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Abstract. Erbium(Er)-2.0 wt%, 2.5 wt% doped CaZrO3 phosphors were prepared by using Solid State Reaction 

method. The Luminescent properties, Crystal structures and Crystal sizes of CaZrO3 were Studied using Photo 

Luminescence, X-ray diffraction (XRD), Scanning Electron Microscope (SEM) and Fourier Transform Infrared 

Spectroscopy (FTIR). The Photo Luminescence spectra show peaks in green region. The crystallite size lying in 

nano range.        

 

INTRODUCTION 

 
     CaZrO3 are important materials for different applications. They are used in field emission displays, 3-D display 

technology, Laser devices, Solar cells and in Sensors.
(1-6)

. The rare earth elements had and continue to have a 

distinctive and significant impact on how we live our daily lives. The rare earth elements exhibit unique luminescent 

capabilities due to their empty 4f electronic structure, which might be exploited to create a wide range of novel 

materials with a variety of uses. Rare earth doped CaZrO3, CaTiO3, and SrTiO3 have only been described optically 

by a few number of scientists 
(7–14) 

.The synthesis and characterization methods of Er
3+

 doped CaZrO3 phosphor are 

discussed in this study. 

 

EXPERIMENTAL 

 
To create the powder samples, stoichiometric mixes of CaCO3, ZrO2, and Er2O3 were fired for three hours at 

1200
o
C. PL, XRD, SEM, and FTIR were used to characterize the produced phosphors as previously indicated. The 

specifics of the instrumentation utilized for characterization of the experimental setup and the explanation of 

synthetic phosphor is provided below.  

The following are the characterization tools employed in this study: 

• Bruker D8 Advance X-ray Diffractometer used for the X-ray diffraction technique (XRD). 

• Shimadzu's Spectro Fluoro Photometer (SPF) RF 5301 PC is used for (PL). 

• Jasco FTIR-4100 spectrophotometer used for Fourier Transform Infrared Spectroscopy (FTIR). 

• Tecnai 20 G2 FEI scanning electron microscopy (SEM). 

RESULTS AND DISCUSSION   

X-Ray Diffraction   
Figure 1 depicts the XRD pattern of the Er (2%) CaZrO3 phosphor. Scherrer's formula, D=Kλ/βCosθ, is used to 

determine the crystallite size. "K" stands for the Scherrer constant (0.94). Phosphor has crystals that are about 47.8 

nm in size. 
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               Fig.1: XRD pattern of Er (2%) doped CaZrO3 phosphor 

 

Photo Luminescence 

Fig: 2,3,4 and 5 are the PL excitation and emission spectra of Er(2.0%) and Er(2.5%) doped CaZrO3 

Phosphor respectively 
 

CaZrO3- Er (2.0%) Phosphor: 

 .
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Fig.2: Excitation spectrum of Er (2.0%) doped CaZrO3 phosphor monitoring under 545nm 
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Fig.3: Emission spectrum of Er (2.0%) doped CaZrO3 phosphor under different excitations 

 
   Table:1 

Compound   Excitation  

 Wavelength 

                            PL Intensity 

 

CaZrO3 

Er (2.0%) 

545 553 

275 282 230 

380 285 241 

490 163 142 

525 934 756 

 
CaZrO3- Er (2.5%) phosphor: 

 

When the Er-concentration is 2.5% in CaZrO3, the PL studies reveals that not much change is observed in 275nm 

and 380nm excitation followed by emissions at 545nm and 553nm .It is observed that a marginal reduction in 

intensity. However when the phosphor is excited with 490 and 525nm marginal increase of intensity of 545nm and 

553nm peaks are found. The same data is tabulated in 2. 
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Fig.4: Excitation spectrum of Er (2.5%) doped CaZrO3 phosphor monitoring under 545nm 
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Fig.5: Emission spectrum of Er (2.5%) doped CaZrO3 phosphor under different excitations 

 
Table-2: 

 

Compound Excitation  

 Wavelength 

                                       PL Intensity 

 

CaZrO3 

Er(2.5%) 

545 553 

275 240 190 

380 294 241 

490 182 158 

525 979 805 

  
From the above two tables, it is found when the Erbium concentration is 2% in CaZrO3, the  emission intensities at 

545 and 553nm are more when compared to 2.5%  Erbium doped CaZrO3. 

 

 

SEM  
Figure 6 shows the SEM micrographs of Er (2%) doped CaZrO3 phosphor. The study of Scanning 

Electron Microscope under various magnifications are shown here. From all the SEM micrographs, it 

is found that irregular shapes of different size of phosphor particles are seen.  

 

 
 

FIGURE (6).SEM Images at different resolutions of Eu (2%) doped CaZrO3 Phosphor 
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FTIR Evaluation 

 
The FTIR spectra of 1000 to 4000 cm

-1
 wave number is shown in Figure 7. However, the fundamental metal oxide 

stretching is seen between 400 and 1000 cm
-1

. According to the FTIR graphs, the majority of the bands are 

stretching Ca-O, Zr-O 
(19–20),

 metal oxides, and RE oxides. The fact that O-H stretching and C-O stretching are not 

present in this instance is interesting. This enables us to draw the conclusion that the investigated phosphors did not 

absorb any water. 
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                                       FIGURE- 7: FTIR spectrum of Er(2%) doped CaZrO3 phosphor 

CONCLUSIONS  

1. The green luminescence peaks in the present studied phosphor at 545 and 553 and other minor peaks resolved in     

     CaZrO3: Er(2.5%) are due to Zr  Er transitions which are allowed and is from 
4
S3/2 

4
I15/2 transitions of   

      Er
3+

which is a green band. 

2. Erbium as dopant in CaZrO3 reveals that all the Erbium emissions are well resolved since the starting material  

     used is in the form of Oxide. 

3. It is also concluded that the presence of Erbium in CaZrO3 phosphor acts as a good dopant. 

4. The crystal size of CaZrO3: Er(2.0%) phosphor is around 47.8 nm 

5. FTIR plots shows that most of the bands are from Mx-O and My -O stretching’s which are standard ones. 

 

REFERENCES 

[1] K. Suresh, K. V. R. Murthy, C. Atchyutha Rao, N. V. Poornachandra Rao, B. Subba Rao, J. Lumin. 2013, 133,   

      96.  

[2] Z. Bryknar, L. Jastrabík, V. Trepakov, J. Lumin. 2014, 154, 437.  

[3] V. Singh, V. K. Rai, N. Singh, M. S. Pathak, M. Rathaiah, V. Venkatramu, R. V. Patel, P. K. Singh, S. J. Dhoble,     



Turkish Journal of Computer and Mathematics Education   Vol.10 No.03 (2019), 1355 - 1360 

 

 

 

1360 

 

 
 

Research Article  

      Spectrochim. Acta A 2017, 171, 229.  

[4] S. K. Gupta, N. Pathak, R. M. Kadam, J. Lumin. 2016, 169, 106.  

[5] S. K. Hussain, J. S. Yu, J. Lumin. 2016, 175, 100.  

[6] T. Niedźwiedzki, W. Ryba‐Romanowski, J. Komar, M. Głowacki, M. Berkowski, J. Lumin. 2016, 177, 219.  

[7] R. Mahiou, R. Pa, P. J. Deren, J. Lumin. 2008, 128, 797.  

[8] F. C. D. Lemos, D. M. A. Melo, J. E. C. Silva, Opt. Commun. 2004, 231, 251.  

[9] H. Zhang, X. Fu, S. Niu, Q. Xin, J. Lumin. 2008, 12, 1348.  

[10] Z. Liu, Y. Liu, J. Zhang, J. Rong, L. Huang, D. Yuan, Opt. Commun. 2005, 030053-4 

[11] J. Huang, L. Zhou, Y. Lan, F. Gong, Q. Li, J. Sun, Centr. Eur. J.Phys. 2011, 9, 975.  

[12] Q. Du, G. Zhou, J. Zhou, H. Zhou, J. Zhan, Z. Yang, J. Rare Earths 2012, 30, 1000.  

[13] Q. Du, G. Zhou, J. Zhou, H. Zhou, J. Zhan, Mater. Res. Bull. 2012, 47, 3774.  

[14] D. Singh, V. S. Kundu, A. S. Maan, J. Mol. Struct. 2016, 1115, 250. 

[15] S. D. Birajdar, P. P. Khirade, V. R. Bhagwat, A. V. Humbe, K. M. Jadhav, Alloys Compd. 2016, 683, 513.  

[16] R. P. Rao, M. V. Reddy, S. Adams, B. V. R. Chowdari, Mater. Res. Bull. 2015, 66, 71. 

[17] B. H. Toby, J. Appl. Crystallogr. 2001, 34, 210.  

[18] I. Levin, T. G. Amos, S. M. Bell, L. Farber, T. A. Vanderah, R. S. Roth, B. H. Toby, J. Solid State Chem. 2003,  

        175, 170.  

[19] C. J. Shilpa, N. Dhananjaya, H. Nagabhushana, S. C. Sharma, C. Shivakumara, K. H. Sudheerkumar, B. M.  

        Nagabhushana, R. P. S. Chakradhar, Spectrochim. Acta A 2014, 128, 730. [20] C. S. Prasanth, H. Padma  

        Kumar, R. Pazhani, S. Solomon, J. K. Thomas, J. Alloys Compd. 2008, 464, 306.  

[21] B. Liu, X. Lin, L. Zhu, X. Wang, D. Xu, Ceram. Int. 2014,  40, 12525. 

[22] Ibrahim, Jafar Ali S., S. Rajasekar, Varsha, M. Karunakaran, K. Kasirajan, Kalyan NS 

Chakravarthy, V. Kumar, and K. J. Kaur. "Recent advances in performance and effect of Zr 

doping with ZnO thin film sensor in ammonia vapour sensing." GLOBAL NEST JOURNAL 23, 

no. 4 (2021): 526-531. https://doi.org/10.30955/gnj.004020 , 

https://journal.gnest.org/publication/gnest_04020  

[23] Synthesis, Characterization of Ag/Tio2 Nanocomposite: Its Anticancer and Anti-Bacterial 

and Activities Ibrahim,S. Jafar Ali, Rajasekar S.. Chakravarthy N. S. Kalyan, Varsha, Singh 

Maninder Pal , Kumar Vaneet and Saruchi , Volume 24, Issue 2, June 2022, Pages:262-266, Issn 

No: 1790-7632, DOI: https://doi.org/10.30955/gnj.0042505 

 

 

https://doi.org/10.30955/gnj.004020
https://journal.gnest.org/publication/gnest_04020
https://journal.gnest.org/publication/gnest_04255
https://journal.gnest.org/publication/gnest_04255
https://doi.org/10.30955/gnj.0042505

