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ABSTRACT 

 

This paper aims to investigate the process of wax separation from crude 

petroleum oil using chemically assisted acoustic energy of ultrasonic wave. Basically 

sound travel within a medium in the form of compression and rarefaction inducing 

both pressure as well as cavitation, both of which are thought to be very significant in 

destabilizing the wax and other impurities emulsified in the crude oil. The blends of 

organic solvents like methyl ethyl ketone and nitrobenzene are determined by 

computing acoustical parameters of the organic solvent using experimental values of 

ultrasonic velocity data determined by ultrasonic interferometer and measured values 

of density and viscosity. The sample of crude oil for different concentrations of 

organic solvents is prepared. The optimum dewaxing of crude oil was determined by 

the ultrasonicator operating at frequency 125 kHz, 60 W ultrasonic powers, for 30 

min at 303 K, subjected to a laboratory centrifuge having rpm 2000. The centrifuged 

sample was filtered with qualitative Wathman filter paper of diameter 45 μm. The 

filter paper containing the wax was then removed and placed on a watch glass for a 

period of 20 minutes to allow the remaining volatile solvent to evaporate. The result 

shows that ultrasonically determined blended organic solution is suitable for 

separating wax from the crude oil. The percentage of wax increases with increase of 

blended organic solvent up to 0.6 to 0.70 of chemical solvent mixture concentrations 

which is quite obvious from the variation of acoustical parameters. The microscopic 

image of the crude oil verifies agglomeration of wax molecules in treated crude oil. 

 

Keywords: Crude oil, organic solvent mixture, ultrasonic velocity, acoustic 

parameter, dewaxing. 
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INTRODUCTION 

 

Wax deposition is a critical operational challenge to oil and gas industry1-4. Wax is a 

commonly found component of crude oil. It is generally defined as large n-paraffin which is 

isolated at low temperatures but is soluble in crude oil when the temperature is elevated .These 

unwanted crystallization leads to pipelines choking up, an increased drop in pressure, and a 

decrease in oil recovery from oil reservoirs. It is therefore evident that it is a source of worry 

for refiners and petroleum producers who, thus far, use rather costly techniques that favour a 

fluid flow at low temperatures, such as dewaxing, fluxing with lighter cuts, and addition of 

flow improvers, mechanical washing, or heating up of pipelines5. This paper aims to 

investigate the process of wax separation from crude petroleum oil using chemically assisted 

acoustic energy of ultrasonic wave. The blends of organic solvents like methyl ethyl Ketone 

and nitrobenzene are determined by computing acoustical parameters of the organic solvent 

using experimental values of ultrasonic velocity data determined by ultrasonic interferometer 

and measured values of density and viscosity. Ultrasound cavitation – rupture of the 

continuous liquid phase with formation of bubbles which rapidly collapse, causing micro 

explosions, arises in ultrasound treatment as a method of regulating the degree of dispersion 

of crude oil. Cavitation bubbles begin to form with a defined minimum ultrasound power. The 

lower the ultrasound frequency is, cavitation will arise at a lower power. The cavitation bubble 

can grow and after attaining a certain size (for a given frequency), can vibrate in resonance 

with the frequency of the emitter, increasing and decreasing in size. Ultrasound irradiation of 

a heterogeneous system affects the orientation of anisotropic particles, creation of phase 

difference, and the amplitude of vibrations of particles of different size. These events, which 

perturb the effect on the disperse system, are the basis for utilizing ultrasound in separation of 

solid hydrocarbons from petroleum feedstock. In treating a suspension with ultrasound, the 

bonds between solid hydrocarbon crystals are destroyed and conditions are created for their 

growth, so that the rate and efficiency of separation of the solid phase from the liquid phase 

increase. 

 

MATERIAL AND METHOD 
 

High purity and analytical grade samples of nitrobenzene 99% and 99.0 % of methyl 

ethyl ketone were procured from CDH fine chemicals Pvt.Ltd., India. The entire chemical used 

in the study were purified by standard procedure and redistilled before use6-8. To minimize the 

contact of the deliquescent regent with moist air, the product was kept in sealed bottles in 

desiccators. Binary mixtures were prepared by mass in air tight bottles. The mass 

measurements were performed on high precession digital balance with an accuracy of ± 1mg. 

The uncertainty in mole fraction was 0.001.The densities of pure liquids and their mixture 

were determined by using double arm pyknometer with accuracy of the order of ± 0.01 kg/m3. 

The sample of crude oil for different concentrations of organic solvents is prepared three 150 

ml beakers were prepared, into each of which, a 5 g quantity of crude oil sample was added 

The first set of experiments used 50 g of MEK and NO2, the second set of experiments used 
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75 g of solvents, and the third set of experiments used 100 g of  corresponding to solvent ratios 

of 10:1, 15:1, and 20:1 respectively. Following the heating and mixing stage, the mixture was 

immediately placed in the ethylene glycol and dry ice bath to allow the wax to crystallize. To 

maintain the cooling temperature, dry ice was added periodically as the temperature of the 

cooling bath tends to increase as the hot mixture is submerged in the ethylene glycol. The 

magnetic stirrer was then removed from the mixture using a pair of tweezers and the mixture 

was vacuum-filtered using 45 μm Watmann filter paper. Then, ultrasonic waves irradiated a 

new sample of the residue fuel oil for different time intervals of 5, 10 and 15 min. The filter 

paper containing the wax was then removed and placed on a watch glass in the fume hood for 

a period of 20 minutes to allow the remaining volatile solvent to evaporate. The yield point of 

the wax was calculated from the recovery of wax after the treatment of solvent mixture by the 

following relation 

100X
W

W
Y

o

e

                                              (1) 

Where Y is the yield as a percentage of the total weight of the sample; eW = the weight of the 

extract and oW = the weight of the crude oil sample. 

 

COMPUTATION OF ACOUSTIC PARAMETERS 
 

The experimental measured values of ultrasonic velocity and computed values of 

density are used to compute acoustic parameters such as intermolecular free length (Lf), 

isentropic compressibility (S), acoustic impedance (Z), and their excess values. The above 

acoustic parameters are determined with the help of the following relations. 

Isentropic compressibility (βS) =  
2

1

C
        (2)                                                

Intermolecular free length (Lf) = 2

1

K       (3)

  

Acoustic impedance (Z) = C                (4) 

 Their excess values are calculated as  

YE=Ymix-(XAYA+XBYB)            (5) 

Where the constant K is temperature dependent which is given as [93.875+ (0.375T)] ×10-8 

and “T” being the temperature9-10. 
 

RESULTS AND DISCUSSION 
 

The computed values of density of the mixture and measured values of ultrasonic 

velocity in the binary mixture are used to calculate the different acoustic parameters and their 

deviated values are shown in Fig.1-4. From the Fig.1 it is clear that the ultrasonic velocity 
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decreases with increase of mole fraction of MEK. There is a linear variation of velocity w.r.t. 

mole fraction of MEK. This may be due to self-association of the molecules and a very strong 

dipole-induced dipole interaction between the component molecules which is concentration 

dependent and there is no formation of complex takes place. This shows that the intermolecular 

interaction occurring in the liquid mixtures results in the decrease of the interspaces between 

molecules. In order to understand the nature of molecular interactions between the components 

of the liquid mixture, it is of interest to discuss the acoustical properties in terms of excess 

parameter rather than actual values. 
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Fig. 1 Variation of ultrasonic velocity with mole fraction of MEK 
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Fig. 2. Variation of excess compressibility      Fig.3. Variation of excess intermolecular free length 

with mole fraction of MEK    with mole fraction of MEK 

 

The excess compressibility (E) and intermolecular free length (Lf
E) are negative as 

shown in Fig.2 and Fig.3 throughout the composition which indicates there is strong interaction 

between the components of the mixture. E is negative means that liquid mixture is highly 

compressed and it is possible only when unlike molecules are more tightly bound or interaction 
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is high. Negative value of excess Lf
E also reflects strong interaction and it is due to the 

association of molecules. According to Fort and Moore9 a negative excess compressibility is 

an indication of strong hetro molecular interaction in the liquid mixtures which is attributable 

to charge transfer, dipole-dipole, dipole-induced dipole interaction and is attributed to 

dispersion forces. Acoustic impedance is the opposition offered by the medium for the 

propagation of sound energy. In Fig.4 positive deviation of excess acoustic impedance is 

maximum at 0.45 mole fraction of MEK, signifies strong interaction between polar and non-

polar molecular. However, the magnitude of molecular association decreases as component of 

nitrobenzene increases. 
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Fig.4. Variation of excess acoustic impedance  with mole fraction of MEK 
 

All such variation of acoustic parameters is well explained on considering the basic 

mechanism of interaction between MEK and NO2. The mixture of MEK and NO2 is a 

combination of polar-polar liquid. In the carbonyl group of MEK, the carbon atom and the 

more electronegative oxygen atom are joined together by σ-bond. Due to inductive effect in 

the σ-bond joining the two atoms, the more readily polarisable π electrons are shifted more 

towards oxygen atom. Due to electron withdrawing nature of  NO2 group in nitrobenzene a 

slight positive charge is developed in the benzene ring which can interact with oxygen of MEK 

hence a sort of dipole induced interaction will result. It is possible that there is a dipole - dipole 

interaction existing in this mixture between the carbonyl group (-C=O) of MEK and NO2 group 

of nitrobenzene as shown in Fig.5. 

 
Fig.5 Reaction mechanism of MEK with NO2 
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From Fig.6 it was observed that when each blended solvent added to the crude oil and 

subjected to sonication with the help of Encolite Sonicator operating at 125KHz and 60W 

power at room temperature 303 K followed by centrifuge with rpm 2000 the wax are separated 

out above the oil.  
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Fig.6. Wax produced with and without treatment of solvent mixture 

 

The filter paper of diameter 45 μm was used to separate out the settled wax from the 

oil and wax was measured for each treatment after dry in vacuum chamber operated at low 

temperature. The extracted wax measured for each extraction increased11 under the optimum  

conditions of MEK andNO2 at ratio 3:1 and with change in the ratio of MEK and NO2 to 1:1, 

2:1, 3:1 the amount  of removal of  wax increases with  increasing the ratio of mixture. The 

microscopic image for each treatment has been collected before and after the treatment with 

ultrasonically blended solvent mixture and the results shows the improvement is more for the 

0.45 - 0.50 % mole fraction of MEK and NO2 at room temperature which is well agrees with 

the inflection point of acoustic parameters computed from the ultrasonic velocity data and 

density of the mixture. The microscopic image shows (Fig.7) that the wax are more crystallite 

form when they treated with solvent mixture of different concentration. 
 

 
 

Fig.7 Microscopic image of the wax with ultrarsonicated treated solvent mixture at different oil ratio. 
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CONCLUSIONS 

 

The result shows that ultrasonically determined blended organic solution is suitable 

for separating wax from the crude oil. The percentage of wax increases with increase of 

blended organic solvent up to 0.645-0.50 of chemical solvent mixture concentrations which is 

quite obvious from the variation of acoustical parameters. The microscopic image of the crude 

oil verifies agglomeration of wax molecules in treated crude oil. 
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