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Abstract — Lubricant oils, essential for minimising friction
between moving parts, find application across diverse
industries such as automotive, industrial, marine, aviation,
and energy production. The automotive sector primarily
drives lubricant oil consumption, while the industrial domain
follows suit. The global lubricants market, valued at USD
128.51 bhillion in 2020, demonstrates a growing trend,
emphasising the escalating significance of lubricant oils.
Traditionally derived from crude oil, the depletion of this

source raises concerns. Moreover, disposal practices
involving incineration and landfill ~contribute to
environmental issues. Consequently, the pursuit of

environmentally sustainable methods for disposal and reuse
has become critical. "Re-refining” emerges as a rising
technique, involving the removal of contaminants from used
lubricant oils to restore their utility. This approach is not only
eco-friendly but also conserves resources by reducing the
need for fresh oil production. Moreover, re-refined lubricant
oils often surpass industry standards, driven by advanced
refining technologies. However, this method also produces
potentially hazardous by-products, necessitating regulatory
scrutiny. The study undertakes a comprehensive analysis of
available methods, primarily focusing on engine oil, to
determine an environmentally viable and economically
feasible approach to re-refine used lubricant oils. The
research presents a methodological exploration of re-refining
used lubricant oils, driven by the urgency of sustainable
development. The vacuum distillation-based approach,
involving sequential operations of Dehydration, Vacuum
Distillation, and Lube Oil Distillation and Condensation,
emerges as a promising solution. This approach effectively
removes water and contaminants, precisely fractionates
components, and employs MEK (Methyl Ethyl Ketone) to
enhance lubricating oil quality. The advantages include
resource efficiency, waste minimisation, and high-quality re-
refined products. While re-refining mitigates environmental
concerns, certain challenges, including by-product hazards,
necessitate careful consideration. This review underscores the
need for and viability of re-refining as a path toward
sustainable development, addressing environmental concerns
while fostering economic growth in the lubricant industry.
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I. INTRODUCTION

The functioning of machinery and engines in industries
heavily relies on the efficient operation of various types of
machinery, from automobiles to heavy equipment. To ensure
these machines work optimally and last longer, lubricant oils
are crucial. These oils, also known as lubricants, form a thin
layer between moving parts, preventing direct metal-to-metal
contact, reducing friction, and wear. This, in turn, minimises
heat and extends the lifespan of the equipment. Lubricant oils
are essential for maintaining mechanical systems'
functionality. They act as protective barriers, enhancing

efficiency and reducing the need for frequent upkeep. These
oils ensure smooth functioning, prevent overheating, and
reduce energy losses caused by friction. Despite the
consistent high demand for lubricant oils, concerns arise
about the availability of crude oil, the primary source for base
oil used in lubricant production. Base oil is a key ingredient
in lubricant formulations, and as crude oil reserves deplete,
questions about the sustainability of lubricant production
arise. This prompts exploration into alternatives to ensure a
continuous supply of lubricant oils without harming the
environment. The global consumption of lubricant oils has
steadily increased due to industrial growth, urbanisation, and
reliance on machinery. These oils are used in various sectors
such as automotive, manufacturing, aviation, and marine
industries. The demand for improved machinery performance
and longevity drives the significant daily and yearly
consumption of lubricant oils. The global lubricants market is
projected to grow from $117.31 billion in 2022 to $131.33
billion by 2029, with a forecasted Compound Annual Growth
Rate (CAGR) of 2.3%. Lubricant oils can be categorised
based on their composition, viscosity, and application. These
categories include mineral-based oils, synthetic oils, semi-
synthetic oils, and bio-based oils. Each type possesses
specific properties suited for particular industries and
operating conditions. Mineral-based oils have historically
held the largest market share among the various lubricant oil
types due to their cost-effectiveness and versatility. They
significantly contribute to the overall value of the lubricant
industry, playing a crucial role in its economic significance.
As lubricant oils are used, they accumulate contaminants and
undergo thermal and oxidative degradation. The conventional
method of disposing of used lubricant oils poses
environmental risks, potentially refine waste oil at a large-
scale plant[11,12]. It begins with water and solvent
extraction, followed by vacuum distillation to separate
lubricating oil fractions. Fixed-bed hydrotreatment enhances
product quality. Aqueous by-products undergo water
treatment, light ends become internal fuel, and residue is used
for asphalt or industrial fuel. Re-refined base oils meet API
standards for engine oils, gear lubricants, and more. Safety
Kleen's process minimises by-products while meeting
industry standards across global facilities.

A. Hydrogenation - IFP/Snamprogetti technology

The Selectopropane Process, developed by IFP, employs
propane extraction in vacuum distillation and hydrogenation
to recover base oils from waste 0il[13]. It selectively extracts
all base oil constituents using propane, similar to its
application in crude oil refining. The process involves
atmospheric  distillation, vacuum  distillation, and
hydrofinishing, followed by propane extraction to recover
bright stock. Snamprogetti enhanced this with pre-and post-
distillation extraction, eliminating the need for clay
treatment[14]. IFP's technology continues to evolve with
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various licensable schemes, including vacuum distillation,
propane deasphalting, and hydrofinishing combination. The
method effectively transforms waste oil into high-quality
base oils, demonstrated in operational plants like Viscolube
Italiana.

B. Hydrogenation - UOP DCH technology (UOP Hylube
process):

The Hylube process, a direct contact hydrogenation
technology by UOP, treats waste oil in a hydrogen-rich
atmosphere, increasing yield by up to 30% and eliminating
hazardous by-products[15]. Waste oil is mixed with hydrogen
gas, directly interacting in a reducing environment. A
metal/solid separator removes contaminants, and a fixed-bed
catalytic reactor destructs halogenated and oxygenated
compounds, producing premium-grade distillate
hydrocarbons and purified base oils. A three-phase product
separator separates corrosive components. The catalytic
hydrotreatment step achieves high conversion rates for
organic chloride and desulfurization[16]. The process can be
integrated into lubricant oil refineries, FCC units, or
refineries with both FCC and hydrocracking units. The
Hylube process enhances lubricating oil production and
quality, with manageable costs.

C. Vacuum distillation and clay treatment — Resource
technology re-refining:

This technology systematically re-refines used oil by
dewatering, heating, atmospheric and vacuum distillation,
and clay polishing. A cyclonic vacuum distillation tower with
high-speed centrifugal force separates additives and
contaminants, producing a base blending oil. Oily clay filter
cake byproduct is disposed in landfills, and residues are sold
to the asphalt industry. The process is environmentally
friendly, retrofit-friendly, and minimizes waste while
maximizing product recovery.

D. Vacuum distillation and clay treatment — Viscolube:

Viscolube's Viscolube technology, known as thermal
deasphalting (TDA)[17], re-refines waste oil with propane
deasphalting, vacuum distillation, and clay finishing. TDA's
efficiency concentrates asphaltic compounds in the bottoms.
The process yields bitumen, gas oil for fuel, and re-refined
base oil fractions. It can integrate thermal clay treatment or
hydrofinishing for higher purity. The TDA process offers 72-
75% base oil yield and minimal waste. Collaboration with
IFP led to quality enhancements and incremental expansion
options. The process is exemplified by the Pieve Fissiraga
plant in Italy and is recognized as Revivoil in collaboration
with IFP.

E. Vacuum distillation and clay treatment — Interline:

The Interline re-refining method integrates vacuum
distillation, clay polishing, and innovative propane
extraction, replacing chemical pretreatment[18]. Propane-oil
blending eliminates additives, rendering a cost-effective,
non-acid re-refining process suitable for lower volumes.
Coke formation is avoided in vacuum distillation, negating
hydrogen finishing. The process, uses a solvent extractor to
separate impurities from the propane-base oil mixture.
Residue and water lead to an asphalt extender, while
regenerated propane is reused. After light hydrocarbon

stripping, adjusted oil undergoes traditional vacuum
distillation, yielding high-quality base oil for clay polishing
and asphalt modification. This technology has established re-
refineries in the USA and England, proving its practical
viability and international acceptance.

F. Vacuum distillation and clay treatment - ROSE/Kellog:

The ROSE (Residuum Oil Supercritical Extraction) process
is an effective re-refining method for recycling used
lubricants, especially from greases with high oil content[19].
Acquired by Kellog Company, it employs supercritical
solvent recovery, yielding energy-efficient and cost-effective
separation. Two vessels perform separation: the asphaltene
separator and the DAO (Deasphalted Oil) separator. Propane
solvent is mixed with the feed, undergoing phase separation
in the asphaltene separator. Further supercritical separation in
the DAO separator yields deasphalted oil and recirculable
solvent. Grease can be blended with used engine oil for re-
refining. Sequential solvent deasphalting followed by
vacuum distillation produces light vacuum distillate for
lubricant or fuel production, with potential hydrotreating for
base stock preparation. The ROSE process offers reduced
utility costs, recovering up to 93% of the solvent as a
supercritical fluid, enhancing cost-efficiency and plant
simplicity.

G. Other vacuum distillation/clay filtration processes:

Thin-film evaporators like Luwa and Pflauder are employed
to mitigate fouling issues in high-temperature vacuum
distillation during waste oil re-refining. Luwa's controlled
exposure to heat and rotor-driven agitation prevent
degradation and coking. Booth Oil and Dollbergen re-
refineries use Luwa, while Pflauder is adopted by
Independent Oil Refineries and Dominion Oil Refining.
Dominion's success includes re-refined products for bus
fleets. Distillation/clay treatment raises no major
environmental concerns; wastewater concerns can be
addressed using water- or air-cooled surface condensers
instead of barometric condensers.

H. OTHER PROCESSES: Entra:

Entra Company's novel waste oil re-refining method employs
a specialized linear tubular vacuum reactor for distillation and
clay polishing. This innovative process achieves rapid
vaporization, controlled condensation, and chemical
reactions within  milliseconds, efficiently removing
impurities while maintaining precise temperatures. The
residue, containing impurities, metals, and transformed
sulphur and chlorine, is separated. The technology can
achieve over 90% re-refined base stock yield from dewatered
waste oils, with a successful pilot plant and a 30,000-ton
annual capacity facility in Germany demonstrating its
effectiveness.

Il. PROPOSED METHODOLOGY

The re-refining of used lubricant oils holds significant
promise in reducing environmental pollution and conserving
valuable resources. Vacuum Distillation (VD) has emerged
as a prominent method for re-refining due to its effectiveness
in separating various components based on their boiling
points under reduced pressure conditions. In this section, we
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will delve into the proposed process, which encompasses

three  primary  operations: Dehydration, Diesel

Stripping/Vacuum Distillation, and Lube Oil Distillation and

Condensation.

The initial step of the re-refining process involves
the removal of water and solids from the used lubricant oil.
This is crucial as water and solid contaminants can have
detrimental effects on the efficiency and quality of the final
re-refined oil. The process is as follows
— The used oil is initially stored to allow the separation of

water and solids from the oil.

— The oil is then heated within a closed vessel to
approximately 120 degrees Celsius.

—  This heating process aids in the separation of emulsified
water and oil diluents that may be present in the oil.

The second operation involves the vacuum
distillation process itself, where the oil is subjected to varying
temperature and pressure conditions to separate its
components based on their boiling points. This is particularly
crucial for removing lighter hydrocarbons, such as diesel,
from the used lubricant oil:

— Light Fuel and Diesel: Through vacuum distillation, the
lighter components of the used oil are separated to yield
light fuel and diesel fractions. These fractions can be
further processed for use in various applications.

— Lubricating Oil: The lubricating oil fraction is obtained
from the vacuum distillation process. This fraction still
contains impurities and contaminants that need further
treatment.

— Residue: The residue remaining after vacuum distillation
contains the heavier components that were not vaporised
during the process.

The final operation focuses on the distillation of the
re-refined lube oil to separate it from any remaining
contaminants or lighter hydrocarbons. This ensures the
production of a high-quality re-refined lubricating oil:

— The lubricating oil fraction is introduced into an
extraction tower.

—  Within the extraction tower, the process involves the use
of MEK (Methyl Ethyl Ketone), which acts as an
aromatic selective solvent.

— MEK serves multiple purposes, such as removing colour
and odour from the lubricating oil fraction and extracting
aromatic contaminants present in the oil.

Fig. 1: Proposed Process Flow Diagram

The proposed vacuum distillation-based re-refining
process involves a sequence of operations that work
synergistically to regenerate used lubricant oils into valuable
products. This approach not only addresses the environmental
challenges posed by improper disposal of used oils but also
contributes to resource efficiency and sustainable practices in
the lubricant industry. Through efficient dehydration,
vacuum distillation, and precise fractionation along with the

utilization of MEK for contaminant removal, this process
showcases a promising avenue for re-refining used lubricant
oils while meeting quality and environmental standards.

I11. CONCLUSION

The re-refining of used lubricant oils stands as a pivotal
solution in the pursuit of sustainable resource management
and environmental preservation within the lubricant industry.
This minor project, aimed at investigating and analyzing re-
refining methodologies, has provided a comprehensive
overview of the vacuum distillation-based approach as a
promising avenue for transforming used lubricant oils into
valuable products. The three primary operations within the
vacuum distillation-based process — Dehydration, Vacuum
Distillation, and Lube Oil Distillation and Condensation —
collectively offer a systematic and efficient pathway for
rejuvenating used lubricant oils. Through the meticulous
separation of water and emulsified contaminants during the
Dehydration phase, the subsequent Vacuum Distillation
operation demonstrates its prowess in fractionating the oil
into distinct fractions, including light fuel and diesel,
lubricating oil, and residue. This fractionation process,
governed by varying boiling points, ensures precision in
creating fractions tailored for specific applications.
Moreover, the Lube Oil Distillation and Condensation
operation, enhanced by the use of MEK, presents a
mechanism for elevating the quality of the lubricating oil
fraction by removing color, odor, and aromatic contaminants.
The advantages of this vacuum distillation-based approach
are multifaceted. It efficiently addresses the challenges of
water and emulsified contaminants, laying a strong
foundation for subsequent processes. The precise
fractionation enabled by vacuum distillation ensures the
recovery of valuable resources while minimizing waste. The
incorporation of MEK as an aromatic selective solvent further
enhances the quality of the final lubricating oil product,
underscoring the significance of contaminant removal. In the
broader context, this minor project contributes to the evolving
discourse on sustainable practices within the lubricant
industry. The reviewed vacuum distillation-based approach
emerges as an exemplary model for re-refining used lubricant
oils, holding promise in terms of both economic viability and
environmental responsibility. The project underscores the
importance  of addressing resource scarcity and
environmental concerns through innovative methodologies
that maximize resource recovery while minimizing
ecological impact. As the world grapples with the challenges
of resource depletion and environmental degradation, the
insights derived from this minor project provide a solid
foundation for further research and implementation. This
endeavor has implications for industries, policymakers, and
researchers seeking to bridge the gap between economic
growth and environmental  stewardship.  Through
collaboration and continued exploration of re-refining
technologies, the lubricant industry can stride confidently
towards a more sustainable and resilient future.
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