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Abstract

Zirconium oxide nanoparticles are prepared using Zirconium oxychloride, ethylene glycol, and tartaric acid via
pechini method. The synthesized zirconium oxide nanoparticles are obtained after the calcination at 500 °C for one
hour. The obtained zirconium oxide nanoparticles are characterized using various techniques such as XRD, FTIR,
and DRS. The reflectance and optical properties are tested. The band gap and color analysis of the prepared

zirconium oxide nanoparticles are investigated.
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1.Introduction

Crystalline particles with nanostructures have
attracted interest of researchers because of their
numerous applications and the characteristics that
depend on particle size and their relevance to science
and industry. In recent year nanoscale semiconductor
material particles have established their recent
increase in usefulness due to their attractive qualities
and their many applications. These nanomaterials
exhibited distinct the thermal, structural, and
electrical characteristics that contributed their superior
scientific appeal in fundamental and applicable fields
Sagadevan [1]. There are sever technique have been
created for the synthesis of metal oxide with
nanostructures for instance: non-hydrolytic sol-gel
reaction process [2-4], salt-assisted aerosol
decomposition [5], metal alkoxide hydrolysis [6],
carbon nanotubes templates [7], mechanochemical
processing [8], non-aqueous synthesis [9], alkoxide
thermal decomposition [10].

Nanoparticles of metal oxide are a class of
materials that is significant for its optical, magnetic,
and electronic attributes [11, 12]. Zirconium oxide
(ZrOy) has great importance because it is use in varied
workable applications in fuel-cell technology [13] as
a catalyst or catalyst support [14], thermal-barrier
coatings [15], thermo luminescence UV dosimeter
[16], protective coating for optical mirrors and filters
[17], oxygen sensor [18], ceramic biomaterial [19],
and also used as preservation from metal oxidation
and chemical corrosion [20]. ZrO, has a wide band
gap semiconductor property, so has extremely
conductive at high temperature.  According to their
transformation temperature zirconium oxide can be
formed in three crystalline structures like, tetragonal
(T), Monoclinic (M) and Cubic (C). Monoclinic form
is stable crystalline structure at room temperature; the
tetragonal form is generated at 1100-1200 °C, The
cubic phase forms only at 2373 °C [21-23]. Zirconium
oxide nanoparticle had prepared by different process
such as microwave plasma synthesis, chemical vapor
synthesis, precipitation from inorganic salt solutions,
sol-gel processing, combustion synthesis, laser
ablation, ultrasonically  assisted  hydrothermal
synthesis and inert gas condensation [24-26].

Sol gel technique used due to its distinct
characteristics and features; this approach can produce

high goodness of identical-sized nanoparticles on an
industrial scale, so has more industrial use and is
more widely used than alternative methods [27, 28],
using the sol-gel process can be created high-purity,
extremely homogenous composites [29-36]. The
lower process temperature of this technology, which
makes it possible to produce metal and ceramic
nanomaterial at temperatures between 70 and 320°C,
is another benefit over conventional methods [37-40].
This paper describes how ZrO; nanoparticles was
created using pechini method (sol-gel) following by
the calcination to increase crystallinity. XRD, FTIR,
and DRS are some of the methods used to
characterize  the obtained  zirconium  oxide
nanoparticles. The reflectance and optical properties
of the synthesized zirconium oxide nanoparticles were
investigated.

2.Experimental

3.Materials and reagents

The chemicals utilized in this practical work were
purchased and used as reached without any further
purification.  Zirconium oxychloride octahydrate
(ZrOCl,-8H20, 99.5 %) was purchased from Sigma-
Aldrich company. Nitric acid (HNOs, 69%), Tartaric
acid (TA: C4HeOs 99 %) and ethylene glycol (EG:
C:HsO2, 99.8 %) were purchased from EI Nasr
Pharmaceuticals Chemical Company.

Synthesis of zirconium oxide nanoparticles via
pechini method (sol —gel):

0.01 Mole of zirconium oxychloride octahydrate
were dissolved in 20 mL distilled water, added 0.5
mL nitric acid at room temperature, and calculated
amount of fuels. The obtained solution was preheated
at 120 °C on hotplate with magnetic stirring then
added 0.05 mole from tartaric acid. After that the
temperature was raised at 150°C, 7 ml of ethylene
glycol added with continuously magnetic stirring until
the viscous gel is formed. Then, the gel ignited at 250
°C on hotplate, producing a white - grey ash powder.
The synthesized ash calcined at 500 °C for 1 h to
obtain the pure crystalline zirconium oxide
nanoparticles as shown in Figure (1). The zirconium
oxide nanoparticles synthesized from the sol gel auto-
combustion method, named as ZR and ZC for the as-
prepared and the calcined at 500/1h, respectively.
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Fig. (1) Schematic flowchart for preparation of zirconium oxide nanoparticles.

Characterization

The X-ray diffraction is employed in order to examine the structural and microstructural characteristics of
created nanoparticles. The as-prepared samples were measured using FTIR spectrometer at room temperature from
4000 to 400 cm™. Calcined sample's diffuse reflectance was investigated in ultraviolet-visible NIR range (200-2500
nm) using Jasco-V670 spectrophotometer and integrating sphere calibrated with barium sulfate as white
standard. The CIE-Lab colorimetric method was used for determination of color parameters. CIE LCH is a
second method for calculation the color axes. The chroma parameter (C") calculated from C* =

(@92 + (b*)? and the hue angle h* is determined from h* = tan~!(b*/a*). . The solar reflectance (SR) is
investigated by the following formula (1).

) )
SR=J R(X)I(X)dx/J I)dL (1)
A M

Where, R(}) is the experiment reflectance and I(A) is the standard solar spectrum. The solar reflectance was

determined by Japanese Industrial Standards Association (

JIS) standard k5602-2008.
4.Results and Discussion
X-ray diffraction (XRD)

Figure (2) exhibits the XRD patterns of the synthesized zirconium oxides nanoparticles (ZC sample) after
calcination at 500°C for 1 h. According to XRD lines, two crystalline structures appear due to the reference card No.
2300612 (space group:14:p 121/c1 a=3.5961, b= 3.5961, c¢= 5.17700, and o =p=y= 90) of monoclinic structure and
card No 1524514 (space group:140:14/mcm a=6.36400, b=6.36400,

¢=5.51800, a =p=y= 90 ) of the tetragonal

and the peaks agree with the zirconium oxide nanoparticles. The crystal size (D) of the calcined zirconium
oxide nanoparticles (ZC sample) can be determined by using Scherrer formula (2)
D=0.9ABcos®  (2)

Where, A is the wavelength of X-ray (1.5406 A for Cu Ka), 0 is the Bragg diffraction angle, and B is
the x-ray full width half-maximum height (FWHM) of the XRD peak appearing at the diffraction angle 6. The
obtained ZrO; average crystallite size (D) was found to be 15.65 nm. Table (1) summed up the position (20), d value,
FWHM, crystal size at each peak, and (hkl) value for the prepared sample.
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Fig. (2) XRD pattern of the synthesized zirconium oxide nanoparticles (ZC sample) after calcination at 500 for 1 h.
Table (1) The extracted data from XRD pattern of the synthesized ZrO, (ZC sample).

No. 20, ° d A FWHM, ° Size, A Norm. I. hkl
1. 17.35266 5.10629 0.5216 160.9272 1.42 100
2. 24.1306 3.68516 0.8108 104.6484 7.01 110
3. 28.15578 3.16681 0.4677 182.9164 30.19 11-1
4, 30.16473 2.96032 0.4774 180.0035 100 101
5. 31.40253 2.8464 0.469 183.7893 21.13 111
6. 34.37949 2.60643 0.8923 97.3369 19.59 020
7. 35.23156 2.54532 0.4379 198.8029 12.45 110
8. 38.55124 2.33343 0.4277 205.5107 1.37 021
9. 40.7195 2.21405 0.9173 96.4791 6.26 21-1
10. 42.81344 2.11048 0.5522 161.3928 1.1 102
11. 44.85576 2.01902 1.1703 76.6996 417 112
12. 49.09303 1.85421 0.5731 159.1736 6.23 022
13. 50.16286 1.81714 0.9052 101.2093 68.92 220
14. 53.97245 1.69752 0.548 169.8971 25 201
15. 55.34757 1.65856 0.6323 148.1797 3.99 013
16. 55.90422 1.64336 0.2848 329.8033 0.86 130
17. 58.10377 1.58627 0.4957 191.4699 0.77 22-2
18. 59.27249 1.55775 0.5724 166.7615 10.95 103
19. 60.14423 1.53724 0.5868 163.3843 24.99 211
20. 62.77174 1.47907 0.5071 191.6661 7.49 311
21. 65.57241 1.42251 0.6863 143.811 2.53 222
22. 68.75054 1.3643 0.6105 164.6654 0.95 212
FT-IR analysis

The FT-IR spectrum of the fabricated zirconium oxide nanoparticle (ZR and ZC samples) is displayed in Figure
(3). The vibrational bands that were observed at around 3418.65 cm™ and 1632.47 cm™ are related to the stretching
and bending vibrational modes of the water molecules on the surface of zirconium oxide. The weak absorption band
at 1300 cm™ is assigned to carbon-oxygen group. The FTIR spectra of the calcined ZC sample revealed a band
between 400-750 cm* associated to the crystalline ZrO, nanoparticles.
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Fig. (3) FTIR spectra of the synthesized zirconium oxide nanoparticles before (ZR sample) and after calcination at
500°C for 1 h (ZC sample).
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Optical studies:

The calcined zirconium oxide nanoparticles (ZC sample) are shown in Figure 4(a and b) was examined
utilizing diffuse UV-VIS and NIR reflectance. Spectra displayed the measured reflectance between 200-2500 nm.
The reflectance edge between 220-280 nm for ZC sample. The absorption coefficients (a) extracted from the
experiment reflectance data using Kubelka Munk function as given by equation No (3).

F(R) = (K—M) =a = (1-R)?/2R 3)

Where, R is the experiment reflectance, F(R) is K-M function, a is absorption coefficients.

The UV-vis-NIR absorption spectra of zirconium oxide nanoparticles (ZC sample) displayed in Figure 5(a and
b). The broad absorption band between 250-400 nm as illustrated in Figure 5 (b).

100 100
% - (a) 90 (b)
80 50_-
70+ 70-

= 60 X 0]

@ - -

e 8

& 50 £ 50

S g7

D 40- & 40

5 e

o 30 g 2]

20 - 20:
0L —— ]

: 0 — T T T T T T T T T
250 500 750 1000 1250 1500 1750 2000 2250 2500 200 300 400 500 600 700 800

Wavelength, nm Wavelength, nm

Fig. (4) UV-VIS and NIR diffuse reflectance of the synthesized zirconium oxide nanoparticles (ZC sample).
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Fig. (5) UV-VIS and NIR absorption spectra of the synthesized zirconium oxide nanoparticles (ZC sample).

The band gap of the produced zirconium oxide nanoparticles (ZC sample) can be calculated using by equation No.

(4):
(FRR)hv)? = A(hv —Eg)~  (4)
Where, h and v are constants, F(R) is Kubelka Munk function, and z is the value between 2 and 1/2 based on
the permitted direct and indirect electronic transitions. The band gap calculated to be 3.2/5.4 eV and 2.8/5.1eV for

direct and indirect band gap, respectively as shown in Figure (6).
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Fig. (6) The direct and indirect band gap between of the synthesized of zirconium oxide nanoparticles (ZC sample).

According to the color analysis methods, color
parameters determined according to CIE-Lab and
CIE-LCH methods. The values of L/a/b/c/h calculated
to be 91.62, 0.85, -1.08, 1.37 and 231.93 for ZC
sample. The calculated data reflected the white color
of the synthesized zirconium oxide. Light and solar
reflectance of the synthesized ZC sample determined
by using JISK5602:2008 and JISA5759:2008 methods
according to the eq. No. (1) [41]. The value of light
and solar reflectance using JISA5759:2008 determine
to be 79.77 % and 77.5%. Also, the solar reflectance
determined in the UV-VIS, NIR and total solar
reflectance using JISK5602:2008 method to be
78.86%, 75.60% and 77.43%, respectively [42, 43].

5.Conclusion

Zirconium  oxide  nanoparticles  were
synthesized using a sol-gel auto combustion method
and the obtained ashes calcined at 500 °C for one
hour. Various analytical methods, including Fourier
transform infrared spectroscopy (FT-IR), and X-ray
diffraction (XRD) are used for the characterization of
the synthesized zirconium oxide. The average
crystallite size of the calcined zirconium oxide was
determined to be 15.65 nm. UV-VIS-NIR diffuse
reflectance spectra of calcined zirconium oxide
displayed the reflectance edge between 220-280 nm.
The band gap calculated to be 3.2- 5.4 eV and 2.8 -5.1
eV for the direct and indirect band gap, respectively.
The values of color parameters (L/a/b/c/h) calculated
to be 91.62, 0.85, -1.08, 1.37 and 231.93 for ZC
sample. Light and solar reflectance of the synthesized
sample determined to be 79.77% and 77.5%. Also, the
solar reflectance determined to be 78.86%, 75.60% in
UV-VIS, NIR region and the total solar reflectance
determined to be 77.43 %.
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