
butadienediol and terephthalic acid while the soft block is provided from oligomeric (ap-
proximate molecular weight of 2000 Daltons) poly(tetramethylene glycol) and is sold
under the trade name of Hytrel.

Along with nylons, polyester fibers approach and exceed common natural fibers
such as cotton and wool in heat stability, wash-and-wear properties, and wrinkle resistance.
Blended textiles from polyester and cotton and wool also can be made to be permanent
press and wrinkle resistant. The fibers are typically formed from melt or solvent spinning
(Chapter 17). Chemical and physical modification are often employed to produce differing
fiber appearances from the same basic fiber material. Self-crimping textiles are made by
combining materials with differing shrinkage properties. Different shaped dyes produce
materials with varying contours and properties, including hollow fibers.

Several “wholly” aromatic polyesters are available. As expected, they are more
difficult to process, stiffer, and less soluble, but are employed because of their good high
thermal performance. Ekonol is the homopolymer formed from p-hydroxybenzoic acid.
Ekonol has a Tg in excess of 500!C. It is highly crystalline and offers good strength.

(6.65)

It is not unexpected that such aromatic polyesters have properties similar to polycarbonates
because of their structural similarities.

Polycarbonates (PCs), which are polyesters of unstable carbonic acid, are relatively
stable polymers that were originally produced by the reaction of phosgene with bisphenol
A [2,2-bis(4-hydroxyphenyl) propane] [Eq. (6.66)]. This unusually tough transparent plas-
tic is available under the trade names of Lexan (General Electric) and Merlon (Mobay).
Most polycarbonates are produced by the interfacial polymerization of the diol with phos-
gene. Polycarbonates may also be produced by ester interchange between diphenyl carbon-
ate and bisphenol A.

The melting point of polycarbonates is decreased from 225!C to 195!C when the
methyl pendant groups are replaced by propyl groups. The polycarbonate prepared from
bis(4-hydroxyphenyl)ether also has a lower melting point and lower glass transition tem-
perature.

Polycarbonates and polycarbonate-polyester copolymers are used for glazing, sealed
beam headlights, door seals, popcorn cookers, solar heat collectors, and appliances. Poly-
carbonate tends to stress-crack in the presence of gasoline, but a 50–50 blend (Xenoy) is
unusually resistant to gasoline.

(6.66)
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Nonrecordable compact disks (CDs) are made of rigid, transparent polycarbonates
such as those given in 6.66 with a reflective metal coating on top of the polycarbonate.
A laser is used to encode information through creation of physical features sometimes
referred to as “pits and lands” of different reflectivity at the polycarbonate–metal interface.

Recordable CDs contain an organic dye between the polycarbonate and metal film.
Here, a laser creates areas of differing reflectiveness in the dye layer through photochemical
reactions.

A beam from a semiconductor diode laser “interrogates” the undersides of both types
of CDs seeking out areas of reflected, corresponding to the binary “one”, and unreflected,
corresponding to the binary “zero,” light. The ability to “read” information is dependent
on the wavelength of the laser. Today most of the CD players use a near-infrared laser
because of the stability of such lasers. Efforts are underway to develop stable and inexpen-
sive lasers of shorter wavelengths that will allow the holding of more information within
the same space.

6.7 SYNTHETIC POLYAMIDES

Wallace Hume Carothers was brought to Dupont because his fellow researchers at Harvard
and the University of Illinois called him the best synthetic chemist they knew. He started
a program aimed at understanding the composition of natural polymers such as silk, cellu-
lose, and rubber. Many of his efforts related to condensation polymers was based on his
belief that if a monofunctional reactant reacted in a certain manner forming a small mole-
cule, similar reactions except employing reactants with two reactive groups would form
polymers.

(6.67)
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While the Carothers group had made both polyesters and polyamides, they initially
emphasized work on the polyesters since they were more soluble and easier to work with.
One of Carothers’ co-workers, Julian Hill, noticed that he could form fibers if he took a
soft polyester material on a glass stirring rod and pulled some of it away from the clump.
Because the polyesters had too low softening points for use as textiles, the group returned
to work with the polyamides. They found that fibers could also be formed by the polyam-
ides similar to those formed by the polyesters. These fibers allowed the formation of fibers
that approached, and in some cases surpassed, the strength of natural fibers. This new
miracle fiber was introduced at the 1939 New York World’s Fair in an exhibit that an-
nounced the synthesis of this wonder fiber from “coal, air, and water”—an exaggera-
tion—but nevertheless eye catching. When the polyamides—nylons—were first offered
for sale in New York City, on May 15, 1940, over 4 million pairs were sold in the first
few hours. Nylon sales took a large drop when it was noted that nylon was needed to
produce the parachute material so critical to World War II.
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