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Abstract 
Nano fluids play an important role in various energy generation systems particularly in heat 

transfer applications. The storage of thermal energy (TE) is to improve the efficiency of 

different applications such as thermo solar power plants, green houses and buildings of various 

heating systems. This can be stored in the form of sensible heat (SH), latent heat (LH) and 

thermo-chemical storage (TCS). The Nano encapsulated paraffin wax in poly ethylene-alt-

maleic anhydride water mixture can store enormous amount of thermal energy in the form of 

latent heat, and it is one of the most efficient ways of storing. This method is based on the 

utilization of phase change materials (PCM). These materials can store heat when they go from 

solid to solid and solid to liquid vice versa. Then they release huge amount of energy when 

they have the reverse phase change [10].  This paper focuses on enhancement of heat carrying 

capacity by the Nano encapsulated paraffin wax (phase change material) in poly ethylene-alt-

maleic anhydride water mixture of various weight percentages of concentrations like 0.1, 0.3, 

0.5 and 0.7. They are utilizing the latent heat of PCM during melting. The experimental 

investigations have been carried out on the preparation and evaluation of the hybrid Nano fluid 

containing Pluronic P-123 Nano encapsulated paraffin wax of 50-100 nm diameters in size. 

The various thermo-physical properties and other related parameters of pure paraffin wax and 

Nano encapsulated paraffin wax were analyzed and compared. The pure paraffin wax and Nano 

encapsulated paraffin wax were revealed by enhancing the encapsulation efficiency and heat 

carrying capacity. The application of the hybrid Nano fluid with low concentration can enhance 

the heat transfer efficiency up to 40-45% in comparison with pure paraffin wax. The thermo-

physical properties such as thermal conductivity, dynamic viscosity and heat transfer 

coefficient were tremendously increased by in this fluid when compared with pure paraffin 

wax as obtained from the literature review. The results show that the major enhancement in 

heat transfer coefficient of the hybrid Nano fluid is due to the increase in thermal capacity 

caused by PCM during melting. Such a new Nano fluid can be used as a better alternate to the 

propylene glycol or ethylene glycol water mixture in various thermal energy storage systems.  
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Introduction: 
 Nano fluids play an important role in various energy generation systems 

particularly in heat transfer applications. The storage of thermal energy (TE) is to improve the 
efficiency of different applications such as thermo solar power plants, green houses and 
buildings of various heating systems. This can be stored in the form of sensible heat (SH), 
latent heat (LH) and thermo-chemical storage (TCS) [1-3]. The sensible heat and latent heat 
has become an important aspect of energy management system with the emphasis on efficient 
use and conservation of the waste heat in the solar energy systems. The Nano encapsulated 
paraffin wax in poly ethylene-alt-maleic anhydride water mixture can store enormous amount 
of thermal energy in the form of latent heat, and it is one of the most efficient ways of storing. 
This method is based on the utilization of phase change materials (PCM) [4-9]. These materials 
can store heat when they go from solid to solid (change of one crystalline form into another 
without a physical phase change) and solid to liquid vice versa. Then they release huge amount 
of energy when they have the reverse phase change [10]. It should be noted that the earlier 
works on PCM studies were focused on the solid to liquid phase change. Whereas in this 
experimental the paraffin wax is the phase change material which is synthesized in Nano scale 
using chemical method and also, they are cheap with moderate thermal energy storage density 
and high thermal conductivity [11-15]. Hence, we require a large surface area PCMs for latent 
heat storage and it should be in the proper chemical bond to store and release of heat energy. 

Phase change materials can be encapsulated to prevent their leakage during repeated 
melting and freezing cycles leading to encapsulated phase change materials [16-19]. In this 
work Nano encapsulated phase change materials can be mixed with heat transfer fluids 
resulting in the formation of slurries that can be used as effective heat transfer medium. The 
heat capacities of such slurries containing encapsulated PCMs are higher than that of pure 
liquid and hence have been used for enhancement of convective heat transfer and as thermal 
storage media [20, 21]. 

The use of Nano capsules rather than microcapsules will improve the dispersion of 
PCM capsules in the heat transfer fluid. Fang et al. initiated research on preparation of Nano 
capsules containing PCM, following which Li et al. [22], Chen et al. [23] and Zhang et al. [24] 
prepared Nano capsules. Such a hybrid Nano fluid is expected to possess higher thermal 
conductivity and higher specific heat than that of the other heat transfer fluids [25, 26]. This 
manuscript discusses about the preparation method and thermo physical properties of the 
hybrid Nano fluid containing dispersion of Pluronic P-123 Nano encapsulated paraffin wax 
and it is the outcome of authors’ attempts prepared a new hybrid Nano fluid rather than the 
ethylene glycol water mixture for potential heat transfer applications in solar energy collection 
and automotive vehicle systems.  

 
2. Materials, methods and experimentation 
 
2.1. Materials 
 
Paraffin wax with melting point ranging from 57 to 60°C in the block form of purity 

can be included from Royal Scientific Suppliers, Trichy, Tamil Nadu, and Spectrum Reagents 
& chemicals pvt. ltd, Cochin, Kerala, India. The Pluronic P-123 Nano encapsulated paraffin 
wax with an average of 1, 00,000 - 5, 00,000 mw powder and formaldehyde solution LR 37 to 
41% was procured from Sigma-Aldrich, India. Demineralized water was prepared in the 
laboratory and was used for preparation of aqueous solutions. 



 
2.2. Preparation methods of paraffin wax-water Nano emulsion 
 
Fig. 1 shows the prepared liquid of paraffin wax-water Nano emulsion microcapsules 

by in-situ polymerization in an oil-in-water emulsion at room temperature of 20 to 24 °C. A 
200 ml of de-mineralized water (DMW) and 50 ml of 2.5 weight % aqueous solution of EMA 
copolymer was mixed in a 1000 ml beaker. The beaker was suspended in a temperature-
controlled water bath on a programmable hot plate with an external temperature probe. The 
solution was agitated with a digital mixer driving with three bladed of 63.5 mm diameter low 
shear mixing propeller placed just above the bottom of the beaker. Under agitation, 5g of urea, 
0.5g of ammonium chloride and 0.5g of resorcinol were dissolved in the solution. The pH value 
has increased from 2.6 to 3.5 by drop wise addition of sodium hydroxide and hydrochloric acid. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Nano encapsulated paraffin wax-water Nano emulsion 

One to two drops of decanal was added to eliminate surface bubbles. After stabilization 
12.67g of 37 weight % aqueous solution of formaldehyde was added to obtain 1:1.9 molar ratio 
of formaldehyde to urea. The emulsion covered and heated at the rate of 1°C/min to the targeted 
temperature of 57°C. After 4 hours of continuous agitation the mixer and hot plate was 
switched off. Once cooled to ambient temperature the suspension of microcapsules was 
separated under vacuum with a coarse filter. The microcapsules were rinsed with demineralised 
water and air dried for 24–48 hours. A sieve was used to aid in separation of the microcapsules. 
The remaining un-dispersed and un-encapsulated (floating) paraffin waxes were removed by 
filtering and drying. The appropriate conditions for dispersion of waxes for 30 minutes ultra-
sonication that resulted in the lowest mass of un-dispersed paraffin wax. Pluronic P-123 Nano 
encapsulated paraffin waxes were separated from the paraffin wax water Nano emulsion by 
magnetic stirring process. Paraffin wax water Nano emulsion containing 0.1 to 0.7 weight % 
was used as a stock Nano emulsion for further dilution with de-mineralized water. Quantity 
preparation for experimentation of paraffin wax water Nano emulsions of five different 
concentrations are as shown in table 1. 

 
 
Table 1 Measurement of various concentrations of paraffin wax-water Nano 

emulsion hybrid Nano fluid 
 

Experimental system Concentrations measured  

5 liters of 0.1%wt. concentration 5 gms of paraffin wax in DM water 



5 liters of 0.3%wt. concentration 15 gms of paraffin wax in DM water 

5 liters of 0.5%wt. concentration 25 gms of paraffin wax in DM water 

5 liters of 0.7%wt. concentration 35 gms of paraffin wax in DM water 

 
The properties of paraffin wax and poly ethylene-alt-maleic anhydride water mixture 

are listed in table 2. 
 
 
Table 2 Thermo-physical properties and experimental values of paraffin wax 
 

Properties of paraffin wax Experimental values 

Melting temperature of the PCM 57 °C 

Latent heat of fusion 184.48 kJ/kg 

Density of the PCM (solid phase) 775 kg/m3 

Density of the PCM (liquid phase) 900 kg/m3 
Specific heat of the PCM (solid 
phase) 2.384 kJ/kg k 

Specific heat of the PCM (liquid 
phase) 2.890 kJ/kg k 

Thermal conductivity 0.240 w/m k 

Dynamic viscosity 6.3 X10-3 kn s/m2 

Kinematic viscosity 8.31 X10-5 m2/sec 

Prandtl number 1001.23 

Thermal expansion coefficient 7.14 X 10-3 /°C 
 

2.7. Methods of preparation of hybrid Nano fluid  
2.7.1. Chemicals required 
Precursors 
1. Urea - 1 kg 
2. Ammonium chloride - 1 kg 
3. Formaldehyde   - 1000 ml 
Additives 
1. Resorcinol   - 500 gms 
2. Decanol / octanol   - 1000 ml 
3. Sodium hydroxide pellets & hydrochloric  acid   – 1 kg / lit 

 
Surfactants 
1. SDBS - Sodium dactyl bropnyl sulphate 
2.   – 200 gms 
3. EMA - Ethylene –alt-maleic anhydride   – 250 gms 
 
2.7.2. Magnetic stirring   



Fig. 2 shows the magnetic stirrer or magnetic mixer is a device that employs a rotating 
magnetic field to cause a stir bar (also called "flea") immersed in a liquid to spin very quickly, 
thus stirring it. The rotating field may be created either by a rotating magnet or a set of 
stationary electromagnets, placed beneath the vessel with the liquid.  

 
 
 
 
 

 
 
 
 

           
 
 
 
 
 
 
             Fig. 2 Magnetic stirring process.                    Fig. 3 Ultra sonication process. 
 

2.7.3. Ultra Sonic Bathing 
Fig.3 shows the ultrasonic bath or cleaner has large transducer area and tank that 

produce a high-powered ultrasonic intensity throughout the entire oscillating tank. Constant 
power and automatic frequency control ensure optimum distribution of ultrasonic energy and 
reproducible results. 
3.1 Optimum conditions for preparation of paraffin wax- water Nano emulsion 

The desired component in the Nano emulsion is paraffin wax. However, surfactant is 
required to disperse paraffin wax. Paraffin wax could not be completely dispersed in the de-
mineralized water even by ultra-sonication up to 2 hours. The remaining percentage of un- 
dispersed paraffin wax (obtained   through   filtration   of Nano emulsion) in the de-mineralized 
water was again dispersed uniformly by increasing the bath timing up to 30 min. So the 
preparation of paraffin wax water Nano emulsion use of Pluronic P-123 Nano encapsulated 
paraffin wax at the highest concentration of 1 g/lit. 

The utilization of probe ultra-sonication for excess duration of 30 min resulted in 
complete dispersion of paraffin wax when the highest surfactant concentration of 1 g/lit was 
used. The experiments were carried out for various concentrations to identify the minimum 
surfactant requirement for satisfactory dispersion of paraffin wax. The figure 4 shows that the 
other concentrations of Pluronic P-123 Nano encapsulated paraffin wax of 0.3, 0.5, and 0.7 
was also prepared. 

 
 
 
 
 
 

 
Fig. 4 Dried paraffin wax powder 

 



 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 5 Images of scanning electron microscope for Pluronic P-123 Nano 
 encapsulated paraffin wax in Nano scale 

 
3.2. Characterization of paraffin wax- water Nano emulsion 
 
 The particle size and shape of the paraffin wax in the paraffin wax- water Nano 

emulsion were ascertained using a scanning electron microscope. Accordingly, the scanning 
electron micrographs of Pluronic P-123 Nano encapsulated paraffin wax was prepared from 
two different batches have been acquired totaling two different locations and two different 
magnifications are shown in figure 5.  

The observation of pure paraffin wax, Pluronic P-123 Nano encapsulated paraffin wax, 
paraffin wax with water Nano emulsions of different concentrations were carried out in the 
temperature ranges from 57 to 60°C. The differential scanning calorimeter was used in both 
heating and cooling cycles under atmospheric conditions. The following figure 6 shows that 
the differential scanning calorimetric (DSC) measurements were repeated for heating and 
cooling cycles for both pure paraffin wax and the Pluronic P-123 Nano encapsulated paraffin 
wax. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6 Heat flow-temperature plots for (a) Pure paraffin wax and (b) Pluronic P-

123 Nano encapsulated paraffin wax[30] 
 



The images of scanning electron micrograph for Pluronic P-123 Nano encapsulated paraffin 
wax are shown in figure 5. From which it is evident that the primary particle size of the paraffin 
wax ranged from 50 to 100 nm. The powder X-ray diffraction pattern of the Pluronic P-123 
Nano encapsulated paraffin wax is also shown in figure 5. The heat flow temperature data for 
pure paraffin wax and Pluronic P-123 Nano encapsulated paraffin wax was made up of two 
different hydrocarbon fractions (C5 and C15) and hence the melting and freezing curves have 
two peaks. The C5 fraction has lower melting point when compared to that of C15 fraction. The 
endothermic and exothermic peaks around 56oC and 52oC in the heat flow- temperature curve 
correspond to the melting and freezing of the C5 fraction. Similarly the endothermic and 
exothermic peaks around 60oC and 57oC in the heat flow- temperature curve correspond to the 
melting and freezing of the C15 fraction. The difference in the heat flow- temperature curve for 
the first run in comparison with the second run may be attributed to the presence of residual 
moisture in the sample that would have evaporated at the end of first run.  The comparison of 
figure 6 a and b reveal that the Nano encapsulation of paraffin wax has resulted in reduction of 
sub cooling from about 8o for paraffin wax to 6o for Pluronic P-123 Nano encapsulated paraffin 
wax. The encapsulation efficiency and encapsulation ratio were determined to be 85.05% and 
82.6% respectively. It indicates that the heat changes during the phase changes were not 
affected significantly due to encapsulation. The DSC plots for paraffin wax-water Nano 
emulsion containing 0.1 weight % paraffin wax and 0.7 weight % paraffin wax are shown in 
figure 8a and b. So it is evident that the DSC plots of the paraffin wax-water Nano emulsion 
are fairly reproducible over different heating and cooling cycles at both higher and lower 
concentrations. 
 
 
 
 
 
 
 
 
 

Fig. 8 Heat flow-temperature plots for (a) paraffin wax-water Nano emulsion of 0.1 
weight % concentration and (b) Pluronic P-123 Nano encapsulated paraffin wax of 0.1 

weight % concentration 
The influence of all the weight % concentrations of poly ethylene-alt-maleic-anhydride water 
mixture hybrid Nano fluid on thermal conductivity was a great increase due to variation of 
nano particles density. Nano particles in dispersion move by Brownian motion by virtue of the 
thermal energy and can contribute to micro convention and subsequently to thermal 
conductivity enhancement even if the particle thermal conductivity is not higher. Hence 
Brownian motion would have been faster in hybrid Nano fluid containing 0.1 weight % paraffin 
wax than that in other hybrid Nano fluids. Similarly the higher thermal conductivity of hybrid 
Nano fluids of paraffin wax concentration is greater than 0.1 weight % in comparison to that 
predicted by effective medium theory of poor conductors may also be attributed to the 
Brownian motion. Therefore, micro convention induced by the Brownian motion of the Nano 
encapsulated paraffin wax seems to be likely explanation for the higher thermal conductivity 
of hybrid Nano fluid containing 0.1 weight % paraffin wax when compared to poly ethylene 
glycol-water mixture. Hence to ascertain the influence of Pluronic P-123 Nano encapsulated 
paraffin wax has resulted in increase in thermo physical properties, the thermal conductivity 
and viscosity of poly ethylene glycol-water mixture and those of surfactant loaded propylene 
glycol- water mixture were measured. 



4. Conclusions 
 
The following conclusions were derived from the detailed analysis of the above experimental 
system. The experimental results show the feasibility of using PCM as thermal energy storage 
media during melting. Latent heat storage (LHS) system with PCM can be used for recovering 
and reuse of waste heat. The hybrid Nano fluid comprising Pluronic P-123 Nano encapsulated 
paraffin wax in poly ethylene-alt-maleic-anhydride water mixture has been prepared and 
experimented. The heat carrying capacity of the Nano encapsulated paraffin wax (phase change 
material) in poly ethylene-alt-maleic anhydride water mixture of various weight percentages 
of concentrations utilizing the latent heat of PCM during melting was carried out successfully. 
The Pluronic P-123 Nano encapsulated paraffin wax resulted in improvement of heat transfer 
coefficient, dynamic viscosity and thermal conductivity. The results show that the heat transfer 
coefficient increases because of the slurry flow rate of various weight percentage 
concentrations. The phase change characteristics of paraffin wax were not significantly 
affected due to Nano encapsulation. The hybrid Nano fluid containing 0.1 weight % to 0.7 
weight % paraffin wax resulted in 9.6% enhancement in thermal conductivity and 18% increase 
in viscosity and reduction in specific heat while comparing to that of propylene glycol water 
mixture. When the flow rate is higher the efficiency of heat transfer is getting increased. 
Therefore, it is suggested that this is the most suitable alternative hybrid Nano fluid for 
propylene glycol or ethylene glycol water mixture. The work can be extended in future by 
changing the concentrations of paraffin wax between 1 to 10 weight % to identify the optimum 
formulation of the hybrid Nano fluid.   
5. References 
[1] Sivashanmugam, P and Suresh, S (2007) Experimental studies on heat transfer and friction 
factor characteristics of turbulent flow through a circular tube fitted with regularly spaced 
helical screw – tape inserts, Applied thermal engineering, 27 (8-9), 1311-1319. 
[2] Sivashanmugam, P and Suresh, S (2007) Experimental studies on heat transfer and friction 
factor characteristics of turbulent flow through a circular tube fitted with helical screw–tape 
inserts, Applied thermal engineering, 27, 1311-1319. 
[3] Sivashanmugam, P and Suresh, S (2007) Experimental studies on heat transfer and friction 
factor characteristics of laminar flow through a circular tube fitted with regularly spaced 
helical screw–tape inserts, Experimental Thermal and Fluid science, 31, 301-308. 
[4] Sivashanmugam, P and Suresh, S (2006) Experimental studies on heat transfer and friction 
factor characteristics of laminar flow through a circular tube fitted with helical screw–tape 
inserts, Applied Thermal engineering, 26, 1990-1997. 
[5] Azmi W.H, Sharma K.V, Mamat R, Najafi G, Mohamad M.S. The enhancement of effective 
thermal conductivity and effective dynamic viscosity of Nanofluids – a review. Renewable 
sustain energy resource 2016; 53:1046–58.  
[6] Colangelo G, Favale E, Miglietta P, Milanese M, de Risi A. Thermal conductivity, viscosity 
and stability of Al2O3 -diathermic oil Nanofluids for solar energy systems. Energy 
management 2016; 95:124–36.  
[7] Choi S.U.S. Enhancing thermal conductivity of fluids with Nano particles. Wang H.P, 
Singer D.A, editors. Non-Newtonian Flows. American Society of Mechanical Engineers 
(ASME); 1995. p. 99–105. 
[8] Manikandan S, Rajan K.S. MgO-Therminol 55 Nanofluids for efficient energy 
management: Analysis of transient heat transfer performance. Energy management 
2015,88:408–16.  
[9] Solangi K.H, Kazi S.N, Luhur M.R, Badarudin A, Amiri A, Sadri R, et al. A comprehensive 
review of thermo-physical properties and convective heat transfer to Nanofluids. Energy 
management system 2015; 89:1065–86.  



[10] Suganthi K.S, Rajan K.S. Improved transient heat transfer performance of ZnO– 
propylene glycol Nanofluids for energy management. Energy conversion and management 
2015; 96:115–23.  
[11] Allen Zennifer M, Manikandan S, Suganthi K.S, Leela Vinodhan V, Rajan K.S. 
Development of CuO–ethylene glycol Nanofluids for efficient energy management: Assessment 
of potential for energy recovery. Energy management system 2015; 105:685–96.  
[12] Singh V, Gupta M. Heat transfer augmentation in a tube using Nanofluids under constant 
heat flux boundary condition: a review. Energy conversion and management 2016; 123:290–
307.  
[13] Sadeghinezhad E, Mehrali M.M, Saidur R, Mehrali M.M, Tahan Latibari S, Akhiani A.R, 
et al. A comprehensive review on graphene Nanofluids: recent research, development and 
applications. Energy management 2016; 111:466–87.  
[14] Askari S, Lotfi R, Rashidi A.M, Koolivand H, Koolivand-Salooki M. Rheological and 
thermophysical properties of ultra-stable kerosene-based Fe3O4/graphene Nanofluids for 
energy conservation. Energy management system 2016; 128:134–44.  
[15] Chen M, He Y, Zhu J, Kim D.R. Enhancement of photo-thermal conversion using gold 
Nanofluids with different particle sizes. Energy management resource 2016; 112:21–30.  
 [16] Liu J, Ye Z, Zhang L, Fang X, Zhang Z. A combined numerical and experimental study 
on graphene/ionic liquid Nanofluid based direct absorption solar collector. Solar energy mater 
and Solar cells 2015; 136:177–86.  
[17] Farzaneh H, Behzadmehr A, Yaghoubi M, Samimi A, Sarvari S.M.H. Stability of 
Nanofluids: molecular dynamic approach and experimental study. Energy conversion and 
management system 2016; 111:1–14.  
[18] Liu Z.H, Hu R.L, Lu L, Zhao F, Xiao H.S. Thermal performance of an open thermosyphon 
using Nanofluid for evacuated tubular high temperature air solar collector. Energy 
management 2013; 73:135–43.  
[19] Kasaeian A, Daviran S, Azarian R.D, Rashidi A. Performance evaluation and Nanofluid 
using capability study of a solar parabolic through collector. Energy conversion 2015; 89:368–
75.  
[20] Khan Z, Khan Z, Ghafoor A. A review of performance enhancement of PCM based latent 
heat storage system within the context of materials, thermal stability and compatibility. Energy 
management 2016; 115:132–58.  
[21] Allouche Y, Varga S, Bouden C, Oliveira A.C. Experimental determination of the heat 
transfer and cold storage characteristics of a microencapsulated phase change material in a 
horizontal tank. Energy conversion and management 2015; 94:275–85.  
[22] Cao V.D, Pilehvar S, Salas-Bringas C, Szczotok A.M, Rodriguez J.F, Carmona M, et al. 
Microencapsulated phase change materials for enhancing the thermal performance of 
Portland cement concrete and geopolymer concrete for passive building applications. 
Renewable energy sources 2017; 133:56–66.  
23] Li M.G, Zhang Y, Xu Y.H, Zhang D. Effect of different amounts of surfactant on 
characteristics of Nano encapsulated phase-change materials. Polymerization bull 2011; 
67:541–52.  
[24] Chen Z-H, Yu F, Zeng X-R, Zhang Z-G. Preparation, characterization and thermal 
properties of Nano capsules containing phase change material n-dodecanol by mini emulsion 
polymerization with polymerizable emulsifier. Applied Energy 2012; 91:7–12.  
[25] Zhang G.H, Bon SAF, Zhao C.Y. Synthesis, characterization and thermal properties of 
novel Nano encapsulated phase change materials for thermal energy storage. Solar Energy 
system 2012; 86:1149–54.  



[26] Ho C.J, Huang J.B, Tsai P.S, Yang Y.M. Preparation and properties of hybrid water-
based suspension of Al2O3 Nano particles and MEPCM particles as functional forced 
convection fluid. Heat and Mass Transfer 2010; 37:490–4.  
[27] Delgado M, Lázaro A, Mazo J, Peñalosa C, Dolado P, Zalba B. Experimental analysis of 
a low cost phase change material emulsion for its use as thermal storage system. Energy 
management system 2015; 106:201–12.  
[28] Fang Y, Kuang S, Gao X, Zhang Z. Preparation and characterization of novel Nano 
encapsulated phase change materials. Energy resources 2008; 49:3704–7.  
[29] Fang Y, Kuang S, Gao X, Zhang Z. Preparation of Nano encapsulated phase change 
material as latent functionally thermal fluid. J Physics and Applied Physics 2009; 42:35407. 
 [30] Manikandan S, Rajan K.S. Rapid synthesis of MgO Nanoparticles and their utilization 
for formulation of a propylene glycol based Nano fluid with superior transport properties. RSC 
Advancement 2014; 4:51830-7.  
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 


