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The Pechini method is one of the alkoxide sol–gel methods in which citric acid (CA) and ethylene glycol
(EG) pair are used for gel preparation. The major downside of this method is an agglomeration of the pro-
duced nanoparticles. In this research, by substituting ethylene glycol chelating agent with cellulose
derivatives (such as carboxy methyl cellulose (CMC) and hydroxy propyl methyl cellulose (HPMC), the
reduction of the extent of spinel nanoparticle agglomeration is examined. To this aim, a different ratio
of CMC and HPMC to metal ions (Mg2+ and Al3+) was used. The results indicated that the sample synthe-
sized with 1 g CMC had the minimum agglomeration and particle size (50 nm). Next, this sample was
consolidated through the spark plasma sintering method at 1500 �C for 15 min. The microstructure, grain
size and optical transmittance of the SPSed body were compared with the sample prepared with the con-
ventional Pechni method. The results showed that the maximum visible light and infrared transmission
of the bulk prepared from the modified Pechini method was higher than that of the sample prepared via
the conventional Pechini method. The optimal visible light transmission was 85%, and in the IR region at a
wavelength of 5 lm was 75%. This is related to the higher apparent density of this ceramic (99.98% vs
98.82%) and the lower porosity of this sample.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The progressive advances in science and technology have inten-
sified the need to use materials with superior properties. An issue
that has attracted much attention is magnesium aluminate spinel
(MgAl2O4). Optically, this ceramic offers good transmission in the
visible light and infrared regions of the electromagnetic spectrum.
Also, it has high mechanical hardness. Typically, transparent
ceramics are obtained through the sintering of spinel nanoparticles
-

(Senina et al., 2019; Izadbakhsh et al., 2021; Bykov et al., 2019;
Azizi-Malekabadi et al., 2020; Baruah et al., 2023). There are vari-
ous methods for preparing spinel nanoparticles, including mechan-
ical alloy making, coprecipitation, hydrothermal synthesis method,
plasma spraying degradation, sol–gel (alkoxide and non-alkoxide),
as well as combustive sol–gel. Meanwhile, the Pechini sol–gel
method has attracted much attention thanks to enjoying high
homogeneity and uniformity, low synthesis temperature, high pur-
ity percentage, easy process control, non-toxicity, use of available
and relatively inexpensive initial salts, as well as availability. The
morphology and extent of agglomeration of the precursor play a
key role in the synthesis of transparent ceramics (Nassar et al.,
2014; Durai et al., 2022; Wen et al., 2017 ). The problem with
the Pechini method is an agglomeration of produced nanoparticles
(Medvedev et al., 2022; Mamonova et al., 2017).

CMC and HPMC as chelating agents were used for the synthesis
of some metal oxides nanoparticles, such as iron oxide and MnFe2-
O4 nanoparticles (Sanjabi et al., 2015; Hasanpour et al., 2017;
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Table 1
The precursor used in this work.

No. Powder name Purity percentage Company name Country

1 Yttrium chloride 99.9 Merck Germany
2 Aluminium chloride 99.9 Sigma Aldrich Germany
3 Carboxymethyl cellulose 99.9 Sigma Aldrich Germany
4 Anhydrous citric acid 99.9 Merck Germany
5 Magnesium nitrate hexahydrate 99.9 Merck Germany
6 hydroxy propyl methyl cellulose 99.9 Sigma Aldrich Germany

Fig. 1. XRD patterns of spinel nanoparticles synthesized via the modified Pechini method with varying amounts of CMC and HPMC content.
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Akhlaghi et al., 2022; Gogoi et al., 2017). But, there are no reports
on the synthesis of MgAl2O4 nanoparticles via CMC-citric acid pair.
In this research, the effect of substituting ethylene glycol with CMC
and HPMC agent is examined at different ratios on the shape, size
of particles, and phase of spinel nanoparticles. Furthermore, to the
best of our knowledge, there is no study to compare IR and visible
transmittance of spinel ceramics fabricated with Pechni and mod-
ified Pechini methods.

Various sintering methods have been reported for the synthesis
of homogeneous magnesium aluminate spinel ceramics, including
pressureless sintering, hot isostatic pressing, spark plasma sinter-
ing, microwave sintering, etc. In addition, different materials,
including Y2O3, B2O3, ZrO2, LiF, etc., have been used as a sintering
aid in the sintering process, and their results have been investi-
gated (Senina et al., 2019; Rothman et al., 2014; Sutorik et al.,
2012; Zhang et al., 2023). Among the stated sintering aids, yttria
has offered good results in improving the densification of spinel
ceramics (Zhang et al., 2023; Bykov et al., 2019).

In this project, to achieve magnesium aluminate spinel
nanoparticles powder with a uniform size distribution and high
purity, the wet chemistry method (Pechini method modified with
CMC and HPMC is used), after identifying the samples in terms of
morphology, elemental analysis and phase, the optimized
2

nanopowder is chosen and then sintered via spark plasma sintering
methods, so that a transparent spinel disc would form.
2. Experimental

2.1. Materials

The initial raw materials used included aluminium chloride and
yttrium chloride sintering aid, whose purity percentage and man-
ufacturer’s company are presented in Table 1.
2.2. Synthesis of spinel nanoparticles via modified Pechini method

In this method, 6.7 g aluminium chloride, 3.6 g magnesium
nitrate hexahydrate, and different amounts of carboxymethyl cel-
lulose (0.1 (100 g/lit), 0.3 (300 g/lit), and 1.0 g (4 g/lit)) or 0.1
(100 g/lit) and 0.3 g (300 g/lit) hydroxy propyl methyl cellulose
(HPMC) were mixed in 250 ml distilled water. Next, 7.54 g citric
acid (equivalent to a 4 times mole ratio of aluminium and magne-
sium salt) was dissolved in 250 ml water and added dropwise to
the previous solution. Eventually, the resulting solution was placed
on a magnetic stirrer. The mixture of the reactants was exposed to
80 �C for 1 h. It was then exposed to 150 �C for 1 h for gel forma-
tion. The formed gel was exposed to 200 �C for 1 h to obtain the dry



Fig. 2. TG/DSC analysis of spinel gel obtained from CMC (a) and HPMC (b) precursor.
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gel. Thereafter, it was calcined at 800 �C for 2 h to obtain magne-
sium aluminate spinel nanoparticles.
2.3. Synthesis of spinel nanoparticles by conventional Pechini method

In this method, 6.7 g aluminium chloride, 3.6 g magnesium
nitrate hexahydrate, and 10 ml ethylene glycol were mixed in
250 ml distilled water. Next, citric acid solution (7.54 g@250 ml
3

water) was used with the amount of four times of Mg and Al ions
added dropwise to the previous solution. Ultimately, the resulting
solution was exposed to 80 �C/1h and 150 �C/1h to obtain the gel.
Finally, the dry gel was calcined at 800 �C/2h to obtain the magne-
sium aluminate spinel nanoparticles. To reduce agglomaration
degree, spinel nanoparticles were ball-milled with zirconia balls
for 6h (Wang et al., 2023).



Fig. 3. FTIR spectra of magnesium aluminate with adding carboxymethyl cellulose (a) before the calcination step (b) after the calcination process. (c, d) FTIR test upon adding
HPMC agent (c) before calcination (d) after calcination.
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2.4. Sintering of samples via spark plasma sintering (SPS) method

For the sintering process, an SPS device (SPS 60–10,MUTUniver-
sity, Iran) was used. First, 1.5 g of magnesium aluminate nanopow-
der and 200 ppm of yttrium chloride sintering aid were dispersed in
30 ml water. The mixture of spinel nanopowder and sintering aid
was dried at 50 �C for 24 h. The final powder was calcined at
800 �C for 1 h so that the yttrium chloride sintering aid would
change into yttrium oxide. Next, the mixed powder with a sintering
aid was poured into a graphite mould to obtain a disc with a 20mm
diameter and thickness of 1 mm. In this project, to reduce carbon
contamination resulting from graphite mould, a low heating rate
was used to achieve the final temperature. Thereafter, the final disc
was prepared at 1500 �C and a heating rate of 5 �C under 70 MPa
pressure for 15 min. Fig. S1 (see supporting information, Heidari
et al., 2021; Heidari et al., 2022) display the utilized SPS cycle. To
prepare the disc for the transmission test, the surface of the samples
was polished with SiC sandpaper (Smirdex, Greece, grade P510), a
number 120, 300, 600, 1000, 2000 and 3000.

2.5. Instruments

Fourier transforms infrared (FT-IR) spectra were captured using
a disc made of KBr via a spectrophotometer (PLUS-680, JASCO Co.)
within the 400–4000 cm�1 range with a resolution of 4 cm�1 (Budi
et al., 2022; Salahdin et al. 2022; Sivaraman et al., 2022). Raman
spectroscopy was done by the Horiba Raman instrument (LAB
Ram HR model, made in Japan) under an excitation wavelength
of 532 nm (Du et al., 2023) . To detect the formed phases
4

(Bakhshkandi and Ghoranneviss, 2019; Jasim et al., 2022; Liu
et al., 2022; Sadeghi et al., 2022; Xin et al., 2022), an X-ray diffrac-
tion test (XRD) was used via an X-ray diffractometer (X-Pert-MPD,
Phillips Co.). The XRD test was done using monochromatic Cu ka
radiation with the wavelength of 1.5046 Å at a voltage of 40 kV
and current of 30 mA. The diffraction was done within 2h range
of 10–80 � with a step size of 0.05� and time per step of 1 s. For
observing the morphology of the sample (Abdulrazzaq, 2023;
Chupradit et al., 2021; Ghaffar et al., 2022; Raya et al., 2022;

Turki Jalil et al., 2021), Field emission scanning electron micro-
scopy (FE-SEM) images (Dong et al., 2023; Ma et al., 2023; Mo
et al., 2022; Sun et al., 2023; Wang et al., 2020) were used by an
FEI device equipped with an X-ray energy dispersive spectropho-
tometer. Particle size distributions were drawn with the Digimizer
and Excell software with a measuring size of at least 100 particles.
TG/DSC analysis was performed on Netzsch Simultaneous Thermal
Analyzer (STA/TGA-DSC) under a nitrogen atmosphere (Wang
et al., 2020; Xu et al., 2022) from room temperature to 800 �C.

An ultrasonic device (TOPSONIC, Tehran, Iran) was used with a
frequency of 20 kHz and the maximum power level of the device
(400 W) for the dispersion of nanoparticles (Al-Obaidi et al., 2018;
Kadhum et al., 2021, Seyyedi et al., 2021). For calcining the samples
in an air atmosphere, a furnace (NCR-Noberterm) was used. For the
sintering process, an SPS device (SPS 60–10, MUT University, Iran)
was utilized. Linear transmission within 2.5–10 lm was measured
using an IR spectrophotometer (FTIR-8400 S, Shimadzu, Japan), SHI-
MADZUVIS-NIR Spectrophotometer3100-Japanwas employed. Vis-
ible transmitance was recored on the Unico S2150 model
Ultraviolet-Visible spectrometer (Zhao et al., 2022).



Fig. 4. Raman spectrum of the gel of spinel before (a) and after (b) calcination step.
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The density of the sintered samples (Pa) was measured through
Archimedes principle based on buoyancy law and via Formula 1
(Sepulveda et al., 2011; Bykov et al., 2019). In this equation, m1

represents the dry mass, and m2 denotes the sample mass after
immersion in water.

Pa ¼ m1=m1 �m2 ð1Þ
5

3. Results and discussion

3.1. XRD patterns of calcined powder

The XRD patterns of magnesium aluminate powder and its com-
parison with the spinel main card have been shown in Fig. 1. It is
seen that upon adding 0.1 g and 0.3 g HPMC to the prepared solu-
tion, there are alpha-alumina and magnesium oxide impurities in



Fig. 5. FESEM images and histogram of magnesium aluminate powder synthesized with (a,b) 0.1 g (c,d) 0.3 g. (e, f) 1 g of CMC by a modified sol–gel method.
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addition to the magnesium aluminate phase. Upon adding 0.1–1 g
of carboxymethyl cellulose to Mg2+-Al3+-citric acid solution, mag-
nesium aluminate has been achieved completely, and its diffrac-
tion card matches the main diffraction card of spinel with the
JCPDS number of 01–084-0377. Thus, the use of CMC has been
effective in magnesium aluminate synthesis, causing its formation,
where different amounts of it have fulfilled this objective. Mean-
while, 1 g of it matches the diffraction pattern of this material.

Also, the diffractions located at 2h of 31, 36, 44, 59, and 66 are
related to (220), (311), (400), (511), and (440) planes, respec-
tively. The wideness of the diffractions results from the fineness
of the crystallite size.

Fig. S2 (see supporting information) indicates the XRD pattern
of the sample synthesized through the conventional Pechini
method calcined at 800 �C. It is observed that with using this pre-
cursor, magnesium aluminate has formed as a single phase, match-
ing the standard card No. 01–074-1133, which is related to the
cubic crystal with lattice parameters of a = b = c = 0.80850 nm.
6

The reflections at 2h 18.9, 31.2, 36.8, 44.80, 55.6, 59.3, 65.2, 68.6,
74.10, and 77.3� are related to diffractions of (111), (220),
(311), (400), (422), (511), (440), (531), (620), and (533) planes,
respectively, indicating magnesium aluminate spinel phase.

3.2. TG/DSC analysis

Fig. 2 shows TGDSC analysis of spinel gel obtained from CMC
and HPMC precursor. In both graphs, peaks located at � 96–111 �
C are related to the removal of water as an endothermic reaction
(In DSC curve). Exothermic peaks located at 440 �C and � 477–5
97 �C are related to the burning of citric acid and cellulose deriva-
tives, respectively. As can be seen in the DSC graph, the amount of
heat obtained from CMC gel is twice that of HPMC gel (0.6 vs.
1.5 mW/mg). This confirms the X-ray results, which suggest that
in the presence of CMC, the spinel network is more fully formed
due to the higher heat release of CMC/citric acid gel. According
to the TGA curve, up to a temperature of 800 �C, 70% of organic



Fig. 6. (a,b) FESEM images and Histogram (c,d) of spinel nanoparticles with (a,c) 0.1 g of HPMC (b,d) 0.3 g of HPMC agent.
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matter and adsorbed water are separated from CMC gel and 60%
from HPMC gel, which also confirms the better effect of CMC in
separating organic matter from the sample. The other point from
Fig. 3 is that the weigth loss in the presence of CMC agent
(Fig. 3a) occured in 3 steps (before 200 �C, 200-450 �C and 500-
800 �C), but in the presence of HPMC, the weigth loss performed
on two seps (100-200 �C and 300-800 �C).
3.3. FTIR and Raman spectroscopy

According to Fig. 3, the functional groups related to citric acid
and carboxymethyl cellulose can be detected in the precursor of
samples (gel) before the calcination stage. After the calcination
operations in both cases with carboxymethyl cellulose and
hydroxy methyl cellulose, the bands related to the functional
groups diminished considerably. At the wavenumber 3400 cm�1,
the band is related to the –OH functional group and at the
wavenumber of 1600–1700 cm�1 double-branched band is seen,
indicating the COOH functional group of citric acid. Also, the
wavenumber of 2900 cm�1 and 1400–1500 cm�1 is related to the
aliphatic –CH2 vibration (Bokov et al., 2021; Chupradit and Delir
Kheirollahi Nezhad, 2022; Jasim et al., 2022; Kadhim et al., 2022;
Ngafwan et al., 2021; Raya et al., 2022; Sivaraman et al., 2022;
Suanto et al., 2022; Zhao et al., 2022) and the bending vibration
of adsorbed water, respectively. In both samples, after the calcina-
tion, the intensity of organic bands had relatively diminished.

Fig. 4 shows the Raman spectrum of the gel of spinel before and
after the calcination step. According to Fig. 4, the number of Raman
7

modes after calcination is much less, which indicates the improve-
ment of the crystalline order of the spinel network after the calci-
nation step. Spinel’s index peaks at frequencies 307, 409, 486, 667,
and 762 cm�1 correspond to T2g, Eg, T2g, T2g, and A1g vibration
modes, respectively. The peaks located in wave numbers 725 and
762 cm-1 are related to the disordered breathing stretching vibra-
tions of the Al-O bond and the ordered Mg-O in the AlO4 and MgO4

tetrahedral sites, respectively. In a perfect spinel lattice, only the
second-ordered vibration is observed (Dwibedi, 2015, Slotznick
2008).
3.4. SEM images of magnesium aluminate powders

Fig. 5 shows the SEM images of the spinel powder synthesized
via the modified Pechini method by adding a CMC chelating agent.
The morphology of this powder with 0.1 and 0.3 g CMC is irregular
with agglomerated particles with the size of 500 nm �1 lm.

According to the observations, upon adding 1 g of CMC, the
morphology of the powder has been finer, with an average particle
size of 50 nm. Furthermore, the size of agglomerated particles was
reduced from 1 lm (0.3 g CMC, Fig. 3c) to 250–300 nm (see orange
ring in Fig. 5).

Fig. 6 displays the SEM images of magnesium aluminate powder
synthesized with an HPMC chelating agent. Based on these images,
the use of an HPMC additive has caused the agglomeration of par-
ticles with an agglomerated particle size of 500 nm-1 lm (see
orange ring in the SEM images). Thus, the powder quality has



Fig. 7. EDS elemental mapping of the sample synthesized via the Pechini sol–gel method modified with 1 g of CMC agent.
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diminished compared to 1 g of CMC as less agglomeration occurred
in it.

In the Pechini method, Al and Mg cations form complexes
through chelating agents (citric acid molecules, (Dimesso, 2016)).
Then, the polyester network is formed through ethylene glycol as
the gel-forming agent (Fig. S3, see supporting information). In
the polyester network, hydrogen attraction occurs between the
oxygen of carboxylic acid groups and hydrogen of the –OH func-
tional group in the chain. This attraction is so strong that the polye-
ster supramolecules chains (Liu et al., 2023; Sun et al., 2023)
approach each other, where the final spinel nanoparticles obtained
from polyester gel calcination have much agglomeration
(Medvedev et al., 2022; Mamonova et al., 2017).

Upon substituting ethylene glycol with 1 g CMC, the formed
hydrogen bonds of the polyester gel may diminish, whereby the
8

polyester chains move slightly apart from each other. The complex
formation between metal ions and CMC molecules (Fig. S3) helps
polyester chains reduce the agglomeration degree and particle size
of spinel nanoparticles through the modified Pechini method (par-
ticle size of 50 nm and agglomerated particle size of 20–300 nm).
However, with using a low amount of CMC (0.1 g and 0.3 g
CMC), the number of CMC-Mn+ complexes was low, and the extent
of hydrogen bonds was high in the polyester chain. Thus, particle
size, in this case, was 500 nm-1000 nm.

Fig. S4 (see supporting information) reveals the FESEM image of
the sample synthesized via the conventional Pechini method. It is
seen that at 800 �C, the morphology is spherical, and the size of
the nanoparticles is between 100 and 400 nm. The X-ray map of
this sample (Fig. S5, see supporting information) shows uniform
distribution of O, Al, and Mg elements in the sample.



Fig. 8. (a) IR transmission curve and (b) UV–VIS transmission curve of the sample
sintered through SPS at 1500 �C from modified and conventional Pechini powder.
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Fig. 7 exhibits an X-ray elemental map of the sample synthe-
sized via the Pechini method modified with 1 g of CMC. This image
shows the presence of aluminium, magnesium, and oxygen ele-
ments in the spinel nanoparticles. Furthermore, the uniform distri-
bution of each element in the EDS mapping test confirms the
homogenous formation of magnesium aluminate spinel in the
samples synthesized via the modified Pechini method.

Fig. S5 (see supporting information) reveals the EDS mapping of
the sample synthesized through the conventional Pechini method.
In this image, again, large aggregated particles, as well as the dis-
tribution of aluminium, magnesium, and oxygen elements, can
be observed.

3.5. Sintering of the sample synthesized via the SPS

3.5.1. Phase examination of the spinel ceramics body
Fig. S6 (see supporting information) depicts the XRD pattern of

the sample sintered through the SPS method. As seen, there is great
correspondence with the reference pattern of spinel magnesium
aluminate. It can also be found that during the sintering, phase
transformation has not occurred in the material, and the structure
is still cubic. The lattice parameters based on the matched standard
card of this sample have been a = b = c = 0.8068 nm. The peaks at 2h
of 18.9, 31.2, 36.8, 44.80, 55.6, 59.3, 65.2, 68.6, 74.10, and 77.3� are
related to diffraction/reflection of (111), (220), (311), (400),
9

(422), (511), (440), (531), (620), and (533) planes respectively,
indicating magnesium aluminate spinel phase.

Fig. S6 and Fig. S7 (see supporting information) illustrate the
XRD pattern of the disc-shaped sample of magnesium aluminate
spinel prepared via the SPS method through the powder made by
the conventional Pechini method calcined at 800 �C. According to
the figure, the magnesium aluminate spinel has formed in a full
single phase and matches the standard card 01–075-1795.
3.5.2. Optical transmittance, microstructure and density of spinel
ceramics body

Fig. 8a exhibits the IR transmission curve of the sample SPSed at
1500 �C. According to this figure, there is an absorption peak
resulting from the presence of CH2 organic groups at a wavelength
of 3.4 lm. Fig. 8b depicts the visible light transmission curve
within 400–800 nm of the spinel sample sintered at 1500 �C. Based
on this figure, the SPSed sample prepared with the modified sol-gel
method at 550 nm has a transmittance of 75% and has approached
spinel theoretical transmission, being 87%. The maximum IR trans-
mission of the sample prepared through sintering of the sample
prepared with the modified Pechini method was 74 % at a wave-
length of 5 lm (2000 cm�1). At this wavelength, the sample pre-
pared through the conventional Pechini method showed 70%
transmission with a sample thickness of 1 mm.

Fig. 9 shows the cross-sectional morphology of the spinel disc
chemically –etched (hot concentered H2SO4 solution for 1 min).
Fig. 9(a,b) reveals porosity in the disc sintered from the spinel
nanopowder produced via the conventional Pechini method
(98.82% of theoretical density). Fig. 9(c,d) indicates a lack of poros-
ity in the sample sintered from modified Pechini powder, confirm-
ing densification with minimum sample porosity (Heidari et al.
2021). The Archimedes density of this sample has also been
99.98% of the theoretical density.

Fig. 9e reveals the EDS of the sample sintered from the modified
Pechini method. According to this analysis, magnesium, alu-
minium, and oxygen elements related to the magnesium aluminate
phase, as well as the yttrium element related to the yttria sintering
aid, are present in the sintered sample. The presence of slight
amounts of carbon in the EDS analysis is probably related to the
diffusion of SPS mould graphite to the spinel along the sintering
process.

According to actual image of sintered body, there is some dark-
ness at the edge of the discs, possibly associated with the diffusion
of graphite from the SPS mould into the spinel sample. The pres-
ence of CH2 in Fig. 8 at wavnumber of 2900 cm-1 was also con-
firmed this fact (Chen et al., 2021, 2023; Huang et al., 2023;
Kuang et al., 2018; Li et al., 2022; Liu et al., 2023; Lu et al., 2023;
Sha et al., 2023; Zhang et al., 2016; Zhao et al., 2022).

Theoretically, magnesium aluminate spinel has 87% transmis-
sion within the IR average range (Senina et al., 2019; Izadbakhsh
et al., 2021; Bykov et al., 2019; Azizi-Malekabadi et al., 2020;
Baruah et al., 2023). The transmission obtained in this project
has been lower than the theoretical density. The reduction of the
transmission percentage of the final piece can be attributed to
the presence of pores. To achieve greater transparency, the use of
high-quality initial powder and less agglomeration of spinel
nanopowder is required. The pores cause light scattering and, ulti-
mately, translucence of the final piece. With the removal or reduc-
tion of each of the mentioned points, a higher transmission
percentage can be achieved.
4. Conclusion

The manuscript proposes the synthesis of homogeneous mag-
nesium aluminate spinel ceramics using cellulose derivatives and



Fig. 9. FESEM images of the fractured cross-section of bulk sample originated from (a,b) modified Pechini methods and (c,d) conventional Pechini methods, (e) EDS analysis of
the sintered sample from the modified Pechini method.
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the sol–gel method to obtain a better ceramic material without
particle agglomeration. The results indicated that the Pechini
sol–gel method modified with 1 g of CMC offered a smaller particle
size (50 nm) as well as less agglomeration compared to the con-
ventional Pechini method (particle size of 100–400 nm).

In synthesizing the magnesium aluminate nanoparticles, the
addition of carboxymethyl cellulose was far more effective than
adding hydroxy methyl cellulose, and the XRD pattern of the sam-
ples synthesized with CMC fully matched that of magnesium alu-
10
minate. The 1 g of CMC had a greater effect on the synthesis of
magnesium aluminate compared to 0.1 and 0.3 g of it.

The calcination process on the synthesized powders led to the
removal of functional groups and reduction of the intensity of FTIR
bands related to the functional groups in the sol–gel process.

The disc created using the powder prepared through the con-
ventional Pechini method had 70% transmission within the 5 lm
region, as well as an apparent density of 99.38%. However, the lin-
ear transmission of the disc prepared through the modified Pechini
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method was 75% in the 5 lm range. The density of this sample was
obtained at 99.98%.
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