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Chemical Engineering 378

Science of Materials Engineering

Lecture 18
Polymers and Applications II



Spiritual Thought

D&C 101:16

Therefore, let your hearts be comforted 
concerning Zion; for all flesh is in mine
hands; be still and know that I am God.
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Materials Roadmap
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OEP
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• https://www.youtube.com/watch?v=7YlxDL
IQWdI&t=67s

https://www.youtube.com/watch?v=7YlxDLIQWdI&t=67s


OEP #6

The Amazing Spider Man

Group work okay, Due 10/19/22 at beginning of class
(Don't be afraid to "Google" for reasonable assumptions; just provide 

references!)
So… could a spider pull a jet?

Of all the Spiderman movies (of which there are MANY), this one is 
perfect for us, because Peter actually develops web shooters, rather 

than having his DNA do this for him.  Spiderman webbing is of course a 
polymer, and there are some interesting claims made (or shown) in this 

movie.  In particular, using this clip and supporting references, 
determine a) the yield strength of Spiderman webbing, and b) the 

diameter needed of a Spiderman silk strand that will just support Peter 
while swinging from a skyscraper in New York.
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https://www.youtube.com/watch?v=7YlxDLIQWdI&t=67s


Condensation Reaction I
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Condensation Reaction II
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https://www.youtube.com/watch?v=
lNWc6xUf6U4

https://www.youtube.com/watch?v=lNWc6xUf6U4
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Tacticity

Tacticity – stereoregularity or spatial arrangement of 
R units along chain
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isotactic – all R groups on 
same side of chain
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Tacticity (cont.)

atactic – R groups randomly
positioned
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Structure and properties

• Crystallinity?
– Isotactic

• Partially Crystalline
– Syndiotactic

• Partially Crystalline
– Atactic

• Amorphous

• Melting Point? (highest to lowest)
– Isotactic
– Syndiotactic
– Atactic
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General Trends
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General 
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Crystallinity in Polymers

• Ordered atomic 
arrangements involving 
molecular chains

• Crystal structures in terms 
of unit cells

• Example shown
– polyethylene unit cell

Fig. 14.10, Callister
& Rethwisch 10e.
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Polymer Crystallinity

• Crystalline regions 
– thin platelets with chain folds at faces
– Chain folded structure

Fig. 14.12, Callister
& Rethwisch10e.

≈ 10 nm
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Polymer Crystallinity (cont.)

Polymers rarely 100% crystalline
• Difficult for all regions of all chains to 

become aligned

•  Degree of crystallinity
expressed as % crystallinity.
-- Some physical properties 

depend on % crystallinity.
-- Heat treating causes 

crystalline regions to grow 
and % crystallinity to 
increase.

Fig. 14.11, Callister 6e. (From H.W. Hayden, 
W.G. Moffatt, and J. Wulff, The Structure and Properties of 
Materials, Vol. III, Mechanical Behavior, John Wiley and 
Sons, Inc., 1965.)

crystalline 
region

amorphous
region

%𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
𝜌𝜌𝑐𝑐 𝜌𝜌𝑠𝑠 − 𝜌𝜌𝑎𝑎
𝜌𝜌𝑠𝑠 𝜌𝜌𝑐𝑐 − 𝜌𝜌𝑎𝑎

× 100



Impact of Crystallinity
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Polymer Single Crystals

• Electron micrograph – multilayered single crystals 
(chain-folded layers) of polyethylene

• Single crystals – only for slow and carefully controlled 
growth rates

Fig. 14.11, Callister & 
Rethwisch 10e. 
[From A. Keller, R. H. Doremus, B. 
W. Roberts, and D. Turnbull (Eds.), 
Growth and Perfection of Crystals. 
General Electric Company and 
John Wiley & Sons, Inc., 1958, p. 
498. Reprinted with permission of 
John Wiley & Sons, Inc.]

1 μm
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Semicrystalline Polymers

Spherulite
surface

Fig. 14.13, Callister & Rethwisch 10e.

• Some semicrystalline
polymers form 
spherulite structures

• Alternating chain-folded 
crystallites and 
amorphous regions

• Spherulite structure for 
relatively rapid growth 
rates



19Photomicrograph – Spherulites in 
Polyethylene

Fig. 14.14, Callister & Rethwisch 10e.

Cross-polarized light used 
-- a maltese cross appears in each spherulite
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Stress Strain Behavior
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Influence of T and Strain Rate on 
Thermoplastics
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Mechanisms of Deformation (network)
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Mechanisms of Deformation 
(Elastomers)
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Cracking and Fracture
24
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