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Lesson 1 Reading

What Are Polymers?

Polymers are substances containing a large number of structural units joined by the same
type of linkage. ® These substances often form into a chain-like structure. Polymers in the
natural world have been around since the beginning of time. Starch, cellulose, and rubber all
possess polymeric properties, Man-made polymers have been studied since 1832, Today, the
polymer industry has grown to be larger than the aluminum, copper and steel industries
combined.

Polymers already have a range of applications that far exceeds that of any other class of
material available to man. ® Current applications extend from adhesives, coatings, foams, and
packaging materials to textile and industrial fibers, elastomers, and structural plastics.
Polymers are also used for most composites, electronic devices, biomedical devices, optical
devices, and precursors for many newly developed high-tech ceramics,

In agriculture and agribusiness, polymeric materials are used in and on soil to improve
aeration, provide mulch, and promote plant growth and health, ®

For medicine, many biomaterials, especially heart valve replacements and blood vessels,
are made of polymers like Dacron, Teflon and polyurethane.

As far as consumer science is concerned, plastic containers of all shapes and sizes are light
weight and economically less expensive than the more traditional containers. Clothing, floor
coverings, garbage disposal bags, and packaging are other polymer applications.

When it comes to industry, automobile parts, windshields for fighter planes, pipes,
tanks, packing materials, insulation, wood substitutes, adhesives, matrix for composites,
and elastomers are all polymer applications used in the industrial market.

To serve sports well, playground equipment, various balls, golf clubs, swimming pools,
and protective helmets are often produced {rom polymers.

Polymer has a long history of development in human civilization.

As early as the 1500’ s, British explorers discovered the ancient Mayan civilization in
Central America. The Mayans are assumed to be among the first to find an application for
polymers, as their children were fond of playing with balls made from local rubber trees.

Then in 1839, Charles Goodyear discovered vulcanization, by combining natural rubber
with sulfur and heating it to 270°F. ® Vulcanized rubber is a polymeric substance that is much
more durable than its natural counter part. Its most common use today is in automobile tires,

However, the oldest synthetic plastic is fabricated by Leo Bakeland in 1907. Bakelite’s

hardness and high heat resistivity made it an excellent choice as an electrical insulator.
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1917 found the invention of X-ray crystallography as a method of analyzing crystal
structures. Eight years later, this method is used by M. Polanyi to discover the chemical
structure of cellulose. This established the fact that polymer unit cells contain sections of long
chain molecules rather than small molecular species.

1920 is the year when Staudinger published his classic paper entitled “ Uber
Polymerization”, Publication of this paper heralded a decade of intense research and presented
to the world the development of modern polymer theory.

It was in 1927 that the large scale production of vinyl-chloride resins began. This
polymeric compound continues to be widely used today to make plumbings, pipes, tiles, and
bottles. _

The year of 1930 witnessed the invention of polystyrene, This polymeric material is used
in videocassettes and other packaging materials. Expanded polystyrene (commonly called
Styronfoam) is used in cups, packaging, and thermally insulated containers.

Nylon, another well known polymeric product was produced by Wallace Carothers of the
Dupont company at the end of 1938. Nylon, as we know, is a common material used today for
such applications as ropes and clothes.

When 1941 arrived, polyethylene found its way into the world, and billions of pounds of
both high and low density versions of this material are produced annually for everything from
packaging film to piping to toys. ®

With the advent of 1970, James Economy developed one of the pioneer moldable high
temperature polymers (Ekonol). This polymeric material paved the way for the development
of liquid crystal polymers one year later. Ekonol’s most common applications occur in
electronic devices and aircraft engines.

In 1971, S. Kwolek, who has been awarded more than 37 patents in polymer science,
developed keviar. Keviar is a high strength material that can withstand temperatures up to
300°C, and is used in applications such as bulletproof vests, and fireproo{ garments for
firefighting and auto racing.

The epoch-making event in the development of polymer took place in 1976, when the
polymer and plastic industry outstripped steel as the most widely used material per unit
volume. We now use more plastics than steel, aluminum and copper combined.

Polymers will play a more and more important role in the future. Just as nature has used
biological polymers as the material of choice, mankind will choose polymeric materials as the
choice material. ® Humans have progressed from the Stone Age, through the Bronze, Iron,
and Steel Ages into its current age, the Age of Polymers. An age in which synthetic polymers
are and will be the material of choice.

Polymeric materials have a vast potential for exciting new applications in the foreseeable
future. Polymer uses are being developed in such diverse areas as; conduction and storage of
electricity, heat and light, molecular based information storage and processing, molecular
composites, unique separation membranes, revolutionary new forms of food processing and
packaging, health, housing, and transportation. Indeed, polymers will play an increasingly
important role in all aspects of our life.

The large number of current and future applications of polymeric materials has created a
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great national need for persons specifically trained to carry out research and development in
polymer science and engineering. © A person choosing a career in this field can expect to

achieve both financial reward and personal fulfillment.

New Words and Expressions

polymer n. BA&Y,BHT . ZRE mulch = PEY,.IFH.RWE

be around i, BB dacron n. &%

starch n. JE# teflon = $5E4, REURZBEZMED
cellulose n GF4EE polyurethane . BRILEHE
adhesive ». BitEYI.EEF matrix n. ZE

elastomer n. HAYEMR (A BB , B A vulcanization n. RBEHIEELL, ik
composite ., G B JEE5Y - counterpart . F{LZY)
biomedical adj. tEHIEFH synthetic adj. A, AER
optical adj. JeEhY, IREEH), AR fabricate ©. H¥E,Bay EERC
precursor adj. FCUK,RTR,EATHE bakelite n. AZEREE, BA
ceramics n. HIFAR crystallography n. 5%
aeration n. FB (¥R, herald n. SeIR#E .8
vinyl-chloride resin » EZ WIS liquid crystal & d#

tile n R, ERE keviar . #F4E B, B4
polystyrene n. BHE I auto racing EHF

styronfoam n. B ZEWHER outstrip v #Bid, it

insulate v {Hi#%%, [FEHEH unit volume BAN7{AFH

nylon n Bl choice material ¥§1EFIHH Rl
polyethylene n. BZ.4& membrane n. W, R, E R4

moldable adj. RI¥H)
Notes

(DPolymers are substances containing a large number of structural units joined by the
same type of linkage. ‘

REYREHMEE TG SRR EITHRNYE.

@Polymers already have a range of applications that far exceeds that of any other class of
material available to man.

B ML AT B w2 A AR TR R

@1In agriculture and agribusiness, polymeric materials are used in and on soil to improve
aeration, provide mulch, and promote plant growth and health.

AR B AR B =k, A AR SR L rh a1 ELISGE R E AR
UL, 2 LR Bl TR R AR RRAE K

@Then in 1839, Charles Goodyear discovered vulcanization, by combining natural rubber
with sulfur and heating it to 270°F.

B TE 1839 M1, AR YT « MEF/REJIBRABBRAMES I IRE 270 R RE, RAT
BB Tk
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(B When 1941 arrived, polyethylene found its way into the world, and billions of pounds
of both high and low density versions of this material are produced annually for everything
from packaging film to piping to toys.

1941 48, R ZIBHBEMF L. M, AR LB R B R AR — AR P
S AT AEE ESERITRHE.

®Just as nature has used biological polymers as the material of choice, mankind will
choose polymeric materials as the choice material,

SRR B R AE I A TR R AT B — 4 ARG E A BE R

() The large number of current and future applications of polymeric materials has created
a great national need for persons specifically trained to carry out research and development in
polymer science and engineering.

B AT RD R M BT R Sk R R R TX'J“ﬁEHiE%%%EF?EﬁE#W%%‘? PN 0]

%}ko
Exercises

1. Comprehension questions.
1. Polymers are substances made up of
A. many different types of linkage
B. units linked together in the same way
C. the same linkage
D. structures of the same type
2. Which is NOT true according to the passage?
A. Of all the materials, polymers have the most uses,
B. Polymers can be used for adhesives, coatings and foams.
C. Automobile industry depends on polymers alone.
D. Polymers are often used to make protective materials for sports.
3. Which of the following is TRUE?
A. Rubbers are found in the Mayan civilization.
B. Automobile tires are commonly vulcanized before use.
C. M. Polanyi discovered X-ray crystallography.
D. Vinyle-chloride resin was first produced in 1927.
4. Polystyrene is used
A. to make video tapes
B. for expansion of polymers
C. to make Styronfoam for packaging and heat insulation
D. in containerization for transporting cups
5. Eknol is a polymeric material that can be
A. made in molds
B. used in the places with much heat
C. found in liquid crystal

D. fixed in electric devices and aircraft engines
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. What important event happened in 1976 about the development of polymer?
A. For the first time, more polymer materials were made than steel.
B. Polymers and plastics were widely used.
C. Plastics and metal materials were combined.
D. Polymers made an epoch in history.
. Polymers will be in the future.
A. in an age of stone, bronze, iron and steel
B. chosen by mankind
C. the choicest material
D. used as the biological material of choice
. The fast development of polymer materials
A. can make everybody rich
B. will make polymer a financial material
C. need more people to think about personal fulfillment
D. creates opportunities for people to succeed
. Translate the following sentences into Chinese.
Polymers in the natural world have been around since the beginning of time. Starch,
cellulose, and rubber all possess polymeric properties.
. Current applications extend from adhesives, coatings, foams, and packaging materials to
textile and industrial fibers, elastomers, and structural plastics.
. When it comes to industry, automobile parts, windshields for fighter planes, pipes, tanks,
packing materials, insulation, wood substitutes, adhesives, matrix for composites, and
elastomers are all polymer applications used in the industrial market.
. The Mayans are assumed to be among the first to find an application for polymers, as their
children were fond of playing with balls made from local rubber trees.
. Humans have progressed from the Stone Age, through the Bronze, Iron, and Steel Ages
into its current age, the Age of Polymers. An age in which synthetic polymers are and will
be the material of choice.
. A person choosing a career in this field can expect to achieve both financial reward and

personal fulfillment.

Word Study

. contain

(22 ﬁl/é?,%’iﬂi

1) Whisky contains a large percentage of alcohol.
BERHERESRIRE,

2) Does 1t contain carrot?

HEmAHRE g7

3) The resolution must contain a section expounding Mao Zedong Thought,
R T EAEELRBENX B RERE,

4) A line on a form that may contain delimiters, but does not contain other characters.
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T LA R E R A& HAFR W — 1T,
2. exceed
vt FAN, A
The demand for fish this month exceeds the supply.
A A AT AR,
vi. (E¥E JREPRL, 5L
In the Olympic Games Americans excelled in basketball.
ERE& L, EEABRTEWRE.
3. assume
ut, {E&J&?%v%ﬂy
1) We can’t assume anything in this case.
FEX FE L F AT AT RE ML R Bt .
2) He assumed a look of innocence.
fhgs i —BI X ELHRHT .
3) We assumed a new method.
BRIV T —MF T
4. witness
n. Bir& . WEA LR, IR
1) She was a witness of the incident.
WEEHHEEE.
2) He gave witness on behalf of an accused person.
fi F 8 45 A IE .
ut. Efﬁ"'ﬂZﬁE, ‘HEHE s%/ﬁ%fijﬁﬂﬂ
1) T witnessed the accident.
HRREE TXHE.
2) No one could witness that he was present.
WA AL
3) Severe damage witnessed the destructive force of the storm,
PEEAHIRRH T X352 X E KWBIR .
5. pave
ut. ﬁ ,%] """ ﬁjlzlﬁ%
1) The street is paved with asphalt.
HEBE L.
2) I do hope the treaty will pave the way to peace in the Middle East.
REMEXFLE R D AROFFEFE R .
6. outstrip
vt AR - AT, (EFR GO M
1) That manufacturer outstripped all his competitors in sales last year,
FNHERFREFEWHEEREL THARSXNF.
2) Demand is outstripping current production,
AT RBEEL T ERRS.,

3) He can outstrip his friend both in sports and in studies,
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fh B ZEAR S FE > 5 A B R
7. diverse
adj. NEIHY, ZFZHH
1) Her interests are very diverse.
MBI MEBAEE T2 .
2) The program deals with subjects as diverse as pop music and Beijing Opera.
HESEARTE FARBXE SR ESRKEX.
3) Chinese society will become more diverse.
T E SRR E SRR
8. achieve
. BUR, k1%, LW, 5%
1) They achieved some victories despite these setbacks.
SRS Z X kYT, MATERBUS T — SR,
2) You will achieve your ambition if you work hard.

WRARES S1, VREI SR LISEELRY

Lesson 2 Reading

Scientific Principles of Polymers

The field of polymers is so vast and the applications so varied, that it is important to
understand how polymers are made and used. Since there are over 60 000 different plastics
vying for a place in the market, knowledge of this important field can truly enrich our
appreciation of this wonder material. Companies manufacture over 30 million tons of plastics
each year, and spend large sums on research, development, and more efficient recycling
methods. Below we learn some of the scientific principles involved in the production and

processing of these fossil fuel derived materials known as polymers. ¢

Polymerization Reactions

The chemical reaction in which high molecular mass molecules are formed from monomers
is known as polymerization. ® There are two basic types of polymerization, chain-reaction (or

addition) and step-reaction (or condensation) polymerization,

Chain-Reaction Poly merization

One of the most common types of polymer reactions is chain-reaction (addition)
polymerization. This type of polymerization is a three step process involving two chemical
entities. The first, known simply as a monomer, can be regarded as one link in a polymer
chain. It initially exists as simple units. In nearly all cases, the monomers have at least one carbon-

carbon double bond. Ethylene is one example of a monomer used to make a common polymer.
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Ethylene
The other chemical reactant is a catalyst. In chain-reaction polymerization, the catalyst
can be a free-radical peroxide added in relatively low concentrations, A free-radical is a
chemical component that contains a free electron that forms a covalent bond with an electron
on another molecule. The formation of a free radical from an organic peroxide is shown below.
R—O0—0—R—>R—0*"+R—0"
with( * )representing the free electron
In this chemical reaction, two free radicals have been formed from the one molecule of
R,0,. Now that all the chemical components have been identified, we can begin to look at the

polymerization process.
Step 1. Initiation

The first step in the chain-reaction polymerization process, initiation, occurs when the
free-radical catalyst reacts with a double-bonded carbon monomer, beginning the polymer
chain. The double carbon bond breaks apart, the monomer bonds to the {ree radical, and the
free electron is transferred to the outside carbon atom in this reaction. @

H H H H
R0 + b=t RO
o H b
Step 2: Propagation

The next step in the process, propagation, is a repetitive operation in which the physical
chain of the polymer is formed. The double bond of successive monomers is opened up when
the monomer is reacted to the reactive polymer chain. The free electron is successively passed
down the line of the chain to the outside carbon atom.

R—O—CH,—CH; -+ CH,—CH, —> R—0O—CH,—CH,—CH,—CH;
v v ——— "

Propagating polymer chain Monomer New polymer chain
This reaction is able to occur continuously because the energy in the chemical system is
lowered as the chain grows. Thermodynamically speaking, the sum of the energies of the
polymer is less than the sum of the énergies of the individual monomers. Simply put, the

single bonds in the polymeric chain are more stable than the double bonds of the monomer.

Step 3: Termination

Termination occurs when another free radical (R—Q" ), left over from the original

splitting of the organic peroxide, meets the end of the growing chain. @ This free-radical

terminates the chain by linking with the last CH; component of the polymer chain. This
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reaction produces a complete polymer chain. Termination can also occur when two unfinished
chains bond together. Both termination types are diagrammed below. Other types of

termination are also possible.
R—O—CH,—CH,—CH,—CH; TR—0'— R—O—CH,—CH,—CH,—CH,—O—R

Propagating polymer chain  {eft over Completed polymer chain
free-radical

R—O—CH,—CH; +R—0—CH, —CH; —> R—O—CH Z—CHZ—\LHZ—CHZ—O—R

Propagating polymer chains Completed polymer chain
This exothermic reaction occurs extremely fast, forming individual chains of polyethylene
often in less than 0. 1 second. The polymers created have relatively high molecular weight. It
is not unusual for branches or cross-links with other chains to occur along the main chain,

Step-Reaction Polymerization

Step-reaction (condensation) polymerization is another common type of polymerization.
This polymerization method typically produces polymers of lower molecular weight than chain
reactions and requires higher temperatures to occur. Unlike addition polymerization, step-wise
reactions involve two different types of di-functional monomers or end groups that react with
one another, forming a chain. Condensation polymerization also produces a small molecular
by-product (water, HCl, etc. ). Below is an example of the formation of Nylon 66, a common
polymeric clothing material, involving one each of two monomers, hexamethylene diamine and
adipic acid, reacting to form a dimer of Nylon 66. This polymer is known as nylon 66 because
of the six carbon atoms in both the hexamethylene diamine and the adipic acid.

H H O
N\ / AN Y
, N—(CH,),—N + C —(CH,),— C\\
u W HO

Hexamethylene Adipic acid
diamine

H H O 0
\ Ul z :
/N-—(CH,)G— N—C—(CH,,—C <t H,0

H . . HO  water

Hexamethylene adipamide
(Nylon 66)

At this point, the polymer could grow in either direction by bonding to another molecule
of hexamethylene diamine or adipic acid, or to another dimer. As the chain grows, the short
chain molecules are called oligomers. This reaction process can, theoretically, continue until
no further monomers and reactive end groups are available. The process, however, is
relatively slow and can take up to several hours or days. Typically this process breeds linear
chains that are strung out without any cross-linking or branching, unless a tri-functional
monomer is added. ©

Polymer Chemical Structure

The monomers in a polymer can be arranged in a number of different ways. As indicated
above, both addition and condensation polymers can be linear, branched, or cross-linked.
Linear polymers are made up of one long continuous chain, without any excess appendages or
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attachments. Branched polymers have a chain structure that consists of one main chain of
molecules with smaller molecular chains branching {rom it. A branched chain-structure tends
to lower the degree of crystallinity and density of a polymer. Cross-linking in polymers occurs
when primary valence bonds are formed between separate polymer chain molecules. ©®

Chains with only one type of monomer are known as homopolymers. If two or more
different types of monomers are involved, the resulting copolymer can have several

configurations or arrangements of the monomers along the chain. The four main

configurations are depicted in Figure 1. 1.

(a)random copolymer  (b)alternating copolymer (c)blok copolymer (d)graft copolymer

Figure 1.1 Copolymer configurations

Polymer Physical Structure

Segments of polymer molecules can exist in two distinct physical structures. They can be
found in either crystalline or amorphous forms. Crystalline polymers are only possible if there
is a regular chemical structure (e. g., homopolymers or alternating copolymers), and the
chains possess a highly ordered arrangement of their segments. Crystallinity in polymers is
favored in symmetrical polymer chains, however, it is never 100%. These semi-crystalline
polymers possess a rather typical liquefaction pathway, retaining their solid state until they
reach their melting point at T,,. @

Amorphous polymers do not show order. The molecular segments in amorphous polymers or the
amorphous domains of semi-crystalline polymers are randomly arranged and entangled.
Amorphous polymers do not have a definable T, due to their randomness. At low
temperatures, below their glass transition temperature (Ty), the segments are immobile and
the sample is often brittle. As temperatures increase close to T, » the molecular segments can
begin to move. Above Ty, the mobility is sufficient (if no crystals are present) that the
polymer can flow as a highly viscous liquid. The viscosity decreases with increasing
temperature and decreasing molecular weight. There can also be an elastic response if the
entanglements can not align at the rate a force is applied (as in silly putty). This material is
then described as visco-elastic. In a semi-crystalline polymer, molecular flow is prevented by
the portions of the molecules in the crystals until the temperature is above T,,. At this point a
visco-elastic material forms. These effects can most easily be seen on a specific volume versus
temperature graph (Figure 1. 2).

In the area between T, and T, the semi-crystalline polymer is a tough solid. The
amorphous material changes to a viscous liquid after T,. This is when the material can be

easily deformed.



