Plastics 001

                             Name_____________________   

Introduction to Plastics                               _______                                                       Date___________ 

Exam #1
                                         238




1. Name and describe the two basic morphologies of thermoplastic materials (10 pts)
Amorphous – random arrangement of polymer chains
Semi-crystalline – a portion of the polymer chains folds up into densely packed crystals
2. What was the first fully synthetic plastic material, who invented it, and when was it invented? (5 pts)
_bakelite; Baekeland; 1909
3. What is viscoelasticity and what causes it? (10 pts)
Plastic materials stretch and flow – aspect ratio. Long thin nature 

4. Having certain atoms in the polymer chain increase the flexibility and make the material hygroscopic. What are the elements and why do they make the polymer chain more flexible? Sketch if it helps  (5 pts)
Nitrogen and oxygen – only have two bonding sites allow polymer molecule to move – creates room 
5. List whether the following materials are Semi-crystalline (S) or Amorphous (A)

(+3 pt/ -10 pts each) It’s only -10 if you answer incorrectly – blanks are -5)

__A___ PVC 

_S____ PET
   ___A___ ABS   

___A__PMMA

__S___ Nylon 6/6 30%GF

_A____  GPPS    
__S___ POM 
    __S___ HDPE
  
 __S___ Nylon 6/6
__S___ PP
6. Thoroughly explain branching and how it affects a material’s ductility. (10 pts)
_Small branches cause more entanglement which can reduce ductility

Large branches create more room between chains allowing them to flow past each other easier – more ductile
7. Name and describe the two primary polymerization reactions. (10 pts)
Addition – double or triple bonds break and monomers link up 

Condensation – monomers react and chains lengthen
8.  One type of reaction is more likely to have a narrow molecular weight distribution and a much lower degree of branching. Which type is it and why does it possess these qualities? (10 pts)
Condensation – only the functional groups at the end of the polymer chain can react, so you can control the chain length by controlling the addition of the reactants. Doesn’t branch because only the functional groups react at the ends of the chains 
9.  Enter either an ↑, ↓, or NC (no change) for the following material properties (2 pt each)

a. An increase in temperature

__↓__Modulus

__↑__Impact strength 
__↓__ Density

___↓_ Viscosity

__↓__Yield Strength
__↑__ Creep


__↑__ Toughness

b. An increase in test speed (strain or shear rate)

__↑__Modulus

__↓__Impact strength 
NC__ Density

__↓__ Viscosity

__↑__Yield Strength
XXXX Creep


__↓__ Toughness

c. Increasing the molecular weight
__ NC __Modulus

_↑___Impact strength 
__ NC __ Density

_↑___ Viscosity

__↑_or NC_Yield Strength
__↓__ Creep


__↑__ Toughness

d. A decrease in crystallinity

__↓__Modulus

__↑__Impact strength 
_↓___ Density

NC__ Viscosity

__↓__Yield Strength
_↑__ Creep


__↑__ Toughness

10. Why does Polypropylene have a higher Tg than PE? (3 pts)
The methyl groups on the chain reduce the flexibility so the chains need to heat up more – get further apart to behave more rubbery
11. Draw and Label Polyethylene and Polystyrene (10 pts)
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12. Name the plastic materials that are made from the following monomers (10 pts)
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_____Nylon 6/6______



PC
13. What was the time period when man started modifying natural polymers?____1800’s________(3 pts)
14. Thoroughly explain the difference between a thermosetting and a thermoplastic resin (5 pts)
In Thermosetting plastics, the polymer chains are linked with ‘bridges’ between them which adds rigidity and prevents them from remelting. Thermoplastic materials do not have the bridges between the chains and can remelt.
15. Name an instance where you would want a wider molecular weight distribution and explain why. (5 pts)
Thermoforming, Blow molding, extrusion; they all require melt strength and need to have the long polymer chains to hold the mass together and the shorter chains to allow the mass to flow
16. Plastic molecules have a high aspect ratio, what does this mean? (3 pts)
Very long compared to their diameter

17. Graft Copolymer  When small groups of monomers are attached to the main chain of another polymer (3 pts)
18. Terpolymer___When there are three types of ‘mers’ polymerized together (3 pts)
19. Random  Copolymer___When one type of ‘mer’ alternates with another mer in a chain with no specific pattern (3 pts)
20. In _Isotactic Polypropylene_____, the CH3 side groups are all arranged on the same side of the main chain (3 pts)
21.  In __Atactic Polypropylene_, the side groups alternate with no apparent order.  (3 pts)
22.  In one type of polymerization reaction only a part of the molecule reacts, what is the name of that part? (3 pts)
   Functional Group
23. Explain how Orientation increases the properties in the direction of orientation, but lessens them perpendicular to the orientation (3 pts)

When the polymer chains are oriented in one direction, there is very little entanglement holding them together in the perpendicular direction. Any force in the direction of orientation is trying to pull apart the main carbon-hydrogen bonds, perpendicular to the orientation, you are trying to pull apart the weaker entanglement forces.
You have the following 3 different polymers; 

Polymer A at a molecular weight of 450,000 g/mole.

Polymer B at a molecular weight of 250,000 g/mole

Polymer C at a molecular weight of 200,000 g/mole

24. If you mixed 2,000 lb of polymer A with 1,000 lb of B, and 500 lb. of C, what would be: 


The number of moles of Polymer A? ___2.02____________ moles (2 pts) (2 decimal places)


The number of moles of Polymer B? ____1.82___________ moles (2 pts) (2 decimal places)


The number of moles of Polymer C? ____1.14__________ moles (2 pts) (2 decimal places)


The weight fraction of Polymer A? ______57.1_____% (2 pts) (1 decimal place)


The weight fraction of Polymer B? _____28.6______% (2 pts) (1 decimal place)


The weight fraction of Polymer C? _____14.3______% (2 pts) (1 decimal place)


The Mw? __357,050______ g/mole (5 pts) (0 decimal places)


The Mn? __319,016_______ g/mole (5 pts) (0 decimal places)
25. You have an unlimited supply of polymers A and B.  You are trying to achieve a Mw of 400,000 g/mole. What is your mix ratio?
400,000 g/mole = WtFr A (450,000 g/mole) + WtFr B (250,000 g/mole)


= WtFr A (450,000 g/mole) + (1-WtFr A) (250,000 g/mole)
400,000 g/mole – 250,000 g/mole = 450,000 g/mole WtFr A – 250,000 g/mole WtFr A
150,000 g/mole = 200,000 g/mole WtFr A
WtFr A = 150,000/200,000 = .75

1/.75 = 1.3333
1-1.3333 = 0.3333
1 part A to 0.3333 parts B
Or 3:1

Ratio of A:B _____3:1______ (10 pts)

Bonus: 1 pt each
Name 6 advantages and 3 disadvantages of plastic materials

Adv _______________________________________________
Dis _______________________________________


_______________________________________________
      ________________________________________


_______________________________________________    
      _________________________________________


_______________________________________________


_______________________________________________


_______________________________________________




















































