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Glass Transition Temperature
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Figure 1. Graph of glass transition temperature plotting the temperature and stiffness of


When an amorphous polymer is heated, the temperature at which the polymer structure turns “viscous liquid or rubbery" is called the Glass Transition Temperature, Tg. It is also defined as a temperature at which amorphous polymer takes on characteristic glassy-state properties like brittleness, stiffness and rigidity (upon cooling).

This temperature (measured in °C or °F) depends on the chemical structure of the polymer and can therefore be used to identify polymers.


· Amorphous polymers only exhibit a Tg.
· Crystalline polymers exhibit a Tm (melt temperature) and typically a Tg since there is usually an amorphous portion as well (“semi”-crystalline).

The value of Tg depends on the mobility of the polymer chain, and for most synthetic polymers lies between 170 K to 500 K.

The transition from the glass to the rubber-like state is an important feature of polymer behavior, marking a region of dramatic changes in the physical properties, such as hardness and elasticity.

At Tg, changes in hardness, volume, percent elongation to break and Young’s modulus of solids are mainly seen.

Some polymers are used below their Tg (in glassy state) like polystyrene, poly(methyl methacrylate) etc., which are hard and brittle. Their Tgs are higher than room temperature.

Some polymers are used above their Tg (in rubbery state), for example, rubber elastomers like polyisoprene, polyisobutylene. They are soft and flexible in nature; their Tgs are less than room temperature
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Example: (a) If a rod of brass 0.35 m long is heated from 15 to 85 °C while its ends are maintained
rigid, determine the type and magnitude of stress that develops. Assume that at 15 °C the rod is stress
free. (b)What will be the stress magnitude if a rod 1 m long is used? (c) If the rod in part (a) is cooled
from 15 °C to -15 °C to what type and magnitude of stress will result? 97 GPa the modulus of
elasticity of brass and o; =20.0 x 10 (°C)"" for brass.

6 = Ea; (T)— T) = (97 x 10> MPa) [20.0x10~°(°C) '] (15°C—85°C) = -136 MPa
The stress will be compressive since its sign is negative.

(b) The stress will be the same [-136 MPa], since stress is independent of bar length.
(c) Upon cooling the indicated amount, the stress becomes

o= E(l[ (T() - Tf)

= (97 x 10° MPa)[20.0x10"°(°C) '] [(15°C—(-15°C)]

=+58 MPa

This stress will be tensile since its sign is positive.
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Thermal conductivity
» Thermal conductivity is ability of a material to transport heat energy through it from higl
temperature region to low temperature region.
« q is the heat flux or heat flow, per unit time per unit area (area being taken as that perpendicular to
the flow direction), is given by:
q=-kdT/dx

« where £ is the thermal conductivity of the material. It has units as W/m.K.
+ q has units as W/m®.
« It is a microstructure sensitive property.
« Its value range
o for metals 20-400 W/m-K
o for ceramics 2-50 W/m-K
o for polymers order of 0.3 W/m-K
e The above equation is valid only for steady-state heat flow—that is, for situations in which
the heat flux does not change with time.
e The minus sign in the expression indicates that the direction of heat flow is from hot to cold,
or down the temperature gradient.
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Thermal stresses :

« Stresses due to change in temperature or due to temperature gradient are termed as thermal stresses
Othermal
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Thermal stresses is important because these stresses can lead to fracture or undesirable plastic
deformation.
* Thermal sty will be of compressive nature if it is heated, and vice versa.
« Engineering materials can be tailored using multi-phase constituents so that the overall material can
show a zero thermal expansion coefficient.
» Eg.: Zerodur — a glass-ceramic material that consists of 70-80% crystalline quartz, and the
remaining as glassy phase.
* Sodium-zirconium-phosphate (NZP) have a near-zero thermal expansion coefficient.




