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Introduction

      Pinning of superconducting current magnetic vortices at the superconducting matrix inhomogenities  is widely used for the enhancement of critical current density Jc at high temperatures. This problem is most actual for Bi-2223 and Bi-2212, which is due to their high flexibility and ability to texture, and more interesting to be used as long-length wires and tapes [1]. 

      One type of such inhomogenities is a second phase inclusions in the matrix. They may  be  formed  by  deviation  from  superconducting  phase  stoichiometry 
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[2], solid solutions annealing beyond the singel phase area [3-5], and   introduction  of elements different from the elements of superconducting system [3,6-8]. In the later, the additional phase must be compatible with the superconductor under its synthesis conditions and must not deteriorate its superconducting properties.
      BaZrO3 is thermodinamically stable compound, and its introduction into Y-123 results in a critical current density enhancement [9]. Data obtained by reference 10, confirms almost total absence of BaZrO3 interaction with Bi-2223. It is known that SrZrO3 is one of the phases compatible with Bi-2212 and its addition leads to critical current density increase and does not influence the superconduter transition temperature (Tc)[8]. At the same time there is no data for BaZrO3 regarding compatibility or incompatibility with Bi-2212. This work investigates the possibility of  using BaZrO3 as a pinning additive in Bi-2212. 

Experiment

      Bi-2212 (Bi2.1Sr1.9CaCu2Ox) was prepared by evaporation of corresponding nitrates solution in 5N nitric acid and decomposition of the obtained mixture in alund crucible at the burner, followed by annealing two times for 20 hours at 780(С and 2 times for 24 hours at 860(С with intermediate grindings.
      BaZrO3 was obtained via peroxide compounds precipitation, a technique described in reference [11]. ZrO(NO3)2 and Sr(NO3)2 solution was added to the common solution of 30%H2O2 with 25%NH4OH. Substances were taken in molar ratio Ba : Zr : H2O2 : NH3 as 1:1:3:12. The mixture was then cooled in ice; the precipitate was filtered, washed in distilled  water, dried in air, and decomposed at 650(С  to yield a fine powder.

      Superconducting composite, containing BaZrO3 and Bi-2212 in ratio 1:2 was prepared by crystallization from melt . A rated amount of powdered Bi-2212 and BaZrO3 was weighed carefully, ground in an agate mortar for at least 20 min,  transferred to a crucible and then placed into a muffle furnace. The mixture was annealed at 830 (С, just below the melting point (Tm = 850 (С ), for 24 hours, followed by a systematic heating to 950 (С at a rate of  10 (С /h, the melt held at 950 (С for 30 min , then solidified by cooling down to room temperature at cooling rate of 50 (С /h. Where it was expected to re-crystallized in  the range from 890  to 840 (С.

      Samples were investigated by X-ray diffraction (Guinier) and scanning electron microscopy (SEM) with electron dispersive X-ray microanalysis (EDX). To determine Tc AC susceptibility method was used. Magnetic measurement were performed in the field H=1 and 100 Oe. Critical current Jc was calculated from the imaginary part of susceptibility by a technique described in reference [12].  
Results and discussion

      From the XRD data the composite structure contains Bi‑2212, BaZrO3, SrZrO3, and Bi-2201 with other admixture phases in smaller quantities. However, there are no lines belonging to intermediate solid solutions of (Ba,Sr) ZrO3 in the spectra. Lattice constants are 4.191(4) ( for BaZrO3 and 4.113(4) ( for SrZrO3. Both constants were calculated for perovskite cubic sub-lattice. This may suggest that BaZrO3 partially changes into SrZrO3 as a result of chemical interaction with Bi-2212 matrix, but no intermediate solid solution forms. Similar situation was described in reference [13] for BaTiO3  with its interaction with Bi-2212, where SrTiO3  formed.

      Magnetic measurements showed that Tc decreases as compared with un-doped Bi-2212 from 92К to 80К (Fig.1). EDX data testify zirconium absence in the matrix, and barium was observed as traces,  less than 1 at.% with respect to all cations. So Tc changes most probably due to cation composition or oxygen stoichiometry change.  Jc calculation from the formed  peak on the imaginary part curve of  ((T) at H = 100 Oe ,and T=60K gave the value of 2200A/cm2 (Fig.2). The calculated critical current density is slightly exceeds that of the un-doped Bi-2212, and strongly exceeds Jc for superconducting composite containing SrTiO3 [14], but is lower than Jc values calculated for SrZrO3. This change in Jc can be attributed to a better binning additive of  BaZrO3  than SrTiO3 and SrZrO3  in the same capacity. 

[image: image1.wmf]20

40

60

80

100

-0.020

-0.015

-0.010

-0.005

0.000

0.005

 Bi-2212+0.5BaZrO

3

 Bi-2212

H=1 Oe

c

, emu/g

T, K


Fig.1 The temperature dependence of magnetic susceptibility. Real (negative) and imaginary (positive) parts.
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Fig.2 The temperature dependence of imaginary magnetic susceptibility. Superconducting composite has more sharp and high peak than undoped sample which testifies Jc enhancement.

      The SEM micrograph reveals a significant agglomeration of BaZrO3 and SrZrO3 particles (Fig.3). The particles themselves have size 0.1-1 (m. It can be supposed that Bi-2212 lamellas grow through zirconate agglomerates, dispose themselves in parallel order. So, zirconate particles layers isolate superconducting grains from each other, which can aggravate current-driving properties of composite. However, in our case rather large Jc is observed, that testifies the conservation of good contacts between grains. 
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Fig.3  SEM micrograph of Bi-2212+0.5BaZrO3 composite. 

Conclusions

      Superconducting composite Bi-2212 + (0.5) BaZrO3 is obtained. Partial transformation of BaZrO3 into SrZrO3 without intermediate common solid solution formation is observed. It is determined that, with such doping the superconductor transition temperature  (Tc) decreases by about 10К,  the critical current density (Jc) was considerably increased. Therefore, BaZrO3 introduction leads to the formation of submicron particles in superconducting matrix, which can work as pinning centers. However, chemical interaction of  BaZrO3 with Bi-2212 is a negative factor which resulted in deviation from optimal chemical composition of the superconductor.
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ملخص


	لقد تم في هذه الدراسة تحضير عينات من السيراميك المكون من Bi-2212+0.5BaZrO�3  بواسطة البلورة من حالة الانصهار، وقد نتج عن التحضير بهذه الطريقة تكوّن جزئي للمركبSrZrO3 من BaZrO3. فقد ‎أظهرت صورة المجهر الالكتروني الماسح (SEM) تكتل واضح للباريوم زيركونيت BaZrO�3. أما الدراسات المغناطيسية فقد أظهرت انخفاض درجة الحرارة الانتقالية (Tc) لهذه المادة المفرطة التوصيل بمقدار10 K  وتحسن في قيمة الكثافة الحرجة للتيار (Jc) عند درجة حرارة  (60K) مقارنة مع نفس السيراميك غير المشوّب.


Abstract


      Ceramics of nominal composition 4 mol Bi2.1Sr1.9CaCu2Ox  (Bi-2212) + 0.5 mol BaZrO3  were prepared by crystallization  from  melt. As a result, a chemical reaction and  partial formation of SrZrO3 from BaZrO3 occurs. The  scanning electron microscope (SEM) micrographs, show a strong agglomeration of zirconate particles. Magnetic measurements show a decrease of superconducting transition temperature (Tc) by 10 K, and an enhancement of critical current density (Jc) at 60 K, compared with un-doped Br2212. 
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