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5.4 Theorlies for the glass transition

. free volume theory, kinetic theory, thermodynamic theory

* Free volume theory
Polymers have a certain universal free volume at T, .
< (Doolittle equation & WLF equation)

* WLF (Williams-Landel-Ferry) equation
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When T, issetequal to Ty ,

loga, = ~17.44(T -T.)
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5.5 Mechanical behavior
* Phenomenological model

» Creep test

Measuring £(t) under the constant stress o,
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» Stress relaxation test

Measuring o (t) under the constant strain ¢,

o(t) =G(t) &,
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» Maxwell model
- an elastic spring & a viscous element (dashpot) coupled in series
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O+TO=NE < £€=&,+¢&,
- Creep test (constant stress oy )

%0 4 %0t =207 41)

E 7 77\

r=n/E :relaxation time

- Relaxation test (constant strain &, )
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* Voigt-Kelvin model

. an elastic element & a viscous element coupled in parallel
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o .
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T= % (retardation time)

- Creep test (constant stress oy )

o= ¢lied )

- Relaxation test (constant strain &, )

o=¢kE
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* Burger’s model

: the Maxwell and Voigt-Kelvin elements in series
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* Dynamic mechanical behavior

Under a sinusoidal strain (" = ¢, exp(ict) ) in the Maxwell element

<« o : angular velocity

2 2
E = E(—] : storage modulus

E = E(%) - loss modulus
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Figure 5.25 Storage and loss modulus as a function of
frequency (angular velocity w) for a single Maxwell element.
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Polymers need a number of Maxwell elements coupled in parallel.

E(t)= ; E, exp[— lj

E, +["H(D) exp(— 3] dinz

\

7 E(r): relaxation time spectrum

modulus at time — «©
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* Molecular interpretation
Experimental data show a series of relaxation processes.
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Figure 5.27 Shear strain as a function of time (log scale)
for polymethyl methacrylate (PMMA) at a constant shear
stress of 7.3 MPa at 30°C. Drawn after data from Lethersich

(1950).
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Figure 5.28 Temperature dependence of loss modulus (G")
as a function of temperature at 1Hz for polymethyl
methacrylate (PMMA) and poly(n-propyl methacrylate)
(PhPMA). Drawn after data from Heijboer (1965).

PnPMA
T, (a) : free volume
subglass processes
T, : physical ageing
T, : motions in the flexible methylene sequence

PS
T, (@) :100~105 C

S process (Tg -100 ~ Tg)
. due to a rotation of the phenyl group
with a main-chain cooperation

y process (180K)
. due to oscillatory motions of the phenyl group

o process (55K)
: due to oscillatory motions of the phenyl group
or from defects associated with configuration
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5.6 Structure

Typical glassy amorphous polymers -- transparent
-- very low light scattering

-- no Bragg reflections (in XRD)

-+ DSC -- amorphous (T, )
-- crystalline (T, )

- WAXS -- amorphous (diffuse)
-- crystalline (sharp Bragg reflections)




