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Abstract 

A comprehensive study was carried out starting from powder synthesis to sintering procedure in order to produce a phase-
pure SrCe0.95Yb0.05O3-δ sputter target. In the powder synthesis, the effect of chelating and polymerization agents on the 
formation of single-phase SrCe0.95Yb0.05O3-δ was investigated in detail. In this regard, citric acid, EDTA, and their 
combinations in different ratios were evaluated as chelating agents. The calcination temperature, ranging from 1000 °C to 
1300 °C, was also investigated to reveal its effect on the formation of possible secondary phases. Following the powder 
synthesis, SrCe0.95Yb0.05O3-δ sputter target with dimensions of 50 mm diameter and 3 mm thickness was produced by 
powder pressing with deformable compaction die and the subsequent sintering at 1300 °C for 10 hours. A relative density 
of 0.95 was achieved in SrCe0.95Yb0.05O3-δ targets as a result of the procedure in question without the use of a sintering aid. 
Keywords: Yb-doped SrCeO3, Deformable compaction die, Sintering, Sputter deposition, Thin film. 

PROTONİK KATI OKSİT YAKIT HÜCRELERİ İÇİN YB KATKILI SRCEO3 
SIÇRATMA HEDEF MALZEMELERİNİN HAZIRLANMASI  

Özet 

Tek fazlı SrCe0.95Yb0.05O3-δ sıçratma hedefi üretmek amacıyla toz sentezi ve sinterleme işlemlerini içeren kapsamlı bir 
çalışma gerçekleştirilmiştir. Toz sentezinde, şelatlama ve polimerizasyon ajanlarının tek fazlı SrCe0.95Yb0.05O3-δ oluşumuna 
etkisi detaylı olarak incelenmiştir. Bu bağlamda şelatlayıcı ajan olarak sitrik asit, EDTA ve bunların farklı oranlardaki 
kombinasyonları değerlendirilmiştir. SrCe0.95Yb0.05O3-δ sentezinde, kalsinasyon sıcaklığının ikincil faz oluşumu üzerindeki 
etkisini de ortaya koymak amacıyla 1000 °C ile 1300 °C arasında değişen kalsinasyon sıcaklıkları çalışmada ayrıca ele 
alınmıştır. Yaklaşık 50 mm çap ve 3 mm kalınlığa sahip SrCe0.95Yb0.05O3-δ sıçratma hedefi, deforme olabilir sıkıştırma kalıbı 
kullanılarak toz presleme ve takiben 1300 °C'de 10 saat süre ile gerçekleştirilen sinterleme işlemi ile üretilmiştir. Çalışmada 
ele alınan yöntem ile herhangi bir sinterleme yardımcısı kullanılmadan 0.95 nispi yoğunluğa sahip tek fazlı SrCe0.95Yb0.05O3-

δ sıçratma hedefi elde edilmiştir. 
Anahtar Kelimeler: Yb katkılı SrCeO3, Deforme edilebilen sıkıştırma kalıbı, Sinterleme, Saçtırmalı biriktirme, İnce film. 
Cite 
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Science and Technology, 8(1), 1-7. 

 

1.  Introduction 

Perovskite-type oxides with mixed electronic and 
protonic conductivity (MEPC) have been extensively 
studied for their potential use as an essential component 
in several applications such as electrolyzers [1,2], 
separation membranes [3,4], and solid oxide fuel cells 
(SOFCs) [5–8]. Among these oxides, SrCeO3 and BaCeO3, 
having ABO3 structure, are quite attractive due to their 
high proton conductivity at temperatures ranging from 
600-1000 °C. However, it has been reported that BaCeO3-
based oxides also exhibit a remarkable oxygen 
conductivity depending on oxygen partial pressure and 
water vapor in the ambient atmosphere [9]. This, 
therefore, limits the use of BaCeO3-based oxides as 

electrolytes for protonic SFOCs or as membranes for 
hydrogen separation [10]. On the other hand, SrCeO3-
based oxides could offer sole proton conductivity under 
operating conditions of SOFCs and the membranes used 
for the purification of hydrogen from the gas mixtures. 

 

MEPC in these types of oxides is typically achieved by 
doping with aliovalent dopants resulting in the formation 
of defects in complex oxide structures [11]. There are 
various ways of synthesis methods such as solid-state 
reaction [12], sol-gel [13], and Pechini synthesis [14] in 
order to maintain these complex structures. However, 
regardless of the method adopted, the production of 
single-phase perovskite structures without the formation 
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of a secondary phase could be problematic and require 
extensive and coordinated works. The possible 
impurities such as oxides derivates of the compounds can 
be formed during the synthesis and could result in a 
performance degradation [15] or a chemical instability 
[13] in these oxides. Thus, controlling the synthesis 
conditions is quite critical for the elimination of any 
possible impurity. 

 

As an extensive property, the thickness of the electrolytes 
or the membranes is another factor that affects the 
overall performance of these oxides in practical 
applications. It has been reported that the use of thin-film 
electrolytes in protonic SOFCs would reduce the ohmic 
polarization and increase the rate of reaction kinetics 
[16]. This often allows the electrolytes to operate at lower 
temperatures. It was also reported that 102-103 times 
higher conductivity could be achieved in thin-film 
proton-conducting electrolytes with respect to their bulk 
equivalents [17,18]. The increase in total conductivity 
with reduced thickness was typically attributed to 
surface conduction together with the grain and grain 
boundary structures formed in the thin films. It has been, 
similarly, reported that the thickness reduction in 
separation membranes also resulted in enhanced 
hydrogen fluxes as the flux is inversely proportional to 
membrane thickness [19]. Therefore, the thin film proton 
conductors are quite attractive and have been studied 
extensively due to their enhanced performances. 

 

It is known that each deposition technique requires the 
use of a source or a target material in order to enable film 
growth. It would normally be expected that the 
source/target material transposes its characteristic 
features such as composition, structure, and phase purity 
to the film deposited during the deposition. For example, 
sputter targets, having a high relative density (>0.90), are 
required for thin-film sputter deposition, otherwise, 
insufficient density and residual pores in the targets 
cause interruptions in the glow discharge during 
deposition, and the formation of inhomogeneous 
compositions on the thin films deposited [20]. Therefore, 
the production of the target materials is critical since 
targets/sources directly affect the quality of thin film 
deposited. 

 

Achieving high relative densities in targets, particularly 
in oxides such as SrCeO3 having high sintering 
temperatures (>1300 °C) could be challenging. These 
oxides typically require the use of sintering aids in order 
to reduce the sintering temperatures and increase the 
relative density that could be achieved. However, the use 
of sintering aids such as SrO or ZnO results in residual 
secondary phases in the host structure. This might 
reduce the total conductivity of these types of oxides 
[21,22]. Therefore, there is a need for sintering 
approaches that offer high relative density at low 
sintering temperatures without the use of sintering aids. 

 

The current study focus on the production of phase-pure 
sputter target for thin film deposition of Yb-doped 
SrCeO3, i.e. SrCe0.95Yb0.05O3, one of the perovskite-type 
oxide offering high proton conductivity and used as a 
solid electrolyte for protonic SOFCs [23,24]. In this 
regard, the effect of chelating and polymerization agents 
on the Pechini synthesis of SrCe0.95Yb0.05O3 (SCY) was 
investigated. The effect of citric acid (CA) and 
ethylenediaminetetraacetic acid (EDTA) as chelating 
agents were compared with different fractions, while 
ethylene glycol (EG) was preferred as a polymerization 
agent. The effect of calcination temperature, ranging 
between 1000°C and 1300°C, on the formation of 
secondary phases was also investigated. In the current 
study, the SCY sputtering target with a theoretical 
density of 95% was produced using a deformable 
compaction die and subsequent sintering procedure 
without the use of sintering aids. 

2.  Experimental Studies 

2.1. Powder Synthesis 

SrCe0.95Yb0.05O3-δ (SCY) were synthesized by the Pechini 
method [25] using nitrate salts of the metal cations, i.e. 
Sr(NO3)2 (Alfa Aesar 99.0%), Ce(NO3)3.6H2O 
(Merck≥98.5%), and Yb(NO3)3.14H2O (Alfa Aesar 
99.9%). CA (Carlo Erba 99.5%), and EDTA (Carlo Erba 
≥99.0%) were preferred as chelating agents, while EG 
(Carlo Erba ≥99.5%) was used as a polymerization agent. 
The applied molar ratio between total metal cation (TM), 
CA,  EDTA, and EG is given in Table 1. During the course 
of syntheses, nitrate salts were first dissolved in an 
adequate amount of de-ionized water at 300 rpm by 
magnetic stirring. The solutions were then continuously 
stirred at 70 °C until the viscous gel formed. The gel was 
dried at 250 °C in an oven for 2h. Black powders, 
obtained with this procedure, were calcined for 5 h at 
temperatures ranging between 1000 °C and 1200 °C in 
stagnant air to remove residual organics and to form the 
perovskite structure. 

2.2. Powder Pressing by Deformable Compaction Die 

Compaction of SCY powders was carried out using a 
uniaxial hydraulic press. Deformable compaction dies 
made of PTFE with dimensions of 5 mm height, 5 mm 
thickness, and a diameter ranging between 60 mm and 
68 mm were employed to achieve ideal dimensions for 
sputter target after sintering, i.e. 50 mm diameter and 3 
mm thickness. SCY powders were compacted with 
pressures from 50 MPa to 150 MPa with 25 MPa 
increments. Following the compaction of green pellets, 
the sintering procedure was carried out in a box furnace 
at 1300 °C for 10 h with a constant heating/cooling rate 
of 2 °C/min. The density of green and sintered pellets 
were measured with the Archimedes method [26]. 

2.3. Thin Film Sputter Deposition of SrCe0.95Yb0.05O3 

Thin-film sputter deposition of SCY, using the target 
produced with the applied procedure, was carried out in 
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a custom-configured magnetron sputtering system [27–
31]. The system has RF sputter guns accommodating 
targets in 50 mm diameter. Therefore, a 50 mm diameter 
was accordingly aimed for the pellets in the current 
study. SCY thin films were deposited on glass substrates 
having dimensions of 18 mm diameter and 
approximately 100 µm thickness. The substrates were 
heated to 400 °C before the deposition. 100 watts of RF 
power was applied to the SCY target that yielded a 
deposition rate of 0.35-0.40 Å/s at 2.50 mTorr argon 
pressure. The deposition was carried out for almost 12 h 
to test the sputter target produced in the work. 

2.4. Chemical and Structural Characterization 

Phase analysis of the synthesized powders, SCY target, 
and SCY thin films was carried out by a Rigaku SmartLab 
X-ray diffractometer. X-ray diffraction (XRD) analyses 
were performed using Cu-K radiation (λ= 1,5406 Å) in 
Bragg-Brentano geometry. XRD patterns were processed 
by the Rietveld refinement method [32] using MAUD 
software [33] to obtain crystallographic information. 

 

The chemical composition of synthesized powders was 
determined by ICP-OES analysis using a Perkin Elmer 
Optima 4300DV. A JEOL JSM-7600F scanning electron 
microscope (SEM) was used in secondary electron 
imaging mode at accelerating voltage ranging between 
10 and 20 kV for the investigation of microstructure and 
morphology of the oxides. 

3. Results and Discussion 

Figure 1 and Figure 2 display the XRD patterns of SCY 
powders synthesized with different TM:CA:EDTA:EG 
ratios and calcined at 1100 °C and 1200 °C for 5 h. XRD 
patterns of SCY powders calcined at 1000 °C are not 
included in the figures as they had a relatively high 
amount of secondary phases, i.e. oxide derivatives of Ce 
and non-stoichiometric SCY. 

 

 

(a) 

 

(b) 

Figure 1. XRD patterns of SCY powders synthesized with 
the TM:CA:EDTA:EG ratio of 1:2:0:0, 1:2:2:0, 1:2:0:2, 
1:2:2:2 calcined at (a) 1100 °C and (b) 1200 °C for 5 h. 
The stick pattern of cubic SCY, NIMS-4296468192, is also 
added to the figures. 

 

(a) 

 

(b) 

Figure 2. XRD patterns of SCY powders synthesized with 
the TM:CA:EDTA:EG ratio of 1:3:0:0, 1:3:2:0, 1:3:0:2, 
1:4:0:0 calcined at (a) 1100 °C and (b) 1200 °C for 5 h. 
The stick pattern of cubic SCY, NIMS-4296468192, is also 
added to the figures. 
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Table 1. TM:CA:EDTA:EG ratios applied during SCY 
synthesis. The secondary phases formed after calcination 
at temperatures between 1000 °C to 1200 °C for 5 h are 
included in the table. Weighted residual values (Rwp) in 
the Rietveld refinements were obtained less than 15% 
for each analysis. 

TM:CA:EDTA:EG 
Calcination Temperature 

1000 °C 1100 °C 1200 °C 

1:2:0:0 
Sr2CeO4=2.52% 

CeO2=4.48 

Sr2CeO4=10.63% 

CeO2=1.87% 

Sr2CeO4=2.35% 

CeO2=0.90% 

1:2:2:0 
Sr2CeO4=23.84% 

CeO2=14.21% 

Sr2CeO4=20.31% 

CeO2=4.97% 

Sr2CeO4=16.31% 

CeO2=0.54% 

1:2:0:2 
Sr2CeO4=27.39% 

CeO2=22.94% 

Sr2CeO4=25.12% 

CeO2=12.55% 

Sr2CeO4=28.54% 

CeO2=3.40% 

1:2:2:2 
Sr2CeO4=25.39% 

CeO2=24.94% 

Sr2CeO4=17.12% 

CeO2=3.55% 

Sr2CeO4=15.54% 

CeO2=3.13% 

1:3:0:0 
Sr2CeO4=1.45% 

CeO2=- 
SCY 

Sr2CeO4=- 

CeO2=2.52% 

1:3:2:0 
Sr2CeO4=21.65% 

CeO2=6.71% 

Sr2CeO4=15.85% 

CeO2=5.11% 

Sr2CeO4=14.34% 

CeO2=2.98% 

1:3:0:2 
Sr2CeO4=22.47% 

CeO2=4.84% 

Sr2CeO4=17.71% 

CeO2=1.84% 

Sr2CeO4=6.51% 

CeO2=1.64% 

1:4:0:0 
Sr2CeO4=3.22% 

CeO2=0.70% 

Sr2CeO4=1.17% 

CeO2=1.20% 

Sr2CeO4=2.51% 

CeO2=1.92% 

 

XRD patterns display that the calcination at 1100 °C 
dominantly resulted in the formation of crystalline cubic 
SCY. However, there was a remarkable amount of 
secondary phases, i.e. Sr2CeO4 and CeO2. The formation of 
secondary phases is almost independent of the synthesis 
parameters employed for 1100 °C. It was observed that 
the use of EG typically drives the formation of 
particularly Sr2CeO4 to a higher extend. All synthesis 
conditions, except TM:CA 1:3, yielded these undesired 
phases.  The amount of the phases in the powders 
synthesized was calculated by Rietveld refinement with 
MAUD software [34] and given in Table 1. Among the 
synthesis conditions studied in the work, only TM:CA 1:3 
resulted in phase-pure SCY without any detectable 
secondary phase. The further increment in CA ratio, i.e. 
TM:CA 1:4 yielded the formation of Sr2CeO4 and CeO2. 

 

The higher calcination temperature, i.e. 1200 °C resulted 
in secondary phase formation even with TM:CA 1:3. This 
ratio yielded a limited amount of CeO2 in the case of 
calcination at 1200 °C. Thus, the synthesis condition to 
produce phase-pure SCY was determined as TM:CA 1:3 
and the calcination temperature as 1100 °C. 

The morphology of the phase-pure SCY powders 
synthesized with TM:CA 1:3 ratio was investigated by 
SEM in secondary electron imaging mode after 
calcination, and the micrographs are given in Figure 3.  

 

 

Micrographs display that the synthesis with TM:CA 1:3  
ratio typically yielded equiaxed particles having sizes of 
less than 500 nm. Micrographs also indicated that the 
powders synthesized with the selected conditions were 
tended to sinter at 1100 °C. 

 

  

(a) (b) 

  

(c) (d) 

Figure 3. SEM micrographs of SCY powders at (a), (b) 
1000X magnification, (c) 30000X magnification and (d) 
60000X magnification. SCY powders were synthesized 
with TM:CA 1:3 ratio and calcined at 1100 °C for 5h. 

 

Subsequently, powder pressing was carried out using the 
synthesized SCY powders under a pressure ranging from 
50 MPa to 150 MPa with increments of 25 MPa. The 
density of green pellets was measured by the Archimedes 
method and is given in Figure 4. As expected, the density 
of green pellets increased with an increase in the applied 
pressure. The highest green density, i.e. 0.72 was 
achieved with 150 MPa applied pressure. 

 

Figure 4. Relative density change in green and sintered 
SCY (theoretical density, 5.66 g/cm3) pellets. 
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Each pellet was then sintered at the same conditions, i.e. 
under stagnant air at 1300 °C for 10 h. The density of 
sintered pellets was similarly measured. The sintered 
density of the pellets is also included in Figure 4. The 
relative density of sintered pellets increased with 
increasing pressure and reached up to 0.95 with 125 MPa 
applied pressure. This high relative density of 0.95 was 
achieved with a single-step procedure adopted in the 
study. This result is comparable with other studies, 
which are typically using some sintering aids and have 
multi-step heat treatments in order to achieve such a 
high relative density [35,36]. 

 

The further increment in applied pressure, i.e. 150 MPa 
resulted in a reduction in the final density. The pellet 
pressed at 150 MPa yielded a sintered density of 5.20 
g/cm3 that is approximately 0.92 of its true density. The 
reduction in density with higher applied pressure is 
actually in good agreement with the previous works [37]. 
This lower density obtained with higher compaction 
pressure is often explained by the voids trapped in the 
relatively dense green compact that could not be 
released during sintering. 

 

SCY pellet, pressed at 125 MPa and sintered at 1300 °C 
for 10 h, was then investigated by SEM. A representative 
micrograph of the pellet is given in Figure 5. 

 

 

Figure 5. SEM micrograph of SCY pellet pressed at 125 
MPa and sintered at 1300 °C for 10 h. 

 

Here, the micrograph of the pellet displays remarkable 
densification although some remaining surface pores 
yielded a relative density of 0.95.  

 

SCY pellet was also investigated by XRD in order to 
confirm the presence of the phases in the pellet following 
the sintering procedure. The XRD pattern given in Figure 
6 shows that there is not any secondary phase that could 
be detected in XRD. This indicated the phase-pure SCY 
could be maintained upon 10 h of sintering at 1300 °C. It 
can be concluded that the applied methodology yielded a 
SCY target material satisfying the requirements in terms 
of chemical, structural, and density. 

 

Figure 6. XRD pattern of SCY pellet pressed at 125 MPa 
and sintered at 1300 °C for 10 h. 

 

SCY sputter target produced was tested in a magnetron 
sputtering system for thin film deposition. Sputter 
deposition of SCY was carried out at 100W RF for 12 h. 
Subsequent to deposition, any sign of crack or failure was 
not detected in the target. This indicated that the target 
prepared can withstand the thermal shocks during the 
sputter deposition. 

 

 

(a) 

  

(b) (c) 

Figure 7. (a) XRD pattern of SCY thin film exhibiting 
strong (200) pseudo-cubic preferred orientation upon 
sputter deposition. (b) Morphology of SCY thin film 
produced by sputter deposition. Micrograph showed that 
pore-free and continuous SCY  film could be deposited 
using the target material produced in the present work. 
(c) The cross-section view of SCY film showed that 1.60 
µm thickness was achieved with 100 watts of RF power 
applied for 12 h. 
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SCY thin films were also investigated by SEM and XRD to 
identify their morphology and structure. XRD analysis 
indicated that highly textured crystalline SCY films were 
deposited on glass substrates. The patterns revealed that 
SCY films exhibited a strong preferred orientation in the 
(200) plane, Figure 7 (a). SEM micrographs displayed 
that SCY thin films were uniform and free from voids, 
Figure 7 (b). The cross-section micrographs of the thin 
films also confirmed that fully dense SCY films could be 
deposited with the target produced in the study, Figure 7 
(c). 

 

4. Conclusions 

In order to fabricate a phase-pure SCY sputter target with 
a high relative density, systematic work was carried out. 
Initially, ideal synthesis parameters were determined so 
as to obtain phase-pure SCY powders. TM:CA ratio of 1:3 
enabled the synthesis of phase-pure and crystalline SCY 
powders having sub-micron sizes. SCY pellets were then 
produced using deformable compaction die made of 
PTFE. During the course compaction, pressures from 50 
MPa to 150 MPa with increments of 25 MPa were applied 
and the pellets were then sintered at the same 
conditions, i.e. at 1300 °C for 10 h. The maximum relative 
density of 0.95 was achieved in sintered SCY pellet with 
125 MPa, while further increment in applied pressure 
resulted in a decrease in relative density. SCY target was 
tested for a thin film deposition in a magnetron 
sputtering system for 12 h. There was no cracking or 
failure in the target during the course of sputter 
deposition. These results together with SEM and XRD 
analyses indicated that the SCY sputter target produced 
with the applied methodology meets the requirements of 
a sputter target in terms of chemical composition, 
structure, and density. 
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