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Effects of C substitution in MgB2 on the pinning mechanism    

 J.L. Wang, R. Zeng, J.H. Kim, L. Lu and S.X. Dou 

Institute for Superconducting and Electronic Materials, University of Wollongong, 

Northfields Avenue, Wollongong, NSW 2522, Australia 

Abstract 

The temperature and magnetic field of the critical current density of four selected pure and 

C-doped MgB2 samples have been investigated in detail and the flux pinning mechanism 

has been analysized. It was found that the sintering temperature and the substitution of 

carbon can significantly modify the flux pinning mechanism. Below 30 K, the reduced field 

dependences of the reduced pinning force for all investigated samples are found to closely 

obey one scaling law, reflecting the presence of only one dominant pinning mechanism. A 

δTc pinning mechanism was found to be mainly responsible in pure MgB2 samples while 

the δl pinning mechanism becomes dominant for C-doped samples.   

 

Key Words: MgB2, Carbon substitution, flux pinning mechanism, Critical currents 

PACS:  74.70.Ad , 74.25.-q, 74.25.Qt, 74.25.Op, 74.25.Sv 
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Introduction 

The discovery of superconductivity in MgB2 below 39 K has attracted a huge amount of 

attention [1-10] due to its great potential for applications and variety of unusual properties, 

such as its order parameter symmetry and the large anisotropy ratio of the upper critical 

field Hc2
ab/Hc2

c [2].  

Because the strong pinning and high upper critical field are critical for many MgB2 

applications, a lot of efforts have been made to introduce dopants into the host structure to 

elucidate how the crystal structure, internal charge states, and Tc are interrelated, as well as 

how to improve the superconducting properties [2-6]. It was proved that the doping [10, 11] 

and particle irradiation [12] could be appropriate methods for improving the upper critical 

field Hc2 and high field transport Jc of MgB2 and carbon seems to be most promising for 

enhancing Hc2 among the numerous possibilities of doping MgB2 [3, 10]. Moreover, study 

of the vortex matter phase diagram of MgB2 can help in understanding the pinning 

mechanism of this material. It is accepted that the flux pinning force density is a function of 

temperature and magnetic field [13] and is determined by the micro and nanostructure of 

the sample [10, 12, 14, 15]. The field dependence of normalized flux pinning force can give 

an indication of the pinning mechanism operative in the particular sample [8, 10, 12, 16]. 

According to the size of pinning center, the pinning mechanism can be classified into three 

types [14]: point, surface and volume. Grain boundary (surface type) is found to be the 

main pinning mechanism in MgB2 samples [12, 16]. Recently, it also was found that the 

pinning mechanism can be modified by SiC-doping [15] and the neutron irradiation [16].  

In type-II superconductors, it is accepted that there are two very important 

elementary interactions between vortices and pinning centers: the magnetic interaction and 

the core interaction [13]. The magnetic interaction stands for the interaction of surfaces 

between superconducting and non-superconducting materials parallel to the applied field 
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and is very small compared with the core interaction in MgB2-based samples, due to its 

large GL coefficient κ (∼26 in MgB2 [7]). The core interaction stands for the coupling of 

the locally distorted superconducting properties with the periodic variation of the 

superconducting order parameter. The core interaction includes two types of mechanism: 

δTc and δl pinning. The δTc pinning refers to the spatial variation of the GL coefficient 

associated with disorder due to variation in the transition temperature Tc, while δl pinning is 

associated with the variation in the charge-carrier mean free path l near lattice defects [7, 

13]. For polycrystalline [7], thin film [8], and single crystalline [9] MgB2 samples, it has 

been found that the dominant pinning mechanism is δTc pinning, which is related to spatial 

fluctuation of the transition temperature. However, it is unclear whether this is true with 

respect to the mechanism involved in C-doped MgB2 samples, because C substitution for B 

in MgB2 leads to further disorder [3] and an increase in the residual resistivity [10], 

reflecting the shortening of the mean free path l.  

In this investigation, we will focus on these issues and try to understand the effects 

of sintering temperature and C substitution in MgB2 on the physical properties, especially 

on the pinning mechanism. 

 

Experimental process 

MgB2 bulk samples were prepared by an in-situ reaction method [3]. Powders of 

magnesium (Mg, 99%) and amorphous boron (B, 99%) were mixed for fabrication of MgB2 

bulks. The carbon-doped MgB2 samples were obtained by combining the magnesium (Mg, 

99%) and amorphous boron (B, 99%) powders with citric acid (C6H8O7).  All the samples 

were sealed in iron tubes, sintered in a tube furnace at 650oC to 950oC for 30 min in an 

argon atmosphere, and finally furnace-cooled to room temperature. In this investigation, 
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four samples prepared under different conditions were selected and labeled as Nos. 165 and 

185 for pure MgB2 and Nos. 485 and 495 for C-doped samples. The experimental details 

are described in Table I. 

 

Results and discussion: 

(1) Lattice parameters  

All these four samples show almost identical x-ray diffraction patterns. Analysis of the x-

ray diffraction patterns of randomly-oriented fine powder samples showed that all samples 

are essentially single phase and have the MgB2 structure, as expected, with an amount of 

less than 10 wt% MgO constituting the single impurity phase. The x-ray data were analyzed 

by Rietveld refinement using the FULLPROF program [17]. Figure 1 shows the 

experimental and calculated x-ray diffraction patterns for sample No. 485 as a typical 

example. The pattern factor Rp, the weighted pattern factor Rwp, and the expected pattern 

factor Rexp are 5.41, 7.39, and 5.37, respectively. The results of the refinements for all 

compounds are listed in Table I. It can be seen that the carbon doping leads to an obviously 

anisotropic variation of the unit cell (c/a) with a larger decrease for the a-axis. The carbon 

content in the C-doped Mg(B1-xCx)2 samples was estimated and is listed in Table I using x 

= 7.5 × Δ(c/a), with Δ(c/a) being the change in c/a compared to the pure MgB2 [11], as 

reported in [3]. (Here we use the single crystal MgB2 as a reference point [18].)  

(2) Flux pinning mechanism 

We have measured the magnetic hysteresis loops (MHL) for all samples at various 

temperatures below Tc.  From these M(H) loops, the Jc(B) curves at various temperatures 

have been calculated using the Bean model [3] and are shown in Fig. 2 (a) and (b) for 

samples No. 185 and 485, respectively, as typical examples. The case is quite similar for 

other two samples. The curves for lower temperature (T < 13 K) are not shown because of 
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large flux jumping. It can be seen that the C-doping sample exhibits higher Jc values 

compared with the undoped sample at the same sintering temperature. For example, Jc at 15 

K and 20 K for No. 485 achieve 62000 A/cm2 and 33000 A/cm2 at 1 T, respectively, while 

the corresponding values are 44000 A/cm2 and 29000 A/cm2 for No. 185 by comparison.  

It is well established that, in the mixed state of a type II superconductor, if the flux 

pinning is dominated by a single mechanism, the field dependence of the pinning force (Fp 

= μ0H×Jc) should obey the general relationship [8, 14] that Fp is proportional to hn(1-h)m, 

where h is the reduced field, with h = H/Hirr, and n and m depend on the type of pinning. 

There are various methods reported in the literature [8] to determine the irreversibility field 

Birr = μ0Hirr in MgB2, deriving it from both the magnetization and the resistivity. Here, we 

use the Jc criteria of 106 A/m2 to determine the value of Hirr [7]. It was found that for all the 

samples investigated, the temperature dependence of μ0Hirr can be closely fitted using 

μ0Hirr(T) = μ0Hirr(0)[1-(T/Tc)
2]3/2, which is characteristic of 3D flux creep [7, 8, 13]. The 

similar behavior of Birr has been reported for MgB2 thin film samples [8].  The 

experimental data for Birr are shown with the fitting result in the insets of Fig. 2 for samples 

No. 185 and No. 485 as a typical example.   

The pinning force Fp has been calculated using Fp = μ0H×Jc, and we plot the curves of 

the reduced pinning force f versus the reduced magnetic field h (f = Fp/Fp max with Fp max 

standing for the maximum of the pinning force, h = H/Hirr) in Figs. 3(a), (b), (c) and (d) for 

samples Nos. 165, 185, 485, and 495, respectively. It can be seen clearly that the f vs. h 

curves exhibit a scaling behavior similar to what is observed in thin film MgB2 samples [8]. 

This reflects the fact that there is a single dominant pinning mechanism below 30 K in these 

samples.  We have fitted the experimental data using the scaling law hn(1-h)m and found 

that it works quite well below 30 K. The experimental data and fitting results (shown as a 
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solid line) are shown in Figs. 3(a), (b), (c) and (d) with corresponding parameters.  We note 

that sample No. 165 gives a quite different value of n and m (with n = 1.03 and m = 2.96) 

compared with the other three samples, where n is around 0.60 (n = 0.61, 0.60, and 0.60 for 

Nos. 185, 485, and 495, respectively) and m � 2.0 (m = 1.81, 1.87, and 2.08 for Nos. 185, 

485, and 495, respectively). It has been well established that when n is close to 0.5 (with m 

� 2), the grain boundary pinning plays a major role [14], while the non-superconducting 

point centers becomes mainly responsible with n = 1. This means that grain boundary 

pinning is the overriding pinning mechanism for samples Nos. 185, 485, and 495 (n ∼0.6)  

(similar case has been observed in [14] for SiC-doping MgB2 samples and undoped MgB2 

samples with poor JC values at low magnetic field) while the point pinning becomes 

dominant in sample No. 165 where n is close to 1 (similar case observed in [8] for MgB2 

thin films deposited by sputtering and in [14] for the undoped samples with high Jc values 

at low magnetic field). The fact that the exponent m in No. 165 is larger than 2 expected for 

conventional superconductors [14] can be understood in terms of a possible distribution of 

parameters determining Fp combined with the particular choice of Hirr [19] and the similar 

case has been observed for YBa2Cu3O7 thin films [19] with inhomogeneity and undoped 

MgB2 [15].  The variation in the pinning mechanism from samples 165 to 185, 485, and 

495 can be understood in terms of the crystallinity. Compared with the No. 165 sample, 

samples Nos. 185, 485, and 495 were sintered at rather higher temperatures (850 and 

950 °C) and will show an improvement in the crystallinity, leading to fewer point defects 

within the samples. Moreover, one finds that the fitting of Fp max against Hirr gives a similar 

value of α using Fp max ∝ Hirr
α (α � 1.71, 1.61, 1.75, and 1.71 for samples Nos. 165, 185, 

485, and 495, respectively). The fitting results are shown as the insets of Figs. 3. From Figs. 

3, it also can be found that the peak of the experimental fp curves at lower temperatures 
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takes place around 0.2 for the samples No. 185, 485 and 495 while it slightly shifts to 

around 0.25 for No. 165 sample reflecting the variation of pinning defect center density. 

The fp curves for No. 165 are much narrower compared with other three samples.    

It is accepted that the critical current density Jc is determined by the pinning force 

and can act a suitable parameter to check the validity of the collective pinning theory with 

the experimental results [13]. According to the collective pinning model, the disorder-

induced spatial fluctuations in the vortex lattice can be clearly divided into markedly 

different regimes according to the strength of the applied field: single-vortex, small-bundle, 

large-bundle, and charge-density-wave (CDW)-type relaxation of the vortex lattice [13]. 

With the applied field below the first critical field Bsb (where Bsb stands for the crossover 

field from the single vortex regime into small bundles of vortices), the interaction between 

the vortices is irrelevant, and Jc is independent of the field. Within the intermediate field 

range Bsb < B < Blb (with Blb standing for the crossover field from small-bundle to large-

bundle pinning), the dispersion in the elastic modulus becomes relevant, and Jc will 

decrease exponentially (in the small-bundle range). In the large-bundle pinning range, the 

field of Jc turns algebraic with B (Jc∝B-3) [7]. Bsb in [13] has been defined as 

2
0

c
sv

sbsb H
j

j
B β=            (1) 

where βsb can be regarded as constants (as within the framework of the dynamical approach 

βsb � 5) [13]. J0, Hc2 (Hc2 = μ0Φ0/πξ2 where Φ0 = h/2e is the flux quantum), and Jsv stand for 

the depairing current, the upper critical field and the critical current density in the single 

vortex-pinning regime, respectively. Using the J0 = 4Bc/3√6μ0λ and Bc = Φ0/2√2πλξ [13], 

one can easily obtain: 

ζ
λμβ svsb

sb

j
B

22
02/33=         (2) 
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It can be seen from Fig. 2 that, similarly to previous results [7] and in good agreement with 

the collective model [13], the Jc-B curve can be divided into three different regimes within 

our field range. In the small field regime, the Jc is almost independent of the applied field 

before it starts to decrease first exponentially and then algebraically with increasing field. 

In order to derive the value of Bsb, we plot the double logarithmic plot -log10(Jc/Jc(B = 0))  

vs. B as shown in Fig. 4 using the data in Fig. 2 (b) for sample No. 485 as a typical sample. 

One can directly derive the value of the critical field Bsb at the departure point from the 

straight line (exponential dependence on field) in the intermediate field and likewise Bth 

(where Bth is the crossover field to the thermal fluctuations dominated regime), as shown in 

the insert of Fig. 4 for T=23 K. It is accepted that for δTc pinning and δl pinning, the 

disorder parameter δ exhibits different characteristic temperatures [13]. Griessen et al. [20] 

have provided individual expressions of Jsv for δTc pinning (Jsv ∝ (1-t2)7/6(1+t2)5/6) and δl 

pinning (Jsv ∝ (1-t2)5/2(1+t2)-1/2) contributions, so using these results, Qin et al. [7] obtained 

an expression for Bsb for the δTc pinning and δl pinning cases, respectively, as follows:  

3/2

2

2

1
1

)0( ��
�

�
��
�

�
+
−

=
t

t
BB sbsb        (3) 

and 

2

2

2

1
1

)0( ��
�

�
��
�

�
+
−

=
t

t
BB sbsb         (4) 

Given the presence of core pinning in our samples, it is important to distinguish between 

the  case of δTc pinning and δl pinning for our investigated samples. We have used the 

equations (3) and (4) to fit our samples, and the results are shown in Figs. 5(a), (b), (c) and 

(d) for sample Nos. 165, 185, 485 and 495, respectively. It can be seen from Figs. 5 that for 

a pure MgB2 sample the δTc pinning is mainly responsible, while in the C-doped samples 
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the δl pinning becomes the dominant factor. In order to confirm this conclusion for the C-

doped samples, we also have derived the temperature dependence of Jc at a particular field, 

as performed in [21] (here we use B = 0.1 T within the single vortex regime), and plotted 

Jc(B=0.1 T) vs. T as the inset of Figs. 5. Based on the fact that for δTc pinning the disorder 

parameter δ is proportional to the ξ, while it changes into δ ∝ ξ-3 for δl pinning, the 

theoretical different temperature dependences of Jc(H,T) have been derived [21] as  

2/122/52 )1()1()0(/)( −+−= ttjtj cc       (5) 

 for δl pinning and 

6/526/72 )1()1()0(/)( ttjtj cc +−=      (6) 

for δTc pinning, respectively. We fit our experimental data using equations (5) and (6), 

respectively, as shown in the insets of Fig. 5. It can be seen that the δl pinning curve is in 

good agreement with the experimental data for the C-doped samples. This again supports 

the conclusion that for the C-doped samples the δl pinning plays a major role. A similar 

conclusion was also reached by Ohmichi et al. from studying the rf penetration depth of 

carbon-substituted MgB2 single crystals [22].  

In order to understand the different behaviors in the pure MgB2 and C-doped samples, 

we also measured the transports for these four samples and the zero field results are shown 

in Fig. 6 as an example. We estimated the electronic mean-free path at Tc from the 

corrected residual resistivity ρ0 for these four samples (listed in Table I) by using an 

average Fermi velocity of vF =4.8 ×105m/s and a carrier density of 6.7 × 1022 e/cm3 [23]. 

According to Rowell, the corrected residual resistivity is defined as 

ρ0=ρmeasure(40K)Δρideal/Δρmeasure where Δρ=ρ measure (300K)-ρmeasure(40K)) and Δρideal is the 

corresponding value for pure single crystal of good quality and to be 4.3 μΩcm [24].  Here 



 10

we simple use the same carrier density for all samples as in the pure MgB2 (two free 

electrons per unit cell) based on the fact that the carbon content roughly estimated here (see 

Table I) is less than 5% and the variation in carrier density (carbon has one more electron 

than boron) for carbon-substituted sample is less than 5% [25] which does not in practice 

affect the conclusion on the variation of free path and the accurate analysis is outside of our 

interest here. Moreover, it can be seen that higher temperature sintering can improve the 

connectivity (defined as K=Δρideal/Δρmeasure) from 0.062 for No. 165 sample to 0.126 for No. 

185 while the C-doping leads to a decrease in K (K =0.039 for sample No. 485).    

From the transport measurements at various fields, we have derived the value of Hc2 

(at 10% of the resistance at zero field). Because the Werthamer-Helfand-Hohenberg 

(WHH) prediction (Hc2(T = 0) = 0.7 Tc dHc2(T = Tc)/dT) underestimates Hc2 at low 

temperatures [26] for MgB2-based samples, here we have derived Hc2 at 0K to be 25.5 T, 

26.3, 31.7 T, and 34.3 T using linear extrapolation of the low temperature data part of the 

Hc2(T) vs. T dependence for sample Nos. 165, 185, 485 and No 495, respectively. (It has 

been reported that this method can provide a reasonable value of Hc2(0) [26].) Using the 

equation ξ = (Φ0/2πHc2)
1/2, the values of ξ(0) have been estimated and are listed in Table I.    

 

Conclusion 

We have investigated the magnetic and transport behavior of pure and C-doped 

MgB2 samples. A low sintering temperature leads to more point defects, which is reflected 

by the presence of point pinning, while the grain boundary pinning mechanism becomes 

dominant for the samples with higher sintering temperatures. Moreover, it has been found 

that in the pure MgB2 samples the δTc pinning is dominant, while δl plays a major role for 

the C-doped samples.  
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Figure captions 

Fig. 1 (color online) X-ray diffraction pattern (Cu K�) of No. 485 sample along with the 

refined and difference patterns. The markers indicate the Bragg peak positions for MgB2 

(upper row) and MgO (lower row), respectively (see text). 

Fig. 2 (color online) Jc(H) at various temperatures for samples No. 185 (a) and No. 485 (b). 

The insets show the temperature dependence of the irreversibility field μ0Hirr for these 

samples, with the solid line standing for the fitting result using the [1-(T/Tc)
2]3/2 law. 

Fig. 3 (color online) Field dependence of the reduced pinning force with the fitting results 

using hn(1-h)m for sample Nos 165 (a), 185 (b), 485 (c) and 495 (c), respectively. The 

insets plot the behavior of the maximum pinning force Fp max vs. the irreversibility field 

μ0Hirr with the solid line showing the fitting result using Fp max ∝Hα.  

Fig. 4 Jc of sample No. 485 at T <30 K in a double-logarithmic plots of –

log10[Jc(B)/Jc(B=0)] vs. the applied field. The inset shows the determination of the 

crossover fields Bsb and Bth where Bsb stands for the crossover field from single vortex 

pinning to small bundle pinning and Bth is the crossover field to the thermal fluctuations 

dominated regime. 

Fig. 5 (color online) Temperature dependence of the crossover fields Bsb and Bth for sample 

Nos. 165 (a), 185 (b), 485 (c) and 495 (d), with the dotted and solid lines standing for the 

fitting results based on the δl and δTc pinning mechanisms, respectively. The inset shows 

the temperature dependence of the critical current density at B = 0.1 T, with the dotted 

and solid lines for the calculated curves based on δl and δTc pinning, respectively.  

Fig. 6 (color online) Temperature dependence of the resistivity of sample Nos. 165, 185, 

485, and 495 at zero field. 

 



 15

 

 

 

 

20 40 60 80 100

I
obs

I
cal

I
obs

-I
cal

Bragg positions

In
te

ns
ity

 (
ar

b.
 u

ni
ts

)

2θ (degree)

No. 485

 

 

 

 

 

Fig. 1 (color online) X-ray diffraction pattern (Cu K�) of No. 485 sample along with the 

refined and difference patterns. The markers indicate the Bragg peak positions for MgB2 

(upper row) and MgO (lower row), respectively (see text). 

 



 16

 

 

 

 

 

 

103 104 105
102

103

104

105

15 20 25 30 35
0

3

6

J c (
A

/c
m

2 )

H (Oe)

 15 K
 20 K
 25 K
 30 K
 32 K
 34 K
 36 K

(a)
No. 185

μ
0H

irr
 (

T
)

T (K)

103 104 105
102

103

104

105

10 15 20 25 30 35
0

3

6
J c (

A
/c

m
2 )

H (Oe)

 13 K
 15 K
 17 K
 20 K
 23 K
 25 K
 27 K
 30 K
 32 K
 34 K

(b) No 485

μ
0H

irr
 (

T
)

T (K)

                 

 

 

 

 

Fig. 2 (color online) Jc(H) at various temperatures for samples No. 185 (a) and No. 485 (b). 

The insets show the temperature dependence of the irreversibility field μ0Hirr for these 

samples, with the solid line standing for the fitting result using the [1-(T/Tc)
2]3/2 law.
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Fig. 3 (color online) Field dependence of the reduced pinning force with the fitting results 

using hn(1-h)m for sample Nos 165 (a), 185 (b), 485 (c) and 495 (c), respectively. The 

insets plot the behavior of the maximum pinning force Fp max vs. the irreversibility field 

μ0Hirr with the solid line showing the fitting result using Fp max ∝Hα.  
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Fig. 4 Jc of sample No. 485 at T <30 K in a double-logarithmic plots of –

log10[Jc(B)/Jc(B=0)] vs. the applied field. The inset shows the determination of the 

crossover fields Bsb and Bth where Bsb stands for the crossover field from single vortex 

pinning to small bundle pinning and Bth is the crossover field to the thermal fluctuations 

dominated regime. 
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Fig. 5 (color online) Temperature dependence of the crossover fields Bsb and Bth for sample 

Nos. 165 (a), 185 (b), 485 (c) and 495 (d), with the dotted and solid lines standing for the 

fitting results based on the δl and δTc pinning mechanisms, respectively. The inset shows 

the temperature dependence of the critical current density at B = 0.1 T, with the dotted 

and solid lines for the calculated curves based on δl and δTc pinning, respectively.  
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Fig. 6 (color online) Temperature dependence of the resistivity of sample Nos. 165, 185, 

485, and 495 at zero field. 

 



 
21

T
ab

le
 I

. S
tr

uc
tu

re
 a

nd
 p

hy
si

ca
l p

ro
pe

rt
ie

s 
of

 M
gB

2-
ba

se
d 

sa
m

pl
es

 (
T c

 is
 d

ef
in

ed
 a

s 
th

e 
pe

ak
 o

f 
χ’

’-
T

,)
 a

s 
w

el
l a

s 
ca

rb
on

 c
on

te
nt

 in
 th

e 
C

-d
op

ed
 M

g(
B

1-
xC

x)
2 

N
o 

E
xp

er
im

en
t 

co
nd

iti
on

 

a (Å
) 

c (Å
) 

c/
a 

V
 

(Å
3 ) 

T
c 

(K
) 

x 
M

gO
 

(w
ei

gh
t 

fr
ac

tio
ns

) 

ρ 
(4

0K
) 

(μ
Ω

cm
) 

ρ 
(3

00
 K

) 

(μ
Ω

cm
) 

R
R R
 

K
 

l 

(n
m

) 
ξ 

(0
K

) 

(n
m

) 

[1
3]

 
Si

ng
le

 c
ry

st
al

 
3.

08
77

 

 

3.
52

14
 

 

1.
14

1 
29

.0
7 

38
.5

 
 

 
 

16
5 

St
oi

ch
io

m
et

ri
c 

(S
t-

) 
M

gB
2 

at
 

65
0o C

 
an

d 
0.

5 

ho
ur

s 

3.
08

36
 

3.
52

51
 

1.
14

3 
29

.0
3 

37
.0

 
 

6.
0 

71
 

14
0 

1.
97

 
0.

06
2 

5.
7 

3.
54

 

18
5 

St
- 

M
gB

2 
at

 

85
0o C

 
an

d 
0.

5 

ho
ur

s 

3.
08

37
 

3.
52

87
 

1.
14

4 
29

.0
6 

37
.0

 
 

8.
5 

49
 

83
 

1.
69

 
0.

12
6 

4.
1 

4.
03

 

48
5 

St
- 

M
gB

2 
+

 c
it

ri
c 

ac
id

 (
C

6H
8O

7)
 a

t 

85
0o C

 
an

d 
0.

5 

ho
ur

s 

3.
07

58
 

3.
52

33
 

1.
14

6 
28

.8
7 

35
.8

 
3.

8 
6.

5 
15

6 
26

7 
1.

71
 

0.
03

9 
4.

2 
3.

22
 

49
5 

St
- 

M
gB

2 
+

 1
0%

 

C
6H

8O
7 

at
 9

50
o C

 

an
d 

0.
5 

ho
ur

s 

3.
07

24
 

3.
52

39
 

1.
14

7 
28

.8
2 

35
.5

 
4.

8 
6.

9 
14

2 
23

0 
1.

62
 

0.
04

9 
3.

7 
3.

59
 

    


	Effects of C substitution on the pinning mechanism of MgB2
	Recommended Citation

	Microsoft Word - MgB2-JLW-final.doc

