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Ab str ac t  

The structure, microstructure, magnetic and superconducting properties of the arc-melted 
ternary alloys Co67-xV~Z~r33 and CosoFe17Zr3a are investigated. Substitution of cobalt on 
vanadium sites in V6TZr33 (MgCu2-type structure) transforms the structure to MgZn2 type 
for cobalt concentrations higher than 9 at.%, but for cobalt concentrations higher than 
50 at.% the alloys again transform to the MgCue-type structure. MgCu2-type structure 
alloys have large magnetic susceptibility and possess magnetic moments. The negative 
Curie temperatures indicate that the alloys would order antiferromagnetically at low 
temperatures. Only vanadium-rich alloys of MgCua-type structure are superconducting. 

1. I n t r o d u c t i o n  

Most of the Laves phase alloys have either an MgCu2-type (C15) or an 
MgZn2-type (C14) structure. These Laves phase alloys and their hydrides 
have interesting mechanical and superconducting properties with potential 
for applications. Because of  their high melting temperature and outstanding 
strength at elevated temperatures,  these alloys may be used as high-temperature 
structural materials and a typical example is TiCr2 [1]. The vanadium-, 
hafnium- and zirconium-based MgCu2-type structure alloys exhibit super- 
conducting transition temperatures  in the range 8-1  1 K and show high critical 
magnetic fields and current densities [2, 3]. They are also insensitive to 
neutron irradiation [4] and absorb large amounts of hydrogen [5, 6]. The 
other characteristic features of these alloys are that they show lattice instability 
at low temperatures  [7, 8], have high electronic density of  states at the 
Fermi surface and show the presence of spin fluctuations [9, 10]. Substitution 
of  ferromagnetic metal atoms such as cobalt  and iron on the vanadium sites 
in the binary MgCu2-type structure V67Zr38 causes a change in the crystal 
and electronic structures. The magnetic propert ies of the binary MgCu2-type 
structure Co2Zr have been reported by Aoki et al. [1 1 ]. The MgCu2-type 
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structure Laves phase formation and their magnetic and superconducting 
properties were reported earlier [12]. This paper reports the formation of 
the Laves phases in the Co/Fe-V-Zr system and their magnetic and super- 
conducting properties. 

2. E x p e r i m e n t a l  deta i l s  

Eleven alloys of composition Co67_~VxZr33 (0<x~<67) and an alloy of 
composition CosoFelTZr83 were prepared by arc melting on a water-cooled 
copper hearth in an argon atmosphere. The arc-melted alloys were homogenized 
by a heat treatment at 1500 K in a vacuum of 10 -6 Tort for a period of 
24 h. The crystal structure of the alloys was determined by X-ray diffraction 
of powdered samples and the lattice parameters were calculated from the 
X-ray diffractograms taken at room temperature using Cu Ka radiation. The 
phase distribution and composition of the alloys were investigated by optical 
microscopy, scaiming electron microscopy (SEM) and energy-dispersive X- 
ray analysis (EDXA) techniques. The temperature-dependent mass magnetic 
susceptibility X in the temperature range 90-300 K was measured by the 
Faraday technique. The superconducting transition temperature T¢ and the 
transition width ATe were determined down to 2 K from inductance mea- 
surements using an a.c. inductance bridge working at 18 kHz. 

3. Resu l t s  and d i scuss ion  

The distribution of the ternary MgCu2-type (C15) and MgZn2-type (C14) 
structure alloys in the Co-V-Zr system is shown in Fig. 1. 

The ternary cobalt-rich alloys C08aV4Zr33 and C058VgZr3a and the vanadium- 
rich alloy CoaV63Zr33 have MgCu2-type structure. Four alloys with composition 
Co~7_xV~Zr3a (17 ~<x~< 50) have MgZn2-type structure. C09VssZrsa consists of 
two phases of MgCu2- and MgZn2-type structures. The cell volume of the 
phases is plotted as a function of composition in Fig. 2(a). The cell volume 
decreases almost linearly with increasing cobalt concentration, as expected, 
because the atomic radius of cobalt (1.25/~) is smaller than that of vanadium 

C r 

Co V 

Fig. 1. Distribution of MgCuz-type (C15) and MgZn2-type (C14) structure Laves phases in 
ternary Co6~-~V~Zra3 system. 
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Fig. 2. (a) CeU volume and (b) room temperature mass magnetic susceptibility X of MgCu2- 
type (C15) and MgZn2-type (C14) structure Laves phases as a function of composition in 
Co0~_~V~Zr3~. 

TABLE 1 

Lattice parameter, room temperature mass magnetic susceptibility X (RT), effective magnetic 
moment ~e~, Curie temperature ep, superconducting transition temperature T¢ and transition 
width ATe of Co67_xVaZr33 (0~<x<67) alloys 

Alloy Phase Lattice x(RT) Peg /z per Co 0p Tc ATe 
parameter (~emu (~B) atom (K) (K) (K) 
(~) g- l )  (~B) 

V6~Zraa MgCu2 a = 7.43 5.30 0.51 
Co4V88Zra~ MgCu2 a = 7.38 4.39 0.41 2.0 
CogVssZraa MgCu2 a =  7.35 3.36 0.31 1.07 

+ 
MgZn2 a = 5.19 

c = 8.43 
ColvVs0Zrss M g Z n 2  a=5 .16  2.48 

c = 8.37 
Co25V42Zra3 MgZn 2 a = 5.10 2.60 

c=8.39 
Co34VaaZraa MgZn2 a = 5.05 2.84 

c = 8.25 
Co42V25Zr33 MgZn2 a = 5.04 3.02 

c=8.21 
CosoVl~Zras MgZn~. a=4 .99  3.76 

c=8.15 
Co59VsZrsa MgCu2 a = 7.00 4.64 
CoeaV4Zrss MgCu~. a=6 .96  5.12 0.13 0.16 
Co67Zrss MgCu2 a = 6.94 5.84 0.43 0.52 
CosoFel~Zr3~ MgCu2 a =  6.97 16.80 1.30 3.67" 

- 1 6 0  8 . 0  1 . 2  

- 1 3 2  8 . 4  1 . 4  

- 1 3 0  2 1 

- 2 9  
- 8 2  

- 163 

"Magnetic moment per ferromagnetic atom. 

( 1 . 3 4 / ~ ) .  T h e  a l loy  w i t h  t w o  f e r r o m a g n e t i c  c o m p o n e n t s ,  CosoFelvZr88, h a s  
a s l igh t ly  l a r g e r  ce l l  v o l u m e  a n d  t h e  Lave s  p h a s e  is o f  MgCu2- type  s t r u c t u r e .  
T h e  s t r u c t u r e  t y p e  a n d  l a t t i ce  p a r a m e t e r s  of  all  t he  Laves  p h a s e s  a r e  l i s t e d  
in  T a b l e  1. Opt i ca l ,  SEM a n d  EDXA i n v e s t i g a t i o n s  s h o w  in  s o m e  c a s e s  a 
s m a l l  a m o u n t  of  p r e c i p i t a t i o n  o f  s e c o n d a r y  p h a s e s  in  t h e  g r a i n s  o r  a t  t h e  
g r a i n  b o u n d a r i e s  w h i c h  w e r e  n o t  d e t e c t e d  b y  X- ray  d i f f rac t ion .  

T h e  m a s s  m a g n e t i c  s u s c e p t i b i l i t y  a s  a f u n c t i o n  o f  t e m p e r a t u r e  fo r  t he  
a l loys  of  c o m p o s i t i o n  Co67_~V~Zr33 (0~<x~<50)  is  s h o w n  in  Fig.  3. V6vZrsa 
s h o w s  a n  a n o m a l y  in  t he  x-T c u r v e  i n  t h e  t e m p e r a t u r e  r a n g e  1 0 0 - 1 3 5  K 
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Fig. 3. Mass magnetic susceptibility X as a function of temperature for MgCu2-type (C15) and 
MgZn2-type (C14) structure alloys in Co67_~V~Zr33. 
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Fig. 4. Mass magnetic susceptibility X as a function of temperature of MgCu2-type (C15) and 
MgZn2-type (C14) structure alloys in Co~_xVxZr83. 

which is associated with the cubic-to-rhombohedral phase transformation. 
This phase transformation is also confirmed by temperature-dependent X- 
ray diffraction studies and is consistent with earlier investigations [7, 8]. 
Co4VB3Zrsa does not show any anomaly, indicating that no phase transformation 
occurs in this alloy. Co4V63Zr33 and CogV~sZr83 (mixed phase) have temperature- 
dependent X and possess  magnetic moments. The effective magnetic moments 
(t~e~) and magnetic moments per cobalt atom of these alloys were determined 
from Curie-Weiss plots. Substitution of  cobalt on the vanadium sites reduces 
the room temperature value as well as tees. The room temperature X, ~e~ 
and t~ per cobalt atom values are listed in Table 1. The magnetic moment 
per cobalt atom in Co4V63Zr83 is 2.0 t~B, which is approximately two-thirds 
of  the corresponding value for metallic cobalt (the effective magnetic moment 
of  7-Co is 3.15 tLs). The MgZn2-type structure alloys of  composition 
Co~7_xV~Zr88 (1 7 ~<x~< 50) show temperature-independent X (Figs. 3 and 4). 
The room temperature values are smaller than those of  MgCu2-type structure 



142 

z ~ l C°09V58Zr33 I I I 
-~ 1C15) I 
~I~S V67Zr3"~ i 
:" I #, z ~.C15) 

:o~V63Zr33 
0 , 

2 L ~ g T(KI 
Fig. 5. Superconducting transitions of V6vZr33, Cu4V6aZra8 and CogV58Zra3 alloys. 

alloys and increase with increasing cobalt  concentration. The room temperature 
values are listed in Table 1. The alloy of MgCu2-type structure with composition 
Co58VgZr33 also has temperature-independent X, but  the room temperature 
value is higher than those of MgZn2-type structure alloys and is comparable 
to that of  the vanadium-rich alloys with MgCu2-type structure. 

The cobalt-rich alloys Co6aV4Zra~ and C06vZra3 with MgCu2-type structure 
show temperature-dependent  X (.Fig. 4). The room temperature values are 
comparable to those of the vanadium-rich MgCu2-type structure alloys but  
the magnetic moments  are lower, as listed in Table 1. The room temperature 
X value of  Co6~Zr33 and its weak temperature dependence agree with the 
data of Aoki et  al. [11]. CosoFe17Zr33 (MgCu2-type structure) shows tem- 
perature-dependent  X and the room temperature X, ~e~ and ft per  (Co + Fe) 
atom values are 16.80 ~temu g - l ,  1.30 PB and 3.67 PB respectively. The 
variation in room temperature magnetic susceptibility X as a function of 
composit ion is also shown in Fig. 2(b). The Curie temperatures  (0p) of the 
MgCu2-type structure alloys range between 29 and 163 K and are negative, 
indicating that these alloys would order antiferromagnetically at low tem- 
peratures.  The 0p values are also listed in Table 1. V67Zr33 [ 13 ] and Co4V63Zr33 
are superconducting with T¢ (ATe) values of  8.0 (1.2) and 8.4 (1.4) K 
respectively. C09V58Zr33 (mixed phase) has Tc (ATe) values of  2 (1) K. The 
superconducting transitions are shown in Fig. 5. 

4. C o n c l u s i o n s  

Substitution of  cobalt  on the vanadium sites in binary V6~Zr33 alloy of 
MgCua-type structure transforms the structure to MgZn2 type for cobalt  
concentrations higher than 9 at.%, but  for cobalt  concentrations higher than 
50 at.% the alloys again transform to the MgCu2-type structure. The MgCu2- 
type structure alloys (both vanadium and cobalt  rich) have large magnetic 
susceptibility and possess  magnetic moments.  The negative Curie temperatures  
indicate that they would order antiferromagnetically at low temperatures.  
Only vanadium-rich alloys of  MgCu2-type structure are superconducting. 
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