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LETTER TO THE EDITOR 

Magnetic properties of R3(Fe, Ti)2&, carbides (R = Nd, Sm) 
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Received 3 August 1994 

Abstract. Rs(Fe, Ti)& carbides (R = Nd, Sm) have been synthesized by gas-solid phase 
reaction. The Curie temperature is enhanced by carbonation. with values of 651 K and 641 K 
for Nd and Sm carbides respectively. The saturation magnetization of the carbides is slightly 
lower than that of their parent alloys. The Sm carbide has a large uniaxid anisotropy field, 21 T 
1 4 . 2  K and 14 T at 293 K. A coercivity of paH, = 0.3 T at room temperature in the Sm 
carbide has been developed. 

In recent years, researchers in the field of permanent magnet materials have paid much 
attention to the new type rare-earth iron intermetallic compounds R3(Fe, M)29 (M = Ti, V, 
Cr. Mn) and their nitrides 11-91, Among them, the Sm(Fe, M)29Ny nitrides @I =Ti, V) have 
excellent magnetic properties with high room temperature saturation magnetization (-1.3 T) 
and large anisotropy field (13 T) [3,71 and are potential candidates for permanent magnet 
applications. A coercivity of poi& = 0.83 T in Smpe, Ti)29Ny at room temperature has 
been achieved [8]. In the present work, we synthesized the R3(Fe,Ti)29Cy carbides (R = Sm, 
Nd) and studied their magnetic properties. 

Alloys of Nd3(Fe0.95Ti0.05)29 and Sm3(Feo.933Tio.o67)29 were prepared by arc melting, 
subsequently followed by annealing in vacuum at temperatures of 1273-1473 Kfor 10-60 h, 
then quenching in water. The ingots were ground into fine powder with an average particle 
size of about 30 pm. The gas-phase reaction between the alloy powders and acetylene 
was investigated by a thermopiezic analyser (TPA) [lo]. The carbonation conditions used 
were under a pressure of about 1 bar and at temperatures of 500-540 "C for 3 4  h. 
In order to avoid the hydrogen being absorbed into the sample, the sample space was 
pumped before cooling. The phase composition and purity of the samples were identified 
by x-ray diffraction and thermomagnetic scan at a magnetic field of 0.08 T. The latter 
measurement was also used to determine the Curie temperature. Magnetization values 
were derived from the magnetization curves in fields up to 6 ~ T  by an extracting sample 
magnetometer. Anisotropy field values were derived from the magnetization curves parallel 
and perpendicular to the aligned direction in the field up to 6 T and 10 T of an aligned 
sample Sm3(Fe,Ti)29CY by an extracting sample magnetometer and a pulsed field system. 

X-ray diffraction patterns show that the R3(Fe, Ti)29Cy carbides are single phase with the 
same structure as that of the parent compounds, except for a little or-Fe inside. Figures ] ( U )  

and (b)  show the x-ray diffraction patterns for the Sm alloy and its carbide respectively. The 
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Figure 1. X-ray diffraction pattems of: (U) the parent alloy Sm3CFeo,9337io.~?)29; (b)  the 
carbide Sm3(Feo.g33Tio.as7hCy; (e) the aligned carbide sample. 

lattice parameters of the carbides are listed in table 1, together with the data of magnetic 
properties. After carbonation the relative volume expansion AV/V is about 5%. which is 
smaller than that for the corresponding 3:29 nitrides [1,7] and that for the 2 1 7  carbides 
[ I l l  and nitrides [12]. 

Table 1. SuUClVrm and magnetic properties of Nd3(Feo,.sslio.o5)&,. and Sm,(Feo.933Tio.o67)29 
Cy compared with their parent compounds. 

Ms (IT-' B. 0 
Compound n (nm) b(nm) c(nm) ,6 C) A V l V  (53) G (K) 1.5 K 293 K 1.5K 293 K 
Nd 1.066 0.8571 0.9753 97.85 435 152 124 - - 
Nd+C 1.069 0.8900 , 0.9860 ,,., 97.9 5.2 , , 651 142 133 - 
Sm 1.065 0.8580 0.9720 96.98 486 130 113 - - 
SmtC 1.089 0.8730 0.9850 97.40 5.1 641 109 97 21 14 

- 
, ,  , 
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Figure 2. Thermomagnetic s c m  curve on Smj(Fq,933Ti,~)wCy in a field of 1.2 T. 

The enhancement of the Curie temperature, Tc, by the effect of the interstitial carbon 
is 216 K for N ~ ~ ( F ~ o . ~ ~ T ~ o . o & C ,  and 155 K for Sm3(Feeo.g33Ti0.o6,)2gCy respectively 
(see table 1). These values are lower than those for Nd3(Fe,TikgNY (240 K) [l] and 
S I ~ ~ ( F Q . ~ ~ ~ T @ . M ~ ) Z ~ N ~  (264 K) [7]. Figure 2 shows a typical thermomagnetic scan on 
Sm3(F~.g33Ti0.~7)zgC~ in an applied field of 1.2 T, performed on a magnetic balance. It 
can be seen that the 39.9 carbide starts to decompose at a temperature of about 600 "C, 
which is similar to 217 nitrides [13] and carbides 1111. TC = 641 K and A V / V  = 5% for 
Sm3(Fjea.93Tio.~7)29CY compared with T, = 670 K and AV f V = 6% for Sm2Fe& which 
might indicate that the carbon concentration y in the former is less than 3, while it was 
found that y is about 5 in Sm3(Fe0.933Tio.o67)~9N~ [71. 

160 I I I 

n 
120 c 

Figure 3 shows the magnetization curves at 1.5 K and 293 K for Nd~(FeO.~sTio.o&~ and 
Sm3(Fe,,933Tio.~)29, and their carbides. The saturation magnetization Ms values are listed 
in table 1. At 1.5 K, the Ms values of both the carbides are lower than those of their parent 
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compounds, which is different from the case of the 3:29 nitrides 171. It has previously been 
found that the interstitial carbon does not increase the magnetization [ll, 141. 

The x-ray diffraction from the aligned sample (figure l(c)) shows that the (204) 
line for Sm3(Feo,933Tio.o67)29C, is dominant, which is different from its parent compound 
where the (402) line is dominant. The easy magnetization direction along [lo21 for 
Sm3(Feo,933Tio.067)29CY corresponds to the LOO1 J direction in the superstructure of CaCus 
type. Figure 4 shows the magnetization curves measured on the aligned powder sample 
parallel and perpendicular to the aligned direction at 1.5 K and 293 K. By plotting 
AM = Mil - M s  versus Bo and linearly extrapolating A M  to zero, we obtained the values 
of the anisotropy field. The anisotropy fields of Sm3(F~.933Tio.o67)~gC, carbide Ba = 21 T 
at 1.5 K and B, = 14 T at 293 K are slightly higher than those of Sm3(FQ,933Tio.067)z9Ny 
nitride [7], but are close to those of SmzFe17C, nitride [ll]. Experimental data showed that 
the Nds(Feo.95Tio.o5)2gC, carbide has planar anisotropy. 

The hard magnetic properties of the new interstitial carbide Sm3(F~.933Tio.o67)~9C~ have 
been investigated. As an initial result, an intrinsic coercivity of p0iHc = 0.3 T has been 
achieved at room temperature. 

In conclusion, the carbides R3(Fe,Ti)z9Cy (R = Nd, Sm) prepared by gas-solid 
phase reaction have been synthesized. The new Sm3(Feo,933Tio,o67)29C, carbide with 
Nd3(Fe, Ti)~g-type structure has good intrinsic magnetic properties close to Sm2Fel7CY 
carbide with ThzZn17-type structure 1111, especially the high Curie temperature and large 
room temperature anisotropy field. So the 3:29 phase of Sm-Fe-3 carbide may be a 
promising candidate for permanent magnet applications. 
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