
Polymer Processing

Example 1 Dissolve a polymer and apply it as a thin film on a substrate (coating)

Example 2 Melt a polymer and force it into a desired shape (molding)
Injection Molding

Both examples require three ingredients:

1. Fluid Mechanics - What rules govern fluid motion?

2. Rheology - Specific material properties.

3. Processing Equipment - Geometry, rate, pressure, etc.
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Stress and Strain in Extension for Elastic
Solids

Stretch each from initial length `0 to final length `

F1

A1

=
F2

A2

∴ F ∼ A define stress σe ≡ F/A (1)

Stretch same bar to different final lengths.

F ∼ ∆`/`0 ∆` = `− `0 (2)

define extensional strain ε ≡ ∆`/`0

Hooke’s Law for Elastic Solids:

σe = Geε (3)

Ge is the extensional modulus
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Stress and Strain in Shear for Hookean
(elastic) Solids

Force F applied over area A

F1

A1

=
F2

A2

∴ F ∼ A define shear stress σs ≡ F/A (4)

F ∼ `

h
, define shear strainγ ≡ `/h (5)

Hooke’s Law in Shear:

σs = Gsγ (6)

Gs is the shear modulus

Ge = 3Gs (7)

Modulus is a material property of a solid.
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Mechanical Properties of Newtonian (viscous)
Liquids

Stress and strain are defined in the same ways for all materials.

Hooke’s Law does not hold for liquids.

Newtonian liquids have no shape memory.

∴ Stress is not determined by strain.

Stress in a Newtonian liquid is proportional to the rate of strain.

Extension rate ε̇ ≡ dε/dt

Shear rate γ̇ ≡ dγ/dt

Newton’s Law for Viscous Liquids:

σe = ηeε̇ σs = ηsγ̇ (8)

ηe = extensional viscosity

ηs = shear viscosity

Trouton’s Rule: ηe = 3ηs

Viscosity is a material property of a liquid.
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Stress and Strain for a Polymer Solid

Apparent Modulus Ga(ε) ≡ σe(ε)
ε

Generalization of the concept of a modulus to the regime of
non-linear response.
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Stress and Strain for a Polymer Liquid

Apparent Viscosity ηa(γ̇) ≡ σs(γ̇)
γ̇

Generalization of the concept of a viscosity to the regime of
non-linear response.
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