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Abstract 

Nickel (Ni) doped in the perovskite manganite could result in superior properties. The effect of the Ni on the morphology, crystallographic 
orientation, and magnetic properties of La0.7Sr0.3Mn(1-y)Ni(y)O3 alloy (y = 0.1, 0.3, 0.5, and 0.7), therefore, was undertaken. La0.7Sr0.3Mn(1-

y)Ni(y)O3 alloy was firstly processed using a ball milling process, and again processed through heat treatment and crushing at the end of the 
synthesis process. Powder alloy was then investigated using a scanning electron microscope equipped with scanning electron microscope and 
energy dispersive spectroscopy (SEM-EDS), x-ray diffraction (XRD), and vibrating sample magnetometer (VSM). The particle size became 
smaller and agglomerated as the amount of Ni doping increased. The polycrystal structure phase formed would become more complex when 
the Ni doping was 0.5 and 0.7, where the dominant phase formed was La2NiO4 even though the La0.7Sr0.3Mn(1-y)Ni(y)O3 phase was still formed. 
The magnetic characteristics showed that the Ni doping of 0.1 had a higher magnetization value around 4.2 emu/g at room temperature. 
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1. Introduction  

Perovskite manganite has become an interesting topic for 

advance material investigation for having complex and 

superior properties that show unique morphology, 

crystallographic orientation, and magnetic behavior [1–3]. 

Many applications, therefore, may apply it, such as 

magnetocaloric, sensor, memory, and biomedical [4–7]. 

Moreover, perovskite manganite could be synthesized through 

several commonly used methods including sol-gel [6], solid-

state reaction [8], auto-combustion [9], and milling [10]. From 

several methods mentioned above, milling seems the best 

candidate for synthesis due to its ability to achieve lower 

particle size at room temperature operating conditions [11]. 

Moreover, Manh et al.'s combination synthesis process using 

milling followed by various heat treatments resulted in the 

promising properties of the perovskite manganite, such as 

lower crystallite size [12]. 

In addition to synthesis methods, the type of material 

doped into the perovskite manganite could also be promising 

superior properties of the alloy (such as Ni) [13]. For this, 

several researchers added the small amount of Ni to the alloy. 

Ginting et al. added Ni into the La0.7Sr0.3Mn1-xNixO3 (x = 0.01, 

0.02, and 0.03), resulting in a single phase in a rhombohedral 

perovskite structure [14]. Gupta et al. added Ni into the 

La0.67Sr0.33Mn1-xNixO3 (0.00x0.09), shifting to more Ni 

content, and resulting in a decrease in lattice parameters [15]. 

Gomez et al. added Ni into the La0.7Ca0.3Mn1-xNixO3 (x = 0, 

0.02, 0.07, and 0.1), increasing the Ni in the alloy, and 

promoting a decrease in crystallite size [9]. In contrast, Cetin 

et al. doped Ni into La0.7Sr0.3Mn1-xNixO3 (0.00x0.06)), 

increasing the Ni composition and leading to an increase in 

crystallite size [16]. Moreover, Thamilmaran et al. added Ni 

into the La0.7Sr0.3NixMn1-xO3 (x = 0.01, 0.02, and 0.03), 

shifting to more Ni content, and resulting in an increase in the 

density of the alloy and a decrease in average particle size [8]. 

Oumezzi et al. added Ni into the La0.6-xPr0.1Ba0.3Mn1-xNixO3 

(0x0.3) and found that enhanced Ni content led to a 

decrease in lattice parameter [17]. Ran et al. doped Ni to 

LaMn1-xNixO3 perovskites (x = 0.1,0.2, and 0.3) and found an 

increase in the average valence of Mn by increasing the Ni-
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doped amount [18]. A study by Handal et al.  showed that the 

smallest crystallite size affected resulting higher 

magnetization (Ms) value [19]. Moreover, the decrease in 

particle size contributed to the decrease of the Ms value 

[20,21]. 

Based on the several researchers findings above, many 

aspects need further exploration, especially for La0.7Sr0.3Mn(1-

y)Ni(y)O3 alloy (y = 0.1, 0.3, 0.5, and 0.7). Several researchers 

doped Ni in the La0.7Sr0.3Mn(1-x)Ni(x)O3 (x 0.3) [8,14,16]. 

Therefore, in the present study, La0.7Sr0.3Mn(1-y)Ni(y)O3 alloy (y 

= 0.1, 0.3, 0.5, and 0.7) prepared by milling and crystallized 

through heat treatment was undertaken. The powder alloy was 

then investigated using a scanning electron microscope 

equipped with scanning electron microscope and energy 

dispersive spectroscopy (SEM-EDS), x-ray diffraction (XRD), 

and vibrating sample magnetometer (VSM) to study the effect 

of the Ni on the morphology, crystallographic orientation, and 

magnetic properties. 

2. Materials and Methods 

La2O3, SrCO3, MnO2, and NiO powder (5µm) analytical 

grades obtained from Merck were used in the present 

research. La0,7Sr0,3Mn(1-y)Ni(y)O3 alloy (y = 0.1, 0.3, 0.5, and 

0.7) was first processed using a ball milling process. La2O3, 

SrCO3, MnO2, and MnO powder were mixed with acetone in 

the vial and milling for 300 min. Subsequently, the mixed 

powder was heated at 80C for 720 minutes (air condition). 

The mixed dried powder was then compacted and sintered at 

1200C for 720 minutes (air condition). The sintered sample 

was crushed and used for SEM-EDS, XRD, and VSM 

investigations. Fig. 1 presents the complete sample 

preparation and synthesis. 

XRD investigation was conducted using step size 0.02. 

PANalytical AERIS equipment with CuK radiation 

(=1.5406 Å) was used for XRD investigation. Collected 

XRD data was refined using Highscore Plus software. Also, 

SEM JEOL JSM 6510 equipped with EDS was used for 

morphology and elemental investigation. Three images were 

taken in different locations using SEM at 5000x 

magnification. From these three images, analysis was 

conducted using ImageJ to determine the particle size. From 

this analysis, the distribution of particle size diagrams was 

constructed. VSM250 (up to 20kOe external magnetic field) 

was used to investigate magnetic properties. 

 

Fig. 1. Sample of preparation and synthesis 

3. Results and Discussion 

3.1. Morphology and Phase 

Fig. 2 shows the morphology and phase spectrum based on 

SEM-EDS measurement. The morphology showed that the 

alloy powder was relatively larger. The tendency to 

agglomerate was also visible. According to the EDS spectrum, 

the elements La, Mn, and Sr dominate could be seen, and 

there were some Ni elements. The spectrum intensity was 

slightly lower than other for the Sr element (y = 0.1). This 

condition corroborated that the Sr doping occupancy was seen 

to be only 89%, while for other alloys, it was more than 90%. 

The Ni element could be observed in the range of 7 – 9 keV 

with the NiKa and NiKb spectra. The greater the Ni doping, 

the greater the spectrum intensity. 

Table 1 shows the phase measurement results from EDS. It 

can be seen that Ni was perfectly doped in the La0.7Sr0.3Mn(1-

y)Ni(y)O3 alloy. Increasing the Ni-doped also increased the Ni 

phase in the alloy. 

Table 1. Composition of element in Phase of La0,7Sr0,3Mn(1-y)Ni(y)O3 alloy 

from EDS investigation 

Element 
y 

0.1 0.3 0.5 0.7 

La 50.66 31.09 30.51 28.26 

Sr 13.97 25.89 26.81 32.74 

Mn 21.83 24.71 21.44 10.66 

Ni 8.92 10.87 15.39 21.49 

O 4.61 7.45 5.84 6.85 

Fig. 3 represents the average particle size, and the size 

dispersion was estimated using Gaussian fitting and 

distribution of FWHM [22]. More Ni-doped resulted in a 

decrease in particle size, which is in perfect agreement with 

other studies [8,23]. Different phenomenon in Pena-Garcia et 

al. showed that Ni-doped in the hexagonal structure caused the 

strain value of the lattice, which contributed to an increase in 

particle size [24].  

From the distribution of these particles, differences in the 

size distribution of the particles formed can be seen Fig. 3(a) 

showing that the distribution was skewed to the right. The 

highest particle distribution was in the range of 300–400 nm 

with a few particles with a distribution in the range of 500–

600 nm. Different from Fig. 3(b), the largest particles were in 

a range similar to Fig. 3(a) but tended to increase in particle 

size in the range of 200–300 nm, followed by a decrease in 

particle size in the range of 400–500 nm. In Fig. 3(c), it can 

also be seen that the highest distribution tended to shift to a 

lower range. The highest particle distribution was in the range 

of 200–300 nm. The tendency of particle distribution to 

decrease can be seen in Fig. 3(d) with the increasing number 

of particles in the range 200–300 nm and the small amount of 

particles in other ranges. 

3.2. Crystallographic Orientation 

Fig. 4 shows the spectrum based on XRD measurement. 
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According to Fig. 4, if each peak in the sample was fitted to 

the peak on the ICSD database card 98-005-5965 for LaMnO3 

with a hexagonal structure (R -3 c space group), there was a 

very strong additional complex phase at y = 0.5 and 0.7. In 

contrast, Ni-doped (y = 0.1 and 0.3) still showed a single 

phase in accordance with the database for LaMnO3 with a 

hexagonal crystal structure (R -3 c space group). However, the 

peak intensity of the two alloys was found lower and wider. 

Thus, the doping of the Ni changed the phase formation in 

lanthanum manganite.  

Four phases could approximate the suitable phases for the 

diffraction patterns of Ni-doped 0.5 and 0.7. The first phase 

was La0.7Sr0.3Mn(1-y)Ni(y)O3 (y = 0.5 and 0.7). The second 

phase was NiO, which had a cubic crystal structure with a 

space group F m -3 m. The third phase was La2NiO4 with a 

tetragonal crystal structure and had space group I 4/m m m. 

The fourth phase was Sr4Mn2NiO9, which had a hexagonal 

crystal structure with space group P 3 2 1.  

Furthermore, for the crystallographic analysis of the 

diffraction pattern, Rietveld analysis was carried out using the 

Highscore Plus software with suitable phase information input 

data. Table 2 presents the Rietveld analysis summary results 

for all diffraction patterns. The information provided can 

include lattice parameter data, Ni doping occupancy, and 

statistical parameters from the Rietveld analysis carried out.

 

 

 
(a) 

 
(b) 

 
(c)  

(d) 

Fig. 2. Morphology and Phase of La0,7Sr0,3Mn(1-y)Ni(y)O3 alloy (a) y=0.1, (b) y=0.3, (c) y=0.5, and (d) y=0.7 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3. Particle size of La0,7Sr0,3Mn(1-y)Ni(y)O3 alloy (a) y=0.1, (b) y=0.3, 

(c) y=0.5, and (d) y=0.7 

Table 2. Crystallographic orientation of La0,7Sr0,3Mn(1-y)Ni(y)O3 alloy from 

XRD refinement 

 
Y 

0.1 0.3 0.5 0.7 

Crystal system Hexagonal 

Space group R -3 c 

Lattice parameter 

a = b (Å) 5.4540 5.4507 5.4286 5.4077 

c (Å) 13.3351 13.2747 13.26357 13.2465 

Volume (Å3) 343.521 341.550 338.512 335.470 

Crystallite size (Å) 224 257 288 541 

Density (g/cm3) 6.63 6.65 6.72 6.81 

Strain  0.015 0.045 0.064 0.109 

Occupancy 

La 0.7321 0.7057 0.7060 0.7103 

Sr 0.2679 0.2943 0.2940 0.2897 

Mn 0.9303 0.7055 0.5114 0.3612 

Ni 0.0697 0.2945 0.4886 0.6388 

Weight (%) 100.0 100.0 22.1 7.2 

   NiO 

Crystal system   Cubic 

Space group   F m -3 m 

Lattice parameter 

a = b = c (Å)   4.1069 4.1729 

Volume (Å3)   69.2713 72.6603 

Weight (%)   14.2 12.2 

   La2NiO4 

Crystal system   Tetragonal 

Space group   I 4/m m m 

Lattice parameter 

a = b (Å)   3.7620 3.8245 

c (Å)   12.2446 12.5087 

Volume (Å3)   173.2926 182.9579 

Weight (%)   43.4 58.1 

   Sr4Mn2NiO9 

Crystal system   Hexagonal 

Space group   P 3 2 1 

Lattice parameter 

a = b (Å)   9.5477 9.5738 

c (Å)   7.5725 7.7533 

Volume (Å3)   597.8181 615.4437 

Weight (%)   20.3 22.5 

Statistical parameter 

Goodness of fit 5.0221 3.5679 38.7922 30.9422 

Rp 2.8124 2.5335 7.1231 2.0559 

Rwp 4.0843 3.6615 12.2883 11.4362 

 

As shown in Table 2, a, b, and c lattice parameters and 

volume decreased with an increase in the doped Ni, which is 

in agreement with another report [15,25]. This showed that the 

oxidation number of Ni in this alloys was Ni3+ [25]. This 
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behavior was attributed to the formation of a larger proportion 

of Mn4+ with respect to Mn3+ [17]. Moreover, it can be seen 

that an increase in the Ni-doped led to an increase in the 

density of the alloy. Thamilmaran et al. stated that the tight 

packing of the material and the doping level of the Ni 

influenced the density occurred [8].  

Increased Ni-doped concentration led to increased 

crystallite size (see Table 2), which is in perfect agreement 

with others researchers [16,26]. According to Pena-Garcia et 

al., there is a correlation between crystallite size and strain in 

the lattice [27]. It can be seen that strain increases due to 

increases in Ni-doped (see Table 2). Therefore, it can be 

concluded that an increase in strain leads to increased 

crystallite size. 

 

Fig. 4. XRD Spectrum of La0,7Sr0,3Mn(1-y)Ni(y)O3 alloy 

3.3. Magnetic Properties 

Magnetic properties curve based on VSM measurement can 

be seen in Fig. 5 and Fig. 6. The magnetic characteristic test 

results as shown in Fig. 5 and Fig.6 showed that the Ms value 

for Ni doping was 0.1 higher than other alloys, probably due to 

the smallest crystallite size and larger particle size. Handal et 

al. found that the smallest crystallite size affected higher Ms 

[19]. Compared to the XRD refinement, the smallest crystallite 

size was seen in a Ni-doped of 0.1. The decrease in particle 

size also contributed to the decrease of the Ms [20,21]. 

As shown in Fig. 5, the alloy with a Ni-doped of 0.1 had 

an initial magnetization of 0.374 emu/g. According to Fig. 6, 

the magnitude of the Ms in the alloy with Sr doping of 0.1 was 

4.20 emu/g. Increasing the doped of Ni led to a decrease in the 

Ms (see Table 3), which perfectly agreed with the study of 

Gupta et al. and Creel et al. [15,25]. Another study 

investigated by Gupta et al. also found a similar behavior 

[28]. According to Gupta et al., a decrease in Ms was due to 

antiferromagnetic alignment [15].  

The comparison parameter Mr/Ms was 0.090 with a loop 

area as shown in the inset of Fig. 6, which was enlarged in the 

external magnetic field range of 0.2 T (2000 Oe) of 251.7 

kOe.emu/g. The mechanism for changing the magnetic value 

of the La0.7Sr0.3Mn(1-y)Ni(y)O3 alloy was greatly determined by 

the amount of Sr and Ni doping, which would provide the 

optimum magnetization value. Pena-Garcia et al. found that 

Sr would result in the lowest magnetic moment and a Ni 

contribution for paramagnetic [24]. Moreover, there are 

compositions with certain values that can provide maximum 

magnetic characteristics, but other compositions that may be 

higher will reduce the magnetic characteristics [29].  

 

Fig. 5. Magnetization of La0.7Sr0.3Mn(1-y)Ni(y)O3 alloy at room temperature. 

 

Fig. 6. Hysteresis curve of La0.7Sr0.3Mn(1-y)Ni(y)O3 alloy at room temperature. 

Moreover, Ni doping caused the remanen (Mr) to decrease 

(see Table 3). Changes in the magnetic properties of the 

system would determine the intrinsic and extrinsic factors. 

Intrinsic factors were viewed from changes in magnetic 

interactions, which can be explained as double ferromagnetic 

exchange interactions (Mn3+-O-Mn4+) or changes in internal 

structure. In contrast, extrinsic factors appeared in the form of 

particle size changes or the presence of an impurity phase 

[30].  For y < 0.31, the moments of Ni3+ aligned 

antiferromagnetically with the ferromagnetic coupled Mn3+ 

and Mn4+. Meanwhile, y ≥ 0.31 antiferromagnetic coupling 

between Ni3+ and Mn4+ moments became more dominant, 

resulting in an antiferromagnetic state [25]. In addition, the 

formation of the NiO, Sr4Mn2NiO9 and La2NiO4 phases 

indicated the presence of antiferromagnetic chains [25,31–33].  

Partial doping of Mn-sites with Ni2+ ions weakened the 

ferromagnetic properties by reducing the Mn3+-O-Mn4+ 
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double exchange interaction. The double exchange between 

Mn3+ and Mn4+ mediated the ferromagnetism and conductance 

of metals [14,15,34]. Additional Ni2+ was introduced into the 

sample, occupying Mn sites randomly in the lattice, which no 

longer efficiently participated in the double exchange process 

and increased the ratio of Mn4+ ions in the lattice. Thus, 

antiferromagnetic interactions were formed, Mn3+-O-Ni2+, 

Mn4+-O-Mn4+, and Ni2+-O-Ni2+, which were super exchange 

interactions providing antiferromagnetic contributions 

[9,14,15,34,35]. It should be noted that the double exchange 

between Mn3+ and Mn4+ mediated the ferromagnetism and 

conductance of metals. The larger influence to the magnetic 

properties, in this case were from the charge ordering and 

magnetic coupling compared to the appearance of the NiO 

phase [25]. 

Table 3. Magnetic properties of La0,7Sr0,3Mn(1-y)Ni(y)O3 alloy from VSM 

investigation 

y Ms (emu/g) Mr (emu/g) Hc (Oe) 

0.1 4.2 0.38 8.8 

0.3 1.9 0.1 118.9 

0.5 0.78 0.02 198.2 

0.7 0.43 0.02 29.9 

 

The value of Ms for Ni = 0.1 was much smaller than the value 

reported by Gupta et al., where for Ni = 0.15 and 0.25, the 

value of Ms was at 9.5 and 5.5 emu/g, respectively [28]. Also, 

the study reported by Creel et al. showed the value of Ms was 

20.42 emu/g for Ni = 0.31 reaching at 9T [25]. For Ni = 0.5 

and 0.7, the value of Ms was meagre because the phase was 

not only La0.7Sr0.3Mn(1-y)Ni(y)O3; other phases existed with 

antiferromagnetic characteristics [25,33]. 

 

4. Conclusion 

The La0.7Sr0.3Mn(1-y)Ni(y)O3 alloy can be synthesized well 

using milling and crystallized through heat treatment. The 

alloy particle size became smaller and agglomerated as the 

amount of Ni doping increased due to strains being formed. In 

terms of morphology and elemental content, the alloying 

elements can be detected well and reinforce each other with 

the results of XRD pattern analysis. Ni-doped of 0.1 and 0.3 

produced a single phase, as expected. The phase formed 

became more complex when the Ni-doped was 0.5 and 0.7, 

where the dominant phase formed was La2NiO4 even though 

the La0.7Sr0.3Mn(1-y)Ni(y)O3 phase was still formed. An increase 

in Ni-doped led to a decrease in lattice parameters and 

volume, inversely increasing crystallite size, density, and 

strain. The magnetization value for Ni doping was 0.1 higher 

than other alloys due to the lowest crystallite size and larger 

particle size. 
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