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ABSTRACT

YBa>CusO75 is a high-temperature superconductor that exhibits superconductivity above 77 K,
surpassing the boiling point of liquid nitrogen. This material has garnered significant attention
from the scientific community due to its exceptional characteristics, such as a high critical
temperature (T¢), a high upper critical field (Hc2), and its ability to be synthesized in a single
phase with ease. YBCO finds applications in various fields, such as transmission, power lines,
magnetic resonance imaging, and levitation. However, its granular and porous structure can
degrade its superconducting properties, resulting in lower critical current densities (Jc).
Achieving a high value of Jc under strong magnetic fields requires immobilizing vortices through
flux pinning. Enhancing the critical current density (Jc) and pinning force (Fp) in YBCO is one of
the main challenges, and several attempts have already been made. Therefore, the introduction of
additional defects into the YBCO matrix, alongside natural ones, is essential to enhance its flux
pinning properties. The best method to enhance flux pinning strength in YBCO is to add
artificial pinning centers (APCs) in the form of nano additives. These nano additives, which can
be made from metals, insulators, semiconductors, or magnetic materials and come in various
morphologies such as nanoparticles, nanospheres, nanorods, or nanowires, are incorporated into
the YBCO matrix, inducing defects that act as effective pinning centers to restrict vortex motion

and improve pinning properties.

In order to carry out a study in this direction, YBCO-xKNbO3 nanorods (NRs) or nanoparticles
(NPs) (x = 0.0, 0.25, 0.5, and 1.0 wt%) nanocomposites are synthesized through a two-step
process involving the hydrothermal method and solid-state reaction method, with their pinning

properties being investigated. The orthorhombic phases of these samples are confirmed via X-ray



diffraction (XRD) patterns, and their morphology and composition are examined using field
emission scanning electron microscopy (FESEM) and energy-dispersive X-ray spectroscopy
(EDX). The superconducting critical temperature (Tco) of YBCO-xKNbO3 (x = 0.25, 0.5, and 1.0
wt%) nanocomposite samples remains unchanged compared to the YBCO sample, indicating that
small additions of KNbOs3 do not significantly affect Tco. Magnetic measurements are conducted
within a temperature range of 15 K to 65 K using a Magnetic Property Measurement System
(MPMS). Adding 0.5 wt% NRs or NPs to the nanocomposite notably enhances the
superconducting parameters, suggesting improved flux pinning properties. The sample with 0.5
wt% NPs exhibits a 4.4-fold increase in critical current density (Jc), while the sample with 0.5
wt% NRs shows a 3.6-fold increase, indicating that KNbO3z-NPs are more effective in improving
the flux pinning and superconducting properties of YBCO. However, higher concentrations of
NRs or NPs lead to reduced Jc, possibly due to increased agglomeration. The study also reveals
that nanocomposites exhibit improved pinning properties, as the rate of Jc decrease is lower
compared to pure YBCO under increasing external magnetic fields. Furthermore, magneto-
transport measurements are conducted to calculate parameters such as activation energy (Uo),
coherence length (&(0)), and upper critical field (Hc2(0)). Samples containing 0.5 wt% KNbO3z-
NPs display increased derived parameters compared to YBCO and other nanocomposite samples,
with the improvements being particularly pronounced in the YBCO-KNbOz NPs sample. This
suggests that adding an appropriate quantity of KNbO3-NPs is a valuable strategy for advancing

YBCO materials with significant practical application potential.

We investigate the effect of adding KNbO3 nanoparticles to YBCO thin films. YBCO and
YBCO-xKNbO3 (x = 0.5 and 1.0 wt%) nanocomposite thin films are deposited using the pulsed

laser deposition technique on single-crystal SrTiOs (STO)(100) substrates. Structural,



morphological, transport, and magnetic properties are analyzed, with magnetic properties
assessed using a Magnetic Property Measurement System (MPMS) in a magnetic field range of -
7 T to +7 T. The YBCO-KNbO3 nanocomposite thin films demonstrate enhanced performance
compared to pure YBCO thin films. The most significant improvement—a 3.5-fold increase in
critical current density (Jc) and pinning properties—is observed in the YBCO-0.5wt%KNbO3
thin film. Additionally, the nanocomposite thin films exhibit a slower rate of decay in Jc under
increasing magnetic fields, indicating improved flux pinning properties. The lattice mismatch
between YBCO and KNbO3-NPs appears to introduce additional defects, contributing to the
enhancement of flux pinning. These results suggest that incorporating small amounts of KNbO3-

NPs effectively enhances the in-field performance of YBCO thin films.
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IR

YBa;Cus07.; TF I dTIHM RHBSTR 8, Sl 77 K T HWR & dAIHH R JRGSfaede
TefRid #ar 3, St for TR g & Iad fog I Siftip 81 3P SRAYRO IUN, S I
fopfedrd AmUuHM (T.), I SHU fbfewd &7 (Hey), 3R 3T Thd TR H 31! I Rafvd
TR DI &HAT & HRUT, 3 I 3 AHS T ST 9= & i fasar §1 YBCO
&1 IuAT it &= & fopan SIran €, oY faggd ¥R, UieR ars—, Hifed Jsi-d ShfoiT,
3R AfICRA| BT, SUHT GHER 3R [agad WRaT SUD!T YRbSiact aRydrs] &I

HHIR B g« o, R fobfedrd die 9 (J.) HH 81 SIIdT g | AT Jahid &3 & dgd
Jo & I HH I YT B & 1T, wefer U o wregd 9 aféay o1 FRR =T Sfiaes 3|
YBCO ¥ fhfedwa aie gqd@ () 3R fUfH B (F,) 1 9™ T Uq@ Akt 8, 3R 39
forT » ya fhu U €| 39fe, YBCO AR & Widiad aei o Ary-ary Sifaiad are &l
UReR TIRad § dlfds 39! aay i faRivdre & gur 811 YBCO # T fufH ot
dThd ST o1 Tad 33T i A1 Tfsfesy & &u H Him ff Tex (APCs) ®l s ]|
3 A1 Tfsfesy urg, 3gaie, Yl ader a1 Jad i IHRR ¥ 94 8 I & iR fafta =t
T 31d €, O AR, SR, A9RISY, a1 SRR | 3% YBCO Afced # qftifera
fora S @, Forad U8 QY I Bid & Sl UHTdl fUfHin ex & U # o1 a3 8, IcH B
Tl Y JAebd & 3R AT 70 & guR R B

29 foun ¥ siegga &1 & o, YBCO-xKNDOs A RIS (NRs) TT AAIUTEHT (NPs) (x =
0.0, 0.25, 0.5, and 1.0 wt%) I aISTe T B! B gryHd 3R Hifers-we RuawH fafd &
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HIEH ¥ Q-=RUNg Ufshar & dgd Uxaivd fosar T, $fR It et T faRiwarstt o
ST Pt TS | 39 T & TR =R0 B gy Tei-X fagdH (XRD) T gRT &1 718, 3R
IB! AT 3R WA & T Bics THYHE BT 3Ade- AIEHRSGIU (FESEM) 3R
Soll-fSTRig TRI-X WagRe Ul (EDX) §RT &1 8| YBCO-XxKNbO; (x = 0.25, 0.5, and 1.0
Wt%) TG TINTE THAT & JURB SIaeTT fohfedhd dTIHM (Teo) H YBCO THA &1 gaT H Bl
Ufkad- gl <aT 74T, S T8 GRITT § fb KNbOs &1 Bt AR SiIgA d T W HIs Ag@yul
JUTT T8 USdl| GaH AU 15 K ¥ 65 K & arqae 91 & difes uradf fordc Req
(MPMS) &1 JUTRT & foal 77| A1 aIfore & 0.5 wid NRs TT NPs ST & JUR&Siaet
AUES! H Ieera-1g GUR gaT, S e fuf=i 1o & YR &1 Wobd ST g1 0.5 wid NPs aTdl
T fopfedma die o@ (Jo) T 4.4 1 ig <1 715, G 0.5 wi%e NRs aTdl 1A | 3.6
AT 3f 3, ST T8 STaT B f KNbOs-NPs YBCO & Taial ffT 3iRk gurebsfae Turt o
TR I H 3 quTat § | gTetifds, NRs IT NPs &1 3 Figal 4 J § ST offs, S Jyad:
¢ U TARRM & HRUI gs | e J g Hft udt ga o A-idsuifore § fOf+ 1oif & gur
T3, Fifdh T8 a1 &1 b T W J i IRTIE B &R Y YBCO &I a1 T &Y 2|
YD SIATAT, FUCI-CIUIE AU $T SUIRT Hrab FiohaUl Sall (Ug), Do e AdTs (£(0)), 3R
ST fbfedwd &7 (Hep(0)) S HIUEST B TTUMT Bt TS| 0.5 wi% KNbOs-NPs dTdl HAT =
YBCO 3R 3= Adulfore T &t ga-1 § 98k W ATves feamy, faviy &9 ¥ YBCo-

KNbO3 NPs T T | I8 g&iTd <l & f KNbOs-NPs & SUgad AT Sile- ¥ YBCO Irft o

Tgayul ATaRIRG ST &FdT & I1Y JUR fara ST qheT 5|
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F9 YBCO Udall TRal § KNbOs-NPs S+ & UHTal T 3feqgd fhar YBCO 3R YBCO-
xKNbOs (x = 0.5 3{R 1.0 wi%) U Udell TRdl & Ueks aoR fSTfRM do-te &1
JUNT Rap R fahed SiTios (STO)(100) FsHee™ TR ST fowa T | TR, Hifdew,
gRag, 3R JaH1 T[0T &1 fa=eru fasa T, Forad 9aeh 1 01 &1 Shad -7 TH+7 T
JIDHIT &F FH T MPMS BT SUTNT B a1 T YBCO-KNbO; AduIvIe Ude! URdl
7 IS YBCO Ude IRl &I gaT H dgck Uk eumn| Jad e guR, fbfcwd
BT T@ (J) 3R AT Ion F 3.5 A1 3fL, YBCO-0.5wt%KNbO; Tae Rd # 3t T3
D SfATAT, AIbUISIC Udel URdl A Sgd JaP &3 & ded Jo & & &1 it R i,
S SR O o &1 ER1T BT 81 YBCO 3R KNbO3-NPs & &g aifed g sifafvad
ISt Y U BT U BT 8, e werey R ol & gur gar 1 37 Rt § o
IAdT § T KNbOs-NPs Bt BICT HIET Pl RMAT B ¥ YBCO BI A-ies Uax( &
A U ¥ 3¢ Jbal ol
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Critical current density (J¢) vs. applied field curve for YBCO-xKNbO3 (x = 0.0,
0.25, 0.5, and 1.0 wt%) nanocomposites at (a) 15 K, (b) 65 K, and (c) variation of

Jemax With NPs concentration in the nanocomposites at 15 and 65 K, respectively.

Exponent (o) vs. temperature curve for nanocomposite YBCO-xKNbO3 (x = 0.0,

0.25, 0.5, and 1.0 wt%). The inset Figure displays the slope of the linear fitted
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curve on J. double log scale with an applied field for YBCO at 15 K.

Figure 4.8 Pinning force density (Fp) vs. applied field curve for YBCO-xKNbO3 nanocomposites

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

(x=0.0,0.25, 0.5, and 1.0 wt%) at (a) 15 K, (b) 65 K, (c) variation of Fpmax with
wt% of KNbO3 concentration in YBCO-KNbO3 nanocomposite samples at 15 K
and 65 K, and (d) temperature-dependent wvariation in Fpmax value in

nanocomposites, respectively.

X-ray diffraction (XRD) patterns of (a) KNbO3-NRs and KNbO3-NPs, and (b)
YBCO, YBCO-KNbO3; NRs, and YBCO-KNbO3; NPs nanocomposite sample.

TEM image of (a) KNbO3-NPs and (b) KNbO3-NRs, SEM image of (c¢) YBCO, (e)
YBCO-KNbO3 NRs, (g) YBCO-KNbOs NPs nanocomposite samples, and EDS
spectra of (d) YBCO, (f) YBCO-KNbOsz NRs, (h) YBCO-KNbO3z NPs

nanocomposite samples.

Variations in the temperature-dependent normalized resistivity (p/pi10) across a
range of applied magnetic fields, ranging from 0.1 to 7 T for (a) YBCO sample,
(b) YBCO-KNbO3 NRs, and (¢) YBCO-KNbO3 NPs added nanocomposite

samples.

Arrhenius graph showing a change in In (p/p110) against 1/T across various applied
magnetic fields ranging from 0.1 to 7 T for (a) pure YBCO, (b) YBCO-KNbO3
NRs, and (¢) YBCO-KNbO3 NPs added nanocomposite samples.

Variations in the activation energy (Uo) with applied magnetic field for (a) YBCO
sample, (b) YBCO-KNbO3 NRs, and (c) YBCO-KNbO; NPs added

nanocomposite samples.

Variations in the activation energy (Uo) with an external applied magnetic field,
derived from conventional TAFF theories and fitted using a power law, Uo(H) ~
H®® for (a) YBCO sample, (b) YBCO-KNbO; NRs, and (¢) YBCO-KNbO; NPs

added nanocomposite samples.
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Figure 5.7  The temperature-dependent behavior of the upper critical field, He2(T) (at 50% of
pn), was analyzed by fitting it with the Ginzburg-Landau theory for (a) YBCO, (b)
YBCO-KNbO3 NRs, and (¢) YBCO-KNbO3 NPs added nanocomposite samples.

Figure 6.1 XRD pattern for YBCO, KNbO3-NPs, and YBCO-xKNbO3 (x = 0.5 and 1.0 wt%)

nanocomposite films, respectively.

Figure 6.2  Resistance vs. Temperature curve for YBCO-xKNbOs3 (x = 0.0, 0.5, and 1.0 wt%)

nanocomposite films.

Figure 6.3 M(H) loops for YBCO-xKNbOs3 (x = 0.0, 0.5, and 1.0 wt%) nanocomposite films at
temperatures of (a) 15 K and (b) 65 K, respectively.

Figure 6.4  Variation of J. with the external magnetic field for YBCO-xKNbOs3 (x = 0.0, 0.5,
and 1.0 wt%) nanocomposite films at (a) 15 K and (b) 65 K. (¢) Variation of Jcmax
with the wt% of KNbOs3 nanoparticles concentration in YBCO-KNbO3

nanocomposite thin films at temperatures of 15 K and 65 K.

Figure 6.5  Variation of improvement factor “f” with externally applied field ranging from 0

to7 T at 65 K.

Figure 6.6 The study examines the change in pinning force (F;) for YBCO thin films with the
addition of 0.0 to 1.0 wt% KNbO3-NPs under externally applied magnetic fields at
temperatures (a) 15 K and (b) 65 K.
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