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StudyY of Nano_Canposite Proton (Conductng
M eanphranes for an Intemn edjate.Tan pPerature

H S Solid Oxide Fue] Cell
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University of Aberta Ednont Alberta Canada 16 G 2 Ge)

Abstrac:t Nanao canposite proon conducting menhranes of an jntem ediate t(rnpcmturcHZ S solid oxide fue] ce]]were prepard using
a solge| technfque Themeamhmanes have heen characterized and ohserved using scanning election microscope( Sﬂ\/{) and energy dis
persive X_ ray( EDX)' E lectro]yte perfom ance prepared py a conventional route and a new technfue of gl soJutjon pPreparation was
canpare] Relaton of onjc conductivity perfomance ofmicro and nano. canposite e fectrolytes ofLi S()4+ Ai()3 with tam perature vari
atonwas explore] Themicmstructur? canpactiviﬁ” mechanicalstrengtb and conductvity ofm empranes were mproved canparing
with hose of he same puk canposijton prepared fran m xtures of |ith um sulfate as we]| as ajumna powder ‘The renarkable enhance
ment i onjc conductivity was ohtained {Oor nana can posite in 3)4 + AJ ()3_ The less 8as crossover and hetter stability of an ntemed i
ate ternperatureH2 S w0]id oxide fue] ce]]l with nana canpos ite Li S)4+A]2()3 proon. conducting m enhranes were observqj, and te
maxinun power density of up © 35 M- an ? andmaxinun current density of ahout4g) mA- amn 2 were achieved at750C ad
101 13kPa
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}g S is a severe pollutant that s a hy-product of
many pndustria] oPeratpns such as Processing of natura]
gas coking and desulfurgaton of crude oi] or coal Two #Ppes ofmenhranes with a desgned canposi
Tramentof H S is consjdered as a worldwide Proh.- tion were prepared using the {oljowing procedures First
lem Many processes have heen developed 10 remove is a conventiona] oute ( desgnated m o O(mpmite)
and recoverH, § inclding adsom ton and ahsomtion for preparing ceran ic matrials The appopriate a
conversion 10 elanental Sulfuyr and oxidation 1O sulfir  mounts OfLZi 0, and A;Q ( better we Bht ratp of
oxides Fuel ce]l technolagy offers ameans of efcwa 1 jq) and AJ() 60 :40) Wwere weighed and mixed
Cham ica] converspn of hydregen suffide for Producing  wel|wit, a sna]] anount of waek  Them ixture was
electricity and elenent sulfurl'™# — The sold oxie in the form of a paste hecause the z.mountofwaterwas
proon. conducthgmemprane fue] ce]] is one of hemost  nqufficient 1 affec‘z o] dissolutin The Paste was
pran isng candidate fie] cells In the Present work dried in air and then gound © powder unt] he parti
same new campositemenpranes using a [j ) -A]0, cle sge was smaller thanpg pm  An alfluot of he
nano. camposite pPrepared applymng a custmjzed solgel powderwas we Ehted( 08 ~1 %, joaded into amould
technflue wi]l be devepped and fue] ce]l Perfom. (i 4 Jjameter ofy 54 an Pressed and sintered in ajir

1 ExbPerinenta]

ances heween differentm anphranes Prepared using con in an oven
ventiona] procedure and solge] technidue are oam The anode and cathodematerg]s used were aMo-
pared NiS based canposite anode a N{)-based canposite

cathode Detaijls of he Preparation of anode and cath
ode aswe]] as a fue] ce]] test statjon are n ref [5].
Datawere recorded w ith a(Gam1y e lec rochem jcameas
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uran ent system ( PQ_750) . EISmeasuran ents were
perfomed to detem jne ce]] resjstance PotentjodYnam-
icmeasurements were conducted 0 detemine the cel]
curren t votage performance i thejr camp ensatonmade

usng heGany systam at a scannng rate of] my-
143

2 Results and D iscussion

E ffectofpartck sie

Two sjzes of alJun pa particles were used n he
Lji ) -AlQ) canpositions miicron ((, 35 ~(, 49+ ™)
a—A;Q fraim A lf Aesar and nano_sized( apout 9
rrn) alunina Prepared usng our solge] procedurg
Fig1 ando show te M Phones ofmicro and nano
sized menpranes A great nunper of VOid’S m Ccro de

2.1

fec‘gs and cracks were sen n sanples prepared using
m o camposite L] ), -AJ() fram Fig
the nunher ofm jcra defcts in the mterfica] zone and
buk lithiun sulfate matrix was sgnificantly reduced

the density and canpactibility were increased in sam
Ples prepared using nano.canposite [j ) -Al() fran
Fig2

In contrast
2

SEM image of micra can Posjte m enprane
of L} SO,-A 10, at sintered
tempPerature ofgsyC

F81

Fi€2 SM inage of nana canposite memh rane
OfLi S(,)4 _A L (,)3 at sintered
tanperature Of85 0°C

2.2 Conductvity

E kectrica] conductivity of m o and nano can pos
ite sampPles at different emperatures § shown n Fig
3, Itwas pund that the conductivilty icreased with
temperature when the tmperature is helowgs53K The
conductivity kept aimost fe same while the tanperature
exceededgs3 K The sample Prepared fram nana cam.
posie [i ) -A]JO, had electrica] conductivity ahout
0.22 & cm’1’ one order of magnitude higher than that
reported prm 1o maerials abovegs3K due 1© the en
hanced hamogene ity and PhYsica] interfacg] interactpn
beween the nano. canposie C(mponent’s 1,213) and
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F8 3 Tempenrture dePendence of conductivity
form empranes prepared hy micra
am posite and nana. can Posijte m aterals
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Fuelce]perpm ance

Figureq exhibits the relatonship of current density
and power density {or a ce]]w ith mcro and nanomem.
branes atggo and?y 50°C’ respectively The maxinum
powver and current densities of fue] ce]] formicro can
posie memhrane wereq nW- an > andogp mA an ’

atego ‘C, and werey( mw- an > andgqpp mA an ’

atys50 °C’ respectively While tie maxinun power
and curmrrent densijties of fue] ce]] {for nano canposite
maenprane were g5 nW- an? and 395 mA- a1’ at
680°C, and werej35 mwe an? andgqgp mA an? at
750°C7 respectivey The fue] ce]] of nano canposite
meanhrane s superior 10 that of m {cro canposite mam-

brane shce the fomer has higher electrcal conductivi

t}’ more canpactivity and less gas crosover In addi

tiog ita]so can he seen fran Fig€ 4 that the increase of
tamperature can sgnificantly inprove the cel] perform

ance
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FB 4 Power density vs curentdensity for nano andmijcro
Li S)4+ A]z()3 menhprane cells at varjous mpemrtures

750 °C: ] nanomembran? X m {cro memh rane

680 ‘C, /\ nanomemh rang m iCTO meamh rane

3 (Conclusons

A nanacamposite [.j ) -A](O, electolte has
been Prepared by aPPlyng a solge] tchniue Mem
branes prepared using€ nana canposite L1 S) ,Ai Q
demonstrated hi€h density and campactivity as we]] as
conductivity ahouty 929 S an! manl due 0 the pr
mation of an mproved hanogeneous microstrucure and
nterfacia] contact heween Li ), _All Q resulted fram
nano particle sjze ajum na The appropriate rato of

Li ), and AJO, is aboutgy 40 bY weBht and he
heatng treament tanperature of memhranes s around
850°C. The fue] ce]] perfomance of nano. camposite
in S)A;—AJQ electoyte 18 superior 10 that opserved m
m jcrQ camposite Lzl ) ,A;Qi system
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