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Plant extracts have gained significant attention as an eco-friendly method to synthesize metal and metal oxide
NPs. The products usually consist of single-component metals and are rarely used for polyatomic ceramics. This
study highlights the synthesis of a YBayCusO7 superconductor using Arar fruit extract (Juniperus phoenicea). The
formation of metal complexes was recorded and monitored via FTIR as an indication of capping and stabilizing of
the metal complexes. The product was calcined at 900 °C for 10 h, pelletized, sintered at 920 °C for 15 h under
oxygen flow and then cooled to room temperature with a cooling rate of 2 °C/min. XRD confirmed the phase

formation of the superconducting phase where the Y123% exceeded 91%. The electrical transport behavior for
the prepared Y123 showed metallic behavior with an offset temperature, T¢r - o) (89 K), in a single step. Using
plant extracts for green synthesis is an eco-friendly method that simplifies ceramic synthesis and can be scaled up
for bulk and industrial applications.

1. Introduction

REBa;Cu307.5 or RE123 ceramic superconductors (RE = Y, La, Er,
Nd, Pr, Dy, Ho, Gd, Sm, Yb) have been extensively investigated over
three decades due to their unique electrical and magnetic properties and
used in different applications, such as nuclear magnetic resonance,
HTSC power cables, HTSC current fault limiters, and Maglev trains
[1-6]. The most popular methods used to prepare RE123 have been
conventional solid-state [7] and chemical methods in recent decades.
However, using a chemical process such as coprecipitation, sol-gel, and
microemulsion techniques is considered a method to save time and en-
ergy during the formation of nano-precursors, which simplifies the
construction of ceramic materials since the component mixing is at the
subatomic level [8-11].

Green synthesis (biogenic method) has gained significant attention
for synthesizing metallic and metal oxide NPs employing several or-
ganisms, such as fungi, yeast, bacteria, plant extracts, and macro- and
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micronutrients (proteins, peptides, vitamins) [12]. It acts as a capping
and reducing agent due to the different functional groups obtained from
natural surfactants, reduced sugars, proteins, and polyphenols [13]. In
addition, water acts as a solvent and a reaction medium; thus, it is
considered an eco-friendly or green method. It is employed to prepare
Au, Ag, Pt, CuO, ZnO, ZnO, Fe;03, and NiO [14-19]. Arar (Juniperus
phoenicea) is a Mediterranean plant that grows in Jordan and other
countries, such as Sinai of Egypt, Algeria, Libya, Spain, Cyprus, and
Saudi Arabia. These trees are 6-10 m in height and live in the moun-
tains. For centuries, the fruits and leaves have been used in traditional
medicine, and recently, laboratory experiments have shown excellent
biological activities against bacteria and cancer cells. The fruit extract of
Arar can be a potential template for nanomaterials and ceramic syn-
thesis due to the different functional groups obtained from natural
surfactants, reduced sugars, proteins, and polyphenols [20,21]. For
example, amentoflavone, gallic acid, and rutin found in Juniperus
phoenicea are rich in hydroxyl groups which are responsible for
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Fig. 1. Metal-chelating active sites (highlighted in yellow) in (a) amentoflavone, (b) gallic acid, and (c) rutin. (For interpretation of the references to colour in this

figure legend, the reader is referred to the Web version of this article.)

metal-binding activity (Fig. 1).

In previous studies, yttrium oxide (Y03), barium carbonate
(BaCO3), copper oxide (CuO), zinc oxide (Zn0O), titanium oxide (TiOy),
silver (Ag), and gold (Au) nanoparticles have been synthesized using
Azadirachta indica (Neem) extract [22-24].

In this work, Y123 was prepared by the green method using an
aqueous extract of Juniperus phoenicea. The resulting materials were
characterized using FTIR, TGA, XRD, SEM, and electrical testing
techniques.

2. Experimental
2.1. Preparation of Juniperus phoenicea extract

The preparation of the plant extract was carried out by boiling (50) g
of dried fruit powders in (500) cm® of distilled water under vigorous
mixing for (30) minutes. The sample was filtered and centrifuged for 15
min at 6000 rpm and then stored in a refrigerator for further
experiments.

2.2. Preparation of YBayCu3Oy

The metal complex with a nominal composition of YBayCu307_5 was
synthesized by mixing yttrium(Ill) acetate tetrahydrate [Y
(O0OCCH3)3.4H20], barium acetate [Ba(OOCCH3)], and copper(II) ac-
etate monohydrate [Cu(OOCCHs3)s. H30] (high purity powders

>/99.9% supplied by Sigma Aldrich) with water to form an aqueous
solution. A 10.0 mL aliquot of plant extract solution was added gradually
to the mixed metal acetate solution under vigorous steering for 3 h at
80 °C until the formation of a dried brown precipitate. The brown
powders were kept overnight at 80 °C and then calcined at 900 °C in air
for 12 h to remove the remaining volatile materials. The calcined
powders were reground in a marble mortar for 10 min, pressed into
pellets with a diameter of ~12.5-mm and a thickness of 2 mm under a
load of 6 tons using a hydraulic press model Carver and then sintered at
920 °C under oxygen flow for 15 h and slowly cooled to room temper-
ature at 2 °C/min.

2.3. Characterization

The metal complexes and their oxide powders were characterized
using a Fourier transform infrared (FTIR) technique using a PerkinElmer
model Spectrum Two FTIR spectrophotometer equipped with an atten-
uated total reflection (ATR) sampling accessory. The samples were
examined by X-ray powder diffraction with a Cu Ky; radiation source (A
= 1.54056 A) using a Shimadzu 7000 X-ray diffraction system at 40 kV
and 30 mA with a step of 0.02° over the range 4-60°. The electrical
resistance property was measured using the standard four-point probe
technique in the range 80.0-150.0 K using 1.0 mA (DC) using cryostat
system model Janis VNF. Morphological studies were obtained using
field-emission scanning electron microscopy with an FEI-Versa 3D STEM
attachment model. The electrical resistance property was measured
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Fig. 2. Thermogravimetric analysis (TGA) of a green mixture of Y, Ba, and Cu. (For interpretation of the references to colour in this figure legend, the reader is

referred to the Web version of this article.)
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Fig. 3. FTIR spectra of the (a) Juniperus phoenicea extract; (b) green mixture of Y, Ba, and Cu; and (c) YBCO ceramic. (For interpretation of the references to colour in

this figure legend, the reader is referred to the Web version of this article.)
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Fig. 4. XRD pattern of Y123 using Juniperus phoenicea as a green template. (h k I): Y123, *: 211 and 011 phases. Normalized resistance as a function of. (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

using the standard four-point probe technique at varying temperatures
(80.0-150.0 K) using cryostat system model Janis VNF. Morphological
studies were recorded using a FEI-Versa 3D field-emission scanning
electron microscope.

3. Results and discussion

Thermogravimetric analysis (TGA) of a green precursor (Fig. 2)
showed four weight-loss steps (drops) as a function of temperature. The
first weight drop, the moisture, and the water within the crystals end at
approximately 280 °C. The second drop in weight shows the decompo-
sition of the Cu complex, Ba complex, and Y complex to form CuO,
BaCOgs, and Y,0g3, respectively. The deterioration of BaCO3 to BaO is
presented at the third drop. The final weight loss shows complete
decomposition and the formation of YBayCugOy;.s that begins at
approximately 900 °C. TGA results suggest an excellent calcination and
sintering temperature in the range of 900-920 °C.

FTIR spectra for the Arar extract, green mix of Y-Ba-Cu ions with
plant extract and sintered YBapoCu3O7.5 ceramics were recorded and are
presented in Fig. 3. FTIR reveals the functional groups that might act as
stabilizers or capping agents. It has been noted that the plant extract
displayed the same functional groups represented in the green mix. The
bands in the range 469-823 cm™! in the green mix correspond to the
metal-oxygen of organometallic formation bonds, the bands at 779, 814,
868 and 922-1261 cm ! in the plant extract correspond to the stretching
vibration of the C-C of alkanes and the C-O-C of ethers, and the peaks in
the range 1261-1395 cm ™, 1396-1416 cm ™! are due to the C-H alde-
hyde, and C—=C stretching modes, respectively. The bands that appeared
at 1546-1599 cm ™! and 1740-1745 cm ™' represented the C=0 car-
boxylic anion and ketone stretching modes. Finally, the peaks at 2923
em™! and 3338 cm™! belong to the (O-H) of the phenol and water
groups in stretching mode [22-27]. However, no significant peaks were
observed for the YBCO ceramic since all the abovementioned functional
groups were decomposed during the heating process at 920 °C.

Fig. 4 shows the XRD patterns for the sintered Y123. All the

Table 1

Summarized data based on Rietveld analysis for YBa;CuzO7:
lattice parameters, crystallite size, crystal structure, good-
ness of fit (GOF), and agreement factors (Bragg-R- Factor,
RF-Factor and y?).

Parameter value

a(A) 3.8175 + 0.0001
b (A) 3.8790 + 0.0002
c(A) 11.6594 + 0.0008
Volume (A%) 172.651 + 0.016
123% 91.30(.99)
GoF-index 1.1

Bragg R-factor 2.84

RF-factor 2.7

¥ 1.32

identified peaks at 7.58°, 15.18°, 22.86°, 22.9°, 23.28°, 24.16°, 27.60°,
30.64°, 32.59°, 32.89°, 33.80°, 36.41°, 38.57°, 40.43°, 45.57°, 46.70°,
47.60°, 51.57°, 52.63°, 54.07°, 55.09°, 57.68°, 58.30°, and 58.87° were
assigned tothe (001),(002),(003),(010),(100),(011),(012),(0
04),(013),(110),(111),(112),(005),(113),(114),(006), (2
00),(115),(016),(211),(007),(204),(116),and (21 3) planes
that belong to the orthorhombic structure of the Y123 phase (JCPDS,
#01-078-2143), which was analyzed via the Rietveld method using
Match 3! software; the results are summarized in Table 1, including the
following: the Pmmm space group, No. 47,Z =1, a = p =y = 90°. The
measured lattice parameters are a = 3.8175 = 0.0001 A, b = 3.8790 +
0.0002 A, and ¢ = 11.6594 + 0.0008 A. The density of the lattice is d =
6.409 g/cm® with an estimated -£0.009 precision. Few peaks belonging
to impurities 28.42°, 29.27°, 30.08°, 35.68°, 39.99°, 41.87°, 42.54° and
49.27° were also detected and belonged to the nonsuperconducting
phases BaCuO» (Y011) and YoBaCuOs (Y211). The Y123% was found to
be 91.3% and calculated using Equation (1) [28]:

Y 123% = X1 123/ (Z1 123+2] 1mpurities) (@)
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Fig. 5. Normalized resistance of Y123 as a function of temperature.

Fig. 6. SEM micrographs of the Y123 fracture surface.

Where [ is the peak intensity of the observed phases.

The measured DC electrical resistance as a function of temperature
(R-T) for sintered Y123 (Fig. 5) presented normal metallic behavior with
a single-step transition feature. The zero-resistance temperature TR = o)
and onset temperature (Tconset) Were 89.0 K and 93.0 K, respectively.
The AT, which is Tc.onset-Tcr = 0), Was 4 K. Additionally, no sharp drop
in the curve at Tc.onset Was observed due to the formation of impurities
that might act as insulators and form weak links at grain boundaries. The
temperature dependence of the resistivity showed a negative curvature

at 110K, which might resulting from the increase in fluctuation con-
ductivity (FLC).

SEM micrographs (Fig. 6) displayed the Y123 morphology, which
was highly compacted and randomly distributed. The grain size was
above 20 pm, which is considered a typical feature of Y123.

4. Conclusion

A YBapCusz0Oy.5 superconducting ceramic was prepared with Arar
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fruit extract (Juniperus phoenicea) and metal acetate as the starting
precursors. The formation of metal complexes was recorded and moni-
tored via FTIR spectroscopy as an indication of the capping and stabi-
lizing of the metal complexes. XRD confirmed the phase formation of the
superconducting phase where the Y123% exceeded 91%. The electrical
transport behavior for the prepared Y123 showed metallic behavior with
an offset temperature (T¢g = o)) of 89 K. Using arar extract to produce
multicomponent ceramic is an environmental-friendly, and no toxic
chemicals are required. In addition, it is an alternative method for
ceramic production and can be scaled up to the industrial scale in
nanocatalysts, superconducting magnets, and power cables.
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