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ABSTRACT

This anticle briefly introduces the research activities and progress on Selid Oxide Fuel Cells (SOFC)
al USTC, Lub. directed by one of the preseni author, prof. Meng. in recent ten years. The content
inctudes the following topics:

{1) Searching new electrolyte malerials for SOFCs

(2) Development of preparation lechaigues for thin electrolyte membranes on porous anode supporl

(3) Medification of both cathode and anode by nano-techniques

(4) Tubular CMFCs @ low cost fabricalion and ceramic interconnect materials

{3) Ammonia fueled CMFCs with proton and oxide ion electrolytes

INTROIDUCTION

Solid Oxide Fuel Cells (SOFCs) have attracted worldwide interest for their high energy conversion
efficiency. structure integrity, casy operation, and less compuct to environment as well as the high
tolerance to fuels.

The rescarch un SOFCs was started relatively late in China. and in late 1980°s. there were only a
fow research groups dealing with materials related to SOFCs. The major event for R & D of SOVCs in
China was (he 97" Xjangshan Scientific Conference, topic of which was "New Solid Fue! Cells’. held in
June 4™ — 17 1998, Xiangshan Hotel, Beijing. The conference established developing the
intermediale temperature SOTCs (1T-SOFCs) as the main target in R & D of SOFCs, and the routes of
searching high performance key materials. developing techniques 1o prepare thin clectrolyte membranes
on porous clectrode supports as well as preparing active electrodes wilh nano-microstructures were
proposed in order to realize 1T- SOFCs [1). Since then, laboratory for solid state chemisiry and
inorganic membrancs at LSTC as one of the major units dealing with $OFCs has joined in the main
research projects on SOFCs granted by NSFC and MSTC in lhe 10™ five year program in China. In
recently years, our work emphasis has been put on the R and D of tubular ceramic membrane fuel cells
(CMICsy from viewpoinl of practical applivations and following a research route based
on “counter-main stream consideration”. This article would introduce briefly the results in these research
activitics in the following sections.

1. Searching and investigation of new electrolytes rather than yttrivm stabilized zirconia {YSZ)
In order to pursue IT-SOFCs. early research work was first focused on searching new electrolyte
niaterials to substitute YSZ for its rather low conductivity particularly at temperature below 800°C. lna
work trying to utilize high proton conductive Li-80y4 in the dual phase of LGSO SALDS i+ Ag as a
hyidrogen permeation reactor, we noticed the H;S formation in Hs which was further confirmed in a
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Hzi5 cell with Lia804 ALOL  as elecirolyte] 2] due (o the following reaction occurred.
LizS0y  4H: — H38% 2LIOH 1 2ZH:0

This work reminded researchers the imipertance to consider the thermodynamic stability of the
clectrolyte materials that had not been paid sufficient attention. Knowing chloride exhibiting high
chemical stability Dr. $.W. Tao who was a Ph.D. student of mine then made an attempt to use doped
MNaCl {adding 70% AL O; 10 enhance the strength) as electrolyte to assembly H; and O; concentration
cells and found the remarkable O/ H™ conduction in 630-750°C with oxidc ion transference number of
0.98 at 700°C [3]. Further investipation found that a composite of LiCl iSrCly with doped cenia
cxhibited even higher conductivity at the temperature above the eutectic point “485°C_lor 53mol _.LiC1

47mol.. SrCl. As can be seen from the V-1 and P-1 curves of g cell consisted of Ni-GDC anode,
LiCl-81CL-GD]C (Gd doped CeOy) electrolyte (0.40mm thick) and LiNiO- cathode. shown in Fig.1. the
open circuit voltages of the cell (OCV) are close to 1.2V indicating the pure ionic conductivity of the
electrolyte material and the peak power densities of the cell are in the range o 120 — 270 mWiem® in
4a(t 13530°C [4]. And ancther cell showed the even belter performance with a peak power density of 504
mWrem® al 625°C [5]. The dats were remarkably higher than the best record at that time, 140 mW/em®
at 5007C by Doshi et. al.. with the cell based on GBC clectrolyte about 30 um in thickness [7].
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Fig. 1 ¥-I and P-I curves of a cell consisted of Ni-GDC anode, GDC-LIC1-SrCl electrolyte {3 40mm

thick), and LiNIO; cathode [4.5]

The efectrolyte conductivity versus temperalure were roughly obtained from the slope of the cell V-]
curves and shown in Fig. 2|8]. Tt can be seen that the conductivity of the composite electrolyle is aboul
2~10 times higher than that of pure GDC or LSGM (LansSr0 »GapsMen 2055 and 1-2 orders of
magnitude higher than that of YSZ in (he temperature range of 400-600°C. And the most imeresling
characteristics was thal the conductivity was not only high but also the aclivation energy of the
conduction was quite low and less sensilive to the temperature, compared with all the well known oxide
ion electrolytes. This was most attractive for the development of IT-SOFCs. To interprel the high
conductivity with no record belore, a mode! for the electric eonduction mechanisms was proposed |B].
The model supposed that there were four possibie paths for the electric charge carriers to go through:
{1) continuous motien chloride salt, (2) continuous ceria particles. {3} continuous ceria- mollen sali and
{4) disconnected ceria particle- mollern salt ambient. Possibly, the Path (2) is the most conductive path
hecanse the molten salt exhibits much higher ionic mobility and the path of GDC-Chlorides interface is

4 . Advances in Solid Oxide Fuel Cells IV
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also the easy way to go for ions. In the case of continuous solid GDC particles, the cell OCV may lower
than 0.9V due to the partial electronic conduction of GDC. But the cell could have higher power density
because ot more eflicient paralle] jonic paths that was proved to be true {6.8,9].
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Fig.2 The conductivily of the composite ¢lecirolyte

The conduclive sult-oxide composites demonstrated surely an atractive new route o search muore
efficient electrolyte systems with vnique characteristics for reduced temperature fuel cells, Alter further
investigation. however. we discovered that the cells with these composiie electrolytes could not keep
long duration due to the volatility of the salt component. particularly in the gas flow systems. The study
on such material systems was stopped for many years, but we do think this kind of electrolyte systems
may find their proper usages in future.

As to the well known alternative oxide conduciors. including doped LaGa()y and doped CeOy
{GNC or SDCL our jnvestigation was mainly put on developing so called “soft chemical synathesis®
vouies to prepare high reactivity powders and optimizing the properties by composition
refinernent] 10-19]. For the TagySrp1Gaa sMg 204 LSGM) the powder prepared by cilrate method
reached a 97% relative density at 1450°C |10} while the densification temperature was usually around
1600°C for the powders hy conventional solid phase reaction. With Lap«SrosGaggNip205.: as a
compatible anode, the cell with LSGM electrolyte of 0.5mm provide a power density of 270 mWrem?® at
750°C predicting the even much higher performance for the cells with thinner electrolyte [11]. Gwing
to the less Ga source and lack of compatible electrede materials we turned the research eliorls onto
GDC and SDC for 11-SCGFCs [12-19]. Our investigation showed that Sm doped CeO3, Ceg3Sma 055 or
CengeSimip 1400, exhibited better properties than GIC which got more reports in the literature, As
shown in Fig. 3. the UV value of the cell with SDC can be above than 0.9 V when operates at a
temperature Jower than 700°C [13]. The SDC powder prepared by a polyvinyl alcohol-indoced low
temperature svnthesis had a particle size of 20-30 nm and could be densified into 98 relative density
at 1300°C and got a conductivity of 0.0335/em at70"C that was a quite good value.[14]. And based on
the nano-particle powders prepared by such a polymer assisted process. a method so called triple layer
co-pressing and co firing was developed in our laboratory to make dise fuel cells with very thin
clectrolyte membrane which has been the powerlul route (0 investigate materials and cell petformance
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|191. Fig. 4 is the result from such a cel! with thin membrane electrolyte [20], We may sec that the SDC
membrane is only about 12 pum and the power density reaches 1872 mWiem?® at 650°C and 748 mW
cmr*at 330°C, which are surely in the highest range in literanure. The co-pressing and firing process.
howevet, is only suitable for laboratory but not for sealing up and for the iater it will be described in the
nest section,

12 T T T T T T T T
100
096 4 -
96 -1
— 084 - E
< p
= o924 g
> j
Q nao 4
(8} 1
DagH o
nas- —® Ce,.5m .0 . JSSC, 1180°C 22h ]
. ~0—Ca, Sm, O (BEC, 1250°C 2h
—w—Ce,Sm, O (SSC. 1160°C /2h
T8z T T T T T T T T
450 B B8 8aa &50 oo a0 BOG
t{’C)

Fig. 3 OCVs of the cells with SDC ¢lectrolyte: the effect of interface microstructure on OCVs
(electrode sintering condition) [13]
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Fig. 4 The micrastructure(A) and perfurmance{B) of a cell made by _co-pressing and co-firing Ni—SDC anode and

Current demsity (mAlcm’)

BSCY cathode with SDC electrolyie the powders made by polvmer assisted combustion method | 20§

1. Fabrication techniques for thin PEN membranes on prrous anede suppuerts

It is of essential significance to develop proper techniques to fabricate thin electrolyte membrane on
porvis anude support for reducig operation temperature and enhancing performance of SOFCs with
ether YSZ electrolyte and ather high conductive electrolyies. And it has been commoniy recopnized that
the advanced ceramic processing and co-firing of multi-lavers would be the ripht route as fow cost
tabrication techniques for SOFCs, A number of techniques. usually the polymer assisted ceramic
processing was developed o make dense thin Tayer of electrolyte on porous anode of Y8Z + Ni0 or
DG + N0 and then deposit a porous cathode. As the results from the cells summarized in Table 1, the
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techniques were all successful to make a thin and dense electrolyic as thin as 10 to 50 um tn our
attempts [21-26].The tape casting technigue was readily employed to make both support and the top
clectrolyte faver, by which the bi-lavers Fabricated were good al co-firing, but the cell performance was
not so satisfted [21]. The silk sereen printing was the {irst process for us 10 successlully prepare thin
Cenn Y200, selectrolyte of 15pm and got a pretty high cell power density of 360 mWiem?® at 650°C [22].
Mulli-Spin-coaling lechnique could provide very thin electrolyvie and pot a fairly high ceil performance
even wilh Y52 electrolyte [23]. but is not suitable to calling up and also not cost effective. The modified
dip-coating and powder spray process arc of cost cffective and suitable to scaling up for both planner
and tubular SOFCs [24-26].

Table 1 Varicus 1echniques lor thin electrolyle membranes and the cell perlormance, developed al
USTC Lab, of $8C & IM.

‘ Technigue for | Flectrofvie Sinlerimg Thickness | Power density | Refer-
thin material temperature (L) {mWiem® ence
! rnenibranes (")
| Tape casting | SDC/NIO 1400 30 260 (700°C) [2t]
L -SDC o
: Screen Ceps Y209 1330 15 360 (H30°C) [22]
Lprinting | |l
| Spin-coating | YSZ/Ni-SD 1360 12 335(750°C) | (23]
. C
M Dip-coating | YS72 | 1400 30 190 {800°C) | j24]
Electrostatic Y82 14410 15 IS (800 [25]
Spray
Suspension YSZ 1400 10 837 (BOOC) 126)
spray

Suspension spray lechnigue is nol only the right rechnique to fabricate clectrolyte membranes on
porous ancde or cathode support as thin as around 10pm. but also the right process to make active or
transition layers to modify the electrode interfaces[24-26]. Fig. 5 shows the result of a fucl cell made by
suspension spray technique on porous disk anode [26]. The YSZ electrolyte membrane was around
10um and the maximum powder density was only 400 mWient® at 800°C probably due to the cracks and
pores on the YSZ - anode interface as scen in Fig.5(a). After making 4 modification layer on the rough
surface of the anode by the same process (sce Fig. 5-b), the power density ol the cell increased to 837
mWiem? ar 800°C, bur still 214 mW/em? at 650°C {Fig.5-¢)

Advances in Solid Oxide Fuel Cells IV - 7
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Fawer cansi~ (mhvems)

Fig.5 1he microstructures and performance of the cells made by suspension spray process[26]

As seen from Fig.5 thy, the interface of YSZ and cathode is still poor, and thus therz is obyious
electrode polarization on the V-1 curves of the cell (Fig.5-c). A recent result shows that afler adding a
SDC active layer by the suspension spray process on Y SZ surliace before coating cathode. cell power
density reaches 443 mWiem?® at 650°C and [87 mWiem® at 600°C, as seen from the Fig 6 [27]. This
means that Y57 conld also be used us electrolyle material for JT-80FCs as Jong as Ow proper
tabrication technigue developed.
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Fig 6 (a) Section view of the cell with anode transition layer and active cathode SDC layer, und (b V-1,
B-T curves of the cetl in Fig.6-a

3. Modification of both cathode and anode by nano-technigues

It Las been recognized that the composition and microstruciare of the electrodes ure the major
faciors to affect both performance and life duration of 2 cell. In recent years. our research work on
clectrodes has included following topics:

®  New material systems|2R-30]

& Interface modilication of anode or cathode by chemical routes[25-27,31-33]

*  New desipns of electrode structure and preparation for the long term siability| 34-36]

As mentioned above that moditication of the interfuces by spraying nanc-particles made by wet
chemical routes could provide a significant enhancement to (he cell performance because of the increase
of triple phase boundares and the improvement of interface coherency {25-27.31-33]. Both anede and
cathode stil] kave their own problems, such as tie carbon deposit on Ni based anode when hydrocarbon
fliels are used and the contradiction of catalvsis activity of cathode materials and their thermal
cxpansion consistence with electrofvte. Our lab. firstly investigated the performance of SOFCs with
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natural gas and biomass gas and got a peak power densily of over 300mW/cm?at 600°C for the cell of
Ni SDCADCASSC with biomass fuel|34]. In order to create a high performance anode with against
carbon-deposit. proper catalytic activity, structure stability as well as higher ionic conductivity a new
anodde structure with branch-like-microstructure was designed recently [35]. The anode consisted of
porous Ni-SDC and micron size SDC {o form a contincous branch like structure ceated with
nano-particle SDC. L gives a number of advantages:

1 Against coking on anode becausce of the nano-SDC coatings on Ni-SDC surface

2 High electrochemical activity comes from nano-size SDC particles which exhibit high oxidation
reactivity.

3 High conduclivily from Ni based Ni-8DC anode

: Ni-SDC based anode is compatible to SDC electrolyle thermo- mechanically, thus thermodynamic
stable

5 Easy to fabricate. the simpie dip-coating process can be emploved to cout nano-8DC on Ni - SDC
anode

As presented in Fig, 7, the eells with new structure anode coated with varicus amount of nano-SDC
particles display a great improvement in their cefl performance against carbon-deposit with methane as
fuel. The cell with 25 mg/em” SDC coating was operated in CH; at 600°C for 50 hrs withoul obvious
decrease in power outpul or structure change. While the power density of the cell without SO coating
on anode decreased by 60% afler only 10hrs operation [34].
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Fig.? The tonger term performance of SOFC cells with various SBC coating on Ni-8DC anede for CI1,
as fuel, operated at 0.5V and 600°C

Similar to the anode structure described above, the cathode side can be improved by the samc idea.
With nano-1.5C (La,Sr{e(h) coating on perews and branch like cathode the cel! ittustrated very high
performance stahility in longer term and multi-thermal cycles as shown in Fig. 8[35]. As can be seen
that the area specific resistance{ ASR) {measured by ac impedance speciroscopy technique in sitw)of a
cell with a conventional SDC-1.8C cathode made by silk screen printing increased obviously. from the
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original value of 2.40cm’ to 3.5Qcm’ duning the thermal cycles between 500-800°C for 20 times in 20
days and further increased o 12.5 Qem’ during thermal cycles of 10 times from room temperature 1o
800°C in 10 days, and then remained changeless at 600°C for mare than 60 days. While the ASR of the
cell with new cathode coated by mano-size LSC has a very low value (0.30 .Qcmz) and kept stable during
the testing for mare than 100 days. The resulls demonstrate solidly that the novel design of the
electrodes has remarkably improved the performance of SOFCs that is cerlainly promising for the
commercialization of this new energy source.
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Fig.B A comparison in ASR of the new designed cathode with conventional SDC-LSC compesite
cathode during thermal cyeling in longer term

4. Tubular CMFCs: design, fabrication [37-41] and interconnect ceramics [42-50]

The first attempl according to “counter-main stream consideration route’ was tumed on the
development of tubular SCICs. A new tubular design of anode supported with multi-gas tunnels shown
in Fig, 9 was proposed and patented {36). This conliguration cxhibits 3 major characteristics:

{1 The fuel (e.g. CHy + 3% Hy) inlets through the central tunnel and flies oul through the other
tunnels, thus it can easily perform internal reforming.

{2) The cathode surface is designed in wave or tentacle form so that the effective clectrode area will be
increased by 40-30% compared with flat surface.

{3) It can be easily fabricated by cost effective ceramic processing techniques which are developed in

the lzb. . including extrusion. gel-casting[371. silk screen printing[22], dip-coating[241 and
suspension spray|25.261 ete.
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The wbular anode (Ni-YS7) supports has been fabricated by extrusion, gel-casting [37] and the
techniques described above bave been emploved to make single PEN eclfs on the tubular anode support
124-26]. tig. 10 shows the morphology of a smalt round tubular single cell and its performance [40].
The celt power densily was improved very much, when the interface modification was made on anode
and cathode F3RE As we can see thal the peak power density(Fig. 10-A) of the cell with YSZ electrolyte
membrane in 20um is wver 400 mWien? al 850°C and graduatly decreased to 270 m Wwiem' at 700°C.
indicating the smaller ASR contribution (o the okl celt resistance[41}. The SEM picture of the cell
section {Fig.10-B) shows very intimately clectrode imterfaces that display the better cell performance.
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Fig 10 the cell performance and microstructure of a tebular cell made by cost effective process f4(l, 41|
(AIV-L P curves of o tubular Cell Tucled with Ha
(B Picture of the cell made by dip-coating, and
{3y Section view of the cell. showing the very well coherent electrode interfaces,
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For planner SOFCs, the metal based materials could be chosen to make interconacet. But for the stacks
of wbalar cells, the interconmect layer must be ceramic and directly prepared on the tubes. Doped
chromates. tvpically Lag~Cap:Cry (LCOY and Lan78i03CrO: (LSC), exhibit exccllent properties.
particular high stability in bath oxidant and reducing ambicnt. But two major shorlcomings: lower
electric conductivity and too high temperature for densification. hinter its applications. especially for
cost effective fabrication of 11-SOFCs. 1o realize the tubular cell stacks we have done much effort to
seareh new niatcrial systems and oblained progress [42-30F

1} Full or partial substitution of La in Lay +Can ;CrO;ZLCCT. the best interconnect ceramics, by other
rare earth element {Gd, Pr _Nd . Th) much increased the conducuivity of the materials. Forinstance,  the
conductivity of Gda ;{30 2Cr0y GUC at 700°C in air was 24 Slem 30% higher than LCC 18,5 S'em
and [30% hipher than ESCT 10.4 Sfem . The more lmportant is that its conductivities in Haare 8.4 Sicm
at 90°C and 6 Siom at 306°C. which are much higher than that reported in literature, e.g. 1.5/em ar
Q00°C for Lay s<5t 25Crp sMny sQ; reported by Tao et al[51].

2y It was found that doping DCO{GDC. SDC. YDC) into LCC created a new structure or form a
composite, which displayed extremely high condnetivity[43-47], As listed in Table 2, the conductivity
vatues for samples of LCC doped with 2-10 % SDC were 5-38 time higher than LCCZand the oxygen
permeation and thermal expansion coeflicient remain changeless compared with LCC. Another
interesting point was that the samples showed a relative density of 97-98%_ indicating that the sintering
ability of the matenals was alse much improved. This was probably related to the nano-size particle
prepared by the sott chemistry method (427,

3) Morc recently, the sintering temperaiure for densification has been further lowered by putting
sintering adds[48.49] and controlling B site deficiency[50]. The results showed that 7n doped LCC
gintered at 1230 1400 C for Shrs could obtain 96 @ 98 relative density  and its conduclivity reached
4578 cm” at 800°C and 34.5 § emL at 300°C in i, and 2.00-6.1 5 em’'in H>. respectively.

These results illustrated that the new material systems have resolved the two major problems ot the
vonventional LCC or LSC. and can well meet the requirements for tubular SOFC stacks. Particulariy,
the ceramic inferconnect can be fabricated by utilizing low cost ceramic processing and co-firing at
1350 1400°C .

Table 2. Properties of T.CC with adding SDC as new inicrconnect ceramics [45]

—
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5. Ammonia fucked CMFCs with proton or oxide ion electrolytes

Industrial Liguid ammonia dircctly fucled CMFCs has been one ol the research activities recent
vears at LUSTC Lab. [52-37]. initiated by “counter main-stream constderation in R & D of SQIFCs™,
noticing that great efforts have been made to search ways to prepare pure Hx for PEMFEC and to resolve
the anode coking problem for SOFCs. Nowadays exploring proper fucls seems to be erucial for the
commercialization of SOFCs since there are significant difficulties for purc hydrogen and hydrocarbons,
the now-extensively used fuels for SOFCs. Pure hydrogen is both expensive and hard to store or
transport; hvdrocarbons will cause a severe coking for traditional Ni anode of 8OFCs, and little progress
has been made 1o Iind replacements for Ni. Ammonia is a good hydrogen carrier and a less concerned
feedstock for SOFCs, and will be a nice substitute for hydrogen and hydrocarbons in {fuel cells for the
following reasons:

® High energy density. Il containg 75 mol % H and the volumetric energy density of liguid

f -3
ammania is aboue 9 x 10 klm | higher than that of liquid hydregen.

# Relative safe. Ammonia is less flammable compared with other fuels and the leakage of
ammonta can be easily detected by the human nose under 1 ppm.

e Cireat suitability to CMFCs-( or CMECs-H [53]. There are no concerns about anode coking and
un-stability af BaCeQ; based proton elecirolytes due to the {0; existence, because of no carbon
species in anode apartrmeni and in case of CMEC-H cases the H;O) formed at cathode-electrolyvte
intertace would hinder the diffusion of CO; possibly existed in air as oxidant to electrolyte.

# The right candidate of liquid fuel for distributed and portable SOFC/UMECs devices, at least at
the present stage when the coking problem of hydrocarhon fuels is not yet resotved.

& Low price and good competition for CMFC marketing. The price ol ammonia is as competitive
as hydrocarbons, 30-40 % of 1.PG and petroleum.

Attempt to use N11; as fuel for YSZ based SOFC was (irst made by Wojeika et al. [S8] | but was paid
little attention. probably because of the lower cell performancefubout 50 mWw em™ ar 800°C due to the
thick YS7 electrolyte supported cell with Pt as clectrode) and the worry that the toxic NOx may bhe
produced:

3 -
2NIH 1 50 =2NO 1 310 - t0e

Our first work was based on a full ceramic cell of anodc supported thin  proton
electrolyte{ BaCey sGdq 054, 50pm thick) and achieved a masimum power density of 355 mW cm “at
FO0PC. which was in the range accepted for applications. For comparison. cells were also {ested at 700°C with
hydrogen as fuel. where the power density was about 37ImW/cm?® [32], The subsequent rescarch works were
trying Lo answer the interested problems, such as N, usage efficiency. the possible NOx formation in
case of oxide ion electrolyte cell {CMFC-0) as well as the performance with different electiolyies in
various thickness [53-57]. The results have been fairly positive and attractive, which are summarized
bellonw:
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{11 As theoretically cxpected, the Ni based anode was the effective catalysis for NH; thermal
decompuosition, and conversion of NH; inte H; and No was experimentadly determined to be completed
(= 99%) above 300°C, depending on the gas Now rate, The smaller the gas Now rate. the more campletely Lhe
ammionia decomposes. |53 ]

£2) It is proved by from the experimental OCV data of the cells that it is the H; instead of NH; itself’
responsible for anode process in both CMEFC-H and CMFC-O [52-57].

{3) For CMFC-0 {ueled by NH;, there was no NOx detected and it was consistent o the theorctical
prediction that on anode it is ©7 jons from cathode. which exhibit much fess oxidative reactivity than
oxygen mulecules or aloms [54].

{4y For CMFCs with a thicker electrolvie membrane thus have lower cell power density(maximum
200-800 mWiem?), direct Nquid NH; {ueled cells may provide power density guite close to the Hs
fueled ceil[52-36], (hat means higher than (he expected 75% power density of Ha cells. While for the
cells with very thin electrolyte the cell performance could very close to the theoretical ratio. 0.75:1.0
for a cefl with NH; and H; as fuel, respectively [57].
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Fig. 11 ta) Cell performance with NH; fucl at various temperatures. and {b) Impedance spectra of the
ccil with H; and NH, under open-circuit conditions.

Showr in Fip. 11 is the resubt of a cell with STXC electrolyte { 10um thick). We may see that the maximum
power density Is 1190 mW/ecm’ a0 650°C. which is only 63.8% of the value for TT; fueled celi ¢see Tig.4)
and an obvious concentralion polarization hehavior is observed. Al lower operation temperatures
{600 550°Ch the VT curves of the cell are rather strange in that they [all down raptdly at quite smali
current densitics resulting in the peak power densities much fower than the expected. This phenomenon
may be attriboted 1o the incomplete decomposition of NH; gas in the anode compartment as well as the
mass transfer behavior much diflerent from the H; cell, because that the cell resistances measured in sits
by impedance spectroscapm did not have ruch difference, as presented in Fig. 11(B) [37].
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Compared with CMFC-0. CMFUs with doped BaCet)y proton electrolytes showed some unique
charagteristics:

*® The cell OCV values are arcund 1.0V in temperature range ol 306- 7300 | which are guite close
to theoretical EMYF value, indicating less electronic conduction of these proton conductors than
SNC or GDC,

e There is almiost no activation polarization on V-1 curves, implving the quick charge transfer on
the clectrode interfaces

e The conducivity aclivation energies ubtained from the sfopes ol VoI curves were similar to SDC
cclis and even lower in lower temperature range

These properties should be certainly related to the structure and the cerrier transfer pature in the
CMFC-H systems that are worth 1o study further [56].

6. Conclusion Remarks
The article has recailed the research activities and the progresses on SOFC/CMFCs at USTC and the
following remarks are made:

(1) Solid efectrolyte materials as the core material of SOFCs have been extenstvely studied. including
salt-oxide composites. doped ceria and doped BaCe(h proton conductors. Among them proton
conductive materials including chiloride -ceria composite and doped barium cerates have some
excelient characteristics worth to investigaie further, For commercialivation of SOFCs'CMICs,
Y8Z. 5DC as well as the newly developed doped BaCeOy are preferred.

(2} UMIC's with thin membrane electrolvte (YSZ, SDC or doped BaCeO;) in thickness of around {Oum
have been routinely fabricated by cost effective coramic processing and showed fairly good
performance in intermediate temperature range(600 _850°C)

{3} The interesting results based on new electrode materials. unigue electrode structure designs and
nano-technique processing have extensively improved the cell performance and studies are on
gotng.

143 An advanced tubudar CMFC design was proposed. and the cost effective fabrication process s well
as the interconnect ceramics with high performance have been developed in order to promote the
CMFC commercalization.

(5) NI fueled SOFCsCMECs with ether oxide ion or proton electrolytes have demonstrated satishied
performance and would be great of promise to perform the distributed CMFC devices without the
need 1o concern the problems such like coking on Ni-based anode and the degradation for deoped
Barium cerate based CMICs,
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