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ABSTRACT

In this study, nano-size LaCrO,was prepared through sol-gel route using pectin as emulsifying
agent, followed by freeze — drying to obtain solid sample. The sample was prepared by mixing the
solution of La(NO,),.6 H,0 and Cr(NO,),.9 H,O with pectin solution under magnetic stirring. The
sample was frozen and subsequently subjected to freeze — drying and calcination treatment at
temperatures of 600, 700 and 800 °C for 6 h. The calcined samples were characterized with several
techniques. The phase composition was evaluated using the X-ray diffraction (XRD) technique,
followed by crystallite size calculation using Scherrer Methods. The functionality of sample was
identified using Fourier transform infrared (FTIR) spectroscopy, surface structure in three dimensional
images was analyzed using Transmission electron microscopy (TEM), and particle size distribution
was determined by Particles Size Distribution (PSA). The results of XRD characterization indicated
that materials consist of various crystalline phases, with LaCrO, as a major phase. FTIR Analysis
revealed the existence of both Lewis and Br@nsted — Lowry acid sites, with Lewis acid as the
prominent sites, represented by the absorption band located at around 1636 cm™. The samples
were found to display relatively homogeneous surface morphology, having the crystallite size in the
range of 24 to 25 nm according to Scherrer equation. The PSA analyses revealed increased relative
percentages of nano-size portion in the sample from 22 to 89% as temperatures increased from 600
to 800 °C, with the particle size in the range of 30 to 35 nm as seen by the TEM .
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INTRODUCTION and B = cation of transition metal) have unique
chemical and physical properties such as oxidative,
Perovskite compounds, ABO, (where A= magnetic, conductive, refractive, luminiscent,

cation of alkali, alkaline earth, or lanthanide metal, and catalytic. With such interesting and valuable
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properties, these compounds have been used
widely such as a component in electronic devices'-3,
sensors*~7, magnetic materials® °, photoluminiscence
materials™ - 2, catalysts' -5, solid oxide fuel
cells'® - '8 and photocatalysts' 2°. Perovskite
structural material (ABO,) can be synthesized by
mixing the oxide of lanthanide or third main group
elements with the oxide of the transition elements.
The cations can fit into both the A and B sites within
the same crystalline structure. The simple ABO,
composition obeys the limits of the tolerance factor,
t=0.71(r,+r )/(rg+r )?' ~23. This t — value led to the
formation of crystalline structures such as cubic,
orthorombic, and hexagonal form.

Spinel lanthanum chromites (LaCrQO,) is one
of the perovskite materials that has been extensively
studied due to its applicability as interconnector for
solid oxide fuel cell (SOFC'’s), high chemical stability,
good electrical properties at high temperature®-2¢, and
catalytic activity for total oxidation?’, partial oxidation?,
oxidative dehydrogenation?®, and photocatalyst°.
Perovskite compounds have been prepared using
various methods such as hydrothermal'® 8 32
precipitation'® 33, co-precipitation3* 35 auto-
combustion %% and sol — gel® -“. Among the
aforementioned preparation techniques, sol-gel
method holds particular importance, since this
method offers several advantages over the others.
Sol-gel route involves the use of raw material in
the form of solution, enabling the homogeneous
mixing of the raw materials, therefore promotes the
formation of homogeneous product. In addition, this
method offers the opportunity to obtain nano-size
material. This opportunity makes sol-gel method
very attractive considering the superior physical and
chemical properties of nano-size materials compared
to their micro- and macro-size counterparts and
continuous growing roles of nano-size materials in
a wide range of modern technologies*' - 4.

Since sol-gel technique involves
transformation of raw materials from dissolved
state into solid state, the particle size of the solid
product is highly determined by the gelation process
as well as the transformation of the gel into solid.
To obtain the product with the particle size in nano
scale, the agglomeration of the particles during gel
development and transformation of the gel into solid
by thermal treatment should be carefully controlled.
In an attempt to control the transformation of sol into
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gel phase, the sol-gel method has been modified by
introduction of additional agent into reaction system.
Several compounds that have been tested as
modifying agents are citric acid** %, glycine nitrate*,
and ammonium carbonate*’. In general, it was
reported that the use of modifier in sol-gel process
resulted in better characteristics of solid products,
compared to those of the products produced without
modifier, such as more homogeneous surface,
smaller particle size, and narrower particle size
distribution.

Pectin as an emulsifying agent in catalyst
preparation has been used because it acts as a
bonding substance with supporting and stabilizing
function and controls. For example, synthesis of
nanospinel CoFe,O, using orange albedo pectin
abled to obtain the average grain size in the range
of 50 nm*® and using combustion method obtained
around 70 nm*®. Therefore, there is another promising
possibility to prepare catalysts due to its particle size
consideration.

Taking the role of modifier and drying of
the gel in determining the characteristics of the
solid material obtained using sol-gel method, this
study attempted to synthesize nano-size LaCrQO,
using sol-gel method by combining the use of
pectin as green dispersing agent and freeze-drying
process for drying of the gel. Dry sample was
subsequently calcined at 600, 700 and 800°C, and
then characterized using XRD and search-Match
method for qualitative analysis of the phases formed,
PSA technique to determine the particles size
distribution, Scherrer method to calculate crystallite
sizes, FTIR spectroscopy for acid site identification,
and TEM to visualize three-dimensional image of the
surface structure.

MATERIAL AND METHODS

The chemical used in this study, hydrates
of lanthanum nitrate, hydrates of chromium nitrate,
pyridine , and NH, are reagents grade obtained from
Merck. Pectin used as an emulsifying agent was
obtained from local market. The main equipments
used in this study are Fourier Transform Infrared
(FTIR) spectrophotometer (Shimadzu Prestige-21),
Transmission Electron Microscope (TEM, Philips
-XL ), Philips X-ray diffractometer (XRD) model
PW 1710 with Cu-Kao radiation, and Particle Size
Analyzer (PSA) Fritsch Analysette-22.
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Preparation of nanosize LaCrO,

Preparation of nanosize LaCrO, was
conducted by dissolving specified mass of
La(NO,),.9H,0, and Cr(NO,),.6H,0, respectively
in 100 mL of pectin solution (4 g pectin). After
mixing, the mixture was stirred until homogenous
solution was obtained, and then freeze-dried. Dry
samples were calcined to 600, 700 and 800 °C for
6 h, using temperature program with temperature
increase of 2 °C min"'. While the final temperature
has been reached, the hydrogen gas was flown for
one hour.

Characterization of LaCrO,
X-Ray diffractogram analysis

X-ray powder diffraction pattern of the
sample was recorded over goniometric (26)
ranges from 10 to 90° at a step 0.02 °/sec and
couting time 1s/step, and using post-diffraction
graphite monochromator with Nal detector on a
Philips diffractometer Model PW 1710 using Cu
Ko radiation (A = 0.15418 nm), produced at 40 kV
and 30 mA with a 0.15 ° receiving slit. The phase
identification was performed using search and match
method by comparing the x-ray pattern of the sample
to those of the standards in the ICCD-JCPD files.
The particle size was determined using Scherrer
method®.

Particle Size Distribution Analysis

Particle size distribution of the solid sample
was analyzed using Dynamic Light Scattering
(DLS) technique. The analysis was carried out
using wet method with ethanol as dispersant. The
sample was scanned over the particle size range of
0—25 um?®'.
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Acid sites analysis

After heating at 120 °C, sample was
transferred into a crucible and placed in vacuumized
desiccator. Pyridine was transferred into another
crucible and placed in the desiccator to allow the
vapor of the pyridine to contact with the sample. After
24 h, the sample was taken from desiccator and left
on open air for 2 h to expel the physically adsorbed
pyridine from the sample. Finally, the sample was
analyzed using the FTIR spectroscopy. The analysis
was conducted by grinding the sample with KBr of
spectroscopy grade, and scanned over the wave
number range of 4000—400 cm’ 5255,

TEM analysis

To evaluate the surface morphology,
the samples were characterized using TEM. The
analysis was conducted on polished and thermally
etched samples with different magnifications®.

RESULTS AND DISCUSSION

Structural analysis

Materials that have been prepared were
characterized using some instruments such as
X — ray diffraction, (FTIR) spectroscopy, PSA, and
TEM as explained as follow :

X-Ray Diffraction Analysis

The XRD patterns of the samples calcined
at 600, 700 and 800°C were collected and compiled
in Fig. 1.

Analysis of the diffractogram of the sample
calcined at 600 °C, using search and match method
from ICCD data, revealed the existence LaCrO,
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Fig. 1: Difractogram LaCrO, Nanomaterial calcined at 600, 700 and 800 °C (with reference data
JCPD 24-1016 of LaCrO,, red-bar and JCPD 33-0093 of LaCrO,, green-bar)
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perovskite as a major phase and LaCrO, huttonite
as minor phase. The LaCrO, perovskite phase
is characterized by the most intense peaks at
26 = 32.34, 46.46 and 57.86° (JCPDF-24-1016),
while the existence of LaCrO, huttonite is indicated
by the small peaks at 26 = 25.68, 27.72 and
30 ° (JCPDF-33-0093). This pattern suggests that
the reduction of LaCrO, huttonite into LaCrO,
perovskite was enhanced by hydrogen gas,
resulted in lower crystallization temperature
than that commonly reported, which is at least
700 °C %-%8, The significant role of hydrogen in
promoting the formation of LaCrO, perovskite phase
was also supported by the XRD pattern of the sample
calcined at 600 °C (Figure 1a), 700 °C (Figure 1b)
and 800 °C (Figure 1c), in which the existence of
LaCrQ, perovskite phase was clearly evident, and
LaCrO, huttonite was practically undetected as
calcination temperature increased to 800 °C.

Scherrer Calculation

The crystallite sizes (D, ) was determined
using Scherrer equation. The calculation was based
on the well-known Scherrer formula of *':

_ kx
" Bcosh

Where D is the crystallite size (nm), k is
a constant with the value in the range of 0.9-1.0
(in this calculation, k = 0.95), A is the X-ray
wavelength used, in this case, Cu-K(X =0.15406 nm,
B is the broadening of diffraction line measured at
half maximum intensity, /180 x FWHM (in radian),

SITUMEANG et al., Orient. J. Chem., Vol. 33(4), 1705-1713 (2017)

and q is the Bragg’s angle in degree unit. From
Scherrer calculation based on the most intense of
the representative peak, it was found that crystallite
sizes of LaCrO, calcined at 600, 700 and 800 °C were
24.84 , 24.12 and 27.09 nm, respectively. These
results imply that there is a significant effect of the
calcination temperatures applied on the crystallite
size of the samples.

To evaluate the possibility of lattice
distortion of LaCrO, formed, microstrain (e) of the
samples were calculated using the model proposed
by Williamson and Hall*®, with the mathematical
equation of:

B(cos6/%) =Dy, + 4 (sinb/ 1)

where 0 is the diffraction angle, A is the
wavelength of incident radiation and B is the full
width at half maximum (FWHM) of the peak. By
plotting the Bcos6/A versus 4sin 0/A, a straight line
was obtained with 4¢ as a slope. The calculation
using this approach gave e = 1.2% and the average
of crystallite size (D, ) is of 24.84 nm for the sample
calcined at 600 °C, while for the sample calcined at
700 and 800 °C, the value of ¢ = 0.8 and 0.6% and
the average of crystallite size (D, ) are of 22.85 and
24.40 nm, respectively. From these microstrain data,
it can be concluded that there was a local distortion
reflecting the disorder present in the structure®°.

Acidity Analysis

The FTIR spectra of the samples after
being exposed to pyridine adsorption, in order to
evaluate the presence of acid sites in the samples,

70

60

50

40

30

% Transmisance

20

10

4000 3500 3000

2500

2000 1500 1000 500

Wavnumbers (cm-1)

Fig. 2: infra red Spectra of LaCrO, (a). calcined at 600 °C , (b). calcined at 700 °C, and (c) calcined
at 800 °C
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are compiled in Figure 2. The presence of
Br@nsted — Lowry acid site was evaluated based on
the absorption bands associated with pyridium ion
(C,H,NH*), while the presence of Lewis acid site was
evaluated based on the absorption bands associated
with pyridine (C,H,N:).

The presence of Br@nsted — Lowry acid
site is indicated by the appearance of absorption
band centered at 1384.36 cm™ in the spectrum of
the sample calcined at 600 °C, and that centered at
1382.89 cm™' in the spectrum of the sample calcined
at 700 °C and centered at 1390 cm™ in the spectrum
of the sample calcined at 800 °C. The presence of
Lewis acid site is indicated by the absorption band
centered at 1636.27, 1636.90 and 1637.45 cm"!
in the samples treated at 600, 700 and 800 °C,
respectively. In term of relative intensity, the results
obtained suggest that Lewis acid site is the prominent
site in those samples and the sample calcined at
800 °C possess relatively the strongest acid
properties based on the absorption energy.

In addition to information associated with
acid site, the FTIR spectra also provide some
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information regarding the functional groups or
bonds exist in the samples. The existence of Cr-O
bond is indicated by the absorption bands located
centered at 857.76 cm™ for the sample calcined
at 600 °C and that centered at 883.27 cm™ in the
sample calcined at 700 °C, which were assigned
to stretching vibration of the bond. These stretched
vibrations are not coming from the pure O-Cr-O bond
which is located at 783 cm¢".€2, The presence of this
bond was also supported by the La-O-La absorption
bands associated with bending vibration, located at
around 617.77, 621.29, and 627.79 cm-' for sample
calcined at 600, 700, and 800 °C and a pure La-O-La
stretching vibration located at 620 cm' 63. Therefore,
It can be implied that the La-O-Cr bond is existed.

Particle Size Analysis

Particle size distributions of the samples
as determined using PSA technique are presented
in Figure 3.

The particle size distribution profiles shown
in Figure 3 revealed that the particle sizes of the
samples are quite different, in which the particle
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Fig. 3: Particle size distribution of LaCrO, calcined at 600 °C (a), 700 °C (b), and 800 °C (c),
respectively
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size of the sample calcined at 700 °C tends to be
smaller than that of the sample calcined at 600 °C,
demonstrating the significant effect of calcination
temperatures on reducing the particle size of the
sample. The results also display the existence of two
and three groups of particle in the sample calcined
at 600, 700 and 800 °C, respectively. More detailed
inspection revealed that in the sample calcined at
600 °C, The first group, which is the main group,
consists of particles with the size in the range of
0.00 to 0.13 mm, and relative quantity of 31.19%.
The second group consists of the particles with the
size in the range of 0.13 to 1.25 mm and relative
quantity of 68.81%. In overall, 21.91% of this sample
is composed of nano-size particles.

For the sample calcined at 700 °C, three
groups of particles were observed. The first group,
which is the main group, consists of particles
with the size in the range of 0.00 to 0.15 um, and
relative quantity of 89.79%. The second group which
overlaps to some extent with the first group consist
of the particles with the size in the range of 0.15 to
0.50 um and relative quantity of 5.61%. Then,the
third group, separated considerably far from the other
two, consists of particles with the size in the range of
17.73 to 37.86 um with the relative quantity of 3.64%.
In overall, 86.40% of this sample is composed of
nano-size particles.

In the sample calcined at 800 °C, three
group of particles were also observed. The first
group, which is the main group, consists of particles
with the size in the range of 0.00 to 0.21 um and
relative quantity of 95.8%. The second group which
overlaps to some extent with the first group consists
of particles with the size in the range of 0.21 to 0.55

Fig. 4: TEM micrographs of LaCrO, calcined at 600 °C (a), 700°C (b), and 800 °C (c)
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mm and the relative quantity of 1.5%. Then,the third
group, separated considerably far from the other
two, consists of particles with the size in the range
of 19.76 to 24.54 um with the relative quantity of
2.48%. In overall 89.11% of this sample composed
of nanosize particles. The results also indicate that
the sample calcined at 700 and 800 °C is much richer
in nano-size particles than the sample calcined at
600 °C, reflecting the significant role of the calcination
temperatures in determining the size of the particles
of the samples. In previous study®, the PSA method
was applied to determine the particle size of LaCrQO,
prepared using hydrothermal method, and reported
that the average size of particles was 80 nm.

Transmission Electron Analysis

Characterization of the samples using
TEM, produced the micrographs as shown in Figure
4. It displays evident agglomeration of the particles
in both samples, and therefore, the existence of
crystalline phase as a unit cell with firmed particle
size and shape are hard to be identified. However,
at certain areas, the presence of rhombohedral
structure (pointed by blue arrow marked) can be
observed, which confirms the existence of crystalline
LaCrO, phase.

To predict the particle size, the Vernier
Caliper method was applied. According to this
method, the particle size can be defined as the
average of the size at five different spots. Using
this method, it was found that the particle sizes of
the sample calcined at 600 and 700 °C are 34.6 and
30 nm, respectively. The calculation results confirm
the formation of nano size LaCrO,, in agreement with
the results of PSA and XRD analyses, as discussed
in previous parts. The particle sizes obtained using
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TEM in this study are significantly smaller than that
of LaCrO, prepared using sol-gel method reported
by others®®.

CONCLUSION

This current study demonstrated the
potential of pectin solution as an emulsifying agent
for preparing nano-size LaCrO, material using
sol-gel method. The existence of nano particles
in the samples was confirmed by the results of
characterization techniques applied, include XRD,
PSA, and TEM, although particle agglomeration
should also be acknowledged. The samples were
found to exhibit Lewis and Br@nsted-Lowry acid
characteristics, with Lewis acid as the dominant
site, represented by the absorption band located
at around 1636 cm™ in the FTIR spectra . According
to XRD results, the prime phase composing the
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samplesis LaCrQO, phase. Relatively homogeneous
surface morphology was exhibited by the samples,
having the crystallite size in the range of 24 to
25 nm according to Scherrer equation. The PSA
analyses revealed increased relative percentages
of nano-size portion in the sample from 22 to 89%
as temperatures increased from 600 to 800 °C, with
the particle size in the range of 30 to 35 nm as seen
by the TEM . These characteristics imply that one
of the potential use of the LaCrO, prepared is as
catalyst.
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