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The high temperature solid electrolyte LizSco.3Ce1.7(PO4)3 compound was synthesized by a solid state reaction and studied
by X-ray diffraction and IR spectroscopy. At room temperature the investigated compound has monazite-type structure and
belong to monoclinic symmetry (space group P21 /n) with four formula units in the lattice. The ceramic samples were sintered
at 1273 K varrying the sintering duration. Complex impedance spectroscopy was performed in the frequency range from 10°
to 1.2-10° Hz at temperatures ranging from 300 to 600 K. A relaxation dispersion related to the fast Li™ ion transport was
found. The results of the electrical measurements were compared to the ones of LizCe2(PO4)3 compound and it was shown
that the partial isomorphous substitution of Ce3* by Sc®* leads to significantly higer ionic conductivity.
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1. Introduction

Lithium ion solid electrolytes can be used for de-
velopment of high energy batteries [1,2] and sen-
sitive COgo gas sensors [3,4]. The compounds of
LiGey(POy)s, LiTia(PO4)3 with NASICON-type crys-
tal structure are known as low temperature solid elec-
trolytes with fast Li* ion transport [5-9]. The con-
ductivity of the above-mentioned compounds was im-
proved by several orders of magnitude by partial substi-
tution of Ge*™ and Ti** with Fe®T, Sc3t, AP, Y3T,
B3t, In3t, Ga®t, Cr3t cations [10-17]. It was shown
that conductivity of LizSco(PO4)3 was increased by
partial isomorphous substitution of triple valence Sc3+
by B3+ [18].

LizCey(POy)3 was also proved to be a Li* ion con-
ductor, however, its conductivity at 600 K is only
2.4-10* S'‘m~! [19]. The XPS indicate that cerium
exists as Ce(III) with no Ce(IV) in investigated crys-
tals [19]. Authors of [20] reported the results of partial
substitution of Ce3* by Sc®*, but there was a great de-
ficiency of lithium (indicated as [J in the paper) in the
obtained Lij 3011 7Scg.3Ceq.7(PO4)3 compound, which
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possibly caused the formation of PO5 groups in the
material, lowering the sintering temperature of the ce-
ramics, and the conductivity increase was not signifi-
cant.

In this work a new compoud LizScg3Ce; 7(PO4)3
was syntesized and studied by XRD, IR, and complex
impedance spectroscopy.

2. Experimental

The powder of LizScy3Ce; 7(PO4)s was synthe-
sized from a mixture of CeOy, LioCO3 (of 99.999%
purity), Sc203 (99.99%), and NH,4HsPO, (extra pure)
by solid state reaction. The mixture was milled as
emulsion with ethyl alcohol in a planetary mill with
one milling ball of 52 mm in diameter and then heated
at 773 K for 3 h. Thereafter the mixture was milled,
heated at 1173 K for 1 h, then milled and heated at
1173 K for 3 h again. Finally the mixture was milled
for 8 h and dried at temperature 393 K for 24 h.

The structure parameters were obtained at room
temperature from the X-ray powder diffraction pat-
terns. The measurement was recorded with a step of
1 degree/min in the region of 20 = 6-80 degrees using
CuK,1 radiation. The material was examined at the
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Fig. 1. IR spectrum of LizSco.3Ce1.7(PO4)3 at room temperature.

chemical bonding level by infrared (IR) spectroscopy
(SPECORD).

The powder was uniaxially cold pressed at 300 MPa.
The sintering of the ceramics was conducted in air at
temperature 1273 K for 1 h and 5 h.

Complex conductivity & = o’ + io”, complex
impedance Z = Z' 4 iZ”, and complex dielectric
permittivity £ = ¢’ — ie” were measured on cooling
the sample from 600 down to 300 K in the frequency
range from 10° to 1.2-10° Hz by coaxial impedance
spectrometer set-up [15]. Pt paste was used to form
electrodes on the ceramic samples. The measurements
were carried out in air.

3. Results and discussion

IR spectrum of LizScg 3Ce; 7(POy4)3 is identical to
CePOy spectrum [21] and is typical of orthophosphate
compounds (Fig. 1). It shows very strong absorp-
tion bands belonging to v3 POi_ vibrations (950-
1090 cm~!) and weaker bands assigned to v4 PO}~
(550-620 cm™') vibrations. The absorbtion bands
which could be assigned to PO5 groups were not
found.

The results of the X-ray diffraction study have
shown that LizScy3Ce; 7(PO4)s powder is a single
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Fig. 2. Frequency dependences of the real part of conductivity of
LizSco.3Ce1.7(PO4)3 ceramics (sintering duration 5 h) measured at
different temperatures.

phase material. The compound has typical monazite-
type structure of CePO, and belong to the mono-
clinic symmetry (space group P21/n) with four for-
mula units in the lattice. The lattice parameters were
found to be a = 6.799(1) A, b = 7.023(1) A, ¢ =
6.489(1) A, 8 = 103.465(14)°, and the unit cell vol-
ume is V = 300.38 A3. The values of lattice parameters
and the volume of the unit cell are bigger compared to
Li3Ces(PO,4)3 material [19]. The theoretical density of
the compound is dx-ray = 4.11 g/ cm?. The densities of
the ceramic samples reach about 90% of the theoretical
density.

The characteristic frequency dependences of the real
part of 0 of LizScg 3Ce; 7(POy4)3 ceramics sintered for
5 h and measured at different temperatures are shown
in Fig. 2. A dispersion region was found in ¢’ spec-
tra. The shift of the dispersion region towards higher
frequencies with the increase of temperature is a typ-
ical peculiarity of relaxation process and this disper-
sion was attributed to the fast Li™ ion motion in the
investigated material. The temperature dependences of
ionic conductivities (o) of LigScg 3Ceq 7(PO,4)3 ceram-
ics were derived from complex plots of Z”(Z’) at dif-
ferent temperatures as shown in Fig. 3. The tempera-
ture dependences of ¢ are shown in Fig. 4. The changes
of o with temperature have been described according to
the Arrhenius law:

—AF )

0 = 09 exp <—kT (1)

where o is preexponential factor, A E is activation en-
ergy of ionic conductivity, k is Boltzmann’s constant,
T is temperature. The comparison of electrical pa-
rameters of LizScy 3Ce; 7(PO4)s and host compound
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Fig. 3. Complex plane plots of impedance of LizSco.3Ce1.7(PO4)3 ceramics sintered for 5 h measured at (a) 580 and (b) 600 K.
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Fig. 4. Temperature dependences of conductivities of

Li3Sco.3Ce1.7(PO4)3 and LizCe2(POy4)3 [19] ceramics.

Table 1. Summary of electrical properties of
Li3Sco.3Ce1.7(PO4)3 and LizCez(POy4)s [19]
ceramics sintered for different times (ts).

Compound ts;h  0,S/m(600K) AE,eV
LisSco.3Ce1.7(PO4)3 1 7.7-1073 0.4
5 1.1-1072 0.41
1 241074 0.37
LisCes(POy)s 2 3.9-107* 0.41
3 3.7-107% 0.39

Li3Ce2(POy)s3 [19] ceramics is presented in Table 1.
The enhancement of conductivity of the investigated
ceramics can be related to the expansion of the unit cell
because of the partial substitution of Ce3* cations by
Sc3T. We observe a slight increase of ionic conductiv-
ity of the ceramics sintered for a longer time, and this

fact can be related to grain growth at the sintering tem-
perature.

The temperature dependences of the real part of di-
electric permittivity (¢') and dielectric losses (tan § =
e’ /") were investigated at the frequency of 1 GHz.
This frequency is higher than Maxwell relaxation fre-
quency fy = o/(g'gp) (where g9 = 8.85-10712 F/m
is dielectric constant of the vacuum). At 600 K tem-
perature fj of the ceramics sintered for 5 h was found
to be 100.1 MHz. The temperature dependences of &’
and tan ¢ of LizgScg 3Ceq.7(POy4)3 ceramics are shown
in Fig. 5. The increase of the values of ¢’ with tem-
perature of the investigated compound can be caused
by contribution of the migration polarization of lithium
ions, vibration of lattice, and electronic polarization.
The increase of tan § with temperature is related to the
contribution of conductivity in the investigated temper-
ature region.

4. Conclusions

The solid electrolyte LizScq 3Ce1 .7(PO4)3 compound
has monazite-type structure and belongs to monoclinic
symmetry (space group P2;/n) with 4 formula units
in the lattice. The obtained compound is a single phase
material where phosphorus exists completely in the
radical group POi*. The relaxation-type dispersion
was found in the conductivity spectra and it was related
to the lithium ion transport in the obtained ceramics.
The conductivity of LizScg 3Ce; 7(PO4)3 has higher
values in the investigated temperature range compared
to the host compound of LizCe2(POy4)3. At 600 K
the value of ionic conductivity of LizScy 3Ce; 7(PO4)3
ceramics, sintered for 5 h, was found to be o =
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Fig. 5. Temperature dependences of (a) dielectric permittivity and (b) dielectric losses of LizSco.3Ce1.7(PO4)3 ceramics measured at 1 GHz
frequency.

1.1:1072 S/m. The value of &' at room temperature
at 1 GHz frequency was found to be 9 and is caused by
the polarization process due to migration of Li™ ions,
lattice vibrations, and electronic polarization.
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MONAZITO GRUPES SUPERJONINIU KERAMIKU ELEKTRINES SAVYBES 10°-1,2-10° Hz DAZNIU
RUOZE
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Santrauka

LizSco,3Ce1,7(PO4)3 junginys buvo susintetintas kietyjy faziy
reakcijy metodu. Jo kristaliné sandara iStirta esant kambario tempe-
ratiirai Rentgeno spinduliy difrakcijos nuo milteliy metodu. Nusta-
tyta, kad tirtasis junginys priklauso monoklininei singonijai (erd-
viné simetrijos grupé P21 /n), o jo elementariojoje kristalinéje gar-
del¢je yra 4 formuliniai vienetai. IR spektroskopijos metodu paro-
dyta, kad fosforas Sioje medZiagoje egzistuoja tik POif grupéje.
Buvo pagamintos ty kietyjy elektrolity keramikos. Keramiky elekt-
rinés savybés buvo tirtos impedanso spektroskopijos metodu, ma-
tuojant jy pilnuting varZa, kompleksinj laidi ir kompleksing dielekt-
ring skvarba 10°-1,2-10° Hz daznio elektriniame lauke 300-600 K

temperatiiros intervale. Tirtose keramikose stebima relaksacinio
tipo elektriniy parametry dispersija, susijusi su Li* jony pernasa.
ISmatuotas jony laidis tirtose keramikose yra mazdaug 1,5 eilés di-
desnis, palyginus su LizCe2(PO4)s3, 0 nedidelis laidZio padidéjimas
padidinus keramikos kepinimo trukme¢ yra siejamas su kristality au-
gimu kepinimo temperatiroje. Kai 7" = 600 K, keramikos, kurios
kepinimo trukmé buvo 5 h, laidis & = 1,1-1072 S/m. Didéjant
temperatiirai, keramiky ¢’ ir tan & didéja. Keramiky ¢’ dydj lemia
li¢io jony migracing, joniné tamprioji bei elektroniné poliarizaci-
jos. Matuoty kietyju elektrolity dielektriniai nuostoliai yra dél ju
joninio laidumo kaitos.



