ETHANOL PRODUCTION LAB

This lab provides students with experience in the processes involved in fermentation ethanol production from the raw material stage, through fermentation and distillation, to the end product.

CAUTION:  This process produces materials unfit to consume. 
This lab will require careful observing, recording, measuring, analyzing, interpreting data, and controlling variables.  All observations and any data must be included with your formal lab report.

Prepare the Malt:
Note:  It will take approximately two weeks to prepare the malt.
Materials needed:  thermometer, stirring rod, distilled water, balance or scale, corn seed, towels, plastic 

Procedure: 


1. Soak at least 20 grams of corn seeds in a container of warm water for 24 hours.


2. Drain water, add more warm water, allow to soak for 15 minutes, drain water. 


3. Spread the soaked seeds on a wet towel, cover with another wet towel, then cover with plastic.


4. Keep towels moist while seeds sprout.


5. When sprouts reach a length of one inch, remove sprout and seed and let dry.


6. After dry, grind the sprout and seed (now called malt) for use in the mash. 

Prepare the Mash:
Materials:  thermometer, stirring rod, distilled water (preheated and room temperature), balance or

                   scale, beakers, Erlenmeyer flasks, lab toweling, pH paper, sulfuric acid, burner apparatus

                   or hot plate, safety glasses, corn (shelled, meal, or flour), grinding apparatus (manual 

                   grinder or boards), Malt and Yeast, test tube, sugar, graduated cylinder

Procedure:


 1.  In a beaker, mix 50 g of corn with 300 ml of preheated distilled water.


 2.  Add 1 or 2 drops of sulfuric acid to adjust pH to 5 (to be done by the teacher). 


 3.  Bring to a boil while stirring constantly.  Boil for 15 minutes.


 4.  Set aside and allow to cool while stirring constantly for 5 minutes.

5. In an Erlenmeyer flask, mix 12 g of ground malt with 100 ml of distilled water.  Set aside for

      later use.

6. Prepare the yeast.  In a test tube, mix 0.5 g of yeast with 20 ml of warm (29°C or 85°F) water.

     Add a pinch of sugar and watch for bubbling to show yeast is active.  Set aside for later use.

7. Carefully cool mash (from step 4) to 63°C (145°F) while stirring occasionally.  (It may be 

     necessary to place beaker in warm, cool, then ice water.)


 8.  Add malt solution (prepared in step 5).


 9.  Allow to cool to 28°C (83°F), then stir in yeast solution (prepared in step 6). 


10.  Cover beaker with a glass or plastic top, or transfer the mixture to an Erlenmeyer flask.


11.  Let stand at room temperature 10-14 days.

NOTE:  When bubbling stops, fermentation has ended.  In anaerobic (no oxygen) conditions, yeast gets 

              energy from sugar by fermentation.  In doing so, they produce ethanol, carbon dioxide, and heat.
Questions:
1.  What evidence is there that a reaction is occurring?

2.  How could you prove that this reaction is fermentation?

3.  What evidence is there that energy is being released?

 Distillation of Fermented Products:
A Distillation Apparatus:


Materials:  cloth, beakers, burner set-up, flask, stopper, glass tubing, condenser tube, electrical tape, two 

                   small graduated cylinders, 4 petri dishes, matches, wood board, lab grade ethanol, safety glasses.

Procedure: 

1.  Set up distillation apparatus (obtain Teacher's approval before continuing).

2. Squeeze fermented mash through a cloth into the Erlenmeyer flask OR while being very

     careful not to disturb the mash, use a pipette to draw off the top clear layer of liquid.


3.  Transfer liquid into distillation apparatus.


4.  Distill the first 10% (approximate) of the liquid into the graduated cylinder.  DO NOT DISTILL

                 TO DRYNESS (Ethanol evaporates first, so you should get mostly ethanol with the first 5ml that

                 are distilled.)

5. Carefully smell the fuel by using your hand to slowly fan the vapors toward your nose.  Compare 

     the smell to lab grade ethanol.

6. UNDER TEACHER'S SUPERVISION, pour the ethanol fuel into a Petri dish and light it

     with a match.  Compare it to the burning of lab grade ethanol. 

Questions:

1.  State your observations

2.  What is the boiling point of ethanol?

3.  What differences were found in the odor of the manufactured ethanol to the lab sample?

4.  Describe differences in the ethanol samples while they were burning. 

5.  Provide the balanced equation for the complete combustion of ethanol and for the incomplete

     combustion of ethanol 


