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Abstract — Waste lubricating oil(WLO)s have been recycled as energy source through direct fuel in cement
kilns and fossil power plants, or as fuel oils, or re-refined lubricating base oils. In our country, they have
been recycled as low grade fuel oil through chemical treatment process. In 2003, extended producer
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responsibility (EPR) system was adopted from deposit system on sale of lubricating oils in order to promote
their recycling rate. However, our recycling rate of WLOs have been stagnant(below 70%) for last 5 years.
And there has been no research work on recycling of WLOs as re-refined base oil until now in this country.

Stabilization technology of thermally cracked oils to reduce tar and malodor and to improve their color
for production of high grade fuel oil, and a novel process for production of high grade re-refined lubricating
base oil from WLOs have been developed and commercialized recently in Canada and U.S.A., respectively.
Several countries like Australia, Italy, Germany and U.S.A., etc. are encouraging recycling companies to
recycle WLOs as re-refined lubricating oil by giving greater subsidies or benefits compared to other recycling
methods. They also adopt a policy to purchase re-refined lubricating oil preferentially in the federal or local
governments and to recommend consumers to purchase it willingly. Based on the facts that several advanced
countries have adopted a policy to recycle WLOs as re-refined base oil for saving of petroleum resource
and reduction of environmental pollution, it is right time to be considered that our present policy for
recycling of WLOs should be reevaluated and the new policy of their environmental-friendly and sustainable

recycling should be established.
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Table 1. Various additives used in lubricating oils
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Additives Compounds Used

Antiwear Zinc dithiophosphates, acid phosphates, organic sulphur and chlorine
compounds, sulphurised fats, sulfides and disulfides

Detergent Metal-organic compounds of sodium, calcium and magnesium
phenolates, phosphonates and sulphonates

Anticorrosion Zinc dithiosphophates, metal phenolates, fatty acids and amines

Dispersant Alkylsuccinimides, alkylsuccinic esters

Friction Modifier Organic fatty acids, lard oil, phosphorus

Pour-Point Depressant Alkylated naphthalene and phenolic polymers, polymethacrylates

Seal Swell Agent Organic phosphates, aromatic hydrocarbons

Viscosity Modifier Polymers of olefins, methacrylates, di-enes or alkylated styrenes

Antifoam Silicone polymers, organic copolymers

Antioxodant Zinc dithiophosphates, hindered phenols, aromatic amines, suphurised phenols

Metal Deactivator

and phosphites

Organic complexes containing nitrogen and sulphur amines, sulphides
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Table 2. Domestic recycling percentage of waste
lubricating oils (WLOs)

Year 2000 2001 2002
Generation® | drum | 1,052,483 | 1,006322 | 1,130,953
(A) ton 210,497 201,265 226,131
Treatmene | drum | 688455 521,067 731,843
®) ton 137,691 104,213 146,369
Recycling rate, %(B/A) 65.4 51.8 64.7
Year 2003 2004 2005
Generation® | drum | 1,173,035 | 1,135,068 | 1,176,785
(A) ton 234,607 227,014 235,537
Treatmene | drum | 758,390 767,540 794,385
B) ton 151,678 153,508 168,877
Recycling rate, %(B/A) 64.6 67.6 67.5

* The amount of generated WLOs is assumed about 70% of the
lubricating oil sold.
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Table 3. Quality standard of fuel oil derived from WLOs and their pollutants and properties in Korea

and foreign countries

Domestic quality standard Quality standard Po].lutanfs n WLQS
of fuel oil of fuel oil in foreign countries and their properties
Classification
Chemical | Thermal cracking/ | ;g Uk | Japan Korea™ |California™
treatment | vacuum distillation high grade|low grade
Residual carbon (wt%) 2.0 0.03 - - 4.0 4.0 1.43 -
Water & precipitates (vol%) 0.5 0.02 - 3.0 1.0 0.3 0.04 -
Ash (wt%) 0.5 0.05 - 0.4~1.0 1,0 0.05 0.66 0.5
Sulfur (wt%) 0.55 0.2 - 0.5~0.9 1.0 0.5 0.26 0.32
Flash point(C) - - above 38 - - - - -
Nitrogen(wt%) - - - - 0.1 0.1 - -
Halogens(wt%) - - 0.4 - 0.2 0.1 - -
Cd (mg/L) below 1 below 1 below 1 - - - N/D*** 1
Pb (mg/L) below 30 below 1 below 100 500~1000 - - ND 33
Heavy Cr (mg/L) below 5 below 1 below 10 - - - 1.0 1.4
metals As (mg/L) below 2 below 1 below 5 - - - N/D™ N/D
Zn (mg/L) - - - - - - - 822
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* WLOs in Korea (oil type: SK-ZIC, tested car: SM 520, oil exchange condition: after driving 7000 km)
*% Average value of 10 samples from Califorina
##% Not detected
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Figure 1. Collection and recycling system of WLOs in Korea.
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Table 4. Domestic collection and treatment companies of WLOs affiliated to Korea Petroleum Recycling Association
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Table 5. Various recycling processes of WLOs for fuel oil

Changes that occur in the

Type of treatment .
P waste oils after treatment

Fuel use

Industrial sector
using WLOs

No treatment. Used
directly in a No change

combustion process

Directly used as fuel in
kilns, furnaces, etc.

Waste incinerators

Cement kilns

Space heaters (farages, green houses, workshops, etc.)
On-board ships(typically using  marine oils)

Quarry stone industries.

. . Removal of water and
Mild re-processing .
sediments

Cement kilns

Product blend to fuel oil | Road stone plants
(replacement of fuel oil) | Large marine engines

Pulverized power plants

Severe re-processing De-metallized heavy fuel

(chemical or thermal oil (or heavy distillate)

processes)

Product blend to fuel oil | Marine diesel oil
(replacement of fuel oil) | Fuel for heating plants

Thermal cracking De-metallized and cracked
product

Distillate gasoil products

Gasoil (also called heating oil, diesel oil, furnace oil, etc.)
De-metallized heavy fuel oil

Marine gasoil

Re-refined light base oil

Converted to synthetic gas

Gasification (H, + CO)

Fuel gas

Methanol production
Large combustion plants
(e.g. gas turbines)
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Figure 3. Typical process diagram of fuel oil production from WLOs by their vacuum distillation in Korea.
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Table 6. Physicochemical properties of thermal cracked oils before and after their treatment by ROBYS

process
poduce | o reonos | 0|1 | Wl | oo | oo
Feed A 4 Foul smell Yes 0.19 524 137
Processed A 3 Smell reduced No 0.10 63 53
Feed B Light Foul smell No 0.58 594 381
Processed B Light Smell reduced No 0.25 53 104
Feed C 7 Foul smell Yes 0.14 637 -
Processed C 4.5 Smell reduced No 0.08 141 -
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Table 6. Classification of waste oil (WQO) treatment processes adopted in EU

Types of WO

Types of Treatment

Products

Engine WO

Regeneration or refining

Lubricant base oil

All types of WO including

synthetic oils

Thermal cracking

Distillate gas oil products, e.g.,

- gas oil(or heating oil, diesel oil, furnace oil);

- de-metallized fuel oil;

- marine gas oil;

- re-refined light base oil.

Mixed wastes

Gasification

Synthetic gas: hydrogen, methanol

Severe re-processing

De-metallized fuel oil (or heavy distillate): marine diesel oil, fuel oil for

heating

All types of WO,

Mild re-processing
then burning

Replacement fuel, used in road stone plants, cement kilns, large

marine

engines, pulverized power stations, etc.

especially heavy polluted

ones

Direct burning in waste
incinerators, cement kilns,

greenhouse, and workshops, etc.
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Table 7. Lubricating oil sales and WLOs collection status of Italy in 2002.

Classification Status

Remarks

Amount of

lubricating sales (a)

578,000 ton

Amount of WLOs' collection (b)] 190,000 ton

Limited

to companies

participating in consortium

Recycling percentage

(a/b) 33% Limited to recycling companies participating in consortium
Recycling percentage as - . . T .
ycung p 8 54% Limited to recycling companies participating in consortium
lubricating base oil
Recycling percentage as fuel oil 36% Limited to recycling companies participating in consortium
. . Limited to recycling companies
Direct combustion 10% yciag P

participating in consortium
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Table 8. Subsidy rates under the Product Stewardship Oil
(PSO) Program in Australia

Amount
(Cents per liter

Category
or kilogram)®

1. Re-refined base oil (for use as a lubricant or a
hydraulic or transformer oil) that meets the
criteria mentioned in Schedule 1 of the Product
Stewardship (Oil)

2. Other re-refined base oils. 10
3. Diesel fuels to which the Excise Tariff Act

50

1921 applies. 7
4. Diesel extenders (filtered, de-watered and
. . 5
de-mineralised).
5. High grade industrial burning oils (filtered, 5
de-watered and de-mineralised).
6. Low grade industrial burning oils (filtered and 3

de-watered).

* Amount paid per liter for oils and per kilogram for
grease.
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Figure 7. Subsidy payments and volumes recycled under the
waste oil Product Stewardship Program in Australia.
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