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Abstract  
TMnle-type compounds of composition RCo~2 xTix have been prepared by arc melting and subsequent annealing. The 

magnetisation of various specimens has been measured both as a function of temperature as well as of applied fields up to 35 
T. In YCo~2_xTix, both the Curie temperature and the Co-moments strongly depend on the Ti concentration. High-field 
free-powder magnetisation measurements show a substantial coupling between the R- and 3d-moments in case of R = Dy, 
Ho, Er. In ErCOllTi and TmCol~Ti, spin reorientations are observed below 150 K. 

I. Introduction 

R-3d  intermetallics of the ThMn~2-type have been 
suggested in the past as appropriate candidates for perma- 
nent-magnet applications, because of the high crystalline 
anisotropies observed in these compounds. Initially, the 
investigations were focussed on compounds with Fe as a 
3d-element. However, during the last years several investi- 
gations have been reported on ThMn12-type compounds 
with Co as a 3d-component. As pure RCo12 compounds 
are unstable, these compounds are always obtained with 
another 3d or 4d transition metal as a constituent element 
to stabilise the compound. In case of RCo12 xVx-com - 
pounds, it was found that both the Curie temperature as 
well as the Co-moment strongly depend on the V concen- 
tration. Therefore it is interesting to investigate whether 
other transition metals, different from Co, have the same 
effect in other Co-rich ThMn~z-type compounds. In this 
paper, we present some investigations on this issue for 
RCOl2 xTix compounds. 

a SQUID magnetometer (Quantum Design). A home-built 
magnetometer based on the Faraday method was used to 
measure the magnetisation as a function of temperature 
between 300 and 1000 K. Measurements of the magnetisa- 
tion as a function of applied magnetic fields up to 35 T 
were performed in the High-Field Installation of the Uni- 
versity of Amsterdam. 

3. Results  and discussion 

In Fig. 1 the magnetisation of various YCOl2 xTix 
compounds is shown for x = 2, 1.7, 1.5, 1.2, 1. Clearly 
recognisible is the strong dependence of the magnetisation 
on the Ti-concentration. The decrease of the magnetisation 
with increasing Co-concentration is not only related to the 
magnetic dilution of the Co-sublattice but also to the 
decrease of the Co-moment itself with increasing Ti con- 
centration. Fig. 2a shows the Co-moment as a function of 
the Ti concentration. The data points almost follow a 
straight line. This observation is analogous to the situation 

2. Experimental  

The samples used in the present investigation were 
prepared by arc-melting and subsequent annealing at 
1050°C for at least 2 weeks. The quality of the samples 
was verified by X-ray diffraction, and the samples were 
found to be approximately single phase (ThMn ~2 structure). 

Magnetic measurements in fields up to 5.5 T and in the 
temperature range between 5 and 300 K were performed in 
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Fig. 1. Magnetisation curves for various YCo12 xTix compounds 
at 5 K. In order of descending saturation magnetisation the curves 
correspond to x = 1, 1.2, 1.5, 1.7, 2. 
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Fig. 2. Co-moment at 5 K vs. Ti concentration x (a) and Curie 
temperature vs. Ti concentration x (b). 

in RCol2_xVx compounds [1]. Through extrapolation, a 
value of 1.76/zB/Co can be estimated for the (chemically 
unstable) YCo12 compound. This value is close to the 
value found in pure Co, and consistent with the value 
found for YCo12 xVx compounds. The strong Ti-con- 
centration dependence of the Co moments in YColz_xTix  

compounds is reflected in strong variations of the Curie 
temperature with changing Ti concentration (Fig. 2b). 

In the case of ErCo11Ti and TmCoHTi, spin reorienta- 
tion processes were observed at 139 and 128 K respec- 
tively (typical M vs. T curve for R = Er in Fig. 3). For the 
other compounds investigated, with R = Gd, Tb, Dy, Ho, 
no such spin reorientations were observed. This suggests 
that the R-anisotropy in RCollTi compounds is determined 
mainly by lowest-order crystal field effects (for general 
details about R-anisotropy see Ref. [2]). Further investiga- 
tions regarding the anisotropy and crystal-field effects in 
RCo12_xTi x involving M6ssbauer spectroscopy are in 
progress. 

Measurements at 4.2 K of the free-powder magnetisa- 
tion as a function of applied fields up to 35 T give 
information about the R-3d  mean-field constants in 
RCOllTi compounds with R = Dy, Ho, Er. As explained in 
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Fig. 3. Magnetisation of ErCoHTi vs. temperature measured at 
B = 0 . 5  T. 
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Fig. 4. Free-powder magnetisation of ErCollTi as a function of 
applied field at 4.2 K. 

Table 1 
nR-co and JR Co values of RCo 11Ti compounds 

Compound nR_co (T f .u . / /z  B) J R - c o / k  (K) 

DyCo 1 iTi 6.1 - 9.8 
HoCo 11Ti 4.5 - 9.1 
ErCo al Ti 3.2 - 7.7 

Ref. [3], spin-canting processes may occur in ferrimagnetic 
R-3d  powder grains free to orient themselves in an ap- 
plied field B: beyond a certain critical field the 3d-mo- 
ments start to rotate towards the R-moments. The magneti- 
sation curve above the critical field, corresponding to such 
a canting process, is a straight line given by M = B / n  R 3a, 

where n R 3d represents the mean-field R-3d  coupling 
parameter. A typical example of a measurement is shown 
in Fig. 4. The nR_3a parameter can be obtained easily 
from the slope of the magnetisation curve in the spin-cant- 
ing regime. Using a simple mean-field analysis, the n R 3a 
parameters can be related to the (microscopic) exchange 

integral JR 3d [3]. In Table 1, nR_co and JR Co are given 
for the compounds investigated. The JR co values agree 
well with values obtained for RCo12 xVx compounds [1]. 
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