Crude Oil Distillation Experiment

Background

In 1854 in western Pennsylvania there was what we today would recognize as a serious environmental problem.  It seems heavy black oil would periodically seep from the ground and pollute local streams, particularly one known as “oil creek”.   A group of Connecticut investors took a sample to Benjamin Silliman, a professor of chemistry at Yale University and for examination.  He reported that the oil sample could be refined into lamp oil.  How would he do that?

Professor Silliman knew that the oil sample was not a pure compound, but a large number of compounds that could be distilled to produce a number of different products.  Perhaps Professor Silliman also knew that a Canadian geologist, Abraham Gerster produced kerosene from Canadian crude oil in 1849. In any event, Professor Silliman assured the investors that he could make illuminating oil for lamps from this crude oil by simple distillation.  We now know that there are thousands of different chemical compounds in crude oil.  These compounds cover a wide range of molecular types, sizes and boiling ranges and that they can be separated by simple distillation.  It is important to point out that no chemical reaction occurs during simple distillation. Distilling (boiling) is simply a physical process in which liquid is heated until it turns at least partially to vapor, and this vapor is condensed to a second liquid.  

Understanding Distillation

To understand what happens in boiling crude oil it is easiest to first consider what happens when we boil a mixture of two relatively simple compounds.  We shall consider benzene and toluene, two hydrocarbons that are in every crude oil source known to man.  These compounds normally are found in all gasoline.  Their chemical structure is of little importance here, but suffice it to say they are quite different in composition and properties.  However, they mix to form a single liquid phase across all concentrations, as do most common hydrocarbons.  The Normal Boiling Points of pure benzene and pure toluene are 80.1º C and 110.6º C, respectively.  An interesting question is what happens when you heat a mixture of these compounds?  What we find is that when we heat binary liquid mixtures the initial boiling point of mixture will be between the boiling points of the two compounds and the vapor formed will be richer in the lower boiling compound than was the liquid from which it was derived.  That is if we heat a 50/50 mixture of benzene and toluene it will start to boil at a temperature between 80.1º C and 110.6º C and the vapor will have more than 50% benzene.  This concept is graphically represented in Figure 1 on the next page.
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Figure 1 was developed from experimental data for these compounds taken at atmospheric pressure (14.7 psia.)  The dotted line is the boiling point line for liquid mixtures of benzene and toluene.  For example, if we have a mixture that has 40% benzene and 60% toluene (point A) its boiling point would be ~95º C.  The heavy solid line is the composition of the vapor that would be generated when this mixture boils.  For example that 40/60 mixture of benzene/toluene would produce a vapor that is roughly 62% benzene and the 38% toluene (point B).   So what we learn from this diagram is that a mixture of these two compounds boils at a temperature between the boiling point of either pure compound and produces a vapor that is richer in the lower boiling compound than the boiling liquid from which it was produced.
From Figure 1, what is the boiling point of a mixture 20/80 % benzene/toluene and what is the composition of the vapor that is generated?

  Boiling Point    _____________º C

What is the % benzene in the generated vapor?      _______________% benzene

There is one more thing worth noting on Figure 1.  Although this figure represents a simple batch distillation from a boiling kettle quite well, very few distillations in refineries are of this simple batch type.  In refineries, there is almost always a long cylindrical column on top of the kettle (Figure 2).  Figure 2 shows that if we condense the vapor (point b) we get the same composition, but it is now a liquid (point C).  If we now reboil the liquid C we form a new vapor of a new composition (% benzene) represented by point D.  That is we have a vapor that is richer in benzene (~80%) than the vapor that originally came from the kettle.  So by distilling a crude and letting the vapors be repeatedly condensed and reboiled we can recover a vapor off the top of the column that is very rich in the lighter compound and has only a small fraction of the heavier compound. One final complication that we won’t deal with here; in refineries all distillation is done continuously.  That is, liquid is continuously fed and at least one heavier and at least one lighter product are continuously withdrawn.

What composition vapor would result in Figure 2 if we let the vapor of composition D condense and boil again?

______________ % benzene

How many condensations and vaporizations do you think it would take to get a vapor that is 100.000% benzene from this distillation? 

Effect of Pressure on Boiling Point

We all know that the boiling point of water is 100º C or 212º F, right.  No, this is the Normal Boiling Point of water, or the temperature at which the vapor pressure of water is 1 atmosphere. A “standard atmosphere” is arbitrarily defined as 14.7 pounds per square inch or 760 millimeters of mercury (29.92 inches).  In fact there are areas of the earth that never experience this pressure and there is no area where the pressure is always the “standard  atmosphere”.  Expressing pressure in millimeters of mercury (Hg) is difficult for some people to understand. The way to understand this is if you had a big glass of mercury and a perfect vacuum attached to the top of a straw in the mercury, the highest you could raise the mercury in that straw would be 27.56 inches.  This is not because the vacuum is sucking, but because the atmosphere is pushing down on the mercury in the glass.  Since mercury in 13.6 times as dense as water, doing the same thing with a glass of water would allow you to raise the water in the straw 31.2 feet.   
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16 0.300 -164 100+

N-ethane C2H6 30 0.356 -88.6 100+

N-propane C3H8 44 0.508 -42.1 97

N-butane C4H10 58 0.584 -0.5 90

N-pentane C5H12 72 0.626 36.1 62

N-hexane C6H14 86 0.660 69 26

N-heptane C7H16 100 0.684 98.4 0

N-octane C8H18 114 0.707 125.7 -17

N-nonane C9H20 128 0.718 150.8 -20

N-decane C10H22 142 0.734 174.1 Very Low

N-hendacane C11H24 156 0.740 195.9 Very Low

N-dodecane C12H26 170 0.749 216.3 Very Low

N-tridecane C13H28 184 0.756 235.4 Very Low

C8 Hydrocarbons*

N-octane C8H18 114 0.707 125.7 -17

Iso-octane C8H18 114 0.692 99.2 100

Xylene C8H10 106 0.880 144 100+

* The total number of C8 different hydrocarbon compounds in petroleum is in the hundreds

Selected Properties of Hydrocarbons in Petroleum

The figure below shows the vapor pressure of water as a function of its temperature.  Data for this table was taken from the Handbook of Chemistry and Physics.

Figure 3

Figure 3 shows quite clearly why steam engine boilers burst if they are heated without proper venting to let off steam.  By heating in this manner the temperature and the pressure can rise very quickly to levels that exceed the bursting pressure of the boiler.

Using Figure 3 above, estimate the pressure in a closed vessel containing only water if vessel is heated to a temperature of  200º C and then to 300º C.  

Temperature, º C



Pressure, PSIA

200 --------------

300 --------------

Properties of Petroleum Fractions

Although petroleum contains  thousands of compounds, it is often best to look at a series of compounds of one chemical type of increasing molecular size.  This is sometimes referred to as a homologous series. Table 1 below gives a number of important properties for the homologous series of compounds known as the normal N-paraffins.  

Table 1
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TABLE 2: TABLE OF NORMAL BOILING POINTS
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Members of this series are found in every petroleum fraction from natural gas right up through asphalt.  What we see in the above table is that for the homologous series of  N-paraffins, the density and normal boiling point increase steadily with molecular weight, while the octane number decreases with molecular weight.  Although the change with molecular weight is relatively continuous over this series, if we change chemical type we step outside this series as is demonstrated by the three C8 hydrocarbons listed at the bottom of this table.  Although Iso-octane has the same formula as N-octane its density and normal boiling point are close to the C7 member of the N-paraffins, N-heptane.  The octane number of Iso-octane is closer to N-ethane.  The other C8 hydrocarbon in the table is Xylene.  Xylene has fewer hydrogen atoms than most C8 molecules and its density, normal boiling point and octane are higher than most C8 molecules.  Suffice it to say that if we know only one property of a petroleum fraction, Normal Boiling Point for example, we can go to Table 1 and estimate what the carbon number, density and octane number this fraction should have.

Basic Chemical Engineering

Over the last century chemical engineers have played a major role in developing, designing and operating petroleum processes.  The single most important equation upon which much of chemical engineering is based is the first law of thermodynamics.  This can be stated as:

  1st Law of Thermo   =   “Energy and mass cannot be created not destroyed”






or




In  = Out + Accumulation

This simple equation is true for a refinery distillation, a reactor or a refinery as a whole.  In understanding what is going on in any process or system the first thing an engineer does is a material balance.  Since in most cases we are at steady state, that is we cannot allow anything to accumulate, the material balance is:




In = Out + Losses

We will be doing a material balance in our distillation experiment.

Two last things about chemical engineers.

1) They love graphs.  Most chemical engineering problems were originally done graphically, that is until the age of computers.  Today problems are solved on a  computer, but graphs are a big part of the computer solution.

2) Units (e.g. grams, gallons, feet) are important in every equation.  If the units are equivalent on both sides of the equation there is a pretty good chance that the equation is correct.  If the units are different on the two sides of an equation there is no chance that the equation is correct.   

Lab experiment – Distillation of Crude Oil

Objective:

The purpose of this experiment is to show how everyday petroleum products are obtained from crude oil by simple distillation. The petroleum products you seek to obtain are gasoline and kerosene. Though you will be separating the crude oil into its components using simple laboratory distillation apparatus, in commercial application this process is carried out on both a significantly larger scale and with more sophisticated equipment in an industrial environment.  
Background: 

Gasoline is used as a fuel in motor vehicles and is mainly composed of hydrocarbon molecules having 5 to 10 carbon atoms each.  From Table 1 above we see that these compounds will boil from about 36.1 ºC to about 174.1º C .  Gasolines from different refineries and in different areas of the country are all at least a little bit different.  We will define the gasoline we produce in this experiment to include mainly molecules that boil between 30 ºC and 165 ºC . Kerosene has its biggest uses in heating, lighting and as an aviation fuel. A typical kerosene is mainly composed of hydrocarbons that have 10 to 12 carbon atoms per molecule.  Again from Table 1 we see that these compounds boil between about 174.1 ºC and 216.3 ºC .  Kerosene also varies from refinery to refinery.  We shall define the kerosene produced in our laboratory as having compounds that boil between 165 ºC and 215 ºC.   

Figure 4 shows the relationship between boiling point and carbon number (number of carbon atoms in a molecule) as shown in Table 1. It shows that boiling point increases as carbon number increases so that gasoline (the more volatile of the two fluids) is collected before kerosene during the experiment. The graph also provides supporting evidence for the boiling point of gasoline given earlier in this lab write-up.  
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FIGURE 4

Petroleum distillation and product cut-point temperature:

For the sake of subsequent discussion, we begin to refer to the volatility of compounds. A compound of lower boiling point is considered to be of higher volatility. 

When crude oil is heated in the distillation apparatus, it boils and the vapor rises in a column that is hot at the bottom and relatively cooler at the top. As discussed earlier, the vapor formed will be rich in the more volatile compounds. As the vapor rises and cools, the less volatile compounds condense and return to the boiling flask. Therefore, the vapor becomes even richer in the more volatile compounds as it proceeds up the column to the spillover point to the condenser. The vapor that reaches the condenser is liquefied and runs into the collecting cylinder at the end. The temperature reading on the thermometer placed at the spillover point gives the temperature of the vapor entering the condenser. This temperature can be taken as the boiling point of the liquid being collected at that instant. Therefore, we can use this temperature to identify the product being collected by virtue of identifying one of its properties, i.e. its boiling point. In the background discussion we identified the component compounds of gasoline and kerosene and the respective temperature ranges at which they boil. When the vapor temperature at the spillover point reaches the maximum temperature of a product’s boiling point range, the “cut-point temperature” for that product has been reached. 

Clearly, we have identified the means to stop the distillation once we have extracted a series of compounds particular to a specific product. Note that the boiling point ranges of gasoline and kerosene are contiguous, which means that some of the same compounds will be present in both products. Due to the nature of the distillation process as discussed earlier, every compound present in the crude oil will also be present in the extracted products in some concentration. However, a particular petroleum product is characterized by a sufficient concentration of a series of particular compounds. The products produced by our distillation will run a small engine and burn in a kerosene lamp, but they are relatively unrefined when compared to marketable gasoline and kerosene. Since gasoline has a lower boiling point range, it should be clear from the discussions on distillation that gasoline would be extracted first. 
Distillation at reduced pressure:

The previously discussed boiling points for gasoline and kerosene are at atmospheric pressure and are referred to as Normal Boiling Points. As discussed before for water, the boiling point of oil increases with pressure and conversely decreases with vacuum. Parts of this experiment will be done at lower than atmospheric pressure so that we can run at lower temperatures. Table 2 gives the equivalent Normal Boiling Point versus actual boiling point for a range of operating pressures.

How To Read Table 2: This table consists of a column to the extreme left which lists the various vapor temperatures you would observe from the thermometer placed at the spillover point. There is a row at the top of the table with the various pressures below atmospheric pressure at which the experiment could be run. The pressures are expressed in inches of mercury below atmospheric pressure where zero is one atmosphere and –30 is perfect vacuum. The cell in the body of the table gives the Normal Boiling Point corresponding to the vapor temperature observed for the pressure shown at the top of each column. This is to say that if the vapor temperature observed is 55 degrees Celsius at –18 inches Hg, then the Normal Boiling Point (the boiling point at atmospheric pressure) is 82.4 degrees Celsius. This table is useful because it saves us several tedious calculations. The table does have its limitations though. Say for example the vapor temperature you observe is 42 degrees Celsius at the same –18 inches Hg. Does the table give you an answer for the Normal Boiling Point?  Not really.  To get this number we must use interpolation.  Interpolation is a tool used by scientists and engineers that allows them to extract certain values from tables even though these values are not explicitly stated. Interpolation makes use of the simple assumption that the variables in the table (e.g. Normal Boiling Point and vapor temperature) vary linearly between values in the table.

Interpolation Example

We can read directly from the Table that at a pressure of –15 inches Hg, a liquid that has a normal boiling point of 122.87 ºC  would boil at 100 ºC.  

What would the normal boiling point be of a liquid that boils at 100 ºC and a pressure of  -15.5 inches Hg?

From Table 2 we see that:

If a liquid boils at 100 ºC at -15 inches Hg it would boil at 122.87 ºC at one atmosphere.

If a liquid boils at 100 ºC at –16 inches Hg it would boil at 125.16 ºC at one atmosphere.

Now, by interpolation, we say the normal boiling point for this liquid at -15.5 inches Hg is:
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Safety:

Engineers and scientists have worked with oil and oil samples millions of times, and the number of safety incidents have been very small.  However, accidents can happen and you must remember two things:

1) Have respect for the materials you are working with and be careful to avoid hazardous exposure.

2) Be prepared to deal with an accident in the unlikely event that it should occur.
You will be working with crude oil and products derived from crude oil.  Although the Indians and early settlers used oil for medicinal purposes, there are compounds in crude oil that can be harmful to your health, particularly if exposed to them for extended periods of time.  The samples you will be working with are no more hazardous than butane, gasoline, or engine oil, but as a rule you want to avoid getting oil on your hands or inhaling oil vapors for prolonged periods.  When working with oil, gloves must be worn and whenever possible do experiments in the hood.  If you do spill oil on yourself, wash it off with warm water and soap.

Oil is flammable, with the lighter more volatile compounds being the most flammable.  When working with light oil products, open flames, sparks and hot surfaces should be avoided.  We are working with small quantities and in a hood for the most part.  Thus our chances of fire are slim, but be aware that many of the samples you handle will burn easily.  The heating mantle that heats our round bottom flask and the flask and glassware above it are hot.  We must avoid spilling any hydrocarbons on these hot surfaces.  In the unlikely event that we have a fire, leave the building and call 911. Pull the fire alarm on your way out if possible.

The glassware we are working with can withstand very high temperatures, however, in vary rare instances glassware fails in use.  Therefore, when the experiment is proceeding keep the door on the hood pulled down to avoid being exposed to glass or hot oil should the glassware fail during this experiment.

Determination of reduced pressure cut-point temperature:

Using the information previously given about product normal boiling point ranges and cut point temperatures, determine the following from Table 2:

         Reduced pressure cut-point temperature for our gasoline distilled at a pressure of

         –15 inches Hg. _________________

         Reduced pressure cut-point temperature for our kerosene distilled at a pressure of

         -19 inches Hg. __________________

These are the cut-point temperatures you will use for the distillation experiment. Have your instructor check these values before you do the experiment.

PROCEDURE FOR DISTILLATION LAB:

Notes for using the distillation apparatus:

· Wear safety glasses and gloves.

· Always ask your instructor for help if you are unsure of what you are doing.

· Do not over-twist valves; it doesn’t take much force to close them.

· Work over an absorbent pad when transferring liquids between containers. Be neat and take care to avoid spills; clean and orderly enhances safety.

· From one sample of crude oil, gasoline will be collected first, followed by kerosene.

· As the distillation proceeds, there is a gradual rise in the boiling point of the liquid being collected because its concentration is increasing in less volatile hydrocarbons.

· Check off completed steps as you work through this procedure. 

1. You will be given a plastic bottle containing about 200 grams of West Texas crude oil.

2. Zero the scale. Place the cork ring and the round 500 ml boiling flask on the scale. Add about ½ teaspoon of boiling chips. Record the total weight of the ring, flask, and chips on the data page.

3. Remove the ring and flask from the scale and place them on the absorbent pad by the scale.

4. Carefully pour the entire contents of the plastic bottle containing the crude oil into the flask. It is not necessary to get every last drop out of the bottle.

5. Wipe the mouth of the flask. Wipe any spilled oil from the ring and flask and place them back on the scale.

6. Record the total weight on the data page. Calculate the weight of the oil added using this and the weight recorded in step 2. Record the weight of the added oil on the data page.

7. Apply a very thin film of vacuum grease around the mouth of the flask and attach the flask to the distillation column using one of the metal spring clamps.

8. Place the 400 degree thermometer in the well tube of the flask.

9. Raise the heating mantle to envelop the bottom of the flask. Do not push up too hard against the flask with the mantle.
10. Open the vacuum break valve and verify that the purge valve is closed.

11. Open the main nitrogen valve on top of the large red cylinder with a few counter-clockwise twists. The pressure regulator gauge on the left should read about 20 psi. If necessary, adjust to 20 psi by turning the T-shaped regulator handle (the gauge responds slowly in the downward direction).

12. Turn the large black vacuum regulator knob clockwise until it stops. 

13. Slowly open the yellow main vacuum valve located on the top right of the fume hood opening. Open the valve several turns. Regulate vacuum to -14 inches Hg as read on the vacuum gauge by turning the vacuum regulator knob.

14. Close the vacuum break valve and allow the system to stabilize for about one minute.

15. Close the main vacuum valve and check for vacuum leaks by monitoring the vacuum gauge for three minutes. If the pressure reading on the vacuum gauge increases to –13.5 inches Hg or higher in three minutes, abort this procedure and notify your instructor. Otherwise, continue with this procedure.

16. Open the purge valve to slowly increase the pressure. The flow indicator should begin to spin shortly after the gauge reaches zero. If the indicator does not spin, close the purge valve and notify your instructor.

17. Adjust the purge flow-meter to 5 liters/min. Purge the system for approximately five minutes. This important step replaces atmospheric oxygen with nitrogen, rendering the contents of the closed system non-combustible. 

18. Gently close the purge valve. 

19. Open the vacuum break valve.

20. Turn the vacuum regulator knob several turns clockwise.
21. Slowly open the main vacuum valve several turns and regulate vacuum to –15 inches Hg to collect gasoline. This pressure must not change during the distillation. Notify your instructor if it does change. 

22. Turn on condenser coolant water by opening the green valve located on the bottom left of the fume hood opening. Adjust valve to maintain a steady trickle of water into the sink.

23. Run the distillation (see “running the distillation” section below) until the reduced pressure cut-point temperature for gasoline is reached. Immediately proceed to the next step when the cut-point is reached.

24. Turn off the variac and unplug it from the wall. Carefully lower the mantle away from the flask. Use caution; the mantle and flask are extremely hot. 

25. Verify that the vacuum break valve is open, and close the main vacuum valve. The system pressure as indicated by the vacuum gauge should begin to rise.

26. While the system vents back, place the 250 ml beaker on the scale and zero the scale. Bring the beaker to the hood and place it on the absorbent pad.

27. When the pressure reaches zero, remove the metal spring clamp from the top of the receiver and carefully lower the receiver away from the condenser. Note that the receiver contains highly flammable liquid. 
28. Close the vacuum break valve.

29. Pour the entire contents of the receiver into the 250 ml beaker and place the beaker back on the scale. Record the weight of the gasoline collected in the appropriate location on the data page.

30. Pour the product from the beaker into a 125 ml plastic bottle using the plastic funnel. Label the bottle with product name, your name and date. 

31. Wipe the mouth of the receiver and apply a very thin film of vacuum grease around the mouth. Re-attach the receiver to the condenser using the metal spring clamp and raise the lab jack to lightly support it. You will now proceed to collect kerosene from the products remaining in the crude sample.

32. Open the vacuum break valve and verify that the purge valve is closed.

33. Verify the nitrogen supply is still at 20 psi.

34. Turn the vacuum regulator knob several turns clockwise.
35. Slowly open the main vacuum valve several turns and regulate vacuum to -14 inches Hg. We will recheck for vacuum leaks since the system has been opened.

36. Close the vacuum break valve and allow the system to stabilize for about one minute.

37. Close the main vacuum valve and check for vacuum leaks by monitoring the vacuum gauge for three minutes. If the pressure reading on the vacuum gauge increases to –13.5 inches Hg or higher in three minutes, abort this procedure and notify your instructor. Otherwise, continue with this procedure.

38. Open the purge valve to slowly increase the pressure. The flow indicator should begin to spin shortly after the gauge reaches zero. If the indicator does not spin, close the purge valve and notify your instructor.

39. Adjust the purge flow-meter to 5 liters/min. Purge the system for approximately three minutes. 

40. Gently close the purge valve.

41. Open the vacuum break valve.

42. Turn the vacuum regulator knob several turns clockwise.
43. Slowly open the main vacuum valve and regulate vacuum to –19 inches Hg to collect kerosene. This pressure must not change during the distillation. Notify your instructor if it does change.  

44. Verify that the condenser coolant water is still flowing and raise the mantle to gently envelop the bottom of the flask.

45. Run the distillation (don’t forget to plug in the variac) until the reduced pressure cut-point temperature for kerosene is reached. Immediately proceed to the next step when the cut-point is reached. 
46. Turn off the variac and unplug it from the wall. Carefully lower the mantle away from the bottom of the flask. Use caution; the mantle and flask are extremely hot. Move the mantle toward the front of the hood and swing the metal coolant tube under flask.   

47. Open the coolant valve and run at 15 liters/min until flask well temperature drops to 100 degrees Celsius.

48. Verify that the vacuum break valve is open, and close the main vacuum valve. The system pressure as indicated by the vacuum gauge should begin to rise.

49. Turn off the condenser coolant water by closing the green valve on the hood frame.

50. While the system vents back, place the 250 ml beaker on the scale and zero the scale. Bring the beaker to the hood and place it on the absorbent pad.

51. When the pressure reaches zero, remove the metal spring clamp from the top of the receiver and carefully lower the receiver away from the condenser. Note that the receiver contains highly flammable liquid.
52. Close the vacuum break valve.

53. Pour the entire contents of the receiver into the 250 ml beaker and place the beaker back on the scale. Record the weight of the kerosene collected in the appropriate location on the data page.

54. Pour the product from the beaker into a 125 ml plastic bottle using the plastic funnel. Label the bottle with product name, your name and date.

55. Loosen the bar clamp (not the finger clamp) holding the cold trap at the framework in the back of the hood and carefully raise the trap out of the dry ice bath. Use caution; the dry ice dewar and trap are extremely cold. Retighten the clamp to suspend the trap well above the bath and cover the dewar with the lid.

56. Place the 25 ml graduated cylinder on the scale and zero the scale. Bring the cylinder to the hood and place it on the absorbent pad. Put the thin glass funnel into the cylinder.

57. Put on the thick thermal glove. The contents of the trap are extremely cold, volatile, and flammable.  Hold the trap with the gloved hand and gently twist and lift the trap head and tube up out of the trap well. Hang the trap head on the clamp rod behind the trap well.

58. Loosen the finger clamp and remove the trap well. Carefully pour the liquid from the trap into the cylinder and remount the trap in the finger clamp.

59. Remove the funnel and place the cylinder on the scale. Record the weight and volume of these products on the data page.

60. Place the cylinder back in the hood on the right side out of the way. We have placed these volatile products back in the hood because they have a high vapor pressure and will begin to boil off at room temperature!

61. Check the well temperature of the boiling flask. Close the coolant valve when this temperature drops below 100 degrees Celsius and remove the thermometer from the well tube.

62. Zero the scale and place the cork ring on the scale

63. Put on the thick thermal glove; the contents of the flask are still quite hot. Hold the flask with the gloved hand. Remove the metal spring clamp and remove the flask from the distillation column.

64. Place the flask on the cork ring and record the total weight on the data page. Calculate the weight of the products remaining in the flask using this and the weight recorded in step 2. Record the weight of the remaining oil on the data page. 

65. Close the main nitrogen valve.

RUNNING THE DISTILLATION

Heating the crude oil:

You will be using a Variac to regulate the heating rate of the flask of crude oil.  A Variac simply steps down the line voltage of 110 V making it possible to control the heat output of the heating mantle. You will remember from ohms law:

    Watts = Volts x Current,  and  Current = Volts / Resistance

    Substituting we have: Watts = Volts2 / Resistance   

From this relationship it should be noted that if we double the voltage the corresponding heating power increases by a factor of four. Therefore, you should increase voltage gradually when more heat is needed.

As noted earlier, the vapors formed during distillation will be rich in the most volatile compounds. Therefore, gasoline will be driven off first followed by kerosene. To collect gasoline you should start off heating the crude oil at 110 V but reduce this to 60 V once boiling begins. To collect kerosene you should start off heating at 130 V and reduce to 100V once boiling begins. As the distillation proceeds, more power is required because the contents of the flask become gradually richer in less volatile hydrocarbons. Your aim should be to keep the drip rate into the receiver at about 40 to 60 drops per minute. Increase the heat by 10 V increments whenever your drip rate falls below 40 drops per minute. If over-heating occurs as indicated by high drip rate, turn the variac off and notify your instructor. As a general rule, under-heating slows or stops the distillation, and over-heating drives the vapors through the “saturated” condenser to the cold trap. While the drip rate is your guide as to whether to increase or decrease the heating, you should also monitor the spillover point and note that this area stays wet with condensate as the distillation proceeds. 

Data Collection and System Monitoring:

As the distillation progresses, simultaneously record the temperature of the crude oil in the flask, the temperature of the condensing vapor at the spill over point into the condenser, the approximate drip rate and the volume of liquid collected in the graduated cylinder. Closely monitor the system pressure during the distillation. Notify your instructor if it changes.

Start collecting this data starting when liquid begins to drip into the receiver.

Record this data every 5 minutes. Also record the actual time in the time column.

Temperature, Drip Rate, and Volume Data for Gasoline

	Time into distillation

(minutes) @ Time
	Flask Temp.

(Degrees C)
	Spillover Temp.

(Degrees C)
	Drip Rate

(Drops/min.)


	Volume in Receiver (ml)

	0
	
	
	
	

	5
	
	
	
	

	10
	
	
	
	

	15
	
	
	
	

	20
	
	
	
	

	25
	
	
	
	

	30
	
	
	
	

	35
	
	
	
	

	40
	
	
	
	

	45
	
	
	
	

	50
	
	
	
	

	55
	
	
	
	

	60
	
	
	
	

	65
	
	
	
	

	70
	
	
	
	

	75
	
	
	
	


Temperature, Drip Rate, and Volume Data for Kerosene

	Time into distillation

(minutes)
	Flask Temp.

(Degrees C)
	Spillover Temp.

(Degrees C)
	Drip Rate

(Drops/min.)


	Volume in Receiver (ml)

	0
	
	
	
	

	5
	
	
	
	

	10
	
	
	
	

	15
	
	
	
	

	20
	
	
	
	

	25
	
	
	
	

	30
	
	
	
	

	35
	
	
	
	

	40
	
	
	
	

	45
	
	
	
	

	50
	
	
	
	

	55
	
	
	
	

	60
	
	
	
	


Weight and Volume Data Page

Weight from step 2. 

     Weight of  ring, flask, and chips. ____________ grams.

Weight from step 6. 

     Total pre-distillation weight of ring, flask, chips, and oil. ______________ grams.

     Weight of oil added. ______________ grams.

Weight from step 29.

     Weight of gasoline collected. ________________ grams.

Weight from step 53.

     Weight of kerosene collected. _________________ grams.

Weight and volume from step 59.

     Weight of products in trap. __________________ grams.

     Volume of products in trap. __________________ ml.

Weight from step 64.

     Total post-distillation weight of ring, flask, chips, and oil. ______________ grams.

     Weight of oil remaining in flask. _________________ grams.

Material balance

Compare the weight of the crude oil initially added to the flask to the sum of the weights of the collected products (including trap products) and the oil remaining in the flask.

     Weight of oil added to flask. __________________ grams.

     Weight of products and remaining oil. _________________ grams.

1. How do you expect the above two weights to compare?

2. To what do you attribute any difference?

Testing the products

Engineers often submit their products to rigorous testing to ensure that these products perform to standard. Since we are teaching engineering it is only fit that we put our products to the test. Even though we have outlined a process to produce gasoline and kerosene you should provide further evidence to support your claim that these liquids are what you say they are. One way this can be achieved is by measuring the density of the gasoline and the kerosene that you collect. We will further test the products by utilizing them in a typical application; the gasoline you produce will be run in an engine while the kerosene will light a lamp.

Density:

Density is the mass of a substance divided by the volume it occupies. A block of lead weighs more than a same size block of wood because lead is more dense than wood. Density, like boiling point, is a property of the products collected and can be used to help identify the product. Measure the density of both gasoline and kerosene. Use last week’s measurements of mass and volume for the trap products to calculate their density.   

Measuring Density
1. Place the 25 ml graduated cylinder on the scale and zero the scale.

2. Place the cylinder on the absorbent pad and using the thin glass funnel, pour 10 to 20 milliliters of product into the cylinder.

3. Remove the funnel and place the cylinder back on the scale. Record the mass and volume of the product in the appropriate location below.

4. Pour the product back into its container over the pad.

               Mass of gasoline. _________ grams.

               Volume of  gasoline. __________ ml.

               Mass of kerosene. __________ grams.

               Volume of kerosene. __________ ml.

Using the formula:
       D = M/V
            where  D=density








M=mass








V=volume

Calculate the density in units of grams per milliliter and enter the values below.

               Density of gasoline. ____________ grams/ml.

               Density of kerosene. ____________ grams/ml.

               Density of trap products. _____________ grams/ml.

When you have measured the density of the gasoline, kerosene, and trap products, go to the following chart. This shows the density of the corresponding straight chain alkanes. Compare the density you calculate with the values given in the chart. From this you should be able to determine whether the density of the product you have distilled has the composition that was suggested earlier in the lab write-up. Characterize the trap products based on its density.
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Boiling Point Diagram,

Benzene-Toluene at Atmospheric Pressure

Multi-Stage Distillation in Tall Column 
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Product application:

Gasoline

Octane number is a measure of gasoline quality and petroleum refiners utilize several processes to raise this number. Cracking is one such process whereby the larger molecules are broken into smaller molecules using heat and/or a catalyst. Refiners also use catalytic reforming to convert straight chain molecules to a branched form. Cracking and catalytic reforming both increase octane number because smaller molecules and branched molecule have higher octane numbers. Gasoline with a high octane number produces very little “knocking” when run in an engine thereby promoting engine efficiency. “Knocking”, as it is commonly called, simply refers to noise that is transmitted from the colliding of the multiple flame fronts and the increased cylinder pressure that causes the piston, connecting rod and bearings to resonate.
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Octane number is one property where N-paraffins are a particularly bad indication of the octane number of all hydrocarbons for their carbon number.  This is because N-paraffins have by far the lowest octane of any for a hydrocarbon of the same carbon number.  This is evidenced in Table 1 for the C8 hydrocarbons.  It can be seen in this table that while the C8 aromatic xylene has 100+ octane, N-octane has an octane number of –17.  Even Iso-octane, the isomer of N-octane which has an is chemically very similar to N-octane, has 100 octane.  In short, the octane of any petroleum fraction is much higher than the N-paraffins in that fraction.  If this were not true, the gasoline we produce by simple crude distillation would need to exclude all hydrocarbons above C6.   We have chosen to cut our gasoline at a distillation temperature of 165 degrees Celsius.  We really have little idea of what the actual octane number of our gasoline is, but it is almost certainly lower octane than any regular grade gasoline on the market today.  Fortunately our test engine is not a high compression, high performance engine. 

Kerosene

Being less volatile, kerosene is well suited to be used in an oil lamp where a highly volatile fuel like gasoline would tend to flare up. We will test your kerosene in the lamp, provided that its density does not suggest high volatility. 
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