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· The extruder and die must be heated to the operating temperature before any polymer is introduced. When the desired temperature is reached, the motor is turned on and one or two cups of polymer are added to the hopper. 

· Leave the laboratory staff a note indicating the desired temperature you want the extruder set at- be sure to list the temperatures in degrees Celsius and in the order as they appear on the computer. 

· There are 5 heaters on the extruder.  The last three can be set to the temperature that you want the actual extrusion (e.g. 275oC), while the first two are set in increasing increments (e.g. 160oC and 220oC). All temperatures are in degrees Celsius.

· It is best to start at the lowest temperature and work your way higher as the day progresses due to the longer cooling time of the extruder.  However for a small difference (~10-20oC), the time difference for cooling is not extremely longer than heating, so if time permits, one could choose to go back and repeat experiments at the lower temperature.  Temperatures are usually 5-10 degrees lower than the set temperature on the machine.

· Temperatures on the machine are more reliable than in the computer.

· Keep an eye on the pressure transducer, which needs to be cleaned on a regular basis. If the pressure does not decrease alert the laboratory staff that the transducer may need to be cleaned. Also make sure that you check the ventilation tube to make sure that it has been turned on.

· The end of the screw is visible (with a flashlight). The tachometer is broken, so the readings on the computer are meaningless. You must measure the speed by counting the number of screw rotations.  Make sure this is done for every speed setting you wish to use.

· The polymer should be dried prior to experimentation (2 – 4 hours). Alert the laboratory staff the day before and they will turn on the ovens for you. Put about ½” of polymer layer on each tray for drying. 

· Do not run polymer through the extruder to cool the machine!

· Make sure that you clean out the hopper (vacuum the hopper) before each of your next runs, because you don’t want the left over polymers to mix with your next sample.

· Always run some of your polymer through the extruder before taking samples to run out anything that was left in the machine. 

· The temperature fluctuates a great deal therefore it is not recommended to use the temperature as a process variable, but is possible. At low temperatures high pressures were found (around 5000psi), so higher temperatures had to be used.  It has been found that for a temperature setting at 285oC, a temperature of 282oC can be achieved fluctuating within less than 1oC.

· Practice cutting the extrudent a few times before taking the actual lab data. It is necessary to be able to cut the polymer at the exact time that is desired, so that all the samples are around the same length. 

· It is very difficult to prevent deformation.  The polymer extruding is still very soft.  If you wait to long for cutting the weight of itself could stretch itself out.  It is also very easy to stick together.  Practice and make your best judgments on the samples, especially if you are analyzing die swell. 

· Clean the extruder thoroughly when changing resins by not only vacuuming out the previous polymer, but also letting the machine run to clean out any polymers that are still within the machine and were not able to be vacuumed out.

· Changing the dies is difficult to do in one lab period (because the die is hot) therefore take all of the sample runs needed for that particular die that is being used and then leave a note for the lab technicians to change the die for the next time you are in lab. It is easier to change the polymer during a lab period than to change the die.  *The lab techs have noted that it is possible to change during the lab period, but make sure it is necessary and time permits.  However, it is not recommended.*

· Be sure to keep track of all of the samples by labeling them with painters tape and placing all of the samples for different process variables into plastic bags. This was found to be the easiest way to make sure the samples didn’t get mixed together. The lab technicians can provide you with the plastic bags.

·  Make sure you notify the lab technicians that you will be leaving your samples within plastic bags in the laboratory, so that they are not thrown out. There are drawers in which to store samples by the injection molder.
Start-Up Information

-Before entering the Lab for the first time be sure to fill out the start up form with the proper 5 temperature ranges for the polymer you are using.

-A good temperature range for Cycolac ABS polymers from GE is 160C, 180C, 200C, 220C and 240C.
-Use Matweb.com to find optimum melt temperatures for given polymers.
-The lowest temperature must be below the melting point of the polymer
- if you are using cool air to cool your polymer, make a salt/ice bath for the cooling coil and set up appropriate hoses.
Dies 

-Three Die sizes are available; make sure to measure each die’s length and diameter during the lab periods. (It’s easiest when they aren’t attached to the extruder.)

-Only one die will be available for use in any given lab period since the lab tech’s will not be able to change the dies once they are heated. (*Note change above*) 

-The die, not to mention the whole extruder, can become extremely hot; avoid putting your hands near or on the die when catching the extruded polymer. 

Polymer Drying

-Be sure to alert the lab techs to turn on the ovens at the least 3 hours before lab period so that the polymer blend you are using can be properly dried.

-A good temperature for the GPX3700 Cycolac ABS polymer blend is ~85C

Density Measurements

Step by Step instructions

To obtain the density of your extruded polymer follow these steps:

1. After your sample’s diameter has been measured take a piece of the sample and weigh it.

2. Next obtain a graduated cylinder and fill it with a known volume of water.

3. Add the weighed sample pieces and place them in the graduated cylinder, making sure that the entire sample is below the surface.

4. Measure the new volume, and take the difference with the initial volume to obtain the volume of the sample.

5. Divide the weight of the sample by the volume to obtain the density.

Sample Taking

-Use a stopwatch to measure both the screw speed in RPM and the time for each sample.

-A cool water bath can be used to prevent the extruded polymer from being deformed.

-Designate one group member to measure the samples, one to collect the samples, and another to time during sample taking.

Shut Down

-Make sure the cooling water flow at the proper level by reading the gauge located above the right side of the extruder apparatus.

-Turn off the extruder (if it is running) and set all temperature readings on lab view to zero.

-Turn off the main and then safety switch by pulling the appropriate levers.

-Fill out the Start-up form for the next time you will be in the laboratory.

Screw speed Measurements

-Obtain a flashlight and stopwatch from the lab techs. 

-Use the flashlight to look inside the extruder through the fan vent located on the right side of the apparatus.

-Once the screw can be seen, start the extruder and then use the stopwatch to time the revolutions of the screw for one minute. 

-To get a more accurate measurement of the RPM, One member should be in charge of timing the revolutions; a good length is at least 1 min to eliminate error.
Analyzing Die Swell

- It has been proposed to analyze die swell as the polymer is being extruded rather than once it has cooled and has had time to deform. To do this mount a camera above the die and take pictures as the polymer is being extruded. In photo software you should be able to compare the diameter of the die to the diameter of the point of maximum die swell for various process variables.
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