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Abstract. This paper presents the effect of different parameters that affect the pogpaiatlcium and
terbium manganite (K&a-xMnOs) through the chemical coprecipitation method. The parameters studied
were: the temperature of the heat treatment, the working pH and the domatéstcation values.
Samples powders were characterized witlra)X diffraction (XRD). Then electron paramagnetic
resonance (EPR) was pammed. The results of XRD patterns revealed that the single purity pres
obtained at pH 10 with a concentration range from 0.35 to 0.45 at 1000° C. Finally, by ErRevadle

to determine the change of the electronic environment of manganese due to the pfesdiaeno
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al, 1999). An external magneticelid induces a
Introduction transition from antiferromagnetic state to

In recent years, the substituted perovstes ferromagnetic one with the resistivity change by
manganites have attracted the scientific SOMe orders of valueTomioka et al, Tokura,
community’s attention Tokura et al., 1996; 1995; Tokunaga et al, 1998). The do‘fb'e
Moritomo et al., 1996). These substitutions have €Xchange interactions involving Mnand Mrf
opened doors to new technological advances suchiOnS give rise téerromagnetism in the substituted
as magnetic recording media, credit cards, Manganites. The changes in the-Win bond
sensors, abrasives, permanent magnet and case qumgle, fro_m_structural distortion, are very crucue_ll
silicon chips. The manganites, discovered by N determining the strength of the ferromagnetic
Jonner and Vansanten, are known to have Interactions. Unlike other rare earth cations®*Th
manganese as the principal element, their ion_being magnetically aiqe is? expected to cause
chemical composition is: AB1. MnO 3, where ~ &nimpact on the magnetization of,0ay.xMnOs.
usually A = Th, La, Pr and B = Sr, Ca (Varshney Terbium is one of the heavy rare earth elements
& Kaurav, 2004). Interesting features of that are paramagnetic at room temperature and
manganites are phase transformations caused by’albove. At low temperatures its magnetic behavior

orbital and charge states determining a type of IS complex and becomes ferromagnetideT
magnetic ordering. For example, chargdered ferromagnetic rare earth has magnetic moments

compounds are antiferromagnetic insulators PEr atom exceeding that of iron. Terbium is a very
whereas charge disordered compounds areuseful_ material, although an expensive one
ferromagnetic metals (Tokura et al, 1999; Coey et (Tahmineh et al, 2013).
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It is worth nothing that the desired property of The stoichiometric amounts of the &al
the material depends on its composition and the precursoswere individually dissolved as required
synthesis method used. Because of that there aran a predetermined amount of ethanol
several synthetic routes to achieve the production Subsequently, all precursongere mixed to form
of these materials, such as thermal decomposition,a single solution, kept stirred during a period of
hydrothermal, mechanosynthesis (lvanov et al, time at 60° C until their complete dissolution.
2000; Suryanarayana et al, 2001; Krivoroutchko Afterwards, sodium hydroxide (NaOH, 99%,
et d, 2002), solidstate reaction (Chezhina et al, Aldrich) drops were addedntil pH (9 or 10).
2007; Arnache et al, 2008; Gutiérrez, 2005 Good dispersionwas achieved by doingn
vapor phaseRicherson, 1992 sol gel (Chezhina  ultrasonic bathThen, the compounds were dried
et al, 2006; Paucar & Gaviria, 1998; Malavasi et at 1® ° C for 2 hours anthen heat treatments
al, 1999), combustion and chemical were applid.

coprecipitation (Komarneni, 23; Cerén 2017% X-ray powder diffraction was performed by

Bolarin et al, 2007; Wang et al, 2006). Most of - L _ -

: ’ . employingCuKa radiation X = 1.54 A), with an
them show advantages and disadvantages, but th?nelpdif)lira?:tometer with @ if arange o)f 20 to 80
coprecipitation method due to its advantages as a 9

fast, simple and most of all low cost process was ~ C. Electron paramagtie resonance (RPE),
chosen for this study which aims to idéntihe using the RE3X JES ESR spectrometer was
different parameters that are crucial for obtaining employed to characterize the electronic magnetic
the pure single phase of Xax MnOs such as  properties of the samplesThermogravitric

heat treatment temperature, the suitable work pH analysis using the TGA/SDTA 85le Mettler
and finally the ideal value of x of calcium and

terbium manganite concentration. Besides,
accordingto the literature reviewed, there is no
study concerning the calcium and terbium
manganites by the chemical coprecipitation Resultsand discussion

method whose achievement in a near future could The samples were characterized for their

Toled was used to corroborate the heat treatment
temperature.

allow the development of magnetic sensors. singlephase by Xray diffraction. The samples
did not show singlphase naturby varying the
M ethodo'ogy or experimenta' Section temperature Of the heat treatment (800, 900, 12000
The following commercial precursorsvith C) as shown in Fig. 1. But the diffractionttesins

high purity were used for the synthesis, showed that the ideal temperature to work mast b

Tb(NO3)3.5H0 (99.9%), CANOs)3 .4H0 (99%), equal to or greater than 10005 where is easy to
Mn(NOs)2 .H0 (98%). All of them are oAldrich observe that after 1000€ the predominant
brand. The polycrystalline (TbxCaix MnOs) formationof the distorted orthorhombic structure
composition vassynthesized by theoprecitation ~ Of the solid phasebegins as confirmed by
chemistry method by mixing the nitrates in the thermogravimetc characterization technique
required stoichiometrx = 0.35, 0.40, 0.45, 0.65,  (which results are not shown in this paper).

0.66) with the following equation after their Then,the pHvariation of the nitrate solution

precipitation. was performedto find the suitable pHfor
obtaining the solid phase purity. Tipél 9 was

xTh(NO3)s + (1 — x)Ca(NO3), Mn(NO3), — usedwith different concentrations (x=0.35, 0.66)

and the results are shown in Fig.i@dicateghat

at thase concentrationandat thatpH the single

%x) ) (1) phase nature and the distorted orthorhombic
structurecould not be reached alone withotine
presence ofecondaryphases

1
Thy Cay_xMnOy(s) + (4 + XINOy (). (5 +
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can be seen thahe diffraction patterns peaks

e slightly change positiorio the left due to the
- modification of the crystal lattice because of the
| el T increasing ThconcentrationHowever, in Fig. 4
) eap joos) ascan be seen thatt a higher concentration of
= s 1200 terbium (x = 0.65 and 0.65},is more difficult to
- Wi Be obtainthe singlephasepurity, PDF numberQQ-
T 041-0313).
- -— W3 S0C
Fig. 1. XRD patterns otalcium and terbium " s sl i oo
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manganite obtained by chemical coprecipitation
method to different heat treatment temperatures
(800, 900 and 1200 ° C).
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ST I TR VR [N VS SSV Y manganite obtained by chemical coprecipitation
£ R method at different concentrations (0.35, 0.40
. and 0.45.
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Fig. 2 XRD patterns of calcium and terbium g ALy e
manganite obtained by chemical coprecipitation = ooy 121 (19 oy (34324
method at pH- 9. 3 N s M
Once the suitable temperatwas knownthe E e OB, T=1000'D
pH 10 was chosen, with the variation of x aiming 1002} (113008 oo
to find the ideal concentratioim order to obtain uroy £ Thog) (2028 220 4330
the singlephase puritywithout the presencef x - g Teii D
secondary phasBig.3 shows the XRD of TEa.- ' 0 e m
xMnO3 sampleslt revealed, for the first time, that < herte o)

it has a single perovskitgpe phase with the

distorted orthorhombic structure with space group Fig. 4. XRD patterns ofalcium and terbium
pbnm with PDF file number (6@87-1092 under manganite obtained by chemical coprecipitation
the following condition: terbium concentration method at different concentrations=0.65, 0.66)
should be in theange of(x = 0.35, 0.400.45) As compared to the concentration of x = 0.35.
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In orderto confirm the validity of te pure single
phase of the compounds, EPR were performed.
Fig.5 and 6 show the Electron paramagnetic
resonance patterns which determined the
paramagnetic behavior due to the typical?Mn
manganite calcium with X = 0.35 and »3:40
obtained at pH 10, whergvere revealed the
resonance field of 3400 (fig.5) and 3200 Gauss
(fig.6) associated to M, the line width changes
suggesting a change in magnetic interaction due
to increment of dipole moments caused by the
presence of theelectronic environment of Thb.
Where Tb induces an structural distortion as
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consequence one originates exchange interaction.

In both spectranly one absorption due to the pure
single phase of manganiteobserved.
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Fig. 5. EPR of calcium and terbiumanganite
at pH 10 for x=0.3

Summary

This paper presented a detailed study of
different parameters for the calcium and terbium
manganite. Polycrystalline samples of calcium
and terbium manganites with a variation of
different pH values (pH 9 and 10), different heat
treatment temperature (80900, 1200 °C) and
different values of x (x=0.35,0.40,0.45,0.65,0.66)

Fig. 6. EPRof calcium and terbium manganite
obtained at pH = 10 for x = 0.40.

were prepared by the chemical coprecipitation
method, aiming to find the right parameters in
order to obtain for the first time, the single phase
purity of the samples. XRD studies ingied that
the samples with a low concentration of Tb when
X (x=0.35, 0.40 and 0.45) at pH 10 and sintered at
1000°C showed the orthorhombic symmetry
expected as a structural perovkiste pattdefdR
confirmed the validity of the pure single phase
reveaing the change in the manganese electronic
environment due to the presence of terbif@am
x=0.35 and 0.40 at pH 10.
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