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Abstract: Lubricating base oil is commonly extracted from lube-oil cut, a petroleum cut, with the use of an aromatic 
solvent. Aromatic content of the final product is an important criterion specifying the product quality. The aromatic 

removal process to produce the lubricating oil should be carried out in a Liquid-Liquid extraction column. In a typical 
solvent extraction process, solvent to feed ratio, solvent and feed temperatures, agitation rate, and settling time could 
directly affect the yield of extraction. In the current study, the effect of agitation rate and settling time on the yield of 

extraction was studied. It was found that a settling time of 2hrs and an agitation rate of 430 RPM to be the optimum 
parameters of the extraction process. 
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1. INTRODUCTION  

Lubricating oils are one of the main products of an 

oil refinery. Nowadays, to decrease the adverse effects 

of friction forces, demand for lubricating oil is 

increasing significantly [1]. Manufacturing of lubricating 

base oils requires the aromatic compounds to be 

extracted to some extent from the lube oil cut resulting 

in having a better quality product [2-4]. The lube oil cut 

is a petroleum cut mainly separated from heavy 

fractions of a vacuum distillation tower. Lube oil cuts 

normally contain aromatic and saturated (naphthenic 

and paraffinic) compounds. Several works have been 

done in selecting an efficient solvent for this extraction 

process [5]. An appropriate solvent should maximize 

the difference in the properties of two immiscible 

phases [3, 9]. Furfural is one of the most widely used 

solvents that its selectivity toward aromatics is high 

enough. Furfural selectivity will decrease slowly when 

temperature increases, making it an acceptable choice 

for both light and heavy vacuum distillates [6-8, 10]. In 

order to separate aromatic compounds from the lube-

oil cut, solvent and feed should be placed in contact to 

each other in a mixer-settler. A proper agitation rate (to 

create a sufficient contact area) as well as an adequate 

settling time could result in producing two immiscible 

liquid phases. The light phase, raffinate, is enriched of 

linear and cyclic saturated hydrocarbons (paraffinic and 

naphthenic) whereas the heavier phase, extract, is 

enriched of solvent and aromatics which is later 

transported to a solvent recovery unit. Simulation of the 

extraction process can be done via empirical methods  
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[11]. Among all alternative processes to produce 

lubricating oils, solvent extraction has received 

considerable attention [12-15]. Since it is not possible 

to identify all the components of a complex 

hydrocarbon mixtures, its composition should be 

defined through empirical methods [16]. The pseudo-

components approach based on distillation curves [17] 

used in the vapor- liquid equilibrium calculations is not 

effective for LLE modeling. De Lucas et al. [7] have 

applied the pseudo-component approach to predict the 

LLE for the systems furfural + lubricating oil systems. 

To determine the composition of complex hydrocarbon 

mixtures, standard test methods such as ASTM D2007 

[18] might be used. However, since these methods are 

time and money consuming, the composition of 

petroleum mixtures is usually determined via 

measuring the physical properties. These properties 

can all be measured experimentally, but some of them 

are normally estimated through well-known correlations 

[9]. Several studies have proposed precise correlations 

which help us predict the composition of hydrocarbon 

mixtures (aromatic, naphthenic and paraffinics 

compounds concentrations) using their refractive index 

(RI) and viscosity [19]. ASTM D3238 [20] standard test 

method can be used to characterize the petroleum 

cuts. According to this test, density at 293K (d293), RI at 

293K (RI293), molecular weight and Sulfur content (%S) 

of the samples can be used to define the distribution of 

aromatics (A), naphthenic (N) and paraffinic (P) 

compounds in a given sample. Solvent to feed ratio, 

solvent and feed temperatures, agitation rate and 

settling time are considered to be the main parameters 

affecting the yield of extraction. Process temperature 

can influence the equilibrium condition of the system. 

Although, increasing the solvent to feed ratio may 

result in having a higher yield of extraction, using too 



2    Journal of Applied Solution Chemistry and Modeling, 2015, Volume 4, No. 1 Mehrkesh et al. 

much of solvent can transfer more amount of 

hydrocarbons (both aromatics and aliphatics) from feed 

to the extract phase resulting in production of a low 

quality lubricating oil having a low viscosity value [20]. 

In this study, operating temperature and solvent to feed 

ratio were kept unchanged to investigate the effect of 

agitation rate and settling time on the yield of. De 

Lucas et al. [7] reported 2hrs of agitation at 280 RPM 

and 15 min of settling. Singh and Kishore [2] used a 30 

min of agitation and 2hrs of settling. In the current 

work, 1hr of agitation at 350-550 RPM and 1-3 hours of 

settling time were used. 

2. MATERIAL AND METHODS 

In this experimental work, furfural and Lube-oil cut 

were provided by Sepahan Oil Co. Furfural solvent was 

applied to extract the aromatic hydrocarbons from lube-

oil cut for producing a higher quality lubricating base-

oil. The physical properties of the lube-oil cut and 

furfural are listed in Table 1.  

Table 1: Physical Properties of Lube Oil Cut and 
Furfural. 

 Furfural Lube Oil Cut 

Density, at 20
°c

, (g/cm
3
) 1.1598 0.9257 

 Viscosity, at 25
°c
, (CP) 1.49 445 

Flash point (
o 
C) 61.7 258.3 

Molecular weight 96 467 

RI, at 20
°c

 1.5261 1.5208 

CA% - 25 

CN % - 11 

CP% - 64 

 

CA, CN and CP are the mass basis concentration of 

aromatic, naphthenic and paraffinic compounds, 

respectively. 

Furfural can react with oxygen; therefore the furfural 

solvent was distilled before using it for aromatic 

removal. The entry furfural had the purity of 98% as it 

was tested by a Gas Chromatography (GC) approach. 

The extraction process was carried out in an 

experimental setup which was composed of a 

cylindrical stirred glassy tank equipped with a valve to 

able us remove the extract phase, a thermostatic bath 

(Shimifan S-57) with a temperature controlling system 

within ±0.1°C, a cylinder containing nitrogen, and a 

variable speed agitator shown in Figure 1.  

 

Figure 1: A Schematic of the experimental setup. 

This experimental study was designed to investigate 

the effect of agitation rate and settling time on the yield 

of separation. For this purpose two operational 

parameters, temperature and solvent to feed ratio were 

kept constant at 338K and 1.5 (Vol/Vol), respectively. 

On the next step furfural and lube cut were mixed 

together under the agitation rate of 350, 450 and 550 

RPM in three different experimental batches. Taking 

samples from the immiscible raffinate and extract 

phases was performed in 3 different times, 1, 2 and 

3hrs. A nitrogen (N2) stream was purged into the batch 

during the experiment to avoid the oxidation of furfural. 

After the formation of two immiscible phases, furfural 

was removed from both extract and raffinate phases by 

vacuum distillation. In order to investigate the effect of 

agitation rate and settling time on the yield of 

extraction, a 3 level method of design of experiments 

(DOE) was used. Based on a full factorial approach by 

having 2 factors and 3 levels, 3
2
=9, experimental runs 

were needed. The refractive index (RI) and density of 

the samples were also measured at 20°C. In addition 

to that the kinematic viscosity of the samples was 

measured at 37.8°C and 98.89°C to calculate the 

molecular weights based on ASTM D 2502-04 [21]. 

This test makes use of a graphical method to 

determine the molecular weight (MW) using the 

viscosity of the samples. Aromatic, naphthenic and 

paraffinic content of the samples was determined by 

ASTM D-3238 [20]. Automatic self-heated 

Refractometers are usually used for high temperature 

processes, especially in the food industry, 

petrochemical industry, and oil refineries. In current 

study a refractometer (Index instrument Inc., GPR 11-

37-E model) was used to measure the refractory index 

(RI) of samples. The accuracy of this refractometer was 

set to be 0.00001.  

A rotational Viscometer (Anton Paar Co., SVM 3000 

Stabinger model) was used to measure the dynamic 

viscosity and density of raffinate and extract samples 
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according to ASTM D7042. This Viscometer 

automatically calculates the kinematic viscosity of 

samples using the measured values of density and 

dynamic viscosity, and delivers the results based on 

ISO 3104 or ASTM D445, with the precision of 0.0001 

for density and 0.001 for kinematic viscosity. The sulfur 

content of the samples was determined with ICP 

analyzer. 

Regarding the fact that lubricating oil is generally 

produced by the processing of raffinate phase, am 

studying on the quality of lubricating oils should be 

done only by considering the raffinate phase. Physical 

properties of raffinate samples are tabulated in Table 2.  

It is worth mentioning that the volume of all raffinate 

phases was very close to each other’s. In the next step, 

physical properties of the raffinate samples were used 

to investigate the effect of agitation rate and settling 

time. The aromatic content, density, heat capacity and 

heating value of the samples were measured at 

different temperatures.  

A liquid specific heat capacity meter (Kyoto 

Electronics Manufacturing Co., LTD., SHA-500 model) 

was used to measure the heat capacity of the samples. 

The heating value of raffinate samples was calculated 

based on ASTM D3523-92, Standard Test Method for 

Spontaneous Heating Values of Liquids and Solids.  

3. RESULTS AND DISCUSSION 

Mass transfer in a liquid-liquid extraction process is 

usually a slow phenomenon, meaning more time is 

needed for two phases to reach the equilibrium 

condition. Aromatic content of raffinate phase will be 

decreased when the settling time increases. The Rate 

of change of aromatic content was not uniform, so that 

the change in the amount of aromatic concentration, 

CA, between 1 and 2hrs were measured to be more 

than that between 2 and 3hrs. Since the change in the 

amount of extraction of aromatic after 2hrs of settling 

time was not significant, thereby the 2hrs being 

selected as the optimum settling time.  

A lower amount of aromatic compounds in the 

raffinate phases will result in having a better quality 

product. Figure 2 shows how CA is plotted against the 

settling time in different agitation rates. 

In regard to the analysis of experimental samples, it 

can be seen that no linear trend can be found out 

between the agitation rate and the yield of extraction. 

Increasing the agitation rate will increase the amount of 

aromatics extracted until a certain point.  

Figure 3 depicts that the maximum amount of 

extraction can be achieved for the agitation rate of 450 

RPM. For the precise determination of agitation rate, 

most of the experimental runs were performed at 2hrs 

settling time and the agitation rate of 410,430,450,470, 

and 490 RPM. Temperature and the ratio of solvent to 

feed were kept constant as the previous runs. Results 

are shown in Figure 4.  

It was found that in the range of (430-435) RPM, the 

maximum extraction of aromatic can be reached. 

3.1. Effect of Rotation Rate of Density of Raffinate 
Samples  

As it was mentioned earlier, the raffinate samples 

after settling time of 2hrs have been considered the 

final lubricating base oil product. At the next step the 

density of the samples was measured at different 

Table 2: Characterization of the Raffinate Samples 

Run# 
Agitation Rate 

(RPM) 

Settling 
Time 
(hour) 

Raffinate (ml) 
Extract 

(ml) 
RI20 

Density 
(g/cm

3
) 

%S %CA %CN %CP 

1 550 1 103.0 172.0 1.50167 0.8877 1.65 19.6 5.3 75.1 

2 550 2 101.7 173.3 1.49935 0.8871 1.63 17.4 9.3 73.3 

3 550 3 101.4 173.6 1.49919 0.8868 1.62 17.1 10.2 72.7 

4 450 1 99.5 175.5 1.49488 0.8828 1.47 14.6 13.1 72.3 

5 450 2 97.6 177.4 1.49177 0.8795 1.44 12.7 15.3 72.0 

6 450 3 97.4 177.6 1.49141 0.8791 1.43 12.5 15.6 71.9 

7 350 1 100.6 174.4 1.49788 0.8863 1.59 16.3 11.5 72.2 

8 350 2 100.1 174.9 1.49701 0.8851 1.53 15.8 11.6 72.6 

9 350 3 100.0 175.0 1.49647 0.8845 1.50 15.5 12.0 72.5 
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Figure 2: Relationship between aromatic content and settling time in different agitation rates. 

 

 

Figure 3: Relationship between aromatic content and agitation rate in different settling times. 

 

 

Figure 4: The relationship between aromatic content and agitation rate after 2hrs of settling time. 

temperatures with results shown in Figure 5. It is seen 

that with an increase in the temperature of samples 

their densities were decreased dramatically with a 

linear trend. At all temperatures, density of the samples 

agitated with a rate of 450 RPM, were smaller than that 

of other samples. 
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3.2. Effect of Rotation Rate on Heat Capacity of 
Raffinate Samples 

Heat capacity of test samples was measured at 

different temperatures and the results are shown in 

Figure 4. It can be seen that with an increase in the 

temperature, the heat capacity of samples will be 

decreased significantly. In the entire range of 

temperatures, the heat capacity of samples agitated 

under the rate of 450 RPM, was lower than that of 

others. 

3.3. Effect of Rotation Rate on Heating Value of the 
Samples 

Heating value of raffinate samples was measured 

accurately; the results are depicted in Figure 6. It was 

observed that samples under the agitation rate of 450 

RPM have more heating values compared to the 

others. Figure 7 reveals that when the samples are 

produced under the agitation rate of 450 RPM, there is 

not a significant difference between the heating value 

of the samples between 2 and 3hrs.  

4. CONCLUSION 

1. It was seen from the experimental tests that the 

increase of settling time will increase the yield of 

extraction of aromatics as well. At the first time 

interval, the rate of changes in the yield of 

extraction was more and it was reduced as time 

passes.  

2. Increasing the agitation rate will result in an 

increase in the amount of extraction of aromatic 

from feed until an optimum point thereafter it 

 

Figure 5: Density variation of raffinate samples with temperature. 

 

Figure 6: Heat capacity variation of raffinate samples with temperature. 
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starts being lowered when agitation rate 

increases.  

3. Based on the experimental results, the settling 

time of 2 hrs and the agitation rate of 430 RPM 

are proposed to be the optimum operational 

condition.  
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Figure 7: Heating value variation of the raffinate samples vs. settling time. 


