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The effect of magnetic nanoparticle additions on the 

(Bi1.6Pb0.4Sr2Ca2Cu3O10+δ)1-x-(nano M)x with M= Sm2O3, Ho2O3, Nd2O3 and 

x= 0.0-0.05 systems, sintered at 850°C for 30 hours were investigated by X-

ray diffraction techniques, critical temperature measurement, scanning 

electron microscopy (SEM) and energy dispersive X-ray spectroscopy 

(EDX). Magnetic nanoparticles, M= Sm2O3, Ho2O3 and Nd2O3 with 14.8 

nm, 18 nm and 49-64 nm particle sizes respectively, were mixed with 

Bi1.6Pb0.4Sr2Ca2Cu3O10+δ precursor powder prepared by solid state reaction 

method before the final step heat treatment process. The phase purity, lattice 

parameters, superconducting properties, surface morphology and grain size 

were found to be dependent on the magnetic nanopatricles concentration in 

the sample.  

 

The XRD result indicate that the dominant high Tc (Bi2223) phase decrease 

due to the increase of low Tc phase (Bi2212) with the presence of magnetic 

nanoparticles with 0<x≤0.02 and the later phase become significant for 

 ii



further addition. The lattice parameters calculated from XRD data show a 

slight decrease in the c-axis while a-axis increase for initial nanoparticale 

addition. Lattice parameters decrease monotonically with x≥0.02.  

 

The scanning electron microscopy viewing shows platelets like-grain for all 

samples which is a signature of Bi2223 and Bi2212 phases. The existence of 

large oriented platelet-like grains that have been observed in pure sample 

surface, are maintained for sample with 0<x<0.02. Further more the 

previous samples have small, randomly oriented platelet-like grains that 

increase with the increase in magnetic nanoparticles content. For x≥0.02 the 

sample surface becomes more porous with large amount of randomly 

oriented platelet grains. The elemental analysis by EDX measurement of 

sample with x=0.05 reveals the existence of nanoparticles that 

homogeneously distributed in BSCCO matrix. The chemical formula of 

sample’s elements composition that has been estimated from EDX 

measurements is in good approximation to that of Bi2223 system with 

noticeable excess in oxygen ratio which may be due to the existence of 

magnetic oxide nanoparticles in the sample. 

 

  All samples exhibit normal metallic behavior above superconducting 

transition temperature. Zero resistivity temperature Tc (R=0) which is around 

102 K for pure sample was found to gradually decrease to lower 

temperature with magnetic nanoparticle additions and decrease to that of the 

low-Tc(2212) with x≥0.02. The onset transition temperature Tc is almost the 

same for sample with 0.005≤x≤0.02 and become lower with higher 
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concentration of addition. The superconducting transition width becomes 

wider with increase in the magnetic nanoparticles addition.  

 

The hole concentration, p, of pure sample under preparation condition is 

around 0.13. The introduction of magnetic nanoparticles causes a decrease 

in the hole concentration of Bi2223 system. This decrease characterize by 

two steps. For initial addition of magnetic nanoparticle, the reduction of 

hole concentration per change in magnetic nanoparticles addition, ∆p/∆x, is 

more than when x>0.02 for Ho2O3 and Nd2O3 and at x>0.03 for Sm2O3 

addition. 
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Kesan penambahan butiran nano magnet keatas sistem 

(Bi1.6Pb0.4Sr2Ca2Cu3O10+δ)1-x(nano M)x dengan M= Sm2O3, Ho2O3, Nd2O3 

dan x= 0.0-0.05 yang disinter pada 850°C selama 30 jam dikaji dengan 

teknik XRD, pengukuran suhu genting (Tc), mikroskopi elektron imbasan 

dan serakan tenaga sinar-X (EDX). Butiran nano magnet dicampur dengan   

serbuk pelopor Bi1.6Pb0.4Sr2Ca2Cu3O10+δ disediakan dengan kaedah keadaan 

pepejal sebelum langkah terakhir proses rawatan haba. Ketulenan fasa, 

parameter kekisi, sifat superkonduktor, morfologi permukaan dan saiz 

butiran dipercayai bergantung kepada kepekatan butiran nano magnet. 

 

 Keputusan XRD menunjukkan fasa dominan (Bi2223) berkurang 

berdasarkan pertambahan fasa (Bi2212) dengan kehadiran butiran nano 

magnet pada 0.0<x≤0.02 dan kemudian fasa tersebut menunjukkan 

perbezaan besar untuk penambahan seterusnya. Pengiraan parameter kekisi 

dari data XRD menunjukkan sedikit pengurangan pada paksi-c manakala 
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penambahan pada paksi-a untuk penambahan awal butiran nano. Parameter 

kekisi berkurang secara monoton dengan x≥0.02. 

 

 Mikroskopi elektron imbasan menunjukkan kepingan seperti butiran untuk 

semua sampel yang menunjukkan kehadiran fasa Bi2223 dan Bi2212. 

Kehadiran kepingan butiran yang besar dan terjajar dapat diperhatikan 

dalam permukaan sampel tulen, hanya pada sampel 0<x≤0.02. Sampel yang 

terkemudian mempunyai butiran yang kecil, kepingan butiran terjajar 

bertambah dengan penambahan kandungan butiran nano magnet. Untuk 

sampel x≥0.02, permukaannya menjadi lebih poros disebabkan kandungan 

butiran kepingan rawak yang banyak. Analisis unsur dengan pengukuran 

EDX pada sampel x=0.05 menunjukkan kehadiran butiran nano yang 

homogen didalam matrik BSCCO. Formula kimia untuk komposisi elemen 

sampel yang telah dianggar dari pengukuran EDX menunjukkan sistem 

Bi2223 lebih peratusan oksigen yang ketara yang disebabkan oleh kehadiran 

butiran nano magnet oksida di dalam sampel. 

 

Semua sampel menunjukkan sifat logam selepas suhu transisi 

superkonduktor. Suhu rintangan sifar Tc (R=0) pada 102 K untuk sampel 

tulen ketara berkurang ke suhu yang lebih rendah dengan penambahan 

butiran nano magnet dan berubah menjadi (Bi2212) pada x≥0.02. Permulaan 

suhu peralihan Tc, adalah hampir sama bagi kesemua sampel 0.005≤x≤0.02 

dan menjadi lebih rendah dengan pertambahan kepekatan. Lebar peralihan 

kesuperkonduksian bertambah dengan pertambahan nanozarah. Kepekatan 

lohong, p, sampel tulen semasa penyediaan adalah pada sekitar 0.13. 
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Pertambahan butiran nano magnet menyebabkan pengurangan kepekatan 

lohong pada sistem Bi2223. Pengurangan ini ditunjukkan dengan dua 

langkah. Penambahan awal butiran nano magnet telah mengurangkan 

kepekatan lohong setiap perubahan penambahan butiran nano magnet 

∆p/∆x, lebih daripada langkah kedua dimana x>0.02 untuk Ho2O3 dan 

Nd2O3 dan x>0.03 untuk pertambahan Sm2O3. 
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