Summer Institute for Engineering and Technology Education


�subject�Materials Engineering� - Teacher Module �keywords�3�
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Concept


Relationship between mechanical properties and function of specific materials.


Objectives


Develop stress-strain curves for several representative materials.


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


Polymers or macromolecules are gaining interest in the technical and scientific communities. There is an abundance of new and useful polymeric structures which generate corresponding new, interesting and potentially useful (mechanical) properties. � REF _Ref330178394 \* MERGEFORMAT �Figure 1� illustrates a way of categorizing both natural and synthetic polymers(1). Without going into detail the sub�categorization that will be emphasized is dividing solid material oriented polymers into:


fibers (low elongation and high stiffness, modulus)


plastics (intermediate elongation and generally intermediate stiffness)


elastomers or rubbers (high elongation and low modulus).


Examples of natural fibers are wool, silk and wood. Common synthetic fibers are Nylon (polyamides), and Rayon. Rubbers are more readily identifiable. Natural rubber (polyisoprene) comes from trees. Rubber bands and tires are common examples of synthetic elastomers. But plastics are all synthetic, originating with Bakelite discovered by Leo Bakeland in the early 1900’s. Synthetic plastics are ubiquitous now. Eyeglass lenses are often made of polycarbonates. Trash bags are often polyethylene. Cookware is coated with a non�stick, high surface energy Teflon or tetrafluoropolyethylene.


Polymers�
�
Natural�
Synthetic�
�
Organic�
Organic�
Inorganic�
�



Proteins


DNA


Wool


Silk


Wood (Cellulose)


Natural Rubber�



Fibers





Antron® III (Carpets)


Qiana®


Nylon®


Orlon® (A Wool Substitute)


Kevlar® - Nylon® (A composite bullet Proof Vest)





�



SiO2 - Based Glass


Silicones�
�
�



Plastics





Plexiglas®


Contact Lens


Corian® (Substitute Marble)


Surlyn® (Golf Ball Covers)





�
�
�
�



Elastomers





Spandex (Swimwear)


Rubber Tires


Rubber Bands


�
�
�
Figure � SEQ Figure \* ARABIC �1�:  Categories of Polymers


Many demands are placed on and required of each specific polymer, polymer blend or polymeric composite. Essentially all materials, be they substitutes for brick, wood, glass or other structural demanding materials, must have and reasonably maintain specific mechanical properties. One way of measuring a range of some mechanical properties is to perform tensile (and/or compression) testing.


Discussions here will refer to tensile properties determined in a uniaxial mode. That is stress is applied along one axis, as is the case when one stretches a rubber band by extending his hands. � REF _Ref330171367 \* MERGEFORMAT �Figure 2� shows three representative stress�strain curves of a typical fiber, a plastic and an elastomer, which have undergone tensile testing (2,3). As described in the attached Tensile Properties Experiment, five common parameters are obtained from each curve:


Tensile strength (in lb./sq. in. or MPascal)�force/area


Elongation-to-break  (percent increase in length)


Elastic modulus or Young’s modulus or modulus (measure of stiffness, or stress/strain -- same units as tensile strength)


Yield (applies primarily to plastics and also rubbers, where stress/strain slope equals zero, polymer chains are disentangling and rearranging causing no additional stress with increasing strain), determined at a specific stress or strain point


Toughness or energy-to-break, area under the stress/strain curve to the break point (material must be strained to failure)


�


Figure � SEQ Figure \* ARABIC �2�:  Stress-Strain Behavior Of Three Types Of Polmeric Materials


The attached Experiment on Tensile Properties describes a simple laboratory version of common sophisticated tensile machines, e.g., Instron’s Tensile Testers. In brief a polymeric material of known dimensions (width and thickness primarily and length secondarily) is suspended from and attached to a laboratory clamp. Attached to the bottom of the sample is a bucket with handle into which precise weights can be added. As individual weights are added to the bucket a specific load is applied which upon using the known cross�sectional area of the sample is converted to stress (force/unit area). By measuring the initial length of the sample and its incremental increasing with each new load, strain is also recorded. Upon completing the process of adding weights and measuring each new length, all necessary data for a standard stress/strain curve is generated. Under some cases the samples will break with the maximum weight applied others may not break under these conditions.


During the tensile testing basically three steps occur which can lead to fracture or breakage. Those general steps are:


disentanglement and stretching of the polymer, random coils stretch and align in a somewhat parallel fashion, and crystalline polymers in a lamellar arrangement unaligne and go towards a stretched out, and somewhat linear configuration


covalent bonds break under the applied stress (See, � REF _Ref330172494 \* MERGEFORMAT �Figure 3�)


chain slippage occurs (where secondary bonds, e g dipole-dipole interactions are broken, see � REF _Ref330172494 \* MERGEFORMAT �Figure 3�).


� EMBED MSDraw  ���


Figure � SEQ Figure \* ARABIC �3�: Schematic of fracture mechanisms in polymeric materials. (a) Bond Breakage; (b) chain slippage


In tensile testing it is critical to use uniform samples with minimal surface defects or flaws. If a sample is non-uniform in terms of density, or cross-sectional area, the least dense sections or thinnest will have the lower effective cross-sectional area which under a given load (weight) will experience the most stress. As cross-sectional area decreases, stress increases � assuming the load is the same. So in effect the thinner or less dense sections, or sections with flaws, become the locations most likely to fail first. In effect these locations become the weak link in the chain. Accordingly, tensile measurements, such as, strength, elongation�to�break and toughness, will be biased towards the low side, if defects and/or thin sections exist. To get the most accurate and precise tensile data the sample must be uniform in dimensions and contain minimal flaws, especially surface flaws.


All of the discussion so far has implied tensile measurements done at room temperature or 20 (C. Often polymers exhibit tremendous change in mechanical properties with temperature (4). This is readily illustrated in � REF _Ref330173039 \* MERGEFORMAT �Figure 4� for polymethylmethacrylate (PMMA). As shown in � REF _Ref330173039 \* MERGEFORMAT �Figure 4�, PMMA appears to be a brittle plastic (resembling a fiber) at room temperature or 277’ K. PMMA’s modulus steadily decreases as temperature increases with corresponding changes in other mechanical properties. At 333’ K, PMMA resembles an elastomer.


�


Figure � SEQ Figure \* ARABIC �4�:  Variation of the Stress-Strain Behavior of Poly(methylmethacrylate) with Temperature.


On a macroscopic scale tensile data is quite ,informative as in reflects the collective effect of many polymer chains. But with more in depth analysis it can be useful in obtaining microscopic information of polymers. For example polymers which exhibit extensive H-bonding generally are stiffer (higher modulus) than those with less H-bonding.


On a macroscopic scale tensile data is quite informative as in reflects the collective effect of many polymer chains. But with more in depth analysis it can be useful in obtaining microscopic information of polymers. For example polymers which exhibit extensive H-bonding generally are stiffer (higher modulus) than those with less H-bonding. Conformation of polymers (tacticity for example) also affects morphology (shape) of polymers which affects entanglements, density and in turn mechanical properties.


Since we know that most polymers are solids, mechanical properties of all solids are definable to some extent and extremely useful information can be obtained from those studies. As implied earlier, one difficulty in obtaining meaningful data is to assure that an adequate sample is prepared which uniform and free of significant surface defects.


Materials Needed


90- 32.0 gram bolts (or an equivalent constant mass material)


1- light weight basket with removable handle (model is 129 grams with aluminum mesh screen)


Regular typing paper, known thickness, but 4.5 mils (0.001 inches) is fine


Rubber bands (measure thickness and width)


1- elastic strap (about 8 inches long) with metal hooks at ends (often called bike strap)


1-roll of polyethylene film (0.8 mil thickness) Scotch tape 1 tape measure (or meter stick)


Procedure


Attach one hook of the elastic strap to a lab clamp.


Adjust clamp location so that with strap extended and attached to the basket with its handle that the bottom of the basket is about 5 inches from bench top.


Measure length of the strap excluding the metal hooks.


Add incrementally (maybe 5 bolts) specific loads (weights) to the basket.


After each additional load (weight of bolts) measure the new length and record the total weight.


Continue steps 3-5 until the material breaks or the basket is full with all 90 bolts or 2880 grams.


Using paper that has been cut to 1 inch wide strips and 12 inches long, reinforce the top and bottom 4 inches with Scotch tape.


Wrap the top taped portion of the paper around the support (Lab. Clamp) and secure it by reinforcing that portion with more tape so that a loop is made around the clamp.


Repeat step 8 for the bottom portion and slip this loop through the handle of the basket.


Measure the length of the paper (approximately 4 inches) excluding the portions that have been reinforced by Scotch tape.


Repeat steps 4-6.


Using the polyethylene, which has been cut with a razor blade or scissors to 1/2 inch (or any other known thickness from about 1/16 to 1 inch) and 12 inches long, attach top and bottom portions to clamp and reinforce with Scotch tape as in step 7 above.


Continue from step 12 with steps 8-1 1.


Stress-strain data can be collected for all other materials (like the rubber bands) in manners similarly described in steps 7-11.


Plot Load (Force or weight added) versus strain� for each material.


Plot Stress (Force/Cross-sectional area) versus strain for each material.


�From the plots in 16 above determine:


Tensile strength (peak stress obtained),


Elastic modulus (slope of linear portion of stress/strain curve),


Elongation-to-break (strain at break x 100), and


Toughness (or energy-to-break, area under the stress/strain curve).  Sample must break for toughness measurement.


Source


NSF-Polyed Workshop.  University of Southern Mississippi, Department of Polymer Science, July 28 - 31, 1993.
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�	strain =(new length - initial length)/ initial length


�	Tensile strength in MPa (Pa = Newton/sq. m)�Modulus in MPa�Toughness in MPa (or KJ/ cubic m)�1 MPa = 145 PSI�1 N = 0.2248 ft-lb.�N = (m)(kg)/ sq. seconds�F = ma
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