
Author’s Accepted Manuscript

The effect of zinc substitution on the magnetism of
magnesium ferrite nanostructures crystallized from
borate glasses

S. El Shabrawy, C. Bocker, D. Tzankov, M.
Georgieva, R. Harizanova, C. Rüssel

PII: S0272-8842(16)32275-1
DOI: http://dx.doi.org/10.1016/j.ceramint.2016.12.029
Reference: CERI14339

To appear in: Ceramics International

Received date: 17 October 2016
Revised date: 2 December 2016
Accepted date: 5 December 2016

Cite this article as: S. El Shabrawy, C. Bocker, D. Tzankov, M. Georgieva, R.
Harizanova and C. Rüssel, The effect of zinc substitution on the magnetism of
magnesium ferrite nanostructures crystallized from borate glasses, Ceramics
International, http://dx.doi.org/10.1016/j.ceramint.2016.12.029

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/ceri

http://www.elsevier.com/locate/ceri
http://dx.doi.org/10.1016/j.ceramint.2016.12.029
http://dx.doi.org/10.1016/j.ceramint.2016.12.029


1 
 

The effect of zinc substitution on the magnetism of magnesium ferrite nanostructures 

crystallized from borate glasses 

S. El Shabrawy
1,4

, C. Bocker
1*

 D. Tzankov
2
, M. Georgieva

2
, R. Harizanova

1,3
, C. Rüssel

1
 

1
Otto Schott Institute of Materials Research, Jena University, 07743 Jena, Germany 

2
University of Sofia “St. Kl.Ohridski”, Department of Physics, James Bouchier Blvd 5, 1164 

Sofia, Bulgaria 

3
University of Chemical Technology and Metallurgy, Department of Physics, 8 Kl. Ohridski 

Blvd., 1756 Sofia, Bulgaria 

4
University of Menofia, Faculty of Science, Physics Department, 32511 Shebin ElKoum – 

Menofia, Egypt 

* Corresponding author, phone: +49 3641 948538, fax: +49 3641 948502, e-mail:christian.bocker@uni-

jena.de 

Abstract 

Glasses in the system 51.7 B2O3/ 9.3 K2O/ 1 P2O5/ 10.4 Fe2O3/ (27.6 – x) MgO/ x ZnO (with x = 

0, 5, 10, 13.8 and 20 mol%) were prepared by the conventional melt quenching method. The as 

prepared glass samples were thermally treated at 560 °C for 3 or 6 h. The effect of substituting 

MgO by ZnO in the glass network on the crystallized phase was studied. The resulting magnetic 

glass ceramics were characterized using X-ray diffraction (XRD), vibrating sample 

magnetometer (VSM) and transmission electron microscopy (TEM) including energy dispersive 

X-ray analysis (EDX). The substitution of Mg by Zn resulted in a larger lattice parameter of the 

precipitated crystals, while the crystallite size does not change significantly. TEM micrographs, 

recorded from extracted particles, showed the formation of small aggregates with about 30 nm in 

diameter. These agglomerates contain crystals with sizes in the range from 7 to 9 nm. EDX 

measurements proved the incorporation of Zn
2+

 ions into the crystal phase. Room temperature 

magnetic measurements of the samples with up to 10 mol% ZnO showed hysteresis loops which 

are characteristic for super paramagnetic (SPM) behavior. A magnetic contribution was not 

detected for samples with higher ZnO concentrations. The maximum magnetization varied with 

the composition of the glass ceramics to a great extent. 
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