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ABSTRACT

Sample of BaZrgsZng0sY0.10295 (BZY10) compound were prepared by the Pechini
method with different molar ratios of citric acid and ethylene glycol to metal ions using
metal nitrate-salts. Metal organic complexes were obtained from the polymerization
process between metal nitrate, citric acid and ethylene glycol. After heated at 120 °C, a
clear viscous solution or polymer resin containing metal in solid solution was formed.
The resin was annealed at 3 different temperatures to remove the organic materials and
produce the desired oxide powder. The powder was characterized by a Fourier
Transform Infrared (FTIR), X-ray Diffractometer (XRD) and Field Emission Scanning
Electron Microscope (FESEM). FTIR and XRD results showed that BaCOs still exist
even after calcined at T= 1100 °C for 30h. The loose particles size for BZY 10 powders
obtained from FESEM and particle size analyzer was in the range 20—100 nm.

INTRODUCTION

Protons conducting solid electrolytes have got significant attention due to their wide
range of technological applications, especially in solid state ionics devices [1].Alkaline-
earth zirconate-based conductors such as BaZrOs; show enhance chemical stability and
high proton conductivity compare to cerate-based conductors [2-3]. Recently, in terms
of sample preparation, the compounds have been widely prepared by wet chemical
methods (WCMs) in order to overcome the drawback of solid state reaction (SSR)
method [4]. The Pechini method has been used as an alternative method to obtain
ceramic materials for different applications due to its several advantages such as low
temperature process, low cost and simplicity [5]. The principle of the Pechini process is
based on the ability of carboxylic acids to chelate the metal ions, which can undergo
polyesterification with polyhydroxyl alcohols. In this method, the chelates are formed
between metal ions and a a-hydroxcarboxylic acid acting as a chelating agent. Later,
ethylene glycol (EG) is added as a solvent for the process of polymerization between
citric acid and ethylene glycol. The chelate complexes undergo polyesterification when
heated in the presence of ethylene glycol and form a homogenous resin. Because of
homogenous starting solution, this technique leads to closer combination of mixed
oxides, which may enhance strong interaction between metals ion. Ethylene glycol
greatly inhibits metal ions segregation and achieves a homogenous precursor in the
polymerization of citric acid-metal complexes. The amount of citric acid used as a
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chelating ligand plays an important role in keeping the homogeneity of precursor.

It has been reported that solid powders of yttria stabilized zirconia (YSZ) were
successfully prepared by the modified Pechini method [6], in which citric acid and
ethylene glycol are polymerized around metal ions. Metal nitrates salts ware used in this
study as precursors because metal nitrates have more favorable decomposition kinetics
compared to the carbonate [7], acetate and chloride bases [8].

METHODOLOGY

The BZY10 was synthesized by the Pechini method using the following precursors:
Ba(NO3), (R&M Chemicals, 99.0% purity), Y(NOs); 6H,O (Aldrich, 99.9% purity),
Zn(NOs), 6H,O (Fluka, 99.0% purity), and ZrO(NO3), XH>O (Acros Organics, 99.5%
purity), where X = 4.8385. The different molar ratios of citric acid (CA) and ethylene
glycol (EG) to metal cation were prepared as presented in Table 1. A detail procedure in
obtaining sol and gel was reported in Osman et al. [9]. The gel was heated at
temperature of 120 — 260 °C until it became a dark brown viscous gel. The viscous gel
was dried at 300 °C overnight and then further heated at T= 500 °C for 10h and 1100 °C
for 30h. The IR vibration bands of carbonate species in S1 to S5 were determined using
a Fourier Transform Infra Red (FTIR) analyzer model Nicolet 380 (Thermo Electron
Corporation). Phase identification of the calcined powder was determined using a X-ray
diffractometer (XRD) Bruker D8 Advanced (Cu-Ko;A = 1.5418 A) from 20° to 80° in
steps of 0.025 °. Particle size measurements for the calcined powder were performed
using the laser scattering particle size distribution analyzer model Malvern Nano S
(ZEN 1600). Morphology of the calcined powder was observed using a field emission
scanning electron microscope (FESEM) model Supra 55 VP.

Table 1: Nomenclature for the sample BZY 10 with different molar ratio of citric acid
and ethylene glycol to metal ions

Samples Citric Acid Ethylene Glycol Metal cations
S1 3 1 1
S2 2 1 1
S3 1 1 1
S4 1 2 1
S5 1 3 1

RESULTS AND DISCUSSION

Figure 1 shows the FTIR spectra for S1 to S5 after the powders were calcined at 1100
°C for 30 h. A broad absorption band around 3670 cm™ is due the absorbed water or
hydroxyl group in alcohol. A twin peaks around 2350 cm™ are attributed to the artefact
from instrument [10]. The existing of absorption bands at 1420 cm™ and 850 cm™
indicates that the carbonate ion (COs>) species still remained insight the sample [11].
The presence of carbonates ion residue might be due to the incomplete combustion of
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the excessive organic matters during heat treatment. The large vibration band around
530 cm™ is due to Zr-O vibration in the perovskite structure. S2 and S4 show a reduced
amount of carbonate species than S1, S2 and S5. It can be explained that the molar ratio
of citric acid and ethylene glycol that should be used to ease the carbonate species is 2
molar respectively.
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Figure 1: FTIR spectra of BZY 10 powders prepared from different molar ratio of CA to
metal ions and EG to metal ions (a) Molar ratio of CA to metal ions at: (S1) 3:1:1, (S2)
2:1:1 and (S3) 1:1:1 (b) Molar ratio of EG to metal ions at: (S3) 1:1:1, (S4) 1:2:1 and
(S5) 1:3:1 after calcination at 1100 °C for 30h.
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Figure 2: XRD spectra of BZY 10 powders prepared from different molar ratio of CA to
metal ions and EG to metal ions (a) Molar ratio of CA to metal ions at: (S1) 3:1:1, (S2)
2:1:1 and (S3) 1:1:1 (b) Molar ratio of EG to metal ions at: (S3) 1:1:1, (S4) 1:2:1 and

(S5) 1:3:1 after calcined at 1100 °C for 30 h
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Figure 3: FESEM images of BZY 10 powders prepared using different molar ratio of
CA and EG to metal ions. Molar ratio of CA: EG: metal ions at: (S1) 3:1:1,
(S2) 2:1:1, (S3) 1:1:1, (S4) 1:2:1 and (S5) 1:3:1

Figure 2 shows XRD spectra for S1, to S5 after the samples were calcined at 1100 °C
for 30 h. All the peaks are matched to BaZrO; (JCPDS card no. 06-0399) except for the
small peaks at 20 =~ 23.9 ° and 34.1 ° that are due to the remaining carbonate species as
also been observed in the FTIR analysis. Figure 2(a) shows the peak due to perovskite
phase is getting intense and sharper as the molar ratio of citric acid decreases, indicating
that an increases in the degree of long-range order in the perovskite lattice. While
Figure 2(a) shows the characteristic diffraction peaks appear in the same position and
the diffraction peaks have almost the same intensity. It can be concluded that the
amount of ethylene glycol has no effect on the phase of the product [12].

Figure 3 and Table 2 show the FESEM micrographs and particle size of the loose
particle and agglomerate for the samples S1 to S5, respectively. Figure 3 shows the
particles are spherical in shape and have sizes in range 20-100 nm whereas diameters
for the agglomerates are 100-300 nm. S1 has smaller particles size than others but tends
to form agglomerates. It can be explained that at higher molar ratio of citric acid to
metal ions the COOH (carbonyl acid group) reacted with hydroxyl from ethylene glycol
to form large and hard agglomerates [13]. On the other hand, S5 has larger particles and
less agglomerates. These results also inline with the particle distribution as insert in
Figure 3. The loose particles for all samples cannot be measured by the particle analyzer
due to agglomerates effect as reported by Taglieri et al. [14] and Osman et al. [9].
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Table 2: Particle size of the loose powders and agglomerates for the BZY 10 sample
obtained from FESEM and particle size analyzer

Sample Loose powders (nm) Agglomerates (nm)
FESEM Particle Analyzer | FESEM Particle Analyzer
S1 10— 60 - 70 —200 300 - 800
S2 40 -100 - 100 — 200 400 — 500
S3 50-100 - 100 - 300 300 —450
S4 50-100 - 100 — 300 300 -500
S5 80 — 100 - 100 — 200 300 — 400
CONCLUSION

BaZr95Zn¢05Y0.103.4 (BZY 10) samples were successfully prepared by Pechini method
(PM) using metal nitrate-salts. The samples were prepared with different molar ratio of
citric acid and ethylene glycol to metal ions. FTIR showed that 2 molar of citric acid
and ethylene glycol were the optimum molar ratio to reduce carbonate species. XRD
results showed that by decreasing the molar ratio of citric acid the reflective peaks in
the prepared compound became more intense and sharper. In contrast, with higher
molar ratio of ethylene glycol the peaks have almost the same intensity. FESEM
micrographs showed that by increasing the molar ratio of citric acid to metal ions, the
particle size became gradually smaller and tend to form agglomerates. However, when
the molar ratio of ethylene glycol to metal ions increased, the particle became slowly
larger and less agglomerate presence. The expectation to get nanopowders with less
percentage of agglomerates for the ceramic powders of BZY10 is not successfully
achieved in this work. Therefore, the extension works are under progress and will be
reported elsewhere
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