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ABSTRACT 

Dewaxing of crude oil and diesel by using urea to reduce the pour point, flash point, fire 

point and API was investigated in this study. Samples were taken from Shiwashouk field, 

Kormalah field and Bazian refinery. In this study mixture of (55%) methyl ethyl ketone 

(MEK) and (45%) methylene chloride was used as a solvent. The best operating conditions 

achieved are mixing time 30 minutes, solvent / sample (2:1) volume ratio and urea / sample 

(2:1) volume ratio at 45°C. At these conditions the pour point of samples decreased from        

(-5 to -9) °C of crude oil and diesel. In the same sequence the API, flash point and fire point 

shows a significant decrease. 
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INTRODUCTION 

On delivery to the refinery, the storage of waxy crude stream is difficult as it produces 

massive gel and sludge in the storage tank [1].  

Wax is probably the most troublesome product in the manufacture of lubricating oil. Its 

presence in lubricating oils prevents free movement at lower temperatures [2].Many methods 

were used to remove the wax from lubricating oil distillate. The first process is solvent 

dewaxing process; solvent dewaxing can be applied to light, intermediate, and heavy 

lubricating oil distillates [3].  

The main process steps include mixing the feedstock with the solvent, chilling the mixture to 

crystallize wax, and recovering the solvent [4].The second process is called catalytic de-

waxing. This process is a selective hydrocracking process to crack the wax molecules to light 

hydrocarbons [3].Third de-waxing process is called urea de-waxing. In this process, various 

straight-chain organic compounds and also slightly branched compounds are capable of 

forming complexes with urea, called adducts, which are crystalline at room temperature [5]. 
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Thiourea forms similar complexes with branched-chain and certain ring type compounds; 

however, thiourea is not so specific as urea in its action. The complexes of urea and thiourea 

have been termed adducts, and their formation, adduction [6]. 

In solvent dewaxing, most of the energy consumption goes into pumping and regeneration of 

solvent. Therefore, the current trend is to use lower solvent dilution ratios and smaller 

amounts of solvent in washing the precipitate (wax cake) on filters. At the other hand, an 

increase in solvent to oil ratio will enhance the filtration rate because solvent prompts the 

crystal growth and lowers the viscosity of the mixture (oil + solvent). It also increases the 

dewaxed oil yield and decreases the oil content in the wax yield. The previous literature 

indicates that the solvent to oil ratio is between 16:1 to 32:1 on mass basis [7]. 

Several previous studies have investigated the reduction of pour point by urea dewaxing. 

Yata [8] used residual oil as feed to remove wax by using urea with the methanol-benzene 

solvent mixture. It was indicated that the pour point of each distillate fraction does not differ 

much with the solvent-dewaxed oil, but increases as the fraction becomes heavier with the 

urea-dewaxed oil. 

Experimental 

Materials 

 Samples 

The crude oil and diesel used as feed stock in this investigation is from Shiwashouk field, 

Kormalah field and Bazian refinery. 

 Urea  

High quality industrial solid urea (NH2-CO-NH2) with spherical shape contained 46% of 

nitrogen produced by (Sigma – Aldrich) was used for de-waxing the samples feed stock. The 

solubility of Urea in water at 20 oC is 251gm/L. 

Table (1): Shows the properties of MEK and Toluene used in this work. These are the 

manufacturers’ data. The manufacturer for both chemicals is Sigma - Aldrich. 

 
Procedure: 

1-Material preparation: Two samples each of 50 ml of crude oil and diesel are prepared. 

MEK – methylene chloride mixtures of (45 %MEK and 55% methylene chloride) are 

prepared; a known amount of MEK is added to a known amount of methylene chloride. The 

required quantity of sample is heated to 40°C in a water bath which adjusted to this 

temperature for about 15 minutes [4]. 

Property MEK Methylene chloride 

Molecular Formula C4H8O CH2Cl2 

Molecular Weight 72 84.93 

Boiling Point oC 79.6 39.6 oC 

Melting Point oC -86 -96.7 oC 

Density 0.8037 gm/cm3 1.33g/cm3 

Solubility in water 275 gm/L at 20 oC 13 gm/L at 20 oC 

Flash point -6 -  

Refractive index 1.3788 at 20 oC 1.424 at 20 oC 

Purity 99% 98% 

Manufacturer Sigma - Aldrich Sigma - Aldrich 
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2-Heating and mixing:  The desired amount of solvent is added to the sample. The flask is 

tightly closed and manually shaken then placed in the magmatic stirrer (the stirring ball is 

placed inside the flask). The mixing is done gradually; starting at low speed and increasing 

towards full speed. The mixing time is 30 minutes at a temperatures range of 45 to 50 oC 

.Saturated urea solution (heated to a bout 70°C) is then added to the flask gradually under   

mixing. 

3-Chilling and filtration: After mixing and heating, the flask with its content is    

transferred to the ice bath; the wax formed in the mother solution was filtered by vacuum 

filtration. The filtrate was placed into a separating funnel to separate the organic phase (oil 

and solvent) from the aqueous phase (urea solution). Organic phase is then washed with 

water to remove traces of aqueous solution which may contaminates the organic phase, and 

then separated by using separating funnel [10]. 

 Then the organic phase is introduced to the simple distillation to recover the solvent from the   

de-waxed oil, which is then go to a pour point measurement. 

Pour Point determination: The pour point is the lowest temperature at which oil will 

move, pour, or flow when it is chilled without disturbance under definite conditions [3]. 

ASTM D97 was used to determine the pour point. The oil sample charged in a special tube 

and cooled, by using a succession of baths at ever lower temperatures [11], the pour point of 

a sample is determined to be 3°C above the point at which a sample can be horizontally held 

and no movement occurs for five seconds [4]. 

  Results and Discussion 

 Transportation and production of waxy crude oils poses a variety of challenges including 

wax deposition, increased viscosity and pressure drop at temperatures below the cloud point, 

and high re-start pressure for gelled oil in the pipeline at temperatures below the pour point. 

Crude oils with high paraffin content and pour point (PP) are generally classified as waxy   

crudes. The term “high” when used for PP is relative and depends on the operating 

conditions. The separation of wax as a solid phase from crude oils occurs due mainly to the 

cooling of oil [12]. The wax precipitation can also be effected by changes in other 

thermodynamic variables such as pressure and composition. The temperature at which wax 

begins to precipitate out from the crude oil is called the Wax Appearance Temperature 

(WAT). Wax precipitation may potentially give rise to various transportation and production 

related problems – wax deposition on cold surface causing a reduced flow and increased 

pressure drop, high apparent viscosity that may lead to an increased pressure drop, oil 

gelation resulting in a high restart pressure of a shut-down pipeline [13]. 

Solvent refining processes including solvent extraction and solvent dewaxing usually 

remove these undesirables at intermediate refining stages or just before sending the product 

to storage. 

The purpose of solvent extraction is to prevent corrosion, protect catalyst in subsequent 

processes, and improve finished products by removing unsaturated, aromatic hydrocarbons 

from lubricant and grease stocks. The solvent extraction process separates aromatics, 

naphthenic, and impurities from the product stream by dissolving or precipitation [12]. 

 The most widely used extraction solvents are phenol, furfural, and cresylic acid. Other 

solvents less frequently used are liquid sulfur dioxide, nitrobenzene, and 2, 2’- dichloroethyl 

ether. The selection of specific processes and chemical agents depends on the nature of the 

feedstock being treated, the contaminants present, and the finished product requirements 

[14]. 
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Solvent dewaxing is used to remove wax from either distillate or residual base stocks at any 

stage in the refining process. There are several processes in use for solvent dewaxing, but all 

have the same general steps, which are: (1) mixing the feedstock with a solvent, (2) 

precipitating the wax from the mixture by chilling, and (3) recovering the solvent from the 

wax and dewaxed oil for recycling by distillation and steam stripping[15]. Usually two 

solvents are used: toluene, which dissolves the oil and maintains fluidity at low 

temperatures, and methyl ethyl ketone (MEK), which dissolves little wax at low 

temperatures and acts as a wax precipitating agent. Other solvents that are sometimes used 

include benzene, methyl isobutyl ketone, propane, petroleum naphtha, ethylene dichloride, 

methylene chloride, and sulfur dioxide. In addition, there is a catalytic process used as an 

alternate to solvent dewaxing [16]. 

The results for the crude oil and diesel characterization are summarized in Tables (1 and 2). 

The pour point was also experimentally determined for the selected crude oils and listed in 

Table (3). All results show a significant decreasing after dewaxing process in their API, 

flash point, fire point and pour point values.  

 

Table (1): Effect of dewaxing on density of crude oil and diesel samples (TT – Taq Taq      

field - Taq Taq area – Erbil- Iraq) 

Sample 

 

Density(gm/ml) 

 

API ( at 15.6°C) 

Before After Before After 

 

TT-02(crude oil) 
0.8896 0.9033 26.46 23.63 

 

TT-04(crude oil) 
0.7939 0.8730 44.69 28.95 

 

TT-05(crude oil) 
0.7962 0.8681 44.19 29.86 

Diesel(Bazian refinery) 0.7990 0.8216 43.59 38.97 

 

      Table (2): Effect of dewaxing on flash and fire points of crude oil and diesel samples 

Sample 

 

Flash point 

 

Fire point 

Before After Before After 

TT-04(crude oil) 

 

84 

 

50 105 67 

Diesel(Bazian refinery) 

 
74 37 93 39 
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Table (3): Effect of dewaxing on pour point of crude oil and diesel samples 

 
   CONCLUSION: 

This study provides experimental data on dewaxing of crude oil and diesel from Kurdistan 

region - Iraq. The operational conditions for dewaxing process used show a significant 

reduce in different properties of crude oil and diesel samples. 

 

  ACKNOWLEDGEMENT:  

 Insincerely thank for the presidency of oil technology department in Koya technical      

institute, for providing the necessary facilities during my research.                                          

               

 

References  

[1] F. G. Ruben, T. P. Visintina, R. L. Lockharta, and D. Paolo, “Structure of Waxy Crude 

Oil Emulsion Gels”,Journal of Non-Newtonian Fluid Mechanics, 149(1–3), 34–39 (2008). 

[2] Richter, F. “Effect of waxes on bitumen quality.” Oil Gas European Magazine, No. 2,          

35-38(2002). 

[3] Speight J.G., "The Chemistry and Technology of Petroleum", 4th ed., CRC Press, Taylor 

and Francis Group, LLC (2007).  

[4] Hsu C.S. and Robinson P.R., "Practical Advances in Petroleum Processing", 1, Springer 

Science and Business Media, Inc., (2006).  

[5] Kramer D.C., Lok B.K., and Krug R.R., Amer. Soc. for Testing and Materials, West 

Conshohocken, PA, (2001).  

[6] Abdul-Halim A.-K. Mohammed and Safaa R.Yasin,” Dewaxing of  distillate oil fraction 

(400 - 500 ºC) using urea” Journal of Engineering,No.1, vol.13, March (2007). 

[7] Amel A Nimer, Abdelshakour A. Mohamed and Ali A. Rabah, “Nile blend crude oil: wax 

separation using MEK- Toluene mixture” The Arabian Journal for Science and Engineering, 

Volume 35, Number 2B, October (2010). 

[8]Yata N., Bulletin of the Japan Pet. Inst., 4, 35-44(1962).  

[9]Mead T.C., and Wright J.H., U.S. Patent, No. 4504376, (1984).  

Sample 
Pour point  

Before After 

Diesel 

 

-9.3 

 

-18.6 

Crude oil (TT-04) 

 

-9.4 

 

-15.4 

 

Crude oil (Khormalah) -7.7 -12.4 



International Journal of Advanced Scientific and Technical Research           Issue 4 volume 2, March-April 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com  Page 603 

 

 

[10] H. Lei and Z. Jin-Jun, “Viscoelasticity of Gelled Waxy Crude Oil”, Journal of Central 

South University of Technology, 14(1), 414–417(2007).  

[11] Denis J., Briant J. and Hipeaux J.C., "Lubricant properties, analysis and testing", 

translated from the French by Dr. G. Dobson (2000).  

[12] Monger-McClure et al.: “Comparison of Cloud Point Measurement and paraffin 

Prediction Methods”, SPE Prod. & Facilities, 14 (1), 4(1999). 

[13] Rai et al.: “Multiphase Transpiration of High Waxy Crudes” SPE Advanced Technology 

Series 4(1), 178 (1995). 

[14] H. V. Doctor and H. D., Mustafa, “Crude Oil Cleaning With Solvent”, Hydrocarbon 

Asia, 1, 62–64(2003). 

[15] Baudilio Coto, Carmen Martos, Jose´ L. Pena, Juan J. Espada, Marı´a D. Robustillo” A 

new method for the determination of wax precipitation fromnon-diluted crude oils by 

fractional precipitation” Fuel 87 , 2090–2094(2008). 

[16] Roehner RM, Hanson FV. Determination of wax precipitation temperature and amount 

of precipitated solid wax versus temperature for crude oils using FT-IR spectroscopy. Energy 

Fuels, 15–63(2001). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 


