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Abstract. The treating and refining of used motor oil in United Arab Emirates (UAE) to convert it to recyclable products are investigated. Opportunities to convert the used motor oil to environmentally friendly products are explored. Laboratory analysis of various classes of lubricating oils indicated that the refined recycled motor oil currently produced in UAE requires more stringent quality control to meet the characteristics of virgin motor oil.  The analysis of laboratory tests showed that the acid-clay process is quite an efficient in metal contaminants removal from the used motor oil.  Lead is found to be a major contaminant in the used motor oil, with concentration up to 1000 PPM. Its high concentration was related to the use of leaded gasoline as an automotive fuel in UAE. The economical assessment of this study showed that re-refining of the used motor oil can generate up to $7,000,000 in annual revenue for the UAE This study also revealed that in UAE, about 64% of the generated used motor oil is not reported.
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1. Introduction

The United Arab Emirates (UAE) is a young rapidly developing confederation of dynamic states with a fast increasing population. To deal with its rapid industrialization programs and increase in population needs, the UAE has adapted to impose a number of environmental regulations to protect both the human and natural resources of the country states. One of the scarce natural and vital resources is the potable water supply. 
Almost all the potable water in the UAE is produced through the desalination of seawater and brackish water.  Contaminated seawater and ground water are forecasted to cause a serious shortage in the long-term water supply of all the Emirates. Untreated 

used motor oil represents one of the major pollutants that threaten this water supply due to the way it is disposed and handled. Presently, large amounts of used motor oil are disposed in trash, trash dumps, and landfills, from which used oil is seeped into the country’s supply of ground water tables and surface water.  Some of the untreated used oil is also burned as a supplementary fuel causing more pollution to the air because of the presence of contaminants, uncontrolled burning of certain used oils may result in significant levels of hazardous emission to the environment (Mullers Associates, Inc., [1].  Unspecified amount of the used motor oil is drained into the sewers and drains network, thus disrupting operations of water and sewage treatment plants. According to Holmes et al.  [2], it is estimated that 50-100 ppm of used oil can foul sewage treatment processes, and one liter of used oil may contaminate up to one million liter of fresh water. Nevertheless, when used motor oil is properly processed, it can be converted into re-usable products rather than becoming an environmental burden or threat. 

The objective of this work is to investigate the technical, economical and environmental feasibility of reprocessing the used oil to turn it to a usable recycled product for the UAE captive market. 

2. Contaminants in Used Motor Oil

It is useful to point out that a number of additives are normally added to the base motor oil (virgin, before use in an engine). These additives are used to improve the base oil operating performance and comply with the engine’s manufacturing standards. However, some these additives contain hazardous material such as magnesium, silicon, zinc, and other organic compounds, which tend to increase the concentrations of chlorine, sulfur, and nitrogen in lube oil.  They also can form corrosive acids if they get oxidized during combustion. Most of these chemicals remain in the oil after it has been used.   Table 1 (Kreith) [3] shows a typical formulation of virgin base motor oil.

After a virgin base oil is added to an engine, it circulates throughout the engine picking up a variety of additional contaminants, which builds up with time and frequent operation of the engine to become, at one point, “dirty”, unusable and needs to be replaced. Additional contaminants include water, dirt, metals, sulfur, ash, and miscellaneous organic compounds. Also, in this process, motor oil loses some of its initial additives such as rust and corrosion inhibitors and anti-wear and other trace chemicals.  

Table 1. Typical formulation of gasoline motor oil

	Ingredient
	Percent by volume

	Base oil (solvent 150 neutral)
	86

	Detergent Inhibitor (ZPDD-zinc dialkyl dithiophosphate)
	1

	Detergent (barium and calcium sulfonates)
	4

	Multifunctional additives (polymethyl-methacrylates)
	4

	Viscosity improver (poly isobutylene)
	5


A test [3] on used oil samples taken directly from used oil generators in the USA  indicated that the concentrations of barium, cadmium, chromium, lead, zinc, and chlorine were above their specified detection limits in almost 100% of the samples. In contrast, about 8% of the samples were above detection limits in arsenic. 

When leaded gasoline is used, the concentration of lead increases to unacceptable levels to become a major contaminant in used oil.  Other reported trace contaminants of used oils are: chlorinated solvents, aromatic organic compounds such as benzene, toluene, and benzo(a)pyrene. Contaminants exist in used oil generated in UAE will be discussed later in this paper.

3. Common Uses of Used Motor Oil

The Used Oil Recycling Act of USA defines used oil as any oil which has been refined from crude oil, used, and as a result of such use, contaminated by physical or chemical impurities [3].  Used oil is not listed as a hazardous waste under US Environmental Protection Agency (EPA) unless it exceeds the legislated limits of the toxic and hazardous components such as chlorinated solvents, lead, arsenic, cadmium or chromium (API, 1996). 

Most of the used motor oil is reprocessed or re-refined to more useful recycled products. It also used as it without any pretreatment in space heaters.  Approximately 11% of used motor oil recycled in the US is used in specialty-designed space heaters in automotive bays and municipal garages [4].  Reprocessing is the most common method of recycling used oil in the U.S. A.  Each year, processors treat approximately 750 million gallons of used oil.  Majority of reprocessed used oil is used in the production of asphalt, which is employed for paving roads and highways or it is used as a fuel.  Table 2 gives the US permissible specification limits for the used oil that is utilized as a fuel. 

Table 2. Specification limits for used oil fuels

	Contaminant and property
	Limit

	Arsenic
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 5 ppm

	Cadmium
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 2 ppm

	Lead
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 100 ppm

	Chromium
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 10 ppm

	Total halogens
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 4000 ppm

	Flash point
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 100 oF


Used motor oil can be re-refined into lubricating oil that meets the same characteristics and specifications of virgin motor oil. In addition, the refining process of used motor oil to produce recyclable lubricating oil often requires less energy than the process for production of virgin lubricating oil from crude oil.  For example, one gallon of virgin motor oil is produced from the refining of 67 gallons of crude oil, in contrast to 1.6 gallons of used motor oil, which produces one gallon of refined usable motor oil. 

Comparison among various types of motor oils (untreated used oil, treated used oil for reuse “recycled”, and virgin oil) in UAE is presented in section 4.3

.

4. Experimental, Economical and Environmental Investigation of Used Motor Oil Recycling

To conduct a thorough investigation on the potential recycling of used oil in UAE, the following three steps are taken

1. An example of used oil recycling industry in UAE is described and discussed.

2. Experimental analysis is conducted to compare various grades of motor oil in UAE.  The grades of motor oil include used oil, treated used oil, treated used oil with additives (recycled oil), and virgin motor oil.

3. Survey data for used oil recycling in UAE are analyzed.

The outcome information from the above three steps is used to do economical and environmental assessments.

4.1.  Example of the selected recycling process 

There are several processes, which are practiced in UAE to produce base virgin oil and process used motor oil to a fuel. One of these processes is selected for this study.  This process is a batch acid-clay process developed by XYZ Lubricant Company in the Emirate of Ajman (adjacent to Emirate of Sharjah), UAE with a capacity of 15 tons/day of the used oil feedstock. The efficiency of the process depends on the quality of the used oil, so it is approximately about 65% of the feed oil. The following is a brief description of this process (Fig. 1):

1. Collected used oil is fed to storage tanks and then it enters a dehydration vessel to remove moisture. The temperature in the dehydration vessel reaches 180 oC in order that the moisture is completely removed from the used oil. 

2. The hot oil then enters a cooling tank to reduce its temperature using cooling water. The cooling is done to prevent any corrosion of surfaces of subsequent equipment.

3. The oil is pumped to settling tanks and then to a mixing tank where the oil is mixed with 5.5-6% of 98% sulfuric acid to remove impurities and metal traces.  Diesel-grade oil is added to facilitate the mixing process.

4. The oil acid mixture is then pumped to settling tanks. The acid layer is drained from the bottom and then mixed with calcium oxide or lime to neutralize it

5. The acid treated oil coming out from the settling tanks enters a mixing tank where it is mixed thoroughly with clay. The percentage of the activated bentonite is up to 10% of the treated oil. 

6. The oil suspended clay solution is then pumped to a vacuum distillation system at a temperature of 280-290 oC where the diesel-grade oil is vaporized recycled back to the process.

7. The oil-clay stream is further cooled down to about 120 oC in a cooling tank.  

Clay is separated from the treated oil in two stage filtration process, first through a plate and frame filter press, followed by a micromesh filter press, to reach a 4.2.  Properties 
The properties of the following four different classes of motor oil were obtained experimentally as explained bellow and summarized in Tables 3 and 4. 

Classes of motor oil include:

Used oil: used motor oil, no treatment or additives.

Treated oil: used motor oil after treatment, no additives added

Recycled oil: treated used motor oil with additives. 

Virgin oil: fresh virgin oil produced from crude oil refining

Laboratory analysis of the above oils involved the sampling and testing of these oil physical properties and their metal contents as shown in Tables 3 and 4 respectively.  Majority of these tests was conducted in the Chemical Engineering laboratory, American University of Sharjah (AUS). Some other tests were conducted at the Intertek Testing Services (ITS) laboratory in Sharjah, UAE

Table 3: Physical properties of different classes of oil

	Property
	ASTM method
	Used oil

Collected
	Treated oil


	Recycled oil 

(SAE 40)
	Virgin Oil (SAE 40)

	Specific gravity, 15.6 oC 
	D 1298
	0.880
	0.864
	0.8387
	0.8824

	Flash point, Closed cap Penesky Martin, oC
	D 93
	148
	188
	195.5
	206

	Water and sediment, vol%
	D 4007
	7
	0.5
	Nil
	Nil

	Water content, Dean and Stark method, vol%
	D 95
	5
	Nil
	Nil
	Nil

	Viscosity, @ 37.8 oC, cst
	D 445
	195.25
	135
	137.25
	185

	Carbon residue, Conradson method, wt%

 
	D 189
	1.43
	0.43
	0.45
	0.89

	Ash content, wt%
	D 6245
	1.7
	0.375
	0.325
	0.308

	Sulfated ash, wt%
	D 874
	1.8
	0.672
	0.712
	0.854

	Distillation characteristics, ASTM,  oC
	IP 123
	
	
	
	

	IBP
	
	85
	94
	101
	104

	10%
	
	175
	214
	206
	184

	20%
	
	189
	252
	251
	204

	30%
	
	222
	266
	257
	228

	40%
	
	242
	270
	261
	237

	50%
	
	265
	271
	269
	252

	60%
	
	276
	297
	286
	270

	70%
	
	314
	310
	294
	278

	80%
	
	319
	312
	302
	280

	90%
	
	330
	313
	307
	302

	Normal heptane insoluble, wt%
	D 3279
	3.370
	0.337
	0.339
	0.088


Table 4. Component content in ppm for different classes of oil  (atomic absorption method)

	Component
	Origin
	Concentration, ppm

	
	
	Used oil
	Treated oil
	Recycled oil

(SAE 40)
	Virgin oil

(SAE 40)

	Iron (Fe)
	Engine wear
	76
	< 1
	12
	<1

	Aluminum (Al)
	Bearing wear
	8
	< 1
	1
	<1

	Chromium (Cr)
	Engine wear, anti friction bearings
	2
	< 1
	< 1
	<1

	Copper (Cu)
	Bearing wear
	13
	< 1
	42
	<1

	Lead (Pb)
	Leaded gasoline / bearing wear, oil additives
	946
	<1
	14
	39

	Tin (Sn)
	Bearing, piston and brushings wear
	1
	Not detected
	3
	3

	Silver (Ag)
	Wrist-pin bushing, anti friction bearings,  silver solder
	< 1
	< 1
	< 1
	< 1

	Nickel (Ni)
	Engine wear, anti friction bearings
	1
	<1
	20
	3

	Vanadium (V)
	Oil contamination
	< 1
	< 1
	< 1
	<1

	Titanium (Ti)
	Oil contamination
	1
	Not detected
	< 1
	<1

	Cadmium (Cd)
	Oil contamination
	< 1
	Not detected
	3
	<1

	Manganese (Mn)
	Water contamination
	2
	Not detected
	< 1
	<1

	Molybdenum (Mo)
	Friction modifier additives
	6
	Not detected
	14
	<1

	Silicone (Si)
	Anti foam and anti freeze additives, ingested dirt and sand, gasket sealant 
	22
	<1
	3
	5

	Boron (B)
	Ingested dirt and sand, gasket sealant
	20
	Not detected
	5
	46

	Sodium (Na)
	Water contamination
	58
	< 1
	10
	<1

	Barium (Ba)
	Water contamination
	3
	Not detected
	2
	<1

	Calcium (Ca)
	Detergent additives
	1357
	672
	642
	35

	Magnesium (Mg)
	Detergent additives, oil alkaline reserve
	150
	7
	83
	1335

	Phosphorus (P)
	Anti oxidant, anti wear additives
	621
	Not detected
	579
	742

	Zinc (Zn)
	Anti oxidant, anti wear additives, galvanized parts in circulating oil systems
	701
	18
	444
	903


4.3. Analysis of experimental results

The following points can be extracted from data in Table 3 and Table 4.  

· Used oil has the lowest flash point among all classes of oil though it is the most viscous.  This is probably due to the presence of many contaminants in the used oil.  Some of these contaminants include light hydrocarbon components and water in appreciable amounts, which in turn contribute to the low flash point.  The metals, ash, and other heavy contaminants may contribute toward the high viscosity of used oil.

· The recycled oil has very low viscosity compared to the virgin oil.  The additives to the treated oil are not sufficient to improve the viscosity of the recycled oil.  This means that the recycled oil has poor lubrication capability and may harm the performance of the engine and facilitate its wearing.

· The carbon residue in the virgin oil is about twice the value in recycled oil.  Also, the sulfated ash in the virgin oil is higher than that in recycled oil.  The treatment process removes most of the carbon residue and sulfated ash in treated oil.  Lower values in carbon residue and sulfated ash in the recycled oil could be one reason why the recycled oil has lower flash point and lower viscosity than virgin oil.   

· The distillation analysis shows that about 20% of the used oil evaporated at 189oC and 90% evaporated at 330 oC.  Whereas, for virgin oil 20% evaporated at 204 oC and 90% evaporated at 302 oC.  As mentioned earlier, this could be attributed to the presence of more fractions of light and heavy hydrocarbon components in the used oil.

· The distillation analysis of Table 3 shows that the 10% -80% evaporation temperatures of the recycled oil are about 20-30 C higher than and the same of the virgin oil.  This is a strange behavior since the virgin oil has higher viscosity and flash point than the recycled oil.  However, this could be attributed to the next point. 

· Overall metal content in virgin oil is higher than that in recycled oil (treated used oil with additives).  Lead, boron, magnesium, phosphorus, and zinc are much higher in virgin oil than in recycled oil.  This is most likely due to the type of additives added to both of them.  Apparently, the quality of the recycled oil needs to be improved.

· The acid-clay process is quite efficient in removing trace metals from used oil, as the laboratory testing of the used oil shows that this process removed most of the metals from the samples.

· The recycled oil exhibited higher levels of calcium than normals (compared to virgin oil). Calcium is an element that is expected in used oil. Its concentration is usually reduced to about 50% or lower during the treatment process of used oil.  It is likely that the motor oil in UAE acquires more calcium contaminant through contacting engine’s cooling water.  The water in the UAE has high total dissolved solids (TDS), including calcium (TDS in water is higher than 500 ppm in many cases).
· Lead concentration in present sample of used oil is dramatically much higher than any of the other types of oil samples that were tested.  This is most likely due to the use of the leaded gasoline in the UAE.  The acceptable limit for lead in oil is 40 – 100 ppm to provide extended oil change intervals [5]. It is important to point out those high levels of lead in the automotive engines moving fluids (fuel, oil) often cause corrosion in engine parts, particularly the bearings.

· Due to the extremely high concentration of lead in the UAE used oil, it would be quite dangerous to environment and people health to utilize any of the used oil as a fuel.  

· Quantities of anti-wear additives such as zinc and phosphorus in the recycled oil are small compared to the quantities in the virgin oil.  This can facilitate engine wearing.

4.4. On the survey data of used motor oil supply in UAE

Environmental public awareness in UAE is in its early stages.  Environmental regulations are in their infancy.  In order to carry out this research work and conduct proper investigation, a comprehensive program was set in place to collect data, which is relevant the used motor oil generation in UAE.  The UAE comprise the seven member states of Abu Dhabi, the Capital City, Dubai, Sharjah, Ajman, Umm Al Quwain, Ras Al Khaimah and Fujairah.  The population of the UAE is estimated to be 2.94 million, with a growth rate of around 6.5 per cent a year [6].  The data collection program was rather challenging and tedious, since it was conducted in Sharjah, which represent only about 17% of the total population of UAE (around 500,000)

In Sharjah alone there are hundreds of automotive shops for motor oil change.  The spent used motor oil is kept in drums and collected by trucks and tankers to be transported to scrub companies, which in turn store these drums in their yards to be sold to used oil re-processing, re-refining or recycling companies.  Data obtained from Sharjah Municipality [7] indicates that the quantity of used oil generated in the Emirate of Sharjah alone during 1999 was 180,000 gallons.   If we assume 80% of this used oil is “untreated motor used oil”, it means that 144,000 gallons of the total generated used motor oil were recorded during 1999.  The following simple statistical analysis is used to determine the percentage of the total generated used motor oil is recorded.  The automotive industry in UAE recommends lubricating oil change every 3,000 km driven due to the hot and humid weather.  This translates into approximately 4-5 quarts (1-1.25 gallons) of used oil generated per oil change.  If in average, every automobile is driven for 24,000 km per year, it is then expected to generate a minimum of 8 gallons of used oil motor per year.  This implies that there are only 18,000 automobiles in Sharjah.  This is very little compared to the 50,000 automobiles registered in Sharjah in 1999.  This means that approximately 64 % of the generated used motor oil is not recorded.  The discrepancy in the Municipality numbers could be attributed to several reasons.  One reason could be attributed to the inefficient or no care reporting process of data by both used oil generators and collectors.  Another reason is the do-it-yourselfers (DIYs) oil change by vehicle owners and operators, who often take pride in doing the oil change and save money in the meantime.  Due to lack of environmental awareness, most of this used oil, if not all, ends up in the trash or ground soil.     

Based on the above numbers, the 50,000 automobiles are expected to generate more than 400,000 gallons per year of used oil.  Hence there are more than 256,000 gallons are not reported in the Emirate of Sharjah alone.  Since Sharjah represents 17% of the total population of UAE, it is expected that more than 1.5 million gallons of used oil in UAE are not reported every year.  These numbers reflect a serious warning of present and future environmental and health problems in Sharjah and UAE.  

4.5. Economical assessment for recycling used motor oil 

In this section, assessment is presented to illustrate the economical benefits of treating and recycling used motor oil in the Emirate of Sharjah and UAE.  Based on the numbers mentioned above, a minimum of 400,000 gallons of used oil will be annually generated in Sharjah. Two different simple economical assessments are done in this work to encourage and motivate all concerned parties to treat and reprocess the used motor oil for re sale as recyclable product.  The first assessment is for reusing used oil as fuel and the second assessment is for re-refining used oil to lubricant (base) oil.  Two gallons of used motor oil can provide enough electricity (energy) to run the average household for about a day [1].  It is estimated that each gallon of used oil contains 140,000 Btu [2].  This means that a minimum of 56,000 million Btu (MMBtu) per year and 330,000 MMBtu per year could be generated in Sharjah  and UAE, respectively, by using used oil as fuel.  Assuming that the cost of energy is $3 per MMBtu, $168,000 or $990,000 can be saved annually in energy costs in Sharjah and UAE, respectively.  About 80% of used oil collected in the US are blended with virgin stock to be used as industrial heating oil [1].  The same approach can be followed in UAE.

Re-refining, of one gallon of used motor oil is needed produces 2.5 quarts of reusable motor oil as a “base lubricant oil” (assume 62.5% recovery), while 42 gallons of crude oil are needed to produce the same 2.5 quarts amount [2]. 250,000 gallons of base lubricant oil would be recovered every year in Sharjah and 1,470,000 gallons in UAE.  If the price of one gallon of this oil is $5, $1,250,000 and $7,350,000 could be generated annually as revenue in Sharjah and UAE, respectively.  In addition, re-refining used motor oil requires only one third of the energy that is required to produce lubricant oil from crude oil [2].  Furthermore, recycling 400,000 gallons of used oil could save 16.8 million gallons of crude oil.  Currently the sale price of re-refined oil is comparable to sale price virgin oil.  In some cases it costs less to produce re-refined oil than to produce virgin oil from crude oil [9].  Hence, the rate of return on investment for building processing – treatment plants for used oil would be quite attractive option for investors and government alike.

4.6. Environmental impacts 

Water is one the scarce natural resources such as in UAE.  As stated earlier seawater and ground water are the main water sources in the country.  Any contamination to these sources will threaten water quality create a future water shortage. At present, around 28,000 m3/day of potable water is produced in the Emirate of Sharjah alone (17% of UAE population), through desalination of brackish water [10]. Extrapolation of this number shows that the total production of potable water for the UAE is estimated at 165,000 m3/day. 

One of the popular yet illegal methods of polluting this potable water supply is through dumping spent unused oil in house drains and public sewer openings.  This is done primarily due to two factors, one is the lack of public awareness of potential health hazards and damaging to the environment, second is the lack of deterrents imposed by the local and government authorities. It is popularly documented that the presence of oil, particularly dirty oil, diminishes bacterial activities and consequently reduce the efficiency of water and wastewater treatment plants.  UAE depends on treated sewage water for agriculture irrigation.  Sharjah is no difference. Almost all treated sewage wastewater in Sharjah is used for irrigation purposes.  Contaminants from dumping used oil in sewer drains also find its path to the agricultural products that are consumed by human and animals. Dumping the used oil into the sea is another major hazard that threatens fresh water supply in UAE and also damages its aquatic and marine life. Oil hinders the performance of water purification plants and impact seriously on both the amount of water treated and its quality. In addition, larval stages of aquatic organisms can tolerate toxic substances contained in used oil.  Toxins can accumulate in plankton and other tiny organisms at the base of the food chain.  These organisms are eaten by various marine species including fish, which is one of the food supply sources in UAE.  Also, trace metals from used oil enter the body of fish, through water circulation. They are adsorbed and accumulated into the meat tissues of the fish.  When humans eat this meat, the trace metals migrate into human body tissues through the digestion process where it resides permanently and cumulatively. United Nations environmental program is estimated that the seafood consumption in UAE is 25 kg/cap/year [11].  Lead, a carcinogenic and toxic substance, is one of the major metal contaminants of the used oil in UAE (see Table 4).   Lead affects almost every organ and system in the body, particularly the nervous system, the kidney, and the immune system.  Exposure to high levels of lead can cause premature births, smaller babies, decreased mental ability in infants, learning difficulties, and reduced growth in young children.  In addition, lead may cause weaknesses in certain joints, memory loss, abortion, and anemia (National Safety Council) [12]. 

4. Recommendations

The following three recommendations are proposed to reduce the hazards of used oil in UAE.

1. The Government of UAE should proceed more aggressively through its environmental programs to increase public awareness toward the importance of protecting the environment.  To encourage used oil collection and recycling, several methods could be followed:

· Educate public about the energy and environmental benefits of recycling used oil.  Protecting scarce natural resources especially water of UAE should be highlighted.

· Promote nationwide awareness of the negative effects of improper disposal of used oil

· Create several used oil collection centers in every city and require of lube oil traders to maintain used oil collection facilities.

· Impose fines on improper disposal of used oil

2. Leaded gasoline should be banned in UAE to reduce the hazards of used oil.

3. The quality of recycled oil should be monitored more closely.  This is important since the sample of the recycled oil that was analyzed in this work was taken from a premium quality product.

5. Conclusions

Used motor oil generation and its potential recycling as a reusable product in UAE were investigated.  Experimental oil testing and analysis were conducted to compare the properties of various classes of motor oils: used oil, treated oil, recycled oil, and virgin oil.  The analysis of experimental data indicates a pressing need to emphasize the importance of these oil qualities, particularly those qualities of the untreated used oil.  Lead was found to be a major contaminant in the used oil generated in UAE.  Leaded gasoline should be banned in UAE to reduce its potential hazards of as a major contaminant of both lubricating oil and as fuel.  The economical assessment shows that the re-refining of used motor oil to produce a usable recycled product can generate added annual revenue up to $7,000,000 in UAE.  Used oil contamination of seawater and ground water can lead to tremendous shortage in UAE water supply and damage its quality. It is imperative for the government UAE to implement a series of policies for the protection of country environment and it people health. This includes: raising of public awareness, enforcing of environmental policies, and motivate private and public sector to invest in treating and recycling of the country used oil supply.
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دراسة إمكانية إعادة استخدام زيوت التزييت في الإمارات العربية المتحدة
أحمد علي حمد، عصام الزبيدي ومحمد فايد*
قسم الهندسة الكيميائية ، الجامعة الاميركية في الشارقة , ص. ب.   26666،
الشارقة  ، الإمارات العربية المتحدة و* قسم الهندسة الكيميائية ، جامعة رايسون،
كندا ، ON M5B, 2K3     شارع فكتوريا  350، تورنتو
(قدم للنشر في 24/9/2002م؛ وقبل النشر في 13/4/2003م)

ملخص البحث. تم دراسة معالجة زيوت التزييت المستخدمة في الإمارات العربية المتحدة  وتصفيتها و فرص تحولها إلى منتجات غير مضّرة بالبيئة. أوضحت التحاليل المختبرية لزيوت التزييت المختلفة الحاجة إلى وجود سيطرة نوعية دقيقة لمطابقة الزيوت الناتجة للمواصفات القياسية المطلوبة  كما بينت هذه التحاليل أن طريقة الحامض و التراب فعّالة في إزالة المعادن الموجودة  في الزيوت المستخدمة و خصوصا الرصاص الذي يعتبر الأكثر ضررا و الذي يصل تركيزه إلى 1000 جزء بالمليون. إن التركيز العالي للرصاص يعود إلى استخدام المركبات وقود يحتوي على الكازولين . أوضحت  الدراسات الاقتصادية إنه يمكن الحصول على 7,000,000 دولار سنويا في إعادة تصفية الزيوت المستخدمة واستخدامها مرة ثانية علما بأن حوالي 64% من الزيت المستعمل لم يتم تسجيله.         
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Fig. 1.  Acid-clay process for used oil re-refining to base oil.
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