Chapter 3
Rubber Elasticity




Rubber

rubber (K| 2 I4?) = elastomer (& & X, better term)

A rubber should (requirement, ASTM)
o stretch to > 100%

flexible chain (T, < room temp)
o snap back to its original length instantly and spontaneously
chemical crosslinking ~ vulcanization (Jt2}) by sulfur or peroxide

physical crosslinking ~ thermoplastic elastomer (TPE) and glasses
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Rubber Is an entropy spring.

Rubbers (thermoelastic effect)

o contract when heated
o give out heat (get hot) when stretched

rubber spring ~ entropy-driven elasticity
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Rubber Is an entropy spring.

metal spring ~ energy-driven elasticity
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Thermodynamic theory

Stress increases as temp increases. i »
o At const length, rubbers contract when Al /
heated. 3
1.22
o At low extension ratio (A = L/Ly) below 5 o2f ——
~1.1, negative slope due to thermal £ 113
expansion 01 Lo
(retractive) force, f = (dG/dL) ; . | .
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Energetic part (f,.)
o constitutes less than 20%
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iIdeal gas and ideal rubber

o for ideal gas
oE/oV =0
P = ToS/oV

o for ‘ideal rubber’
OE/OoL — small
f~ ToS/oL

stretching in adiabatic condition
o0 dQ = TdS = —-dW (dE = 0)
o Stretching to A = 5 adiabatically gives a temperature increase of 5 K.



Statistical mechanics theory

ne network model (L/Lg= 2)

assumptions 145 =
o Gaussian (unperturbed) chains betw Xlinks @ @

o affine deformation (vs phantom network)

o isotropic and incompressible SRV @/

entropy of a chain o stk (102
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entropy change upon deformation

x=Axy y=Ay, z=4z
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o For whole network with N chain segments
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ASy = — Ink(A2 + A2 + A2 — 3)
AG = —TAS, = WnkT(/] + 725 + A1 — 3)

extension ratio, A = L/L,
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o Isotropic and incompressible deformation

Ay = 1
= M =ADA, =
o force, f = dG/dL
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Vs, A
N _ W)( 1 ) _ (rna)( 1 ) _ P M. ~ mol wt of one chain segment
V, V, J\M. Vo/\M.J] M. ~ mol wt betw Xlinks
o F'RI pLE- 1 stat mechanical equation of
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o modulus, G = pRT/M, G
As Xlinking density T, M_{, G 1.
G\ = pRT/M, for linear glassy polymers
a M, — entanglement mol wt

phantom network model
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O v ~ # of crosslinks, v ~ functionality of crosslink
When y = 4, o = ¥2 o(affine deform’n model)

better accordance with SANS observations, which indicate less

deformation than affine deformation.



‘ Continuum mechanics approach

= application of linear elasticity to rubber elasticity
o finite strain, e
o A~x1+2e
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o= Z(CI + 2 )(ﬂ i) (3.54) Mooney-Rivlin Egn



Deviation from theories

network defects

o chain ends, entanglements, loops _' j%
o varies # of load-carrying chains ’ o

;JRT( 21’;1’&_)( , I)
og=-——|\1-— AP — (3.51)
M. M A

At high A, o(exp’t) is higher due to
o nhon-Gaussian chain segments

stressed, extended, fewer conformations
o strain-induced crystallization
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