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Al-doped Yttrium Iron Garnets Y3;AlFe,O1,: Synthesis and Properties
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A method to synthesize nanosize particles of Y;AlFe,O;, garnet ferrite by
precipitation in aqueous solutions at constant pH during the synthesis has been
demonstrated. The effect of the sequence of the metal hydroxides precipitation on
the filtration coefficient is studied. The filtration coefficient is found to be three
times greater in the case of simultaneous precipitation of iron and aluminum
hydroxides compared to the one observed for the case of simultaneous
precipitation of all hydroxides. Synthesized precipitates are established to be
amorphous and crystalline nanoparticles are formed in one stage after the treatment
at 800 °C. The average particles size is around 60 — 70 nm. The ceramics obtained
after a proper heat treatment of the nanoparticles is shown to be characterized by

the high density and good electrophysical properties.

Keywords: yttrium iron garnet, consecutive precipitation, crystalline structure,

particle morphology, magnetization, ferromagnetic resonance.
Background

R5FesOy; ferrites with garnet structure were discovered in the 50" years of
the 20" century. Since then, these materials have received great attention in science
and technology owing to extraordinary properties such as high electrical resistance,
low magnetic losses beyond the region of the ferromagnetic resonance (FMR)

damping constant is approx. 10” [']), relatively high saturation magnetization,
ping pp y



narrow FMR line (~ 0.2 Oe in single crystals), high thermal and chemical stability,
low thermal expansion, and others. Due to these advantages, R;FesO,, ferrites have
found a number of applications in magnetooptical filters [*], magnetooptical
recording devices [*-°], microwave and magnonic elements [-'°], multifunctional
elements in communication, electronic and spintronic devices ['', '], and in the

systems of 5G wireless technology ["].

Electrophysical properties of polycrystalline garnet ferrites depend on a
number of factors, such as a method of synthesis, size of crystallites, purity of
chemicals, etc. Yttrium iron garnet (YIG) is the most typical representative among
the ferrite garnets. YIG has the cubic structure and crystalizes in the /a-3d space
group. Cations in YIG are located in the three sublattices (dodecahedral (24),
octahedral (16) and tetrahedral (24)). Such structure can be described by a general
formula of {R;}[Fe;](Fe;)O1,, where {}, [] and () brackets indicate the positions in
the dodecahedral, octahedral and tetrahedral sublattices, respectively. As a rule,
Y>* occupies the dodecahedral positions, and Fe’* ions occupy tetrahedral and
octahedral positions in the ratio of 2:3. Yttrium ions are non-magnetic and, thus,
magnetic properties are caused by the presence of the iron ions in the tetrahedral

and octahedral sublattices.

In an ideal case, the magnetic moments of Fe’* ions in different sublattices
are antiparallel, but in some cases, the iron ions of the tetrahedral sublattice can
leave their positions and occupy the positions in the dodecahedral sublattice. In this
case, the yttrium ions have to occupy the free nodes in the tetrahedral lattice.
Therefore, the spontaneous magnetization of the material is dependent on the
cation distribution between different crystalline sites. The values of the saturation
magnetization and magnetic anisotropy for a typical YIG are 4ntM; = 1750 G and
H, = 40 Oe, respectively ["*].

An introduction of dopants or change of the synthesis method can be
employed for the purposeful governing of the properties of YIG. Partial

substitutions are applicable for all cation sublattices. In a number of recent works,
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the substitutions of yttrium ions by the ions of the rare-earth elements (La, Nd, Ce,
Eu, Yb, Ho, Pr, ...) [13, * - ] or bismuth ions [*’] have been considered. Also the

substitutions of iron ions by the ions of Zn, Ni, Co, Cu have been studied [*', *].

Many scientists perform simultaneous doping in two cation sublattices, for
instance, by the ions of bismuth and manganese (Y3.,BiFes.,Mn,0,,) [*] or ions of
calcium and tin (Y;..CaFes,Sn,Op;) [*]. It allows obtaining the magnetic

parameters, which are necessary for certain microwave devices.

Recently, the garnet ferrites, where iron is partially substituted by aluminum,
have attracted an enhanced attention of researchers and technologists [*-*]. Such
polycrystalline ferrites are characterized by the low dielectric and magnetic losses,
their coercive force decreases and dielectric constant slightly grows [27]. At the
same time, it is known that there are significant differences in the properties of
yttrium iron-aluminum garnets (YIAG), which have the same composition but
synthesized via different methods [25, 27, 28]. Therefore, it is important to develop
the controlled preparation method to obtain the desired distribution of cations,
desired crystal structure and phase formation since the synthesis and post-synthesis
process (sintering) techniques have a profound effect on the properties of garnets

on the nanoscale.

There are many well-known methods for the synthesis of the garnet ferrites,
such as solid-state synthesis, sol-gel method (Pechini method) [*°], precipitation in
the aqueous solutions, hydrothermal synthesis [*'], precipitation in microemulsions
and many others [**]. Each of the methods has its own advantages and drawbacks.
In particular, the solid-state method does not provide a sufficient level of
homogeneity of the product and does not allow obtaining small size particles that
results in the necessity to use high temperatures (>1500 °C) for the synthesis of the
ceramic samples. Sol-gel method requires the application of the expensive
alkoxides and does not allow synthesizing a large amount of the material. Similar

drawbacks are typical for other methods of synthesis, including precipitation in the



microemulsions [27, *’]. Moreover, it is practically impossible to wash out the

reaction side products after the sol-gel synthesis.

At the same time, the precipitation in the aqueous solutions is relatively
cheap method that allows obtaining a large amount of the nanoparticles. However,
this kind of the synthesis method is usually performed using the sodium hydroxide
solution as the precipitator, which results in the pollution of the precipitates by the
sodium ions. Therefore, the obtained products need the long-term washing to
completely remove the sodium ions, since they have negative impact on the
electrophysical properties of the materials in the microwave range. Moreover, such
precipitates are amorphous and are poorly filtered and washed out that does not
permit the complete removing of the sodium ions. For this reason, a search for
better ways to improve the filtration mode and washing out such precipitates is

very important.

Therefore, the aim of this study is (1) to develop a method of the synthesis
of Al-doped solid-solutions of Y;AlFe Oy, garnet ferrites by the precipitation in
the aqueous solutions, which would give the possibility to obtain the weakly-
agglomerated nanoparticles with good ability to be washed out from the sodium
ions; (2) to look for a way to reduce the temperature of obtaining the ceramic
materials below 1500 °C, and (3) to study the effect of the synthesis conditions on
the physical parameters of the powders and ceramic samples based on the obtained

nanoparticles.
2. Materials and Methods
2.1. Synthesis of Y;AIFe,O4, powders

The method of the precipitation in aqueous solutions has some technological
nuances, which require the particular attention. For example, it is important to
preliminary determine and precisely maintain a ratio of the concentrations of

starting reagents for obtaining a target chemical composition. In this work, based



on our earlier experience, the aqueous solutions of Y(NOs);, Fe(NOs); and
AI(NO;); in concentrations of each salt 1.5 mol/l were used as the starting reagents
for the synthesis of Y;AlFe O, nanoparticles via precipitation in aqueous

solutions.

To investigate the reproducibility of the results, each sample was

synthesized twice. In each case, around 100 g of the final powder was produced.

Aqueous solutions of sodium hydroxide NaOH or ammonium hydroxide
NH,OH in the concentrations of 10 mol/l were used as the precipitator.
Precipitation of metal hydroxides during the synthesis of Y;AlFe,O,, ferrite was

performed by several approaches:

1) Stoichiometric amounts of metal salts were precipitated simultaneously

using NaOH solution at the constant pH of the medium 8.8 + 8.9 (Sample 1).

2) Consecutive precipitation using the solution of NaOH: the precipitation of
Fe(OH); at pH 4 + 4.5 was followed by that of the mixture of AI(OH); and Y(OH);
at pH 8.8 + 8.9 (Sample 2).

3) Consecutive precipitation using the solution of NaOH: the precipitation of
the mixture of Fe(OH); and AI(OH); hydroxides at pH 4 + 4.5 was followed by
that of the Y(OH); hydroxide at pH 8.8 + 8.9 (Sample 3).

4) Consecutive precipitation using the solution of NH,OH: the precipitation
of the mixture of Fe(OH); and AI(OH); hydroxides at pH 4 +~ 4.5 was followed by
that of the Y(OH); hydroxide at pH 8.8 + 8.9 (Sample 4).

Precipitation of 100 g of the final product of each sample was performed for
4 hours at the intensive stirring, the solutions of salts were dropped with the rate of
5 — 10 ml/min. Obtained suspensions were heated up to the 80 °C and held at this
temperature for 1 hour to achieve the solutions aging [**]. Filtration of the

suspensions and washing out the precipitates were performed by the hot (70-80°C)



bidistilled water in the proportion of 200 1/kg. The time of washing was estimated

for each sample individually.

Atomic-absorption spectroscopy was used to determine the concentration of
sodium ions in the filtrate after washing out the precipitate of hydroxide powders

with different amount of water (100 1/kg, 150 1/kg and 200 1/kg).

Filtration coefficient of the precipitates was calculated by Darcy formula:
H
0=K,S—* (1)

where Q 1s the volume of the filter, cm’; Ky — the filtration coefficient, cm/s; S — the
area of the precipitate on the filter, cm?; H — the rarefaction under the filter, cm.

water col.; [ — the thickness of the precipitate layer, cm; 7 - time of the filtration, s

[35]‘
2.2. Synthesis of the ceramic samples based on Y;AlFe,O., powders

The preliminary synthesized Y;AlFe,O;, powders subjected to the heat
treatment at 800 °C for 2 hours in the air were used for the preparation of the
ceramic samples. The products obtained after heat treatment were milled with
water in the ball-mill with metallic balls for 4 hours. 15%-solution of the binding
component and 3% of aqueous solution of polyvinyl alcohol were added to the
powder and corresponding tablets were pressed under the pressure of 2 ton/cm’.
The prepared tablets were dried at 70-90 °C, warmed up in the muffle furnace with

the heating rate of 5 °C/min to 1350 °C and kept at 1350-1400 °C for 2 hours.
2.3. Study of the properties of the ferrite samples.

Differential thermal analysis (DTA) of the synthesized hydroxide powders
of ferrite precursors was carried out using the derivatograph Q-1000 up to the 1000

°C.



X-ray analysis (XRD) of the powders and ceramic samples was performed
using the diffractometer DRON-4 (CuKa — radiation). The level of crystallinity was
determined according to the method described in [*] using the software Origin Pro

9.0.

Electron microscopic studies of the synthesized powders were performed

using the transmission electron microscope (TEM) JEM 1400 (Jeol, Japan).

Microstructural investigations of the polished surfaces of the ceramic
samples were performed using the scanning electron microscope SEC miniSEM

SNE 4500MB (SEC Co., Ltd, South Korea)

Magnetic measurements were carried out at room temperature with the use

of an LDJ-9500 vibration sample magnetometer.

Dielectric constant of the ceramics was measured using the Agilent N5230A4
PNA-L Network Analyzer and a specific cell for measurements, which included the
3-section X-band waveguide with the cross-sectional area of 23x10 mm” and two
metallic diaphragms [*’, 38]. Investigated samples were placed into the rectangular
waveguide between the centers of the wide walls of the waveguide. The samples
were in the shape of rectangular parallelepipeds with the average cross-sectional
area of 1.1x1.1 mm® and the length of 10 mm. The error of the measurements,

which may originate from the inaccuracy in the sample geometry, is about 10 %.

The samples in the form of thin discs with the sizes of H = 0.7 mm and D =
3 mm were used for the determination of the width of the ferromagnetic resonance
(FMR) line. The installation for the measurements consisted of the spectrometer
PE1306, magnetic induction meters SH-1 and SH-8, frequency meter CHZ-39,
frequency transformer YA34-19, electromagnet and system for binding the
samples with the rotated cylinder and computer with necessary software [, *].
Each sample was fixed in the cylinder binding between the poles of the

electromagnet that made it possible to change the position of a sample relatively to



the magnetic field. Obtained FMR spectra were used to determine the width of the
FMR line. The error in the determination of the FMR linewidth did not exceed +
0.2 Oe.

3. Results and Discussions

The filtration coefficients for all synthesized powders were calculated to
estimate the filtration rate of the precipitates from the sodium ions. The results
obtained are summarized in Table 1. The highest filtration coefficient was found to
be for the Sample 3, while the lowest one — for the Sample 4. The reason for the
latter feature can originate from the strong agglomeration of the particles due to the
formation of the amorphous gels of aluminum hydroxide using the ammonium

solution as the precipitator [*'].

Table 1. Filtration coefficient of the hydroxide precursor powders and

concentration of the sodium ions in the filtrate

Concentration Concentration )
+ + Concentration
of Na' after of Na after +
) ) of Na" after
No of S washing of washing of ;
the Filtration washing of
coefficient (cm/s
sample (cm/s) | 100 Vkg H.0 | 150 Vkg H:0 | ) kg H,0
mg/1 mg/1 me/l
1 2.2x107 0.39 <0.20 <0.00
2 5.5x107 0.33 0.20 <0.00
3 6.5%x107 0.23 0.02 <0.00
4 1,2x107 Absent Absent Absent




Table 1 lists the values of the concentration of the sodium ions in the filtrate
after washing out the hydroxide powders for Samples 1-3 with the different volume
of water (100 l’kg, 150 l/kg, 200 1/kg) estimated by the atomic-adsorption

spectroscopy.

Sample 4 was free of the sodium ions since it precipitated by the ammonium

solution during the synthesis.

Representative results of the differential-thermal analysis for the synthesized
precursor of ferrite powders are shown in Fig. 1. The presence of two endothermic
effects in the temperature ranges of 100-200 °C and 300-400 °C is observed for all
synthesized samples. The first endothermic effect on the DTA curves corresponds
to the loss of the sorption water in nanoparticles, and the second one — to the loss
of the crystallization water [**]. The principal mass reduction due to the loss of the

sorption and crystallization water occurs up to 500 °C and equals approx. 77%.

TGA, % DTA, mV
100 -400
90 -
804 -77,6% -300
707 < 200
60 _
50 100
40 _- 45°C -_ 0
30
20- 100
101 125°C :
0 -200

100 200 300 400 500 600 700 800
T.°C

Fig. 1. Representative DTA curves of the ferrite powder for Sample 3

The features of the formation of the crystalline garnet structure were
investigated by the X-ray diffraction method. X-ray patterns for the samples heat

treated in the temperature range of 300 — 800°C are shown in Fig. 2. The presence
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of the amorphous halo at 26 = 25-40° on the patterns points to the fact that the
particles synthesized at temperatures lower than 700 °C are amorphous. At the
same time, the crystalline garnet structure is formed in one-stage just after the heat

treatment at 800 °C without formation of any intermediate phases.

According to the results of XRD studies, Samples 3 and 4 synthesized after
the heat treatment at 800 °C are single-phase, but the traces of the additional Fe,O;
phase are observed to be present in Samples 1 and 2 (Fig. 3).

Taking into account these results, the temperature for the synthesis of the
samples was chosen to be 800 °C that allowed us to achieve high “chemical

activity” of the powder and, at the same time, to keep the temperature of the

synthesis as low as possible.

=)
a
o

25 30 35 40 45 50 55 60 65 70 75 op

Fig. 2. XRD patterns for Y;AlFe, O, ferrite (Sample 3) after the heat treatment at
300 — 800°C for 2 hours.

The analysis of the obtained patterns shows that the crystalline structure for
all synthesized YIAG nanopowders is cubic with the space group of /a-3d in the
correspondence with the patterns database (JCPDS No 43- 0507). Calculated

crystallographic parameters of the particles are summarized in Table 2.
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Determination of the average size of the particles was done via a Sherrer
method using corresponding XRD patterns, and the level of crystallinity for the

particles was calculated as described in [36].

The calculations performed showed that all synthesized ferrite nanoparticles
after the heat treatment at 800 °C had the average sizes of 60-70 nm and their level
of crystallinity was in the range of 51-78 %. It was established that the change of
the crystallographic parameters of the synthesized samples is a function of the
method of synthesis and it is in good correlation with the calculated particles sizes
and their level of crystallinity. The increase of the cell parameters of nanoparticles
can originate from their structural defectiveness, which depends on the individual

factors for each sample. For example, it may be caused by a low level of

crystallinity for Sample 2 and by a small average size of the particles for Sample 4.
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Fig. 3. XRD patterns for the ferrite nanoparticles after the heat treatment at 800 °C
for 2 hours: 1 — Sample 1; 2 — Sample 2; 3 — Sample 3; 4 — Sample 4. The enlarged

region with the peaks of a-Fe,0O; is shown in the inset.
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Table 2. Crystallographic parameters and average particle sizes for the Y;AlFe O,

ferrite nanoparticles

Level of
a (A) V(A% R | Reuge | crystallinity Dy gy (nm)
(%)
Sample 1 |12.322(3) | 1871.18) | 7.3 | 8.7 78 59
Sample 2 | 12.340(1) | 1879.03) | 3.38 | 4.96 51 67
Sample 3 | 12.324(2) | 1872.0(7)| 6.4 | 7.6 72 65
Sample 4 | 12.366(1) | 1891.322)| 6.8 | 7.3 72 59

*Rris compliance form factor; **Rp.e, is Bragg factor

Electron microscopy investigations (TEM) were performed to study the
morphology of Y;AlFe Oy, ferrite nanoparticles, and a representative TEM-image
i1s shown in Fig. 4. The sizes of the particles were calculated using the obtained

data. The average sizes of the particles are found to be in the range of 50-70 nm

and these data are in good agreement with those estimated from XRD results. It

should be noted that the strong agglomeration is observed for the nanoparticles,

which can originate from a relatively high temperature of their treatment (800 °C).

Fig. 4. TEM image of the ferrite nanoparticles (Sample 3) after the heat treatment

at 800 °C.
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The field dependences of the magnetization for the YIAG nanoparticles
heat-treated at 800 °C are shown in Fig. 5a. The main magnetic parameters of the
nanoparticles are summarized in Table 3. As it can be observed, Samples 1 and 3
are characterized by the highest values of the saturation magnetization and the
lowest values of the coercive force. It means that the formation of the garnet

structure is faster in Samples 1 and 3, compared to Samples 2 and 4.

To analyze magnetic properties of pure and substituted YIG, one should
keep in mind that among the five iron ions, which are included in a formula unit
Y;FesO,,, two are in octahedral sites and three are in tetrahedral sites. A magnetic
moment of 5 pg per formula unit results from antiferromagnetic superexchange
interaction between Fe™ ions in these two different sites through the intervening

O jons (here, pg is Bohr magneton) [*].

In substituted YIG, the smaller ion persistently seeks a smaller site [43]. It is
known that in garnet-type structures, the tetrahedral site is smaller than the
octahedral one. For this reason, in our case, at low levels of substitution, the
tetrahedral substitution is preferred by Al ions, but as Al concentration gets
increased, after some critical substitution level (around x = 0.7) Al ions display a
tendency toward octahedral substitution [**]. As a result, there is a site distribution
of Al ions between octahedral and tetrahedral sites. In this case, the correct formula
for Y;AlLFes.,O,, can be written as {Y;}[Fe, Al J(Fe;.AL.))O, (x =y + z), where
{} denotes the sublattice formed by Y>* ions occupying dodecahedral sites, [] — the
sublattice formed by Fe’* and AI’ jons occupying octahedral sites, and () — the

sublattice formed by Fe’" and AI’" ions occupying tetrahedral sites [44].
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Fig. 5. Hysteresis loops for the ferrite nanoparticles obtained after the heat

treatment at 800 °C (a) and ceramic samples after the sintering at 1350 °C (b).

The saturation magnetization of Al-substituted YIG is M =M’ (1-x+2y),
where M= 5 pg per formula unit [44]. It implies that for the case where x = 1,

the resulting magnetization can only be non-zero when some amount of Al ions is

located in octahedral sites.

As seen from Table 3, the maximal value of the saturation magnetization
achieved in the nanoparticles under investigation is 3.42 emu/g, which is
equivalent to 0.42 ug per formula unit. This means that around 4 % of Al ions are

located in octahedral sites.

It is noteworthy that a close value of the saturation magnetization (4.1
emu/g) was reported in Ref. [27] for the Y;AlFe,O,, nanopowders prepared via

autocombustion sol-gel technique.

Ceramic samples were synthesized based on the obtained ferrite
nanoparticles and their magnetic properties were investigated. It should be noted
that the saturation magnetization for all ceramic samples of ferrites after the
sintering in the temperature range of 1350-1400 °C (Fig. 5b) is almost the same

and it does not depend on the method of synthesis, in contrast to the picture

observed on nanoparticles treated at 800 °C.
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Table 3. Magnetic parameters of the ferrites

Parameter Sample 1 Sample 2 Sample 3 Sample 4

Parameters of the ferrite nanoparticles obtained after 800 °C

M; (emu/g) 342 1.765 3.4 1.31
H. (Oe) 8.435 12.55 8.535 17.935
Parameters of the ceramic samples obtained after heat treatment at
1350°C
M; (emu/g) 9.46 9.64 9.67 9.70
H. (Oe) 12.675 12.76 13.011 12.648

As it was established according to the data of X-ray diffraction and optical
microscopy (Fig. 6, 7), all synthesized ceramic samples are single-phase and are
visually characterized by the low porosity, in agreement with the calculated values
of the density of the synthesized samples (Table 4). At the same time, it should be
noted that a reduced porosity of Samples 1 and 2 can be partially caused by the
high chemical activity of the nanopowders and presence of the traces of a-Fe,O;
(see inset in Fig. 3). At the same time, the presence of a-Fe,O; impurity is not
observed in the XRD patterns of the ceramic samples shown in Fig. 6. The average

size of the grains in the ceramics (Samples 1-4) was approx. 10 um (Fig. 6) [*].

The results of the investigations of the dielectric constant and the width of
the ferromagnetic resonance (FMR) line are listed in Table 4. It follows from the
literature sources that dielectric constant of the Al-substituted yttrium-iron garnets
equals, as a rule, approx. 15 [13, 46]. Our investigations showed that the value of €'
lies the range of 13.6-15.4, depending on the method of synthesis. Since for the
resonant cavity measurements [37, 38] the error of the measurements can reach 10
%, one can conclude that our data are in a reasonably good agreement with the

literature data [*7].
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Table 4. Physical parameters of the ceramic YIAG garnet ferrites

Parameter | a, A V,A> | R | Renss | pyro p | Porosity| & | AH
(g/em?’) | (glem’) | (%) (Oe)
Sample 1 | 12.318(1) | 1869.1(3) | 7.7 | 6.3 5.04 4.93 97.8 |13.6| 46
Sample 2 | 12.281(4) | 1852.6(1) | 5.2 | 8.4 5.08 4.97 97.8 | 154 | 44
Sample 3 | 12.321(5) | 1870.8(4) | 7.2 | 6.8 5.03 4.96 98.6 |14.6| 43
Sample 4 | 12.318(8) | 1869.22) | 6.7 7.1 | 5.04 | 485 | 962 |154] 35

*Rris compliance form factor; **Rp.g, is Bragg factor
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Fig. 6. XRD patterns of the ceramic samples of the ferrites obtained at sintering

1350 °C -1400 °C for 2 h. 1 — Sample 1; 2 — Sample 2; 3 — Sample 3; 4 — Sample 4.

The FMR linewidths (~35-45 Oe) are in good agreement with the values

reported in literature [13, 47, **]. It can be seen that the lowest values of the FMR

linewidth demonstrates the sample based on the nanoparticles synthesized by the

consecutive precipitation with ammonium solution (Sample 4).
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Sample 1 Sample 2

Sample 3 Sample 4

Fig. 7. Micrographs of the polished surfaces of the ceramic samples based on the

YTAG ferrite nanoparticles.

Slightly higher AH values for the ceramic materials based on Samples 1 — 3
may originate from the presence of some amount of the sodium ions [*]. One can
see that when going from Sample 1 to Sample 3, the FMR linewidth decreases,
while the filtration coefficient increases. It is likely that the growth of the filtration
coefficient leads to the reduction of the concentration of the sodium ions and this

results in the decreasing of the width of the FMR lines. It should be noted,
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however, that the values of coercivity and FMR linewidth, obtained in our work,
prevail over the typical data reported for the samples synthesized by other methods
[46 50 51]‘

Conclusions

Synthesis of ferrite Y;AlFe,O;, nanoparticles with the garnet structure was
performed by the precipitation in the aqueous solutions at the constant pH during
the precipitation of the metal hydroxides. Precipitates were established to have the
different filtration coefficient dependently on the precipitation route. The highest
filtration coefficient were shown to be observed when at the first stage Fe(OH);
and AI(OH); were precipitated at pH 4 + 4.5 and further Y(OH); — at pH 8.8 + 8.9
(Sample 3). Crystalline garnet structure of the nanoparticles was established to be
formed in one stage after the heat treatment at 800 °C; the average size of the
particles was of 50-70 nm. Particles obtained at the lower temperatures were in the

amorphous state.

It was shown that the crystalline garnet structure formed faster in the cases
of the simultaneous precipitation of the metal hydroxides by NaOH solution at the
constant pH (Sample 1) or for the case of the first simultaneous precipitation of the
mixture of Fe(OH); and Al(OH); at pH 4 + 4.5 (ions of iron and aluminum are in
the same crystallographic sub-lattice) and further precipitation of Y(OH); at pH 8.8
+ 8.9 (Sample 3) than in the cases of Samples 2 and 4. Ceramic samples of
Y;AlFe, O, ferrites with the garnet structure were established to be sintered at the
relatively low temperature 1350-1400 °C. Such samples were characterized by the

high density and good electrophysical properties.
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Highlights

Y;AlFe O, nanoparticles have been synthesized by the precipitation in
solutions

Effect of synthesis route of Y;AlFe O, on filtration coefficient has been
shown

Ceramic samples of Y;AlFe O, ferrites have been synthesized at the low
temperature

Y;AlFe Oy, ceramics has possessed the high density and electrophysical

properties
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