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Superconductivity of Mg „B1ÀxCx…2 ternary compounds
Zhao-hua Cheng, Bao-gen Shen, Jian Zhang, Shao-ying Zhang, Tong-yun Zhao, and
Hong-wu Zhao
State Key Laboratory of Magnetism, Institute of Physics and Center of Condensed Matter Physics, Chinese
Academy of Sciences, Beijing 100080, People’s Republic of China

The structural properties and superconductivity of Mg(B12xCx)2 compounds were investigated by
means of powder x-ray diffraction~XRD! and magnetization measurements. Powder XRD Rietveld
analysis indicates that the samples crystallize in a hexagonal AlB2-type structure. The lattice
parametera decreases slightly with increasing carbon content, whilec remains unchanged. The
addition of carbon results in a decrease ofTC and an increase in the superconducting transition
width, while the critical current densityJc data indicate that MgB1.8C0.2 manifests comparable
superconducting properties with MgB2. © 2002 American Institute of Physics.
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I. INTRODUCTION

The discovery of superconductivity at about 39 K
magnesium diboride has resulted in a renaissance of inte
in intermetallic superconductivity.1–3 This discovery in a
simple compound with relatively high superconducting tra
sition temperature may open a new route towards the se
of high temperature superconductors. In order to investig
the effect of electron concentration onTC , Sluskyet al.have
synthesized the solid solutions of Mg12xAl xB2 and investi-
gated its structural transition and superconductivity.4 It was
found that the superconducting transition temperature
creases with increasing Al concentrations, and the super
ductivity disappears withx.0.4. In this work, the critical
current density and critical field of Mg(B12xCx)2 ternary
compounds were investigated.

II. EXPERIMENT

The samples were prepared from powdered magnes
~98.5% in purity!, B~99.99% in purity!, and C~99.99% in
purity! powders. The powders were well mixed in an app
priate ratio, and pressed into pellets. The pellets were se
in a quartz tube and sintered at 950 K for 2 h. The ph
purity of Mg(B12xCx)2 was checked by x-ray diffraction
~XRD! patterns. Powder XRD patterns were collected by
x-ray spectrometer with CuKa radiation over a 2u from 20°
to 80° with a step of 0.02°. The structural properties w
determined by Rietveld profile refinement. The temperat
dependence of magnetization of the samples was meas
by a superconducting quantum interference device~SQUID!
magnetometer in an applied field of 20 Oe. TheM-H loops
were measured in a magnetic field ranging from250 to 50
kOe at different temperatures by means of the SQUID m
netometer. In order to calculate the critical current dens
Jc , the sample has been cut with a diamond saw int
rectangular shape with size 2.87 mm (lengt
32.70 mm (width)33.12 mm (thickness).

III. RESULTS AND DISCUSSION

XRD patterns indicate that the main diffraction pea
can be indexed with a hexagonal structure of Mg(B12xCx)2 .
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A small amount of impurity phase MgO was detected due
the chemical activity of Mg powders. The XRD patterns c
best fitted with these two phases. For example, Fig. 1 ill
trates the observed and fitted XRD patterns of MgB2 and
MgB1.8C0.2. In the hexagonal structure~space group
P6/mmm!, Mg atoms occupy the 1a site ~0,0,0!, and B at-
oms locate at the 2d(1/3,2/3,1/2) site. The Rietveld fitting
result demonstrates that carbon atoms preferentially occ
the 2d site. The crystal structure of AlB2 -type compounds

FIG. 1. CuKa powder x-ray diffraction pattern of Mg(B12xCx)2 with x
50.0 and 0.1. The observed data and fitted patterns are indicated by c
circles and solid lines, respectively. The lowest curves are the differe
between observed and calculated patterns. The vertical bars indicat
expected reflection peaks’ positions.
5 © 2002 American Institute of Physics
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consists, therefore, of alternating hexagonal layers of Mg
oms and graphitelike honeycomb layers of B and C ato
The lattice parameters,a decreases from 3.086 to 3.070 Å
implying that carbon atoms enter into MgB2 phase, whilec
53.524 Å remains unchanged.

Figure 2 illustrates the temperature dependence of m
netization of Mg(B12xCx)2 intermetallic compounds. The
samples were cooled to 5 K in zero field cooling~ZFC!, and
then measured in a magnetic field of 20 Oe from 5 to 50
It is noteworthy that the superconducting transition is b
relatively high and sharp in the MgB2 compound. With in-
creasing carbon content, the temperature dependence c
become less sharp. The superconducting transition temp
ture determined from the onset temperature of 2% of the
diamagnetic signal at low temperature was found to decre
from about 39 K forx50.00 to 34 K forx50.20. The su-
perconducting transition width for a 10% to 90% drop,DTC

increases from 1 to 3 K with introducing carbon atoms. Th
decrease ofTC for the Mg(B12xCx)2 system can be attrib
uted to a reduction in the density of states at the Fermi le
as predicted by band structure calculations.5

Figure 3 shows a plot of magnetization versus appl
field at various temperatures in the ZFC state. The ini

FIG. 3. Magnetization curves of MgB1.8C0.2 at various temperatures in th
ZFC state.

FIG. 2. Magnetization data of Mg(B12xCx)2 compounds withx50.00,
0.10, and 0.20 as a function of temperature measured in an applied fie
20 Oe. The samples were cooled down to 5 K without magnetic field~ZFC!.
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deviation of the magnetization from linearity, correspondi
to a lower critical field, is only few hundred Oe, and d
creases with increasing temperature. In order to calculate
critical current density, the magnetization hysteresis loo
~MHLS! were measured at different temperatures. As illu
trated in Fig. 4~a!, all curves show a symmetric behavio
indicating the importance of bulk current instead of surfa
shielding current. From these MHLS one can calculateJC

via Jc520DM /Va(12a/3b) on the basis of the Bean criti
cal state model, whereDM is the width of the MHL, andV,
a, and b are the volume, length, and width of the samp
respectively.6 The result ofJc is illustrated in Fig. 4~b!. It is
clear that the bulk critical current of our sample is rath
high. The current density of Mg(B12xCx)2 samples has the
same order of magnitude as that of MgB2 (105 A/cm2).7–9

IV. SUMMARY

The structural properties and superconductivity
Mg(B12xCx)2 were investigated by means of powder x-r
diffraction patterns and magnetization measurement. It w
found that carbon atoms preferably occupy B layers. W
the introduction of smaller carbon atoms, the atomic dista
in the B layer decreases slightly, while the interlayer betwe

FIG. 4. Magnetization hysteresis loops andJc of the MgB1.8C0.2 sample at
different temperatures.
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the B and Mg distance remains unchanged. The additio
carbon leads to a decrease in the superconducting trans
temperature, while the critical current density and critic
field is comparable with the MgB2 compound.
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