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(Q70) <iu 25 agw Crystallization, Melting, and Glass Transition Phenomena in Polymers

1) Crystallization:-<i s

Crystallization is the process by which, upon cooling, an ordered (i.e., crystalline)

solid phase is produced from a liquid melt having a highly random molecular structure.

An understanding of the mechanism and kinetics of polymer crystallization is important
because the degree of crystallinity influences the mechanical and thermal properties of these
materials. For polymers, upon cooling through the melting temperature, nuclei form wherein
small regions of the tangled and random molecules become ordered and aligned in the
manner of chain-folded layers. At temperatures in excess of the melting temperature, these
nuclei are unstable due to the thermal atomic vibrations that tend to disrupt the ordered
molecular arrangements. Subsequent to nucleation and during the crystallization growth
stage, nuclei grow by the continued ordering and alignment of additional molecular chain
segments; that is, the chain-folded layers remain the same thickness, but increase in lateral

dimensions.
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2) Melting:-<& 23 The melting of a polymer crystal corresponds to the transformation of

a solid material, having an ordered structure of aligned molecular chains, to a viscous

liguid in which the structure is highly random This phenomenon occurs, upon heating,

at_the melting _temperature _Tm. melting of polymers takes place over a range of

temperatures. In addition, the melting behavior depends on the history of the specimen, in
particular the temperature at which it crystallized. The thickness of chain-folded lamellae will
depend on crystallization temperature; the thicker the lamellae, the higher the melting

temperature. Impurities in the polymer and imperfections in the crystals also decrease the
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3)Glass Transition Temperature (TQ):s« <= This is the temperature at which an

amorphous polymer changes from a brittle, glassy solid state to a soft, elastic state, or vice

versa, as a result of increased movement of the polymer chains. It is an important indicator

of the polymer's mechanical and thermal properties and is used to determine its range of use.

The glass-liquid transition, or glass transition, is the gradual and reversible transition
in amorphous materials (or in amorphous regions within semicrystalline materials), from a
hard and relatively brittle "glassy" state into a viscous or rubbery state as the temperature is
The glass-transition temperature Ty of a material characterizes the range of temperatures
over which this glass transition occurs. It is always lower than the melting temperature, Ty, of
the crystalline state of the material. Ty is unique to plastic polymers and it’s different from
polymer to polymer depending on the polymer chain structure and whether the polymer is
amorphous or semi-crystalline. For amorphous polymers, it’s a transitional temperature of
polymer chain stiffness or mobility from glassy state to flexible state. In other words, Ty is
the temperature when the molecules within a polymer chain begins to be in motion; when a
plastic polymer begins to soften. This phenomenon can be illustrated with a modulus and
temperature curve where modulus is a measure of stiffness.

If the T, of a polymer is well above the room temperature, the polymer is glassy or
brittle at room temperature providing characteristics such as high stiffness, dimensional
stability, high temperature resistance, and low impact resistance. On the other hand, if the T,
is well below the room temperature, the polymer is flexible or rubbery at room temperature

providing higher toughness, elongation, impact resistance, and low creep resistance.

Some polymers are used above their glass transition temperatures, and some are used below
the T4 depending on the application. Polycarbonate (PC), for instance, is used below its Ty of
150°C which is well above room temperature. Note that due to its unique chemical bond, PC
Is both a stiff and tough polymer providing great impact resistance below its Tg. If PC is
exposed to above 150°C, it will become flexible due to polymer chain mobility. Polyisoprene
or natural rubber, on the other hand, is used above its T4 of -75°C which is well below room
temperature. If natural rubber is exposed to less than -75°C, it will be in the glassy state. As
demonstrated here, a plastic product is flexible at room temperature if its T is below room
temperature and rigid at room temperature if its T is above room temperature.

Amorphous polymers such as polycarbonate (PC), polystyrene (PS), and thermoplastic

elastomers (TPE) soften gradually as the temperature increases. Amorphous polymer
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molecules are randomly dispersed at all temperatures and therefore, do not have a true
melting temperature point. They soften gradually until molten. Semi-crystalline polymers
such as polypropylene (PP) has a true melt temperature (Tm). Semi-crystalline polymer
contains both the amorphous and crystalline structure; therefore, experiences both T4 and Th.

Between T4 and T, semi-crystalline polymers will provide lower creep resistance but higher

Impact resistance.
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g3 Figure shows :Specific volume—temperature curves for polymer.
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Table 15.2 Melting and Glass Transition Temperatures for Some
of the More Common Polymeric Materials
Glass Transition Melting g dsl

Temperature Temperature
Material [°C (°F)] [°C (°F)]
Polyethylene (low density) 110 (—165) 115 (240)
Polytetrafluorocthylene 97 (—140) 327 (620)
Polyethylene (high density) -90 (—130) 137 (279)
Polypropylene 18 (0) 175 (347)
Nylon 6.6 57 (135) 265 (510)
Poly(ethylene terephthalate) (PET) 69 (155) 265 (510)
Poly(vinyl chloride) 87 (190) 212 (415)
Polystyrene 100 (212) 240 (465)
Polycarbonate 150 (300) 265 (510)

(Q71) '+ a¢= Characteristics of Tg : Tg depends upon the following:

1.Chain length of the polymer.

2. The extent of cross- linking of the polymer.

3. The rate of heating and cooling.

4. Tg of linear polymer is fairly high than cross- linked polymer.

5. Tg decreases with cross-linking in a particular temperature.

6. The glass transition temp (Tg) and melting temp (Tm) of a polymer depends on chain

geometry , and chain flexibility and molecular aggregates.
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Glass —Transition Temperature and Copolymers:

(pes A5 ) il il s iy 25) COpolymer:- is a mixture of two homo polymers The Tg value of

individual homo polymer is the ratio of the two components.

The empirical relation of glass transition temperature of the copolymer is:

L i)
Tg(AB) Tg(A) Tg(B)

Tg (A), Tg (B): Glass transition temperatures of the homo polymers A‘ and B* respectively.

Tg (AB):Glass transition temperature of the copolymer.
WA, WB: Weight fractions of the respective monomer components of the copolymer.
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Polymer Coatings:-d s sl gDl

(Q71)yx5 agw Coatings are frequently applied to the surface of materials to serve one or more

of the following functions:

(1) to protect the item from the environment that may produce corrosive or

deteriorative reactions;
(2) to improve the item’s appearance; and
(3) to provide electrical insulation.

Many of the ingredients in coating materials are polymers, the majority of which are organic

in origin. Many common coatings are latexes.

Latex is a stable suspension of small insoluble polymer particles dispersed in water. These

materials have become increasingly popular because they don’t contain large quantities of
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organic solvents that are emitted into the environment—that is, they have low volatile organic

compound (VOC) emissions. VOCs react in the atmosphere to produce smog.
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(Q72)ce alSs o) Gy s FilmsPolymers:-: 468 1) iy & el o

Polymeric materials have found widespread use in the form of thin films. Films
having thicknesses between 0.025 and 0.125 mm (0.001 and 0.005 in.)

Important characteristics of the materials produced and used as films include (low
density, a high degree of flexibility, high tensile and tear strengths, resistance to attack
by moisture and other chemicals, and low permeability to some gases, especially water
vapor). Some of the polymers that meet these criteria and are manufactured in film

form are polyethylene, polypropylene, and cellophane.
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(Q73)cs alSS ) iy 25 age FOams:-

Foams are plastic materials that contain a relatively high volume percentage of

small pores and trapped gas bubbles Both thermoplastic and thermosetting materials

are used as foams. these include The foaming process is often carried out by incorporating

into the batch of material a blowing agent that, upon heating, decomposes with the liberation
of a gas. Gas bubbles are generated throughout the now-fluid mass, which remain in the solid
upon cooling and give rise to a sponge like structure. The same effect is produced by
dissolving an inert gas into a molten polymer under high pressure. When the pressure is
rapidly reduced, the gas comes out of solution and forms bubbles and pores that remain in the

solid as it cools.
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