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h i g h l i g h t s

" Novel technology combining extraction and adsorption.
" 1-Butanol achieved maximum percent sludge removal.
" Addition of KOH accelerated the waste sedimentation process greatly.
" Acid activated clay gave the give best conditions for treating waste oil.
" The optimum solvent-adsorbent pair for spent lubricant oil recovery is 1-butanol/activated clay.

a r t i c l e i n f o

Article history:
Received 12 October 2012
Received in revised form 20 December 2012
Accepted 26 December 2012
Available online 11 January 2013

Keywords:
Waste lubricating oil
Purification
Extraction
Adsorption

a b s t r a c t

In this work, the recovery of base oils from waste lubricants was investigated using a novel combination
of solvent extraction and adsorption on solids. The performance of six extracting solvents (n-hexane, 1-
butanol, petroleum ether, 1-hexanol, carbon tetra chloride, and acetone) was evaluated experimentally.
Solvent to oil ratios from 1:1 to 4:1 were also examined. This research has studied the effect of the use of
KOH to enhance flocculation. The results show that 1-butanol achieved the best performance with the
maximum percent sludge removal, followed by n-hexane, petroleum ether, 1-hexanol, carbon tetrachlo-
ride, and acetone. The percentage of oil sludge was found to increase with the increase of solvent to oil
ratio until it reached the maximum at the ratio of 3:1. The application of an adsorption process using dif-
ferent adsorbent materials was investigated. Adsorbent materials such as almond shell, walnut shell, egg-
shell, and acid activated clay which were prepared locally were used. It was found that the acid activated
clay was able to give the best conditions for treating the waste oil followed by the almond shell powder.
The results from the test showed that, viscosity increased from 38.3 cst for used lube oil to 85 cst for acid/
clay treatment and the flash point increase from 178 �C to 238 �C, while the density decreased from 912
to 896 kg/m3, the pour point from �6 to �13.2 �C and colour from 0.53 to 0.12. Other results from the
different tests showed varying degrees of improvement with the best results obtained using the acid/clay
treatment.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Lubricating oil is one of the most important liquids that are
used in almost all vehicles and machines. Lubricating oils play a
dual role of heat transfer and that of friction reduction that reduces
the heat generated in internal combustion engines. Basically, the
main ingredient of lubricant oil is the base oil, which is refined
from crude oil or synthesized in the laboratory. Base oil is mixed
with additives to enhance the ability of the oil to act as a layer be-
tween contact surfaces.

Modern lubricating oil is made of base stock or base oil (71.5–
96.2 wt%), blended with a few ppm of chemical additives according

to its grade and specific duty. Additives are added to fulfill the spe-
cific requirement for lubrication. Each lubricant oil consisted at
least one type of additive or nearly 30% by weight of additives (Ta-
ble 1) [1].

During usage, lubricating oils undergo changes termed degrada-
tion and contamination, which render them ineffective for further
application. Lubricating oil goes through normal degradation and
about 50% of it is consumed in the process. The rest of the oil picks
up a number of contaminants from the working environment, such
as, residual components of engine fuels, solids from wear processes
along with corrosion products and dirt, soot, combustion products
etc. [2]. Degradation involves changes in the desired viscometric
properties of oil as a result of alteration in the lubricating oil
molecular structure caused by cracking, isomerization and poly-
merization reactions prompted by high temperatures in the run-
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