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1. INTRODUCTION

Lanthanum manganese has general formula Rei-+A:xMni1-yByO3 with Re is Lanthanum ion (La*®), A
is divalent alkali ion, and B is transition metallic ion (Millis, 1998; Nagabhushana, et al, 2008). The
structure is from first perovskite structure ABOs. Because of the good stability of a perovskite structure,
then the perovskite structure can be doped at the site A with trivalent rare earth ion and/or divalent
alkali ion, besides at the site B can be doped by transition ion metallic (Stege, Cadtis and Barbero, 2011;
McBride, et al, 2017; Bhavani, Kim & Lee, 2013).

Differences of substitution on the lanthanum manganese are influential for structure, spin
condition, and electron transport than others influence. Therefore, lanthanum manganese has been
studied (McBride, et al, 2017; Zhong, et al, 2003; Xiong, et al, 2015). Lanthanum manganese is very
interesting in science and technology field, where the lanthanum manganese can be applied for
magnetic refrigeration, magnetic switches, magnetic sensor (Nagabhushana, et al, 2008; Phan, et al,
2007), microwave absorber (Jiang, et al, 2015), electrode supercapacitor (Cao, et al, 2015) and data
storage (Saptari, et al, 2017).

Recently, the studied of structure and magnetic properties of lanthanum manganese with doping
shown a change magnetization and the structure which does not change significantly (McBride, et al,
2017; Saptari, et al, 2017; Manjunatha, et al, 2015; Sfifir, et al, 2017). In the studied from Mc Bride et al
(2017), known that the lanthanum manganese with barium ion (Ba*?) doped on A site has currie
temperature at 312 K. However the doped calcium ion (Ca*?), lanthanum manganese has currie
temperature at 262 K, with the saturation value is higher than barium doped. If the lanthanum
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manganese has doped by calcium and barium ion, the temperature currie would reach 302 K (Sfifir, et
al, 2017).

In this studied we use calcium and barium ion for doping lanthanum ion and nickel ion (Ni*)
for doping manganese ion (Mn*3). Because of the rare earth ion doped by divalent ion, then the Mn*?
ion changed into Mn* ion, it called double exchange relation (Mn*-O-2-Mn*) (Nagabhushana, et al,
2008; Morelli, et al, 1996).

The material has fabricated by the sol-gel method. Sol-gel method has many advantages, two of
them produce a homogeneous particle with nanoparticle size and efficiency used for energy due to
sintering if compare with solid state method (Nagabhushana, et al, 2008; Shankar & Raychaudhuri,
2006). In this work we observed the effect Ni of doped on the structure, morphology, and magnetization
from polycrystalline Lao7Bao21Cao.ooMnixNixOs (x = 0.1; 0.2; 0.3) which can be applied to microwave
absorber (Saptari, Manaf & Kurniawan, 2014).

2. RESEARCH METHOD

LaozBao.21Ca0.0eMni«NixOs (x = 0.1; 0.2; 0.3) were fabricated using sol-gel method with precursors
of samples are CeHsO7 H20 (Merck, 99.5%), Ni(NOs)2 .6 H20 (Merck, 99.0 %), Ca(NOs)2 .4H20 (Merck,
99.0 %), Mn(NO:s)2 .4 H20 (Merck, 98.5 %), La20s (Merck, 99.0%), and Ba(NOs)2 (Merck, 99.0 %). Each of
precursors have calculated by stoichiometry formula. Nevertheless, for Laz0s, it has added nitrate acid
based on stoichiometry calculation, to convert carbonate became nitrate.

Then, all precursors dissolved with aquabidest, and mixed all precursors into one solution. The
solution was heated and added with ammonium solution until pH reached the value of 7 at 343-353 K.
After that, the gel was heated at the temperature of 423 K during 4 hours until the gel dried. Afterward,
the gel had calcinated at 873 K for 8 hours. Finally, the gel has been sintering at 1123 K for 10 hours.

The structure has characterized by X-Ray Diffraction with the Cu-Ka radiation to determined
the phase and lattice parameter of the samples. The instrument characterized the phase with scan range
of 10.00-80.00 degree.

Morphology and compositional purity have characterized by Scanning Electron Microscope
(SEM) and Energy Dispersive X-Ray (EDX). Scanning Electron Microscope has characterized samples
with the value voltage acceleration at 30.0 kV and 100 micrometers for zooming,.

The magnetization of the samples has characterized by Vibrating Sample Magnetometer with the
source magnetic field at 1 Tesla at room temperature.

3. RESULTS AND DISCUSSION

The XRD pattern of polycrystalline Lao7Bao21Cao0Mni1xNixOs shown in Figure 1. From the XRD
pattern shown that the increase of Ni*® ion on the samples were not changing the phase. Moreover the
refinement result by HighScore Plus software shown that all samples have same crystalline structure
and same space group which the crystalline structure is Rhombohedral and R-3c space group. The
refinement result was listed in Table 1.

Table 1. Structure parameters of polycrystalline Lao7Bao21Ca0ooMni-NixOs (x = 0.1; 0.2; 0.3)

Parameter Structure x=0.1 x=0.2 x=0.3
Space group R-3c R-3c R-3c
Crystal structure Rhombohedral Rhombohedral Rhombohedral
a (A) 5.514042 5.49198 5.48329
b (A) 5.514042 5.49198 5.48329
c(A) . 13.5058 13.51009 13.51076
Volume (A?) 355.624 353.7581 351.797
<Mn-O> (A) 1.953 1.95053 1.9469
<Mn-O-Mn> (°) 109.1 108.742 108.78
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Crystaline Size (nm) 19.27 19.35 15.44
Distribution Particle 96-159 60-95 53-145
Size (nm)
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Figure 1. XRD pattern of polycrystalline Lao7Bao21Cao.ooMnixNixOs (x = 0.1; 0.2; 0.3)

Based on Table 1, the lattice parameter ¢ was not changed significantly, but the lattice parameter
a and b has decreased while the increasing of Ni*? ion on the samples. The decreasing happened because
the ionic radii Ni*® is smaller than the ionic radii Mn*? (Saptari, et al, 2017; Slater, 1964; Yadav, et al,
2016), and volume have decreased with the decreasing of lattice parameter a and b. The decreasing
volume shown in Figure 2.
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Figure 2. Graph between volume — doping Figure 3. Graph between distance Mn-O -
concentration of LaozBao21Cao.00MnixNixOs doping concentration of LaosBao.21CaocooMni-
XN ixOS

The distance between Mn-O on Lao7Bao21CaoooMni«NixOs shown in Figure 3. The figure shown
that the distance has decreased with the increasing substitution of Ni+3 ion, those things happened
because when the sample has added by Ni* ion, the Mn*? ion has replaced by Ni*? ion. It might be the
sample with composition x = 0.3 have lower currie temperature than other samples, because when the
distance Mn-O went high, it would make the currie temperature higher than when the distance Mn-O
went small (Zhang, et al, 2001).

The result of morphology and distribution particle size of the samples Lao7Bao.21Ca0.00MnixNixO
from characterized by SEM shown in Figure 4. Those figure shown that all samples are homogeneity
and have nanometer distribution particle size, that has explain in Table 1.
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Figure 4. SEM images of polycrystaline Lao7Bao.21Cao0sMni«NixOs, (a) 0.1; (b) 0.2; (c) 0.3
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Figure 5. EDX result of polycrystaline LaozBao21Cao.osMni-NixOs, (a) 0.1; (b) 0.2; (c) 0.3

Table 2. Comparison at.% between sample composition (theory) and (real) of polycrystalline
Lao7Bao.21Ca0.00MnixNixOs

Doping Element Sample Sample
concenfrafi.  composii compositi | composibi

on on on on (real)
(theory) (at%)
(at%)
La 14.00 10.28
Ba 4.20 2156
x=01 Ca 1.80 0.844
Mn 18.00 10.28
Ni 2.00 0512
o 60.00 73.914
La 14.00 10.816
Ba 4.20 1.782
x=02 Ca 1.80 1.408
Mn 16.00 12.458
Ni 4.00 0416
o 60.00 73122
La 14.00 10.166
Ba 4.20 2276
x=03 Ca 1.8 1.66
Mn 14.00 12.77
Ni 6.00 091
o 60.00 12.22
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Table 3. Saturation value of polycrystalline LaosBao.21Ca00MnixNixOs

Doping Composition Magnetic Saturation (emu/mg)
x=0.1 5.78477
x=0.2 5.13221
x=0.3 2.67593

Figure 5 is the result of EDX analyzed. The identification by EDX analyzed is to confirm that the
particles of precursors have distributed. The composition of all samples explained in Table 2. From the
table, there have the differences between the composition in theory and the composition in real from
EDX analyzed. Those differences are because EDX analyzed based on semi-qualitative calculate
(Saptari, et al, 2017).

Hysteresis loop from VSM characterized shown in figure 6. The figure shown that the
magnetization of polycrystalline LaozBao21CaoosMnixNixOs has decrease with the substituted Ni* ion
which is marked by the decreasing of the magnetic saturation value, that has explain on Table 3 and
samples are soft magnetic material. The decreasing of magnetization is because when the Ni**ion added
into the sample, it would change the relation of double exchange Mn*-O2-Mn* became
antiferromagnetic alignment Mn*-O->Mn*, Mn*3-O2-Mn*, Ni*-O2-Ni*, and when the concentration
Ni* ion increase, the atom (Mn*3,Mn* Ni*?) will surround the same kind. That caused the magnetization
has decrease with the substituting Ni** ion on Mn*? ion composition (Saptari, Manaf & Kurniawan, 2014;
Yadav, et al, 2016).
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Figure 6. VSM pattern of polycrystalline Lao7Bao.21Ca00oMni1xNixOs, (a) 0.1; (b) 0.2; (c) 0.3

4. CONCLUSION

The synthesized of polycrystalline LaosBao21Ca0MnixNixOs (x = 0.1; 0.2; 0.3) by sol-gel method
were successfully to make single phase with nanometer distribution particle size. Substitution Ni** ion
does not influence to changing the phase significantly, all samples have rhombohedral crystal structure
with space group R-3c, the lattice parameter a and b has decreased with increasing Ni*? ion on the
sample. The magnetization of samples has decreased with increasing substituting Ni** ion on the
samples.
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