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Abgract: CepgSmg201.9 (SDC) nanopowde's were synthes zed by an acryl amide poly merization process. The XRD results showed that SDC
powders prepared at 700 °C possessed a cubic fluorite structure. Trangmisson dedron microscopy (TEM) indicated that the parti cle sizes of
powders werein the range of 10-15 nm. A 98.3% of theoretical dendty was obtained when the SDC pel lets were sintered at 1350 °C for 5h,
indicati ng that the powders had good snterahility. The conductivity of the sintered SDC ceramics was 0.019 S/cm at 600 °C and the activa-
tion energy was only 0.697 eV. Furthermore, aunit call was fabricated from the powders and the maximum power density of 0.169 W/cm?

wasachieved at 700 °C wi th humidified hydrogen asthefuel andair as the oxi dant.
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Ceium xide-based materials have attracted increesing
interest as the dectrolyte for solid oxide fud cdls (SOFCs),
especidly for intermediate temperature SOFCs (ITSOFCs,
600-800 °C), due to their high ionic conductivity™®. For
example, Cg,sSny,0,4 shows high ionic conductivity of
around 0.1 S/cm, which isthree times higher than that of the
conventiond 8YSZ (8 md.% yttria stabilized zrconia,
3x102 S/cm) a 800 °Cl359,

In generd, nano-szed powders possess high sntering
ability, and the partide dze of powders greatly depends on
the syrthesis route. Many methods are avalable for the
preparaion of ultrafine homogeneous doped ceria powders,
for instance, glycire-nitrate procesd®™, ditraenitrae ge
gynthesis™?*¥, carbonate copredipitation method™, oxalate
coprecipitaion routd!*>%¢,  homogeneous precipitation
process™”, and hydrotherma procesd'®.

In this study, we investigated the synthesis and properties
of CepgSMy,0,, (SDC) nanocrystdline powders via an
acrylamidesol-gd process In this process, a stabl e precur or
lution of strongly chelaed catiors was obtained by con-
trdling the amount o ligand and the pH at first. Then the
lution was essily gelled by in situ formaion of poly-
acrylamide gd. Fine and nano-sized powders were obtained
by directly decomposing this hydraus gd through thermal
trestment. Furthermore, the property of a unit cdl fabricated
from as-prepared powderswas d 0 gudied.

1 Experimental

11 Preparation

The starting materiad s were commercid CeO, powder and
Sn,0; powder (purity: 99.9%; Sinopharm Chemicd Re-
agent Co., Ltd.,, Ching). They were weighed according to a
mdar ratio of 8:2 dissolved in dlute nitrate acid separatdly,
and then mixed with 10 equivaents of EDTA. A dear solu-
tion was made by dowly adding dilute ammonia under stir-
ring, and pH of the solution was around 8. Then the mono-
mers, acrylamide and N, NGmethylenediacrylamide (6 g and
1 g per 100 ml of slution, respectivey) were added to the
above solution, and then the mixture was heated a 80-90 °C
to produce the polyacrylamide gd.

The gd wasdried a 120 °C overright inan oven, and cd-
cined a 700 °C for 4 h ater being pulverized in an agate
martar to prepare crystalline SDC powders. The SDC pow-
ders were pressed into pdlets and sintered in ar on an du-
mina board at 1350 °C for 5 h. The sintered pdlets were ap-
proximatedy 25 mm in diameter and 0.35 mm in thickness.

12 Characterizaion

The crystal structure of the powderswasinvedigaed with
X-ray diffraction (Shimadzu XD-3A) using CuKa radation
The datawere recorded at a scanning rate of 5 (°)/min with a
scanning step size of 0.02°. The marphology of the SDC
powder was studied with a transmission € ectran microscope
(TEM, EM-2000EX). The snteing strinkege was meas
ured with a dilatometer (NETZSCH DIL 402C) from room
temperature to 1500 °C. The microstructure andysis of the
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dntered pellets was caried out uing a scaming electron
microscope (SEM, Hitachi X-650). The reative dersity of
the sintered pelletswas determined by standard Archimedes
method.

The ionic corductivity was measured using two-probe
impedance Pectrocopy. Platinum paste was gpplied to both
ddes of the sintered pellets and heated at 800 °C for 2 h.
Measurementswere performed in ar using an € ectrochemi-
cd workstation (IM6eX, Zahner) in the temperature range
600-900 °C. The values of conductivity at different tem-
peratures were cd cul ated with Eq. (1):
o=t ®

RS
where L is the thickness of a pellet, S the area of a pdlet
(S=1/41D? D isthe diameter), and Rthe redstance of a pel-
let a different temperatures.

The electrochemica characterization of a planar single
cdl was performed with humidified hydrogen as the fud and
ar asthe oxidant a 600-700 °C using the dectrochemical
workstation. The anade slurry cond sting of 50 wt.% NiO-50
wt% SDC and cahode slurry consisting of 50 wt.%
LansS0-MnO3(LSM)-50 wt.% SDC were deposited by a
<reen-printing technique onto the sparate sides of SDC
pd let, which was air- dried and then fired a& 1000 °C for 2 h
in ar. Flatinum mesh was placed on top of the anode and the
cathodeto act as current cdlectors.

2 Results and discussion

21 Powde characterigics

Hg. 1 shows XRD pettern of calcined SDC powder & 700 °C
for 4 hwith an acrylamide polymerization route. The powder
has afluorite dructure, and its pattern is indexed on a cubic
cdl, space gouy F23 with lattice parameters of a=h=c=
0.5430 nm, a=[=y=90°.

TEM image of the SDC nanopartides is shown in FHg. 2.
It can be seen that the nanoparticle is wel-crygdlized with
average grain size of 12 nm; and the patices are slightly
agglomerated, which may be due to the patid sSntering
whil e the exothermic reactions occur.

Fig. 3 shows the sintering curve of the compact powder
sample It can be seen that the linear shrinkage beginsto de-
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Fig. 1 XRD patten of SDC powder

scend after 700 °C. A maximum shrinkage of the sample
occus a near 1400 °C. With further increasing of the tem-
perature, the sntering curve begins to rise. Therefore, the
sintering temperature of the SDC was chosen between
1350-1400 °C.

22 Characterizaion of sintered SDC pdlets

A typicd SEM image of the SDC pdllet srtered a& 1360 °C
for 5 h (Fg. 4(@) reveds a dense and homogeneous micro-
structure, and theaverage grain Szeis1-2 pym. FHg. 4 b) pre-
sents the microstructure of a fractured section of the pdlet.
The pdle is basicdly dense dthough there are dosed pares
of submicron-size a the grain boundaries. The rd aive den-
sity of SDC pdle was found to be 98.3% by the standard
Archimedes’ method.

The ionic conductivity was measured using two-probe
impedance spectroscopy. The conductivity data were fitted
with the Arrhenius Eq. (2):

o= ‘ep *° (%)
T KT

whereg, oo, E,, kand T are theconductivity, pre-exponentid
factar, ectivaion energy, Boltzmann constant and absolute
temperature, respectively. Fig. 5 presentstheA rrhenius plots
for the sintered SDC pellet prepared by different methods
The ionic conductivity of the pellet prepared by acrylamide
polymerization method is0.019 Sfcm a 600 °C, and the ac-
tivation energy is0.697 eV. As comparison, the data of pd-
lets prepared by gydnenitrae method and citraenitrae
methad are dso shovninFg.5.
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Fig. 3 Sintering curve of the synthed zed powder compad ssmple



Fig. 4 SEM micrographsof SDC sntered at 1350 °Cfor5 h
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Fig. 5 Arrhenius plots for D C pellets sintered at 1350 °C for 5 h
from powdersprepared by different methods

From Fig. 5, it can be found that pellets prepared by
acrylamide polymerization method have a lower activation
energy and higher conductivity. This result shows that the
acrylamide polymerization syrthesisis an eff ective method
to prepare doped ceria powders with an excdlent dectricd
peformance. Acrylamide gd consists of long polymeric
chaing crosslinked to creste an arganic 3D tangled network
where a solution of the regective caions is sosked Polym:
erization of the gd proceedswith the way of achanreaction,
the first gep of which is the combination of an intiator with
the acrylamide, which is thereby activated. As the chan of
pdyacrylamide grows, the active site shiftsto its free end.
N,N’-methylenediacrylamide, which contains two acryla
mide units joined through -CONH, group via a methylene
group, can link two growing chains. Hence, diacrylamide
enables the formation of cross-lirked chairs, resuting in a
conplex topdogy with loops, branches, and interconnec-
tiong™. Meanwhile the complexation of cations in solution
by EDTA permitsthe mixing of speciesa amolecular leve
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and avoids the occurrence of unwanted precipitation. So this
methad alows preparing unif armly doped ceria powders.

23 Cdlted results

The cdl dructure consists of a porous NiO-SDC anode, a
dense SDC electrolyte and a porous LSM-SDC composite
cathode. The electrochemicd peformance of as-prepared
unit cel was characterized. |-V curves and power densities
areshown in FHg. 6(a), and its impedance spectra measured
a an open circuit condition for the cdl are shown in Fig
6(b). The measured requltsare dso listedin Table 1.

From Fig. 6(a), it can be found tha I-V curves are non-
linear, which indicates the presence of a significant polariza-
tion a the electrodeelectrolyte interface. As the temperature
rises, the current density and power density rise. A maxi-
mum power density of 0.169 W/cm? is achieved a 700 °C.
This vaue is a little low, but it mug be noticed that the
thickness of the SDC dectrolyte is 350 pm.

From Table 1, it isvery clear that the v ues of dectrolyte
redstance, Ry, and electrode polaization resistance, Rya:q
have increased significantly dong with the incresse in the
OCV vdues. Meanwhile, the vaues of Ry, Ry awc, ad OCV
decrease with the increase of temperature. The dectrolyte
res stance (Ry) have decressed from 1.247 to 0.556 Q-cm’ as
temperature increases from 600 to 700 °C.

0.9 0.20
(@
4 ...--..--n.-..... —_— o
07 ~ lois S
s ] B ey, -5- 600 °C g
~ ] o -0—- 650 C >
) e=700°C F010 F
= ] o 5}
§ 0.5 Dﬁuq] g
il F0.05 2
A~
0.3 i
; . : . : 0.00
00 01 02 03 04 05 06
Current density / (A/cm?)
~ 20(®)
g ] a600C
G 10] °60C
< b = 700 °C aAaaa,,
K b o 0%, Aa
0.0-——."—"-%—';—-—.———.—.—.:1——
0.0 1.0 2.0 3.0 4.0 5.0
7'/ (Q-cm?)

Fig. 6 1-V curves of a snglecell at different temperatures (@), and
impedance spectra measured at an open cirauit condition for
thesngecdl (b)

Table 1Cell performance and cel| res stances

Tenmperaue  OCV/ M PD/ Rd/ Ry ard R/
°C \Y (Wlem?d)  (O-cm?) @-enf) (@cnf)
600 0.8% 0.054 1.247 3210 4457
650 083% 0.004 0.891 1561 2452
700 0806 0.169 0.556 1188 1744

* OCV: open dircuit vdtage, M PD: maximum power densty, Ry: dectrdyte oh
micresistance from EIS, R;...: dectrode polarization resistance from EIS, R :
cdll resstance from Bl S (R e=Ra+Rparc)
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In comparison with Ry of cdls with thin SDC dectrolytes
(10 um)*?, the relative high vaue of Ry may be related to
the thicker dectrolyte pellet. As shown in Table 1, the dec-
trode polarization resistance (Rya+d is dominant in the tota
resigance of the cell(R.ai), Which is decreased from 3210
to 1.188 Q cm’ as temperature i ncreases from 600 to 700 °C.
Theefare, a better performance of the unit cdl can be
achieved at 700 °C. In arder to further improve the cell per-
formance, it is necessary to decrease the thickness of the
dectrolyte pdlets and enhance cadytic activity o the dec-
trade maeridstolower the Re of unit cdls

3 Conclusions

CensSMo2040 powder of 12 nm in average grain size was
auccessfully syrthesized by an acrylamide pdymerization
process. The SDC powder exhibited high sinterability, high
conductivity, and low conduction activation energy. With an
dectrolyte pdlet of 350 pym thick, afuel cdl with humidified
hydragen as the fud and air as the oxidant was assembled
and a maximum power density of 0.169 W/cm? was obtained
a 700 °C. It is bdieved that SDC powders synthesized by
this method would be a promising electrolyte materid for
intermediate temperature SOFCs.
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