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Introduction:

Polymers, and more specifically thin-film polymers, are a very important family of materials as they are used in a wide variety of materials ranging from films and filters to housewares and clothing, to a variety of other products. Polymers are large carbon- containing molecules that are made up of several repeated molecular units repetitively bonded together to form large chains. As with all molecules, the exact composition and structure of each individual molecule will determine its properties. Being able to know what a certain polymer film will do or can do based on its structure alone would be a huge advantage to those who use these films. For example, if you want to put a given amount of mass of garbage into a garbage bag, it would be nice to know beforehand whether or not the bag can hold that mass or if it will tear when you try to pull the bag out of the garbage can. As a result of this, finding a practical way to manipulate polymer film properties is important in industry today. 

Previous Work:

There are two typical methods of thin-film polymer production, an online process and an offline process, which result in different stresses on the polymer film, and mayor may not result in different structures of the polymers. 

A typical method of online polymer film production is a continuous process of production. In the process, a solid polymer resin is fed to an extruder where it enters a liquid phase and is then forced through a molten dye. A small amount of air is then blown up through the dye causing a small bubble to form in the polymer. The bubble is then forced into a two-layer film by being collapsed between two rollers and is pulled out of the dye where it is cooled through convection with the air. Because the actual action of extracting the film from the dye is frequently done by winding the film on a rod, it applies an amount of tension on the film parallel to the direction in which it is being pulled during the drying process. It is possible that this tension affects the actual structure of the polymer film. 

The second method of polymer film production is an offline batch style process. In this type of production, the polymer resin is heated between two hot surfaces. While still in the liquid phase, the molten polymer is then forced into the desired size of the film through closing two plates together, being allowed to flow across rollers, or another method. The liquid polymer is then allowed to cool, free of any outside stress. 

Currently, it is unknown how exactly the extra stress to the cooling films that is present in the online film production method affects the actual structure of the polymer films with respect to crystal size and orientation. Dillon et. al. (2002) did some preliminary work and noted that when an assembly line polymer film was then melted into the liquid phase and allowed to recrystallize, the actual size of the polymer crystals appeared to be larger in simulated offline prepared films. While a difference in physical properties in the films were not noted, it appeared that there was a difference in the actual physical make up of the film. 

In 2001, Alothman showed that it was possible to affect the overall structure of a polymer film by adding amounts of higher density polyethylene to a low-density polyethylene film. This resulted in overall an average crystal size, this change in shape was the result of other materials being added to the film to be tested, and not simply changed the method in which a pure film was prepared.

It has also been shown that the stresses are related to the deformation of the lamellar layer of the crystalline spherulites. Butler (1998) has shown that films that are drawn in the direction parallel to machine operation will result in lamellar separation while films that are drawn in a direction parallel to the traverse direction of machine operation will result in interlamellar shear deformation. 

Proposed Research:

It is my intention in my thesis to test and extend this previous research. Because the previous work done by Dillon has not been replicated enough to confirm if their results are true and their method of data collection is sound, or if their results are only a coincidence, I plan to repeat their process in hopes of obtaining similar results. If I am able to do this, then I believe the already obtained results will in fact be substantial and will serve as a basis for further investigation. To do this, I plan to take samples of low-density polyethylene films prepared online and use a similar small angle light scattering technique to that of Alothman (2001) to note the refraction patterns of the polyethylene crystals. This will allow me to determine crystal size. The samples of the polyethylene films will then be heated up until they enter a molten phase and allowed to cool and crystallize without out any outside tension stresses. They will be then subjected to another round of light scattering again with the results from both trials being compared to one another. 

If my results mirror those of the preliminary work on this topic, I plan to apply the new confidence in testing techniques in two directions. First, not all polymers have the same crystalline shape. Therefore, I want to see if the results obtained for the polyethylene (which will crystallize by having a long polymer chain forming which will fold back across itself several times in a two dimensional pattern) will apply to a differently shaped polymer such as polypropylene (which has a helical crystalline structure). The same method as was used for polyethylene films will be applied to the polypropylene films for this to determine if the various structures are similarly influenced by the stresses of online production. 

Secondly, I plan to investigate the rates of cooling on the crystalline structure. The device that is used to monitor and change the temperature of the metal plates that hold the film in front of the laser can also be programmed to alter the rate of cooling up to a certain limit. I plan to utilize this function to determine how, if at all, the rates of cooling will affect crystalline size and orientation. 

Data Analysis: 

For all three stages of my polymer film analysis (testing the data collection method, testing different crystalline structures, testing rate of cooling), I plan to actually analyze the data I obtain through the use of the small angle light scattering method described by Alothman (2001). The basis of this method is that by determining the center of the lobes that will appear when the light beam of the laser is refracted upon coming in contact with the crystalline spherulite, and then using a set of known equations and trigonometry to determine the crystal size. Crystal orientation can also be determined from this method. The light refraction pattern should resemble four lobes. The closer all four lobes are to being 90 degrees apart from one another ( or at 45 degrees when referenced to the x and y-axes ), the more spherical the crystal is. If the lobes appear to be pinched together at opposite ends, then it usually indicates that the spherulite has more of an elliptical shape.

Concerning the testing method specifically, I intend on analyzing the size and orientation of a crystal in the film both before the film is liquidized to a hot stage and after. I expect that this simple process will show that the film, after entering the hot stage offline will result in larger spherulites with a more spherical shape. I feel that the ability for the films to cool naturally and unstressed will allow the spherulites to grow to a larger size and due to the lack of normal stress, grow equally in all directions rather than in just one. 

For part two, comparing the results of polypropylene to those of polyethylene, the same method as above will be used. Both types of films will be subjected to the same range of temperatures and the same cooling rates with their before and after crystal size and orientation being noted. Despite the differences in crystallization temperature between the two different types of films, I expect to see similar results. Even though both types of films will have different crystalline structures, I feel that being able to cool naturally and free of stresses will allow either of the films to have larger and more spherical spherulites from an offline production method as opposed to an online production method. 

Finally, for the test to see if rate of cooling will affect crystal size or orientation, once again, the same methods as performed above will be used. The only difference is that for this test, the hot stage machine will alter the rate of cooling. It is my thoughts that if the polymer film is cooled at an accelerated rate, it will result in smaller spherulites being formed with the actual shape and orientation of the spherulites being unchanged when compared to the films that were prepared offline, but at different rates.
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