
UO/MSI CH 668   Summer 2018

Take-Home Assignment (125 pts)   Thermal Characterization of Plastics
DUE Tuesday August 7, 2018 9am IN-Class
1) (25 pts) Differential Scanning Calorimetry -- Basics
 
Sketch and label a typical DSC curve for a 2 L soda bottle stretch blow-molded (at a very high rate).  Include axis labels, all thermal transitions and transition temperatures that would help you identify the plastic.

a) All on one Plot
i) 1st Pass DSC Heating Curve - “as received” stretch blow-molded soda bottle
ii) Cooling Curve – Slow-cooled from melt in DSC   
iii)  2nd Pass DSC Heating Curve – after slow-cool from the melt in the DSC
b) 2nd Pass DSC Heating Curve – soda bottle Quench-cooled from melt in DSC
c) Define % Relative Crystallinity (%RC). 
d) Estimate %RC for 2nd Pass DSC Heating Curves above (slow-cooled and quench-cooled from melt in DSC). Show work.
Thermal Characterization Jeopardy
All thermograms are on Web Page. You must print and submit.
Thermal Analysis of Unknown Polymers – DSC and TGA

Analyze the following DSC and TGA thermograms to determine the polymer composition of the material. Indicate directly on the plot all the thermal transitions (glass transition temperatures, melting points, heats of crystallization and melting, thermal decomposition, etc.).

In the cases where the analysis has not been done, indicate on the plot how the data is obtained. 

For each product, explain your analysis and make your case for your final answer.

2)  (15pts) DSC Curves for Polystyrene under high gas pressures (Seteram)

You are working for a company that makes membranes for gas separations which are typically run under high pressure. One of your colleagues approaches you with some interesting data on the glass transition temperature for polystyrene under high pressure using a methane gas (see accompanying plots). The glass transition temperature of PS dropped from approximately 95°C at 1bar to 65°C at 250 bar. To make things even more puzzling, they repeated the experiment with nitrogen gas and saw no change in the glass transition temperature. 

Can you offer a molecular explanation for this, based on your knowledge of the meaning of the glass transition temperature?

3) (15pts) Sun Chips Bag

Frito-Lay Inc., the producers of Sun Chips, tried to introduce a new sustainable packaging material for this “healthy variety” of snack chips back in around 2011 or so. It wasn’t a big success and the packaging was subsequently removed from circulation. The DSC curves given are the 1st pass (labeled stress) and 2nd pass (labeled quench) heating curves for the packaging material. Explain the curves, indicate all the information you can get from the curves, and identify the material. 

4) (25pts) B. Braun Inc. IV Bag

Dr. Skip needed IV antibiotics because of an infection he had in his leg. He noticed the IV bag (manufactured by B. Braun Medical Inc.) was clearly labeled “Does NOT contain DEHP”. Knowing that most IV bags produced are made with plasticized PVC (which contains DEHP), he was curious and asked to take the IV Bag home to test. The DSC curves given are the 1st pass (labeled stress) and 2nd pass (labeled Run#2) heating and cooling curves for the IV bag material. One of the graduate students analyzed the DSC curves and the data is shown. However, he missed something when he did the analysis. Review the DSC curves and provide a complete analysis. Remember that polymer blends are often used in these applications.

5) (20 pts) Polymer Pictionary - Interpretation of DSC and TGA data for an Unknown Material

You have been handed an HP Inkjet Printer ink cartridge and asked to find out what materials are used to make this part. It is black, rigid and intricately designed. When you smash it with a hammer and run your fingers along a crack surface, you notice it feels very rough. You are a very smart polymer engineer, so you run both DSC and TGA analysis on the plastic part. The data has been provided by your technician, but he has left it for you to interpret while he goes fishing (that’s why you get paid the big bucks!)..
a) Identify (clearly) all the important information directly on the DSC and TGA curves provided.

b) Provide (as best you can), a material I.D. and composition for the plastic part. EXPLAIN

c) Define %Relative Crystallinity (%RC). 

d) What is the %RC of the of the molded inkjet cartridge? Show calculation and Explain.

6)  (25pts) DSC Curves for Polylactic Acid (PLA) under different molding conditions.

Polylactic Acid (PLA) is a biodegradeable plastic material that is being considered for various automotive applications by the Ford Motor Company. The toughness and strength of PLA is significantly affected by the molding conditions, based primarily on the degree of final crystallinity of the injection molded part. One of the engineers has conducted experiments where she has varied the mold temperature and holding time in the mold. The thermal characterization lab has run DSC on the various samples for the engineer (see accompanying data). She would like to have you help her interpret the results. The goal is to determine the optimum (remember that time is money!) mold temperature and holding time to achieve high crystallinity in the final molded part. Start by explaining the DSC curves to her (label the curves), explain how to approximate the % relative crystallinity and then give her your recommendations. Please be a specific as possible

