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Abstract

Magnesium nitrate as precursor and citric acid wd &re used as a starting material for the prépara
magnesium oxide (MgO) nanoparticles via sol- gelaofo—combustion method. X-ray diffraction patter
indicate that the obtain (MgO) nanoparticles aregaod crystallinity and show that the all grainesiwas
decreases with increasing of concentration citcid as fuel. The crystallite size was calculateshgisScherrer
and Williamson-Hall formula at difference ratios fokl which have maximum crystallite size (13.55)rand
(14.26 nm) respectively. The SEM images for MgO dexvprepared with fuel (Citric acid) at three vaso
molar ratios show the morphology of the oxides isstly spherical with some agglomeration. The optica
properties show that the transmittance decred@beinerease the fuel amount and additives ammandfuel
played an important role in the combustion.
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1.0. Introduction

Magnesium oxide is an important oxide mineral thggd in many applications such catalyst suppoats/)\sis,
toxic wastes remediation, adsorbents, absorbenmfimy pollutants and refractory materials (Jialfraintao,
Chuncheng, Yunxia, Huihui. & Juncheng, L. 2011)u§many wide studies have been executed to syathesi
nanoscale MgO powders using different novel wetigmical methods, e.g. Sol-Gel synthesis, followgd b
spray pyrolysis and supercritical drying (G. Der€z Prusik, L. Pajaki , R. Pielaszek , J. J. Malus&i , & W.
Pudlo. 2009). MgO is synthesized by the disintégnatf different magnesium salts in air. Howevée MgO
particles generative by this method are usuallydasize and irregular with low specific surfaceaatdgO NPs
with narrow size distributions can be prepared singi various chemical methods , the oxide parsctes and
morphology are dependent on such, temperatureeafitation, preparation conditions as the pH, icalton
temperature/time and concentration or ionic stiteifgt S tengl , S. Bakardjieva, M. Mar kova , PzBie ka, &

J. S ubrt . 2003). It can be prepared in widel§edént shapes and particle sizes .It has been dattch that the
size and shape of nanocrystalline magnesium oxadécfes awarded them with high reactivity and $iec
surface, because of the structural defects on seface high and concentration of edge/cornes $Eben-Xing
Tang , & Lu-E Shi. 2008)..

In this work, MgO nanoparticles were synthesizelsdl- gel of Auto — Combustion process usindocécid as
fuel. In addition to study effects of fuel to ogtiqproperties, crystal structure, and crystalliree.sThe optical
properties of MgO nanoparticles samples were inyatstd by ( UV-Visible1800) spectrophotometer.

2.0. Experimental method

Magnesium oxide nanoparticle were prepared by sblagto-combustion method, using magnesium nitrate
hexahydrate [Mg( Ng),. 6( HO)], and citric acid (gHgO;. H,O) as a fuel. A stoichiometric amount of
magnesium nitrate and citric acid were dissolvddionized water at 9C with magnetic starrier. Five samples
of fixed molar ratios of magnesium nitrate to citaicid such as (1:0.5, 1:0.6, 1:1, 1:1.75 and W2rg prepared
and these five samples will be named asH, Ps;, P, and R respectively. The pH of the solutions thus get to
resulted ( 7). The white color solutions wher@walble to steaming on a preheat plate preserviagadtution
temperature at 70-90°C where the gel started to.fér sudden elevate of the temperature to (200fG)vad to
form the gels as MgO powders. Finally, the powdees calcined at 600°C for (2 h) to get to MgO
nanoparticle.
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3.0. XRD analysis

Figure (1) shows the XRD modes of the five sampigghesized by solution combustion process offréu®x
mixtures with fuel ratios equal to (1:0.5, 1:0.61,11:1.75 and 1:2), respectively. As presenteBigure (3), the
characteristic peaks of powders corresponding (9O, JCPDS 45-0946), reveal that the main crygtelse
of the combustion synthesized powders. Moreover ctiaracteristic peaks becomes stronger and shatmsr
fuel ratio 0.5, which refers that MgO are bettaomscale size, which were calculated accordingedScherrer
and Williamson-Hall formula and listed in table (Which is markedly decreased when the fuel rat@dases.
In spite the five samples all subjected to heattinent at 600 °C for 2 h, their difference in cajlgte size and
crystallization could be mainly attributed to thentbustion process (fuel amount). Additives ammamid fuel
played an important role in the combustion. Thecitrral, crystallite size and morphology are affecby the
mole ratios of fuels-to-nitrates. (G. MahmoudzadghA. Khorrami, S. S. Madani & M. Frounchi . 2012)
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Figure 1. XRD patterns of the combustion synthesizeproducts from the precursors with fuel equal to
P)1:05, B106 , RB1:1 , R)1:1.75 andPB)1:2 respectively
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Figure 2. XRD data of the (200) peak.

As the concentration of citric acid changes thekp@D0) changes dominantly the peak (002) of edeh t
samples are drawn in Fig (2). was increase in auraion citric acid cause decrease in intensityis Bhifting

in peak position and decrease in intensity reftbet the presence of impurities resulting from spoaous
combustion process, which leads to a decline inntensity of the peaks of the magnesium oxide thedbest
sample(R) is because it has the highest peaks and thisshitey do not contain impurities(Y. T. Prabhu, K.
Venkateswara Rao, V. Sesha Sai Kumar, & B. Siva &ur2013).
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3.1. B. Crystallite Size Calculation

The lattice strain and crystallite size inducedpowders appearing from defects like distortion, énfipction,
twinning, and dislocation was determined by Willsam-Hall equation and Scherrer formula as followabeel
A. Bakr, Ziad T. Khodair & Israa A. Alghalabi. 201%M. J. S. Mohamed, & N. Selvakumar, 2012).
D=K:r/Bco® ... 1)

BrcoP = (KL / D) + (4 SimO) ...... (2

where, K: constani,: wavelength of Cukradiation D: crystallite size. W-H plot is shownfigure (3).
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Figure 3. Williamson Hall plot of MgO-NPs.

Particle size and Strain are accounted from theeséod y-intercept of the appropriate line respebti From

the lattice parameters accounts it was noticedtkiimstrain may be attributed to the lattice caction. It is
plotted with si® on the x-axis anfl,co® on the y-axisf{,q in radian). Table (1) shows strain and crystallite
size according to Williamson-Hall and ScherrerNtgO nanopatrticles.
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Table 1. Strain and crystallite size according to Wliamson-Hall equation and Scherrer of MgO-NPs

Figure 4. the difference between the grain size aallated from equation

Molar ratio
Samples (UG Dsn (Nnm) Dw.1 (hm) | Micro Strain(g) *107
Citric acid) sh WH
M
Py 1:.0.5 13.55 14.26 -0. 425
P, 1:0.6 10.79 11.47 0.5
Ps 11 8.94 9.29 -0.8
Py 1:1.75 9.38 10.96 -0. 625
Ps 1:2 10.19 11.49 -0.0075
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(Debye-Scherrer) and equation (Williamson - Hall).

3.2.lattice parameter (a)

The lattice parameter of individual composite walswalated by using the equation (K. Rama Krishnayiaya
Kumar, & Dachepalli Ravinder . 2012).

23

a =
k kL IR

(3]
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Figure 5. Variation of lattice parameter with compgsition.
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Figure 5 Showing that the lattice of the sampledixate (B) is the best value when compared with cards
(JCPDS Card) standard, but was also observed thatcarate lattice least when increasing the catregion of
citric acid is due to because of generated strelsish leads to compression of the lattice

3.3. SEM images analysis

The SEM micrographs for MgO-nanoparticle;( P; and R are exhibit in figure (6).

Figure 6.. SEM images of MgO nanopowders at differg fuels of glycine, urea, and thiourea fuels at ttee
different molar ratios P,) 1:0.5, B) 1:1 and R)1: 1.75 .

The SEM images for MgO powder prepared with fuetr{€acid) at three various molar ratios are exhib
Fig. 6. The morphology of the oxides is mostly spta with some agglomeration.

3.4. Texture Coefficient (TC)

The texture coefficient (TC) idealizes the textafehe particular plane, diversion of which fromtuttenotes
the favored growth. Quantitative informations sumfsethe favoritism crystallite vectoring was geitfrom the
varied texture coefficienfTC) defined as (Ziad T. Khodair, Asaad A. Kamil, Yaménia.Abdalaah . 2016).
Tigg /1
Topg=p W 4
T 27 g/ Tomag

where,lo(hKl) is the standard intensity of the plail), I(hkl) is the measurable relative intensity of a plane
(hkl), nis the number of diffraction peaks aNds the reflection number . A sample with randomhedted
crystallite presents texture coefficieRnt,y equates (1), while the bigger this value, the bigger
abundance of crystallites directed at thid) direction. The counted texture coefficidr, are antedated in
Table 2. It can be seen that the highest textue#ficeent TCpy was in (2 2 0) plane for MgO nano powder
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Table 2. The X-ray diffraction data results of thecrystalline MgO nano powder.

Samples TC(200) TC(220) TC(22)
Py 0.91477 | 1.07896 1.00625
P, 0.91477 | 1.07896 1.00625
P; 0.92930 | 1.04845 1.02223
P, 0.92930 | 1.04845 1.02223
Ps 0.90838 | 1.00155 1.09006

4.0. Optical measurements

In order to study the optical attributes of nantipkes, was dissolved (0.025M) of nano powder il 6frdouble
distilled water, then put the solution in ultrasddar 5 minutes . A reference sample and the weskoéthe
water sample extraction and magnesium oxide, wivih dissolved in double distilled water, placethim
absorption spectrometer. This action is to deleteabsorption of water and absorption of nanogastic
Account. The absorbance spectra of magnesium awideparticles are depicted for all fuel ratios. \Blffig. (7)
the absorbance which decreased when the lengthiwévereasing. The highest absorbance at the sz
length mainly attributed to the that the fallen f@munable to tease the electron and moved it fralence pack
to connect pack because of the energy of the falertion lease than the energy of gap to the erdrgy
semiconductor. The levels of energy between valpack to connect pack which absorb the photons tivigh
lowest energy. So the absorbance was diminishea tigelength wave is increasing It indicates that t
absorption positions depend on the morphologiesnandparticle of MgO (Tariq.A.Al-Dhahir , & Karrar
Ameen Alsoltani. 2015). Majid Farahmandjou & MaZsainkamar. 2015).
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Figure. 7. UV-Vis absorption spectra of MgO nanopdicles.
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Figure 8. UV-Vis Transmittance spectra of MgO nanogrticles.
A plot is drawn between wave length and Transmigamhe resulting plot was shown in Fig. (8). Fritva plot
it is observed that for all the samples the trattsimie decrease with increase in fuel amount maittfiputed to
the increase in the amount of fuel leads to in@éafonor levels near the conduction package, seddy to
receive the electrons so will increase the possitmf absorption of photons with a high proportiohlow-lying
energy and thus will increase the absorption @b permeable.

5. Conclusions

MgO nano-particles were prepared by auto-combugtimcess using magnesium nitrate Mg(sNO6( H0)
and citric acid ( @HgO; . H,O) as fuel, modes diffraction of x-ray (XRD) to theoduced samples that the tops
will becomes stronger and sharper when fuel rdtie:5 M ) ( fuel : salt) . which refers that Mg®ystalline are
better naonocrystalline size, and the crystallizEde SEM images for MgO powder prepared of the show
morphology of the oxides is mostly spherical withme agglomeration. The highest absorbance at the sh
wave length mainly attributed to the that the faldoton unable to tease the electron and movfeohit valence
pack to connect pack because of the energy ofalfenfphoton lease than the energy of gap to tleeggnof
semiconductor. The levels of energy between val@aoi to connect pack which absorb the photons thith
lowest energy. So the absorbance was diminishech whe length wave is increasing It indicates thwe t
absorption positions depend on the morphologies reambparticle of MgO. The transmittance was inadas
when the length waves were increased , attribiatétle increase in the amount of fuel leads toeiased donor
levels near the conduction package , So be readgdeive the electrons so will increase the poitsitof
absorption of photons with a high proportion of ring energy and thus will increase the absorptod less
permeable.
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