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Perfect order and stoichiometry 
  
  
The perfectly ordered compound MgB2 is also stoichiometric. It has a very narrow 
equilibrium phase field: no deviation from the ideal composition has been reported so 
far. The value of T

c
 for bulk samples and single crystals is very close to 39 K.  

  
However, this value can be influenced by impurities and by mechanical stress. It has 
been shown by X.X. Xi et al. in Physica C 456,22(2007) that on high quality 770 nm 
thick films produced by Hybrid physical-chemical vapor deposition (HPCVD) on 
sapphire substrates, Tc can even reach 40.3 K. The corresponding value for the 
normal state electrical resistivity ρ

ο
 was as low as 0.1 µΩcm (RRR=80).  

  
This is the lowest reported value of ρo of all known superconductors. Only the A15 
type compound V3Si - also stoichiometric and perfectly ordered - has a similarly 
low value: ρo 

 
= 1 µΩcm (for comparison, the lowest value for Nb

3
Sn single crystals is 

close to ρo = 4 µΩcm). 
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The effect of Carbon addition on Tc and Bc2 
 

Carbon was found to substitute B in the MgB2 lattice, inducing a 
decrease of Tc and a lowering of the electronic mean free path. As a 
consequence, the value Bc2 increases considerably, by almost a factor 2.  
 
Hässler et al. (2008) found a value of 34 T for Bc2(0); slightly higher values 
were found by M. Susner (PhD work, 2012). The maximum of Jc is 
observed for x ~ 0.12 in the formula (MgB2-xCx), corresponding to ~ 6.5 
% Carbon in Boron (W. Hässler et al, 2008). At this composition, Tc is close 
to 30K. 
 
As shown by X.X. Xi (2008) and also by specific heat measurements (M. 
Putti, 2008): substitution of B by C leads from 2-band to 1-band behavior. 
This is also observed after high energy neutron irradiation (C. Tarantini, 
2007): Generally, one can say that atomic disorder causes a gradual 
transition from 2-band to 1-band. 
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Disorder mechanism in the Nb3Sn and in MgB2 structures 
 

The variation of Tc vs. neutron fluence (1 MeV neutrons) is very similar 
for Nb3Sn and MgB2. Both are highly ordered structures; in addition, the 
Fermi energy EF is in both cases situated close to a maximum of N(E).   
 

Hypothesis:  
In both Nb3Sn and MgB2, high energy irradiation induces a lowering of 
the atomic order parameter, causing a similar decrease of Tc. How does 
a site exchange occur?  
 

The Focusing Displacement Collision Sequences 
In A15 type compounds, the Nb  Sn site exchange leading to higher 
disorder occurs along the <102> direction, at the end of the collision 
process. 
 

In MgB2, no measurement of the degree of atomic ordering after 
irradiation is available yet. However, such a focusing direction in the 
lattice exists where Mg  B site exchanges are possible: the <243> 
(shown above) could act as a focusing collision sequence.  
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Very high critical fields in thin MgB2 films   
*   Very high values of Bc2 (> 60T) have been reported for MgB2 thin films 
prepared by Hybrid physical-chemical vapor deposition (HPCVD): 
    X.X. Xi et al. Rep. Prog. Phys. 71,116501(2008), Y. Iwasa, D.C. Larbalestier, et al. IEEE Trans. 
Appl. 
    Supercond., 16, 457(2006), V. Ferrando et al. Appl. Phys. Lett., 87, 252509(2005), C. Ferdeghini et 
    al. IEEE Trans. Appl. Supercond. 15, 3234 (2005) and others. 
 

• Ferrando et al. (2005) have reported carbon alloyed MgB2 HPCVD 
films 

with Bc2 ~ 55T and Birr ~ 40T and high Jc values at high fields. These 
values have so far never been reproduced in bulk or filamentary MgB2. 
 

• The very high Bc2 values of thin flms have been theoretically 
studied by Gurevich (2007), who recognized the 2-band structure as the 
main reason. There are still questions about the fundamental 
mechanism leading to these extreme values. 
 

• The reasons for the very high Jc values in films are attributed to 
their particular microstructure, combining very small grains (10-20 nm) 
and possibly oxygen doping. Since they do not have an influence on 
filamentary MgB2 conductors, the thin films results will not be further 
discussed in the present talk.   
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Enhancement of Jc in MgB2 wires 
 

Intense work has been performed in the last years to improve the Jc and 
the Je values (Je is the «engineering» critical current density: the critical 
current is divided through the entire wire core section). 
  

A review of a large number of other additives was published by E. 
Collings et al. (2008). The first successful way to add Carbon to MgB2 
was found by Dou et al. (2002) who added SiC, which was found to 
decompose during the reaction process, thus allowing the substitution of 
B by the free Carbon. Today, pure C is mostly added to MgB2 wires. 
 

Further progress was reached by enhancing the connectivity between 
grains. The importance of connectivity was first recognized by J. M. 
Rowell (2003). The mass density ratio inside the reacted MgB2 filaments 
varies between 50% (in situ wires) to almost 100% (second generation 
wires, see later). 
Finally, the fill factor inside the wire was recently raised to values well 
above 20%, thus extending the competitivity of MgB2 wires. 
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Processing routes for multifilamentary MgB
2 
wires 

  All known processing routes follow a similar sequence: 
  A given initial powder configuration inside a metallic sheath.  
   1.  After mechanical deformation by drawing, a monofilamentary wire is obtained.  
   2.  After bundling, a multifilamentary configuration is obtained; deformation to final 
        diameter.  
   3.  Final heat treatment 
  The main difference between resides in the initial powder configuration. 
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The initial powder configuration 
 

In contrast to «ex situ» processing, which starts with already formed MgB2 powder, 
there are other routes which start with elemental powder mixtures: roughly, they can 
be summarized by  
 

1st generation and 2nd generation wires. 
 

The difference between the US and Japanese 2nd generation wires is small, but 
substantial. 
 
 
Compared to the “ex situ” wires (presently, only binary wires are produced), the heat 
treatment conditions are markedly different, and so are the properties: 
 

  Mass density inside the MgB2 filament (between 50 and ~ 100%) 
  Grain size 
  Fill factor 
  Mechanical stability 
  Critical current density, in particular at high fields (due to C alloying) 
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Forecast: Potential Price/Performance of MgB

2
 Wires 

 

Today, the processing route for MgB2 wires with the largest distribution is 
the “ex situ” technique, followed by the 1st generation or “in situ” wires. It 
may be noted that “ex situ” as well as “in situ” wires have a common 
feature: only one initial constituent is a powder. 
 
MgB2 wires of the 2nd generation are still under development. Inherent 
difficulty in the development of 2nd generation wires (AIMI or IMD-PIT):  
two concentric powder constituents (see schematic representation at 
page 13). To produce long lengths of wire with such a configuration, 
particular deformation precedures had to be developed. The future effort 
will be concentrated in extending these lengths to > 40 km and later, to 
80 km. The transition to longer lengths will require the development of 
extended facilities, but will also mean a lowering of production costs to 
an unprecedented level (see the above Table).   
 
For applications at <1 T, e.g. in cables, the costs will be < 1 $/kAm (10 
$/kAm today), while for MRI magnets (~ 3 T), the expected costs are as 
low as 2.5 $/kAm. 
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The search for artificial pinning in MgB2 

 

S.K. Chen et al. (2006) published an enhancement of Jc of MgB2 bulk 
samples at low magnetic fields after mixing Dy2O3 powders before the 
final reaction. The size of the some Dy2O3 powders, a few µm, was 
reduced to several nm during reaction. The result was interpreted as 
being the effect of artificial pinning. 
 
G.Z. Li et al (2014) introduced Dy2O3 powders of the same initial size in 
AIMI MgB2 wires and obtained a slightly different result: 
1.  No enhancement of Jc at low fields at 4.2K 
2.  Enhancement of Jc at 4.2/10T.  
3.  A surprising enhancement of Jc at T = 20 and 25K.  
 
This would mean that a solenoid at 20K could enhance its produced field 
by 0.9 T. The pinning mechanism is not clear yet, but the effect is 
worthwhile to be further investigated. 
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In addition to MRI magnets, the most promising applications for MgB2 

wires are Cables and Motors.   

MgB2 cables 
The inherent properties of MgB2 render it particularly efficient for low 
field applications, at temperatures between 4.2 and 25K.  

This opens the possibilities of cooling by He vapour or even by liquid 
hydrogen. In view of the foreseeable shortage of liquid He in the next 
decade, this enhances the chances of MgB2 applications. 

There have been quite recently strong improvements of the current 
capability of MgB2 cables. A series of cables are presented in the 
following.  
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