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PREFACE TO THE THIRD EDITION

Once again the many advances in polymers and their associated processes
have rendered necessary a new edition of this book.

The Material chapters have been updated to include linear low density poly-
ethylene (LLDPE), pearlescent polypropylene, amorphous nylon (Selar PA),
poly (ethylene terephthalate) (PET), ethylene/vinyl alcohol copolymers (EVOH),
poly (etherimide) (Ultem), and poly (etheretherketone) (PEEK).

The chapters on Processing have also been updated to take account of de-
velopments in powder coating, coextrusion, injection and blow molding, solid
phase pressure forming, and thermoforming (including blister and skin pack-
aging). New additions include sections on stretch blow molding, multi-layer
(coextrusion) bottle blowing, and the decoration of plastics.

The chapter on Testing has been expanded to include water vapor and gas
transmission, while the section on optical tests has been enlarged.

As in previous editions, the applicational aspects have also been updated
so that the book will continue to serve the needs of the users of polymers, as
well as those of chemists, engineers and technicians in the industry.



PREFACE TO THE SECOND EDITION

Since the first edition of this book there has been a tremendous. growth
in both polymers and processes.

The framework of the original book seemed to meet with the general ap-
proval so this has been retained but a great deal of new materials has been
added in order to keep it up-to-date. As well as two new complete chapters
on Heat Resistant Thermoplastics and Powder Coating there have been sub-
stantial additions to most of the other chapters. Chapter 16, for example, con-
tains information on a number of new materials and has been retitied High
Performance Thermoplastics.

Additional materials covered include polyimides, aromatic polamides,
polysulfone, poly (methyl pentene), parylene, polyphenylene oxide and many
others. New processes include the molding of structural foams, coextrusion,
powder coating, solid phase forming, form/fill/seal bottle blowing, and film
fibers.

As in the first edition a great deal of emphasis has been placed on the appli-
cations of materials and processes so that the book will continue to be of in-
terest and help to users of plastics and rubbers as well as to chemists, engineers
and technicians in the industry.



PREFACE

The past few years have seen the development of many new polymeric
materials, some of them, such as polypropylene and polyisoprene rubber,
being the results of completely new polymerization techniques. There
have also been corresponding advances in processing techniques. Some of
these developments have been the subject of separate textbooks or mono-
graphs, while at the other end of the scale there are multi-volume works
with each chapter written by specialists.

It seemed to us, however, that there was still room for a book which
would cover the most important of these developments in a single volume
and incorporate them into the general framework of plastics technology.
Originally we were guided to some extent by the syllabus for the plastics
technology papers of the Graduateship Examination of the Plastics Insti-
tute, since it appeared that there were no single texts available to students.
The framework suggested by this approach, namely, Materials, Processes -
and Testing, remains but with additional material and a slight change of
emphasis. These changes should still enable the book to act as a basis for
students intending to sit for the Plastics Institute and City and Guilds
Examinations as well as the Polymer Technology route to Licenciateship
of the Royal Institute of Chemistry.

We have, for instance, included some material on natural, synthetic and
modified rubbers following the decision to form a Joint Examining Board
for the Plastics Institute and the Institute of the Rubber Industry, at the
same time altering the title of the book to Polymer Technology from Plas-
tics Technology. We also decided to place more emphasis on the applica-
tions of plastics, linking these with the properties of the various materials
and the conversion processes available. There is an increasing number of
people, in a wide variety of industries, who find that they need to know
something about the uses of polymers, their advantages and their limita-
tions. Not all of these people have a technical background and we. have
tried to keep their needs in mind, as well as those of chemists, engineers
and technicians.

Finally, for any reader who finds that he needs to know more on any
particular topic in this book, we have included suggestions for further
reading at the end of each chapter. While these do not include every book
written on polymers, they form a fair cross section and can themselves act
as stepping stones to more advanced tomes, if desired.

D. C. MILES
J. H. BRISTON
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INTRODUCTION

A polymer may most easily be defined as a material which is composed
of comparatively simple recurring units. Well-known examples which oc-
cur in nature are the polysaccharides such as starch and cellulose, which are
made up of very large numbers of glucose units. Another well-known poly-
mer is natural rubber (polyisoprene); its repeating unit is shown below.

CH2 _'(i.:ch"‘ CH2
CH;

Many other polymers occur in nature but few of them concern us here. As
is pointed out in the Preface, our intention in this book is to deal with the
technology of certain polymeric materials known as plastics, but for the
sake of completeness the subject of rubbers needs to be touched upon.

For a definition of plastics we cannot do better than repeat that given
in the British Standards Institute publication, Glossary of Terms used in
the Plastics Industry (B.S. 1755: 1951) which says, ‘Plastics—A wide group
of solid composite materials which are largely organic, usually based on
synthetic resins or upon modified polymers of natural origin and possessing
appreciable mechanical strength. At a suitable stage in their manufacture
most plastics can be cast, molded or polymerized directly to shape. Some
plastics are rubber-like while some chemically modified forms of rubber
are considered to be plastics.’

Rubber is a little harder to define but the following, based on perfor-
mance characteristics at room temperature, is adequate: ‘A rubber is a ma-

1



2 POLYMER TECHNOLOGY

terial capable of being stretched to at least double its original length and
then returning, rapidly and forcibly, to substantially its original length.
An additional requirement is that it shall be capable of being easily formed
in its raw state but after vulcanization it shall be able to retain a given size
and form. The theory and practice of vulcanization are discussed in a
later chapter dealing with rubbers but it may be briefly noted here that the
effect of vulcanization on a rubber is to reduce its plasticity while effective-
ly maintaining its elasticity. Surface tackiness is decreased, while the
strength is increased. In many cases it is possible to produce hard materi-
als, as instanced by the material known as ‘ebonite.” The first half of the
definition above would include many plastics which are, however, excluded
because they cannot be vulcanized.

Plastics themselves can be divided into two main subgroups, namely,
thermoplastics and thermosets (or thermo-hardening) materials. Thermo-
plastics are materials which have the property of softening repeatedly on
the application of heat and of hardening again when cooled, while thermo-
sets soften once and then harden irreversibly on the application of suffi-
cient heat (usually referred to as ‘curing’). When a thermosetting resin is
‘cured’ it is insoluble in solvents.

From the definition of rubbers given above, it can be seen that these
form an intermediate class of material somewhere between the thermo-
plastics and the thermosets. Thus, they are thermoplastic during forming
operations but are ‘cured’ ¢ vulcanized after forming to an intermediate
elastic or rubbery state and, in some instances, the ‘cure’ may be prolonged
to produce a material closely resembling a thermoset.

The difference in the formation of thermoplastics and thermosetting
materials can be explained by reference to the Theory of Functionality,
which was first produced by R. H. Kienle. This theory may best be ex-
plained using a diagrammatic approach, as follows:

Let the monomer unit be represented as a circle, O, and each functional
group (or reactive center) within the monomer be represented by a dash,
A monofunctional moner (f) = 1 would thus be represented as O—.

Since reaction can take place only between reactive groups or centers
the only type of compound which can be formed is of the type shown
here, O—O. An example of this type of reaction would be that between a
monohydric alcohol with a monocarboxylic acid to give an ester, e.g.,

CH3 CH2 OH + CH3 COOH —~ CH3 Ccoo - CH3 CH; + H2O

Let us now consider a monomer with functionality (f) = 2. Reaction
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can then continue to give long-chain molecules, in the manner pictured
below.

—O— + —O— + —0— = ~O—O—C—

An example of this type of reaction is the formation of a linear poly-
ester from a dihydric alcohol and a dibasic acid, e.g.,

n(COOH «CH, +COOH) + n(OH CH, * CH, * OH) —
Malonic acid Ethylene glycol

‘EO'CO°CH2'O'CO'CH2°CH2}— +2n+-H,0
n

It should be noted, in passing, that a reactive double bond possesses a
functionality of 2 since it can open in such a way that it will connect up
with two other groups.

CH,~CH, — *—CH,—CH,;—*
Ethylene

or n-CH=CH; — ‘-(CH,-—CH,)—,.‘

The asterisk denotes that the attached bond can react with other reac-
tive groups which may be present. For a treatment of the kinetics govern-
ing such reactions one must refer to textbooks on physical chemistry but
it should be emphasized that the reaction is not a straight build-up of one
chain only. Very many chains are in the process of formation at any in-
stant and each chain competes for monomer with all other chains. Chain
formation ceases when the supply of monomer is exhausted or when reac-
tion occurs with a monofunctional molecule, such as a catalyst residue,
solvent molecule or an impurity. Monofunctional compounds are also
added deliberately to control the chain length (and hence the molecular
weight) of the polymer.

O‘*‘O"('O_)‘O—. +—o—»0—<>~(—0—)—o—o"

We have said that only molecules of a functionality of 2 or higher can
react to form a polymer but while this is true, it does not necessarily mean
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that di-functional molecules will always polymerize. Sometimes a func-
tional group is shielded by other groups, and in some cases the formation
of a ring compound is favored, either by the geometry and nature of the
reacting molecules or by the reaction conditions. If a six-membered ring
can be formed, for instance, by intraesterification, then polymerization
will rarely occur. Reaction in dilute solution also favors ring formation
since the reactant molecules are separated from each other by the solvent
molecules, and the chance that the ends of the same molecule will come
together is greater than that of their meeting, and reacting, with different
molecules. The reaction of methylene diamine and malonic acid, for ex-
ample, leads to the formation of a six-membered ring as shown below.

/NHg C{)OH /NH—cg /NH——CQ
cl, + CH,—%> cg, CH, =20, C\I—\12 CH,
NH, COOH NH, &oon NH—CO
Methylene Malonic
diamine acid

Once the molecule with reactive ends is formed, ring formation is an
easy subsequent step. Six-membered rings are the ones most easily ob-
tained because such rings are formed with the least distortion of the bonds
connecting the individual atoms. Closer study of these and similar factors
governing the formation of polymers is more properly the province of the
physical chemist: some excellent texts are available and are given in the
reading list at the end of this chapter.

The linear polymers formed by the reaction of difunctional molecules
are members of the subgroup of plastics which we have already defined as
thermoplastics. The long-chain molecules are held together by relatively
weak intermolecular (or Van der Waal) forces, and energy, in the form of
heat, will cause the molecules to move relative to each other and the ma-
terial will then flow. Differences in the softening point of different plas-
tics are due to the relative strength of their intermolecular forces. Polar
molecules, such as those of nylon, have greater attraction for each other
than nonpolar ones such as polyethylene, and the softening point of the
former is, therefore, greater than that of the latter. As is usual in the poly-
mer field this is not the whole story and we find that the softening point
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of polystyrene is lower than that of polyethylene in spite of the fact that
polystyrene, too, is a polar molecule. This is because there are bulky
groups attached to the polystyrene molecule, which prevent a close ap-
proach of the polymer chains with a consequent lessening of the attractive
forces between them. Less energy (i.e. heat) is necessary, therefore, to
cause relative movement or slipping of the chains.

We may now take a brief look at the consequences of including a ma-
terial with a functionality of 3 among our reactants. Using the pictorial
representation referred to previously we see that it is possible to build up a
complete network. The diagram shown below is, of course, a two-dimen-
sional representation of what is, in reality, a three-dimensional network.

i
—o—o—og—

-0-0-0-0

An example of the type of reaction shown above, where the reactants
have functionalities of 3 and 2, is given by the formation of phenol-formal-
dehyde resins.

The three-dimensional type of polymer typified by phenol-formalde-
hyde exhibits the type of behavior described earlier as thermosetting, the
fully cured- compound being unable to flow under the action of heat.
Each carbon atom in the network is bound by primary valence bonds to
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OH

NN | o
+ OH—CH,—0H —2*—
(ie. H-CHO+H,0)
1

Phenol Formaldehyde
N=3 (in water). (=2

OH
‘@ H, CH,-

CH,

SN

Phenol-formaldehyde

other carbon atoms so that relative movement is almost impossible. In
addition, such a structure prevents penetration by solvent molecules and
subsequent dispersion so that although solvents may sometimes cause
swelling of thermosets they cannot produce a solution.

Intermediate stages are possible in the above and similar reactions, and
advantage is taken of thijs fact in the fabrication of articles from the raw
materials. If we consider Stage 1 to be the existence of the starting ma-
terials in their monomeric form, and Stage 3 the completely cured com-

pound, then we can visualize a Stage 2 when the full network has not yet
been built up and some flow is still possible under the influence of heat.
The resin manufacturer stops the reaction at Stage 2 and sells the product
in the form of pellets or as a powder. The molder takes this intermediate
product and forms it into the required shape, using heat and pressure. The
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conditions used to promote the flow in the mold are also sufficient to
cause the completion of the fully linked network so that the shape, once
formed, is permanent.

During the discussion on the case of the reaction between two difunc-
tional materials it was mentioned that polymerization would not always
take place because a functional group might be inoperational due to the
shielding by other groups. The same arguments apply to reaction between
di- and tri-functional groups, an excellent example being the reaction be-
tween glycerin and phthalic acid. Glycerin is a tri-functional compound, as
can be seen from its formula, namely,

CH,0H«
|
CHOH«

|
CH,OH«

the functional groups being arrowed.

However, the central OH group is, to some extent, shielded by the oth-
er two, and temperatures of between 250 and 270°C are necessary to cause
reaction of all three OH groups. At lower temperatures (200-240°C) a
linear product is obtained, as one would expect from two difunctional
compounds.

In passing we may mention compounds having a functionality of 4. A
common class of tetrafunctional compound is that of the dienes (com-
pounds having 2 double bonds). The normal reaction of compounds
where the 2 double bonds are separated by one single bond (normally re-
ferred to as conjugated dienes) is as a difunctional compound but leaving
a residual double bond in the molecule.

n(CH;=~CH—CH=CH,) Butadiene. Total (f) = 4

N=2 (NH=2
|
-(— CHy~—CH=CH—CH, —)v
f n
f)=2

The residual functionality of 2 can be utilized to combine with material
such as sulfur to produce three dimensional networks.
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—CH,—CH=CH—CH,;— T —CH,—CH=CH—CH, + 2§
—CH,—CH—CH—CH,—
{4
-—CH,—(IZH—(‘ZH—-CH,—

This is the basis of vulcanization of polybutadiene and other rubbers.
The structure of rubbers is intermediate between that of the thermo-
plastics and thermosets and can best be described as a loosely linked net-

—_ %

Pt

/

Fig. 1.1

work where the linkages are comparatively few in number (Fig. 1.1).

Such a cross-inked structure is formed by vulcanization of rubbers and
allows considerable extension to occur, without breaking the chemical
bonds, when submitted to a tensional stress. On releasing the stress, the
rubber tends to resume its original configuration.

The requirements for fiber formation are, as one would expect, very
different and can be summed up as follows: () the molecules should be
linear and of fairly high molecular weight; (») the molecules should pos-
sess a fairly high degree of orientation; (c) the molecules should have a
high degree of linear symmetry, i.e. there should be an absence of bulky
side-chains which would prevent orientation and crystal packing; (d) the
molecules should contain polar groups.

POLYMERIZATION REACTIONS

We have already dealt very briefly with polymerization reactions and
have classified them on the basis of the properties of the resulting poly-
mers, i.e. thermoplastic and thermosetting. There is, however, a further
classification on the basis of the type of chemical reaction which occurs,
namely, addition or condensation.
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Addition Polymerization

In addition polymerization, the resultant polymer is obtained by the
combination of a number of simple basic substances (monomers) with-
out loss. Addition polymers are usually thermoplastics. The monomers
contain a double bond and, with the exception of fluorinated compounds,
always contain the methylene group, CH,. In other words, the basic
monomer in addition polymerization is of the general formula CH, =
C - R R, except, as already stated, in the case of CF, = CF, and CF, =
C + CIF. The explanation appears to lie in the relative sizes of the atoms,
that of fluorine being the smallest in size, next to hydrogen, which will
combine with carbon. Probably the best known example of addition
polymerization is that of ethylene to give polyethylene.

n-CHy—CH, — —(— CH,—CH, -)»

There are four basic methods of carrying out addition polymerization
and these have certain advantages and disadvantages which are characteris-
tic of the method, irrespective of the monomer being polymerized. In
order to facilitate reference to these methods, when considering the for-
mation of the various addition polymers in greater detail later in the book,
a brief description and evaluation of each method is given in this chapter.

(a) Bulk Polymerization. Thisis the simplest of the four processes since
pure monomer only is used, except for the addition of a catalyst when
necessary. The mixture is usually stirred in a large reaction vessel, with or
without the addition of heat. The chief advantage of this method is ob-
viously the purity of the final product with the concomitant advantages
of excellent color and clarity in transparent polymers such as polystyrene.
Bulk polymerization may also be considered to be economically attractive,
since the raw material costs consist only of the monomer, but the diffi-
culties of manufacture may sometimes balance this. These manufacturing
difficulties arise from the fact that addition polymerization reactions are
usually exothermic in nature and with large quantities of undiluted reac-
tants there is, thus, an acute problem of heat dispersal. In addition, as the
reaction proceeds, there is an increase in viscosity, and stirring becomes
first difficult and eventually impossible, if the reaction is allowed to go to
completion.

(b) Solution Polymerization. The monomer and catalyst are dissolved
in an inert solvent the resultant solution being heated and stirred. In gen-
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eral, both heating and stirring problems are eased in solution polymeriza-
tion, which is also more suitable for continuous processing than is bulk
polymerization. There are, however, serious economic problems due to
the use of large quantities of expensive solvents which have, therefore, to
be recovered and separated. The purity of the resultant polymer is lower
than with bulk polymerization because, even with nominally inert sol-
vents, there is frequently some reaction with the active centers of the
growing polymer chain, which leads to the existence of solvent fragments
in the finished molecule. The polymer is also soluble in the solvent and
the removal of the last traces of solvent is rather difficult and expensive.
For this reason the solution process is often resorted to for those applica-
tions in which the polymer is required in solution form. Surface coatings
and impregnating compositions are among the commonest examples where
the polymer is applied as a solution, thus rendering evaporation of the
original solvent unnecessary.

{c) Emulsion Polymerization. In this process the continuous medium is
usually water, and the monomer is dispersed instead of dissolved as in the
previous process. The resultant polymer is also insoluble in the medium
and is thus precipitated as it is formed. The catalysts used are those which
are soluble in the dispersing mediumr, and emulsifying agents such as sodi-
um or potassium salts of fatty acids are added to stabilize the emulsion.
After the reaction is completed, the precipitated product is washed in or-
der to remove emulsifying agents, but these are difficult to remove com-
pletely and some contamination always remains. There are, of course, few
heat transfer problems in such processes because the heat is mainly carried
away by the water. One other factor of interest in this process is that it
produces the highest molecular weight product.

(d) Suspension Polymerization. The monomer in this process is sus-
pended in the carrier medium (usually water) together with a monomer-
soluble catalyst. When the mixture is stirred, the monomer is broken into
small droplets, each of which will contain a little of the catalyst. A stabi-
lizer, such as methyl cellulose, or starch, is also included in the mixture in
order to keep the particles separate from each other during the reaction.
These stabilizers are easily removed after the reaction by washing or flo-
tation, leaving the polymer in the form of small beads or 'pearls.’ This
process can be looked upon as a large number of tiny 'bulk’ polymeriza-
tions without the disadvantage of heat removal problems. The molecular
weight of suspension process polymers is also fairly high.
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transfer molds, 524
condensation polymerization, 11-13
conditioning of test samples, 667
confirmatory tests (analysis),
689-691, 693-695
cellulosics, 689, 690
epoxides, 693
melamine formaldehyde, 693
nylon, 693
phenol formaldehyde, 693
phthalates, 693, 694
polyethylene terephthalate, 693
polyvinyl alcohol, 694
PVC and copolymers, 694
shellac, 695
silicone, 695
urea formaldehyde, 693
copolymerization, 19, 20
cotton linters, 26, 411, 414
coumarone indene resins, 41, 405
Crawford, 330
crepe rubber, 39, 437, 444
cresol-formaldehyde, 56, 57



crocidolite, 504
Cross, 28, 420, 428
cross-linking agents, 98, 101,
128-136
crow’s feet marks, 629
crystalline melting point, 21, 22
cumene process for phenol, 44, 54
cup flow test, 685
cuprammonium rayon, 428
curing: aminoplasts, 13-19, 82, 83
epoxies, 127-135
cyanamide, 74, 75
cyclic epoxy resins, 124, 125
cyclized rubber, 447, 448
cyclodecane, 309
cyclodecanol, 309
cyclodecanone, 309
cyclohexanol, 45, 306
cyclohexanone, 47, 306
cyclohexanone formaldehyde, 57
cyclohexanone peroxide, 102

D

Dacron, 359, 360
decoration of plastics, see
ornamentation
deflection softening point, 670
degassing of extruders, 536
degree of polymerization, 12
de la Condamine, 436
Delrin, 373
density, 668, 669
diallyl phthalate, 99
dialphanol phthalate, 489
diazomethane, 194
dibutyl phthalate, 494
dibuty! tin dilaurate, 153, 498
dibutyl tin maleate, 498
dibutyl tin mercaptide, 498
dichlorhydrin, 122
dichlorostyrene, 99
Dickson, 29, 359
dicyclopentadiene, 470
dielectric constant, 679
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dielectric strength, 679

Diels Alder reaction, 97
diethylene glycol, 92
diethylene triamine, 129
di-(2-ethyl-hexyl) adipate, 490
di-(2-ethyl-hexyl) azelate, 490
di-(2-ethyl-hexyl) sebacate, 490
diisocyanates, 168-172
diisooctyl phthalate, 489
diluents for epoxy resins, 135, 136
dimensional tests, 668, 669
dimethyl dichlorsilane, 149
dimethylol urea, 76

dimethyl silane diol, 151
dimethyl terephthalate, 360
dimethyl tin dichloride, 481
dimethyl tin diol, 481

D.I.N., 667

dioctyl phthalate, 489

diphenyl carbonate, 377
diphenyl dichlorsilane, 147, 150
diphenylol propane, see bisphenol A
diphenyl tin dichloride, 481
diphenyl tin diol, 481

dipping, 610, 611

divinyl acetylene, 462

divinyl benzene, 99, 278
dodecyl lactam, 309, 310
dough molding, 114, 115
drape forming, 338, 593
Dreyfus brothers, 420, 433

dry coloring, 511

drying oils, 105, 107, 406
Duppa, 330

Duprene, 452

E

ebonite, 445, 446

eccospheres, 508

Eckert, 31

Einhorn, 376

ejection of moldings, 525, 557, 563
electron beam, 18, 19

electrophilic initiators, 372
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electrostatic coating, 613, 614
Ellis, 89
emulsion polymerization, 10
acrylic polymers, 335
polystyrene, 277
polyvinyl chloride, 243, 244
end-group analysis, 25, 26
environmental stress cracking, see
stress cracking
epichlorhydrin, 121
epoxidized esters, 491, 492
epoxy novolak resins, 123, 124
epoxy resins, 121-145
applications and processing
techniques, 141-145
compounding ingredients, 135,
136
curing techniques, 127-135
fillers, 138, 139
flexibilizers, 136-138
properties, 139-141
ethyl benzene, 275, 276
ethyl cellulose, 433, 434
ethylene, 44-47, 92, 194-196, 240
ethylene copolymers, 193, 203,
218-220, 343, 351, 352, 357,
469-471
ethylene cyanohydrin, 296, 297
ethylene glycol, 92, 94, 174, 360,
361
ethylene glycol maleate, 109
ethylene-methacrylate copolymer,
343
ethylene oxide, 92, 297, 331
ethylene propylene rubbers 469-471
ethylene vinyl acetate copolymer,
219, 220
ethylene vinyl acetate rubbers, 474
ethylene vinyl alcohol copolymers, 271
Euler, 451
EVOH, see ethylene vinyl alcohol
copolymers
expanded ebonite, 447
expanded polystyrene, 279-284,
292-296, 549, 550

extenders, 488, 494
extrusion, 533-556
coating, 547-549
coextrusion, 550-556
expanded polystyrene, 549, 550
film, 537-541
pipe, 545, 546
profiles, 546, 547
sheet, 541-543
wire and cable coverings,
543-545

factice, 439, 440
Faraday, 451
fatty diamines, 137
fibers, 181, 305, 322, 323, 360,
362, 423
Fikentscher, 247
fillers, 138, 139, 442, 443,
503-508
classification, 504-507
effects and requirements, 503,
504
inorganic, 504-506
organic, 506, 507
properties and choice, 507, 508
film extrusion, see extrusion
films, additives for, 517, 518
finishing, 531
fire resistance, 512, 513, 671
“fish eyes’, 539
fish-tail die, 542
Fittig, 330
flame retarders, 512, 513
flame-spread, 512
flammability, 514, 671, 672
flash, 521, 532
flash type molds, 521
flexural strength, 675
flow measurement, 685, 686
fluorocarbon polymers, 345-358
fluorinated ethylene/propylene
copolymer, 352, 357
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fluorinated silicones, 355
fluoro-acrylate elastomers, 354,
355
fluorocarbon elastomers, 352,
353
fluoro polyesters, 355
history, 345, 346
poly(monochlortrifluoroethy-
lene), 348-350, 356, 357
poly(tetrafluoroethylene ),
346-349, 356
polyvinyl fluoride, 350, 351,
357
polyvinylidene fluoride, 351
foams, 66, 87, 88, 173, 182-185,
189, 268, 279-284, 292-296
formaldehyde, 54, 57, 370, 372,
373
Frankland, 330
free radicals, 13, 14, 242, 244, 460
Friedel-Craft catalysts, 455
Fritsch, 14
‘frost’ line, 538
fumaric acid, 96, 97
functionality, 2-5, 7, 11, 13, 76,
172, 195, 277
furane, 36, 66-68
furfuraldehyde, 56
fusible interlinings, 614-624

G

gating of molds, 564, 565

‘gel’ coat, 112

gel point equation, 11, 12
Gerrard, 478

Gilson, 405

Gilsonite, 405

glass fibers, 112, 505, 506
glass reinforced nylon, 326, 327
glass transition temperature, 22, 576
gloss, 679, 680

glycerol, 44, 59, 93

glyptals, 89, 109

Goldschmidt, 73

Goodyear, 445

Gordon, 447

granualtion polymerization, 336
gravure coating, 635, 636
Greenlee, 121

Grignard process, 149
grinding, 606-609

ground nuts, 38

Gussoni, 572

gutta percha, 438

H

Hancock, 445

hardness, 678

hard rubber, 445-447

Harries, 447

haze, 679, 680

heat distortion temperature,
670

heating of extruders, 535, 536

hevea brasiliensis, 39, 436

hexachloroethane, 349

hexafluoropentylene adipate, 355

hexafluoropropylene, 353, 354

hexahydrophthalic anhydride,
129

hexamethylene diamine, 306, 308

hexamethylene diisocyanate, 174

hexamethylene tetramine, see
hexamine

hexamine, 54, 55, 59, 70, 71, 77,
83

hexanediol diacrylate, 16

Hill, 330

hobbing, 524, 525

Hoffmann, 273

hot runners, 564, 565

hot slug, 565, 566

Houdry process, 298, 299

Hyatt, 28, 31, 413

hydrogen bonding, 258, 315, 316,
412

hydroquinone, 100

Hypalon, 223, 224
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I

impact strength measurement,
675-678
indene, 41
inflammability characteristics of
polymers, 514
inhibitors, 100, 274
injection molding, 557-570
machine characteristics, 559,
560
machine types, 560
machine variables, 560-562
mold design, 562-566
molding faults, 568-570
safety, 567
structural foams, 567, 569, 570
thermosets, 567
inorganic pigments, 509, 510
inorganic polymers, 477-485, see
also under respective elements
interfacial polycondensation, 378,
379
irradiated polyethylene, 221, 222
isobutylene, 453
isocyanates, 169-172
isoprene, 451, 454, 467
isotactic polypropylene, 227
isotactic polystyrene, 284, 285
Izod impact test, 675-678

J

John, 73

Kel-F, 352, 353
Kienle, 2, 12, 89, 154
Kipping, 146, 147, 149
K value: molecular weight, 247,
248
thermal insulation, 293
Knapsack Griesheim, 603
Koratron, 82

Kraton, 473

lac, 407

lactic acid, 36, 59

ladder polymers, 401, 402

laminates, 62, 79, 84, 86, 87,
111-115, 117, 118, 142, 143

laminating resins, 59, 61, 78, 90,
101, 111

land, 524

land length, 578, 579

Lassaigne sodium fusion test, 696

latex, 437

lead polymers, 482

Leucho, 433

Liebig, 73

light scattering, 27

light transmission, 680, 681

Lillienfeld, 433

linseed oil, 105

Lopac, 343

M

machining: of molds, 524
of polymers, 289, 338, 375
macromolecules, 29
maleic anhydride, 96, 97
malonic acid, 4
manifold die, 540, 541
mastication of rubber, 438, 439
matched metal molding, 113
matched mold thermoforming, 585
Maynard, 413
melamine, 74, 75
melamine-formaldehyde, 78, 84-87
melt flow index, 205, 228, 247,
685, 686
melt fracture, 580
melt spinning of fibers, 637, 638
mercaptans, 460, 466
mercaptobenzthiazole, 441
Merriam, 413



methacrylic acid, 331
methyl acrylate, 331, 332
methyl cellulose, 434, 435
methylene diamine, 4
methyl methacrylate, 99, 331, 333
2-methyl pentane, 47
mica, 505, 506
microballoons, 505
microspheres, 505
mixed polymers, 19
modified polyethylene, 222-224
modified rubbers, see rubbers
molasses, 93
molding faults: compression and
transfer, 531, 532
injection, 565, 566, 568, 569
molds: blow, 578-580
compression, 521, 522, 524
injection, 562-565
transfer, 523-525
molecular weights, 22-27
monochlorotrifluoroethylene, 349
mono vinyl acetylene, 462, 464
multilayer blow molding, 584

N

naphtha, 47

Nason, 673

Natta, 30, 225, 243, 284, 452, 467

natural products, as raw materials,
36-39

natural rubber, see rubber

necking-in , 548, 549

Neoprene, 30, 456, 457, 462-465

Neumann, 273

Neuss, 73

Newtonian fluids, 263

Nieuwland, 462

nitrile rubbers, 452, 456, 457, 461,
462

nitrogen determination, 695

non-burning, 512, 671

Noryl, 385

notch sensitivity, 677

novolak, 55, 58-60, 62, 63

INDEX 705

nucleating agent, 549

nucleophilic initiators, 372

number average molecular weights,
23, 24

number of mold cavities, 562

Nylon 6: 305, 310, 313, 317, 318,
321, 323, 325

Nylon 11: 305 307, 311, 313, 317,
318, 321, 322, 323, 325

Nylon 12: 305, 309, 312, 322

Nylon 6,6: 305, 306, 308, 313,
315-319, 321, 323, 325, 327

Nylon 6,10: 305, 307, 313,
316-318, 321, 323, 325

nylon copolymers, 312, 313, 318,
321, 323, 324

nylon salt, 308

Oenslager, 441
operating variables, in blow mold-
ing, 580, 581

optical tests, 679-683

organic fillers, 505-507

organosols, 262

orientation of film, 232, 233

ornamentation of plastics, 657-665
dry offset printing, 660, 661
flexographic printing, 661, 662
‘free’ ornamentation, 657, 658
gravure printing, 662
heat transfer labelling, 662, 663
hot foil stamping, 663, 664
in-mold decoration, 663
labelling, 658, 662, 663
printing, pre-treatment, 658,

659

screen printing, 659, 660
vacuum metallizing, 664

osmotic pressure and molecular

weight, 24, 26

Ostromislensky, 238

oxybenzoyl polyesters, 394, 395

ozone, 442, 471, 474
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P

pale crepe rubber, 437, 444, 581
parison, 570, 574, 576
thickness control, 575, 584
Parkes, 27, 28, 413, 486
Parkesine, 413
parylenes, 396-398
pastes, PVC, 262-266
Patrick, 465
Paul, 330
PEEK, 388
pelleting, 528, 529
Pelouze, 413
pentaerythritol, 94
pentoses, as raw materials, 37
peptizers, 439, 446
peracetic acid, 124
Perbunan, 452
permeability, see testing, trans-
mission tests
petroleum, as raw material, 44-47
petroleum still residues, 405
phenol, 37, 53, 54, 122, 306
phenolic foams, 66
phenoplasts, 6, 52-72
applications, 63, 66
furanes, 66-68
history, 52, 53
manufacture, 57-60
phenol aralkyls, 68-72
processing, 60-62
properties, 62-66
raw materials, 53-55
resinification, 55, 56
variation of basic constituents,
56, 57
phenoxy reslns, 125-127
Phillips process for polyethylene,
195, 198, 200
phosgenation process for poly-
carbonate, 378
phosgene, 169, 170, 376, 378
phosphonitrilic chloride, 482, 483,
513

phosphoric acid, 83
phosphorus-nitrogen polymers,
482-484
photoinitiation, 17
phthalic acid, 95
physical testing, 666-687
pigments, 508-511, 516
‘pinch-off’, 579, 580
pipe extrusion, 545, 546
pitch, 40, 41, 405
plasticizers, 92, 486-494
for rubber, 489
function, 487, 488
general classification, 488
requirements, 488, 489
types, 489-494
plasticizing capacity of injection
molding machines, 559
plastics, definition of, 1
plastigels, 262
plastisols, 262-264
plenum chamber technique, 113
plug and ring thermoforming, 595
plug assist thermoforming, 594,
595
plywood, 57, 60
Poisseuille’s law, 25
Pollak, 73
polyacetals, 370-376
polyacrylates and polymethacrylates,
330-340
applications, 339, 340
basic formula of monomers,
330, 331
history, 330
polymerization, 334-336
preparation of acrylates, 331,
332
preparation of methacrylates,
333
processing techniques, 338, 339
properties, 336-338
polyacrylonitrile, 341, 342
polyallomers, 218
poly(amide-imide), 391
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polyamides, 305-329
amorphous, 327-328
applications, 321-329
aromatic, 390
copolymers, 312-314
history, 305, 306
manufacture, 308-312
properties, 317-321
raw materials, 306-308
structure, 314-317
poly(aryl ether), 395
poly(aryl sulfone), 395, 396
polybenzimidazole, 398, 399
polybenzoxazoles, 399
polybenzthiazole, 399
polybutadiene, 452, 453, 467-469
poly(butene-1), 235, 236
polycarbonate, 371, 376-380
polychloroprene, 456
polyester resins (thermoplastics),
359-369, 374
copolymers, 368, 369
fibers, 360-362
films, 362-364
history, 359
injection molding, 364
stretch blow molding, 364, 365,
368
polyester resins(thermosets), 89-120
applications, 118, 120
classification, 90-92
cross-linking monomers, 98, 99
history, 89, 90
polymer structure and chemical
techniques, 101-104
polymer structure and curing
techniques, 104-111
processing techniques, 111, 115
properties, 115-118, 119
raw materials, 92-97
resin preparation, 98, 100,
101
poly(ether ether ketone), 388
poly(etherimide), 387, 388
poly(ether sulfone), 393, 394

polyethylenes, 193-224
applications, 210-218
chlorsulphonation, 222-224
compounding, 204
copolymers, 218-221
halogenation, 222
history, 194, 195
irradiation, 221, 222
linear low density, 195, 202,

209
oxidation, 222
polymerization, 196-202
preparation of monomers, 195,
196
properties, 204-209
structure, 202, 203
very high molecular weight,
high density, 224
polyethylene terephthalate, see poly-
ester resins (thermoplastics)

Poly FBA, 355

polyformaldehyde, 372, 373, 375, 376

poly(imidazopyrralone), 401, 402

polyimide, 392, 393

polyisobutylene, 453, 454

polyisoprene, 1, 437, 438, 452, 467

polymer, definition, 1

polymerization reactions, 8-11

poly(methyl pentene), 236

poly(monochloro-p-xylylene), 396

polyoxadiazole, 399, 400

polyoxymethylene, 371

poly(phenylene oxide), 385-387

poly(phenylene sulfide), 394

poly(phenyl quinoxaline), 402, 403

poly(phenyl triazole), 400

polypropylene, 225-235
applications, 230-235
history, 225
pearlized, 233, 234
polymerization, 225, 226
preparation of monomer, 225
properties, 228-230
structure, 226-228
talc-filled, 230
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poly(p-xylylene), 396
polysiloxanes, 147, 151-153
polystyrene, 273-304
applications, 286, 289-292
chemical structure, 284, 285
copolymers, 296-304
expanded, 279-284, 292-296
history, 273
polymerization, 276-278
preparation of monomer,
273-276
properties, 285-288
toughened, 278, 279
polysulfide rubbers, 452, 453, 456,
457, 465-467
polysulfides as flexibilizers for
epoxy resins, 136, 137
polysulfones, 380-385
poly(thiadiazole), 400
polyurethane rubbers, 173-175, 453
polyurethanes, 168-192
applications, 189-191
history, 168, 169
manufacture, general, 175-181
manufacture, of foams, 173
manufacture, of rubbers,
173-175
polymerization and structure,
172
processing, 182, 183
properties, 183-188
raw materials, 169, 170
polyvinyl acetate, 257
polyvinyl alcohol, 257, 258
polyvinyl chloride, 247-257,
262-268, see also, vinyls
Porvair, 191
positive molds, 521, 522, 524
potting, 143
powder coating, 603-625
compounding, 605, 606
dipping, 610
electrostatic spray, 611-614
flame spraying, 612
fluidized bed, 611

granules, use of, 619
grinding, 606-609
history, 603-605
metal, coating of, 609-614
paste printing, 616
polymers used, 620-623
powder printing, 617-619
preformed net, 618
sintering, 614
textiles, coating of, 614-619
uses, 622, 624
power factor, 678, 679
predetermined coating systems,
633-636
predrying, 535
preforming, 528, 529
preheating, 528, 529
premix molding, 114, 115
presses, 526-530
press forging, 653, 654
pressure bag molding of polyesters,
114
pressure forming, 585, 596
Priestley, 436
printing of thermoform sheet, 591
profile extrusion, 546, 547
propylene, 44, 46, 122, 225, 226,
297, 332
propylene glycol, 92
propylene urea, 81
propylene/vinyl chloride
copolymers, 246

Q

quartz, as filler for epoxy resins, 138

quinone, use to prevent cross-
linking in polyester reaction, 100,
101

R
radiation curing, 14, 15, 18, 19

ram forward time, 562
Raschig process, 54
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raw materials, 35-49, see also
respective polymers
reactions, polymerization, 8-11
reaction vessels for p/f, materials of
construction, 58
reclaim rubber, 444, 445
reduced viscosity, 25
Reemay, 362
refractive index, 682, 683
regenerated cellulose, 427-433
film, applications, 431-433
film, manufacture, 428-430
film, properties, 430, 431
history, 427, 428
viscose rayon, 428, 430
Regnault, 238
Reid, 239
reinforced plastics,
epoxy resin, applications, 142,
143
low pressure polyester
laminates, 112-114, 118
nylon/glass, 326, 327
polyester/glass, 117, 118
rod, 115, 118
silicone, applications, 164
tube, 115
release agents, 162, 164
for epoxy resins, 139
removal of moldings, 563
Reppe, 239, 298, 331
resinous curing agents for epoxy
resins, 134, 135
resols, 55, 58-61, 63
resorcinol formaldehyde resins, 57
resorcinol, reaction with phosgene,
376
Ridley, 436
rigisols, 263
Rilsan, 39
Rimer, 482
ring type mandrel in blow molding,
578, 579
Ripper, 73
Rockwell hardness, 678

rod, glass/polyester, 115, 118
Rohm, 330
rosin, 409, 410
Rossiter, 73
rotary mold injection molding
machines, 560
rotational molding, 651, 652
Roxburgh, 449
rubber, definition of, 1, 2
rubber, natural, 1, 2, 30, 39,
436-445, 456, 457
accelerators, 441
activators, 441, 442
antioxidants, 442
applications 443-445
compounding processes and
ingredients, 438
fillers, 442, 443
history, 436
mastication, 438, 439
peptizers, 439
processing techniques, 443, 444
properties, 443
raw materials, 437
retarders, 442
softeners, 439, 440
structure, 437, 438
vulcanization, 440
rubber pad forming, 654, 655
rubbers, modified, 445-450
chlorinated rubber, 449, 450
cyclized rubber, 447, 448
hard rubber, 445-447
rubber hydrochloride, 449, 450
rubbers, synthetic, 30, 37, 159-161,
165, 166, 173-175, 182, 183,
185, 186, 189, 190, 341, 346,
352-355, 451-476, see also butyl
rubber, nitrile rubber, etc.
runners, 521, 558, 564
hot, 564, 565

S

safety in injection molding, 567
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saturated acids for polyester
formation, 95, 96
saturated alcohols for polyester
formation, 92-94
saturated polyesters, classification,
91, 92
S.B.R., 456, 459-461
Schenck, 482
Schnell, 377
Schoenbein, 413
Schutzenberger, 420
Schweitzer, 428
scorching of moldings, 563
screen pack, 535, 539, 541
screws, extruder,
compression ratio, 534
heating or cooling, 534, 536
1/d ratio, 534
multiple, 537
speeds, 535
sebacic acid, 95, 306, 307
secondary cellulose acetate, 420,
422
sedimentation velocity and
molecular weight, 24, 27
seed lac, 407
‘see through’ clarity, 679, 681, 682
selenium polymers, 484, 485
self-extinguishing, 512, 671, 672
semiautomatic compression molds,
521
semiflash compression molds, 522
semipositive compression molds,
524
Semon, 239
shear, in extruders, 534
shear thickening of PVC pastes, 263
sheet extrusion, 541-543
shellac, 39, 407, 408
shellolic acid, 408
shielding of functional groups, 4, 7
Shore hardness, 678
short moldings, 568
shot capacity, 559
shrinkage, of moldings, 563, 564

silane, 147
silica as filler,
epoxy resins, 138, 139
silicone elastomers, 160
silicone fluids, 160
silicones, 139, 146-167
applications, 161-167
compounding, 160, 161
fluorinated, 355
history, 146
nomenclature, 147, 148
polymerization and structure,
150-155
processing techniques, 161
properties, 155-160
raw materials, 148-150
silk, artificial, 414
siloxane linkage, 147
Simon, 273
sink marks, 561, 562, 564, 568,
570
sinter casting, 651, 652
‘slip-in” in plug-assist thermo-
forming, 594, 595
slit die extrusion, 537, 540, 541
slush molding, 637
Smith, 89
smoked sheet, 437, 444
snap-back vacuum forming, 595
sodium carboxy methyl cellulose,
435
sodium fusion tests, 695, 696
sodium polysulfide, 465-467
sodium trithiocarbonate, 428
softeners for rubber, 439, 440
softening point, and internal forces,
4, 315, 316
solid-phase forming, 652-657
solid-phase pressure forming, 655,
657
Solprene, 472-474
solution polymerization, 9, 10
sorbitol, 94
Spandex fiber, 191
specific gravity, 668, 669
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specific viscosity, 25
spherulites, 203
‘spider’, 545, 578
‘spider’ memory, 578
Spill, 413
Spitteler, 28
spray molding, 113, 114
spreading, 631
of phenoplasts, 62
of PVC, 265, 266
stabilizers, 494-498
synergism of, 496
stack molds, 562
starch, 36, 37
Staudinger, 29, 372
Stearn, 428
stereoblock copolymers, 227
stereospecific catalysis, 30, 225,
467
stick lac, 407
Stokes, 482
storax, 273
stress cracking, 207, 208, 229, 397
tests, 686, 687
stress/strain curves, 672-674
stretch blow molding, 364, 365,
368, 576, 577
stretched film tape, 637-643
fibrillation, 642
film extrusion, 640
slitting and stretching, 640
texturization, 643
winding, 641, 642
stretch forming, 655
strippable coatings, 427
stripper plates, 563
structural foams, 567, 570
styrene, 273-276, 279
as diluent for epoxy resins, 136
for curing polyester resins, 99
styrene/butadiene rubbers, 273, 456,
457, 459-461
styrene copolymers, 296-304
applications, 302-304
polymerization, 299, 300

preparation of monomers,
296-299
properties, 300-302
structure, 300
sulfite wood pulp, 411
sulfonation process for phenol, 53
sulfur, as vulcanizing agent, 7, 8,
440, 441
for heat hardening bitumen
plastics, 406
polymers, 484, 485
super fibrillated film, 639
surface coatings,
epoxy, 142
phenol-formaldehyde, 56
polyamide, 322
polyester, 104-108
polyurethane, 175-181, 188,
190
urea-formaldehyde, 79, 80
surface streaks, 569
suspension polymerization, 10
Swarts, 350
Swinburne, 28
syndiotactic polypropylene, 227
syntactic foams, 66
synthetic rubbers, see rubbers, syn-
thetic

T

Tachardia Lacca, 407

tack, rubber, 439

tapping, rubber trees, 437

tenacity, 639, 641

tensile properties and tests, 672-675

terephthalic acid, 360

Terylene, 359, 360

testing, plastics, 666-697
chemical analysis, 687-696
conditioning of test samples,

667

creep, 674, 675
dimensional tests, 668, 669
electrical tests, 678, 679
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environmental stress cracking,
686, 687
fabrication of specimens, 668
flame tests, 690, 691
flammability, 671, 672
flow measurements, 685, 686
mechanical tests, 672-678
optical tests, 679-683
rate of testing, 668
simple identification scheme,
692
thermal tests, 669-671
transmission tests (permeation),
683-685
tetrafluorethylene, 346, 355
tetrafunctional groups, 7, 277
textile finishing, 80-83
thermal curing, 13, 14
thermal properties, 669-671
thermoforming, 585-602
automatic operation, 592
blister packaging, 597-599
decoration, 591
developments, 597
form/fill/seal, 600-602
machine variables, 589-591
methods, 585, 592-597
polymers used, 585-589
skin packaging, 599, 600
trimming of moldings, 591, 592
thermoplastic rubbers, 471-474
thermoplastics, definition of, 2
- thermal behavior, 4, 5
thermosets, definition of, 2
gel points, 11, 12
injection molding of, 567
structure, 5, 6
thin-wall injection moldings, 561
thiokol rubbers, 456, 457, 465-467
thiourea, 73, 75
Tilden, 451
tin polymers, 480-482
titanium polymers, 480
titanium tetrachloride, 198
toggle-action mold closing, 560, 561

toluene p-sulfonic acid, 196

tolylene diisocyanate, 169, 170

tooling, epoxy resins, 144

toughened polystyrene, 278, 279,
285-292

tracking, 678

transfer molding, 521

transfer molds, 523, 524

triallyl cyanurate, 99

tricresyl phosphate, 239

triethylamine, 129

triethylene tetramine, 129

triethyl phosphate, as curing agent, 82

trifluoronitrosomethane, 355

trihydroxy palmitic acid, 407, 408

trimellitic anhydride, 91, 391

Trinidad Asphalt Lake, 405

trioxane, polymerization of, 373

triphenyl phosphate, 494

triphenyl phosphine, 373

tritolyl phosphate, see tricresyl
phosphate

Tschunkur, 452

tube, manufacture of glass
reinforced polyester, 115

tube, manufacture of phenol
formaldehyde impregnated, 62

‘tunnel test’, for flammability, 671,
672

twisted film fibers, 638, 639

two-pot system for polyurethanes,
176, 177

Udel, 380-385

Ultem, 387, 388

ultra-centrifuges in molecular weight
determination, 27

ultraviolet absorbers, 515, 516

undecylenic acid, 39

unsaturated acids for polyester
formation, 96, 97

unsaturated alcohols for polyester
formation, 94
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unsaturated compounds,
epoxidation, 124
unsaturated polyesters
classification, 90, 91
molding powders, 109, 110
urea,
history, 73
manufacture, 74
urea formaldehyde resins, 73-88
applications, 85-88
chemistry, 76, 77
curing or hardening agents, 82,
83
foams, 87, 88
history, 73, 74
manufacture of,
adhesives, 78
laminating resins, 78, 79
molding powders, 77, 78
surface coatings, 79, 80
processing techniques,
adhesives/laminates, 83, 84
processing techniques, molding
powders, 83
properties, 84, 86
raw materials, 74, 75
resinification, 76, 77
shelf-like of adhesives, 78
urethane oils, 176

v

vacuum bag molding of polyesters,
114

vacuum forming, 585, 593

Van der Waal forces, 4

van’t Hoff law, 26

vapor pressure and molecular
weights, 24

varnishes, phenol formaldehyde, 60,
62

veneers, using phenol formaldehyde
adhesives, 60

veneers, using urea formaldehyde
adhesives, 83, 84

venting,
of extruders, 536, 537
of molds, 521, 563, 580
Versalon, 314
versamids, 314, 320-325
as flexibilizers for epoxy resins,
136
vicat softening point, 670
vinyl acetals,
manufacture, 241, 242
polymerization, 245
vinyl acetate, copolymers with vinyl
chloride,
manufacture, 259, 260
polymerization, 260
vinyl alcohol, 241
vinyl benzene, see styrene
vinyl chloride
copolymers with propylene,
246, 261, 262
copolymers with vinyl acetate,
246, 247
copolymers with vinylidene
chloride, 247
manufacture, 239, 240
polymerization, 242
vinyl ether,
manufacture, 239, 240
polymerization, 245, 246
vinyl flouride, 350
vinylidene flouride copolymers,
346, 352-354
vinyls, 238-272
applications, 265-270
calendering of PVC, 250, 252,
253
classification, 247, 248
compounding, 249, 250
compression molding, 255
copolymers, 246, 247, 271
extrusion, 253, 254
formulations, 251
history, 238, 239
injection molding, 254, 255
pastes, 262-265
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polymerization, 242-246
properties, 255-262
raw materials, 239-242
structure, 248, 249
vinyl toluene, 99
vinyl type monomers, 99
viscose, 428-430
rayon, 28, 428, 430
viscosity,
measurements to follow course
of reaction, 52, 78
melt, and molecular weight,
205, 247, 248, 685, 686
viscosity and molecular weight
determination, 24, 25
viscosity average molecular weight,
24
Vitons, 353
voids, 561, 568
volume resistivity, 678
von Hedenstrom, 377
vulcanite, 445
vulcanization, 2, 8
of chlorsulfonated polyethylene,
223
of ethyl acrylate rubbers, 341
of natural rubber, 440, 445
of Neoprene, 463

w

walnut shell flour, 506, 507
warpage of moldings, 563, 569
weight average molecular weight,
23, 24
welding, 643-651
friction, 645
heated tool, 645
heat sealing of closures, 651
heat sealing of film, 647-650

high frequency sealing of film,
648, 649
hot gas, 644
infrared sealing of film, 650
spin, see friction
ultrasonic, 645-649,
weld lines, 569, 579
wet lay-up technique for polyester
laminates, 112, 113
wet strength paper, 87
Whinfield, 29, 359
Wickham, 436
Williams, 451
wire and cable covering, 543-545
Wohler, 73
wood, as raw material, 36
woodflour, 59, 63, 505, 506
wood pulp, 35, 411, 422, 426, 428
Wurtz, 168

X

xanthate process for regenerated
cellulose, 428-430
Xylock resins, 53, 70, 71

Y

yield point, 674
yield stress, 672-674
Young’s modulus, 674

Z

Ziegler, 30, 195, 198, 225, 243,
452, 467

Ziegler and Eckert injection
molding machine, 31

zinc sulfate, 82

zipper reactions, 495
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