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Abstract

In this research work, an attempt of regulating the pH as a sol-gel modification parameter
during preparation of SrFe;,0;9 nanoparticles sintered at a low sintering temperature of
900°C has been presented. The relationship of varying pH (pH 1-14) on structural micro-
structures and magnetic behaviors of SrFe;,019 nanoparticles was characterized by X-ray
diffraction (XRD), field emission scanning microscope (FESEM), thermogravimetric anal-
ysis (TGA), Fourier-transform infrared (FTIR), and vibrating-sample magnetometer
(VSM). The single-phase SrFe,O;9 with optimum magnetic properties can be obtained at
pH 1 with a sintering temperature of 900°C. As pH values increase, the presence of
impurity Fe,O3; was observed. TGA data-varying pH shows that the total weight loss of
most samples was at 30.44% which corresponds to the decomposition process. The IR
spectra showed three main absorption bands in the range of 400-600 cm ' corresponding
to strontium hexaferrite. SEM micrographs exhibit a circular crystal type of strontium
ferrite with an average crystal size in the range of 53-133 nm. A higher saturation magne-
tization M, remanent magnetization M,, and hysteresis H, were recorded to have a large
loop of 55.094 emu/g, 33.995 emu/g, and 5357.6 Oe, respectively, at pH 11, which make the
synthesized materials useful for high-density recording media and permanent magnets.

Keywords: strontium hexaferrite (SrFe;,019), sol-gel, pH, structural, magnetic properties

1. Introduction

Ferrite is a magnetic material in the form of ceramic like. Ferrite is usually brittle, hard, iron
containing, and generally gray or black in color. It consisted of iron oxides and reacts with
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preferable high electrical resistivity of metal oxides. Ferrites have impressive properties such as
high magnetic permeability and high electrical resistance [1]. Ferrite magnets have a low
hysteresis loss and high intrinsic coercivity [2] which give greater effect in resistance demag-
netization from external magnetic field. In addition, a low-cost ferrite magnet has good heat
resistance and good corrosion resistance which are useful to many applications like permanent
magnet [3, 4], solid-state devices, magnetic recording media [5, 6], microwave device [5], etc. A
generic formula of magnetoplumbite structure of ferrite is MFe;,019, where M is divalent
cations like Ba®" [3, 4], Sr** [1, 2, 5, 7], and Pb*" [8]. Pullar [9] has mentioned that the best
known hexaferrite is those containing divalent cations, because it has preferable high electrical
resistivity compared to other types of ferrite. SrFe;,0;9 has been chosen in order to produce a
good quality of magnetic recording media due to high electrical resistivity of 10° Q cm [9]. The
high coercivity leads to high energy product BH,,,, behavior. Liu [10] has mentioned that a
good quality of magnetic recording media should have possible high signal and low noise. In
order to meet those criteria, the magnetic materials should have high magnetization; high
coercivity but correlated with recording field; single-domain particles or grains; a smaller size
of particles or grain size, thermally stable, and therefore a reduced thickness of the active
magnetic film of the medium; and a good alignment of the particle or grain easy axis [10]. In
recent years, higher levels of recording density have been achieved in the field of magnetic
recording. Magnetic tapes employing hexagonal barium ferrite magnetic powder achieve a
surface recording density of 29.5 bpsi (bits per square inch). However, when the size of
hexagonal ferrite magnetic particles is reduced, the energy for maintaining the direction of
magnetization of the magnetic particles (the magnetic energy) tends to become inadequate to
counter thermal energy, and thermal fluctuation ends up compromising the retention of
recording.

Various techniques are presented for the synthesis of strontium hexaferrite powders such as
solid-state synthesis method [11, 12], chemical coprecipitation [13-15], ceramic method [16],
and sol-gel [17-19] and hydrothermal methods [20]. The effect of pH variation in this research
work via sol-gel method for producing SrFe;,0O;9 is key factor for controlling hexaferrite
nanostructure and magnetic properties. Other than that, this proposed method has not yet
been reported elsewhere in producing SrFe;,0;9 nanoparticles. Recently, the sol-gel route has
received considerable attention in the last few years because it has lower calcination tempera-
ture, the fact that it also enables smaller crystallites to grow [2]. Sol-gel method produces a
better outcome than microemulsion and coprecipitation methods. The sol-gel hydrothermal
method combines the advantages of the sol-gel method and the high pressure in the hydro-
thermal condition [7]. In the hydrothermal process, the particle size and particle morphology
can be controlled. SrFe;,0,9 nanoparticles have high purity, ultrafine size, and high coercivity.
Some efforts have been carried out to modify the sol-gel process parameters such as pH, basic
agent, carboxylic acid, and starting metal salts for further decreasing the calcination tempera-
ture and achieving the finer crystallite size [1]. Optimizing the molar ratio of Fe to Sr is very
important to produce a single-phase sample, ultrafine particle, and lower calcination temper-
atures [21]. This ratio varies with the change in starting materials and with the change in
method of production [21]. The obtained products that have single-phase particles have a
hexagonal shape, the right proportion, and high coercively. The prolonging annealing time
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has a significant effect on the high saturation magnetization (M;), and the high annealing rate
formed a highly percentage of pure strontium hexaferrite. Masoudpanah and Ebrahimi [2]
state that the preferred molar ratio of Fe/Sr is 10, which is the lowest calcination temperature
(800°C) on the formation of single phase of SrM thin films. In addition, XRD showed that the
crystallite sizes at a range of 20-50 nm. The magnetic properties of this preferred molar ratio
exhibit a good saturation magnetization (267 emu/cm®), high coercivity (4290 Oe), and a rela-
tively high remanent magnetization (134 emu/cm®). Minh et al. [7] state that the preferred
molar ratio is at 11. The obtained SrFe;,0;4 has high purity, ultrafine size, and high coercivity
at H, = 6315 Oe. This chapter discussed an attempt to employ water as the gel precursor to
synthesize nano-sized M-type strontium ferrite (SrFe;,0;9) bulk sample at low sintering tem-
perature 900°C by using a common laboratory chemical. A solution of metal nitrates and citric
acid and ammonia has been used to prepare strontium hexaferrite at varying pH.

2. Brief overview of preparation methods

2.1. Raw materials

Strontium nitrate anhydrous granular Sr (NOs), (98%, Alfa Aesar), iron (III) nitrate Fe(NO3);
(99%, HmbG), citric acid (CA) CsHgOy (99%, Alfa Aesar), ammonia NH,OH (25%, SYSTERM),
and deionized water were used as starting material in order to synthesize SrFe;,0,9 nanoparticles
as listed in Table 1.

The general chemical equation for desired SrFe;,0;9 samples is weighed according to the
formula:

CeHsO7

Sr(NOj3), + 12Fe(NO;), SrFe12019 + volatile (1)

4

The nitrates were calculated as one mole of Sr(NOs3)3, and 12 moles of Fe(NO3), were needed in
order to synthesize one mole of SrFe;,0;9 nanoparticles. In the process of reaction, CA was
used as a chelating agent and fuel of combustion. The CA was then calculated according to the
molar ratio of citrate to nitrate of 0.75 which first obtained each number of mole nitrate as
below:

Sr(NO;), — St +2(NO3)~ )

Fe(NOj3); — Fe’™ 4+ 3(NO;s)~ (3)

Then, mass of citrate was calculated as:

Masscy = (0.75 X total nitrate) x molar massca 4)

In this study, NH,OH was used to vary the pH value of SrFe;,0,9 in order to study the effect of
pH value in its morphology and magnetic properties.
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Chemical name Compound formula Molecular weight (g/mol) Weight ratio (g)

Strontium nitrate anhydrous (salt) Sr(NO3), 211.63 0.4183

Iron (III) nitrate Fe(NO3)s3 403.84 9.5817

Citric acid (powder) CcHgO», 191.12 11.8368

Ammonia NH,OH 35.04 Varied depend on pH
Measured by pH meter

Table 1. Compound used for sol-gel synthesis.

2.2. Sample preparation and characterizations

An appropriate amount of Sr (NO;),, Fe(NO3);, and C¢HgO; was dissolved in 100 ml of
deionized water for 30 min at 50°C with constant stirrer rotation of 250 rpm. The mixtures were
continuously stirred, and NH,OH was added in order to vary the pH from pH 1-14 which is
measured by HI 2211 pH/ORP meter (HANNA instruments). The solutions then were stirred on
the hot plate for 24 h at 60°C. The solution was left in oven at temperature of 80°C for 2 days to
turn the solution into a sticky gel. The sticky gel was stirred again stirred on hot plate, and the
temperature was increased up to 150°C to dehydrate and form a powder. The powder formed
were crushed by using mortar before sintering it at 900°C for 6 h with the heating rate of
3.5°C/min. The crystalline structural characterization of XRD was performed using a Philips
X'Pert X-ray diffractometer model 7602 EA Almelo with Cu Ko radiation at 1.5418 A. The range
of diffraction angle used is from 20 to 80° at room temperature. The accelerating current and
working voltage were 35 mA and 4.0 kV, respectively. The data are then analyzed by using
X'Pert Highscore Plus software. The lattice constant, 4, is obtained by Eq. (5):

a=dVi+K+P (5)

Where d is the interatomic spacing and (h k ) are miller indices. The volume cell V. was
calculated using Eq. (6):

V3
Vcell = 752C (6)

Where a and c are lattice constants. The theoretical density pieory Of sample was calculated
using Eq. (7):
2M

cory = 7 17 7
pth ry NAV ( )
Where M is molecular weight of SrFe;,049, which is equal to 1061.765 g. The weight of two
molecules in one unit cell is 2 x 1061.765 = 2123.53 g; N is the Avogadro’s number
(6.022 x 10* mol ™). The porosity P of the samples can be calculated using Eq. (8):
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1_
P:[ﬂ]xloO% (8)

,0 theory

Where peyp, is the experimental density and pieory is the xrd density.
Meanwhile, the crystallite size can be measured by using the Scherrer equation (Eq. 9):

K
~ Bcos6

©)

Where D is crystallite size, k is the Scherrer constant value of 0.94, A is Cu Ka radiation
wavelength of 1.542 A, B is half-peak width of diffraction band, and O is the Bragg angle
corresponding to the planes.

The thermal stability of these samples was obtained by using TGA/SDTA 851 of Mettler Toledo
thermogravimetric analyzer. The sample weighted about 10 mg was used at operating tem-
perature range from 0 to 1000°C with heating rate 5°C/min. Fourier-transform infrared by
Perkin Elmer model 1650 was used to determine the infrared spectrum of absorption and
emission bands of sample. It was performed between infrared spectra of 280-4000 cm ' with
resolution of 4 cm™'. The micrograph of microstructure was observed using a FEI Nova
NanoSEM 230 machine to study the morphology and microstructure of solid material. The
sample was prepared in bulk pallet at a diameter of 1 cm and coated with gold in order to
avoid charge buildup as the electron beams are scanned over the samples’ surface. The distri-
bution of grain size image was fixed at magnification of 100,000X with 5.0 kV. The distribution
of average grain size of microstructure was calculated by using these images. The distributions
of grain sizes were obtained by taking at least 200 different grain images for the sample and
estimating the mean diameters of individual grains by using the J-image software. The mag-
netic properties of samples were measured by VSM Model 7404 LakeShore. The measurement
was carried out in the room temperature with sample weight about 0.2 g. The external field
applied was 12 kOe parallel to the sample. From this analysis, saturation magnetization, Mj;
remanent magnetization, M,; and coercivity, H,, were recorded, and the hysteresis loop was
plotted.

3. Research findings and outcomes

3.1. Structural analysis

Figure 1 shows the XRD spectra of the samples sintered at 900°C with different pH values (pH
1-14). The XRD spectrum shows the formation of a single phase of SrFe;,019 nanoparticles.
The structure of XRD peaks was referred to standard strontium hexaferrite (SrFe;,0,9) with
JCPDS reference code of 98002-9041 [22], with hexagonal crystal system belonging to space
group of P63/mmc that proved the hexagonal crystal structure system formation. The SrFe;,019
phase formed with miller indices shown as [110], [008], [017], [114], [021], [018], [023], [116],
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Figure 1. The X-ray diffraction spectra of SrFe;,019 nanoparticles for pH 1-14 sintered at 900°C.

[025], [026], [127], [034], [0211], [0115], [0214], and [137], respectively. The highest intensity can
be observed at 20 (34.218°) with miller indices of [114] of reference index code of 98-002-9041
[22]. However, as pH increases, the amount of ammonia required increases. This factor leads to
the formation of hematite (Fe,O3) in pH 6, pH 8, pH 13, and pH 14 due to excess ammonia that
could not completely vanish during reaction. The formation of Fe,O3 occurred at 260 = 33.139
and 49.673° with miller indices of [104] and [024]. The hematite Fe,O5 patterns were indexed to
ICSD reference code of 98-005-3678 [23]. It was explained by Masoudpanah and Ebrahimi [2]
that the increasing pH of the sol results in the absorption of positively charged Sr ions on iron
gels and the formation of negatively charged iron gels. A single-phase SrFe;,0,9 was obtained
at a low sintering temperature of 900°C for powder pH which proves the benefit of using sol-
gel method in this SrFe;,0;9 reaction. It was agreed that obtained single phase of SrFe;,019 at
lower temperature was due to the solubility of Sr (NOs), that decreases at elevated tempera-
tures [24]. Hence, more Sr** ions are needed for the formation of the strontium hexaferrite [2].
The diffusion rates increased in the nonstoichiometric mixtures because of the induced lattice
defects which could be observed from lower lattice parameter [2].

The average crystallite size (Table 2) determined from the full width at the half maximum
(FWHM) of the XRD patterns was calculated using the Scherrer formula provided from X'Pert



Dependence of pH Variation on the Structural, Morphological, and Magnetic Properties... 41
http://dx.doi.org/10.5772/intechopen.80667

pH Peak pos. Miller Peak Space Lattice Veent Pxrd Pexp P Calculated

20 (°) indices width (°) group constant mm® (gem® (gem ®) (%) crystalline
(hkl) e e— size, D (nm)
a(Ad) c@)

1 3420 [114] 0.13 P63/mmc 5.883 23.018 5.11 4.634 13.899  0.690 63.226

2 3421 [114] 0.13 P63/mmc 5.882 23.051 5.11 4.399 11217  0.691 63.228

3 34.22 [114] 0.16 P63/mmc 5.882 23.051 5.11 3.832 8.077 0.691 51.372

4 3420 [114] 0.16 P63/mmc 5.884 23.058 510  4.693 13.237  0.691 51.369

5 3425 [114] 0.16 P63/mmc 5.880 23.040 5.11 4.200 12.114  0.690 51.376

6 3418 [114] 0.16 P63/mmc 5.884 23.060 5.10  4.492 11.831  0.691 51.366

7 3418 [114] 0.18 P63/mmc 5.884 23.057 510  4.497 12.368  0.691 45.661

8 3417 [114] 0.18 P63/mmc 5.885 23.058 5.10 3.419 9.633 0.691 45.660

9 3412 [114] 0.14 P63/mmc 5.889 23.025 510  4.633 9.153 0.691 57.266

10 34.19 [114] 0.15 P63/mmc 5.884 23.047 5.10  4.784 6.254 0.691 54.685

11 3418 [114] 0.15 P63/mmc 5.885 23.053 5.10  4.721 7.435 0.691 53.231

12 34.22 [114] 0.17 P63/mmc 5.880 23.030 512 = 4.699 8.125 0.689 47.762

13 34.14 [114] 0.18 P63/mmc 5.884 23.066 510  4.705 7.736 0.691 46.693

14 34.20 [114] 0.18 P63/mmc 5.882 23.023 5.11 4.612 9.782 0.690 46.941

Table 2. The summary of the of SrFe;,019 nanoparticles for pH 1-14.

Highscore Plus software. From the plotted crystallite size relationship with pH of samples
(Figure 2), it shows two groups of crystallite size distribution: acidic group (1) for pH 1-8 and
alkaline group (2) for pH 9-14. Both groups show an improvement of crystallinity that gives
out smaller crystallite size as the pH increases, which results in smaller grain size as the
crystallite size increases.

The lattice constant a and ¢ values (Table 2) observed were not far different from the theoretical
SrFe;,0;9 lattice constant, where a = 5.8820 A and ¢ =23.0230 A [25], as similar as reported by
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Figure 2. Relationship of crystallite size versus pH.
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Masoudpanah et al. [2, 26] and Dang et al. [27]. There is a slight increment in lattice constant ¢
as pH increases and fluctuated data of lattice constant a. It is shown that, at pH 10, the lattice
constant a of 5.884 A was the highest peak with a lower peak of lattice constant ¢ of 23.047 A.
The standard strontium hexaferrite (SrFe;,019) with JCPDS reference code of 98-002-9041 [22]
has theoretical density of 5.11 g cm ™~ [25]. Theoretically, the density of the sample, pgxp, is
affected by the lattice constants a and c. The lattice parameter 2 and ¢ values observed were not
far different from the theoretical SrFe;,O;o lattice constant, where a = 5.8820 A and
¢ =23.0230 A (Figure 3) [25]. The a and ¢ parameters observed are similar to Masoudpanah
et al. [2] and Dang et al. [27].

The lattice constant was fluctuated around the theoretical lattice constant. However, in the
experiment, the density was more affected by the preparation of the sample which results in
porosity of the sample. The distant the difference of density of XRD (pxrp) and experimental
density (pexp), the higher the number of porosity, which results in reducing the mass of the
pallet sample by pores. The highest density value for pxrp is at pH 12 (5.1148 gcm’“”), and the
highest density value for pgxp is at pH 10 (4.784 gem ). The porosity occurs because of the
presence of pores in the samples as a result after sintering of bulk samples. The pores occur due
to an error from preparing sample and the loosen powder while pressing the sample using
hydraulic presser. As the pgxp approaches to the pxrp, the pores’” percentage becomes lower.
The highest porosity of 13.24% was found at pH 4 with pxrp of 5.1001 g cm > and pgxp Of
4425 g cm°. Meanwhile, pH 10 exhibits a lower porosity of 6.254% with pxrp oOf
5.1032 g cm > and pgxp of 4.784 g cm ™ (Table 2).

The powder was synthesized using a control molar ratio of 1:12 with respect to strontium and
nitrate. However, the sample with various pH was prepared with an addition of nitrate into
the solution. The sample ratio of Sr (NO3); and Fe(NO3), is (Fe/Sr) = 12:1, and the samples were
sintered at 900°C. From previous work reported, a single phase of strontium ferrite (SrFe;,019)
was obtained for samples sintered at 850°C with Fe/Sr molar ratio of 11.5 via sol-gel route [28].
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Figure 3. The TGA and DTA traces for dried powder of SrFe;,0;4 sintered up to 1000°C.
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Masoudpanah and Ebrahimi [2] found a single phase of SrFe;,0;9 at sintering temperature of
900°C prepared using sol-gel technique. In general, the lowest sintering temperature of
SrFe;,019 is around 800-1000°C. Hence, the raw powder (non-sintered) was tested by TGA to
identify the best temperature by sintering up to 1000°C. The TGA curves as plotted in Figure 3
show a decreasing amount of weight as the powder sintered up to 1000°C in 20 min with a
starting weight of 8.3609 mg. Meanwhile, the DTA diagrams reveal three peaks shown at
range 86.80-100, 399.55, and 740.40°C due to decomposition process. At a constant heating
rate, the endothermic peak at 86.80-100°C had —7.91% of weight loss due to the dehydration
of the absorbed water as the powder slowly turns into burnt gel [2]. The first exothermic peak
at 399.55°C with a weight loss of —11.53% is due to the elimination of the organic compound
which tends to the decomposition of NH4NOj that liberates NO, O,, and H,O [2]. Meanwhile,
at stage 740.40°C, the exothermic peak with a weight loss of —10.49% shows the decomposi-
tion of citric acid and the breakdown of the Fe,O; to Fe as reported [17]. The stable tempera-
ture is at 880°C which permits the completeness of reaction. Hence, sintering temperature at
900°C was used in this work.

Figure 4 shows the FTIR spectra of SrFe;,019 nanoparticles for pH variation (pH 1-14), with IR
range of 400-4000 cm . Tt is noticeable that spectrum appeared in the range of 430, 583, 904,
and 1446 cm ™! of IR characteristic band. The stretching band of CH, appeared at 436 cm !
attributed to the presence of CH saturated compound, which has been agreed by [29]. The
vibration of CH bond could be due to the chemical reaction in a process of hexagonal structure
form, where the CH bond of citric acid loses their CH bond. The spectrum of metal-oxygen
vibration of Sr-O Fe-O was found at 583 cm ™! [26]. Masoudpanah and Ebrahimi [2] explained
that an occurred reaction between citric acid and ferric ions is attributed to the stretching mode

pH 14
o~ pH 13
o~~~ pH 12
e~ pH 11
o o~~~ pH 10
% PR pH 9
= ol pH 8
% o~~~ PH 7
(]
— o~ pH 6
= e~ pH 5
|~~~ pH 4
M pH 3
P pH 2
e~ pH 1

400 600 800 1000 1200 1400 1600 1800 2000

Wavelength (cm™)

Figure 4. FTIR spectra of SrFe;,044 for pH variation sintered at 900°C.
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of Fe-O, which confirms the formation of chelate in sol-gel route. It is proven by many
researchers who claim that the absorption bands at range 443-600 cm ™' were results of the
formation of strontium ferrite as the stretching vibration of metal-oxygen bond of Sr-O Fe-O
occurs [30-33]. All pH reveals these two bond bands. However, there were some reducing and
vanished bands in the next bond bands at 904 and 1460 cm . It is due to the purity of
SrFe;,049 nanoparticles, as there was some interruption of Fe,O; in the sample as shown in
Figure 1 and Table 2. In this study, pH 8, pH 10, pH 13, and pH 14 come out with a percentage
of hematite, Fe,O3. First, the pure SrFe;,019 (pH 1-7, pH 9, pH 11-12) had a relatively strong
and broad bands at peak 904 cm ™!, which revealed that there was amine functional group for
N-H vibration due to decomposition of NHj. Pereira et al. [32] stated that this broad vibration
of Sr—O stretching indicates the formation of strontium nanoferrites. It is agreed by Sivakumar
et al. [34] that the strontium ferrite was formed and the iron oxide vanished at 900 cm ™.
Meanwhile, pH 6, pH 8, pH 13, and pH 14 show a relative small vibration band at 904 cm !
due to the presence of Fe;,O;. As pH increases up to pH 14, the amount of ammonia increases
gradually. Excess amount of ammonia failed to completely decompose the NH; bonds and
break down the N-H vibration. Lastly, the absorption bands at 1446 cm™' found in pure pH
sample were attributed to the vibrating bands of Fe-O-Fe due to the decomposition of metal
with oxide band [29]. There was some significant data that show in pH 9, pH 11, and pH 12, as
a single phase of samples is formed as pH increased.

3.2. Microstructural analysis

The microstructure and grain size distribution of bulk SrFe;,0;9 nanoparticles are shown in
Figure 5. The grain size seems to have agglomerated and charged nanoparticles when increas-
ing the pH value. The grain size was found in the range of 53.22-133.25 nm. The pH 4 produces
pores of 13.24%. Meanwhile, the most packed grains are for sample at pH 10, with porosity of
6.25% (Table 2). The microstructure shows that some of the samples have a large porosity due
to the presence of polyvinyl alcohol during the preparation of pellet bulk SrFe;,0;9 nano-
ferrites. The histogram of the grain distribution was shifted from small grain sizes to exhibiting
larger grains from pH 1 to 8. Nevertheless, the grain size was observed to be decreasing as the
pH is reaching 9-14 (Table 3).

3.3. Magnetic behaviors

The development of M-H hysteresis loop at various pH is illustrated in Figure 6. The magnetic
saturation, Mg, remanent magnetization, M,; coercivity, H. grain size; and porosity of
SrFe; ;019 nanopowder are shown in Table 4. An obvious erect, larger, and well-defined
hysteresis loop can be observed. It is probably due to the strong ferromagnetic behavior,
indicating the formation of SrFe;,019 nanoparticles with high volume fraction of the complete
crystalline SrFe;,0;9 phase. Thus a strong interaction of magnetic moments within domains
occurred due to exchange forces. This observed phenomenon can be considered as ordered
magnetism in the sample. In fact, in order to obtain an ordered magnetism and well-formed
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Figure 5. The micrograph image and grain size distribution of SrFe;,0,4 sintered at 900°C by varying pH value.
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pH Grain size (nm)
1 108
2 114
3 115
4 96
5 111
6 120
7 116
8 133
9 61
10 79
11 75
12 62
13 57
14 53

Table 3. Grain size of SrFe;,049 sintered at 900°C by varying pH value.

M-H hysteresis loop, there must exist a significant domain formation, a sufficiently strong
anisotropy field (H,), and optional addition contributions, which come from defects such as
grain boundaries and pores [35]. The saturation magnetization (M;), remnant magnetization
(M,), and coercivity (H,) are found to decrease with increasing pH by addition of ammonia in
the sol-gel precursor. From the previous study, the H. is 4290 Oe, obtained at pH 7 [2, 26]. The
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Figure 6. The M-H hysteresis loop SrFe;,015 of pH 1-14 sintered at 900°C.
pH Saturation magnetization, Remnant magnetization, Coercivity, H. (Gs)
M (emu/g) M, (emu/g)
1 4.776 3.001 6094.7
2 7.822 4.870 6005.8
3 2.168 1.373 5966.1
4 3.006 1.929 5808.6
5 2.016 1.309 6074.8
6 7.022 4416 5377.0
7 4.028 2.554 5461.2
8 31.342 19.363 5058.3
9 20.488 12.776 54222
10 25471 15.825 5663.1
11 55.094 33.995 5357.6
12 25.114 15.674 5532.7
13 26.849 16.885 5185.9
14 14.239 9.1325 5520.7

Table 4. M, M,, and H. of SrFe;»O;5 as a function of pH.

microstructures of nanoparticles were affected by the increase of pH value. This is in agree-
ment with findings reported by Yang et al. [36], where the formation of particles became larger
[37] with the increase of pH from 5 to 11. This is due to the aggregation of small particle that
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occurs when there is a strong magnetic interaction between magnetic atoms (Fe or Co)
containing in Co-Fe-Al grains as the composition of Co increases and the composition of Al
decreases [38]. In this work, it is noticeable that pH 11 has the largest hysteresis loops as well as
high magnetic properties. Moreover, the remaining pH exhibit almost the same hysteresis loop
with a slight change in M, and M,. Meanwhile, the presence of Fe,O5; impurity in the samples
of pH 6, 8, 13, and 14 shows a decrease in H,, which affects the crystalline and grain boundary.
The H. is observed to reduce as pH increased. The presence of intragranular trapped pores in
the grains was due to rapid grain growth of sample. The presence of intragranular pores
would pin down the magnetic moment in grains, thus reducing the M; and also the H.. The
decrease in H. as pH increases can be attributed to the decrement of magnetocrystalline
anisotropy with anisotropic Fe** ions located in a 2A site, and the enlargement of the grain
size is evident in FESEM micrographs (Figure 5). The Mg and M, are also observed to decrease
as pH increases. The decrement of magnetic parameters as pH increases could be due to the
existence of large amount of diamagnetic phases as the amount of ammonia NH; increases. It
seems that the main roles of the diamagnetic NHj are to isolate Sr-ferrite nanoparticles from
each other, thus reducing exchange interaction between them, and are known to have a
detrimental effect on M, and M.,.

4. Conclusions

Single-phase SrFe,O,q ferrite nanoparticles were successfully synthesized by sol-gel citrate-
nitrate method. From the discussion presented earlier, the influence of pH variation on the
SrFe,; 049 ferrite nanoparticles on the structural, microstructural, and magnetic properties was
discussed. An increment amount of ammonia has changed the purity, average grain size,
density, and its porosity, which affected the magnetic properties of the samples. Those charac-
teristics reveal an understanding on how important effects of pH study (linear effect of pH and
acidic-alkaline effect) underlining on SrFe;,0;9 nanoparticles, as most researchers neglect it.
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