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SUMMARY IN SWEDISH   

UCO-modulen (Ultra Clean Oil) är en ny innovativ metod som 
kan användas för rening av olja för aluminiumvalsning och som 
studeras för användning i den potentiella marknaden i Kina. I 
rapporten har den konventionellt använda process i Kina för 
rening av valsolja utvärderats och jämförts med UCO-modulen 
med avseende på tekniska och ekonomiska aspekter. Även 
effekten på miljön beskrivs. I den konventionellt använda 
reningsprocessen separeras föroreningarna genom filtrering. I 
UCO-metoden som presenteras i rapporten tas föroreningarna 
upp av ett lösningsmedel som bildar droppar i oljan vilka 
avskiljs genom sedimentering. UCO-modulen har potential att 
avsevärt minska föroreningar i den använda valsoljan och även 
spara kostnaden för råvaror, arbetskraft, underhåll och drift 
med mer än 1.600.000 Kr per år. Med den nya "state of art" 
utrustning, har UCO-modulen mindre negativ effekt på miljön. 
UCO-modulen verkar vara mer effektiv men lönsamheten 
befanns dock vara lägre än för den konventionella använda 
processen i Kina. 
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ABSTRACT  

UCO (Ultra Clean Oil) module, an innovative adaption of existing used 
rolling oil  treatment in the Aluminum industry, is being studied for its 
potential market in China. In this article, conventional used rolling oil 
treatment process in China has been evaluated and compared with the UCO 
module in technical and economic aspects. This article also discusses the 
effect of these two process on the environment. The UCO module presented 
in this article, has the potential to significantly reduce the impurities in the 
used rolling oil and also save the cost for the raw materials, manpower, 
maintenance and operation for more than 1,600,000 Kr a year. With the new 
― state of art‖ equipment, the UCO module has less negative effect on the 
environment. The UCO module appears to be more efficient but profitability 
was found to be lower than the conventional process in China.  

 

Key words: Used rolling oil; UCO module; Turbidity; Infrared 
spectroscopy; Economic evaluation. 

1. INTRODUCTION : 

Lubricant oils with the function of reducing friction, 
transporting foreign particles, preventing corrosion, distributing 
heat are a common element in our daily lives, as they are most 
applied to the vehicle and metal manufacturing industry. The 
EU consumed approximately 5.8 million tons a year in 2006 
among which about 65% of automotive oils and less than 35% 
of industrial oils. However, the lubricant oil performance is apt 
to deteriorate and be contaminated after production and 
meanwhile it wouldn’t be fit for the original use. These used oils 
would be replaced by new fresh lubricating oils and with the left 
of waste oils. About 50% of consumed oils are lost during use 
(combustion, evaporation, residues left in the containers). The 
remaining 50% represent the collectable waste oils(WO).It 
means that we should manage approximately 3 million tons of 
waste oil every year in the EU.(European Commission 
Environment) 

Waste oils are a kind of hazardous waste that could play as a big 
contributor to the pollution to the environment, especially 
water bodies like waterways and drinking water. These 
pollutants include not only leaked motor oil containing toxic 
substances like lead, benzene, zinc or magnesium, but also 
fertilizers, insecticides, plastic debris, cigarette butts, paints, 
solvents, sediments and other hazardous waste. (The U.S. 
Environmental Protection Agency) 

For example, the motor oil leaked from the factories, individual 
vehicles inevitably flow into the local water bodies. Thought the 
topsoil and natural vegetation would filer many of the 
pollutants, the impermeable pavement where many pollutants 
gather together carried them right into the rivers, lakes and 
streams that threaten aquatic life. Indeed, a liter of waste oil 
could contaminate a million liters of water as well as the entire 
eco-system. The waste oils also find the way into the 
underground aquifers as the drinking water supplier. They not 
only impair the human beings healthy, but also cost millions of 
Euros a year in drinking water treatment facilities and 
operational expenses. 
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In the Waste Framework Directive 2008/98/EC, especially by 
Article 21, which stipulates that Member States shall take the 
necessary measures to ensure that, governs waste oils 

(a)Waste oils are collected separately, where this is technically 
feasible; 

(b) Waste oils are treated in accordance with Articles 4 (waste 
hierarchy) and 13 (protection of the environment and human 
health); 

(c) Where this is technically feasible and economically viable, 
waste oils of different characteristics are not mixed and waste 
oils are not mixed with other kinds of waste or substances, if 
such mixing impedes their treatment. 

The Waste Oil Directive 75/439/EEC was repealed as of 12 
December 2010. (European Commission Environment) 

1.1. What is Used Oil? 
The Environmental Protection Agency’s definition of used oil is 
as follows: Used oil is any oil that has been refined from crude 
oil or any synthetic oil that has been used and as a result of such 
use is contaminated by physical or chemical impurities. Simply 
explain, used oil is exactly any petroleum-based or synthetic oil 
that has been used just as its name implies. Impurities like metal 
particles, dirt, water or chemicals could get mixed in the oil 
during the normal situation, so that the oil wouldn’t play a good 
performance as before. Finally, the used oil must be replaced by 
new oil or refined oil to guarantee the quality of production. 
According to the EPA’s definition of used oil, three criteria 
must been met to determine whether a sort of oil is used oil. 

(a) Origin —the origin of the oil is the first criterion for 
identifying used oil. Used oil must origin from the crude oil or 
synthetic oil. Animal and vegetable oils are excluded from 
EPA's definition of used oil. 

(b) Application — the second criterion is based on the 
application of the oil. Oils used as lubricants, hydraulic and heat 
transfer fluids, and for other similar purposes are considered 
used oil. Bottom clean-out waste from virgin fuel oil storage 
tanks or virgin fuel oil recovered from a spill, do not meet 
EPA's definition of used oil because these oils have never been 
"used." 

(c) Contaminants — the third criterion is that whether or not 
the oil is contaminated by either physical or chemical impurities. 
It means that used oil must become contaminated as a result of 
being used including residues and contaminants generated from 
handling, storing, and processing used oil. Physical 
contaminants are main metal shavings, sawdust, or dirt, and 
meanwhile chemical contaminants could include solvents, 
halogens, or saltwater. 

1.2. Why is Used Oil: "Risky Waste"? 
Crude oil is processed into numerous products like gasoline, 
lubricating oils and asphalt and the uncontaminated crude oil is 
generally fully biodegradable. Some products derived from 
crude oil through extensive refining and purification are actually 
so "pure" that they are used as Baby Oil, Petroleum Jelly, or 
Lamp Oil. 
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However in reality these "pure" products are quite expensive to 
produce and also are unsuitable for use as lubricants in modern 
high-speed engines, while an "additive package" is mixed with 
the crude oil for achieving a better performance. In order to 
manufacture lubricating oil for automobiles, some additives 
include detergents, corrosion inhibitors, and rust inhibitors. 
Used motor oil is a very dangerous polluting product. It 
contains polynuclear aromatic hydrocarbons (PAHs) and high 
levels of heavy metals. (Vazquez-Duhalt, 1989). The hazards 
together with used oil result from the various additives used in 
manufacture and from the heavy metal contaminants picked up 
from the internal combustion engine. The oil pouring down the 
household drains or directly onto the ground could find its way 
into the surface water and groundwater. If put into storm water 
drains or sewers, they can affect waterways and coastal waters 
(Guerin, 2008). 

1.3. How is Used Oil Recycled?   

Once oil has been used, it could be collected and recycled over 

and over again. Recycled used oil could be applied to the 

original job or a completely different task. For example, used 

motor oil can be re-refined and sold or processed for fuel oil. 

Aluminum rolling oils also can be filtered on site and used over 

again. More than 35 million tons of used lubricating oil  from 

industrial sector has been globally generated annually (Norrby, 

2003). 

Used oil can be recycled in the following ways: 

1. Reconditioned on site with the propose of removing 

impurities from the used oil and using it again. This sort of 

recycling might not restore the oil to its original condition, but 

does prolong its life. 

2. Delivered into a petroleum refinery in order to introduce the 

used oil as a feedstock into either the front end of the process. 

3. Re-refine the used oil in the way of removing impurities for 

new lubricating oil. Re-refining prolongs the life of the oil 

resource permanently. This kind of recycling is the preferred 

option because it uses less energy and virgin oil and closes the 

recycling loop by reusing the oil to make the same product as 

origin. 

4. Process and burn the used oil for energy recover in the steps 

of removing water and particulates and then used oil can be 

burned as fuel to generate heat and power for industrial 

application. This form of recycling is not as preferable as 

methods that reuse the material because it only enables the oil 

to be reused once. Nonetheless, valuable energy is provided as 

the same as provided by normal heating oil. 
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Fig.1. Dirty surface of the Aluminum sheet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.4. Is Recycling Used Oil Good for the Environment and the 
Economy? 

1. Re-refining used oil takes only about one-third the energy of 
refining crude oil to lubricant quality. 

2. It takes 160liters of crude oil, but only 3.8liters of used oil, to 
produce 2.4 liters of new, high-quality lubricating oil. 

3. 3.8liters of used oil processed for fuel contains about 140,000 
British Thermal Units (BTUs) of energy. 

Thus, it is crucial to collect as much as possible this very 
valuable resource, in order to avoid the contamination of the 
environment and to be able to profit from the very high 
recovery potential of this waste stream. (The U.S. 
Environmental Protection Agency) 

2.  BACKGROUND OF THIS ST UDY  

The rolling oil is high-quality oil developed for rolling non-
ferrous metals, such as aluminum, brass, copper and copper 
alloys. It’s also recommended for use as bearing lubricant, 
hydraulic oil and coating oil in many industry applications. 
Rolling oil is formulated to provide excellent oxidation 
resistance, wear protection, protection against rust and 
corrosion.  

The Aluminum industry has invested heavily in the 
improvement of the cold rolling technology, which is the focus 
of quality and productivity within cold mill units. The general 
requirements for the production of cold rolled Aluminum strip, 
foil, or sheet in the Aluminum industry are; 

1. High total reduction at high speeds. 

2. High surface quality and cleanliness of products. 

3. Low processing cost. 

The rolling oil, as a sort of lubricant oil, is wildly used in the 
Aluminum Industry. The performance of the rolling oil has a 
significant impact on the quality and cleanliness of Aluminum 
products. The particles remaining in the rolling oil would break 
the surface and change the color of the product causing 
materials damage and financial loss (Fig. 1). 
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2.1. General information of rolling oil systems 

2.1.1. Circulation of rolling oil 

Mineral oil is used in many situations with more or less the 
same goal – a reduction in friction between moving parts in 
machinery. Since the rolling oil’s task is to both lubricate and to 
disperse heat, the rolling oil system is most often in a circulatory 
system with a central oil tank, a pump, some sort of ventilation, 
and possibly an oil cooler, with it all connected via a pipe- line 
system to make circulation possible. Normally there is no 
rolling oil consumed in the process because the oils are 
separated from the exterior surfaces of the machinery and is 
circulating in a closed circuit. 

2.1.2. System tightness 

A process or a machine being lubricated by oil can have varying 
degrees of tightness – from ―totally tight‖ to fully open. In 
reality, totally tight systems do not exist because the requisite 
temperature exchange necessitates some venting to the 
surrounding environment to allow for expansion in the oil. One 
example of an almost totally tight system is a hydraulic oil 
system. Another is an oil-cooled high-tension transformer. 
Diesel motors are half-closed systems where the lube-oil 
systems must continuously be ventilated into the motor’s own 
environment in order for the mechanical and combustion 
processes to properly function. 

A totally open system is one such as a rolling mill, an example 
from the other end of the scale in terms of system tightness. 
This system lacks in any isolation from the process and the 
environment, and the oil come in direct contact with the 
machinery elements such as the steel being processed through 
the mill as well as the mill’s rollers. 

2.1.3. Polluting the oil 

The degree to which the lube oil is polluted is a result of how 
much the oil is in contact with its surrounding environment. 
High pressure and high temperatures will also speed up the 
pollution process. Rolling mills represent the most exposed and 
problematic environment for a lube-oil system since the rolling 
oil is in direct contact with untreated surfaces, and the oil is 
exposed fully to the surrounding environment and at the same 
time is exposed to extremely high pressure and temperatures 
during the deformation of the material in the rolling mill. 

2.1.4. Separation efficiency 

In order to reduce the chance for a lube-oil system to have a 
negative effect on a given process, the oil needs to be kept as 
clean as possible, i.e., free from pollutants. It is generally 
accepted that the separation efficiency of traditional cleaning 

systems is 100 % in terms of particles as small as 5 μm. 
However, for particles smaller than this the traditional cleaning 
systems experience a drastic reduction in efficiency. This is 
because it is not possible, in practice, to create channels or 
meshes small enough to catch and remove the pollutants. The 
lower limit for what practically works in a circulatory rolling oil 
system, without jeopardizing reliability because of blockage, is 

approximately 5 μm. 
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However, many of the unwanted particles found in a circulatory 

rolling oil system are much smaller than 1 μm. Therefore, the 
separation efficiency needs to be much greater than what in 
practice is being achieved. 

2.1.5. The oil’s lifespan 

Polluting particles caused by the machine’s processes will 
remain in the oil until they are removed by a cleaning system. 
The presence of these pollutants can lead to various mechanical 
problems or, in the worst case, breakdowns in the machinery. 
In order to avoid this, the operator must from time to time 
dispose of the oil and replace it with new. The accumulation of 
sub-micron particles in the oil results in changes to the oil basic 
properties – viscosity, bearing capacity and lubricant quality. If 
these sub-micron particles were being continuously removed 
from the oil, then the mineral oil’s lifespan would be unlimited. 

2.1.6. Blackening of the Oil 

The sub-micron particles, together with the soot particles 
smaller than 1 micrometer, give used lube oil its familiar black 
color, and even if there is a cleaning mechanism within the 
circulatory lube-oil system the oil will still be black. The ideal 
cleaning system for lube oils would take away the black color 
produced by these sub-micron particles and returns the oil to its 
original golden color and transparency. 

2.1.7. Filters and pollutants 

The traditional method, used extensively within industry, for 
achieving a higher degree of cleanliness in lube oils has involved 
the use of ‖pre-coat filters‖, i.e., a filter system with an extra 
filtering agent that produces a mesh with smaller openings that 
what is attainable with a mechanical filter. The filtering agent 
can be anything from cellulose fibres to pulverized seashells. 
However, once these filtering agents are saturated with 
pollutants they have to be removed from the filtration system 
and then new quantities of the pre-coat agent placed in the filter. 
This filtration method generates considerable amounts of oily 
waste products – waste containing relatively small amounts of 
the pollutants in comparison to the amount of filtering 
materials requiring proper disposal. In order to remove a single 
liter of wet contaminant particles from the machinery’s oil flow 
involves the production of thousands of liters of oil-fouled 
filtering agents. 

Of even greater concern is the fact the pre-coat filtering agents 
themselves disperse contaminating particles into the ―cleaned‖ 
oil. This is because of variations in the pressure at a pre-coat 
filter and because it is not possible to construct a totally flow-
symmetrical filter. These particles can actually cause more 
damage to the machinery than the normally occurring particles. 
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Fig. 2. The process of solvent extraction technology. 

 

 

 

 

 

 

 

 

 

 

 

 

The end result may be that the net amount of pollutants is only 
a small fraction of the amount of particles that the filter itself is 
generating. This is the primary construction criteria for a system 
for Ultra Clean Oil(UCO) i.e., to pay attention on the net 
amount of pollutants and to remove them from the oils. 

2.2. Current used rolling oil recycling / reprocessing technology 
During the application of the oil in the engine of motor vehicles 
and in the process of collection, storage or mixing with oil 
waste from other sources, the oil is contaminated with a mount 
of impurities. These impurities are the additives of the oil itself, 
correspondingly they result from the degradation process of the 
oil during its application. During the process of storage and 
mixing, water, dirt and other particles would mix with the used 
oil as well.  

In the aspect of economic benefit and environmental protection, 
the used rolling oil should be fully recovered. Two main used 
oil treatment methods are listed to give a brief introduction. 

2.2.1. Acid - Clay Process 

The most successful and commonly used process for treating 
used oil, in particular for small to medium scale applications is 
the acid-clay process. During this process, the used oil is mixed 
with concentrated sulphuric acid to remove most of the 
impurities and products of the degradation. This process has a 
good performance in producing good quality lubrication stocks, 
but also large amount of contaminated acid clay sludge. This 
kind of sludge is determined as a sort of hazardous waste that 
requires proper disposal. However, this technique is, at present, 
only allowed in some developing countries such as Thailand, 
and not in developed countries (Hamad et al, 2005). This could 
be because this particular acid clay process is quite toxic to the 
environment due to the containing of heavy metals in acid 
sludge (Kanokkantapong et al, 2009) 

2.2.2. Solvent Extraction Process 

The solvent extraction technology has the potential to produce 
oil products that are superior to those produced by the low-
temperature distillation process currently in use (Fig. 2). Used 
oil is mixed in the Reactor Column with an aliphatic solvent 
such as liquefied propane (butane, heptane or hexane may also 
be used). 
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In this unit, the solvent acts selectively, dissolving the oil 
fraction and leaving the less soluble impurities. The oil-laden      
solvent is transported from the top of the Reactor Column to 
the Solvent Still (a distillation column) where the solvent 
fraction is separated from the oil for recycling within the 
process. The impurities (bottoms) slowly settle and coalesce in 
the bottom of the Reactor Column where they are pumped to 
the Bottoms Still (a second distillation column). Residual 
solvent is also separated in this unit. The recovered solvent is 
liquefied through a compressor and cooling system and rejected 
into the Reactor Column through the Solvent Recycle Tank to 
repeat the cycle. ( AERCO, Inc., P.S. 1995) 

2.3. Background of study site 
In the site of the Jiangsu Jinhui Aluminum rolling mill, the 
rolling oil plays as the role of lubricant and heat removal. The 
quality and purity of the rolling oil has an extremely impact on 
the Aluminum products. The particles remaining in the rolling 
oil would damage the surface of the Aluminum plates, also 
could dye the plates by coloring matter. 

In order to ensure the continuous production of the Aluminum 
plates with high requirement of the roll oil supply 
(approximately 4000L/min), the whole rolling oil system should 
also run continuously. The conventional used rolling oil 
treatment process is designed as a circulatory system based on 
the physical filtration. The oil flushes through the rolling mill 
then flows into used oil storage tank with dirty particles. The 
press filter with the addition of Celite treats the used oil in a 
high-pressure condition. According to the adsorption effect, the 
particles form on the Celite surface that could be removed 
easily by the filter cloth (100Mesh equals to 150 Micron). The 
oil will be collected into the clean oil storage tank after filtration 
then be supplied to the machine (Wu, 2011). Figure 3 shows the 
process of the conventional treatment. 

Fig. 3. The conventional process of used rolling oil 
treatment –Jiangsu Aluminum Rolling Mill. 
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A simplified block flow diagram of the conventional process 
shows the different steps (Fig. 4). The key step is the press 
filtration. The amount of the Celite addition and the porosity 
range of the filter cloth would affect the particles removal 
efficiency. Figure 5 shows the separate part of the conventional 
process in the field site, like the rolling oil thought the roll mill, 
the Celite additive, clean and used oil storage tank, the press 
filter and filter cloth. 

  

Fig. 4. Block flow diagram of conventional process. 

Fig. 5. The rolling oil, clean and used oil storage tank, 
press filter and filter cloth and the Celite additive. 
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Fig. 6. The chemical two-phase separation.   

3. RESEARCH OBJECTIVES  

Compare the conventional used rolling oil treatment process 
with the UCO (Ultra Clean Oil) Module in technical and 
economic aspect. Technically, the capacity and efficiency of 
these two technologies should be measured. Economically, the 
general cost of each process should be calculated to identify the 
most economical. Meanwhile the environmental assessment 
should also be taken into consideration that which technique is 
more environment-friendly. 

4. EXPERIMENTAL FACILITY AND MEASUREMENT   

TECHNIQUES  

4.1. Introduction of the experimental facility-the Lucent Oil 
System 

The Lucent Oil System are chosen as the experimental facility in 
the study. Some chemical mechanism should be introduced 
before the understanding of the system.  

4.1.1. Introduction: 

Polluting lube oils 

Lubrication oils have a multitude of uses within industry. Com-
mon to these various uses is the fact that the oils, over time, 
become so polluted that they begin to affect negatively the 
processes they are intended to lubricate. Ideally, it should be 
possible for the same oil indefinitely and at the same time 
control level of pollutants and overall quality of the lube oil. 

Conventional methods remove some of the pollutants, but they 
leave smaller particles as well as foreign liquids, both of which 
gradually accumulate in the oil. The challenge is to be able to 

remove even the smallest particles (< 5 μm) and all foreign 
liquids, such as water, before they can adversely affect the lube 
oil’s inherent properties. 

The traditional methods for accomplishing this involve using 
large filtration systems or sedimentation tanks. However, these 
methods result in large amounts of waste material that require 
proper disposal. Additionally, these traditional methods are 
inefficient and eventually lead to increased maintenance 
requirements. 
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Chemical and mechanical phase separation 

The only way to continuously remove particles that are less than 

5 μm and simultaneously remove any contaminating liquids is 
to combine chemical and mechanical separation methods. 

The chemical two-phase separation is technology based on 
surface chemistry. The underlying principle is the ability to 
combine two liquids with one another and then have them 
separate into two phases (a top and bottom layer). For example, 
a two-phase system in a lube-oil system would involve mixing 
into the oil an insoluble additive with a higher density than the 
oil. Then, after allowing them to separate, a fluid bottom phase 
is formed and easily remove (Fig. 6). 

Via two-phase chemical separation, and relying on the 
principles of surface chemistry, it is possible to move macro-
molecular or particles, i.e., soot with a lower density than oil, 
from one phase to the other. 

Normal gravitational forces are sufficient for phase-separation 
in a two-phase system. The time needed for a phase separation 
normally varies from a matter of seconds to a number of hours 
– depending on the system’s configuration. One method for 
dramatically decreasing the amount of time needed is to 
combine chemical separation with mechanical separation – such 
as a centrifuge with a so-called ―high-speed‖ separator. By 
combining chemical and mechanical separation, the technology 
is able to overcome the limitations of mechanical separation. 

4.1.2. The Lucent Oil System 

The System 

The Ultra Clean Oil system, UCO, is specifically designed to 
efficiently separate and remove particles as small or even 

smaller than 1 μm in size from industrial oils, which is to say it 
is designed to return the oil to its original unused condition. 

Schematically speaking, the UCO system is a module connected 
to an industrial oil collection tank. The UCO module is in a 
―by-pass‖ circulation from the oil tank and the pollutants are 
separated from the oil by adding a chemical-phase additive that 
effectively absorbs the contaminants (metal particles, carbon 
particles, water, etc.) and finally there is a mechanical separator 
(Fig. 7). 

 

Fig. 7. The process of Lucent Oil System. 
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Fig. 8. The mechanism of Chemical Two-Phase Separation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The UCO module could be viewed as the machinery’s kidney – 
cleansing the oil circulating through the system. 

Technical description 

Capacity 

The UCO module can handle a flow in the range of from 500 
L/hr up to 1500 L/hr. If a greater flow is required, then 
additional UCO modules may be coupled in parallel. The unit is 
designed to operate non-stop, 24 hours a day. The overall 
capacity depends on the oil’s quality and the level of pollutant 
matter, plus what degree of cleanliness is being sought. Initially, 
the oils are usually so contaminated that a number of 
circulations through the module are needed in order to obtain 
the ―steady-state‖ of cleanliness. 

Separation additive 

An Oil Treatment product (OT-product) is added to the lube 
oil in the UCO module, which is a two-phase additive. The OT-
product is a chemical solution that is insoluble in oil and causes 
drops to form in the lube oil. These chemical drops absorb the 
pollutants in the oil since their surface affinity is higher than 
that of the particles and the surrounding lube oil. Because of the 
OT-product’s higher density, it is easily separated and removed 
from the oil – together with the absorbed pollutants (Fig. 8). 

 
 

Fig. 9. Schematic diagram of the UCO Module. 
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Fig. 10. Turbidity of liquid samples. 

 

 

 

 

 

 

 

 

 

Module layout 

Diagram of the UCO Module (Fig. 9) represents the process 
that the contaminated oil is pumped into the UCO module 
where a small amount of the OT- product is added. The oil and 
the additive are thoroughly mixed and then sent to the separator. 
Once in the separator, the heavier collection phase 
liquidscontaining the pollutants are separated out and the clean 
oil continues to a designated tank. Normally, the clean oil is 
returned to the same tank with the contaminated oil, keeping 
the system uncomplicated. (Boll Lucent, 2007) 

4.2. Methods of the measurements 

4.2.1. Turbidity 

Turbidity is an important physical property of the liquid and is 
an expression of the optical property that causes light to spread 
and absorbed of particles and molecules rather than transmitted 
in straight lines through a liquid sample. Suspended impurities 
include clay, silt, organic and inorganic materials, and other 
microscopic organisms interfere with the clarity of the liquid. In 
general, the greater the turbidity is, the darker the fluid is 
(Fig. 10).  

Turbidity is not related to color, but about the loss of 
transparency due to the effect of suspended particles, colloidal 
substances, or both. A lack of turbidity results in clearness 
because it is, to some extent, the effect of these various 
suspended materials on light passing through a liquid. 

In this case, turbidity measurement is introduced to identify the 
insoluble suspended particles remaining in the testing rolling oil 
by Turbidity Meter (Fig.11). The Turbidity Meter is a 
microprocessor using an Infrared light source, and it delivers 
laboratory accuracy with a resolution of 1 NTU across an 
extended range of up to 1000 NTU (Nephelometric Turbidity 
Units). 

4.2.2. Infrared Spectroscopy 

Infrared spectroscopy (IR spectroscopy), involving the 
spectrum of the infrared region of the electromagnetic 
spectrum, which is light with longer wavelengths and lower 
frequency than visible light. Are mostly based on absorption 
spectroscopy, it covers a range of techniques. With all 
spectroscopic techniques, it can be used to identify and research 
chemicals. Fourier transform infrared spectrometer (FTIR) is a 
common laboratory instruments with the use of this technique 
(Fig. 12). 
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Fig. 12. FT-IR Spectrometer. 

Fig. 11. The mechanism of Turbidity Meter. 

 

 

 

 

 

 

 

The infrared portion of the electromagnetic spectrum is usually 
divided into three regions; the near-, mid- and far- infrared, 
named for their relation to the visible spectrum. The higher 

energy near-IR, approximately 14000-4000 cm-1 (0.8-2.5 μm 
wavelength) can excite overtone or harmonic vibrations. The 

mid-infrared, approximately 4000–400 cm-1 (2.5-25 μm) may be 
used to study the fundamental vibrations and associated 
rotational-vibrational structure. The far-infrared, approximately 

400-10 cm-1 (25-1000 μm), lying adjacent to the microwave 
region, has low energy and may be used for rotational 
spectroscopy. The names and classifications of these sub 
regions are conventions, and are only loosely based on the 
relative molecular or electromagnetic properties.( Wikipedia) 

IR spectroscopy uses an electrically heated glow bar as the IR 
radiation source, and this radiation is passed through the sample 
to the detector. The chemical constituents of the sample absorb 
some of the IR light at reproducible and specific wave numbers.  
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It’s widely used in the area of identification of compounds by 
matching spectrum of unknown compound with reference 

spectrum (fingerprinting), detection of molecular impurities or 

additives present in amounts of 1% and in some cases as low as 
0.01%,analysis of formulations such as insecticides and 
copolymers(Fig. 13).The proposed FTIR based spectroscopic 
method is much faster for determination of the concentrations 
of the additives and possible contaminants in the aluminum 
rolling oils (Yalçın et al, 2010). 

4.2.3. Economic evaluation: 

Production costs consist of direct costs, indirect costs and 
general expenses. Direct cost includes expenses incurred 
directly from the production operation. These expenses are: raw 
materials (including delivery), catalysts and solvents, utilities, 
operating labor, operating supervision, maintenance and repairs, 
operating supplies. Indirect costs that include overheads, 
storage, insurance and depreciation, and the general expenses of 
a plant include costs for top-management and administrative 
activities, distribution and marketing costs.(Ali et al, 1996) 

Due to the lack of the financial data of the indirect costs and 
general expenses in Jiangsu Aluminum rolling mill factory, an 
economic evaluation of the direct costs of UCO Module and 
conventional process in China would be performed to make a 
comparison. 

5. RESULT AND DISCUSSION  

5.1. Turbidity Measurement 
The turbidity measurement of the rolling oil has been taken in 
the laboratory to identify the removal efficiency of insoluble 
particles and the appropriate Oil Treatment (OT) chemical 
additive.  

5.1.1. Laboratory experiment 

The dirty and new oil samples are collected in the Jiangsu 
Aluminum rolling mill factory. The samples of original treated 

Fig. 13. FTIR Spectroscopy. 
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Samples 2500 rpm for 5 mins (NTU) 2500 rpm for 10 mins (NTU)

Reference Dirty Oil 17.8 12.1

Dirty Oil adding 1000 ppm OT-74 11.8 3.8

Dirty Oil adding 1000 ppm OT-77 18.0 13.2

untreated dirty oil, undirty oil with the adding of OT-74 and 
OT-77 are put into the centrifuge with the speed up to 2500 
rpm for 5 and 10 minutes. Then measure the turbidity of the 
samples separately by Turbidity Meter in Room Temperature 
(RT). 

Figure 14 and Table 1 show that the dirty oil with the OT-74 
additive sample has the best efficiency of insoluble particles 
comparing with the OT-77 oil sample. So the OT-74 is the 
proper chemical additive for the rolling oil from Jiangsu. It also 
represents that the time of centrifugation has much effect on 
the separation process. The OT chemical product could have a 
better absorption and sedimentation result during a longer time. 

Table 2 lists that the turbidity variation of different sorts of oil 
samples. The original untreated dirty oil has the highest 
turbidity value 113.0 NTU. Through the methods of 
sedimentation for one week in Room Temperature (RT), 
centrifugation for 10 minutes in the speed of 2500 rpm and OT 
chemical addition before centrifugation (2500 rpm) for 10 
minutes, a downtrend of the turbidity appeared (Fig. 15). 

The turbidity of the untreated dirty is as high as 113.0 NTU, 
after one week of sedimentation the turbidity decreases to      

 

 

 

  

Fig. 14. Comparison of turbidity of samples. 

Table 1:  The turbidity of oil samples in different 
centrifugation time. 
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Fig. 15. Turbidity variation of the testing oil samples. 

Table 2: Turbidity of different sorts of oil samples. 

 
Samples Methods Turbidity (NTU)

Dirty Oil Untreated 113.0

Reference Dirty Oil 2500 rpm for 10 mins 12.1

Dirty Oil 1 week in RT 11.8

Dirty Oil adding 1000 ppm OT-74 2500 rpm for 10 mins 3.8

New Oil Clean without additives 0.7

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11.8 NTU even better than the centrifugation for 10 minutes. 

The OT chemical additive has a significant impact on the 
impurities separation and removal. With a long-time 
centrifugation with OT-74, the purified oil would be virtually 
identical to the clean oil with the turbidity of 0.7 NTU.  

5.1.2. Field experiment 

A field experiment had been taken to check the performance of 
the UCO Module on the study site. The dirty oil, filtration oil, 
and oil after UCO module was sampled to test the Lucent Oil 
treatment process. Because the factory doesn’t have its own 
laboratory to do the turbidity measurement, only the pictures of 
samples are shown the results. 

The turbidity of the samples decreases though the whole system. 
The color of the samples is still a little dark due to the leakage 
of engine oil into the test dirty oil (Fig. 16). 
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Fig. 17. Infrared spectrogram (wavelength from 3600cm-1  to 
600cm-1). 

 

 

5.2. Infrared spectrum measurement 

5.2.1. Laboratory experiment 

The infrared spectrum measurement of the dirty oil, clean oil 
and dirty adding OT-74 samples had been done to identify the 
chemical compounds. As we know, the property of the rolling 
oil would influence the quality of the Aluminum product.  

Figure 17 is an infrared spectrogram of the testing samples by 
the FT-IR spectrometer with the range of wavelength from 
3600cm-1 to 600cm-1. There’s no obvious difference between 

the clean oil and dirty oil sample in the range of 3600cm
-１

 to 

1800cm-1.  

Figure 18 is a part of the Figure 17that represents the infrared 
spectrogram in details. Around wavelength of 1750 cm-1(red 
circle area), there’s a peak of absorbance both of the dirty oil 
and oil treated with OT-74, but the curve of clean oil seems flat. 
The difference proves that the impurity exist in the dirty oil and 
can’t be removed by the OT-74. According to the Infrared 

Spectroscopy correlation table (Fig. 19).  

 

  

Fig. 16. Visual turbidity of the field experiment. 
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Fig. 18. Infrared spectrogram (wavelength from 1800cm-1 
to 600cm-1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We could get the conclusion that maybe the composition of 
cyclic 5-membered(C=O). In the red rectangular area, because 
it’s fingerprint area and it’s hard to identify the chemical 
components. (Mattson, 1971) 

The result of the infrared spectrum measurement shows that 
the OT additive doesn’t have a negative effect on the property 
of the oil, meanwhile it doesn’t help to deal with the organic 
particles.  

5.3. Economic evaluation: 

5.3.1. Conventional process of Jiangsu Aluminum rolling mill factory 

The raw materials price was given by the manager of the Jiangsu 
Aluminum Rolling mill. The each volume of the clean and used 
oil storage tank is 40,000L, so the total amount of the rolling oil 
should be 80,000L to keep the system working continually. 
After one year of production, the total rolling oil should be 
replaced to ensure the product quality. The by-products of the 
treatment are the oil waste (main Celite and particles) filtered by 
the press filter and the rolling oil adhered to the filter cloth. The 
by-products could be recovered and refined for second use.  

The reclaiming profit is estimated as 2/3 as the cost of raw 
materials. The average salary of the workers is fixed as 
100kr/day in China that includes the operating costs like 
operating labor, supervision, maintenance and repairs. 

 

 

 

 

 

 

 

  

Fig. 19. Infrared Spectroscopy correlation chart. 
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Table 3: Raw materials, by-products and manpower 
requirements per day of production. 

 

 

 

 
The requirements of raw materials, manpower for one-day 
production are given in table 3. It’s an approximation because 
the Aluminum production varies due to the production 
intensity, production plan, machine overhaul and vacation. The 
costs of the production of each item are listed (Table 4). 

In this study, the data of indirect and general expenses is diffi-
cult to obtain for lack of necessary rules and regulations of 
financial management of this factory. We are looking forward to 
more detailed information of the financial report. 

Summation of the direct costs results in a production cost. 
Table 5 illustrates production cost of conventional rolling oil 
treatment process in Jiangsu Aluminum rolling mill. The 
estimated production cost for this process was 613,395 Kr per 
year. 

5.3.2. The UCO Module 

According to keeping the commercial confidential information, 
a simplified UCO Module direct cost was given comparing with 
the conventional process cost in (Table 6) (Appendix I). The 
modernized Lucent Oil system not only save the cost in the raw 
materials like filter media and flocculation chemicals, but also 
manpower, maintenance and operation for more than 1,600,000 
Kr a year. 

 

 

 
  

Component(unit)

Raw Materials

Rolling oil, kg            80,000/yr

Filter cloth, m^2 100

Celite, kg 560

By-product

Oil waste (main Celite), kg -500

Rolling oil remaining in the filter colth, kg -100

Manpower

Total amount of workers for 2 shift 2

Item Cost(Kr/unit)

Raw Materials

Rolling oil, kg 9

Filter cloth, m^2 9

Celite, kg 2.3

By-product

Oil waste(main Celite), kg 1.53

Rolling oil remaining in the filter colth, kg 6

Manpower

One worker year(Kr/yr) 36,500

Table 4: Raw materials, utilities and manpower costs in 
China. 
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5.4. Environmental Assessment 
The conventional process has a hazardous impact on the 
environment. The Celite is a kind of harmful additive for the 
healthy of the workers, seriously cause the lung cancer. The dis-
posal of the waste, such as oil waste with Celite, used filter cloth 
would also contaminate the life cycle. So the dust emission in 
air, solid water and human toxicity should be taken into 
consideration in the assessment. 

The UCO system is a environment friendly solution dealing 
with the used oil. Because it doesn’t have the demand for pre-
coat media, so there’s no hazardous for handling, no risk for 
inhalation of dust, no abrasive particles in the oil, and no wear 
on valves and nozzles. It could minimize the waste production 

 down to 2 to 3 m3 per year and the oil consumption during the 
production. With the new ―state of art‖ equipment, the UCO 
system has less negative effect on the environment. 

6. SUGGESTIONS FOR FURTHER RESEARCH  

1. Due to the urgent schedule and deficient facility, a laboratory 
test of the oil samples collected directly from the field haven’t 
been done. In the future research, both oil sample of the 
conventional process and UCO Module should be collected to 
compare the turbidity data. The experimentation of the quantity 
of residual contamination should also be performed to identify 
the particles precisely. 

2. Due to the lack of the financial data of the indirect costs and 
general expenses in Jiangsu Aluminum rolling mill factory, only 
the direct costs be assessed to perform the economic evaluation. 
In the future work, a complete financial management should be 
built in the Jiangsu factory to achieve an effective cost control.  
Energy consumption should also be taken into consideration in 
the economic evaluation. 

7. CONCLUSION : 

1. According to the forecast of present trend of industrial 
investment in China's aluminum rolling industry, during the pe-
riod from 2011 to 2015, seven megaton aluminum sheet, stripe 
and foil rolling plants will born and then the number of large 
firms of China’s aluminum rolling mills will be ranked the first 
in the world. A huge potential market of the rolling oil treat-
ment is also expanding accompanying with the rapidly develop-
ing. 

2. This case represents the current situation of most Chinese 
rolling mills. High input, low output, high cost and low 
efficiency are the main fact of the manufacturing. More than 
500,000 Swedish Krona was put into the rolling oil treatment 
process just for the consumptive materials. The cost of waste 

Parameter     Cost(Kr/yr)

Raw Materials 1,038,620

By-product -498,225

Manpower 73,000

Total Direct Costs 613,395

Table 5: Production cost per one year. 
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disposal, energy, and maintenance would also be very high. The 
conventional process can only remove the particles bigger that 

150 μm, but sorts of aluminum product permit the particles 

bulk less than 5 μm. So new rolling oil treatment technology 
with high efficiency, high precision, high productivity and 
quality, low energy consumption, low input should be 
introduced. The Lucent Oil system could supply the gap as a 

increased productivity and quality(Separation down to 0,1 μm 

comparing with conventional systems stops at 2-5μm, 
Minimized variation of oil quality, No interruption for re-
generating filter and downtime), lower operational cost 
(Minimized cost for waste disposal, maintenance ,consumption 
of compressed air and Reduced electrical consumption in filter 
pumps ), longer lifetime of rolling oil technology(Separates out 
water and liquids, Cleaning of foreign oils – tramp oil, Stabile 
viscosity, Cleaning of small oxide particles) 

3. In the conventional process the addition of Celite is harmful 
for the health of the workers, especially would causes lung 
cancer. The storage of the waste oil would also pollute the 
environment. The Lucent oil could handle the problem. As a 
clean treatment process, it can minimize the negative impact on 
the environment. 
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APPENDIX I 

 

 

  

Table 6: The cost comparison between UCO Module and 
Conventional Process 
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