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Fig. 1. Mossbauer spectra of amorphous NdFe;;TiB3
at low temperature,
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Fig. 2. Mossbauer spectra of amorphous NdFe,,;TiB 3
near the Curie temperature.

Table 1. Mdssbauer parameters for amorphous NdFe,;
TiBys. Hyr is the magnetic hyperfine field, 4 Eq the
quadrupole splitting, the I'; the line width of first ab-
sorption line, and d the isomer shift relative to a-Fe at
room temperature,

amorphous  T{(K)  H,,(kOe) 4 E,(mm/s) &(mm/s) I (mm/s)
13 260.6 0.00 —0.06 1.78
77 253.1 0.00 —0.09 1.83
NdFey,; TiBy; 180 212.8 0.00 -0.14 2.22
230 185.3 0.00 —0.20 2.38
295 131.1 0.00 —0.22 2.82
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Fig. 3. Fractional change of the average magnetic
hyperfine field H,, as a function of (T/ T¢) 82
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Fig. 4. Dependence of magnetic isomer shift, &, on
the temperature in amorphous NdFe,,;TiBg3.
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Table II. Curie temperature Tc, H,, is the average
hyperfiﬁe field, saturation magnetization & and
coercivity He of amorphous and crystalline NdFey;
TiBys at room temperature,

phase Te(K)  Hur(kOe) os(emu/g) Hc(Oe)
Amorphous 390 131 81 58
Crystalline 570 256 114 120
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Fig. 5. Temperature dependence of the quadrupole shift
for amorphous NdFe,o; TiB 3.
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Fig. 6. Mossbauer spectra of amorphous NdFe,;TiBg;
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Fig. 7. Reduced magnetization M (T) /M (0) and mag-
netic hyperfine field H, s(T) /H;{0) vs reduced tem-
perature T/T¢ for amorphous NdFey,; TiBg3.

M(T)/M(0), Hue(T)/Hur(0)
'yﬁ



2 Mossbauer spectruma VSM Ao g Y
e A5 Ageh olw) Curie 2=+ 380 K2
st9lem] Curie &% ojAboll4] 2}7] moment ;9]

-Fe 2] Z2a& o|=3 4 ¢l o.v] Mdssbauer

[o-Ja-Jeo-JaoJo-]
IR

ABSORPTTION (%)
I3
T

VELOCITY (mm/s)

Fig. 8. Mdssbauer spectra of crystalline NdFey,;Ti
By at various temperature,

A e 2485 800 TollA 302 I3 73 &
sk thalabe] tetragonal ThMny,, AAA[13]S o
F Adglen ) -9 Lol wE Mdssbauer spec-
trum-& Fig, 83} ztc}, A Alo Aol 842 Fel: 8i),
81z, 8j2. 8j1, H 8f2l 5 site[13] 2 BAstgde}. v
A At A4S wladt 43S Table Dol 348}
A v 2257 w4 tetragonal T2 W
off w2t Curie 2%, Z3}x13}, dajro] =% g S

2=} 7183 = Volume 7, Number 3, June 1997

ok 4 elgie,

o] =&-& 1994 E ghEhEalgAgte] e A
£ A7 ) =l g akeRig e (961-0210-
065-2) #|Hell 21k Aolw] o]l Zhalzgl1]c,

[1] K. Ohashi, Y. Tawara, R. Osugi, and M,
Shimao, J. Appl. Phys., 64, 5714 (1988).

[2] J. Ding and M. Rosenberg, J. Mag. Mag. Mat.,
80, 105(1989).

[3] Y. C. Yang, X. D. Zhang, S. Ge, Q. Pan, L. S.
Kong, B. S. Zhang, Y. Ding and C. T. Ye,
J. Appl. Phys., 70, 6001 (1991).
[4]Y. B. Kim, H T. Kim, C. S. Kim and T. K.
Kim, IEEE Trans. on Mag., 29, 2848 (1993).
[5]S. W Lee Y.J. Lee, S. Y. An, C. S. Kim, Y.
B. Kim, and C. S. Kim, J. Korean Mag. Soc., 6,
361(199).

[6] C.S.Kim, S, B. Kim, J. S. Lee and T. H. Noh,
J. Appl. Phys., 79, 5459 (1996).

[7]C.S. Kim, S, W. Lee, S, 1. Park, J. Y. Park,
and Y. J. Oh J. Appl. Phys., 79, 5428(1996).

[ 8] C. L. Chien and R. Hasegawa, Phys. Rev. B, 16,
2115(1977).

[ 9] C. Herring and C. Kittel, Phys. Rev., 81, 869
(1951).

[10] C. S. Kim, 1. B. Shim, M. Y. Ha and J. Y.
Park, J. Appl. Phys., 73, 5707 (1993).

[11] C. L. Chien, Phys. Rev. B, 8, 1003(1978).

[12] H. N. Ok, K. S. Baek and C. S. Kim, Phys.
Rev. B, 24, 6600(1981).

[13] C. S. Kim, Y. J. Lee, S. W. Lee, Y. B. Kim and
C. S. Kim, J. Appl. Phys., 79, 5516(1996).



«ATEE> Nd Fe Ti-B g4 82 #7134 44 A7 — ol 58k - 44§ - AL - Aol - A — 145 —

Magnetic Properties and the Crystallization of
Amorphous Nd-Fe-Ti-B

Seung Wha Lee, Sung Yong An and Chul Sung Kim
Department of Physics, Kookmin University, Seoul 136-702

Y. B. Kimand C. S. Kim
Korea Research Institute of Standards and Science, Taejon 305-606

(Received 20 May 1997, in final form 20 June 1997)

The amorphous state of NdFe o, TiB,3 and its nanocrystallization have been studied by X-ray diffraction,
Méssbauer spectroscopy, and a vibrating sample magnetometer (VSM), NdFe ;. TiB3; amorphous ribbons
were fabricated by a single-roll melt-spinning method, The average hyperfine field Hys (T) of the amorph-
ous state shows a temperature dependence of

[Hy, (T) = Hys (0)1/Hyr (0) = —0.46 (T / Te)** —0.34( T/ Te)*

for T/T:< 0.7, indicative of spin wave excitation. The quadrupocle splitting just above the Curie tempera-
ture T is 0.46 mm /s, whereas the average quadrupole shift below Tc is zero. The Curie and crystallization
temperatures are determined to be Tc=380 K and Tx =490 K, respectively, for a heating rate of 5 K /min,
The occupied area of nanocrystalline phase at around 770 K is about 65 %. Above the Curie temperature,
VSM data show magnetic moments increase again. The formation of a-Fe is the main reason for the increas-
ing moment as conformed with the Mossbauer measurements,



