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Apparatus Needed/group

1. Cleaning the oil

The oil is filtered through a double layer of muslin to remove the debris from food preparation.  The oil will still be cloudy after this treatment. 

You will need a large funnel and a piece of muslin ~30cmx60cm to do this. 

The oil is then filtered through either a standard size coffee filter paper or through student grade filter paper commonly found in schools.  The oil will be a much clearer dark brown after this filtration. (If filtering a large amount then the process takes a long time). 

You will need;

	A sample of the waste oil
	A large funnel 

	A double layer of muslin ~30cm x 60cm in size
	2 large beakers to collect the filtered oil in

	A standard size coffee filter paper or some student grade filter paper
	A clamp stand, boss head and clamp


2. Removing any residual water

The filtered waste oil can be heated in an oven to 120°C to remove any residual water.  Alternatively, treat the sample with 3g anhydrous magnesium sulfate/100 cm3 of oil to remove any residual water and then filter.  Either method will work.

You will need

A sample of the filtered oil and
	Either
	Or

	Access to an oven at 1200C
	Access to a balance, weighing boat and spatula

	
	A filter funnel and filter paper

	
	A bottle of anhydrous magnesium sulfate 

	
	A clamp stand, boss head and clamp


3. Determining the amount of free fatty acids in the filtered oil
Normally 4.9g of pure (100%) assay) KOH is needed per litre of fresh oil at the trans- esterification step.  However, some of the oil will have been broken down into free fatty acids during the cooking process.  This will require a larger addition of the base at the trans- esterification step than is required for new oil. It is necessary to determine how much of the waste oil has been broken down into free fatty acids to be able to calculate how much extra potassium hydroxide is required to neutralise the FFA.
This is done by the following method.  First carry out a blank titration to establish if there is any reaction with the propan-2-ol.  
You will need:

	A sample of the dried oil
	Two disposable 1cm3 graduated pipette (graduated in 0.25cm3 portions).  /oil sample

	A 100 cm3 beaker/oil sample
	A bottle of a solution of 0.1% potassium hydroxide (~ 25 cm3 of solution)

	A bottle of propan-2-ol (~10 cm3 per oil sample)
	 A bottle of thymol blue indicator

	A magnetic stirrer and follower (or access to one)  or a stirring rod
	


4. Making the potassium methoxide (for use with fresh oil)
Wear goggles and gloves

	1. A balance able to read to 2 d.p.
	2. A weighing boat

	3. A spatula
	4. A bottle of potassium hydroxide (check the assay level is on the label) (Care: Corrosive)

	5. A bottle of methanol (Care:  Flammable, Toxic)
	6. 2 x 250 cm3 beakers

	7. A measuring cylinder 
	8. A magnetic stirrer, seeker and a stirring rod

	9. A bottle to store the potassium methoxide in
	10. Labels and hazardous pictograms for the bottle


Potassium methoxide is made in advance.

4.5-4.6g potassium hydroxide (strongly corrosive) is dissolved in 100ml methanol (highly flammable and toxic). 

Using a magnetic stirrer, stir till dissolved. This takes approximately 2 hours. 

Some unreacted hydroxide may remain in the bottom of the beaker. 

Bottle and label with toxic and corrosive pictograms.  

5. Making Biodiesel
You will need:

	1. A separating funnel
	2. A clamp stand, boss head and clamp or ring

	3. A beaker of cleaned and dried oil
	4. A bottle of potassium methoxide solution

	5. A 100 cm3 measuring cylinder
	6. A 10 cm3 measuring cylinder

	7. A 250 cm3 beaker
	


6. Washing Biodiesel

1. A bottle of 5% salt solution

2. A 250 cm3 beaker

3. Access to an oven set at 500 C              OR

4. A spatula, 

5. A jar of anhydrous magnesium sulphate 

6.  Access to a 2 d.p. balance

7. A weighing boat
7. pH and Viscosity
2 boiling tubes

A test tube rack 

A book of pH paper with the colour chart
8. Burning the biodiesel

(a) 2 evaporating basins
A wooden splint

Access to a fume cupboard (optional)

(b) The following apparatus made up as per the instructions which follow

	A copper can (as used in the enthalpy of combustion of alcohols)
	4 x  small heat mats

	Strong tape (Gaffa type)
	A thermometer

	A lid for the can (see later)
	Access to a fume cupboard (limits heat loss due to wind eddy)

	2 x evaporating basins
	2 x small piece of copper wire

	2 x small pieces of cotton to make wicks from
	A 100 cm3 measuring cylinder

	3 x  clamp stands with boss heads and clamps
	Access to a fume cupboard

	Samples to burn (e.g. biodiesel, oil and kerosene) 
	


Assemble the apparatus as follows:
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Make up wicks by rolling the cotton fabric, then wrap a length of copper wire around it to hold it together making a foot so that it can stand in an evaporating basin (See photos below)
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2. Cut a hole just smaller than the base diameter of the can in one of the mats.

3. Tape the mats together to form four sides of a box (see below)

4. Make a lid out of card and tape to fit the can.  Pierce a small hole in the centre able to take the thermometer.  (see below)
5. Arrange the two of the boss heads about 5 cm from the base of their clamp stands so the box can rest on two of them (see below).  The third clamp stand is used to hold the thermometer as shown.

[image: image7.png]



If this arrangement proves difficult to set up, the two clamp stands used to rest the box on can be replaced by two small test tube racks or even 2 blocks of wood about 5 cm high.
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	What should have been done
	Have you done it? 

	Calculate the mass of potassium hydroxide needed  per 200 cm3 of  methanol
	(See Free Fatty Acid determination sheet)


Prepare 50 cm3 of a potassium methoxide solution containing the required equivalent mass of potassium hydroxide in 200 cm3 of methanol. 
Wear safety goggles and gloves

You will need:

1. A balance able to read to 2 decimal places.
2. A weighing boat

3. A spatula

4. A bottle of potassium hydroxide (check the assay level on the label) (Care: Corrosive)
5. A bottle of methanol (Care:  Flammable, Toxic)

6. 2 x 250 cm3 beakers

7. A measuring cylinder able to measure 50 cm3 

8. A magnetic stirrer and a stirring rod

9. A bottle to store the potassium methoxide in.

10. Labels and hazardous pictograms for the bottle

What you do:

1. Measure out the correct mass of potassium hydroxide needed

2. Dispense 50 cm3 of methanol from the measuring cylinder  into a beaker

3. Add the potassium hydroxide slowly and with stirring to the alcohol

4. Either continue stirring gently until all the solid has dissolved 
OR
place the beaker on the magnetic stirrer and switch on.  Allow it to stir until all the solid has dissolved

5. Pour the potassium methoxide solution into the bottle and label it accordingly

Determination of Iodine Number

Before commencing all water to be used in preparation must be recently boiled distilled water. 

Preparation and Standardisation of Sodium Thiosulphate Solution.

You will need 

· Sodium thiosulphate solution approx 0.25M

· Potassium Iodate solution 0.02M

· 10% potassium iodide solution

· 1M sulphuric acid

· Starch solution for use as an indicator (freshly prepared)

· Cooled boiled-out distilled water

To prepare an accurate 0.25M solution of Sodium thiosulphate

1. Boil out sufficient distilled water and cool

2. Weigh out accurately62.045g of Analytical Grade sodium thiosulphate crystals. (mass should be obtained by difference rather than taring the balance to Zero. This reduces the error due to weighing.) 

3. Transfer to a beaker rinsing the weigh boat into the beaker. Use cool boiled-out distilled water

4. Dissolve the crystals in approximately 50% of the require volume using cool boiled out distilled water

5. Transfer the solution to a 1L volumetric flask. 

6. Rinse the beaker using more of the boiled-out water. Add the rinses to the volumetric flask. 

7. Make up to 1L using the remainder of the boiled-out water.

If the solution is to be kept for more than a few days add 0.1g sodium carbonate to the solution. 

To prepare an accurate concentration of Potassium Iodate.

1. Weight out the approximate amount of Analytical Grade potassium iodate you will need (probably about 5 g) replace the lid on the jar immediately and transfer the weighed iodate to a clean container

2. Dry the potassium iodate in an oven at 120°C overnight. If, for any reason, this has not been done, CLEAPSS suggest that it can be heated at 180°C for 30 minutes instead. (The compound should be dried in an oven until there is no noticeable change in mass.)
3. Distilled water to be used should be boiled-out and cooled.  Ensure that sufficient water is available.

4. Using a 3 decimal place balance weigh the weigh boat you are going to use. Record the mass.

5. Weigh out accurately to 3 decimal places 4.28g of analytical grade potassium iodate. Remember to obtain mass by difference not by taring the balance. 

6. Transfer the salt to a beaker.  Reweigh the weigh boat. (Ideally all the salt will be transferred to the beaker and the mass will be that of the weigh boat. If not then record the mass and calculate by difference. (Subtract the mass of the boat from the mass of the boat and the salt.) 

7. Dissolve the salt in approximately 50% of the final volume of cooled, boiled-out, distilled water. 

8. Transfer to a 1L volumetric flask. 

9. Rinse the beaker and then add the rinses to the volumetric flask. 

10. Make up to 1L with more cooled, boiled-out water.

Prepare 10% Potassium Iodide solution

 Potassium iodide must be iodate free.

1. Weigh out required amount of iodate free potassium iodide.

2. Dissolve iodate free potassium iodide in 70% of the final volume of cooled, boiled-out, distilled water. 

3. Transfer to a measuring cylinder.

4.  Rinse beaker. Add rinses to measuring cylinder

5. Make up to final volume with more cooled, boiled-out, distilled water.

Carry out the titration.

1. Fill a 50ml burette with the sodium thiosulphate solution.

2. Pipette 25ml of the potassium iodate into a 250ml conical flask. 

3. Add 10ml of 10% potassium iodide solution and 3ml of 1M sulphuric acid to the flask. 

4. Titrate the liberated iodine using the thiosulphate solution with constant stirring until the colour of the liquid is a pale yellow colour. 

5. Dilute the solution to approximately 200ml using distilled water and add 2ml of starch solution.

6.  Continue the titration until the colour changes from blue to colourless. 

7. Repeat with two other similar portions of potassium iodate. The titration should agree to within 0.05ml of each other. 

8. Calculate the concentration of the solution. Work out the amount of iodine equivalent to 1ml of thiosulphate.

Risk Assessment:  Preparation of biodiesel (based on HSE 5 Step)

	Activity assessed
	Preparation of Biodiesel

	Date of assessment
	October 2010

	Date of review (Step 5)
	

	School
	

	Department
	


	Step 1
	Step 2
	Step 3
	Step 4

	List Significant hazards here:
	Who might be harmed and how?
	What are you already doing?
	What further action is needed?
	Action by whom?
	Action by when?
	Done

	Preparation of  potassium methoxide- 

methanol- Toxic by ingestion, inhalation and skin absorption, the effects sometimes appearing several hours later. Liquid and vapour are damaging to the lungs, skin and other organs. High concentrations may damage the central nervous system and impair vision. The liquid and vapour are particularly dangerous to the eyes as methanol has a specific effect on the optic nerve and retina. Prolonged exposure to low concentrations can cause serious illness as it is a cumulative poison. Experimental teratogen. Human mutagen. 

Highly flammable (explosive limits 6 - 37% in air) 

potassium hydroxide - Strongly corrosive solid and solution and very harmful if swallowed. Extremely dangerous to eyes as damage can continue long after the initial pain has subsided. Skin contact causes severe burning with blisters. Skin damage can be deep as even dilute solutions are absorbed. 
 
	Technician (possibly teacher)


	Prepare in fume cupboard

In very well-ventilated area normally but in fume cupboard for large quantities or prolonged working with the compound. Use rubber or plastic gloves and eye protection. Beware repeated exposure FF - VL & WS.

Keep away from flames and all sources of ignition. Pressure can build up in bottles.

 Wear rubber gloves and eye protection, even with dilute solutions. Use goggles to BS EN 166 1 3. (formerly BS 2092C)


	
	
	
	

	Use of potassium methoxide-

toxic and corrosive
	Technician/Teachers/pupils
	Wear rubber or plastic gloves and eye protection, Use goggles to BS EN 166 1 3. (formerly BS 2092C)
	
	
	
	

	Kerosine - Harmful if swallowed. May act as an irritant.
	Technician/Teachers/pupils
	Ensure good ventilation when using.  Wear gloves goggles to BS EN 166 1 3.
	
	
	
	

	Burning the biodiesel and oil samples produces smoke.
	Technician/Teachers/pupils by inhalation.
	While long term inhalation of the smoke from biodiesel or oil is certainly bad, the small amounts used here over a short period of time are not a major worry. 

If the room is well-ventilated, the process can be carried out on the bench. If not, a fume cupboard should be used.
	
	
	
	


	Description of activity:

Biodiesel can prepared from both fresh and waste (used) cooking oil by mixing with a concentrated alkaline solution and allowing the glycerol to settle from the resulting FAME (biodiesel). The biodiesel can be separated and then washed and dried. 

Its pH and viscosity can be compared to the original starting oil.

The energy per gramme of biodiesel can be calculated and compared to that of the starting oil by burning samples in apparatus similar to that used for the Enthalpy of Combustion of alcohols.  Care when using the apparatus due to risk of burning.

The energy in the biodiesel can also be compared to that in a fuel such as kerosene.


	Additional comments:

Kerosene can be burned instead of mineral diesel for comparative purposes. 

Mineral diesel must on no account be used in school as it is a banned carcinogen.

See sheets for the design of the apparatus for burning samples and how to make the wick.  Collect all solutions and keep for disposal.

































































Technician’s Guide























