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Polymers and Plastics

The purpose of this experiment is to introduce basic concepts of polymers.  The experiment includes the plasticization and film casting of agar, a natural biopolymer, and cross-linking and film casting of poly(dimethylsiloxane), an elastomer.

Mechanical properties are important in applications of polymers and plastics. In this experiment you will observe how tensile properties of plastic films depend on the formulation of the material. Aspects of polymer and plastics degradability will also be introduced.

Introduction

Biopolymers. There is growing use of biodegradable and compostable polymers and plastics for large-scale commodity applications, such as trash bags and food service items (forks, spoons, cups, plates) for the fast-food industry, as well as for home use. The development of biodegradable plastics and compostable plastics is partially being driven by waste-management issues and concern for the environment. If the plastics are also derived from renewable biomass they conserve nonrenewable fossil resources.  There are also biomedical applications in which it is desirable that the polymer materials be degradable as well as biocompatible.

Poly(dimethylsiloxane) (PDMS) is an elastomer (rubber), with a large number of practical applications. It is a prototypic elastomer.

Part I Agar Films
Prepare three agar films for mechanical testing, using glycerol as the plasticizer.  The polymer:plasticizer weight ratios should be 1:1, 3:2 and 4:1.  For each, make a total volume of 120mL and a total weight of 4g.  (A glycerol stock is prepared as a 2% v/v solution of glycerol in water; the density of pure glycerol is 1.26 g/mL.)  Mix the appropriate amounts of polymer, plasticizer and water in a 200 mL glass beaker.  Mechanically stir the solution on a hotplate and heat until the polymer is completely dissolved, at approximately 85 to 95°C.  Pour the resulting solution into a mold on a flat pan. Spread the mixture to cover the bottom, either by tilting the pan back and forth or stroking the mixture with a stirring rod.  Try to remove all imperfections (bubbles, waves, etc.) from the surface of the film.  Allow the solution to set for about 1 hour and then place in an oven at 65°C for 24 hours.
After at least 24 hours, remove the agar/glycerol films from the oven and carefully extract the films from the pans, maintaining their shapes.  Place the samples in a desiccator to condition the samples at a constant relative humidity of approximately 50% for 24 to 48 hours.

Remove the agar/glycerol samples from the dessicator and cut several vertical strips of each film using the precision knife and 0.25” template bar provided.   (Make the cuts as clean as possible so as not to notch or tear the specimens.)  Run the samples on the Instron with the help of the lab instructor.

Part II   PDMS
Poly(dimethylsiloxane) (PDMS) can be cast with a desired degree of cross-linking by choosing the weight ratio of the two-component prepolymer, namely the elastomer and curing agent.  Prepare 5g each of 10:1, 15:1 and 20:1 ratios of elastomer to curing agent, mixing with a spatula until homogeneous.  Degas the samples with a dessicator.  Make sure the PDMS is evenly dispersed on the Petri dish so that the thickness of the sample is approximately the same throughout.  The samples are then placed in an oven at approximately 80°C  until the next lab period.

Carry out the mechanical testing of the PDMS sample.  

Operating the Instron Testing Instrument

1.  Before turning anything on, locate the following features on the test column:

Emergency Stop Switch (large red knob on lower right of test column; used to stop test quickly, when safety is compromised)

Main Power Switch (rear right)

Jog Up, Jog Down, and Fine Position (moves the crosshead up and down)

Upper Limit Stop, Lower Limit Stop

(yellow with black knobs, on right of column, they limit the crosshead movement)

Reset GL (Gauge Length) (controls the Return response)


Standby, Ready


Start, Stop, Return (These operations are usually controlled with the software.)

 
Locate the interface box, to the right of the test column.

2.  Start up and Check.


Turn on the printer (check paper supply).


Turn on Main Power Switch.


Monitor the Self-Test sequence on the interface box.

It should count down to 2 then stop.


Check that the crosshead travel limit stops are in place.


Turn on the monitor and computer.


Double click on the Merlin icon when it appears.

Click on the name of the test method: Film-0.25in. Wait.  The Merlin Screen will appear.

Click on Load Frame icon (to the right of the live digital displays).  Check that "Below crosshead" is on. Click Done.

Click on Extension icon (upper right corner).  Press Reset Gauge Length (digital reading will go to zero). Click Done.


Click on the Load Cell icon (to the left of the Extension icon). Select Automatic, then 

Calibrate. At "Remove Load from Load Cell" click OK. Wait. When complete, click Done.

3.  Running the sample.

As you prepare to test each specimen, measure the film thickness to 0.0001" using the micrometer.

Check "Pretest Sample" settings: Speed 2 in/min, number of specimens in sample (enter the number of specimens of that film that you have prepared), assign your sample a name, enter an operator ID, enter the temperature and humidity,  assign a specimen name, width (0.25 in), thickness (as measured), length (2 in.) [Note. This is the gage length (separation of grips), not the full length of the film.]

When OK click Continue. [Throughout the testing, a message will appear: "You have not accepted every field…" Check that the fields are correct then click Yes.]

Check "Specimen" settings. Change Specimen name as desired.

If OK click Start Test.

Follow the instructions, "Install the specimen, then click OK", as follows:

The sample should hang vertically. There should be no significant slack. 

The tensile strength digital display may not read zero, but should not be significantly large.

When the specimen is installed, click OK.

During the test, if the graph goes off scale, click the Rescale Icon on the graph screen, to the left of the printer icon.

At specimen break, follow instructions to remove the specimen and click OK to return the crosshead. Check that the specimen is entirely removed from the grips.

After each test, the used specimen may be discarded

For additional specimens, click Continue on Test Director.  Add Comment on previous specimen if desired. Then click Continue.

Change Specimen Name as desired. Measure the thickness and enter. Click Start Test.

After the last specimen has been run, and the results have appeared in the Results table, print the report.

4.  Printing the Report.

Click on the Report icon (bottom icon on right of screen).

The Report screen will open to the report template.

Click on Printer icon, on right of Report tool bar.

5. End Testing.

Click End Sample, enter a comment if desired, then Continue.

Enter a Note if desired, then Continue.

Save as: (Name as desired but save the file in the directory that has your course name.)

Then choose either:

(A) Start New Sample, to run the specimens of your next film.


If you have just printed a report, the report screen will be showing when you start your next run. Click the graph icon, just above the report icon, to get the graph screen.

or (after the last film sample)

(B) Start New Sample, then Save Method (from File), then Exit (from File)

Close Test Director.

6.  Shut down.

Click Start/Turn off computer/Turn Off.

When the computer shuts down, turn off the monitor.

Turn off printer and testing instrument.


Lab Write-up

Discuss the mechanical testing data, comparing the data for all of the polymers you ran.  In your analysis, you should include the dependence on polymer/plasticizer ratio in the agar films and the extent of cross-linking in PDMS.

