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CONCEPT


The separation of two different metal ions from a dilute aqueous sample is demonstrated by using chitosan as an adsorbent.


OBJECTIVES


The experiment is intended to introduce the students to two areas of importance to chemical engineers: separation technology and renewable resources 


SCIENCE PROCESS SKILLS


�
Identifying


Measuring


Observing


Predicting


Experimenting


Collecting and interpreting data


Analyzing data


�
AAAS SCIENCE BENCHMARKS


�
1A The Scientific World View


1B Scientific Inquiry


4D Structure of Matter


4E Energy Transformations


12 Manipulation and Observation


12E Critical Response Skills


5E Flow of Energy and Matter


�
SCIENCE EDUCATION CONTENT STANDARDS (NRC)


Grades 5-8


Design and conduct a scientific investigation


Use appropriate tools, techniques, and analyze data


Construct explanations and models using evidence


Properties of matter


Particulate model of matter


Grades 9-12


Identify the questions and use concepts to guide scientific investigations


Construct and revise scientific explanations and models


Using logic and evidence


Recognize and analyze alternative explanations and models


Communicate and defend a scientific argument


Interactions of energy and matter


Atomic structure of matter


STATE SCIENCE CURRICULUM FRAMEWORKS


Grades 5-8:	1.1.7,1.1.10,1.1.11, 1.1.12, 1.1.13, 1.1.14, 1.1.15, 1.1.16, 3.1.15, 3.1.17, 3.1.19


Grades 9-12:	1.1.20, 1.1.21, 1.1.22, 1.1.26, 1.1.27, 3.1.33, 3.1.37


Background


�


Chemical processes in some cases can produce metal ions (Me) as byproducts.  When these metals are dissolved in water, this can be problematic: (i) as a waste stream, the Me-containing water may not be discharged to the environment without treatment, (ii) equipment such as pumps, valves, and piping through which the water flows can be damaged (e.g. precipitation and wear), and (iii) in some cases can inhibit reactions.  Thus the removal of one or more Me is required.


Processes which remove metals from aqueous streams include precipitation and adsorption.  Materials which adsorb metals are either packed in a column (water containing metals flow through), or added to a tank containing the solution (slurry).  Adsorbent materials include man-made, or natural materials.  One such natural, renewable resource is found in the shell of crabs, and is called chitosan.  Chitosan is a waste product of the fishing industry, and by using this material we may potentially “clean up” one waste product with another, or separate one metal ion from another.  This experiment illustrates the use of chitosan, a bipolymer, to remove one out of two metal ions present in a dilute aqueous sample.


gRADES 5-8 aCTIVITY mODULE


Materials (per group)


�
1.0 gram of chitosan 


20 ml CuCl2 solution


20 ml CoCl2 solution


25 ml graduated cylinder


50 ml Erlenmeyer (flat bottom) flask


100 ml Erlenmeyer (flat bottom) flask


1 stopper for 50 ml flask 


filter paper 


funnel�
PROCEDURE


Mix 10 ml of each of the solutions in a 50 ml Erlenmeyer flask.  Note the color of the resulting solution. 


Add 1.0 gram of chitosan to the CuCl2 and CoCl2 solution.  Stopper the flask and shake vigorously for five minutes.


Filter the solution and note the color of the filtrate and the color of the chitosan.  Compare the color of the filtrate to the color of the original CuCl2 and CoCl2 solutions.


GRADE 9-12 ACTIVITY MODULE


Materials (per group)


�
1.0 gram of chitosan 


1 mmol CuCl2 


1 mmol CoCl2 


0.1 M HCl


2 - 25 ml Erlenmeyer flasks


50 ml Erlenmeyer flask


100 ml beaker


pH paper


1 stopper for 50 ml flask 


filter paper 


funnel


�
PROCEDURE


Place 40 ml of distilled water into a 100 ml beaker.  Using pH paper, adjust the pH to be between 4 and 5 by adding  0.1 M HCl a few drops at a time.  Use this water to make the copper and cobalt solutions.


Prepare a solution of 20 ml distilled water (pH 4.50) and 1 mmol CoCl2 in a 25 ml Erlenmeyer flask.  Mix 20 ml distilled water (pH 4.50) and 1 mmol of CuCl2 in another 25 ml Erlenmeyer flask.  Note the color of each of these two solutions.


Mix 10 ml of each of the solutions (prepared in step 2) in a 50 ml Erlenmeyer flask.  Note the color of the resulting solution. 


Add 1.0 gram of chitosan to the Cu and Co solution.  Stopper the flask and shake vigorously for five minutes.


Filter the solution and note the color of the filtrate and the color of the chitosan.  Compare the color of the filtrate to the color of the original Cu and Co solutions.


KEY QUESTIONS


Which metal ion was removed by the chitosan?  (This method only removes one of the two metals well.)


What would one do with the chitosan after a metal were absorbed?


What does this experiment show?  How would it be useful to a Chemical Engineer?


What is the significance of the color of the filtrate solution?


TEACHER NOTES


Tie Into Math.  Chemical engineers would estimate the amount of chitosan required to adsorb a certain amount of metal ion as the basis for a design.  Then, calculus would be used in conjunction with experimental data, to write a differential equation which describes how fast the metal is being adsorbed, and when the process would be stopped.  Experimental data would be amount metal adsorbed vs. time.
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Other Resources


Borgford, Christie L., and Summer, Lee R. Summerlin,  Chemical Activities: Teacher Edition, American Chemical Society, Washington, D.C., 1988.


Woodward, Linda, Polymers All Around You!  A copy may be ordered from:


Terrific Science Press�Miami University Middletown�4200 East University Blvd.�Middletown, OH 45042


For each copy requested, send a check or money order for $4.00.  This price includes shipping and handling.
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