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Introduction

In many chemical industries, the most common types of liquids separated are oil and water. (1) Whether there is an oil spill in the environment, or the dairy industry needs to remove the excess oils and fats floating at the top of their products, the separation of oil and water has been an omnipresent dilemma within today’s society, with complications as severe as bacteria residing in the oil to consider as well as the actual physical separation. (2) Thus, engineers have devised various methods such as gravity, filters, or evaporators to create many different types of oil-water separators. (3,4) Initially, the earlier versions of the oil-separator, a specific type of liquid-liquid separator, solved the problem of separating products within an oily mixture. However, over time, the need for a more efficient and inexpensive separator grew as the demand for oil water separators increased in the manufacturing and food industries, as well as in environmental cleanups. In response to this increased demand, engineers developed the oil skimmer, a common type of separator found in many food and pharmaceutical industries today. (3)

The design of the oil skimmer has proved to be more convenient to industries due to its simple, yet competent design. (5) Larger skimmers are most prevalent in the food industries, yet the proportions can also be reduced for use in mechanics, i.e. extraction of oil from coolants to prolong machine life. (6) However, whereas many oil-water separators use either gravitational differences to pump out the products, evaporation of the water, or the filtration of the water through the mixture, oil skimmers rely on the cohesive and adhesive properties of oil and water instead.

Taking advantage of the different densities and surface tensions of oil and water, skimmers separate the products via physical separation. This method gives the oil skimmer many advantages, such as high oil removal rates and easy economical maintenance. (4) Oil skimmers come in rope, belt, drum or barrel style, mop, large or small tube, and floating suction types, but the disc skimmer has established itself to be one of the simplest forms of the oil skimmer. (4,8)


Theory
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The theory behind the disc oil skimmer claims that with the surface tension and adhesive properties of oil and water, the disc will be able to collect oil from a mixture. Oil is more adhesive to the disc and repels against water, and thus, mostly oil is collected. After the oil has settled above the water due to density differences, situated discs on a rotating shaft will spin, powered by a motor or a drill. (9) The oil and water mixture is first poured into the process tank with the discs (See “1” in Figure 1). The disc starts to rotate, and at 90 degrees of the rotation, the oil floating above the water adheres to the disc as it glides through. Then, as it passes through the oily layer, the oil coats the disc and repels the water, causing mostly oil to remain on the disc. (7,9) (See “2” in Figure 1) At 270 degrees, the layer of oil that stuck to the disc will be scraped off by specially designed scrapers, falling into a separate compartment. (See “3” in Figure 1) Though a few droplets of water will remain on the disc, most of the liquid scraped off is oil. (See “4” and “5” in Figure 1) [image: image3.emf]



Discs of the oil skimmer vary in material; some have bristles to extend surface area, and others are smooth surfaced to reinforce a faster separation. (10) Smooth discs in disc skimmers often are made from glass, plastic, or any other material. In replace for a glass disc, a polycarbonate disc was made to imitate glass. Smooth CDs were used to imitate plastic, and smooth aluminum was used to test other materials that would be used in disc oil skimmers. 


Experimentation:

Experiment 1: Comparing Materials

Materials: 

	· Cooking Oil

· Tap water

· Food coloring

· CD

· Polycarbonate disc
	· Aluminum disc  

· 600 mL graduated cylinder

· 50 mL beaker 

· Transparent cups 

· thin sheet of aluminum


Procedure: 

1. [image: image2.emf]

Crease the sheet of aluminum in half. Measure 6 cm from one end, and one centimeter each from each side. Cut the crease and the two one-centimeter marks, forming a T cut, and fold the two flaps outward on the 6 cm crease. This creates a scraper much similar to the oil skimmer’s scraper. (See Figure 3) 

2. Measure a 1:2 ratio of oil to water (with 300 mL of oil and 600mL of colored water) and pour the mixture into the inlet tank.

3. Dip the CD into the water-oil mixture halfway. Observe the water and oil repelling and using the newly created scraper, scrape the adhering oil off the disc into the cup. Spin the disc so it makes 10 full rotations, scrapping off the oil after each rotation. This motion will imitate the movements of the oil skimmer. 

4. Make a note of the interface level (where the oil meets water), if any at all.

5. Repeat the above procedure using the polycarbonate disc and then the aluminum disc.

6. Pour each cup of oil into the 50mL beaker and record the results.

Results:

	Disc Material
	Amount of oil separated

	Polycarbonate Disc
	28 mL

	CD
	26 mL

	Aluminum Disc
	22 mL


Conclusions:

        The polycarbonate disc and CD picked up the most amount of oil, whereas the aluminum picked up the least. Despite the fact that the polycarbonate disc had a very similar surface area to the CD, the polycarbonate disc was quite difficult to spin because of its heavy weight. In comparison to the other discs, the polycarbonate disc was uneasy to maneuver and rotated much slower and less efficient then the CD. The CD on the other hand had picked up only a little less oil than the polycarbonate disc but its thinness and smoothness caused it to slide between the scrapers effortlessly. The CD’s lightweight also proved as an advantage for smoother operation. 


The scrapers as well were modified in order to suit the machinery; due to the gaps between the discs and the scraper material, some oil would leak through the gaps. In order to solve this, plastic was bended to adhere to the disc and scrape off the oil easily. 

Experiment 2: Testing Different Ratios of Oil and Water
Materials: 

	· Cooking Oil

· Water

· Food coloring

· 500 mL graduated cylinder
	· our handcrafted model

· Drill (set to around 180 rpm)

· Timer


Procedure:

1. Dye water with food coloring. Since food coloring is soluble in water and not soluble with oil, this will help distinguish the two liquids easily.

2. Measure out a 1:7 ratio of oil to water (500mL of oil and 3500mL of colored water), and pour the mixture into the inlet tank of model.

3. Wait for 17 seconds for the oil and water to settle, and then turn the drill on. Observe the oil movement and separation. After 30 seconds, turn off drill.

4. Pour the contents of the separated oil compartment (outlet tank) into a large graduated cylinder and record the amount of water that was mixed in with the oil. Subtract this from the total number of liters of the separated mixture to achieve the number of liters of oil separated from the original mixture. 

5. Test the purity of the scraped off mixture by dividing the amount of oil from the amount of the separated mixture and multiplying the result by 100. Record the purity of the separated contents.
6. Pour out the liquids from both compartments. Repeat steps 1-5 using a 1:1 ratio of oil to water.
Results:

	Ratios (oil to water)
	Total amount of mixture separated
	Oil separated
	Percent of Purification (percent oil in scraped off mixture)

	1:7
	          425 mL
	372 mL
	87.5%

	5:5
	          550 mL
	515  mL
	93.6%


Conclusions:

Based on our results, we can safely assume that our model works quite well and is very successful in physically separating oil and water with the use of a modified, industrial disc skimmer. Although the product separated is not completely purified oil, the separator can successfully separate oil from the original mixture.
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