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Magnetism andsuperconductivity are mutually exclusive phenomena and their interaction is an
interesting topic to study. In this work the effect ob&tno sFex04 (CZFO) nanoparticle with size 20

50 nm on YBaCwO7.d(YBCO) is reported. Theasnpleswere prepared using solid state reactiotin

starting composition YB&LwO7.d(Can.sZno.sFe0s)x with x = 0 to 0.4 weight percent (wt. %)All
samples exhibited single YBCO phase as shawm ftheXRD patterns The grain size was reduced

with CZFO additon. The transition temperatur@:( from resistance measurements showed a slight
increase from 90 Kx(=0) to 91 K k= 0.1) followed by a suppressionfoe 0 . 2 . The ,peak
Tp of theimaginary part of the susceptibility’ , was ar7ekin thex # 0 to 0.8 samples.
However, a drastic decrease to 60 K was observed ix th@®.4 sample indicating weakening of
intergrain coupling which resulted in coupling losses as CZFO was addec =Thé& sample showed

the highestl; andthe crtical current densityJc. among all the amples studied. These resultsrave

compared with other materials addition to ¥8&ez07.d.
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1. INTRODUCTION

The exclusivenature of nagnetism and superconductivityake them interesting topic to study
The interaction between flux line network and magnetic texdamemprove the critical current density,
Je through the addition of agnetic nanomaterial [1, 2]. Addition ohtéferromagneticgFe0s,
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ferromagnetic F©4 and diamagnetic ZnO in Br-CaCu-O enhanced the critical current density [3
5]. Addition of nanosized”bO in YBaCuwO7.5 (YBCO) showed enhancement of current density and
transition temperature [6]. Nanosized particle addition in-Aigduperconductors camproveJ: and

the transitiontemperatureJ. [7-11]. Howeverferromagnetic nanoparticles such as@o[12] and
CoFex04 [13] suppressed the transition temperature of YBCO.

Complex magnetic oxideshow awide range of properties arising from the strong interplay
among the physical properties making them ideal for flux pinning centd& 14].
CuwsTlosBaCaCuwOe, added with 0.08 weight percent (wt. %) §&@nosFe0s (CZFO) showed
improvement in transition tempaure by 3.35 % and ancrease in hole concentration [15]. CZFO is
superparamagnetic in nanosize and when prepared with a template it is ferromagnetic [16].

Jc was suggested tocreasavhenthe magneticnangarticles sized is larger than the coherence
lengthxbut smallethan the penetration dept,9]. Theflux pinning is suggested tocreasevhenthe
size of thenanoparticlesipproacheg[17]. The coherence lengthfor YBCO is about 1.65 nm and the
penetration depth is about 156 nm [].

In this paper, CesZno sFe04 nanoparticles with sizé= 20- 50 nm were added intdBa>CuzOr.-

5. This sized was chosen because it is betm the coherence length grehetration depthy<d </ of

the YBCOJ[8]. In this research wavestigaté the effect of this nanopacte on the properties of YBCO
superconductor. The electricasistance was measured along with the structural properties. The AC
susceptibilityc =c’ ¢+ b e h av i o r-graauladcriticdt @irrentegngty at the peak temperature,
Tp of the complex susceptibility” Jo(Tp) is also reported in this pap@]. The results were compared
with previous reports on nanoparticle addition in YBCO.

2. EXPERIMENTAL DETAILS

The material was prepared using high purity (> 99.9 %)3yBaCQ and CuO with starting
chemical formula YBgCwOr.5. The powders were heated at 3@for over 24 h with intermittent
grindings. Nanosized G&ZnosFeOs (from Inframat Advanced Materials) was then added to the
resultant powders with starting formula Y&asOy7- 5(Coo.sZno sFe04)x wherex = 0, 0.1, 0.2, 0.3 and
0.4 wt. %. The powders were pressed into pellets of about 12 mm diameter and 2 mm thickness anc
heated at 908C for 24 h.

The resultant phases were identified by using theyKdiffraction methodwith Bruker D8
Advanceddiffractometer. Lattice parameters were calculate using at least 10 diffraction peaks. The
field emission scanning electron micrographs (FESEM) were recorded using a Merlin Gemini scanning
electron microscopE]. A Philips transission electron microscope (TEM)odel CM12was used to
recordthe average size of tl&xn.sZno sFe04 starting nanoparticles.

The four-probemethod wasised to measure the electrical resistance. Silver paint was used as
electrical contacts. Alosed cycle refrigerator from CTI Cryogenics (Model 22) and temperature
controller from Lake Shore (Model 33@greused for low temperature measuremed<ryo Industry
AC susceptometamodelnumber REFL808ACS was used for the AC susceptibility maesments.
Thefrequencyused wa®95 Hz and magnetic fieldas 400 Am. Bar-shap@ samplevith cross section



Int. J. Electrochem. ScMol. 14, 2019 281

dimension of approximatelyrdm x 2 mmwas usedThe critical current density at the peak temperature
Tp o f  wgs’calculateavith formulaJe(Tp) = H/(Iw)Y?, whereH is the applied field| andw are the
crosssectiondimensions of the sampl&q].

3. RESULTS AND DISCUSSION

All samples showedinglephaseYBaCwOr- 5 (space group Pmmm)Figure 1(a) showshe
XRD patterns fox = 0, 0.1 and 0.2. Figure 1(b) shows the patterng fo0.3 and 0.4. No systematic
change in the lattice parameters was observed (Tabl&HBlattice parameters ag= 3.826 A,b =
3.893 A andt = 11.702) Afor x = 0 sample The internal lattice sainis determined byhe ratio of the
lattice parametes/a andc/b. All samples showed/a~ 3.06 and/b ~ 3. This shows thato changen
the internal lattice straim these samplesTEM micrographs o€CZFO shows that the paite size wa
betweer20 and 50 nm (Figure 2). The SEM micrographsfer0, 0.1 and 0.4 show that the grain size
increased as CZFO was added i.e. 3, 5, and 10 um, respectively (Figure 3).
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Figure 1. XRD patterns of CZFO addeBaCuwO7s samples (ax =0, 0.1 and 0.2 and (&)= 0.3 and
0.4
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Figure 3. SEM micrograph ofa)x =0, (b)x = 0.1 and(c) 0.4 wt. % samples
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Theresistancerersus temperatuirvesshowedthat T wassomewhatffected by CZFOThe
onsetransition temperaturé onsetincreased fok = 0.1sample and then decreased with further addition
(Figure 4) Thex = 0.2 and 0.3 samples showed slight decreade. irHowever, thex = 0.4 sample
showed a drastic drop ftonset(73 K) andTczero (63 K). The transition widthDT is about 5 K foix =
0, 0.1, 0.2 and 0.3 and 10 K for 0.4. The large variation in th&; of individual superconducting grain
as CZFO was increasedxr= 0.4may cause the increaseln..
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Figure 4. Electrical resistance versus temperature curves obQB&®7.s samples added with CZFO
nanoparticles

AC susceptibility data showed thiie transition temperaturét’ ) d e slightlyangthetite

addition of CZFO (Figure 5). The nomadded sample showddc’ = 92 K and other
transition between 90 and 91 K. The suddeop in the real part’ of the compl ex
(c=c’ € ) bRt iwdue to diamagnetic shieldinghd peak irc” indicatesAC losses [8].

Two loss peakgFigure 5)that include a broad peak at low temperatiipg dredue to coupling
losses andtehigher temperature the narrgreakindicatesintrinsic losses. All of our samples showed
the higher temperature peakiain coincide with the sharp drop in the real part of the susceptibility
This showed large intergranular potential and flux penetration into the grains of the legi2@. Tp
decreased as CZFO was added due to lower intergrain coupling of the superconductingpmfalae.

x = 0.4 sample shifted to lower temperature (6@vKjch may be due to the weak pinning force strangt
The weaker the pinning, the larger is the shiff,. At Ty, the AC field amplitude is equal to the full
flux penetration field8, 20].
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Figure 5. The AC susceptibility =¢c’ ¢+ ver sus t e mp e sCaOrdrsamplgsraddedh o 1

with CZFO nanoparticles (%)= 0, 0.1 and 0.2 and ()= 0.3 and 0.4. Inset shows near the
transition temperature.

If the applied fieldH is equal to the first full penetration field, the flux line will penetrate the
superconductor fully and the losses araximal [19]. The critical current density asfanction of
temperature can be determined from this fact. i.e. using the critical state riode. t r anspor t
current density &@T) tHhdigp ecark XEb @p elr staurpd e s how
J(76 K) =2 18ThAi cmwork showed that this sampl e ¢
temperature and c Mablel sh@vsTczdo UldonkeleAT tSusadmilmilisy itrangition

temperaturdcc', peak temperature of , Tp, and the intergraioritical current density alp, J(Tp).

Table 1. Lattice parameterS,czerq, Tconset Tec’ Tp, Jeo(Tp) for YBaCwOr.5 samples added with CZFO
nanoparticles

x/wt. alA b/ A c/A Teonset!  Tezero/ o To/ K J(Tp)/
% K K © Acnm?
0.00 3.826 3.893 11.707 90 85 92 79 16
0.10 3.830 3.893 11.716 91 86 91 76 18
0.20 3.828 3.896 11.693 86 78 90 77 17
0.30 3.827 3.895 11.716 89 84 90 77 16
0.40 3.834 3.895 11.713 73 63 90 60 16




Int. J. Electrochem. ScMol. 14, 2019 28kt

The effect of various additionof nanoparticles on YBCO is shown in Table 2.
Superparamagnetic CZFO showed slight improvemekhtandTczero Antiferromagnetic material such
as Fek [21], ferrimagnetic such as €3; [22] and CdTe [3] which is diamagnetic [Z 25], enhanced
Tc of YBaxCusOy7.5 while ferromagnetic materials such assO9[12] and CoFgO4 [13] suppressed the
transition temperature.

Table 2. The effect of various addition of nanoparticles on YBCO

Addition X/ wt.% Teonse! K Ref.
Non-Added YBaCuwOr.q 0 90 This work
Cm.5Zno sFe04 (superparamagnetic) 0.1 91 This work
CrSs (ferrimagnetic) 0.05 93 [23]
Co04 (ferromagnetic) 0 92 [12]

FeR (antiferromagnetic) 0.03 92 [23]
CdTe (diamagnetic) 0.07 93 [24]
CoFeQs (ferromagnetic) 0 92 [13]

In conclusion, theffects of CZFO on YB&£ w075 have been investigated. CZFO enhanced the
transition temperature and critical current density for low addition l&weD(1). The peak temperature
of ¢ Tp[ andJ(Tp) decreased as CZFO was added indicating weakenegifimng and intergrain
coupling. By comparing with previous works, in general ferromagnetic materials suppfesdabtt
other materials such as superparamagnetic, ferrimagnetic, antiferromagnetic and diamagnetic particle:
enhanced. andJ. for low-level addition.
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