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Abstract. Phase composition during the evolution of microstructure in the process of 
crystallization was correlated with measurements of magnetic properties of melt spun 
Nd10.8Fe84.2B5  alloy. The results enabled a complete analysis of interactive mechanisms 
between present phases after optimal heat treatment 
 
 
Introduction 
Magnetic materials of Nd-Fe-B type represent the last generation of modern permanent 
magnetic materials based on rare earth – transition metal compounds, whose magnetic 
energy, depending upon chemical composition and method of synthesis, can reach 400 
kJ/m3. Introduction of these materials into mass production provided new technical 
solutions, higher resolution, better performance, effectiveness and reliability. 

Interactive mechanisms and phase transformations which lead to enhanced magnetic 
properties of rapid quenched Nd-Fe-B magnetic materials are in scope of intensive 
investigations since the last decade of 20th century. So far, the investigations were aimed at 
the determination of heat treatment regime which provides optimal phase composition and 
microstructure, and therefore optimal magnetic properties. Scope of investigation of 
interactive mechanisms between phases formed during the heat treatment is identification 
and quantification of dominant mechanism that enables remanence enhancement and 
consequently maximal magnetic energy.  

Coercive mechanism of rapid quenched Nd-Fe-B alloys, for the defined chemical 
composition of the alloy, depends upon the cooling rate and heat treatment regime. Since 
these parameters are not independent from each other, the investigation of coercive 
mechanism is very complicated. 

Scope of this paper was the investigation of coercive mechanism through phase 
transformations during the heat treatment regime aimed at the optimization of the so called 
magnetic microstructure. The formation and the role of the nanocomposites and interactive 
mechanisms between present phases on the enhancement of the magnetic properties of the 
melt spun Nd10.8Fe84.2B5 alloys were observed and discussed. 
 
 
Experimental 
Different investigation techniques and instruments were used for the realization of the 
planed investigations. The effect of the phase composition on the critical temperatures of 
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the differential thermal analysis (DTA) curves was determined by the X-ray diffractometry 
(XRD). Phase transformations during the heat treatment were observed by the phase 
analysis combined with the use of the XRD and the Mössbauer 57Fe spectroscopic (MS) 
phase analysis. Magnetic measurements at 300 K were performed on the superconducting 
quantum interference device (SQUID) magnetometer with external magnetic field that can 
be varied from -5 to 5 T and on the vibration sample magnetometer (VSM) with a 
maximum external field of 50 kOe. More data on experimental conditions of investigation 
were reported in previous papers[1-4 ]. 

The X-ray diffractogram of Nd10.8Fe84.2B5  annealed at 6600C for 5 min is shown in 
Fig 1. 
 

 
Fig. 1. The X-ray diffractogram of Nd10.8Fe84.2B5  annealed at 6600C for 5 min 

 
According to the results of XRD analysis, the hard magnetic phase Nd2Fe14B was 

identified as the primary phase. Due to low reflections intensity and a great number of 
reflections of the identified primary phase, it was not possible to define to which phases the 
unidentified diffraction maximums belonged. For better insight in the phase composition of 
the investigated melt-spun Nd10.8Fe84.2B5  alloy the MS analysis was conducted after the 
heat treatment [5]. 

Using MS phase analysis the main magnetic phase Nd2Fe14B was identified as the 
primary phase. The content of this phase was estimated to be 81 mass%, whereas the  
presence of both the soft magnetic phase α-Fe (12 mass%) and a non-fero magnetic phase 
Nd1.1Fe4B4 (about 5 mass%) was also confirmed. A small amount of unidentified 
components was detected. These undesirable phases most probably appear in nano size and 
therefore do not derogate magnetic properties. It can be concluded that other identified and 
unidentified phases, being in small volumetric fractions, had no substantial influence on the 
structural defects which could directly cause the reduction of magnetic properties.  

Fig.3 shows hysteresis loops obtained by SQUID measurements of investigated 
Nd10.8Fe84.2B5   alloy before and after the heat treatment. Coercive force Hc after optimal 
heat treatment (660oC/5min) is increased. Significant increase in the content of hard 
magnetic phase Nd2Fe14B (about 81 mass%) after heat treatment effectively enhances the 
coercivity. 
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Fig. 2. Mössbauer spectra of optimally heat treated Nd10.8Fe84.2B5  alloy 
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Fig 3. Hysteresis loops of Nd10.8Fe84.2B5 :  
a) as quenched, b) heat treated at 660oC for 5 min 

 
The magnetic properties after optimal heat treatment Nd10.8Fe84.2B5  on the VSM 

measurements are as follows: Hc = 8.75 kOe, Br = 8.8 kG and (BH) max= 13.8 MGOe .The 
remanence ratio Mr/Ms calculated from SQUID hysteresis is 0.6 , which is higher than    
theoretical value 0.5[4]. 
 
 
Summary 
The investigated Nd-Fe-B alloy with almost Nd2Fe14B monophase structure has good hard 
magnetic properties. The basic hard magnetic phase Nd2Fe14B identified as the main phase  
(81 mass%) has a significant influence on Hc and Br. The presence of the soft magnetic 
phase α-Fe (12 mass%) was also identified. The exchange coupling between same grains of 
the hard magnetic phase and between neighboring grains of the soft α-Fe phase and the 
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hard Nd2Fe14B phase increases the remanence and remanence ratio and, consequently, a 
maximum of magnetic energy. Non-ferromagnetic phase Nd1.1Fe4B4 was in a minor 
quantity. Undesirable phases are most probably of nanosize and therefore do not derogate 
the magnetic properties.  
 
 
Acknowledgement 
This work has been supported by the Ministry of Science and Environmental Protection of 
Serbia (Project OI 1212 ). 
 
 
References 
[1] N.Talijan, V.Ćosović, J.Stajić-Trošić, T.Zak, J. Magn. Magn. Mat., 272-276 (2004) 1911. 
[2] N. Talijan, T. Žák, J. Stajić-Trošić, V. Menushenkov, ibid., 258–259 (2003) 577. 
[3] J. Stajić-Trošić, M. Sc. Thesis, University of Belgrade, Serbia and Montenegro, 2001 
[4] V. Ćosović, M. Sc. Thesis, University of Belgrade, Serbia and Montenegro, 2004 
[5] T.Žák, ”CONFIT for Windows® 95”, Mössbauer Spectroscopy in Material Science, M.Miglierini 
and D. Petridis (eds.), Bratislava, 1999, p 385-390 
 
 




