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Abstract 
 
The nano scale materials which are in the size range varying from 1-110 mm 

has given some significant interests in the scientific world as they are having 

an arising because of the reduction of their sizes according to the nanometer 

scaling. The current process of synthesizing the nano inorganic materials 

have greatly cathead the eye as they are having quite important applications 

at a wide range. Nano-scale materials can be made in numerous ways. In this 

paper, Barium Sulphate nano-crystals were successfully synthesized using 

micro-emulsion membrane technique. Materials used in this work are Barium 

Chloride, Ammonium Sulphate (reagents), Tween-20 (non-ionic surfactant), 

n-hexyl alcohol (co-surfactant) and Kerosene (oil phase) respectively. 

Fourier transformation was employed so that the its boundless 

characterization could be done. Some of the common transformations lies in 

the areas like IT spectroscopy, XRD technique, SEM and EDS (Energy 

dispersive spectrum). The results of this work clearly shows the spherical 

shape of the particles of barium sulphate also the size of the particle on an 

average corresponds to a range of 50 mm to 70mm. 

. 

Keywords: Barium Sulphate, Microemulsion, Tween-20, Nanocrystals, 

XRD technique. 

 

1 Introduction 
 

Nano scale particle is the emerging field in the current and ongoing 

researchanddevelopment trend also the graph of R&D of smaller particles 

(Nanomaterials) isincreasing day by day. This Research and development of 
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smaller and smaller particles comes under the field of "Nano- Technology". 

The terms like "Ultra fine particles",” submicron particles” were used 

commonly in earlier times, and then Nano particles have taken their place. In 

today's era the commonly used terms are nano-particle, nano-crystals and 

nano clusters are being used for infinitesimally small particles. Kruis.F and 

Joshi[1] Now a days numerous techniques could be adopted in for making 

such kinds of materials on a nano scale. 

Kumar and Sharma[2] done review of the mechanical and thermal 

properties of graphene and its hybrid polymer nanocomposites and nano 

crystals for structural applications.  

It shows the characterization of three-phase carbon fiber amine 

functionalized carbon nanotubes epoxy composites its processing and 

multiscale modeling.  

Chatterjee and Chakravorty [3] Shape, size and phonon scattering effect 

on the thermal conductivity of nanostructureshows the electrical 

Conductivity of Sol-Gel derived metal nanoparticles. This method of wet or 

chemical synthesis can be categorized solgel and deposition of chemical 

vapour.Top-up and bottom down are the two common approaches of 

synthesizing these nano scale materials. As there is a slight advantage of 

applying the bottom up technique for preparing the materials on a nano scale 

these advantages includes there uniformity of shapes, sizes also the 

constituting atoms are distributed uniformly.  

Pull-out simulations of interfacial properties of amine functionalized 

multi-walled carbon nanotube epoxy composites now a days they widely 

used in, bio, structural, sports, electrical and other applications. Study of 

shape, size and temperature-dependent elastic properties of nanomaterials . 

Kruis and Fissan [4] reviewed on the synthesis of nanoparticles in the gas 

phase for the electronic optical, magnetic application. Under bottom up 

method of preparation of nano scale particles wet synthesis or chemical 

synthesis is a quite common approach that is being applied widely.  

A molecular dynamics approach onglass transition temperature of 

functionalized graphene epoxy composites using molecular dynamics 

simulation, Sounthararajan et al. [5] Effects of functionalization on the 

mechanical properties of multiwalled carbon nanotubes:  

Prez et al [6] shows the advancements in the preparation of magnetic 

nanoparticles by the microemulsion method. 

Hafedh et al. [7] Fabricated graphene epoxy nano composite reinforced 

with amine for their thermo mechanical characterization, Furthermore they 

have been used in bio, structural, sports, electrical and other applications. 

This wet or chemical synthesis has a great advantage like mixing of other 

foreign atoms also we can get the materials in a large amount   receptive 

precipitation. Adityawarman et al. [8] Precipitation of BaSO4 nanoparticles 

in non-ionic microemulsions micro emulsions. Properties and application of 

carbon nanotube and graphene reinforced multi phase polymeric composite.  

Chen et al [9] and Chang.H, “Synthesis of nanocrystalline cerium oxide 

particles by the precipitation methodand chemical sysnthesis having low,  
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Temperature Out of these various methods the technique of micro 

emulsion is employed in this work as it is quite simple, the use of 

instrumentations is also very less, it is stable as far as its thermodynamic 

behavior is concerned and due to lesser risk on environment.  
Hans and Alder [10] Variation in infrared spectra, molecular symmetry and site 

symmetry of sulfate minerals Since barrium sulphate or barrite (common 

name) is having high value of specific gravity can be used in different areas, 

reviewed on the thermal and mechanical properties of graphene and graphene 

beased polymer nano composite understanding the modelling and MD 

simulation. Yuhua Shen et al. [11] study on the preparation and formation 

mechanism of barium sulphate nano particles modified by different organic 

acids. 

Process parameters were optimized by using edm on CNT-reinforced 

carbon fibre nanocomposite using grey relational analysis. In current 

scenario of synthesizing the nano paricles inorganically is attracting the 

scientists and researchers due to its enormous applications in several fields. 

J.Manam et al. [12] Thermally stimulated luminescence studies of 

undoped cu and mn doped BaSO4 compounds, the other befits of barrite 

include blocking of X-Rays, chemically inactive and whiteness. The main 

use of barium sulphate or barrite is its use as an agent in radio contrasting, 

paint extender. 

Thermo mechanical properties of functionalized graphene and carbon 

nano tubes for their synergetic effect were calculated andthese properties can 

be effectively used in bio, structural, sports, electrical and other applications. 
BhariMallanna et al [13] Preparation of mesostructured barium sulphate with 

high surfave area by dispersion method and its characterization has prepared 

barium-sulphte in which the range of the size of particles lies from 5nm and 

can extend upto 10nm the method of preparation that is employed by him 

was Triton X-100. 

Probe and bath so nicator was used in the fabrication of graphene epoxy 

nano composite reinforced with amine for their thermo mechanical 

characterization. Furthermore they have been used in bio, structural, sports, 

electrical and other applications.And the external ion's effect on new phase 

formation, other advantages includes less costs, available in bulk quantities 

thus it is suitable largely in the upscale approach. Also kerosene oil is also 

used as an oil phase. The synthesis and characterization using FTIR, SEM 

and XRD has been successfully done. 

 

2 Experimental Section  
 
2.1Chemicals 
 

The main elements that are used in the current work are BaCl2, AlSO4, 

n-hexane, ethanol, kerosene and acetone. All of the chemicals as mentioned  

 

10630



 

 

 
 

 

 

above have been directly used without any further treatment like purification, 

for solvent distilled water has been used. 

 

2.2 Experimental Procedure 
 

The use of Tween-20 as a surfactant that is having non ionic properties, 

n-hexane is used as a pure grade in terms of its chemical composition, it is 

used as a substitute or co surfactant, for the purpose of oil phase kerosene 

was used. 0.5M Bacl2 and its corresponding 0.5 molar NH4SO4 are mixed 

and its aqueous solution has been prepared. Also the system of micro 

emulsions was synthesized using a suitable concentration of Tween_20 that 

was dissolved in kerosene oil. n-hexane was then added to the finally 

obtained solution. The ration in terms of molarities of surfactant and co 

surfactant is 4:1. The solution has became transparent after regressive 

stirring. Then the obtained solution (aqueous) was mixed to the mixture of 

surfactants drop wise and continuous stirring was being done at the time of 

addition of these two mixtures. 

The system was kept idle for about an hour after a vigorous stirring for up to 

10 minutes in order to complete the precipitation process. Then the solid 

material was collected after filtering the solution, after it these solid 

precipitated particles gone through with acetone and ester in an alternate 

manner for multiple times. Thus the product that we got was gone through 

hot air for drying for about 6 hours at a temperature of 100 degrees. The final 

characterization was done using that powder. 

 

2.3 Characterization 
 

The synthesized particles were characterized by FTIR, XRD and SEM-

EDX techniques.The FTIR spectrum was taken using Perkin Elmer RX1 

series spectrometer through KBr pellet technique in the wavelength range 

from 4000 to 400cm
-1

. The X-Ray diffraction pattern of the synthesized 

sample was recorded at room temperature using XPERTPRO PAN alytical 

with a source of Cu Ka (  =1.5406  ). The diffraction patterns were 

obtained over the 2  values in the region 10
0        The SEM 

microphotographs were recorded using JEOL SEM model JSM 5610LV. 

Elemental analysis of synthesized sample was also made using Energy 

Dispersive Spectrum (EDS) attached with the SEM. 

 

3 Results and Discussion  
 

                 3.1Fourier Transform Infrared (FTIR) Studies 
 

 For characterizing the inorganic compounds FTIR spectroscopy is a quite 

useful technique. The spectrum of FTIR that was generated experimentally 

has been shown as in Fig 1.  
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Figure 1A FTIR Spectrum of the Particles Finally Synthesized BaSO4  

 

Two single bond sulphur and two double bond sulphur and oxygen are 

normally present in a sulphate molecule. The range of S-O bond in an 

inorganic sulphate lies in between 1179 to 1083 per cm as per the findings of 

the experiment that took place in 1965. The range of sulphur and oxygen as 

found in this experiment thorough the FTIR spectrum lies in between 1072 to 

1192 per cm also there are symmetrical vibrations in the shoulder of the 

sulphate ion (S04
2-

) at a value of 982 per cm. There is a little shifting in the 

highest position that could be assigned the smaller size of the particles. As 

per the findings of the peaks that lies between 608 to 637 per cm these peaks 

could be correspond to out of plane bending vibrations for the sulphate ion. 

As per the above observation in the spectrum the bending bands are more in 

shape than that of the stretching  

one. The peaks of absorption that are present at 3433 and 1634 per cm are 

due to the results deformation and stretch of the adsorbed molecule of water. 

The non symmetric vibrations as found in CH3 and CH2 groups could be due 

to the weak absorption of band at 2855 and 2925 per cm. As per the 

experimental results as found by those peaks that are near 200 cm
-1

 basically 

overtones and their bands combinations of the lesser wave no. for S-O 

bending and stretching vibrations, also such peaks do not alter the substance 

identification of the involved substance that is involved in experiment. 

 
3.2 X-Ray Diffraction 

For identifying the structure of the crystal the X-ray diffraction 

techniques are used widely and also for the determining the size of the 

particles [14]. All the peaks of diffraction can be linked to the structures of 

the barite (JCPDS card no: 24-1035) having the hkl values as (101), (111),  
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(021), (121), (002) and (212) these are attributes of the orthorhombic BaSO4. 

Since there is no peaks observed other than this which shows the purity of 

barium sulphate crystals. Debye -Scherrer's equation was used to calculate 

the size of the cystal of BaSO4. The using the equation as follows can be 

used to calculate the diameter of the BaSO4 crystal.  

  
     

     
 

Here in the equation as mentioned above D is the average diameter 

  is the wavelength of the X Ray,   is half of the peak width and   is the 

angle of Braggs diffraction. The size of the BaSO4 crystals were calculated 

for peaks having high intensity values peaks. As per the equation give by 

Scherrer the average size of the particles lies in between 50mm to 70mm.   

 

3.3 SEM-EDX 
 

Scanning electron microscopy was used to analyze the surface of the 

synthesized BaSO4 particles and gives the size of particle. 

Figure 2(a) and (b) shows the morphology of the BaSO4 nano-crystals 

using SEM analysis. The SEM image indicates the morphology of the BaSO4 

nanocrystals are in spherical shape. The water content greatly affects the 

shape of the BaSO4 particles prepared. 

Spherical particles were obtained when the water content is minimum, 

while the cubíc particles can be obtained from microemulsion with higher 

water content. In the present image, the spherical shaped particles 

wereobserved (fig.2a) which shows its water content. The spherical 

nanoparticles, which are uniform in size, shape and arranged systematically. 

Particles in figure (2a) appeared to be ultra-fine and largely independent 

with an absence of any comprehensive agglomeration. The surfactant plays 

an important role for the absence of agglomeration. The surfactant forms 

cage like structure on the surface of the particle to protect against 

agglomeration to larger particles (or) breakage into smaller particles. From 

SEM image, it was clearly seen that the size of the particle was less than 

100nm range. 

 

 
 

Figure 2 (a) and (b) Shows the SEM image of the Barium Sulphate nNanoparticles 
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4 Conclusion 
 

The synthesis of nano barium sulphate crystals by reverse system of 

micro emulsion were done successfully following by the chemical reaction of 

Tween 20 kerosene, n hexane and water by applying the Bacl2 and NH4SO4 

as a reagent. After doing a regressive review of the literature we did not find 

any work that is related to synthesize the nano crystals of barium sulphate by 

employing Tween 20 as a surfactant and Kerosene as an oil phase. As per the 

results found by the FTIR study the prepared is only having the SO4 

(sulphate) group. The structure of orthorhombic BaSO4 sample that was 

synthesized is indicated by the XRD analysis. The size of the average particle 

of a BaSO4 crystal is 50 nm to 70 nm as calculated through the Scherrer 

equation. From the SEM analysis, the obtained particles were in spherical 

shape and are less than 100nm. The shape of the particle dictates the content 

of water. From EDS spectrum it observed that Ba, S, O elements were 

present in the synthesized sample. From the overall point of view, the size of 

the particles can alternatively be minimized through some adjustment in the 

concentration of the initial reagents, temperature and the pH values. Thus, 

the microemulsion method will be one of the well-established techniques for 

the synthesis of nanomaterials. 
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