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 Abstract – We present a study of the effect of CaCO3 additions in the microstructure, critical current density and upper 

critical field of MgB2 bulk superconducting samples. The aim of the work is to study a possible counterbalance effect due to the 
simultaneous hole and electron doping, and to identify the possible formation of ideal nanoscale defects to optimize the critical current 
density under different applied field regimes. 

 
Since the discovery of superconductivity at 39 K[1] in MgB2, considerable progress has been made in 

the understanding of the fundamental properties of this material. MgB2 appears to be a suitable candidate for 
superconducting technologies currently based on Nb-alloys wires to produce large magnetic fields. However, 
to make practical devices using MgB2, it is essential to optimize simultaneously the critical current density Jc 
and critical magnetic field (Hc2). This can be achieved by an improvement in grain connectivity [2] but also to 
the addition of suitable defect nanoparticles or doping, i.e. Mg(B1−xOx)2 [3], SiC [4-6], Al [7], and carbon 
nanotubes (CNT) [8–11].  It is also well known that C doping (or the addition of C-compounds) also improves 
Hc2 due to the effect on the interband scattering coefficients of this two-gap superconductor [11-12]. 

The study of a counterbalance effect due to the simultaneous hole and electron doping is still very 
atttactive in this material. In the present work it is described the preparation of the MgB2 samples with 0, 1 
and 5%at CaCO3 additions, that may contribute with C and Ca, to replace B or Mg in the crystalline structure 
of the matrix, plus the formation of other precipitates, depending on the synthesis temperature. 
Microstructural characterizations through SEM and XRD, were used to determine the possible distribution 
and composition of the obtained samples. Magnetization was used to determine Jc while transport 
measurements were used for critical field determination. For samples treated at 900 C, it is interesting that Tc 
is barely diminished by CaCO3 additions (see Figure 1) but Jc was improved in high magnetic fields due to an 
increase in Hc2 (see Figure 2).   
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Figure 1: Jc field dependence determined by 
magnetization at two temperatures. The inset shows 
the critical temperature of same samples. 

 

0 1 2 3 4 5

103

104

105

34 36 38 40
-1,0

-0,5

0,0

 

 

-M
/M

(5
K

)

Temperature, T (K)

 CA00-900
 CA01-900
 CA05-900

 

C
rit

ic
al

 C
ur

re
nt

 D
en

si
ty

, J
c 

(A
/c

m
2 )

Applied Field, µ
0
H(T)

 CA00-900 Pure MgB
2

 CA01-900 MgB2 + 1% at. CaCO
3

 CA05-900 MgB2 + 5% at. CaCO
3

5K

20K

 

10 15 20 25 30 35 40
0

2

4

6

8

10

12

 

C
rit

ic
al

 F
ie

ld
, µ

0H
(T

)

Temperature, T(K)

 H
irr

        H
c2

     
    
    

 
Figure 2: Transport measurements of the upper 
critical field (Hc2, solid symbols) and the beginning of 
the dissipation (Hirr, open symbols) 


