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PART 1 INTRODUCTION

Lesson 1  Introduction to History of Polymer Science

Since the Second World War, polymeric materials have been the fastest-growing
segments of the world chemical industry. It has been estimated that more than a third of
the chemical research money is spent on polymers,with a correspondingly large propor-
tion of technical personnel working in the area.

A modern automobile contains over 150 kg of plastics, and this does not include
paints , the rubber in tires,or the fibers in tires and upholstery. New aircraft incorporate
increasing amounts of polymers and polymer-based composites. With the need to save
fuel and therefore weight, polymers will continue to replace traditional materials in the
automotive and aircraft industries. Similarly , the applications of polymers in the building
construction industry ( piping, resilient flooring, siding, thermal and electrical insulation,
paints ,decorative laminates ) are already impressive, and will become even more so in
the future. A trip through a supermarket will quickly convince anyone of the importance
of polymers in the packaging industry ( bottles, films , trays ). Many other examples could
be cited ,but to make a long story short,the use of polymers now outstrips that of metals
on a mass basis.

People have objected to synthetic polymers because they are not “natural. " Well,

botulism is natural ,but it s not particularly desirable. Seriously, if all the polyester and

nylon fibers in use today were to be replaced by cotton and wool , their closest natural

counterparts , calculations show that there wouldn’t be enough arable land left to feed

the Eogulacef‘D and we’ d be overrun by sheep. The fact is there simply are no practical
natural substitutes for many of the synthetic polymers used in modern society.

Since nearly all modern polymers have their origins in petroleum, it has been ar-
gued that this increased reliance on polymers constitutes an unnecessary drain on ener-
gy resources. However ,the raw materials for polymers account for less than two percent
of total petroleum and natural gas consumption,so even the total elimination of synthetic
polymers would not contribute significantly to the conservation of hydrocarbon
resources. Furthermore ,when total energy costs( raw materials plus energy to manufac-
ture and ship ) are compared ,the polymeric item often comes out well ahead of its tra-
ditional counterpart,e. g. ,glass vs. plastic beverage bottles. In addition, the manufac-

turing processes used to produce polymers often generate considerably less environ-
1
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mental pollution than the processes used to produce the traditional counterparts,e. g. |
polyethylene film vs. kraft paper for packaging.

Ironically ,one of the most valuable properties of polymers,their chemical inertness,
causes problems because polymers do not normally degrade in the environment. As a re-

sult,they contribute increasingly to litter and the consumption of scarce landfill space”.

Progress is being made toward the solution of these problems. Environmentally degrad-
able polymers are being developed, although this is basically a wasteful approach and
we’ re not yet sure of the impact of the degradation products. Burning polymer waste for
its fuel value makes more sense ,because the polymers retain essentially the same heat-
ing value as the raw hydrocarbons from which they were made. Still, the polymers must
be collected and this approach wastes the value added in manufacturing the polymers.

The ultimate solution is recycling. If waste polymers are to be recycled, they must
first be collected. Unfortunately , there are literally dozens( maybe hundreds ) of different
polymers in the waste mix,and mixed polymers have mechanical properties about like
cheddar cheese. Thus,for anything but the least-demanding applications( e. g. , parking
bumpers , flower pots) ,the waste mix must be separated prior to recycling. To this end,
automobile manufacturers are attempting to standardize on a few well-characterized
plastics that can be recovered and re-used when the car is scrapped. Many objects made
of the large-volume commodity plastics now have molded-in identifying marks, allowing
hand sorting of the different materials.

Processes have been developed to separate the mixed plastics in the waste. The
simplest of these is a sink-float scheme which takes advantage of density differences a-
mong the various plastics. Unfortunately , many plastic items are foamed , plated , or filled
( mixed with nonpolymer components ), which complicates density-based separa-
tions. Other separation processes are based on solubility differences between various
polymers. An intermediate approach chemically degrades the waste polymer to the start-

ing materials from which new polymer can be made.

1. New words

paint[ peint |n. BUEL, I0i%E counterpart| 'kauntapa:t | n. X} R4
rubber| 'raba In. 12/ arable[ rabl | adj. A[HFEY, Al FF R AY
upholstery| ap'haulstari | n. % P24 fi overrun| Quva'ran | n. #8H BB EE ;v & vi.
aireraft| 'eokra: ft |n. %5 4% Z

siding[ 'saidin | n. Ht%E petroleum| pi'trouliom | n. £17H

polyester| poli'esta | n. HEd hydrocarbon| 'haidrou'ka:bon | n. 42,k &
nylon[ 'nailan | n. JEJE a7

botulism|[ 'botjulizom | n. A& 5 (B beverage | 'bevarid3 | n. TKF
HHEERY—Ff) polyethylene[ poli'ebili:n]n. I
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degrade [ di'greid | vt. & vi. (fli) K i,
(fd) B 1k

scarce [ skeas |adj. $Z 1, AL
landfill [ "leendfil | n. 37 3%, 57 5% #5481 vk

2. Phrases and expressions

polymer-based composites RS Y)HEE
GRS

resilient floor 574 i AR

electrical insulation HL46%%

decorative laminates %11 )2 H bl

3. Notes to the text

bumper[ 'bampa |n. 28 i

component[ kam'paunant] adj. ?ﬂbﬁ B/‘] j %
A5 5

cheddar| 'tfeda |n. Y —Fi

packaging industry f%& Tl
energy resource HEUR

raw material JFBf R

account for b | 1A

kraft paper R4

(DPeople have objected to synthetic polymers because they’ re not “ natural. ”

Well , botulism is natural ,but it’ s not particularly desirable. Seriously , if all the polyes-

ter and nylon fibers in use today were to be replaced by cotton and wool, their closest

natural counterparts, calculations show that there wouldn’ t be enough arable land left to

feed the populace,------ MMIIBE RSV ZF A EWBREYAR KR, K, &
YR —MARRE, BENARANTTRER,, MUk, iR IA i RE e
21 2E R B AR AL A SE BaX 2 B SR AP AT A £F ik B A, WA 1B SR B B 45 A S nT #F R A +

KA T AR BT ET .

2)As a result , they contribute increasingly to litter and the consumption of scarce landfill space.

ZEIR R H E‘mi‘%)‘m,iﬁﬁi% H ek /L
4. Exercises

(1) Consider the room you’ re in.

a. Identify the items in it that are made of polymers.

b. What would you make those items of if there were no polymers?

c. Why do you suppose polymers were chosen over competing materials (if any)

for each particular application?

(2)Repeat Problem 1 for your automobile. Don’ t forget to look under the hood.

(3) You wish to develop a polymer to replace glass in widow glazing. What proper-

ties must a polymer have for that application?

Reading Material

History of Macromolecular Science

Natural polymers have been utilized throughout the ages. Since his beginning man

3
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has been dependent upon animal and vegetable matter for sustenance, shelter, warmth ,
and other requirements and desires. Natural resins and gums have been used for thou-
sands of years. Asphalt was utilized in pre-Biblical times; amber was known to the
ancient Greeks;and gum mastic was used by the Romans.

In the search by the early organic chemists for pure compounds in high yields,
many polymeric substances were discovered and as quickly discarded as oils, tars, or
undistillable residues. A few of these materials, however, attracted interest. Poly ( ethyl-
ene glycol ) was prepared about 1860 ;the individual polymers with degree of polymeriza-
tion up to 6 were isolated and their structures correctly assigned. The concept of exten-
ding the structure to very high molecular weights by continued condensation was under-
stood.

Other condensation polymers were prepared in succeeding decades. As the molec-

ular aggregation theories gained in popularity, structures involving small rings held to-

gether by secondary bond forces were often assigned to these products .

Some vinyl polymers were also discovered. Styrene was polymerized as early as
1839 ,isoprene in 1879, and methacrylic acid in 1880. Again cyclic structures held to-
gether by “partial valences™ were assigned.

Acceptance of the macromolecular hypothesis came about in the 1920’ s, largely

because of the efforts of Staudinger, who received the Nobel Prize in 1953 for his cham-

pionship of this viewpoint@. In 1920 he proposed long-chain formulas for polystyrene,

rubber, and polyoxymethylene. His extensive investigations of the latter polymers left no
doubt as to their long-chain nature. More careful molecular weight measurements sub-
stantiated Staudinger’ s conclusions,as did x-ray studies showing structures for cellulose
and other polymers which were compatible with chain formulas. The outstanding series
of investigations by Carothers beginning in 1929 supplied quantitative evidence substan-
tiating the macromolecular viewpoint.

One deterrent to the acceptance of the macromolecular theory was the problem of
the ends of the long-chain molecules. Since the degree of polymerization of a typical
polymer is several hundred ,chemical methods for detecting end groups were at first not
successful. Staudinger suggested that no end groups were needed to saturate terminal va-
lences of the long chains ;they were considered to be unreactive because of the size of
the molecules. Large ring structures were also hypothesized ;and this concept was popu-

lar for many years. Not until Flory elucidated the mechanism for chain-reaction poly-

merization did it become clear that the ends of long-chain molecules consist of normal ,

satisfied valence structures”. The presence and nature of end groups have since been

investigated in detail by chemical methods.

Staudinger was among the first to recognize the large size of polymer molecules
and to utilize the dependence on molecular weight of a physical property,such as dilute
4
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solution viscosity , for determining polymer molecular weights. He also understood clearly

that synthetic polymers are polydisperse. A few years later, Lansing and Kraemer distin-

guished unmistakably among the various average molecular weights obtainable experi-

mentally.

Staudinger’ s name is also associated with the first studies of the configuration of

polymer chain atoms. He showed that the phenyl groups in polystyrene are attached to

alternate chain carbon atoms. This regular head-to-tail configuration has since been es-

tablished for most vinyl polymers. The mechanism for producing branches in normally

linear vinyl polymers was introduced by Flory but such branches were not adequately i-

dentified and characterized for another decade. Natta first recognized the presence of

stereospecific regularity in vinyl polymers.

1. New words

gum[ gam |n. Ji&

asphalt[ ‘wsfeelt | n. JIT, H1H

amber| '®embo | n. BEF

tar[ la: }n,. &:/Hﬂ

vinyl[ 'vainil |n. Z %k

styrene [ 'staiori:n | n. KM

glycol[ 'glaikal |n. & —[F

isoprene | ai'soupri: |n. 5 M
methacrylic [ me'8okrilik | adj. HV 3E N 45
KK ,

polystyrene[ ipoli'staiori:n | n. FA I
polyoxymethylene [ poli oksi'mebili: n | n.
R

2. Phrases and expressions
ethylene glycol 2, —[§%

degree of polymerization & E
molecular weight  43F &

secondary bond KA, KA
methacrylic acid I IEPIGEE | N1

3. Notes to the text

cellulose[ 'seljulous | n. £F4E %

deterrent| di'terant | n. FHAFY)

viscosity[ viskositi |n. ZhJE

distillable [ dis 'tilobl | adj. 7] H1 28 1% 1
(Gib!

residuum|[ ri'zidjuom |n. 4%, 5R1%
polydisperse [ ;polidis'pa: s | adj. £ 1 #l
PERY

phenyl[ 'fenil |n. A%k

configuration| kan/figju'reifan | n. 47!
stereospecific | stioriauspa'sifik | adj. A
S SE ]

elucidate[ i'lju;sideit [or. [# B

long-chain  {<HE

end group ¥ ik

chain-reaction  # 3  I

dilute solution viscosity i {7 W &
head-to-tail configuration =k FEA4 7Y

(D As the molecular aggregation theories gained in popularity, structures involving

small rings held together by secondary bond forces were often assigned to these prod-
ucts. M T4 P4 S YBHARBRAT , A2 FE e 7= i R 25 78 iU ik & B I 256k

KN,
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@Acceptance of the macromolecular hypothesis came about in the 1920’ s, largely
because of the efforts of Staudinger, who received the Nobel Prize in 1953 for his cham-
pionship of this viewpoint.  F% i T Staudinger (%% 17,20 42 20 440 & 2 FE A A
%S, TR A WL B K SCRF IR A , 1953 ARl pledse T DL ZR %

3Not until Flory elucidated the mechanism for chain-reaction polymerization did it
become clear that the ends of long-chain molecules consist of normal , satisfied valence
structures.  HF Flory B {FHEU B R G WIELLG , AMTA T5H5 R B 0 1 =W A i 1F
HIp B A5
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Lesson 2 Basic Concepts of Polymer Science

Almost half a century ago, Wolfgang Ostwald coined the phrase “the land of neg-
lected dimensions” to describe the range of sizes between molecular and macroscopic
within which occur most colloidal particles. The term * neglected dimensions” might
have been applied equally well to the world of polymer molecules, the high-molecular-
weight compounds so important to man and his modern technology. It was not until the
third decade of this century that the science of high polymers began to emerge,and the
major growth of the technology of these materials came even later. Yet today polymer di-
mensions are neglected no more, for industries associated with polymeric materials em-
ploy more than a third of all American chemists and chemical engineers.

The science of macromolecules is divided between biological and nonbiological ma-
terials. Each is of great importance. Biological polymers form the very foundation of life
and intelligence ,and provide much of the food on which man exists. This book , howev-
er,is concerned with the chemistry, physics, and technology of nonbiological poly-
mers. These are primarily the synthetic materials used for plastics, fibers, and elasto-
mers , but a few naturally occurring polymers, such as rubber, wool , and cellulose , are in-
cluded. Today ,these substances are truly indispensable to mankind, being essential to
his clothing, shelter, transportation , and communication, as well as to the conveniences
of modern living.

A polymer is a large molecule built up by the repetition of small ,simple chemical

units. In some cases the repetition is linear, much as a chain is built up from its

links. In other cases the chains are branched or interconnected to form three-dimension-

al networks”. The repeat unit of the polymer is usually equivalent or nearly equivalent
to the monomer ,or starting material from which the polymer is formed. Thus the repeat
unit of poly ( vinyl chloride ) is —CH, CHCl—; its monomer is vinyl chloride, CH,=—
CHCL

The length of the polymer chain is specified by the number of repeat units in the

chain. This is called the degree of polymerization. The molecular weight of the polymer

is the product of the molecular weight of the repeat unit and the degree of polymeriza-

tiinsing poly ( vinyl chloride ) as an example,a polymer of degree of polymerization
1,000 has a molecular weight of 63 x 1,000 =63,000. Most high polymers useful for
plastics, rubbers , or fibers have molecular weights between 10,000 and 1,000 ,000.
Unlike many products whose structure and reactions were well known before their
industrial application,some polymers were produced on an industrial scale long before

their chemistry or physics was studied. Empiricism in recipes, processes, and control
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