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The word polymer comes from the Greek polumeres which means “having many parts”. Polymers are 

large molecules consisting of repeated chemical units (“mers”) joined together, usually in a line, like 

beads on a string. Each “mer” is typically made up of more than 5 and less than 500 atoms. The word 

“polymer” is applied when you have more than about 50 “mers” strung together. 

Even though the basic makeup of many polymers is carbon and hydrogen, other elements can also be 

involved. Oxygen, chorine, fluorine, nitrogen, silicon, phosphorous, and sulfur are other elements that are 

found in the molecular makeup of polymers. Polyvinyl chloride (PVC) contains chlorine. Nylon contains 

nitrogen. Teflon contains fluorine. Polyester and polycarbonates contain oxygen. There are also some 

polymers that, instead of having a carbon backbone, have a silicon or phosphorous backbone. These are 

considered inorganic polymers. One of the most famous silicon-based polymers is Silly Putty. 

The joining of small molecules to produce large molecules in a chemical reaction is called polymerization. 

The main polymerization processes in polymers are addition (chain reaction) polymerization and 

condensation (step reaction) polymerization. The addition process is the simpler of the two. By use of 

heat and pressure in an autoclave or reactor, double bonds of unsaturated monomers break open and 

then link to form chains. These addition reactions are atoms or groups of atoms that attach themselves to 

the carbon atoms at the sites of multiple bonds. No products other than the polymer are formed. 

Saturated hydrocarbons undergo substitutional reactions in which hydrogen atoms are replaced by other 

atoms or groups of atoms. The products of addition polymerization or chain reaction polymerization 

include polypropylene (PP), polyethylene (PE), poly (vinyl acetate) (PVA), poly (vinyl chloride) (PVC), 

acrylonitrile-butadiene-styrene (ABS), and polytetrafluoroethylene (PTFE). Addition polymers generally fit 

into the thermoplastic (soften when heated) group. 

Most plastics that cannot be resoftened when heated (thermosetting polymers) come from condensation 

polymerization, also known as step reaction polymerization. This group gets its name from the by-product 

(condensate) of the polymerization, which is often water, but it may be a gas. Phenolic (PF), polyester 

(PET), silicon (SI), and urethanes (PUR) are typical thermosets from the step reaction synthesis, while 

nylon (PA) and polycarbonates (PC) are thermoplastic resins synthesized through step polymerization. 

 

Polymer Classification 

Polymers are classified according to similar molecular architecture rather than similar chemical structures. 

There are three classes of polymers: rubber, thermoplastics, and thermosets. Thermosets are rigid cross-

linked polymers where once heated or cured, they cannot be reheated again or they will degrade. 

When a thermoplastic material is heated and pressed into a mold, no chemical reaction of any kind takes 

place. Once the plastic has cooled and hardened in this shape, it could be reheated and remolded without 

any perceptible change in its properties. An example of this is ice. 



Thermoplastics  

Thermoplastics have some degree of structural stability even though the chains are not cross-linked or 

bonded together by covalent bonds. Thermoplastics can be linear or branched and amorphous or 

crystalline. Their use temperature must be below the glass transition temperature or the crystallization 

temperature or else the thermoplastic will flow. 

Thermoplastics have one or more of the following twelve (12) items added to improve properties: 

reinforcing agents, fillers, coupling agents, stabilizers, pigments, dyes, plasticizers, lubricants, processing 

aids, curing agents, blowing agents, and flame retardants. Stabilizers are added because most polymers 

are susceptible to one (1) or more forms of degradation as a result of environmental exposure to O2 or 

UV or high temperature. Stabilizers inhibit degradation. With the proper stabilizer, the heating and cooling 

cycles can be repeated many times as long as the heating temperature is less than the polymer 

degradation temperature. 

 

Thermosets  

Thermosets, on the other hand, do undergo chemical change while they are being formed. They react by 

polycondensation and cross-link to form a three-dimensional lattice. This type of curing produces a 

structural change of the molecules, which is irreversible. Crosslinking is initiated by heat, light, or the 

addition of other chemicals. It is not a reversible process resulting in materials, which cannot be recycled. 

Once a thermoset has achieved its final shape, it cannot be reformed. Examples of thermosets are an 

egg and epoxy glue. 

Thermoset polymers have covalent bonds linking the polymer chains in three dimensions. These links 

prevent the chains from sliding past one another resulting in a higher modulus and improved creep 

resistance. Usually thermosets are more brittle than thermoplastics. 

 

Elastomers  

Elastomers are long polymer chains, usually lightly cross-linked, and are easily deformed. Common 

elastomers include polybutadiene (used in shoe soles), polyisobutylene (used in automobile tires), and 

polyisoprene (natural rubber). 

Elastomeric polymer chains can be cross-linked, or connected by covalent bonds. This process is 

sometimes called vulcanization. Crosslinking is initiated by heat, light, or the addition of chemicals. Note 

that thermosets are similar to elastomers. The polymer chains in thermosets are below their glass 

transition at room temperature, making them glassy. In contrast, the polymer chains in elastomers are 

above their glass transition at room temperature, making them rubbery. 

Crosslinking makes elastomers reversibly stretchable for small deformations. When stretched, the 

polymer chains become elongated and ordered along the deformation direction. This is entropically 



unfavorable, which is opposite for a metallic spring. When no longer stretched, the chains randomize 

again. The crosslinks guide the elastomer back to its original shape. 
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