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LETTER TO THE EDITOR 

A Mossbauer study of the crystallisation process of magnetic 
metallic glass Fes3Bl,Si5 
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i. Rncah Institute o l  Physics. 'I'he HehrcN Universit!. Jerusnlem. Israel 
:: Department of Physics. t3ar I l a n  Cniver\ity. Ramat Gan. laracl 

Recci\t.d 14 June I Y X S  

Abstract. Mbshhaucr spectra of amorphou\ Fe,:B,,Si, ribhons it t  temperatures YO to SO0 K 
and their isothermit1 time evolution have been recorded. The  analyhis of the experimeotnl 
spectra re\cals that cry\talliution hegin\ at about 600 K nnd crystLilline FelB. Fe metal 
and FcSi itre formed cithcr isothermally in time or hy  raihins the temperature ;iho\e 
700 K .  

Several recent publications [ 1-31 discuss the crystallisation dynamics of metallic 
glasses. Measurements of the resistivity [ I ]  and the magnetisation [2,3] of metallic 
glasses yield information on the crystallisation through the observed changes in the 
relevant bulk properties. Such ;I study o f  the magnetisation of the magnetic metallic 
glass Fek3BllSii revealed many interesting features o f  the crystallisation process [2]. 
However, a bulk magnetisation study measures only the sum of the magnetisations of 
the magnetic components present in the sample. In the crystallisation process of the 
magnetic metallic glass Fe,,B ,:Si; many crystalline materials can be formed. some of 
temporal nature and some permanent. and it is difficult to reach conclusions on the 
nature and properties of the single components. O n  the other hand, a Mossbauer 
spectroscopy study. which reveals the properties of and distinguishes between all iron 
nuclei belonging to different chemical components, becomes an ideal tool for the 
investigation of the crystallisation process. 

Amorphous Fe,,BilSi, in the form of ribbons from the same batch used for the 
magnetisation experiments [2], were studied using a Mossbauer spectrometer. the 
Co:Rh source running in the constant acceleration mode perpendicular to the ribbon 
foil. Spectra were taken with the absorber at YO, 300. 473. 588, 598 (after 46. 70. 96 
and 120 h). 613.628.733 and 800 K.  After the 628 K and the 800 K measurements the 
temperature was reduced and  a room-temperature spectrum was recorded. Some of 
the spectra are shown in figure I .  All spectra were analysed in terms of two to three 
subspectra. For temperatures below 600 K one  spectrum corresponded to pure iron 
metal and the other to the amorphous system. The amorphous subspectrum was fitted 
with a distribution of magnetic hyperfine fields, of Lorentzian shape having asymmet- 
ric widths at half maximum and cut-off fields below and above the average hyperfine 
field. The spectra above 600 K were analysed in terms of well defined magnetic 
hyperfine fields for two sites and an additional pure quadrupole split subspectrum. All 
parameters obtained from these least-squares fit procedures are given in table 1 .  
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Figure 1. MOsshauer q x c t r a  of '-Fe in Fe,;B,,Si; iit various temperatures 

From the analysis of the spectra it is clear that within a period o f  a typical 
Mossbauer measurement (-24 h )  the only surviving phases in the crystallisation 
process are the amorphous system. released pure iron, Fe,B [4] and probably FeSi [ 5 ] .  
In  figure 2 the temperature dependences of the experimental hyperfine fields and 
isomer shifts of the various phases are shown. In  figure 3 the fraction of pure iron in 
the system as a function of temperature is displayed. 

The analysis of the Mbssbauer spectra of the amorphous ribbons also yields the 
amount of the partial orientation of the magnetisation in the ribbon. This orientation 
parameter. table 1 and figure 3,  is the ratio of the intensity of the Am = 0 nuclear 
transition to  the intensity expected for a random distribution of magnetisation 
directions. When the magnetisation is perpendicular to the ribbon this parameter 
should take the value zero. and when it is in the plane of the ribbon it should take the 
value 2 [6]. From figure 3 i t  is clear that the magnetisation in the amorphous Fex,B12Sii 
is partly oriented perpendicular to the ribbon plane. A t  elevated temperatures this 
orientation disappears, in particular when crystallisation starts t o  take place. 

The  analysis of the spectra below 600K show that the amorphous Fe,,B,& 
ribbons contain a small fraction of the crystalline phase of pure iron (-2-3%). The  
iron nuclei in the amorphous phase at low temperatures experience a distribution of 
magnetic hyperfine fields extending from 80 to  345 kOe with an average magnetic field 
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Figure 2. 1cniper;iturc dependence 0 1  the isomer \h i f t  and of the magnetic hyperfine field 
acting o n  Fe nuclei in  Fe,,B,,Si. iind in crytallinc Fe and Fe,B. ( 3 .  Fe: A .  Fe,B: C. 
Fe,;B ,:Si<). 

of 275 kOe.  The average orientation of this field is 36“ relative to the normal to the 
ribbons plane. 

The spectrum at 598 K was measured for several days. After 36 hours of 
measurement a large fraction o f  pure crystalline iron was observable (-20%) while in 
the 588 K spectrum only 7‘%, iron was present ( top  curves in figure 1 ) .  The  amount of 
pure iron increased with time. to 30% after 120 h of measurement. Since this 30(% is 
an average over 120 h of measurement. the percentage of Fe present at the end is 
much larger. The spectra at 588 and 598 K could not be fitted without adding a third 
subspectrum composed of a pure quadrupole split doublet. The  hyperfine interaction 
parameters and relative intensity, table 1 ,  tend to indicate that this extra component is 
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a crystalline. Fe-poor. FeSi compound [ 5 ] .  The hyperfine interaction parameters of 
the 'amorphous' subspectrum at 598 K change with time. indicating that this phase is 
undergoing crystallisation. The  average magnetic hyperfine field is increasing with 
time, towards the value in the crystalline phase. The  spectra at 733 and 800 K could be 
analysed in terms of well defined hypertine field parameters indicating that the 
material has fully crystallised. Cooling the sample from 800 K to room temperature 
and re-measuring the spectrum (bottom curve in figure I ) .  yields the rooni- 
temperature parameters of the crystalline phase (table 1). proving that it is mainly 
Fe,B [4]. Also the relative intensities of all subspectra prove that after full crystallis- 
ation three phases are present. Fe metal. Fe,B and FeSi. their relative abundances 
being 65% ~ 79% and 6% respectively. 

The presented results demonstrate the usefulness of Miissbauer spectroscopy for 
studies of crystallisation processes. In  the case of diffusive, slow crystallisation 
processes the Massbauer spectra even yield the time evolution of the process. In  the 
case of Fe,B,,Si, we have shown that ;I detectable crystallisation process starts at 
588 K .  First to be formed are pure Fe and FeSi. Above 598 K Fe,B is also formed. 
These are the only crystalline phases formed. 

We are grateful to J Wolny f o r  supplying us with the FeSiB ribbons. This research is 
supported in part by the National Council for Research and Development, Ministry of 
Science and Development. Israel. 
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