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Abstract — Silver nano-powder was added to MaB, to make
(ADow%MEBansmess (AZ-MgB;) (10 S x = 50)
composite superconductors to investigate the effect of the Ag
nano-powder on the vortex pinning. Pellets made out of the
mixed powder were put inside stainless steel tubes, which
were sintered at 850° C in Ar atmosphere. No impurity phase
was identified for as-rolled samples. However, both the MgB,
and the Ag,-MgB, composite pellets, when sintered, contain
small amount of MgB, and MgAg impurity phases. From the
magnetization study, it was found that the flux pinning was
improved in the high magnetic field region (> 3 T) only when
10w/o Ag was added to MgB,. The “two step” structures in
ZFC M(T) curve gradually increased as the amount of Ag
added increased. Pinning centers can be created by adding a
suitable amount of Ag nano-powder which is not too large to
increase the decoupling between the MgB; grains.

Keywords : MgB, powder, Ag nano-powder, sintering or
as-rolled, critical currents, vortex pinning, magnetization.

1. INTRODUCTION

The binary intermetallic magnesium diboride (MgB,),
which was discovered to be superconducting at
temperature below ~39 K, in 2001 [1], has attracted much
attention in both fundamental properties and practical
applications.

The new MgB, superconductor has exhibited a variety
of interesting physical phenomena, including the
property of conventional BCS theory [2]-[3]; strong-link
current flows between grains [4] and stability of
supercurrents with time [5], in contrast to weak-link
problems and giant flux creep found in high-T, cuprate
superconductors; the anisotropy of its upper critical
magnetic field H,,[6]-[9]; and two superconducting gaps
in MgB, [10]-[13].

Meanwhile, this new superconductor is known to have
many features suitable for superconducting wires/tapes
because of the rapid and reliable compound synthesis,
relative simplicity in both structure and components, the
commercial availability of MgB, powder, etc.
Unfortunately, the applications of these wires/tapes
might be limited because of both the low-lying
irreversibility line H;,(7T) and the rapid degradation of

current carrying capability under magnetic field. The low
cost and the simplicity of the fabrication of wires/tapes out
of the MgB,, however, are motivating the effort to utilize
this new superconductor. At the beginning, Jin et al. [14]
showed the fabrication of dense and metal-clad MgB,
superconductor wire with a transport J. greater than
36,000 A/cm® at 4.2K. Many research groups [15]-[20]
reported the fabrication of MgB, wires/tapes, as well.
Recently, it has been reported that prototype MgB,
wires/tapes in lengths with superconducting properties
good enough to be used for practical applications was
developed [21].

Transport J. can be improved by optimizing the
processing conditions, and that in the presence of
magnetic field can be enhanced further by reducing flux
creep by introducing pinning centers. Processing high
temperature  superconductors with Ag which is
chemically compatible is common in the fabrication of
high-T, tapes/wires (PIT BSCCO tapes). Similarly, fine
Ag particles, when uniformly distributed in the MgB,
matrix, can play the role of pinning centers and at the
same time improve the connectivity of MgB, grains in
the Ag-MgB, wires/tapes.

In this paper, a series of Ag-MgB, composite
superconductors, containing different amount of Ag
nano-powder have been prepared, and the effect of the
adding Ag nano-powder on the superconducting
properties was investigated.

2. EXPERIMENTAL ASPECTS

A series of Ag,-MgB, composite superconductors
were prepared by adding Ag nano-powder (~100 nm
size) to MgB; using a simple solid-state reaction route.
The mixed powder was ball-milled for 10 hours. The
(A owtMgBa)ooxywiss (Ag-MgB2) (10 < x < 50)
pellets were made with ~ 600 kg/cm” uniaxial pressure at
room temperature. The pellets were put in a stainless
steel tube, which was sealed by a stainless steel cap with
screw. A small amount of MgB, powder was put inside
the tube to reduce the loss of Mg. The pellets in the tube
were sintered at 850° C for 4 hours in Ar atmosphere.
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Fig. 1. The typical diffraction patterns for the both sintered and as-rolled

(a) MgB,, (b) (Ag)ows(MEB2)oowes and (c) (Ag)ow(MgBa)sowss pellet
samples

Characterization methods included both X-ray
diffraction and studies of magnetization M. X-ray
diffraction was used to investigate the phases evolved
during sintering. The magnetization studies for both the
sintered and the as-rolled Ag,-MgB, composite
superconductors were conducted using commercial

PPMS-9T (USA Quantum Design Cop.). The
isothermal magnetizations M(H) of the series of samples
were measured at temperatures between 5 to 50 K in fields
up to 5 T. The critical current density (J.) values have been
obtained from the M(H) data, using Bean model, for the
Ag,-MgB; composite superconductors.

3. RESULTS AND DISCUSSIONS

Ag nano-powder was added to the MgB, powder to
introduce pinning centers in the Ag,-MgB, composite
superconductors. Dense and hard MgB, or Ag,-MgB; pellet
samples were made through sintering at 850° C for 4 hours
in Ar atmosphere. The sealing of the stainless steel tube
was not complete, but there was no loss of Mg, which was
confirmed by comparing the masses before and after the
high temperature sintering. Pinning centers can be
introduced in MgB, or Ag,-MgB; composite superconductors
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Fig. 2. The typical diffraction patterns for the both sintered and
as-rolled (d) (Ag)sows(MEB2)70w%, (€) (Ag)sowtu(MgB2)sowrs and (f)
(Ag)sow.(MgB2)sows pellet samples.

by sintering. As more Ag is added, the samples with more
silver added were denser than those with less amount of Ag
added.

The phases present in both sintered and as-rolled MgB,
and Ag,-MgB, were investigated using XRD 0-20 scans
which are shown in Fig. 1 and 2. No impurity phase was
identified, and all the peaks could be indexed as MgB, or
Ag, for all the as-rolled samples. However, both the MgB,
and the Ag,~-MgB, pellets, sintered at 850°C for 4 hour in
argon, contain small amount of MgB 4 or MgAg impurity
phases. As shown in Fig. 1 and 2, a peak from MgAg
appeared in the XRD pattern of the sintered MgB, with 10
to 40w/o Ag added. The amount of MgAg phase decreases
as more Ag nano-powder is added.

For magnetization study, the pellets were cut into pieces
with the size of ~3mm x 3mm x 3 mm. The superconductive
magnetizations for both the sintered and the as-rolled pellet
samples were investigated using PPMS. The isothermal
magnetization M(/H) was measured at temperatures
between 5 and 50 K in magnetic fields up to 5 T. Values of
magnetization (M) were corrected for the background M,
measured at temperatures above T.. Below T, and below the
irreversibility line H,,, the magnetization was hysteretic
due to the presence of intragranular persistent currents.
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Fig. 3. The magnetic irreversibility AM versus magnetic field (#) for the
sintered both MgB, and Ag-MgB, samples (from 10 wt.-% to 50 wt.-%) at
(@) T=5K,(b)T=10K and (c) T=30K.

From the magnetic irreversibility AM = [M(Hz.) —
M(H,,.)], which is the difference of magnetization M
between the increasing field and the decreasing field
branches, in units of [emu cm™] = [G], the persistence
current density was obtained using the Bean critical state
model [22], J oc 15AM/r, where r is the mean grain radius.

Fig. 3 shows the magnetic irreversibility AM versus
magnetic field (H) for both sintered MgB, and sintered
Ag,-MgBsat(a) T=5K,(b) T=10K and (c) T=30K. As
shown in Fig. 3, the magnetic irreversibility AM s (that are
proportional to persistence current density) of the
Agso-MgB, are much lower than both sintered MgB, and
Ag;;-MgB,. Fig. 3 shows that the amount of Ag
nano-powder in Ag,-MgB, leads to differences in
irreversibility magnetizations that are directly related to J,
values. The amount of Ag to fill the pores and to form a
thin layer of Ag at the boundary between MgB, particles
(grains) just enough not to disturb the inter-particle
(inter-grain) current flow is what is needed to enhance the
superconducting properties by improving the connectivity
between the particles. The optimum amount of Ag to be
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Fig. 4. The magnetic irreversibility AM versus magnetic field () for
the sintered both MgB; and (Ag)1ow.4(MgB2)oowrs samples at 7= 10 K
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Fig. 5. Zero Field Cooled magnetization M versus temperature 7 in an
applied field # = 10 G for the sintered both MgB, and Ag-MgB,
composite superconductors (10 to 50 wt.-% Ag nano-powder additions)
and as-rolled (Ag)sowt4(MgB2)sow.2 composite superconductor.

added to MgB, lies below 10 w/o because AM’s decrease
as more Ag than 10w/o is added as shown in Fig. 3.
Several research groups [23]-[26] reported the
enhancement of the flux pinning in bulk MgB , was made
by adding nano-particles. The results in Fig. 3 show that
the flux pinning was improved in the high magnetic field
region only when 10w/o Ag was added to MgB,,.

Fig. 4 shows the magnetic irreversibility AM versus
magnetic field (H) at 7= 10 K for both the MgB, and the
Ag-MgB,. There are traces of pinning centers created by
10w/o Ag nano-powder additions at the high magnetic
field region (above ~ 3 T) in both the as-rolled and the
sintered ones. As mentioned in Fig. 1 and 2, impurity
phases such as MgB,, MgBs and MgAg, are formed in
Ag,-MgB; when sintered. These impurities can play a role
as pinning centers in Ag,-MgB; composite
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superconductors. The AM of MgB, falls off more rapidly
than that of Ag,,-MgB, when the field is higher than ~3
Tesla. Pinning centers can be created by adding a suitable
amount of Ag nano-powders to MgB,, which can also help
improve the connectivity between the grains. This effect
will be further enhanced if the Ag nano-particles are
distributed uniformly.

It has been reported that the pores became smaller and
less irregular in shape and the mechanical property was
improved when Ag was added to YBCO through solution,
which resulted in uniform distribution of fine Ag particles
in YBCO [27]-[28). If optimum amount of Ag
nano-particles can be uniformly introduced in MgB, like
that in YBCO, enhanced flux pinning in MgB, can be
expected. The understanding of the mechanism for
creating pinning centers using Ag nano-powder in MgB; is
needed to realize this.

In general, the superconductive transition temperature
T. is determined by linearly extrapolating to zero in Field
Cooled (FC) magnetization M(T) or in Zero Field Cooled
(ZFC) magnetization M(7T) curves. This procedure ignores
the slight tail at high temperature resulting from the
thermal fluctuation effects. Fig. 5 shows that T, is about
38.5 K for all pellet samples. While the ZFC transition of
the as-rolled Ags-MgB, changes smoothly with
temperature, the Meissner state magnetic moment under
ZFC condition in an applied field 10 G (magnetization
M(T) curves) for the sintered Ag,-MgB, have more
structures as seen in Fig. 5. These “two step” transition is
from the decoupling of current flow between grains [29]. Tt
is evident from Fig. 5 that the structure gradually increases
as the amount of Ag nano-powder added increases. This
means that the increase of the amount of Ag nano -powder
added to MgB, diminishes the supercurrent flow between
grains and weakens the inter-grain coupling.

4. SUMMARY

Silver nano-powder was added to MaB, to make
(A8 n(MEB2) 100wz (Ag-MgB2) (10 < x < 50)
composite superconductors to investigate the effect of the
Ag nano-powder on the vortex pinning. Pellets made out
of the mixed powder were put inside stainless steel tubes,
which were sintered at 850° C in Ar atmosphere. No
impurity phase was identified for as-rolled samples.
However, both the MgB; and the Ag,-MgB, composite
pellets, when sintered, contain small amount of MgB, and
MgAg impurity phases. The amount of MgAg phase
observed in sintered MgB, with 10 to 40w/o Ag added
decreased as more Ag nano-powder was added. From the
magnetization study, it was found that the flux pinning was
improved in the high magnetic field region (> 3 T) only
when 10w/o Ag was added to MgB,. The structures in ZFC
M(T) curve gradually increased as the amount of Ag
nano-powder added increased. The increase of the amount
of Ag nano-powder added to MgB, more than 10w/o can

diminish the supercurrent flow between grains and weaken
the inter-grain coupling. Pinning centers can be created by
adding a suitable amount of Ag nano-powders which is not
too large to increase the decoupling between the MgB2
grains.
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