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Abstract
Y123 superconductors doped with Fe have been studied. X-ray diffraction patterns indicated 

a slight shift in intensity peaks in the doped samples proportional to iron content while the critical 
temperature was slightly suppressed. Magnetization measurements indicated a consistent decrease 
in the width of the hysteresis loops, M. Using Bean model for the critical currents, Jc, which are
proportional to M, no power law dependence of Jc versus temperature was observed. With the 
help of the SEM micrographs obtained, the results were discussed.
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Introduction
High temperature superconductors are classified as type II superconductors that can 

carry high currents in the presence of external magnetic fields. However, there is an 
upper limit for currents and magnetic fields before superconductivity is completely 
destroyed. The enhancement of critical currents is important to researchers and for 
applications in electrical devices. The magnitude of the critical current is greatly affected 
by the existence of impurities, grain boundaries, voids, and structural defects that act as 
pinning centers which prevent vortex movement. There are many reported results on 
techniques to improve the critical current density, Jc . Doping process is used to enhance 
the critical current density, the critical temperature Tc , and other properties of 
superconducting materials [ 1-6]. 

Y-based superconductors are the most widely studied systems. High Tc
superconductors are reported to have lower density of Cooper pairs since they have 
fewer electrons per unit volume in the normal state. The  grain boundary thickness is 
greater than or equal to the coherence length so that the barrier penetration is more 
difficult at weak links and the Cooper pairs can be broken [7]. In the superconducting 
state, the vortices do not move freely because they are pinned at some pinning centers 
and a very small Lorentz force is needed to remove a vortex from its pinning center [7]. 
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If the Lorentz force is smaller than the pinning force then the current flows without any 
dissipation. But if the Lorentz force is large enough, then the vortices move  and 
electrical resistance appears as the transport current exceeds the critical current value, Ic , 
which can be used as a measure of the pinning force. 

It is well known that single crystals can carry much higher critical currents than 
polycrystalline samples. In addition grinding, compressing, and heat treatment have 
major effects on Jc since they can help in improving contacts and in optimizing O2
content and this results in high critical current density. Jc can be determined from 
transport current measurements or can be calculated from magnetization currents 
deduced from hysteresis loops. However, Jc has smaller values when calculated from 
transport currents[ 8,9,10].   

The effect of iron addition on Y-based systems was previously studied and an 
increase of vortex pinning that improves Jc was reported [5,6]. In this work we have 
prepared Y-based samples and Fe was added in different percentages. The preparation 
method and magnetization measurements was reported and discussed. The critical 
currents were evaluated from hysteretic loops for various temperatures and iron content 
and were used to discuss the pinning force. 

Experimental Procedure 
The samples were prepared by the solid-state reaction method using Y2O3, BaCO3,

CuO, and Fe3O4 high purity powder oxides as starting materials. First, we prepare 
YBa2Cu3O7-  superconducting system (Y123) from Y2O3, BaCO3, CuO high purity 
oxides. We divided the material into four samples. Iron in the form of Fe3O4 was added 
to three samples of Y123 as a ratio of the weight with 1%, 2%, and 4%. Each sample 
was ground separately and mixed thoroughly for two hours and then pressed into pellets 
under pressure of 10 tons. Each pellet has a diameter of about ~10mm and ~1mm 
thickness. The pellets with iron were then heat treated at 840oC for 20 hours and allowed 
to cool to 450oC and held at that temperature for 6 hours under flow of O2 and then 
cooled to room temperature.  

A small amount of each sample was ground into powder for X-ray diffraction and a 
diffraction pattern was obtained using Cu K  x-ray tube and results are published in an 
earlier article [11].  

For magnetization measurements, a small powder amount of each sample was used. 
Every sample was cooled in zero field (ZFC) to 80K. We measured first the 
magnetization versus temperature at low field ( 50Oe). Then we obtained hysteresis 
loops for all samples at various temperatures below Tc for applied field up to 4kOe.  
Scanning electron microscope (SEM) micrographs were taken for the samples containing 
iron(1%, 2%, 4%) and the results are displayed in Figure (6). After analyzing the data of 
the SEM micrographs it is clear that the 4% Fe sample micrograph contains 
agglomerates of iron , however from the data analysis of the 2% Fe sample micrographs 
the iron atoms seem to enhance forming larger grains. 
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Figure 6a: SEM scan for powdered part  from the sample with 4% Fe. 

Figure 6b: SEM scan for powdered part  from the sample with 2% Fe. 
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Figure 6c : SEM scan for powdered part  from the sample with 1% Fe. 

Results and Discussion 
X-ray diffraction results revealed the existence of the Y123 superconducting phase 

with a very slight shift in the peak positions for samples containing iron and the amount 
of shift was increasing with increasing iron content [11].  

Measurements of  magnetization versus temperature were carried out at constant 
applied field of 50Oe. The samples were first cooled in zero field down to 80K, then the 
field was applied and measurements were taken . Figure (1) shows the magnetization 
versus temperature for the four samples. The values for Tc are listed in Table 1. The 
values of the critical temperature, Tc, indicated that Tc decreases with iron content up to 
2%, but for 4% iron content the iron aggregates in islands leaving Y123 phase and this 
was confirmed by scanning electron microscope and EDAX analysis of some points on 
these islands. 

Table 1: List of critical temperature for the prepared samples 

Wt. % of Fe in sample 0% 1% 2% 4% 

Tc 92K 91.2K 89.5K 91.8K 
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Figure 1: Magnetization versus temperature for the prepared samples. 

Again the samples were cooled in zero field down to 80K and hysteretic loops were 
obtained for fields up to 4kOe at various temperatures. Figure (2) shows the loops for the 
samples at 83K. It is clear from the data that maximum magnetization or the width of the 
loops first increase with iron content up to 1% Fe and then decrease with increasing iron 
content. 
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Figure 2: Magnetization loops for samples at 83K. 

Figure (3) shows the magnetization versus applied field for all samples when the 
field was increased from zero to 2 kOe at T= 83K.  Similar graphs were carried out at 
different temperatures and the maximum penetration field (H*) was calculated and the 
results are shown in Figure (4). Type 2 superconductors are characterized by two fields, 
Hc1 and Hc2, such that Hc2 >> Hc1. For these high temperature superconductors which are 
classified as type 2 superconductors H* is nearly equal to Hc1. It was clear from Figure 
(4) that below T = 85 K, H*, was highest for the 1% Fe sample.  Also we calculated the 
maximum magnetization width , M, of the magnetization loops such as those displayed 
in Figure (2) for different temperatures and for all the samples and the results are 
displayed in Figure(5).  It was clear that the 1% Fe sample has the highest M below T 
= 85 K. Using the Bean model [8,9] in which the critical current density, Jc, varies 
proportional to the width of the hysteresis loop, M, no power law dependence for the 
critical currents can be found from that graph. 
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Figure 3: Magnetization versus applied field up to 2kOe. 
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Figure 4: The maximum penetrating field, H* versus T. 
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Figure 5: M versus T for the samples hysteretic loops. 
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The behavior of the magnetization against temperature was not systematic as can be 
seen in Figure (1). It has the lower absolute values for 2% iron for temperatures just 
below the critical temperature.  However Figure (2) reveals that the substitution of iron 
for copper distorts the lattice structure in such a way as to decrease the transition 
temperature at 1% iron concentration but it increases the critical current density at least 
three fold.  This can be explained using the Bean Model [8,9]. As used by other 
researchers [12,13,14], the critical current density is simply proportional to the width of 
the hysteresis loop, Jc ~ M, which showed that the 1% iron substitution gives the 
optimum value for increasing the critical current density as opposed to the other 
substitutions ( 2% and 4%).  Substituting 2% iron seems not to increase Jc but rather to 
decrease it drastically.  This shows that the pinning force is strongest at the 1% case.  
However the 4% case shows that iron prefers to aggregate together rather than substitute 
itself for copper, as mentioned above when referring to the SEM micrographs taken for 
these samples. Again the magnetic measurements supported the SEM results and the 
transition temperature Tc for both samples with 0% and 4% seem to be very close.  

Conclusions 
The magnetization of powdered Y123 doped with iron was studied under ZFC. Tc

was determined and its value changes with iron content. From the measured hysteretic 
loops over the temperature range 82-89K, the dependence of the maximum penetration 
field, H*, and the variation of the critical current density, Jc, on temperature dependence 
were obtained. No power law dependence for Jc was found. From the results, it is 
concluded that the 1% Fe gives the highest critical current, and SEM data supported 
these observations. For future work, more studies on lower concentration of iron are 
proposed.
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