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TEAM STATEMENT


After careful consideration the team decided not to develop student modules for this activity due to prohibitive equipment cost; and activity complexity which does not lend itself to adaptations for average middle and high school grade levels. We have included the module in case you would like to use it for advanced students or special projects.


CONCEPT


Perform a series of experiments to investigate the kinetics of free radical polymerization of acrylamide monomer.  This experiment is appropriate for an upper level chemistry class only.


OBJECTIVES


To evaluate the effect of temperature on the rate of polymerization.


To evaluate the effect of initiator concentration on the rate of polymerization.


To calculate the various rate constants for this reaction.


To calculate the average chain length and molecular weight of the polymer.


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


Introduction


The presence of polymers in our modern society is essential; however, they are not new to the world because they exist naturally in amino acids, cotton, silk, cellulose and many other products.  Annually, approximately 20 billion pounds of polymers are produced synthetically.  Many of these polymers are derived from a petroleum base.


Polymers are formed by two different types of reactions; condensation polymerization and free-radical addition polymerization.  The condensation reaction requires a monomer with two reactive sires and is characterized by the expulsion of certain atoms so that the molecule expelled is most often water.  Such polymers are crystalline, and some have highly oriented structure.  Additional polymers, on the other hand, proceed by a free-radical mechanism and maintain their monomeric formula in the polymer stage.  In most cases the product is amorphous or imperfectly crystalline.


The purpose of this experiment is to tie mathematics and chemistry together, which are important tools of the chemical engineer.  Polymerization reactions or reactions in general must be modeled in order to predict how long materials must react to form the product of interest.  In order to model the reaction, an equation which describes the rate of reaction must be developed from experimental results.  For the free radical polymerization, the rate of  reaction is:
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where:


RP = polymerization rate


m = mass of polymer made


t = time


k = constant


[persulfate] = initial concentration of persulfate


[acrylamide] = concentration of acrylamide





Looking at the equation, if several experiments are performed at constant [persulfate] or [acrylamide], the exponents (i.e. 0.5 and 1.0) are determined experimentally.


MATERIALS


�
constant temperature bath


500 ml reaction flask


stop watch


analytical balance


one - 1 ml pipette


one - 50 ml graduated cylinder


one - 1 liter sidearm flask


one buchner funnel


filter paper


12 sample bottles and caps


assorted glass tubing


acrylamide


potassium persulfate


nitrogen


methanol


�
Experimental


The reaction is conducted under a nitrogen atmosphere in a reaction vessel which is immersed in an agitated constant temperature bath.  The reactant is acrylamide in solution with distilled water and the initiator, potassium persulfate in distilled water, is used to produce the initial free-radicals.  Since all of the constituents of the reaction mixture except polyacrylamide are insoluble in methanol, this liquid is used to isolate the polymer so that its concentration per unit volume of sample can be determined.  The reaction mixture remains homogeneous throughout the run, becoming extremely viscous as polymer concentration increases and culminating in a thick gel phase at completion.  The reaction rate is found to be directly dependent on temperature and initiator concentrations.  Only extremely small initiator concentrations provide a reaction rate slow enough to provide meaningful data.


The procedure for this experiment is explained in three sections:  Preliminary procedure, operating procedure, and testing and cleaning procedure.


Preliminary Procedure


�AUTONUMLGL�	Clean the reaction vessel thoroughly to avoid polymer or initiator residue from affecting the reaction.


�AUTONUMLGL�	Prepare 1 liter of 10% weight solution of acrylamide in distilled water and 25 to 50 ml of 0.5% by weight potassium persulfate in distilled water.


�AUTONUMLGL�	Bring the temperature bath to an operating temperature between 55 and 80 ºC.


�AUTONUMLGL�	Make a right angle bend from glass tubing and install it in the sample port.


Operating Procedure


1.	Flush the reactor with nitrogen at a slow flow rate.  Continue a slight nitrogen pressure throughout the experiment.


2.	Pour 250 ml of the acrylamide solution into the reaction vessel.


3.	Pipette 1 ml of the potassium persulfate solution into the reactor vessel and begin timing the reaction.  Stir gently to insure complete mixing.


4.	Take 10 ml samples at 3 to 5 minute intervals by blocking the flow of nitrogen through its exit port and allowing the pressure difference to force the liquid through the sampling tube.  The first sample should be taken at 10 minutes for temperature near 80 ºC and at 25 minutes for temperatures near 60 ºC.


5.	Measure the volume of the sample and quench immediately using an excess of methanol.  Record the volume and time of the sample.


6.	When the white fibrous polymer appears, begin taking samples as rapidly as possible.


7.	Continue taking samples until the reaction has reached completion and the reaction mixture has become too viscous to be sampled.


Testing and Cleaning


1.	Pour the liquid from the flask soon after the reaction is completed.  Flush with a rapidly-running stream of hot water.  Remove residue with a brush and make sure the flask is clean for the next run.


2.	Determine the weigh of polymer formed by the following method.


a.	Filter liquid from the sample by using a sidearm flask connected to a vacuum line.


b.	Allow the filter paper to dry.


c.	Allow the excess liquid to evaporate from the bottle.


d.	Weigh the bottle and the residue left inside.


e.	Clean and dry the bottle thoroughly and weigh again or obtain the weight of each bottle at the beginning of each run.


f.	Obtain the weights of the filter paper with and without the sample.


g.	Combine the weights of polymer from the sample bottle and filter paper to determine the total polymer formed.


TEACHER NOTES


CAUTION:	The reactants and products found in this experiment may be harmful.  Excessive breathing of vapors and any contact with skin should be avoided.  Safety goggles and rubber gloves should be worn throughout the operation section of the experiment.
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Figure � SEQ Figure \* ARABIC �1�:  Polymerization Reaction Apparatus


REFERENCES


Brainard, Dr. Allan J., “Unit Operations Laboratory Guide.”  Chemical and Petroleum Engineering Department, University of Pittsburgh, PA 15260,  pp. 84-91. (1993-94)


Ibarra, M. and J.M. Smith, AIChE Journal, pp. 20, 404 (1974).


Klinzing, G.E., “Chemical Engineering Laboratory Guide,” pp. 147-158, University of Pittsburgh, 1972.


OTHER RESOURCES


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


� TITLE  \* MERGEFORMAT �Polymerization�	�subject �Chemical Engineering�: Module �keywords �4�/�PAGE�2�





( The Summer Institute for Engineering and Technology Education, University of Arkansas 1995.  All rights reserved.





Revision: �TIME \@ "MM/dd/yy"�08/01/95�





( The Summer Institute for Engineering and Technology Education, University of Arkansas 1995.  All rights reserved.














