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over conventional sintering. Among such advantages include 
rapid heating, selective material coupling in addition to the 
enhancement of reaction kinetics. These relevant merits, in 
essence, render microwave sintering suitably more attractive 
for the synthesis of diverse ceramic materials.
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1 Introduction

The nonstoichiometric barium cerate  BaCeO3 − δ (BCO) have 
been extensively studied due to its potential applications in 
solid oxide fuel cells (SOFC) [1–3], hydrogen separation 
membranes, gas sensors [4, 5], electrocatalysis technology 
[6] and heterogeneous photocatalytic activities [7]. However, 
barium cerate has been broadly studied as proton-conducting 
electrolytes for SOFC because of their favorable properties 
such as high conductivity [8–10].

The increasing demand for clean, secure, and sustainable 
energy sources has stimulated great scientific and industrial 
interest in development of fuel cells. Fuel cells are devices 
that directly convert chemical fuel to electricity. An intense 
effort has been done for the development of the solid oxide 
fuel cells (SOFCs) represent the cleanest, most efficient, and 
versatile energy conversion system [11, 12].

In this context, the effects of the addition of dopants 
such as  Gd3+ ions on proton conductivity are of prime 
importance because allow to increase the concentration 
of proton in  BaCeO3. Thus, the gadolinium-doped barium 
cerate  BaCe1 − xGdxO3 − δ ceramic materials, known as 
(BCGO) is a proton-conducting solid electrolyte with a 
high conductivity in intermediate-temperature in SOFCs 
applications [13–17]. Proton conductors have attracted 

Abstract The nanoparticles of  BaCe1 − xGdxO3 − δ (BCGO) 
with x = 0.01 and 0.02 mol%  Gd3+ respectively, were syn-
thesized by the polymeric precursor method. The nanocrys-
tals analyzed by X-ray diffraction (XRD) displayed an 
orthorhombic perovskite-type structure. The sintered 
samples were characterized using Archimedes method, 
field emission scanning electronic microscopy (FE-SEM), 
and dilatometric measurements are reported. The values 
obtained relative to the average crystallite sizes calculated 
by the Scherrer equation were found to be dependent on Gd 
dopant concentration in the samples under investigation. The 
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sintering methods at 1480 °C for 4 h and at 1370 °C for 
1 h respectively. By applying a heating rate of 50 °C  min− 1 
in a microwave oven, a satisfactory final density (95.1% of 
the theoretical density) was obtained using relatively lower 
temperatures compared to the conventional method. Both 
sintering methods were successfully employed towards 
obtaining dense BCGO ceramic. Comparatively, however, 
domestic microwave sintering was found to bear advantages 
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considerable attention as a result of their low activation 
energy and high ionic conductivity at relatively low tem-
peratures [18]. In the development process of electrolytes 
(i.e., solid oxide fuel cells with ion-permeable electro-
lytes), high-final densities of the sintered bodies are par-
ticularly desirable once they contribute towards improv-
ing the efficiency of energy conversion by preventing the 
permeation of other gases [19, 20]. Proton-conducting 
perovskite oxides have been proposed in the literature 
as new candidate electrolyte material for SOFCs. These 
oxides can achieve high proton-conductivity at fairly low 
temperatures (350–600 °C) by virtue of their relatively 
low activation energy when it comes to proton conduction 
(0.3–0.6 eV) [21].

Reports in the literature show that long processing time 
and high sintering temperatures are required if one is to 
obtain dense ceramic materials such as BCO. Nonethe-
less, it is well-known that the increasing either the sin-
tering temperature or sintering time normally results in a 
large barium evaporation and subsequent chemical barium 
deficiency in the final product. This deficiency inevitably 
leads to a decline in total conductivity [22–25]. However, 
some works reported in the literature have demonstrated 
the superiority of microwave sintering compared to other 
techniques [26–29].

The microwave sintering can give rise to dense materi-
als at lower temperatures and shortened sintering periods 
compared to those of conventional sintering [30–33]. Iso-
lating materials such as silicon dioxide or alumina are 
supposed to be heated above 600 °C in order to gener-
ate time-dependent electric dipoles that can absorb the 
microwave energy [34]. In conventional furnaces, heat is 
transported from the walls to the sample and its tempera-
ture increases slowly until equilibrium is reached. The 
use of microwaves allows an inversion of the heat profile 
as the material itself is subjected to heat treatment. This 
contributes towards reducing thermal strain and may give 
rise to higher relative densities [35].

Several alternatives to conventional sintering of green 
compacts composed of nanosize particles have been pro-
posed aiming at improving the mechanical and electri-
cal properties associated with higher density and smaller 
average grain size [36]. In this context, microwave radia-
tions are found to be advantageous as a result of the econ-
omy of energy and time during processing [37].

This work seeks to report the findings of our study 
conducted on (BCGO) pellets sintered by both conven-
tional and microwave methods with the aim of comparing 
the effect of methodology on the stability and sinterability 
of as-prepared BCGO ceramics.

2  Experimental

2.1  Synthesis

For the synthesis of BCGO powders  (BaCe0.9Gd0.1O3 − δ and 
 BaCe0.8Gd0.2O3 − δ) by the polymeric precursor method, the 
cerium citrate was prepared by the addition of 1 × 10− 2 mol 
of hexahydrated cerium (III) nitrate [Ce(NO3)3·6H2O] in an 
aqueous solution of citric acid using the metal/acid molar 
ratio of 1:3. Similarly, barium citrate was obtained by the 
reaction of Ba  (NO3)2 with a citric acid solution using the 
same metal/acid ratio. The citrates were mixed and kept 
under constant stirring. Afterwards, gadolinium (III) oxide 
 [Gd2O3, 99.9% Aldrich], dissolved in a minimum amount 
of nitric acid, was used as doping agent and added to the 
first solution. Complete dissolution resulted in a clear yellow 
solution. Ethylene glycol was then added in the proportion 
by mass of 60:40 of citric acid and ethylene glycol in order 
to promote the polyesterification reaction. The polyester was 
subsequently placed in an oven to be thermally treated at 
300 °C for 2 h in air so as to obtain the solid resin. The resins 
were heat-treated at 950 °C for 2 h in a conventional furnace 
to obtain the crystalline powder.

2.2  Sintering

BCGO samples were formed into pellets (Ø = 9  mm, 
h = 3 mm) and isostatically pressed at 210 MPa resulting 
in green densities close to 52% of the theoretical density. 
Sintering study was carried out in a dilatometer at tempera-
tures up to 1550 °C. The pellets were sintered at 1480 °C for 
4 h in a conventional furnace (the heating and cooling rates 
were set at 10 °C  min− 1) and at 1370 °C for 1 h in a micro-
wave furnace at a heating rate of 50 °C  min− 1 followed by 
cooling (a cooling rate of approximately 10 °C  min− 1) in a 
similar experimental setup as described in the literature [38]. 
A modified domestic microwave furnace (2.45 GHz, 850 W) 
containing a SiC susceptor was used in order to absorb the 
microwave energy. The temperature profile was measured 
using Pt–13% Rh thermocouples placed 3 mm above the 
sample surface. The sintered samples were characterized by 
the Archimedes method. Prior to immersion, the open pores 
are filled with a fluid, as, for example, the water. For these 
test, the sample is first weighed dry  (W1), then weighed 
again after fluid impregnation  (W2), and finally weighed 
while immersed in water  (W3). In general, a wire is normally 
used to suspend the sample in water, and its weight is also 
measured in water. Hence, the density (ρ) of the sintered 
samples is then calculated from the weight determinations, 
according to the following Equation [39]: 

� =
w
1
�
w

w
2
− (w

3
− w

w
)



132 J Inorg Organomet Polym (2018) 28:130–136

1 3

where ρw is the density of water.

2.3  Characterization

Structural characterizations of the ceramics were per-
formed by X-ray diffraction (XRD) using a Rigaku-DMax 
(model 2500 PC) diffractometer with a Cu–Kα radiation 
(λ = 1.54060 Å) source and graphite monochromator. Meas-
urements were carried out over an angular range of 10° ≤ 
2θ ≤ 80° using scanning steps of 0.02° and a fixed counting 
time of 6 s. Divergence, scattering, and receiving radiation 
slit values were 1°, 1°, and 0.3 mm, respectively. Dilato-
metric study was conducted in a dilatometer (Netzsch 402, 
Germany) up to the temperature of 1550 °C at 10 °C  min− 1.

The morphologies and fired density of the final samples 
were observed by field emission scanning electron micros-
copy (FE-SEM) using a Carl Zeiss Supra 35-VP model (Ger-
many) microscope operated at 6 kV.

3  Results and Discussion

3.1  X Ray Diffraction

In order to find out the lowest temperature to obtain the 
pure BCGO phase, we have selected one of the compositions 
 (BaCe0.9Gd0.1O3 − δ) to perform a thermal study by varying 
the thermal treatments. Figure 1 shows the XRD patterns 
of BCGO (10 mol% Gd) ceramic powders prepared via the 
polymeric precursor method calcined at 700, 800, 900 and 
950 °C for 2 h. As showed, the changes of the phases rela-
tive to temperature can be easily monitored by means of the 
XRD patterns. Higher heat treatment temperatures were 

found to improve the purity and crystallinity of the pow-
ders. Pure BCGO was produced through thermal treatment 
at a temperature of 950 °C for 2 h. For lower temperatures, 
we identified some traces of additional peaks correspond-
ing to impurity phases, which are attributed to the  BaCO3 
phase and are probably as a result of the existence of barium 
vacancies in the structure.

Figure 2 shows typical XRD patterns of  BaCe0.9Gd0.1O3 − δ 
and  BaCe0.8Gd0.2O3 − δ crystals synthesized at 950 °C for 2 h 
by the polymeric precursor method. The sharp and well-
defined diffraction peaks indicate a high degree of crystal-
linity; in other words, all crystals are structurally ordered 
at long range. Figure 2 illustrates the XRD patterns of the 
monophasic samples of  BaCe1 − xGdxO3 − δ (crystals with 
x = 0.01 and 0.02) mol%  Gd3+. The diffraction peaks can 
be assigned to the orthorhombic perovskite-type structure 
and are in line with the Joint Committee for Powder Dif-
fractions Standards Card (JCPDS card No 22-0074). The 
main peaks correspond to (220), (122), (213), (422), (233) 
and (440) planes.

The average crystallite sizes for BCGO samples were 
calculated based on the XRD data and the Scherrer equa-
tion, and are shown in Table 1. With the increasing dopant 

Fig. 1  XRD pattern of BCGO powders relative as function of the 
temperature

Fig. 2  XRD pattern of BCGO powders with different concentration 
of  Gd3+ ions obtained following thermal treatment at 950 °C for 2 h

Table 1  Average crystallite size of BCGO samples

Sample Average 
crystallite size 
(nm)

BaCe0.9Gd0.1O3 − δ 38.18
BaCe0.8Gd0.2O3 − δ 30.48
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concentration, the crystallinity and crystallite size of the 
BCGO particles decreased.

3.2  Dilatometric Analysis and Sintering

The synthesis method and the conformation of the particles 
gave rise to areas of agglomerated powder. These nanomet-
ric agglomerated powder displayed a stronger tendency for 
sintering at lower temperatures (1190 °C) compared to non-
agglomerated particles by virtue of their relatively higher 
quantity of contact points, which contribute towards the for-
mation of pores and defects [40]. Oddly enough though, very 
high heating rates may favor the simultaneous occurrence 
of both these situations, thereby preventing the occurrence 
of defects.

Figure 3 depicts the dilatometric profile of the samples 
sintered using the heating rate of 10 °C  min− 1. As can be 
observed, the dilatometric curves showed two sintering 
stages at 1190 °C (P1) and 1370 °C (P2). By considering 
similar studies reported in the literature [40–42], we suggest 
that the first stage is related to the sintering of agglomerates 
while the second stage is associated with dispersed particles, 

Fig. 3  Dilatometric curve obtained at a heating rate of 10 °C  min− 1 
(ΔL/Lo) and derivative of the linear shrinkage curve (d(ΔL/Lo)/dt) as 
function of the temperature

Fig. 4  a SEM micrograph of BCGO (20 mol% Gd) after conventional sintering; b XRD pattern for BCGO; c XRD pattern for  CeO2
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attributing them to advanced sintering mechanisms. The 
unambiguous determination of a sintering mechanism is 
complicated by the possible effects of combined mechanisms 
and, in the case of diffusion, by the similarity of the time 
dependence of surface and volume diffusion [43].

In the first moment, the pellets were conventionally sin-
tered at 1480 °C for 4 h using an open crucible. From the 
FE-SEM images (Fig. 4a) one can observe the existence of 
two different compounds in the same sintered ceramic body. 
XRD patterns clearly index the both formed phase are attrib-
uted to the formation of both phases (Fig. 4b–c). Clearly, one 
phase matches with the fluorite structure of  CeO2 (JCPDS 
card No 01-075-0162) while the other one matches with 
the orthorhombic perovskite-type BCGO (JCPDS card No 
22–0074). This effect has been reported in the literature by 
Tong et al. [44]. They demonstrated that given an increase in 

sintering temperature or sintering time of  BaZr0.8Y0.2O3 − δ 
ceramics, grain growth and densification are found to be 
improved albeit this normally results in barium deficiency 
and the emergence of deleterious second phases such as 
 Y2O3.

In order to obtain highly dense and well sintered bodies, 
we opted for optimizing the sintering process as shown in 
the scheme, Fig. 5 a–b. The pellets were placed on a BCGO 
powder layer (in a closed crucible) for the powder to act 
as a protective barrier during sintering. By so doing, we 
were able to prevent the evaporation of the  Ba2+ ions as such 
effect is undesirable.

Figure 5c–d shows the FE-SEM images of the sintered 
samples. From these images, it is possible to compare the 
effect of the methodology on the microstructure of these 
materials. We can see that both sintering methods were 

Fig. 5  Schematic illustration of BCGO samples sintered by (a) microwave sintering and (b) conventional sintering. FE-SEM images of BCGO 
samples sintered by (c) microwave sintering and (d) conventional sintering
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successfully employed in obtaining dense BCGO ceramic. 
Nonetheless, comparatively, the domestic microwave sinter-
ing was found to bear advantages over conventional sinter-
ing. Among such advantages include rapid heating, selec-
tive material coupling in addition to the enhancement of 
reaction kinetics. These relevant merits render microwave 
sintering suitably more attractive for the synthesis of these 
materials [45]. It is worth noting that the high heating rates 
are seen to have favored the sintering process through a 
kinetic effect, i.e., rapid diffusion of minor particles. The 
high heating rate was found to be at 50 °C  min− 1 (Fig. 3). 
This implies a sintering temperature of 1370°C—a level 
regarded significantly lower than those sintering tempera-
tures reported in the literature for BCGO (1450–1650 °C) as 
shown in Table 2. Indeed, while this is clearly not a heating 
rate employed for conventional furnaces, it is attainable in 
a microwave-assisted heating device, such as a SiC plate, 
used in this work.

In this work, the FE-SEM images are noted to be of 
fundamental importance toward understanding the micro-
structure and densification of the BCGO compounds. The 
materials sintered by conventional method have an average 
grain size ranging from 8 to 16 µm while those sintered via 
the microwave method exhibit a narrow grain size distribu-
tion in the range of 6–10 µm (Fig. 5). These results are in 
agreement with the reports found in the literature for other 

ceramic materials. Microwave sintering leads to relatively 
smaller grain sizes compared to those obtained by conven-
tional sintering mainly as a result of the extremely short 
sintering time [55].

Nonetheless, the final density of the sintered bodies 
was found to increase with increase in gadolinium dopant 
concentration for both sintering methods (Table 3). The 
densities obtained for conventional and microwave meth-
ods were 97.2 and 95.1% respectively for the BCGO doped 
with 20 mol% of Gd samples.

4  Conclusion

In summary, gadolinium doped barium cerate powder 
was successfully prepared by the polymeric precursor 
method. Both conventional and microwave sintering tech-
niques proved to be effective when it comes to obtaining 
dense ceramic, well sintered bodies in short times and at 
lower temperatures despite the presence of agglomerated 
particles in the precursor powders. This study is essen-
tially expected to contribute towards the ongoing efforts to 
obtain dense ceramic products from nanometric particles 
for SOFCs based on the application of proton conductors.

Acknowledgements The Brazilian authors gratefully acknowledge 
the financial support received from the Brazilian research funding 
agencies—FAPEG/CAPES (201410267000067), INCTMN/CNPq 
(573636/2008-7) and FAPESP/CDMF (2013/07296-2), during the 
course of this research.

References

 1. T. Shimada, C. Wen, H. Taniguchi, J. Otomo, H. Takahashi, J. 
Powder Sources 131, 289–292 (2004)

 2. G.Y. Meng, Q.L. Ma, R.R. Peng, X.Q. Liu, Solid State Ion 178, 
697–703 (2007)

 3. A.S. Kumar, R. Balaji, S. Jayakumar, C. Pradeep, Mater. Chem. 
Phys. 182, 520–525 (2016)

 4. H. Uchida, H. Kumura, H. Iwahara, J. Appl. Electrochem. 20, 
390–394 (1990)

Table 2  Sintering studies data obtained in this work in comparison 
with those reported in the literature

CS conventional sintering
MS microwave sintering

Synthesis temperature Methodology Reference

1250 °C/15 h Conventional solid-state reaction 
route

[14]

1400 °C/5 h Conventional solid-state reaction 
route

[46, 47]

1200 °C/6 h Conventional solid-state reaction 
route

[48]

1200 °C/12 h Conventional solid-state reaction 
route

[49]

1150 °C/2 h Conventional solid-state reaction 
route

[50]

1350 °C/6 h Conventional solid-state reaction 
route

[15]

1150 °С/2 h Conventional solid-state reaction 
route

[51]

1350 °C/10 h conventional solid-state reaction 
route

[52]

1350 ◦C/10 h Conventional solid state reaction 
route

[53]

1400 °C/10 h Conventional solid state reaction 
route

[54]

950 °C/2 h Polymeric precursors route This work

Table 3  Relative density (ρ) of BCGO pellets sintered by conven-
tional and microwave method

BaCeO3 theorical density = 6.38 g  cm− 3

RGD relative geometric density

Sintering method BaCe0.9Gd0.1O3 − δ BaCe0.8Gd0.2O3 − δ

Conventional ρ (%) RGD*

(g  cm− 3)
ρ (%) RGD*

(g  cm− 3)
91.5 5.84 97.2 6.21

Microwave 90.8 5.74 95.1 6.07



136 J Inorg Organomet Polym (2018) 28:130–136

1 3

 5. K. Ouzaouit, A. Benlhachemi, H. Benyaich, L. Aneflous, A. Mar-
rouche, J.R. Gavarri, J.A. Musso, J. Phys. 123, 125–130 (2005)

 6. P.H. Chiang, D. Eng, M. Stoukides, Solid State Ion. 61, 99–103 
(1993)

 7. H. Kato, H. Kobayashi, A. Kudo, J. Phys. Chem. B 106, 12441–
12447 (2002)

 8. N. Radenahmad, A. Afif, P.I. Petra, S.M.H. Rahman, S.-G. Eriks-
son, A.K. Azad, Renew. Sustain. Energy Rev. 57, 1347–1358 
(2016)

 9. X.Z. Fu, J.L. Luo, A.R. Sanger, N. Luo, K.T. Chuang, J. Power 
Sources 195, 2659–2663 (2010)

 10. Z. Tao, Q. Zhang, X. Xi, G. Hou, L. Bi, Electrochem. Commun. 
72, 19–22 (2016)

 11. N.Q. Minh, T. Takahashi, Science and Technology of Ceramic 
Fuel Cells. (Elsevier, Amsterdam, 1995)

 12. K. Gdula-, A. Kasica, S. Mielewczyk-Gryn, P. Molin, A. Jasinski, 
B. Krupa, M.Gazda Kusz, Solid State Ion. 225, 245–249 (2012)

 13. R. Muccillo, E.N.S. Muccillo, M. Kleitz, J. Eur. Ceram. Soc. 32, 
2311–2316 (2012)

 14. A. Venkatasubramanian, P. Gopalan, T.R.S. Prasanna, J. Hydrogen 
Energy 35, 4597–4605 (2010)

 15. S. Wang, L. Zhang, L. Zhang, K. Brinkman, F. Chen, Electrochim. 
Acta 87, 194–200 (2013)

 16. Q.L. Ma, J.F. Gao, D.Y. Zhou, Y.J. Lin, R.Q. Yan, G.Y. Meng, 
Adv. Appl. Ceram. 107, 14–18 (2008)

 17. L. Zhang, W. Yang, Int. J. Hydrogen Energy 37, 8635–8640 
(2012)

 18. M. Liu, M.E. Lynch, K. Blinn, F.M. Alamgir, Y. Choi, Mater. 
Today 14, 534–546 (2011)

 19. H. Yokokawa, N. Sakai, T. Horita, K. Yamaji, M.E. Brito, MRS 
Bull. 30, 591–595 (2005)

 20. C. Herring, J. Appl. Phys. 21, 301–303 (1950)
 21. H. Matsumoto, I. Nomura, S. Okada, T. Ishihara, Solid State Ion. 

179, 1486–1489 (2008)
 22. Y.R. Yamazaki, R. Hernandez-Sanchez, S.M. Haile, J. Mater. 

Chem. 20, 8158–8166 (2010)
 23. P. Babilo, T. Uda, S.M. Haile, J. Mater. Res. 22, 1322–1330 

(2007)
 24. J.H. Tong, D. Clark, M. Hoban, R. O’Hayre, Solid State Ion. 181, 

496–503 (2010)
 25. J.H. Tong, D. Clark, L. Bernau, M. Sanders, R. O’Hayre, J. Mater. 

Chem. 20, 6333–6341 (2010)
 26. X.D. Dang, M. Wei, B.B. Fan, K.K. Guan, R. Zhang, W.M. Long, 

H.S. Zhang, Mater. Res. Express 4, 1–2 (2017)
 27. B.Z. Song, B.A. Zhao, L. Fan, B.B. Fan, H.L. Wang, X.Q. Guo, 

R. Zhang, Int. J. Appl. Ceram. Technol. 14, 880–888 (2017)
 28. B.B. Fan, W. Li, B.Z. Dai, K.K. Guan, R. Zhang, H.X. Li, Process. 

Appl. Ceram. 10, 243–248 (2016)
 29. X.X. Pian, B.B. Fan, H. Chen, B. Zhao, X. Zhang, R. Zhang, 

Ceram. Int. 40, 10483–10488 (2014)
 30. S. Manivannan, A. Joseph, P.K. Sharma, K.C.J. Raju, D. Das, 

Ceram. Int. 41, 10923–10933 (2015)

 31. M.A.A.M. Salleh, S.D. McDonald, Y. Terada, H. Yasuda, K. 
Nogita, Mater. Des. 82, 136–147 (2015)

 32. H. Yang, X. Zhou, J. Yu, H. Wang, Z. Huang, Ceram. Int. 41, 
11651–16154 (2015)

 33. C.-H. Hua, C.-C. Chou, Ceram. Int. 41, S708–S712 (2015)
 34. D.E. Clark, D.C. Folz, J.K. West, Mater. Sci. Eng. A, 287, 153–

158 (2000)
 35. M.A. Ramirez, P.R. Bueno, E. Longo, J. A. Varela, J. Phys. D 41, 

1–5 (2008)
 36. D. Pergolesi, E. Fabbri, A. D’Epifanio, E. Di Bartolomeo, A. 

Tebano, S. Sanna, S. Licoccia, G. Balestrino, E. Traversa, Nat. 
Mater. 9, 846–852 (2010)

 37. S. Singh, D. Gupta, V. Jain, A.K. Sharma, Mater. Manuf. Pro-
cesses 30, 1–29 (2015)

 38. A. Harabi, D. Belamri, N. Karboua, F.Z. Mezahi, J. Therm. Anal. 
Calorim. 104, 383–388 (2011)

 39. R. German, Sintering: from Empirical Observations to Scientific 
Principles (Butterworth-Heinemann, Oxford, 2014) pp. 102–105

 40. M.J. Godinho, C. Ribeiro, R.F. Goncalves, E. Longo, E.R. Leite, 
J. Therm. Anal. Calorim. 111, 1351–1355 (2013)

 41. E.R. Leite, M.A.L. Nobre, M.D. Ribeiro, E. Longo, J.A. Varela, 
J. Mater. Sci. 33, 4791–4795 (1998)

 42. M.A.L. Nobre, E. Longo, E.R. Leite, J.A. Varela, Mater. Lett. 28, 
215–220 (1996)

 43. W.D. Kingery, M. Berg, J. Appl. Phys. 26, 1205–1212 (1955)
 44. J. Tong, D. Clark, M. Hoban, R. O’Hayre, Solid State Ion. 181, 

496–503 (2010)
 45. A.P. Moura, L.H. Oliveira, I.L. V.Rosa, C.S. Xavier, P.N. Lisboa-

Filho, M.S. Li, F.A. La Porta, E. Longo, J.A. Varela, Sci. World 
J. 2015, 1–8 (2015)

 46. W. Ling, J. Chao, D. Lei, L. Yuehua, Ceram. Int. 39, 7959–7966 
(2013)

 47. H. Zhou, L. Dai, L. Jia, J. Zhu, Y. Li, L. Wang, Int. J. Hydrogen 
Energy, 40, 8980–8988 (2015)

 48. A.S. Kumar, R. Balaji, P. Puviarasu, S. Jayakumar, Optoeletron. 
Adv. Mater—Rapid Commun. 9, 788–791 (2015)

 49. A. Łącz, P. Pasierb, J. Therm. Anal. Calorim. 113, 405–412 (2013)
 50. D. Medvedev, V. Maragou, T. Zhuravleva, A. Demin, E. Gorbova, 

P. Tsiakaras, Solid State Ion. 182, 41–46 (2011)
 51. E. Gorbova, V. Maragou, D. Medvedev, A. Demin, P. Tsiakaras, 

Solid State Ion. 179, 887–890 (2008)
 52. L. Pelletier, A. McFarlan, N. Maffei, J. Power Sources 145, 262–

265 (2005)
 53. N. Maffei, L. Pelletier, A. McFarlan, J. Power Sources 136, 24–29 

(2004)
 54. N. Bonanos, B. Ellis, K.S. Knight, M.N. Mahmood, Solid State 

Ion. 35, 179–188 (1989)
 55. , J. K. Kang, T. H. Dinh, C. H. Lee, H. S. Han, J. S. Lee, V. D. N. 

Tran, Trans. Electr. Electron. Mater. 18, 1–6 (2017)


	A Comparative Study of Conventional and Microwave Sintering of BaCe1 − xGdxO3 − δ Ceramic
	Abstract 
	1 Introduction
	2 Experimental
	2.1 Synthesis
	2.2 Sintering
	2.3 Characterization

	3 Results and Discussion
	3.1 X Ray Diffraction
	3.2 Dilatometric Analysis and Sintering

	4 Conclusion
	Acknowledgements 
	References


