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In the present work the synthesis of materials was carried out by one-step
citrate-nitrate method. The optimal synthesis temperature of the powders was
chosen on the base of TG-DSC data. Phase nature of the synthesized materi-
als was investigated by XRD and Rietveld refinement data analyzes. The in-
fluence of the perovskite phase content in the system of (1-x)Ce, Nd, .0, .-
xBaCe Nd .0, ,(x=0,0.25,0.5,0.75 and 1) on the crystallite and particle
size of powders and structure properties of ceramics (relative density, porosity,
grain size) were investigated. Measurements of the electrical conductivity of
materials in a wide ranges of temperatures (550-900 °C) and oxygen partial
pressure (10 < p0,/atm < 0,21) revealed features of transport in the com-

posite system.

*This work was done underfinancial support RFBR grant 13-03-00065, 12-03-33002) and Council for
Grants of the President of the Russian Federation (NSP-44.2012.1)
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Introduction

Materials based on barium cerate and
ceria attract attention as potential elec-
trolytes for intermediate temperature
solid oxide fuel cells (IT-SOFC). A new
trend in the development of electrolyte
systems appeared recently: creation of
composite materials such as perovskite-
fluorite. Composite electrolytes have the
advantage compared to the reference ma-
terials: reduced electronic conductivity in
reducing and oxidizing atmospheres(1),
thermodynamic stability in reducing en-
vironments and CO, and H,O-containing
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atmospheres(2). Relatively equal values
of thermal coefficients of linear expan-
sion (CTE)-of oxides based on CeO, and
BaCeO, also favorable for their joint use
as composites(3).

The purpose of this paper is to i)
synthesize and study the peculiarities
of obtaining previously non-researched
composites (1—x) Ce,(Nd 0O, —
xBaCe  Nd O,  (x = 0, 0.25, 0.5, 0.75
and 1) and 1i) study their mechanother-
mal, electrical and electrochemical prop-
erties.
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Results and Discussion

In this paper we obtain the materials by
the one-step citrate-nitrate method. Based
on TGA-DSC analysis and mass spec-
troscopy it was indicated that the mass of
powders stops changing at 1150 °C (see
Fig. 1). Since the TGA was carried out in
the dynamic mode, the materials synthe-
sis temperatures have been slightly low-
ered to 1100 °C with exposure to these
conditions for 3 h.

XRF results for the synthe-
sized powders (1-x) Ce [Nd O, ~
xBaCe  Nd O, are shown in Fig.
2 For materials Ce  Nd ,O,, and
BaCe  Nd, O, ;on X-ray reflections only
related to the phases of fluorite (Fm3m)
and perovskite (orthorhombic distortion,
Pmcn), respectively, are present. Com-
posite materials according to XRF are
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Fig. 1. TGA and the ion current to the powder
BaCe Nd, O, , prepared by citrate-nitrate
method
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biphasic and contain no contaminants or
phase interaction. However, it should be
noted that the composition with x = 0.75
intensity of reflections corresponding to
fluorite phase, is small compared to the
expected level. This may be due to the
partial dissolution of fluorite phase in per-
ovskite. Indeed, for the interval 0.75 <h<1
(see Fig. 2) radiographs recorded only
reflections corresponding to the isostruc-
tural phase of orthorhombic BaCeO3.
Refinement of the structure and
the lattice parameters for the materials
of the system (I-x) Ce Nd O, —
xBaCe [Nd ,O, , was carried out by
Rietveld method. The convergence of the
theoretical curves with the experimental
data was estimated by Bregg-and
structural factors that do not exceed
0.87 and 1.02 for the cubic structure,
and 1.64 and 2.10 for the orthorhombic
structure, respectively. With the increase
in concentration of the perovskite
phase, the crystal lattice parameters of
the orthorhombic structure are almost
unchanged, whereas the parameters of
the cubic structure are reduced. Perhaps
this is connected to the assumption about
the solubility of a certain amount of
cerium phase in barium cerate. Part of
fluorite with perovskite can form a solid
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Fig. 2. Radiographs of the synthesized powders
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at 0<h<1 (top) and 0.75<h<1 (bottom)
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solution of varied formulation with the
same lattice parameters. Simultaneously
with this solution fluorite phase coexists,
which may be enriched with neodymium,
which causes a slight increase in the
lattice parameter due to the influence of
the size factor.

Ceramic samples were prepared by
hydrostatic pressing of the powders,
followed by sintering at 1500 °C for 3
hours (see Fig. 3). All materials have a high
relative density (93.2-96.5% depending
on the formulation). For a qualitative
evaluation of the microstructure surface
of the sintered ceramics the size of each
grain was determined, based on which
histograms of particle size distribution
and average grain size were calculated.
The average grain size does not depend
significantly for composites and varies
from 1.2 to 1.7 microns. In contrast, for

the ceramic base Ce Nd ,O, , materials

and BaCe Nd ,O, , the mean grain size

{200 TE T C |

Fig. 3. Microphotograph of the surface of
(I-x) Ce, Nd, ,0,~xBaCe Nd, O, .

x=0(a), x=0.25 (b), x= 0.5 (c), x = 0.75 (d),
x=1(e)

32

is increased to 3.7 and to 7.8 microns,
respectively.

The temperature dependence of the
conductivity of (1-x) Ce Nd O

0225
xBaCe Nd, ,O, ; materials is shown in

Fig. 4. It shows3tilat the total conductivity
of the composite material in a wet
air is lower as compared to the basic
oxides. A similar trend was observed
for composite systems of (100—x)
Ceo.xYo.zozfs_Bacemzro.1Y0.20375 (x =0,
20, 30, 50, 70 and 100 wt.%) and 4 (1—x)
Ce, Gd,,0, —~BaCe Gd ,0,, (x = 0,
0.2, 0.3 and 0.4) 1. In the first case, low
conductivity of composite materials in
comparison with the base Ce Y O,
and xBaCe . Zr, Y, 0, is attributed by
the authors to the appearance of poorly
conducting phases based on Ba2YZrO6
and Ba,ZrO,, which appear to localize
at grain boundaries and limit the process
of electrotransport(4). In the second
case, a low conductivity as compared
to Ce,Gd ,0,; and BaCe Gd O,
composites is associated with high contact
resistance of phase(1) interface that may
be implemented in this case. High contact
resistance at the interface of two different
sorts of grain must necessarily lead to
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Fig. 4. Temperature dependence of the
conductivity of the (1-x) Ce  Nd ,0, .~
xBaCe  Nd,O, , ceramics in the humid

air. Inset: concentration dependence of the
conductivity activation energy in the low-and

high-temperature ranges
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an increase in activation energy of the
overall conductivity of composites (inset
in Fig. 4). Note that the sample with x =
0.5 has the maximum Ea, and at the same
time has the lowest conductivity in (1-x)
Ce,Nd,,0, —~xBaCe  Nd ,O,,. Thus,
the concentration dependence of the
activation energy in the composite system
of the growth of the perovskite phase
passes through a maximum. By the level
of activation energy in the low and high
ranges the sample with x = 0.25 is similar
to Ce,,Nd ,O,. This may indicate
that the conductivity of the material is
controlled primarily by fluorite phase.
For composites with x = 0.5 and 0.75,
the conductivity is apparently controlled
by perovskite phase. The decrease in the
grain size of ceramics (or an increase
in their unit area of contact) can also be
considered as the cause of the overall
conductivity reducing of the composite
systems.

Materials conductivity has also been
investigated in relation to partial pressure
of oxygen (pO,) at 600, 700, 800 and
900 °C. The dependences obtained were
processed using the emperic equation,
O = 0oy PO, + 0, + 0, - (pO,)",
where cmml total conductivity,

c,, ,— ionic conductivity (const.),

c,, Z hole conductivity at pO, = 1 atm.

The analysis results are presented in
the form of concentration dependences of
partial conductivities (see Fig. 5).

The concentration dependence of the
ionic conductivity at 600—900 °C (Fig. 5a)
corresponds to the data shown above
(see Fig. 4). Comparison of Ea and total
ionic conductivity (see Fig. 4) indicates
predominantly ionic conductivity type as
for the composite materials and for basic
systems.
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Electronic conductivity decreases with
increasing content of the perovskite phase
in the system of (1-x) Ce [Nd O, .~
xBaCe  Nd 0, ;tox=0.5 (see Fig. 6b).
For samples with x = 0.75 and 1 electronic
conductivity, according to the analysis
data, is less than 1% in the total. Hole
conductivity appears for samples with
0.5<h<1 and increases with the increase
of x (see Fig. 6¢). The activation energy
of the hole and electron conductivity for
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Fig. 5. Concentration dependence of the ion
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activation energy for (1-x) Ce (Nd, O, .

xBaCe, Nd, ,O, . ceramics in the wet air
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the system «perovskite-fluorite» tend
to be higher than for basic oxides as
Ce,(Nd,,0, ;and BaCe Nd ,O, ,, which
confirms the phenomenon of blocking
both the electron and hole conductivity in
composites(1-3).

Despite lower ionic conductivity of
composites, they show better thermody-
namic and Kkinetic stability under long-
term tests and in redox cycles (see Fig.
6) than basic materials. It was found that
after two redox cycles at 900 °C conduc-
tivity of Ce, [Nd O, , decreases lower to
85% relatively the initial level. Possible
reason for the sharp drop of conductiv-
ity is fractures in ceramics fixed by SEM,
which appear due to the partial reduction/
oxidation of cerium ions (see Fig. 7).
Changing of the cerium oxidation state is

Conclusion

In this paper we have obtained new
composite materials based on cerium
oxide and barium cerate by using citrate-
nitrate method, and studied their transport
properties. The total composite electrolyte
conductivity in wet air is lower than that
of the base materials due to high specific
resistance and interfacial contact area of

accompanied by resolution of the crystal
lattice vibrations, so repetition of redox
cycles leads to mechanical instability of
ceramics. For BaCe,  ,Nd ,O, , material
conductivity after 2 cycles is reduced to
30% relatively the initial level. Perhaps
this is due to the localization of differ-
ent types of point defects at the grain
boundaries. During several redox cycles
three-dimensional defects (microcracks)
are formed along grain boundaries due
to congestion and interaction of point de-
fects. Degradation of composite materials
in terms of conductivity does not exceed
15%. According to SEM of ceramic sam-
ples, localized pores are noticed on the
surface, which lead to an substantial de-
crease in conductivity.

the grains. The concentration dependence
of the activation energy of conductivity
for (1-x) Ce Nd ,0, —xBaCe Nd O, ,
has a minimum at x = 0.5. Despite the low
conductivity of the composite ceramics,
they are characterized by small contribu-
tions of electronic components (conduc-

tivity of n- and p-types), as well as bet-
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Fig. 6 Time dependence of the conductivity
of (1-x) Ce, Nd ,0, ,~«BaCe Nd ,O, ;
materials at 900 °C. A corresponds to an

atmosphere with pO2 = 0.21 atm, B-pO, =

1 atm - 10-18
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ter thermodynamic and Kkinetic stability,
which suggests that such materials are
promising electrolytes for IT-SOFC.

The experimental part

Materials of formulation of (1-x)
Ce,Nd,,0, —~xBaCe Nd ,O,, (x = 0,
0.25, 0.5, 0.75 and 1) were prepared by
citrate-nitrate technology which features
are presented in (3). The powders of the
desired formulation were was synthesized
and sintered on the basis of TGA-DSC
analysis and dilatometry at 1500 °C, re-

spectively. Crystal, microstructural prop-

erties of materials have been studied by
RFA (DMAX-2500 RIGAKU) and SEM
(JSM-5900 LV), respectively. Materi-
als conductivity has been examined by 4
probe method at constant current over a
wide range of temperatures (550-900 °C)
and oxygen partial pressure (atm 10-23-
0.21) using Zirconia-controller 3185.
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CTpyKTypa M TPaHCNOPTHbIE CBOMCTBA
KOMMNO3UTHbIX MaTepuanos Ha ocuose
Ce Nd .0, .n BaCe Nd_ .0
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B HacToAwel paboTe NpoBeseH CMHTE3 MaTepuanoB NyTeM OAHOCTAAUAHOIO
unTpat-HuTpaTtHoro metoga. C npusneveHvem paHbix TI-[ACK aHanmsa ycra-
HOBNIEHbl OMTUMaJIbHBIE TEMMNepaTypbl CMHTe3a nopolwkoB. Ma3oBble 0cobeH-
HOCTW CWHTE3MPOBaHHbLIX MaTepuanoB u3yyeHbl POA c npueneyeHvem metopa
PutBenpa. YcraHoBneHo BAMsSHUE COAEPXaHUs NePOBCKUTHOI (hasbl B chCTeMe
(1-x)Ce, Nd, ,0, .—xBaCe, Nd 0, ; (x = 0; 0,25; 0,5; 0,75 n 1) Ha pasmepsl
KPUCTNIUTOB 1 YacTuL, nopoLka. ViccnefoBaHbl Kepamuyeckue cBoiCTBa (0T-
HOCWTENbHasA MNOTHOCTb, MOPUCTOCTb, pa3Mepbl 3epeH) 06pasLoB, CEYEHHbIX
npu 1500 °C. WccnenoBaHve 31eKTPONPOBOAHOCTY MATEpPUAoB B LIMPOKMX
uHTepBanax Temnepatyp (550-900 °C) u napumanbHbIX OaBNEHWA Kuciopoga
(10#<P0,/atm < 0,21) N03B0NMNO BbIABATL 0COBEHHOCTM 3N1EKTPONEPEeHOCa B
cucreme (1-x)Ce, Nd, ,0, .—xBaCe, Nd, 0

0,272-6 0,273-6"

*Pabora BbinonHeHa npu nogaepxke POOU (N 13-03-00065, 12-03-33002), a Takxke CoBeta no rpaHTam
Mpesunpenta PO (N2 CM-44.2012.1).
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Beepenue

Marepuasibl Ha OCHOBE Iiepa- MaTepUalioB TUIA  [EPOBCKUT-(IFOO0-

Ta Oapusi U OKCHIA IEpPHs TPUBICKAIOT
MOBBLIINIEHHOE BHHMAaHHE KaK IIOTEH-
[MaJbHBIC JJIEKTPOJIUTHI JJIST  CpEeJHe-
TEMIIEPATYPHBIX TBEPAOOKCUIHBIX TO-
wmBHEIX 3nemeHToB  (IT-SOFC). B
MocieaHee BpeMsl HOBOM TEHACHUMEN B
00JIacTH Pa3BUTHS 3JICKTPOJIUTHBIX CH-
CTEM SBIISIETCS CO3JaHHE KOMITO3UTHBIX

put. KoMIo3uTHBIE 3IIEKTPOJIIUTHI UMeE-
0T TPEUMYIIECTBO IO CPaBHEHHUIO C
0a30BBIMH MaTepHalIaMH: CHIDKCHHYIO
JIEKTPOHHYIO MPOBOAUMOCTH B BOCCTa-
HOBHUTEJIBHOW M OKHCIHUTEIBHOM aTMOC-
¢depax [1], TepMOAMHAMHYECKYIO YCTOM-
YUBOCTh B BOCCTAHOBMTENBHBIX Cpemax
u CO, n H,O-conepxamux armochepax
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[2]. bnm3kue 3HaYeHWS TEPMHUUYECKHUX
K03((HUITMEHTOB JIMHEHHOTO paciimpe-
nust (TKJIP) okcumos na ocmose CeO,
u BaCeO3 Tak)Ke OJarompHATHBI JUIS UX
COBMECTHOTO HCIIOJIb30BaHMS B KAYECTBE
KOMITO3UTOB [3].

Ienpto naHHOW pabOTBI  SIBISICTCS
1) cuHTE3 W Uccie0BaHue 0COOCHHOCTEH

Pesynbrathl n 06cyxaeHue

B Hacrosmield pabore TmodydYeHHE
MaTepualioB IMPOBEJACHO IyTeM OJHO-
CTQJIMAHOTO IUTPAT-HUTPATHOTO METO-
na. Ha ocuoBammm TI'-JICK amammsa u
MacC-CIEKTPOCKOITUN YCTAHOBIICHO, YTO
W3MEHCHHE MAacChl TIOPOIIKOB 3aKaHYH-
Baetcs ipu 1150 °C (puc. 1). [Tockonbky
TI-anamu3 ObUT MPOBEJCH B JUHAMHYC-
CKOM peXHME, TeMIepaTypbl CHHTE3a
MaTepHualioB OBUIA HECKOJILKO CHUKEHBI U
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Puc. 1. TT' 1 HOHHBIH TOK JUIS OPOIIKA

BaCeNd,O, ;, momyuenHoro
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MOy YCHHSI paHEC HE U3y YCHHBIX KOMITO3UT-
HbIX (1-x)Ce Nd ,0, —xBaCe  Nd O,
(x =05 0,25; 0,5; 0,75 u 1) marepuanos,
M 2) WCCIEIOBAaHHUS MX MEXaHOTepMUYe-
CKHX, DJICKTPHUUYCCKUX U DIICKTPOXUMHUYC-

CKHMX CBOMCTB.

coctaBisur 1100 °C ¢ BBIAEPIKKOM B 3TUX
YCJOBHSIX B T€UeHHUE 3 4.

Pesymbraret  POA s cuHTE3HpO-
BaHHbIX mopomkos (1-x)Ce  Nd O, —
xBaCe  Nd ,0, ; npeJ:[CTaBﬁeHbf Ha
puc. 2. Jlna marepuanos Ce [Nd O, .
u BaCe Nd 0, ; Ha peHTreﬂbrpaMMax
MIPUCYTCTBYIOT TOJNBKO PEQICKCHI, OTHO-
csmmecs K ¢gazam ¢urooputa (Fm3m) u
MepOBCKUTa (OPTOPOMOHMYECKOE HCKa-
»keHue, Pmcn), coorBercTBeHHO. KoOM-
TMO3UTHBIE MaTepuaibl, cormacHo POA,
SIBJLSTFOTCST IBYX(ha3HBIMHU W HE COZIEpIKaT
npuMecei uiH (a3 B3aumoercTeus. On-
HAKO CTOHT OTMETHTH, UTO IUII COCTaBa
x = 0,75 UHTEHCHUBHOCTH PE(IICKCOB, CO-
OTBETCTBYIOIIMX (aze (uoopuTa, maia
[0 CPaBHEHHIO C OXXHJAEMBIM YPOBHEM.
3T0 MOXKET OBITH CBSI3aHO C YACTUYHBIM
pactBopeHureM (iroopuTHON (hasbl B Tie-
POBCKUTHOM. [leliCTBUTENHHO, JIIsI UHTEP-

OTH. HHTEHCHBHOCTB

o

A A A
—x=0.8
A A A A
—x=0.75
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26, ()

Puc. 2. PeHTFeHOl"paMMLI CUHTC3UPOBAHHBIX IMOPOIIKOB

(1-x)Ce, Nd

0,20243

—xBaCe  Nd ,O, ;jnpum: a-0<x<1;0-0,75<x<1
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Bana 0,75 <x <1 (puc. 2) Ha peHTIeHOr-
pamMmMax (UKCUPYIOTCS TOIBKO pedIIeKChI,
COOTBETCTBYyIOIIHE (ha3e, H3OCTPYKTYp-
HOH opropombuueckomy BaCeO,.
VYToYHEHUE CTPYKTYPHI U ITAPaMETPOB
KPUCTAIUTMICCKOW PEUIeTKH ISl MaTe-
puanos cucrembl  (1-x)Ce  Nd O, —
xBaCe((Nd ,O, ; Gbuio npoﬁeneﬁo 1o
merony PurBenma. CXomumocTh Teope-
TUYECKUX KPHUBBIX C JKCIEPHUMEHTAIb-
HBIMH JTaHHBIMU OIICHHBANach bparr- n
CTPYKTYPHBIM (pakTOpaMu, KOTOpHIC HE
nipeBbimany 0,87 u 1,02 s kyondeckoi
cTpyktypsl u 1,64 u 2,10 ans opropom-
OWYEeCKO CTPYKTYPBI COOTBETCTBEHHO.
C yBenWYeHHWEM KOHIICHTPAIIMH MEpPOB-
CKUTHOH (ha3pl B CHCTEME ITapaMeTphI
KPHCTAIDTMICCKON PEIIeTKH OPTOPOMOH-
YECKOW CTPYKTYpPHI HMPaKTHICCKH HE H3-
MEHSIOTCS, B TO BPEMS KaK ITapaMeTphl
KyOHMUYECKOH CTPYKTYpHl YMEHBIIAIOTCA.
Bo3MOXXKHO, 3TO CBSI3aHO C TIPEIIIONO-
JKCHHEM O PAaCTBOPUMOCTH HEKOTOPOTO
KOJIMYecTBa ILEpueBOd (as3pl B Iepare
Oapusi. YacTh (urroopuTa ¢ IEpOBCKUTOM
MOKET 00pa30BBIBAThH TBEPIBIH PACTBOP
MIEPEMEHHOTO COCTaBa C HEM3MEHHBIMU
nmapamMeTpaMu KPHCTAITHICCKOW pereT-
kr. OMTHOBPEMEHHO C JaHHBIM PACTBOPOM
cocytiectByeT (uiroopuTtHas ¢asza, KoTo-
pasi MOXKeT ObITh 00OTaIlIeHa HEOAUMOM,
YTO W BBI3BIBACT HEKOTOPOE YBEIWYCHHUC
B TIapaMeTpax KPUCTAIUINICCKON pereT-
K1 M3-32 BIUSHUS pa3MepHOTo (hakTopa.
Kepamuueckue oOpasiel ObUTH MTOITY-
YeHBI MyTEM THIPOCTATHYECKOTO Tpec-
COBaHMSA MOPOIIKOB C IOCIETYIONIHM
criekanueM nipu 1500 °C B Teuenue 3 9
(puc. 3). Bce marepuanbl Xapakrepusy-
I0TCSI BBICOKOM OTHOCHUTEJIBHOH IJIOTHO-
cteio (93,2-96,5 % B 3aBUCHMOCTH OT
cocrapa). /s Ka4ecTBEeHHOW OIEHKH MH-
KPOCTPYKTYPHI TTOBEPXHOCTH CIICYCHHOU

KEepaMHUKH OBIIH OMpENeNICHBl Pa3Mephl
KaXJIOTO 3€pHA, HA OCHOBAaHWHU 4YEro IO-
CTPOCHBI TUCTOTrpaMMBbI pPaCHpEaACTICHUA
4acTHI[ TI0 pa3MepaM M BBIYKCIICH Cpell-
Hull pasmep 3epeH. Cpennuil pasmep 3e-
PEH HE 3aBUCHUT 3HAYUMO JIsI KOMIIO3UT-
HBIX MaTepuajoB U u3Mensercs ¢ 1,2 no
1,7 mxMm. Hamporus, nnsi 6a30BbIX Kepa-
mudeckux marepuanos Ce) Nd ,0, ; u
BaCeO’SNdO’ZOH CpenHuN pasMep 3epeH
yBenuuuBaercs 10 3,7 u 7,8 MKM cooT-
BETCTBEHHO.

TemreparypHbIe 3aBUCHMOCTH TIPOBO-
aumoctu Marepuanos (1-x)Cey Nd ,0, -~
xBaCe  Nd O,  npexcrasnenbl  Ha
puc. 4. Bugno, uTo 001mas mpoBOIUMOCTb
KOMIIO3UTHBIX MAaTEPHAJOB BO BIIAYKHOM
BO3IlyXe HIDKE IO CPABHEHHIO ¢ 0a30BEI-
MH OKCHIAMH. AHAIOTHYHAs TEHICH-
U OblTa OTMEYEHA TSI KOMITO3HTHBIX
cucrem cocraBa  (100-x)Ce Y ,0, —
xBaCeerQIYOJOL6 (x=0;20; 30; 50; 70
u 100 mac.%) [4] u (1-x)Ce Gd,0, -~
xBaCe (Gd ,0, ; (x = 0; 0,2; 0,3 n 0.4)
: - =

-l

.
-

Puc. 3. Mukpodororpaduu nosepxHoctu

(1—x)CeO’gNdO,ZOZ—xBaCeO,sNdO’ZOH:
a-x=0,0—-x=0,25,6—x=0,5,

2—-x=0,750-x=1
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[1]. B mepBoM ciy4ae OoJiee HU3KYFO TPO-
BOIMMOCTh KOMITO3UTHBIX MaTEepPHAaJIOB
no cpasHenuto ¢ G6azosbimu Cey Y ,0,
u xBaCe  Zr Y ,0,, aBTOpBI CBS3BI-
BAIOT C TIOSIBIICHUEM IUIOXOIPOBOISIINX
(a3 ma ocnose Ba,YZrO, m Ba ZrO,,
KOTOpBIE, MO-BHIUMOMY, JIOKAJTH3YIOTCS
Ha TPaHMIAX 3epeH U JUMUTHPYIOT TPO-
necc anekrporepenHoca [4]. Bo Bropom
cllydyae HH3Kas MPOBOIUMOCTH KOMIIO-
3utoB no cpasHennto ¢ Ce  Gd .0, ; u
BaCe, Gd,,0, ; cB3aHa C BHICOKHM KOH-
TAaKTHBIM cénporaneHHeM TpaHHMIIBI pa3-
nena das[1], 9To MOKET peaar30BbIBATHCS
U B HaIlleM cirydae. Bricokoe KOHTaKTHOE
COIIPOTHBIICHHUE HA T'PaHHIC IBYX 3EPCH
Pa3IUIHOTO COpPTa HEMPEMEHHO OJIK-
HO TIPHUBOIUTH K YBEIHUCHHIO DHEPTHU
aKTHBAI[MH OOIIEeH MPOBOAUMOCTH KOM-
mo3uToB (BcTaBka Ha puc. 4). OTmeTnm,
YTO MaKCHMalIbHBIM Ea mmeer oOpasen
¢ x = 0,5, xoTOphIil B TOXKE BpeMs o0Jia-
JaeT HaWMEHBIICH MPOBOIUMOCTHIO B
(I-x)Ce (Nd, ,0, ,—xBaCe  Nd O, ;.
Taknm 00Opa3oM, KOHIIEHTpPAIMOHHAS 3a-
BHUCHMOCTB DHEPTHU aKTUBALIUH B KOMITO-
3UTHOM CUCTEME C POCTOM MEPOBCKUTHON
¢da3er mpoxogut uepes MakcumyM. Ilo

=

o 750.900°C @, ",
<e-@es 550.700°C

o

s

eoec oC
©eC e
e et «

Igo, [Cmenrt ]
LB L
w0 o= o =
L . .
eoc e

0.8 0.9 1 L1 12 1.3
1000/T, K!

Puc. 4. TemnepatypHble 3aBUCUMOCTH
MPOBOANMOCTH KEpaMUKHU (l-x)CeO)gNdoszz_é-
xBaCe Nd,O, ; Bo B1axxHOM BO3/yXe.
BcraBka: KoHIIEHTpAIIMOHHbBIE 3aBUCUMOCTH
SHEPI'Uu aKTUBAIMU MPOBOJIMMOCTH B HU3KO-

Y BBICOKOTEMIIEPATYPHOM UHTEPBAJIaX

YPOBHIO DHEPTMH aKTHBALUH B HHU3KO-
U BBICOKOTEMIIEPATYPHBIX HHTEpPBaJIaX
obpazer ¢ x = 0,25 cxofeH ¢ Ceo,deo,zoz.a'
3TO MOXKET yKa3bIBaTh Ha TO, YTO IPOBO-
JIMMOCTD JIaHHOTO Marephaiia KOHTPOJH-
pyeTcst IPeHMYIIECTBEHHO (PIIOOPUTHOM
¢azoit. s kommnosutos ¢ x = 0,5 u 0,75,
MIO-BUIUMOMY, TTPOBOAUMOCTE KOHTPOJIH-
pyeTcsi TepoBCKHTHOW (ha3oil. YMeHb-
IIEHUE Pa3MEPOB 3EPeH KepaMHKH (WIIH
YBETUUEHHUE UX YACTHHOM IIIOMAAN KOH-
TakTa) MOXKET TaKKe PacCMaTpUBATHCS
MIPUYUHON CHYDKEHMsI OOIIeH TpOBOIH-
MOCTH KOMITO3UTHBIX CHCTEM.

[IpoBommMOCTs ~ MaTepHaIOB  Tak-
Ke OBlTa MCCIeOBaHAa B 3aBHCHUMOCTH
OT TAapLAMIBLHOTO JABICHHS KHCIOPOMa
(pO,) mpu 600, 700, 800 1 900 °C. IToy-
YCHHBIC 3aBUCHMOCTH OBbLITH 00paboTaHbI
C ITOMOIIIBIO AIMITEPUIECKOTO YPABHEHUS
O =0,y (00, + 0, + 0, (pO,)'"
e 6, — o0mmas NpoBOIMMOCTb,

o, HOHHAS IPOBOAUMOCTS (const),

G,,— ABIPOYHAs MPOBOXMMOCTD TPH
pO,= 1 arm. Pesynbrarel ananusa npen-
CTaBJICHBI B BHIC KOHIICHPAIIMOHHBIX 3a-
BHUCHMOCTEH HapIHaIbHBIX ITPOBOIIMO-
creii (puc. 5).

KoHneHTpaoHHbIE  3aBHCHMOCTH
noHHOI TpoBonuMocTH mpu 600-900 °C
(puc. 5a) COOTBETCTBYET MpEICTABICH-
HbIM BbIe JaHHBIM (puc. 4). Comno-
craBieHre Ea moHHOW u oOriel mpoBo-
quMoctd (puc. 4) CBHICTEIhCTBYET O
MIPEUMYIIECTBEHHO NOHHOM THIIE TIPOBO-
JIMMOCTH KaK JUIsl KOMIIO3UTHBIX MaTepH-
aJIOB, TaK W JJIs1 0a30BBIX CHCTEM.

DNeKTpOoHHAS MPOBOANMOCTh YMEHB-
IIaeTCsI C pOCTOM COZACPXKAHUS TIe-
poBckutHOM (aser B cucteme (1-x)
Ce,(Nd,,0, ;xBaCe  Nd ,0,; no x =
0,5 (puc. 66). lns obpasnos ¢ x = 0,75
1 1 AIEeKTpOHHAsI TPOBOAUMOCTH, COTJIa-
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CHO NIPOBEICHHOMY aHAJH3Y, COCTABISCT
meree 1 % ot obmielt. J{pipounast mpoBo-
IUMOCTH TPOSIBIISIETCS] Ui 00pasIoB C
0,5 < x < | ¥ yBEIUUYUBAETCS C POCTOM
x (puc. 56). DHepruyM aKTUBAIMH JABIPOY-
HOM W AJIEKTPOHHOW MPOBOAMMOCTH ISt
CHCTEMBI «IIEPOBCKHUT — (PIFOOPUTY», KaK
MIPaBUJIO, BEIIIE, YeM IS Oa30BBIX OKCH-
nos Ce,  Nd ,O, . u BaCe Nd O, ,, uto
HOZ[TBG}‘;)K,E[aéT SIBJICHUE Gnoxhposaﬂm

@ 900°C
(a) @ 800°C
S e 700 °C
=05 .: 0.8
= >
E_- 1,5 o
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&
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35
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8

Puc. 5. KonuenTpannoHHble 3aBUCUMOCTH
HWOHHOMH (@), SIIEKTPOHHOM (6) 1 ABIPOYHOMN
(8) IPOBOIMMOCTH W MX SHEPTHU aKTUBALIH
TUTSI KEpaMHUKH (lf)c)CeOVSNdOJO2 .
xBaCe Nd ,0, ; Bo BiaxHOM Bo31yXe

Kak JIEKTPOHHOW, TaK U JBIPOYHOM MpO-
BOIUMOCTH B KoMITO3HTax [1-3].
Hecmorpsi Ha Ooyiee HHU3KYI HOH-
HYI0 IPOBOJUMOCTb KOMIIO3UTOB, OHH
[IOKa3bIBAIOT JIyULIYI0 TepMOAMHAMHUYE-
CKYI0 M KHHETHYECKYI0 yCTOMYMBOCTBH B
YCJIOBUSIX JIOJITOBPEMEHHBIX HCIIBITAHUS
W pefoKc-uKIax (puc. 6), yem 6a3oBbIe
Marepuaisl. bbulo ycTaHOBIEHO, YTO 1O-
cie 2 penokc-nukiioB mpu 900 °C nposo-
mumocth Ce  [Nd O, . ymeHbIuaercs Ha
85 % OTHOCHTE/IBHO HaYaAIBHOTO YPOBHSI.
Bo3M0XHOW IPUYMHON PE3KOTO MAICHUS
MIPOBOIUMOCTH SIBIISICTCS 3a(pUKCHPOBaH-
Hble MeToioM POM TtpemmHbl B Kepa-
MUKE, KOTOpbIE HOSBJISIIOTCS BCIIEACTBUE
YaCTHYHOTO BOCCTAaHOBJICHUS/OKUCIICHHS
noHoB 1epus (puc. 7). M3meHeHue cre-
[I€HU OKUCIJIEHUS LIepUs COIIPOBOXKAAETCS

05
A B A B A
=05 naw
=05 4 # o
z [ -
= Tieeen
= 99999
S5 9 * Lo ve #t
15 ¥y see
Ah Ahl i AAAA v
foliviie S e SRR e
AAA AAd
2.5 T T T T
0 50 100 150 200 250
Bpems, h

Puc. 6. Bpemennas 3aBUCUMOCTh
MPOBOANMOCTH MaTepuanoB (1-x)
Ce,(Nd, ,0, ;-xBaCe  Nd, ,0, ; mpu 900 °C.
A cootBeTcTByeT aTMmochepe
¢ pO,=0,21 atm, B - PO,=1-10"* atm

04

034

0.2

AVLo, %

0.1 4

logpO,, [aT™m]

Puc. 7. Xumnueckoe pacimpenue
KepamMHuecKux Marepuaion (1—x)
CeO!SNdOYzOZﬂS—xBaCemNdO,ZO%6 ipu 900 °C
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KoJeOaHUSIMH ~ pasMepa  KpUCTaJTHye-
CKOW pEIIeTKH, TTO3TOMY MHOTOKpaTHOE
MOBTOPEHHUE PEIOKC-IIMKIOB TPHBOIUT
K MEXaHWYECKOH HeCTaOWIIBHOCTH Kepa-
muky. [t marepuana BaCe  Nd ,0,
MPOBOJMMOCTh MMOCJe 2 IUKIOB yMEHb-
maercsa Ha 30 % OTHOCUTEIIBHO Havailb-
HOTO ypOBHS. B03MOXHO, 3TO CBs3aHO
C JIOKalW3aliel TOYEYHBIX Je(eKToB
pa3IMYHBIX THUIIOB Ha TpaHUIAX 3EPEH.
B mpornecce HECKOIBKUX PEOKC-IIMKIIOB

3aknioueHue

B Hacrosimeit pabote mosy4eHbl HO-
Bble KOMIIO3UTHBIE MaTepHajbl HA OCHOBE
OKcHza TepHsi U Iiepara Oapusl IUTpaT-
HUTPAaTHBIM METOOM, a TakKXke H3yye-
HBl UX TPaHCIIOPTHEIC cBoWcTBa. OOrmas
IIPOBOJMMOCTb KOMIIO3UTHBIX 3JIEKTPO-
JIUTOB BO BJIAKHOM BO3JyXe HUXKE, YeM
Ui 0a30BBIX MAaTEPHAIOB BCIIEACTBHUEC
BBICOKOTO  MEX(a3HOTO  COIPOTHBIIC-
HUS U yAEIbHOM IUIOIIAJy KOHTaKTa 3e-
pen. KoHueHTpanuoHHas 3aBUCUMOCTh
SHEpPruy aKTHBALUHU MPOBOIUMOCTHU IS

JKcnepuMeHTaNIbHasA 4acTb

Marepuansl cocTaBa (1—x)
Ce,(Nd,,0, ;xBaCe  Nd ,O; ; (x = 0;
0,25; 0,5; 0,75 u 1) ObUTH TONYYEHBI 11O
[UTPAT-HUTPATHOW TEXHOJOTHH, OCO-
OCHHOCTH KOTOPOM MpeJcTaBlieHb! B [3].
[Topomkn TpedyemMoro cocraBa CHH-
TE3UPOBAJM M CHEKAaJH Ha OCHOBAHUH
nmaaaelx TI-JICK ananmm3a u auiaatome-
Tpuu 1ipu U 1500 °C, cOOTBETCTBEHHO.

Kpucramnuueckue, MHUKPOCTPYKTYpHbIE

MIPOMCXOANT 00pa3oBaHHE TPEXMEPHBIX
nedeKTOB (MUKPOTPEIINH) BIOIb TPAHUIL
3epeH BCJEJCTBUE CKOIJIEHHUS M B3aUMO-
JICHCTBUS TOYCUYHBIX AeeKToB. Jerpama-
L1 KOMIIO3UTHBIX MaTepUalioB B TEPMHU-
Hax [IPOBOJUMOCTH He npesblmaeT 15 %.
Cormacio POM oaTtmx KepaMHYEeCKHX
00pa3IoB, Ha TIOBEPXHOCTH (PUKCHPYIOT-
Csl JIOKaJIbHBIE TIOPbI, KOTOPBIE IPUBOJSAT
K HECYLIECTBEHHOMY YMEHbBILIEHHIO IIPO-
BOJIUMOCTH.

(I-x)Ce( Nd ,0, —xBaCe  Nd 0, ;
nveetr MmuHUMYM Tipu x = 0,5. Hecmorps
Ha OoJyiee HU3KYIO MPOBOAUMOCTH KOM-
MO3UTHOI KepaMMKH, OHHU XapaKTepu3y-
I0TCS MaJIbIMHU BKJIaJlaMU 3JIEKTPOHHBIX
COCTaBJIAIOIINX (IPOBOAUMOTD /- U p-TH-
ma), a TaKkKe Jydleil TepMoAMHAMHUYe-
CKOMl M KHWHETHYECKOW YCTOMYHMBOCTHIO,
YTO I103BOJIIET CUMTAThb TAaKUE Marepu-
aJbl IEPCIEKTUBHBIMU AIIEKTPOIIUTAMHU
st [T-SOFC.

CBOHMCTBAa MAaTepHAJOB OBUIM H3YYEHBI
POA (DMAX-2500 RIGAKU) u POM
(JSM-5900 LV) cootserctBenHo. IIpo-
BOJMMOCTb MaTE€pHajJOB HCCICIOBAIH
4-30HIOBEIM METOJOM Ha MOCTOSHHOM
TOKE B ITMPOKHUX MHTEPBAIAX TEMIICPATYP
(550-900 °C) n mapumaabHBIX JABICHHUN
kuciopoaa (100,21 arM) ¢ OMOIIIBIO
perynsitopa Zirconia-318 [5].
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