous (16 degrees, Peak
1) and crystalline (17 5 degrees, Peak 2) struc-
tures”’ | as illustrated in Fig 8 The ratio under the
area of Peak 2 over the btal areasof Peak 1 and Peak
2 reflects the change in crystallinity of the membrane

The calculated results after averaging six sets of

FTIR ectra of PTFE and various Nafion 117 mem-

sen from Tah 3 that the degree of crysallinity (i

e , the value of the ratio) dightly increased fram
Q 42 of as received 10 0. 63 and O 64, regectively,
for 200 h and 1 002 h tested Nafion 117 when tak-
ing the average values of six ts of experimental da-
ta The change in crystallinity of the membrane could
imply that the physical propertiesof Nafion 117 had
been changed after lifetme testing, e g , the hydro-
philic ionic mne (aulfonic ne) in net structure of
Nafion, which is considered t be crystalline and pro-
ton conductive, might have became shrunk

800

Nafion 117

Relative Intensity
I @
2 S

:

00 10 20 30 40 SO 60 70 80
20/°

Fig 7 A comparion of XRD gectra for Nafion 117 mem-
brane before and after DM FC single-cell operations

Tah 2 Identification of Infrared abiption bands
of Nafion 117
Origin R band position A ssigmnent ™
—Cc—C 1319 an* (C—C) sm stretch
—CR,—CR,— 1209 an’* (CF,) antis/m. stretch
(90;) antigm.  stretch
—CR,—CF, 1151 on’! (CR,) sm. stretch
—0;— 1057 an™! (80;) ym.  stretch
—C—O0—C 982an’* (C—O—C) antigm stretch
c—0—C 971 an’* (C—0O—C) ym. stretch
cC—S 804 an’ (C—S) sm._ stretch
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Fig 8 Peak deconwolution analyses for anomphous and crys-
talline structure of Nafion 117 membrane

Tah 3 The peak deconwolution analysis results fran XRD

M embrane
Crystallinity A's received 200h 1002 h
X (average) Q 42 Q 63 Q 64

4 Summary and Conclusion
Prelminary DM FC lifetme tests were carried

out, and the catalysts and manbrane from

original and tested MEA s were characterized by

XRD, HRTEM, FTIR and Raman gectroscopic tech-
nigues
cell perfomance occurred after 200 h operation and
becaneworse after 1 002 h operation Themean parti-

It was found that significant degradation in

cle sizes of both anode and cathode catalysts became
larger, while the particlesof PRu black agglonerated
after the prolonged operations Furthemore, the met-
al oxide gecieswas identified fran the PiRu black
aurface The chanical aging of manbrane and in-
creaze in the degree of manbrane crystallinity were
al observed after the lifetime test
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