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Abstract. Solvent Lubricant Waste Production of an XYZ oil company was very high, 
this is due to the many laboratory tests that require organic solvents for washing lubricant 
of equipment. In addition, laboratory requirements for organic solvents are also very 
high,  to overcome this problem, the distillation of organic solvents was carried out to 
obtain organic solvents of lubricant waste that can be recovered. The purpose of this 
study was to regenerate the solvent of solvent lubricant waste. The purity of organic 
solvents from the resulting distillate was analyzed by using the Fourier Transform Infra-
red (FTIR) Spectroscopy. Results showed that the recovery of solvent lubricant waste is 
financially beneficial for the company. With an onsite solvent distillation unit will reduce 
solvent/consumables purchase order costs by 90–95%.   
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1   Introduction 

The lubricant has been used primarily for reducing friction between moving parts of 
various machinery or equipment, minimize material wear, improve the efficiency of 
equipment and for energy savings. This large amount of waste lubricant has a significant 
impact on both economic and environmental aspects. Researchers are concerned about 
environmental problem arises of lubricant waste. Lubricant waste may harmful to the 
environment when burnt as a low-grade fuel or into water streams including sewers. This may 
result in groundwater and soil contamination.  

Lubricant waste has a significant impact on the environment. The regulation in Indonesia 
stated that lubrication waste must be recycled through the third party as hazardous waste 
treatment. With ever-growing global environmental awareness, even developing and most of 
the underdeveloped countries have statutory regulations guiding the treatment of hazardous 
residual wastes generated through waste treatment.   

The need for the organic solvent of XYZ oil company is very high. The organic solvent in 
this laboratory was effective for dissolving impurities by washing machinery equipment and 
also for viscosity testing of used lubricant as hazardous waste. Since lubricant is non-polar, 
solvents which is suitable for cleaning equipment when contact with a lubricant are organic 
solvents. Organic solvents are solvents that generally contain carbon atoms in their molecules 
and they are lipophilic.  
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One of the organic solvents is toluene. Toluene, also known as methylbenzene or 
phenylmethane, is a colourless clear liquid that is insoluble in water with a paint thinner and 
smells like benzene. It is an aromatic hydrocarbon that is widely used in industrial feedstocks. 
Toluene has the molecular formula C6H5CH3. Its boiling point is 110,6°C. This study was 
using technical grade toluene and toluene pro analysis (toluene p.a). 

A number of studies to remove various impurities in used lubricating oil and to reuse 
solvents as valuable products have been attempted, such as; acid-clay [1], hydrogenation [2], 
distillation [3], and solvent extraction [4]–[6]. Although each method has advantages and 
disadvantages, distillation has displayed higher efficiency in solvent recovery. This method is 
environmentally safer than the others, more beneficial due to its low operational costs as well. 

The purpose of this study was to evaluate economic benefit after solvent regeneration 
from used lubricant oil. Being processed through fractional distillation that separates the pure 
solvent from contaminants. Solvent recovery is designed to help reduce liquid waste disposal 
expense thus, providing economic benefit. Recycling of solvent lubricant waste will be 
beneficial in reducing solvent cost. 

 

2 Experimental Section 

 
A. Materials 

Technical grade Toluene, Toluene pro analysis (toluene p.a), Karl Fischer titrator 

(mixture of iodine-sulfur dioxide-pyridine in methanol solution), FTIR Fourier Transform 

Infra-Red (FTIR) Spectroscopy, Solvent lubricant waste which contain Technical Grade 
Toluene, solvent lubricant waste which contain Toluene p.a., atmospheric distillation 
equipment, were supplied by Laboratory Product Development Lubricants XYZ company.  

 
B. Methods 

This study beginner with the problem identification through heritage studies from various 
literature, and existing information from an XYZ oil company. Research then proceed with a 
laboratory experiment. Toluene as the organic solvent is recovered from Solvent lubricant 
waste which contains Technical Grade Toluene and toluene p.a using an atmospheric 
distillation setup (Figure 1). The base oil and 500 ml solvent lubricant waste were heated with 
an electric mantle to a temperature of 120°C. It was higher than the toluene boiling point 
(110,6°C) so as to ensure the total removal of the solvent from the solvent lubricant waste. 
The purity of organic solvents from the resulting distillate was analyzed by using the Fourier 
Transform Infra-Red (FTIR) Spectroscopy. Data on costs are analyzed and conclusions are 
drawn from the results of the analysis.                            

                                                                   
Figure 1. Atmospheric distillation of solvent lubricant waste (left) and Karl Fischer Equipment (right) 

 



 
 
 
 

3   Results & Discussions 

 
The organic solvent in this laboratory was effective for dissolving impurities by washing 

machinery/ equipment and also for viscosity testing of used lubricant as hazardous waste.  
Method for viscosity testing is capillary pipe flushing, by using solvent toluene p.a and 
technical grade toluene. The following table showed distillate produced and moisture content. 

 
Table 1. Volume of  Distillate 

 

Sample Type of Waste Distillate volume (ml) Moisture (ppm) 

A Solvent Lubricant Waste which contains 
Technical Grade Toluene 

142 220 

B Solvent Lubricant Waste which contains 
Toluene p.a 

145 228 

                                 
Figure 2. Recovered solvent volume after distillation process 

 

As the results, distillation produced was almost similar to 142 ml of Technical Grade 
Toluene and 145 ml of Toluene p.a from solvent waste (Figure 2). The presence of water in 
solvent lubricant waste due to viscosity testing of lubricants by the Karl Fischer method, and 
the result was 220 ppm and 228 ppm.  

 

            
Figure 3. Peaks of Solvent Lubricant Waste with Distillate Toluene Reference 
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Figure 3 showed the peak intensity at a region between  550  cm-1  and  750 cm-1 shows 

the presence of toluene after the distillation process. The FTIR results that the synthesis used 
oil is close to vinyl (ethylene propylene-ethylene dennenbomen) at a region between  2,750  
cm-1 and 2,950 cm-1 [1]. 

Data based on XYZ company interviewed, solvent oil waste that contains technical grade 
toluene was 2000 ml per day or 264 litres per year. After recycling, regenerated 1,880 ml pure 
toluene per day or 496.32 litres per year.  Decreased 20 ml daily or 5.28 litre, yet gained 
efficiency 94% technical grade toluene usage, respectively. Yet, solvent oil waste that contains 
toluene p.a was 545 ml per day or 143.9 litres per year. After recycling, regenerated 520 ml 
pure toluene per day or 137.28 litres per year.  Decreased to 25 ml daily or 5,28 litre, yet 
gained efficiency 91.3 % toluene p.a usage, respectively. With an onsite solvent distillation 
unit will reduce solvent/consumables purchase order costs by 90–95% [7]. 

 
Table 2. Financial Viability for Annual Solvent Usage 

Technical Grade Toluene 

Annual Usage before distillation 264  litre 
Cost Per litre $          0.98 

Total Solvent Cost $      518.57 
Annual Disposal Cost (Rp 3,333 per litre) $      125.71 
Direct Labor Cost (for 1 hour/ day in a year) $      377.14 
Administrative Labor Cost (for 1 hour/ day in a 
year) 

$        94.28 

Annual Electricity consumption $        51 
Procurement for Distillation set $       250 
Total Annual Solvent Purchase, Labor and 
Disposal Cost 

$     1416.69 

Saving with Onsite Recycling Total Annual Cost    : $ 1416.69 
Projected Efficiency :      91.3 %  
Annual Saving With Recovery :    $  1293.44 

Toluene Pro Analysis 

Annual Usage before distillation  143,9  litre 
Cost Per litre $         11.16 
Total Solvent Cost $     1605.95 
Annual Disposal Cost (Rp 3,333 per litre) $         34.25 
Direct Labor Cost (for 1 hour/ day in a year) $      377.14 
Administrative Labor Cost (for 1 hour/ day in a 
year) 

$        94.28 

Annual Electricity consumption $        25.49 
Procurement for Distillation set $      250 
Total Annual Solvent Purchase, Labor and 
Disposal Cost 

$    2387.13 

Saving with Onsite Recycling Total Annual Cost     : $  2387.13 
Projected Efficiency :         94 % 
Annual Saving With Recycling :    $  2243.91 

 

Table 2 provides an estimation of financial viability.  Cost of recovery was include 
labour, energy and waste disposal costs. There was two-unit solvent distillation, depending on 
how much solvent volume to recycle onsite. Toluene p.a ($11.16/litre ) was more expensive 
than technical grade toluene ($0.98/litre). Disposal cost includes hazardous waste treatment by 



 
 
 
 

third party and transportation ($125.71 and $34.25).  Procurement for distillation set was $250 
per unit. Annual electricity consumption depends on time using the distillation unit over the 
recycled solvent waste volume. It was $51 for technical grade Toluene and $25.49 for toluene 
p a annual electricity consumption.  Annual saving with recycling for technical grade Toluene 
is $1293.4a and for technical grade Toluene and  $2243.91. From the observation, using 
distillation to obtain high purity recycled solvents is recommended. With the rise of the green 
economy, solvent recovery has become the research hot all over the world, particularly the 
recycle for use oil has the tendency of high technology and large scale [8].  
 

4   Conclusion 
 

Solvent waste recovery not only saves the cost of purchasing new solvents but also 
ecofriendly. Recycling helps the environment with the impacts of hazardous chemicals to 
protect it from water pollution. Solvent disposal to the third party requires a huge cost. The 
pure solvent is recovered through a simple solvent distillation process that separates the clean 
solvent from impurities or any harmful substances. A good solvent recovery system may 
purify the solvent of solvent lubrication waste, after a simple recycling application. The 
recovered solvent contains high purity so it is proper to be reused in the viscosity testing 
process again. With an onsite solvent distillation unit will reduce solvent/consumables 
purchase order costs by 90–95%.  The recovery of the organic solvent is financially beneficial 
for the company due to its low operational costs. 
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