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Graphical Abstract
The experimental X PS results showed that Cr** substitution restrained the formation of Ti* ionsin the
Nag5SmysTiOs + Cr,03 ceramics by one synthetic process
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Fig. 6. (a) The experimental spectrum of Ti 2p for pure NaysSmysTiOz and NST ceramics doped with
1% mol Cr,03, and (b) the experimental and deconvoluted Ti 2p XPS spectrumfor pure
Nag5Smy s TiO5 ceramics sintered at 1450°C for 2 h.
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Abstract:

The NgsSmysTiOz + x mol Cr,Oz ceramics X = 0, 0.25%, 0.5%, 0.75%, 1%, 1.25% and
1.5%) were conventionally prepared using solid-state reaction method by one synthesizing process.
All specimens were identified as a structure of orthorhombic perovskite with $rama group.

Both of XRD patterns and refinement results showed that tffeh@d incorporated into the lattice

at Ti sites, leading to the expansion of cell volume. The densification can be improved by adding a
proper amount of GO; (0.25%< x<1%). The permittivity £) slightly increased witlx<<0.25%,

later decreased with further addition of,@s, which showed a similar varying trend to dielectric
polarizabilities. The temperature coefficient of the resonant frequefayas reduced from 199.3
ppm/°C to 160.8 ppm/°C due to an increase of B-site bond valence. The experimental XPS results
confirmed that there was a significant increase of quality faQsf J from 8993 GHz ak = 0 to

11854 GHz ak = 1% due to the restraint of “fireduction to T". When added with 1% mol €D,

the Na,,Smy,TiO3 ceramic sintered at 1450°C for 2h exhibited high microwave dielectric properties
of £=96,Qxf=11854 GHz and=171.2 ppm/°C.

Keywords: Dielectric loss; Dielectricperovskite XPS

1. Introduction

With the advent of 5G technology in wireless communication, the demand for microwave
dielectric ceramics with high performance has increased dramatically because of their paramount
roles in microwave applications, such as satellites and any hand-held terminals. Recent decades,
researchers have made great strides in finding plenty of microwave ceramic systems with a high
dielectric constantef), high quality factor Qxf) and adjustable temperature coefficient of the
resonant frequencyy), such as LO-BO-TiO, (B=Zn**, Mg?"), A(B'1/3B"23)O05 (A=Ba, Ca, B=Zn?",

Mg%, Cd* and N#*, B"=Ta, Nb) ceramics, and BaO-®-TiO, (Ln=rare earth) [1-4]. Although

these ceramics have excellent microwave performance, their dielectric permittivities mainly varied
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in the range of 10 to 80 which are not competent to meet the further demand of miniaturization.

As a member of the series of JNBNysTiO3 (Lh=La, Nd and Sm) microwave ceramics, the
NaysSmy sTiO3 (NST) ceramic system presents a high dielectric permittigityd 00.5), high quality
factor @Qxf=8993GHz) [5-7]. Because of the high permittivity, the orthorhombic perovskite
structured N@sSmysTiO3 ceramics are considered as promising candidates in miniaturizing
microwave dielectric devices [6]. In many reports of Ti based ceramic systems [8-11] , however, it
is common to find the serious deterioration in microwave dielectric loss owing to the reduction of
Ti*" to Ti** in high sintering temperature. As known to us, the reduction*dtdiTi** is detrimental
for Nay sSmy =TiO5 to be used as resonator materials. And the efforts to restrain the reductiéh of Ti
have been an active field recently. The dielectric loss will be greatly decreased by doping with a
range of divalent and trivalent acceptor cations with ionic radii between 0.5 A and 0.95A, such as
Zn*, Mg?*, Mn®*, CU#*, Cc*, Mn**, CP*, AI** and B". For example, Pullar et al [9]. revealed that
the “dark hole” can be cured by adding these cations intg, T&amics, and a dramatic
improvement ot, andQxf could be obtained. Huang et al. [8] reported that a significant increase of
quality factor was achieved by adding ¥nCu** and C8" into Ba, ;Nds 5Ti;s0s4 ceramics. Fang et
al. [11] claimed that a proper amount of Asubstitution for T was beneficial to improve the
quality factors due to the restraint of*Treduction; it influenced the variation gfand zthrough
changing its B-site bond valence in Ca-Li-Nd-Ti system. It was meaningful for Guo et al. [10] to
find that the substitution of €r for Ti* restrained the reduction of *fi to T in
Bag-_3,Nds:24T118054 CEramics while maintaining its high permittivities. To date, a small amount of
studies for NgsSmy sTiO3 system have been confined to improve its basic synthesizing process and
tune itsz;. But no attentions have been paid to combat the reductioddbTii**in NST ceramics.

In this study, the NaSm, sTiO3 + x mol CrLO; ceramicsX = 0, 0.25%, 0.5%, 0.75%, 1%,
1.25% and 1.5%) were synthesized by one synthetic process in order to improve quality factor and
maintain high permittivity. Meanwhile, the effects ofGons on the crystal structures,
microstructures and microwave dielectric characteristics gE®ie, sTiO3 were investigated

systematically by using XRD, SEM and XPS technology.

2. Experimental procedures



Specimens of Ng@Smy,TiOz + x mol CrO; ceramics X = 0, 0.25%, 0.5%, 0.75%, 1%, 1.25%
and 1.5%) were prepared by one synthetic process using the conventional solid-state ceramic route.
The raw materials were NaO; (ChengDu Kelong Chemical Co., Ltd, Chengdu, China),Cam
(Gansu Rare-earth New Materials Co., Ltd, Baiyin, ChinagQ£fChengDu Kelong Chemical Co.,

Ltd, Chengdu, China) and Ti@Xiantao ZhongXing Electric Co., Ltd, Xiantao, China) with at least

99.9 % purity. The starting oxide materials were weighted according to the stoichiometry proportions
with addition of 6 wt % NgCO; powder because of the serious evaporation of sodium in high
temperature. The mixture of starting materials was ball-milled in alcohol medium for 5 h in nylon jar
using zirconia balls. The mixed slurry was dried, passed through al00-mesh sieve, later, calcined in
air at 1150 °C for 3 h. The fine powder was mixed with a 6 wt. % of a 10% solution of polyvinyl
alcohol (PVA) as a binder. The obtained powder was axially pressed into cylindrical disks with
thickness of 7.5 mm and 15 mm in a diameter under a pressure of 20 MPa. These samples were first
heated at 600 °C for 3 h to burn out the organic binder, later, these pellets were sintered at 1450 °C
for 2 hin air.

After sintering, the apparent densities of the samples were measured using the Archimedes
method. The powder phase composition were examined by X-ray diffraction (XRD) using CuK
radiation (Philips x’pert Pro MPD, Netherlands) and the refined lattice parameters of samples were
collected by analyzing XRD data using the Maud software. The chemical compositions of
NagsSmy sTiOs + x mol CrO3ceramic powdefx=0, 0.75% and 1.5%) were measured by the x-ray
fluorescence. The reliability of the refined results was evaluated by the pattern R Ret@evsight
profile), Rwnb (an value similar to that reported for single-crystal refinemen®) (the
Bragg-intensity R value) anlexp(the quality of the data)). The visualization of crystal structure of
NST ceramics was obtained by VESTA software [12]. Scanning electron microscopy (SEM) (FEI
Inspect F, United Kingdom) was employed to study the thermally etched surface morphology of the
specimens. The valence of Ti ion was identified by X-ray photoelectron spectroscopy (XPS)
(Thermo scientific ESCALAB 250Xi). The dielectric characteristics at microwave frequencies were
measured by the Hakki—Coleman dielectric resonator method in the TE011 mode using a network
analyzer (Agilent Technologies E5071C, USA) and a temperature chamber (DELTA 9023, Delta

Design, USA). The temperature coefficients of resonant frequency were calculated by equation:



ry =(f, - ftl)/(ftl x(t,—t,)) (1), where f, and f,  were the resonant frequencies at the

measuring temperature(®5 °C) and (85 °C), respectively.

3. Resultsand discussions
Fig. 1(a) illustrates XRD patterns of powderam,,TiO; + x mol CrO;ceramics X=0 to

1.5%) sintered at 1480 for 2 h in air. For all compositions, the main peaks of samples were
confirmed as a structure of orthorhombic perovskite, and no peaks for secondary phase can be
detected, which implied that €rions had incorporated into the crystal lattices and formed solid
solutions. Weak superlattice reflections, as previously reported in literature [13, 14], were also
observed for all compositions in this investigation. These weak peaks were indexed as (1, 1/2, 0),
(1,1,1/2), (3/2, 1/2, 1/2), (2, 1/2, 0), (3/2, 3/2, 1/2), (2, 1, 1/2) and (2, 1, 3/2), which were in
even-even-odd and odd-odd-odd manners [13, 15]. Furthermore, Glazer's investigation [16, 17]
revealed that these doubled index superlattice reflections also existed in; @éfi@ltings of
oxygen octahedrawhich was suggested as a space giotpa. On a close examination, the
characteristic peaks slightly shifted to lower angle2éfwhich indicated that an increase of cell
volume happened. Therefore, the Rietveld refinement method were carried out on the basis of the
X-ray diffraction data of all sintered samples.

Theexperimentabnd calculated X-ray diffraction patteraECr added specimeiase given
in Fig. 2 with (a)x= 0 and (b)x= 1%. Both of them were confirmed as a structure of orthorhombic
perovskite with Pnma space group, and tlilubled-index superlattice reflections were fitted
very well The detailed lattice parameters ddalues of all samples are presented in Table 1. As
seen from Table. 1, the cell volumes steadily increased as thim€eased because the smaff Ti
ion (0.605 A) was substituted by a relatively larget @m (0.615 A). To further comprehend the
crystal structure, perovskite structure of pure NST ceramics can be visually displayed on
illustrations drawn by utilizing the refined structural parameters. Figure 3 depicts the schematic
representation of (a) NgSmy sTiOswith perovskite structure and (b) the c-axis was chosen as the
long axis. As shown in Fig. 3, the A site was occupied by Na, Sm and vacamdeE06
octahedron occupied layers between the A site ones, which formed periodic structures [18, 19].
And the superstructure reflections originated from the A-site ordering (periodic structure).

According the Inaguma et al [15] and Sun et al's [13] researches, the weak peaks ((3/2, 1/2, 1/2) and
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(3/2, 3/2, 1/2)) can be detected in thg Mgy, TiO3. And when La was replaced by Pr, Nd, Sm and
other small rare earths, other five weak peaks were detected, which can be indexed as (1, 1/2, 0), (1,
1,1/2), (2, 1/2,0), (2,1, 1/2) and (2, 1, 2/3). These double index of the above reflections ((1, 1/2, 0),
(1,1,1/2), (3/2, 1/2, 1/2), (2, 1/2, 0), (3/2, 3/2, 1/2), (2, 1, 1/2) and (2, 1, 3/2)) was in an
even-even-odd and odd-odd-odd manner. The substitution of Cr for Na/Sm in the NST ceramics
was not able to meet the requirement for formation of a solid solution as the difference in ionic
radius between Na/Sm (1.33 A) and'@0.615 A) was much larger than 15% [20]. Therefore, it

was impossible for Cf to substitute for Na/Sm ions at A-sites. As discussed above, the results
showed that Gf had incorporated into the latticeBasites and formed a solid solution. We also

carried out the measures of the x-ray fluorescence (XRF) 2S48 5TiO3 + x mol CrO; ceramic

powder. Table 2 lists the representative chemical compositions,@MgsTiO3 + X mol CrOs

ceramic powdefx=0, 0.75% and 1.5%) sintered at 1480for 2 h. After converting the weight

ration to mole ration, as we can see, the Na/Sm/Ti atomic ratios of samples were determined by
XRF analysis to be about 1: 1: 2. And the concentration of Cr steadily increased.

Figure 4 shows SEM photographs ofyNam, sTiO3 + x mol C,O3z ceramics sintered at
1450 °C for 2 h with (ax = 0 to (g)x = 1.5%. There were two big changes of the microstructure
when the CiO; were added. One change was that a certain amount of pores shown in Fig. 4(a)
could be effectively eliminated by adding,Os and the compact microstructure with crystal grains
in dense contact could be obtained witld.25% to 1%. But pores were observed again in Fig.
4(f)~(g), as superfluous Cxf 1.25%) were added. Another one was that the increase®©f Cr
were beneficial to promote the grain growth, and wheri %, the microstructure gradually
became uniform. Apparently, a high densification was achieved and the homogeneous
microstructure was observedxat 1%.

Figure 5 shows the (a) relative density, (b) dielectric constant (c) temperature coefficient of
resonant frequency and (d) quality factor of M, sTiO3 + x mol CrLOz ceramics X=0 to 1.5%)
sintered at 145 for 2 h. The theoretical density and relative density are presented in Table 2. As
shown Fig. 5 (a) and Table 3, wher=1%, there was a steady increase of relative density of
samples which was primarily resulted from the elimination of pores pined at the boundary of
matrix grains. However, whenexceeded 1%, relative density decreased and it was mainly caused

by the appearance of pores and increase of cell volume, as shown in Fig. 4 (f)~(g) and Table 3. As
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clearly listed in Table 3, all samples presented high relative densities which were higher than 94%.
The presence of some small pores in one of the samples in Fig. 4 did not necessarily make the
density poor. This may be attributable to a slightly different sintering schedule followed, such as a
little longer soaking or faster heating [11]. Occasional porosity at the grain boundaries did not
make the density extremely poor fg=0, 1.25% and 1.5%. With 0.25% x<1%, a proper
amount of CJO3; could improve the densification of NST ceramics to some extent.

For ¢, shown in Fig. 5 (b), it slightly increased wix=0.25%, later decreased with further
addition of CpOs. In general, the dielectric constant is closely related to the relative density, pores,
ionic polarizabilities. As the relative density of all Cr-added samples was larger than 94%afthe
dielectrics was mainly dependent on dielectric polarizabilities [21, 22]. The dielectric
polarizabilities was calculated by Clausius—Mosotti equation as formulated in egn (2) with

measured dielectric constant at microwave frequencies [1]. The dielectric polarizabilities are listed

YmE=D 9y where V,,, &, andb
(er—2)

in Table 3 as well as molar volumes and dielectric constgnt ,

indicated the molar volume of samples, dielectric constant and constant wal@¢ @s shown in
Table 3, the dielectric constant presented a similar trend to dielectric polarizabilities.

Figure 5 (c) presents theand B-site bond valence gYas a function of GOs. As is known,
the ; of the ABQ; type perovskite is widely considered to be influenced by secondary phase and
tiliting of oxygen octahedra [23]. Because of the single phase of all Cr added NST ceramics, the
tiliting of oxygen octahedra played key role to affect#hénd the oxygen octahedra was closely
related to the B-site bond vaIer(déTi‘Cr_O). The B-site bond valence {£Y is based on the
Rij—dij

equation: V; = Y158 v;; (3), and v;; = exp (b—) (4), whereR; is the bond valence parameter,

d; is the length of a bond between atorandj, and b’ is commonly taken to be a universal
constant equal to 0.37 A. Theand \% are also displayed in Table 4. Obviously, theas reduced
from 199.3 ppm/°C to 160.8 ppm/°C due to an increase of B-site bond valence.
As shown in Fig. 5 (d), there was a significant increagg>dffrom 8993 GHz ax = 0 to 11854
GHz atx = 1% but a big drop to 9241GHzxt 1.5% was observed. The changing tendendy>df
was in accordance with the trend between density agd;®ecause both of the density aQdf
values were much influenced by the same reasons such as densification and pores [24]. Moreover,

the pure NST ceramics had very l@«f value because the “fiattracted unwanted electrons and
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transformed into P in such hightemperatureQ, — V; + 2e’ +%02 (5), e’ + Ti** - Ti3* (6).

But the introduction of Gf would effectively restrain Tireduction, contributing to improvement of

Qxf, Cr3* + Ti3* - Cr?* + Ti** (7). Figure 6 shows (a) the experimental XPS spectrum of Ti 2p

for pure Na,Smy,TiO; ceramics and NaSm,TiO; + 1% mol CyO; ceramics,and (b) the
experimental and deconvoluted Ti 2p XPS specfiampure Na,Sny,,TiO; ceramics sintered at
1450C for 2 h. The Ti 2g,and Ti 2p;, spin-orbital splitting photoelectrons of Cr added NST
ceramics were located at binding energies of around 458 and 464 eV, respectively, indicating that Ti
existed as T [25, 26]. When no GO, were added, moving towards lower binding energies was
observed, and shoulder regions were revealed at approximately 456 eV and 464 eV. These shoulder
peaks could be ascribed to®12ps, and TF* 2py,, implying the presence of ¥iin the pure NST
samples. As shown in Fig. 6(b), the fitting and deconvoluted Ti 2p XPS spectrum strongly
demonstrated that the “fiand T¢* co-existed in pure NST ceramics. Therefore, the significant
improvement ofQxf was mainly due to the restraint of*Tieduction to T" as the GiO; were

added.

In summary, the microwave dielectric properties of NST +Ogceramics were strongly
determined by the @D;. Ther sharply decreased from 199.3 ppm/°C to 160.8 ppm/°C owing to the
increase of B-site bond valence. Theinitially increased, and then decreased, which showed a
similar tendency to dielectric polarizabilities. TRxf could be significantly improved to 11854
GHz atx = 1% mainly because of the restraint of féduction. Hence, when sintered at 1450°C for
2h, the Ng,Smy,TiO3 ceramic with 1% mol GO; exhibited the microwave dielectric properties of
£=96,0Qxf=11854 GHz and=171.2 ppm/°C.

4. Conclusions

The NasSmysTiO3 + x mol CrO3 ceramics were conventionally synthesized by one synthetic
process. Meanwhile, the effects of*Cions on the microstructures and microwave dielectric
characteristics of NaSmy sTiO3 were investigated systematically. All specimens were identified as
a structure of orthorhombic perovskite witmma space group. Both of XRD patterns and its
refinement results showed that the’'Grad incorporated into the lattice at Ti sites, leading to the
expansion of cell volume. The microstructure and densification can be improved by adding a proper

amount of CjO3 dopants (0.25%: x<<1%). Theg, slightly increased wittlx<<0.25%, but later



decreased with further addition of ,Og, which showed a similar varying trend to dielectric
polarizabilities. Ther; was significantly reduced from 199.3 ppm/°C to 160.8 ppm/°C due to an
increase of B-site bond valence. It was remarkable that there was a significant inc@asé&ah

8, 993 GHz ak = 0 to 11854 GHz at = 1%, which was mainly attributable to the restraint &f Ti
reduction to TI*. When added with 1% mol €D, dopants, the NagSmy,TiO3 ceramic sintered at
1450°C for 2h exhibited the microwave dielectric properties, =86, Qxf=11854 GHz and;

=171.2 ppm/°C.
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Fig. 1. Powder XRD patterns of NgSmy,TiO3 + x mol CrO; ceramics X=0~1.5%) sintered at 14%D
for 2 hin air

Fig. 2. Experimental (blue cross) and calculated (black line) X-ray powder diffraction profiles for
Nay,,Smy,TiO3 + x mol CrO; ceramics sintered at 1480 for 2 h with (a)x =0 and (b)x=1%. The
short vertical lines below the patterns mark the positions of Bragg reflections. The bottom continuous
line is the difference between the observed and the calculated intensity

Fig. 3. Schematic representation of (a)Nam, sTiOz with perovskite structure and (b) the c-axis was
chosen as the long axis

Fig. 4. SEM photographs of NaSm, sTiO3 + x mol CrO; ceramicsintered at 1450 °C for 2 h with (a)
x=0to (g)x = 1.5%.

Fig. 5. (a) Relative density, (b) Temperature coefficient of resonant frequency versus B-site bond
valence (\), (c) dielectric constant and (d) Quality factor of,A&m, sTiO3 + x mol CrL,O3 ceramics
(x=0 to 1.5%) sintered at 14%Dfor 2 h.

Fig. 6. (a) TheexperimentaKPSspectrunof Ti 2p for pure NgsSm, sTiOz and Na,Sm,TiO3 + X

mol Cr,O3; ceramicsand (b)the experimental and deconvoluted Ti 2p XPS spedtsupure

Nag sSmy, =TiO5 ceramics sintered at 14%Dfor 2 h.

Table 1. Refined crystal parameters and R values versus compositionR i8MaTiOs; + x mol CrOs
ceramics X=0 to 1.5%) sintered at 145Q for 2 h

Table 2. the representative chemical compositions of §8a sTiO3 + X mol CrLOs ceramic
powder(x=0, 0.75% and 1.5%) sintered at 1480for 2 h

Table 3. Theoretical density, relative density and polarizabilities gfsNay sTiO3 + X mol CrOs
ceramics X=0 to 1.5%) sintered at 145Q for 2 h

Table 4. B-site bond valence @ and t; of NaysSmysTiO3 + x mol Cr,O; ceramic{x=0 to 1.5%)
sintered at 1456C for 2 h



Table 1. Refined crystal parametersand R values ver sus composition in NagsSmgsTiO3 + X mol

Cr,0O5ceramics (x=0to 1.5%) sintered at 1450 °C for 2 h

x (mol) 0 0.25% 0.5% 0.75% 1% 1.25% 1.5%
a(h) 3.82965 3.83039 3.8324 3.83166 3.83266 3.83269 3.83314
b(A) 3.82398 3.82646 3.83076 3.83023 3.83315 3.8341 3.83447
c(A) 3.83624 3.83681 3.8404 3.84073 3.84152 3.84231 3.84404
\% (A3) 56.1798 56.2355 56.3868 56.4012 56.43639 56.4746 56.4867
Rw(%) 3.514467 3.810748 4.222899 45298953 4.7298953 4.9298953 5.7236986
Rwnl{%) 4.131237 4.5633874 4.603896 4.6214356 4.6414237 4.7214356 4.508272
Rb(%) 3.268523 3.2614727 3.281266 3.272021 3.472921 3.652372  3.7915907
Rex%o) 3.101423 4.340112 4.309136 4.310237 4.415289 4.618237 4.488856
Table 2. the representative chemical compositions of NagsSmgsTiO3 + x mol Cr,03
ceramic powder (x=0, 0.75% and 1.5%) sintered at 1450 °C for 2 h
Component SpO3 (Wt%) TiO, (Wt%) NaO (Wt%) CpOs5 (Wt%)
0 44.697 43.96 9.929 0
0.75% 45.19 44.24 9.445 0.5857
1.5% 44.89 43.87 9.387 1.6586
Table 3. Theoretical density, relative density and polarizabilities of NagsSmysTiOz + x mol
Cr,0O3ceramics(x=0to 1.5%) sintered at 1450 °C for 2 h
X Theoretical density Relative
_ . V(A% z & o/ Vi
(mol) (g/cm™3) density (%)
0.00 5.419 95.203 56.1798 1 99.6 0.23163
0.25% 5.396 95.803 56.2355 1 101.5 0.23181
0.5% 5.391 96.532 56.3868 1 100.7 0.23175
0.75% 5.377 96.652 56.4012 1 99.3 0.23166
1% 5.376 97.311 56.4364 1 95.95 0.23142
1.25% 5.373 95.566 56.4746 1 94.73 0.23132
1.5% 5.369 94.694 56.4867 1 93.66 0.23124

Table 4. B-site bond valence (V) and 1 0of NagsSmgsTiOs + x mol Cr,03ceramics(x=0 to
1.5%) sintered at 1450 °C for 2 h

x (mol) Rricr—o dricr-o b’ Vricr-o 7¢(ppm/°C)
0.00 1.815 1.914976 0.37 4.57933 199.3
0.25% 1.8236 1.915609 0.37 4.67851 187.2
0.5% 1.8321 1.917325 0.37 4.76584 184.6
0.75% 1.8407 1.917489 0.37 4.87523 175.1
1% 1.8492 1.917887 0.37 4.98396 171.2
1.25% 1.8578 1.91832 0.37 5.09465 165.4

1.5% 1.8664 1.918457 0.37 5.21196 160.8
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Fig. 1. Powder XRD patterns of NagSm,TiO3 + x mol CrL,O3 ceramicsX=0 to 1.5%) sintered at
1450C for 2 h in air

(a

Uus-var| e ey TR e g et ey e s

(b)

Custuar| DI T e e e e e I e AR Rt

Fig. 2. Experimental ( blue cross) and calculated (black line) X-ray powder diffraction profiles for
Nay,,Smy,TiO; + x mol CrLO; ceramics sintered at 1480 for 2 h with (a)x =0 and (b)x =1%. The
short vertical lines below the patterns mark the positions of Bragg reflections. The bottom continuous
line is the difference between the observed and the calculated intensity



Fig. 3. Schematic representation of (a)oMam sTiOz with perovskite structure and (b) the c-axis
was chosen as the long axis
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Fig. 4. SEM photographs of Ng@Sm, sTiO3 + x mol CrO; ceramicsintered at 1450 °C for 2 h with (& O
to (g)x = 1.5%.
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Fig. 5. (a) Relative density, (b) Temperature coefficient of resonant frequency versus B-site bond valgnce (V
(c) dielectric constant and (d) Quality factor ofyh&m, sTiO3 + X mol CrLO3 ceramicgx=0 to 1.5%) sintered
at 1450C for 2 h.
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Fig. 6. (a) TheexperimentaXPSspectrunof Ti 2p for pure NgsSm, sTiO3 and Na,Smy,TiO3 + X
mol Cr,O3 ceramicsand (b)the experimental and deconvoluted Ti 2p XPS spedsupure
Nag sSmy, TiO5 ceramics sintered at 14%Dfor 2 h.



1. NaysSmy s TiO3 + Cr,05 ceramics were prepared by one process using the solid state method

2. The XPS results showed that Cr** substitution restrained the formation of Ti** ions.

3. The substitution of Cr** for Ti* would effectively lower the t; .

4. The substitution of Cr* for Ti* significantly improved the quality and maintained a high
permittivity (¢,=96, Qxf=11854 GHz).



