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ABSTRACT

The micro emulsion technique has good micro mixing in the precipitation process. The micro
emulsion precipitation process used in this work is a laboratory scale and well established
production method for precipitation of nanoparticles. Recently the synthesis of inorganic
nanoparticles has attracted great interest due to their potential use in various fields. Spherical
shaped BaSO, nano particles with barite structure were synthesized in Tween-20 / n-hexanol /
kerosene / water water-in-oil micro emulsion by mixing of separately prepared BaCl, and
Na,S0, respectively. Particle characterization was accomplished by Fourier transform Infrared
spectroscopy (FTIR), X-Ray diffraction (XRD), Scanning Electron Microscopy (SEM), Energy
Dispersive Spectrum (EDS) and Particle Sze Analysis (PSA). The XRD, SEM and PSA results
show that the size of the particles were in the range 50-70 nm.

Keywords: Barium sulphate, microemulsion, Tween-20, keresémgglomeration.

INTRODUCTION

A major trend in research and development has beeshift of interest towards tiny particles.
This can be summarized under the general term teahoology”. In the engineering and
materials science community, the term “ultra firetigles” and “submicron particles” were used
before “nanoparticles” came into being. Nowadaiise¢ main notations for nanoparticles are
being used: nanoparticle, nanocrystal and nanaclugt]. The typical application of
nanoparticles can be found in many fields like twgeneous catalysis, semiconductors,
microelectronics, information storage, pharmaceilgigpaints and ceramics. Particles with a size
between the 1 to 100nm have the special benefitpghgsical and chemical properties differ
from the bulk material properties and are strorgihe dependent [2]. Nano scale materials can
be made up of numerous ways. A broad classificativites the synthesis methods into either
bottom up or top down process [3]. Bottom up ro@esmore often used for preparing most of
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the nano-scale materials due to the ability to ggreuniform size, shape and distribution.
Within that bottom up route, chemical/wet synthesis/idely used for nano particle generation.
The chemical synthesis method has numerous ademnsagh as simple technique, inexpensive,
less instrumentation, doping of foreign atoms wassgble and large quantities of materials can
be obtained [4]. This chemical method could be sifeesl as sol-gel [5], chemical vapour
deposition [6], reactive precipitation [7], micromalsion [8, 9] and low- temperature
wet/chemical synthesis [10] etc, Among these diifikrmethods, micro emulsion technique was
used in the present study due to highly simples lastrumentation, thermodynamically stable
and environmentally risk less. Recently the sysighef inorganic nano particles has attracted
great interest due to their potential use in vagitields. Barium sulphate commonly referred to
as barite, is suitable for many diverse uses Isecafiits high specific gravity(4.5),0paqueness
to X-rays, inertness and whiteness [11].It is mauded as radio contrast agent, filler in plastics,
extender in paints, additive in pharmaceutical potsl and printing ink.

All researchers were used Triton X-100 and MarlipaB/40 as a non-ionic surfactant in a
chemically pure grade for the preparation of Ba&@noparticles. In this study, the application
of the technical non-ionic surfactant Tween-20 wsesd .The advantages of using this surfactant
as a stabilizer are related with the absence afrelgatic interaction between freshly formed
solid surface and surfactant molecule and the etieforeign ions on the formation of a new
phase. It is also inexpensive and available inélaggantity, easy to separate and therefore
preferred for the upscale approach. At the same tiere kerosene was used as an oil phase. The
BaSQ nanoparticles were synthesized successfully anthctaized using FTIR, XRD, SEM-
EDS and patrticle size analysis.

MATERIALSAND METHODS

2.1. Chemicals

The raw materials used in the study were BalkSO,, Tween-20 (non-ionic surfactant), n-
hexanol, kerosene, ethanol, and acetone (all itytacel grade). These chemicals were used
directly with out any further purification and suiga by the S-D fine chemicals Ltd. The
distilled water was used as solvent.

2.2. Experimental Procedure

Tween-20 was used as non-ionic surfactant and ardwxas co — surfactant. Kerosene was
employed as an oil phase. 20ml of 0.5M Ba&tid 0.5M NgSO, were prepared separately. The
micro emulsion system were prepared with the 10imlweeen-20 was dissolved in 40ml of
kerosene. Then n-hexanol was added to the obtaimed emulsion. The molar ratio of co-
surfactant and surfactant ratio was 4:1. Afterristy, the solution becomes transparent.
Separately prepared salt solution was added drep tei the surfactant mixture under vigorous
stirring. After stirring over 5-10 minutes, the 8m was kept stable for complete precipitation.
The solution was filtered to collect the solid metls. Then the precipitated particles were
washed alternatively with ethanol and acetone éveral times. The final product was dried in
hot air oven for six hours at 100°C. The powdemnsle was taken for characterization.
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2.3. Characterization
Sample was characterized by a number of differexthadologies, including FTIR, XRD, SEM-
EDS and patrticle size analyzer.

The powdered sample was mixed with KBr at variai®os 1:10, 1:20, 1:30, 1:40 and 1:50. The
pellets were prepared and FTIR spectra were takes.maximum absorption and large number
of peaks are observed for the samples in the cditio30 (sample-KBr) and chosen for analysis.
The Perkin EImer RX1 series FTIR spectrometer wselfor recording the IR spectra of the
sample. The instrument wavelength ranges from 46@@0cnT with an accuracy of +0.01¢m
and resolution of +4cth The instrument was calibrated with the spectraaostandard
polystyrene film at room temperature. Every timefdoe the spectrum of the sample was
obtained; the spectrum of the polystyrene film whtained and checked for the accuracy and
transmittance.

The X-ray pattern of the powdered sample were dambat room temperature using XPERT-
PRO PAN alytical having a curved graphite crysiéfracted monochromater, with a source of
cu ko (A=1.5406AR) at 40kV and 30mA,Ni filter and Nal(T1) scintillah detector cooled by
liquid nitrogen. During the recording of the diffteogram, a narrow silt of 0.1mm was used with
a scanning speed of 2/per min and a time constant of 2 sec. The sampke fismly pressed
into an aluminium holder, with an area of 30mmx3Qrime diffraction patterns were obtained
over the B values in the region 26206<50°.

The SEM microphotographs were recorded with anlaéng voltage 20kV at vaccum (HV)
mode and secondary electron image using JEOL SEdemISM 5610LV manufactured by
Hitachi Ltd., TOKYO, Japan. Sample was placed iecapen stub using double sided adhesive
carbon tape and the specimen were gold coatedtidtthelp of JEOL auto fine coater-JEOL
1600. Elemental analysis of samples was also mauhg UiEnergy dispersive Spectrum (EDS)
facility available with the SEM.

Particle size distribution was analyzed using Mi€rack Blue Wave 3500 Model Particle Size
Analyser with resolution of 10nm.

RESULTSAND DISCUSSION
3.1. Fourier transform Infrared (FTIR) studies

FTIR spectroscopy is a useful technique to chanaeténorganic compounds. Figure (1) shows
FTIR spectrum of prepared Bagparticles.
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Fig. 1. FTIR spectrum of synthesized Barium sulphate particles

The observed wave numbers are 3433, 2925, 2855,2088, 1634, 1192, 1118, 1072, 982, 637
and 608crit. According to Alder and Kerr(1965) [12], the sulfur-oxygen (S-O) stretching of
inorganic sulfates are found in the region 1179083tm’. The bands centered at 1192 to
1072cm* and the shoulder at 982€mis the symmetrical vibration of S& From this
observation the slight shift in the peak positioaynbe attributed to the smaller particle size.
According to Shen et al. (2007) [13], the peak§G8 and 637cfhare due to the out-of-plane
bending vibration of the SO. Generally, bending bands are shaper than thtlsimg bands,
which is observed in the above spectrum. The ahsorpeaks appeared at about 3433 and
1634cm are due to the stretching and deformation of ds=brwater molecule. The weak
absorption band at 2855 and 2925ceopuld be assigned to the symmetric and asymmetric
vibrations of —CH and -CH groups. According to Manam and Das, (2009) [144, peaks near
2000cn® are overtones and combination bands of the lowarewnumber of sulfur-oxygen
stretching and bending vibrations and these peakstaffect the identification of the substance
involved in the experiment.

3.2. X-Ray Diffraction

X-ray diffraction study was effectively used to idi€y the crystal structure and determine the
particle size [15].
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Fig. 2. The XRD pattern of synthesized BaSO, particles

Figure (2) shows the typical XRD pattern of BaSfarticles prepared through micro emulsion
technique. All the diffraction peaks could be mattiwith the reference of the barite structure
(JCPDS card no. : 24-1035) [13 and 15].The diffomct peaks of (h k ) values
(101),(111),(021),(121),(002)and (212) were theratt@ristics of orthorhombic BaS@rystals,
only BaSQ peaks were observed in the XRD spectra which atdithat the prepared sample
had high purity in nature.

The crystallte size was calculated using the DeBgherrer equation. The
diameter of the BaSQwvas calculated as follows

0944
Where D,\, p andf are the averageD = m diameter, the X-ray wavelengthwhdth
of the peak (full width at half maximum) and the aBg's diffraction
angle respectively. The crystalline sizes of th&SBaare estimated for high intensity peaks.
According to Scherrer equation, the average partide of BaSQis range between 50-70nm.
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3.3. Particle Size Distribution
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Fig. 3. Theparticlesize distribution for BaSO,4 nanoparticles

Particle size distribution was analysed using Mi€rack Blue Wave 3500 model particle size
analyser with resolution of 20nm and is shown gufe (3). The properties of nanoparticles are
significantly depend on the particle size distribnt Especially evenly distributed particle size is
of interest due to the size dependent physicalchednical properties of nanoparticles. Most of
the particles (41%) have size in the range 66nris iBin good agreement with the XRD result.

3.4. SEM-EDS

Scanning electron microscopy was used to analyzentbrphology and size of tlsynthesized
BaSQ patrticles.

4(a) 4(b)
Fig. 4. The SEM image of the Barium sulphate nanoparticles

Figure (4) shows the SEM images of the Ba®@no-particles. The morphology of the BaSO
nanoparticles shows that the particles are in sgdeshape. According to Limin Qi et al. (1996),
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[11] the water content greatly affects the shapteBaSQparticles. When the water content is

maximum, cubic particles can be obtained. Howewethe present study, the particles are in the
spherical shape which shows that the water congentinimum. The spherical nanoparticles,

which are uniform in size, shape and arranged syteally. Particles seen in SEM figures 4(a
& b) are appeared to be ultra-fine and having agelation. The surfactant plays an important
role on the surface of the particles to breakage smaller particles. From SEM images, it was
clearly seen that the size of the particle wastlems 100nm range.
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Fig. 5. The EDS spectrum of the Barium sulphate nanoparticles

Figure (5) shows the energy dispersive spectruthe®BaSQ particles which clearly show the
presence of Ba, S, and O elements.

CONCLUSION

The BaSQ nano patrticles were prepared successfully by lleenccal reaction in the Tween-20 /
n-hexanol / kerosene / water micro emulsion sysising BaC} and NaSO, as reagents. With
the best of our knowledge, no work has been don@isin the preparation of Bag®@ano
particles using Tween-20 and kerosene as surfaetaghtoil phase respectively. FTIR study
clearly reveals the functional group of BaS@anoparticles. In addition, XRD analysis shows
that the synthesized Ba$@ in orthorhombic structure. The average partsite of BaS@Qwas
determined as 50-70nm using Scherrer equation. Ehanparticle size analyzer, the particle
sizes were in the range 59-68nm. It is in good emgent with XRD analysis. The SEM study
dictates the morphology of the BaS@®anoparticles which were in spherical shape asd al
particle size was less than 100nm. The shape opdnicles gave the information about the
content of water. The EDS spectrum shows its parfityynthesized sample. Further, the particle
size can also be reduced by adjusting the initedgents concentration, pH value, and
temperature. From the overall point of view, themnmiemulsion technique is one of the well
established technique for the synthesis of Basdo materials.
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