acta physica slovaca vol. 49 No. 3, 469 Ű 472 June 1999

MAGNETIC AFTER-EFFECT IN AMORPHOUS FeNiNbCuSiB ALLOYS^∗

E. Komovťa Dept. Math. and Phys., Military Academy of Aviation, 041 21 Ko“sice, Slovakia

P. Vojtanť”k , R. Varga Dept. Exp. Phys., Fac. Sci., P.J. “Safťarik University, 041 54 Ko“sice, Slovakia

R. Grĺossinger Institut of Exp. Phys., TU Wien, Wiedner Hauptstrasse 8-10, 1040 Wien, Austria

Received 9 October 1998, accepted 30 December 1998

An in~uence of the partial substitution of Fe by Ni on time-temperature stability of amorphous Fe73.5�xNixNb3Cu1Si13.5B9 (x = 0,5, 10, 15, 20, 25 at.%) alloys was investigated. Stability of the magnetic properties was observed by the magnetic after - effect (MAE) of the reluctivity which is represented by its relative change Δr/r between two ^xed times after demagnetization. The relaxation spectra Δr/r(T ) at different Ni content were studied. The heights of peaks Δr/r(T ) are increasing at x = 5, 10 at.% in contrary to Ni concentrations x = 20, 25 at.%. The most probable activation energy for MAE was found to be Q = 1.7 eV.

PACS: 75.60.Lr, 75.50.Kj

1 Introduction

The nanocrystalline alloys are produced by annealing of amorphous materials. Therefore their properties strongly depend on properties of amorphous alloys. Magnetic after-effect of the reluctivity 1/χ (MAE) is a useful method to study amorphicity and stability of magnetic alloys. In our work we are dealing with the in�uence of Ni on MAE in amorphous materials. This research is a continuation of the study of magnetic properties of FeNiNbCuSiB [1, 2].

2 Experimental methods

The amorphous samples of the compositions Fe_{73.5−x}Ni_xNb_3Cu_1Si_{13.5}B_9 (x = 0, 5, 10, 15, 20, 25 at.%) were prepared in a ribbon form by a melt-spinning technique in He-atmosphere. The relative susceptibility χ/χ_0 and reluctivity r = 1/χ were measured using a resonance LC circuit with the �eld amplitude H = 0.036 A/m at a frequency of 1100 Hz. Demagnetization of the samples was performed with an alternative �eld at a frequency of 50 Hz during a time of 5 s. The dependence of the relative change of the reluctivity is de�ned as [3]: Δr(t, T )/r =

�_{Presented at 10th Czech and Slovak Conference on Magnetism, CSMAG’98, Koısice, Slovakia, August 24-27, 1998}

0323-0465/99 cfl Institute of Physics, SAS, Bratislava, Slovakia 469

Fig.1:Dependence χ/χ0(T) in the temperature range from -196^oC to TC .

Fig.2: The relaxation spectra Δr/r(T) at Ni content x = 0, 5, 10, 15, 20, 25 at.%

Fig.3: Example of the activation energies spectrum of amorphous Fe68.5Ni5Nb3Cu1Si13.5B9 alloy.

[r(t_2) � r(t_1)]/r(t_1), where t_x are the times after demagnetization (t_1 = 1 s and t_2 = 180 s). The temperature dependences Δr/r(T ) were studied in the temperature range ( -196^oC - T_C ).The values of Curie temperatures T_C change in the sequence 333^oC, 337^oC, 333^oC, 313^oC, 294^oC, 263^oC for x = 0, 5, 10, 15, 20 and 25 respectively. The micromagnetic model [4] was used for the computer analysis of the relaxation spectra. According to this model the dependence of the reluctivity should be expressed:

r(t, T ) = r_0 + Δr. ∞Z 0 p(τ)(1 � e^{−t/τ} )dτ, (1)

where r_0 - unrelaxed reluctivity, Δr - the maximum change of the reluctivity, p(τ) - relaxation time distribution function, τ = τ_0 exp Q/kT , τ_0 is a preexponencial factor, Q is an activation energy, k is the Boltzmann constant. Taking τ_0 as a constant, p(Q) spectra were obtained by Wolfe method [5].

Magnetic after-effect in amorphous FeNiNbCuSiB alloys 471

3 Results and discussion

Temperature dependences χ/χ_0(T) are shown in Fig. 1. Dependence χ/χ_0(T ) exhibit almost linear behavior for x = 25 at.%. Developments of dependences for 0 and 5 at.% are nonlinear what is due to the magnetic relaxation which consequently effects in MAE (Fig.2). Typical Hopkinson peaks were obtained for alloys with x=0, 5, 15. The Hopkinson peak was not observed for alloys with higher Ni content 20, 25 at.%.

The MAE in amorphous alloys is attributed to the reorientation of mobile atom pairs in regions of reduced mass density ( so-called free volumes) [4]. In Fig.2 the relaxation spectra Δr/r(T ) at the different Ni content are compared. The peaks of dependences Δr/r(T ) which are connected with the thermal activation processes are appeared for FeNbCuSiB sample at about T_m=270^oC. At concentrations x = 0, 5, 10, 15 the positions of maxima are not varied. The Ni content x = 20, 25 shifts little bit these maxima to the lower values.

The presence of Ni changes magnitude of the MAE and for x = 5, 10 reaches the double values to the alloy without Ni. This results indicate that the substitution Fe by Ni favours the increase of the induced magnetic anisotropy in the alloy. On the other hand the high content of Ni in alloys helps magnetic stability to raise. For Ni concentration x = 20, 25 it was obtained that Δr/r(T ) are lower in contrary to the alloy without Ni.

The spectra of activation energies of the diffusion MAE were obtained by computer analysis. The most probable values of the activation energies was about 1.7 eV (Fig. 3). Addition of Ni doesn’t in�uence value of Q but decrease the preexponencial factor τ_0. Ni doesn’t alter the diffusion mechanism of MAE but increases the frequency at which the diffusional events take place. Since τ_0 = τ_{00} exp �S/R , where S is an entropy and R is the universal gas constant and τ_{00} is a constant of the order of reciprocal of the Debye frequency (¸ 10^{−13} s) [4], the lower τ_0 should be explained through the higher entropy of atom system when the Ni is added.

4 Conclusion

The substitution of Fe with Ni in the glassy and nanocrystalline systems FeNiNbCuSiB strongly in�uences theirs structural and magnetic properties.

The presence of Ni changes magnitude of the Δr/r(T ) and for x = 5, 10 they reach the double values to the alloy without Ni. On the other hand, for Ni concentrations x = 20, 25 it was obtained that values of Δr/r(T ) are lower.

The most probable value of the activation energies Q of the diffusion MAE was about 1.7 eV.

Acknowledgments The work was supported by Action Austria-Slovak Republic (Project No. 21S22), the Austrian Science Foundation FWF P-9707-PHY and the Slovak VEGA Grant No. 1/5047/98.

472 E. Komovťa et al.

References

[1] P. Vojtanť”k, E. Komovťa, R. Varga, R. Matejko, R. Grĺossinger, H. Sassik, P. Agudo, M. Vťazquez, A.

Hernando: J. Phys. IV 8 (1998) Pr2-111 [2] P. Agudo, J.M. Garcť”a, M. Vťazquez, P. Crespo, A. Hernando, R. Varga, P. Vojtanť”k, H. Sassik, R.

Grĺossinger: Proceedings from 5.Internat. workshop Non-Crystalline solids, Santiago,Spain (1997) [3] F. Walz: Phys. Stat.Sol. (a) 85 (1984) 503 [4] H. Kronmĺuller: Phil. Mag. B48 (1983) 127 [5] P. Vojtanť”k, R. Varga, J. Krav“cťak, A. Lovas: Mat. Sci. & Eng A226-228 (1997) 736