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Preface to Second Edition

The first edition of this book appeared in 1982, originating from a long-
term development of teaching material for undergraduate final-year
students taking elective options in Polymer Engineering and Technology.

In more recent years the author has been involved predominantly in the
teaching of Polymer Engineering and Technology at postgraduate level,
which has stimulated the interest in updating the existing text, particularly
in areas concerned with processing.

In this period the author has also realised that the first edition, aiming to
emphasise engineering principles, displayed the common weakness of most
texts in ignoring those properties falling outside the realm of mechanical
behaviour.

With the aim of overcoming this deficiency, a new chapter has been
added under the title of ‘Complementary Engineering Properties’, dealing
with Electrical, Optical and Diffusion Properties. The emphasis on
Mechanical Properties, however, has been retained and has been extended
with respect to the fracture phenomenon owing to the increasing use of the
J-integral in the evaluation of the toughness of plastics. Furthermore, the
author became conscious of the unbalanced and even divergent approach
between the first part of the book, which was largely quantitative and
rigorous in the treatment of underlying principles, and the second part
concerning processing aspects. The latter was treated in a commentary
fashion to guide the reader towards a rational, albeit qualitative,
interpretation of the interaction between materials and processes for the
purpose of identifying the important factors affecting output and product
quality.

In the present edition, process analysis has been approached in a manner
that leads to quantitative relationships for the material/process inter-
actions without giving up, however, the dialectic features of the previous
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Vi PREFACES

edition. In any case, the author has endeavoured to retain the authenticity
of ‘Materials Engineering’ as a discipline of its own right by setting the
boundaries with Product Design on one side and Process Engineering on
the other.

In other words, the concern of a materials engineer is to define, identify,
evaluate and assess the implications of materials constituents and
properties in the design and development of engineering products and
associated manufacturing processes, but not with the actual design and
conception of either products or processes.

For this reason, for instance, the treatment of extrusion processes has
been directed to general aspects, such as screw analysis and screw/die
interactions, leaving out the detailed features of the equipment, such as
mixing devices, barrier screws and die construction, as these are considered
to fall outside the scope of materials engineering. On the other hand, the
fundamentals of die swelling, weld lines and extrudate defects have been
given considerable attention as these are determined by the material
behaviour.

The culmination of the analysis of each stage of a particular process is the
formulation of a ‘Processibility Index’ which groups together the most
important materials properties and process parameters so that their
combined effect on output and product quality can be revealed at a glance.

Unfortunately only in a very limited number of cases has it been possible
to express the processibility index by means of analytical expressions
capable of producing an exact quantity representing the ease of processing
of a material, which can be used for comparisons and ranking purposes.

This illustrates the powerfulness of the processibility index concept and
serves as an indicator for the directions to follow for the future, particularly
with the view of producing data bases for materials/processes interactions.

Finally the author has decided, after consultation with several readers, to
do away with the introductory chapter of the previous edition as its
contents were considered to be at the best interesting rather than
fundamental or even complementary to the actual text.

L. Mascia



Preface to First Edition

In writing this book the author set himself the task of bridging the widening
gap between the texts of polymer science, polymer engineering and the
long-established monographs on plastics technology.

With its ever-increasing concern for mathematical slants, polymer
engineering is becoming such a specialised discipline that it is not only
beyond the comprehension of practising engineers and technologists but
also risks leaving wide gaps in other important areas of knowledge.

This text, therefore, seeks to overcome these limitations by attempting to
provide the necessary links between knowledge relevant to industrial work
and theoretical principles that have emerged from fundamental research in
polymer science and engineering.

Within this context, the principles of polymerisation processes and
methods of structure characterisation are not relevant, since the materials
engineer would look at polymers as the starting ingredients used for the
manufacture of useful products. A knowledge of the types of polymers
available, their constitution and properties, and the manner in which their
behaviour can be controlled or modified through the use of additives,
blending with other polymers or inorganic fillers, on the other hand, is
essential for work concerning the utilisation of polymers.

These concepts are dealt with in the earlier chapters of the book and are
intended to provide a link between polymer chemistry and the more
practical aspects of ‘compounding’ treated in various plastics technology
books.

Two chapters are devoted to mechanical properties. These deal with
basic theoretical concepts and their limitations in describing the behaviour
of thermoplastics in practical situations. The methodology used for the
evaluation of properties within an engineering design context is also
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emphasised. One chapter is devoted to the principles underlying the
deformational behaviour of polymers as related to processing considera-
tion, whilst the final three chapters describe the factors affecting the
processing characteristics of thermoplastics. As a means of evaluating the
relative ease with which a material can be processed, the author uses the
concept of ‘Processibility Index’ to bring together materials properties and
processing parameters.

The book is aimed primarily at scientists, engineers and technologists
working with thermoplastics materials, particularly in those areas falling
between Product and Process Design and those concerned with materials
evaluation and process optimisation. It should constitute, however, a useful
text for graduate students specialising in Polymer Engineering and
Technology. Whilst a basic knowledge of Chemistry and Strength of
Materials is assumed, in most cases the subject has been developed from
first principles and, therefore, should be within the grasp of those who have
not been previously exposed to the topics treated. Many sections of the
book could also satisfy the needs both of practising technicians and of
students taking technological and technician-level courses sponsored by
technical colleges and professional societies such as The Plastics and
Rubber Institute and The Society of Plastics Engineers.

The general layout has been developed, in fact, from the writer’s lecture
notes while teaching at the University of Aston and several chapters were
taken from the Materials and Technology curriculum developed during a
leave of absence at the Plastics Engineering Program of the Institute
Algerien du Petrole.

The persons who have helped in conceiving this book are far too
numerous to be listed. The writer is in debt to the many authors and
publishers who have granted permission to reproduce copyright material
and particularly those who have provided the photographs included in the
text. Individual sources are listed in the Acknowledgements. The Education
Development Center in Boston (USA) is thanked for their assistance in
typing some of the manuscript and drawing some of the graphs. The writer
is grateful to the Advisory Committee of the Education Development
Center, Professors C. G. Gogos, C. E. Rogers, S. A. Orroth and E. A.
Meinecke, for reading the sections of the book derived from the curriculum
material mentioned earlier, and to Mr E. B. Atkinson for his most
constructive criticisms and comments on the whole text.

L. MAscia



Acknowledgements

The figures listed below are reproduced by permission of the publishers
and/or societies/companies/persons named.

Figs. 3.1, 3.2 and 3.3—Edward Arnold (Publishers) Ltd

Figs. 3.4,5.33,7.14,7.26,7.27,7.34,9.3,9.13,9.14,9.15,9.16,9.27,9.34,9.35,9.37,
9.38, 9.43, 10.2, 10.4 and 10.5—Society of Plastics Engineers

Figs. 3.7, 5.17(b), 5.32, 5.37, 5.51 and 5.52—Chapman and Hall Ltd. Inc.

Figs. 3.11, 3.12, 3.13 and 6.5—Marcel Dekker Inc.

Fig. 44—Longman Group Ltd

Figs. 4.22 and 4.28—IPC Industrial Press Ltd

Figs. 4.23, 4.24, 4.25, 4.26, 4.29, 6.22, 6.25, 6.28 and 6.29—Imperial Chemical
Industry PLC, Chemicals and Polymers Group

Figs. 4.29 and 4.30—Elsevier Scientific Publishing Co.

Figs. 4.31, 5.53 and 5.54—IPC Business Press Ltd

Figs. 5.7,5.8,5.9,5.48,6.3,6.4,6.10,6.11,6.12,6.19, 6.49, 741, 8.4, 8.6 and 9.40—
The Plastics and Rubber Institute

Figs. 5.11, 7.7, 7.15, 7.17, 7.24, 9.4, 9.5, 9.6, 9.20(a) and 9.26—John Wiley and
Sons Inc.

Fig. 5.17(a)}—Mr P. I. Vincent

Figs. 5.35 and 5.36—Dr J. Knott

Fig. 5.38(b)—Kluwer Academic Publishers

Fig. 5.43—BP Chemicals Ltd and Ellis Horwood Ltd

Figs. 5.46, 547 and 5.58—ASTM

Fig. 5.50—Ellis Horwood Ltd

Fig. 5.59—Elsevier Sequoia SA

Fig. 6.35—Oxford University Press

Fig. 7.8—~Dr Dorothy E. Tobolsky

Fig. 7.17—The Institute of Physics

Fig. 7.28—Dr J. McKelvey

Fig. 7.35—Academic Press

Fig. 7.38—The American Institute of Physics

Figs. 8.9 and 8.10—Associazione Italiana Macromolecole

Fig. 9.8—Carl Hanser Publishers

Fig. 9.23—The American Chemical Society

Figs. 9.30 and 9.31—McGraw-Hill Publications Corp.

Fig. 9.33—Dr B. M. Murphy

Fig. 10.1—Plenum Press

XV



Contents

Preface to Second Edition

Preface to First Edition

1 Basic Principles of Polymer Science

1.1
1.2

1.3

1.4

Introduction

Details and size of polymer molccules

1.2.1 Average molecular weights and molecular wexght dlstnbutlon
1.2.2 Tacticity of polymer molecules

Morphological features of polymers .

1.3.1 Polymer crystals .

1.3.2 Spherulites

1.3.3 Kinetics of crystalllsatlon

1.3.4 Secondary crystalllsauon and annealmg

Physical transitions in polymers

1.4.1 Primary transitions .

1.4.2 Secondary transitions

1.43 Effects of molecular features of po]ymers on physxcal transmons
1.44 Multiple transitions in polymers : i

References .

2 Thermoplastics Materials .

2.1

22

References .

Ethenoid polymers

2.1.1 Polyolefins

2.1.2  Vinyl polymers .
2.1.3 Styrene-based polymers .
2.14 Acrylic polymers

2.1.5 Fluorocarbon polymers .
Heterochain polymers

2.2.1 Polyethers

2.2.2 Polyesters .

2.2.3 Polyamides and polylmldes
224 Polyurethanes

vii

0 00 ON O\ W ) N ==



CONTENTS

3 Additives, Blends and Composites .

3.1

Classification and role of additives
3.1.1 Processing additives

3.1.2 Plasticisers

3.1.3 Anti-ageing addmves

3.1.4 Surface properties modifiers
3.1.5 Optical properties modifiers
3.1.6 Fire retardants

3.1.7 Foaming additives .

3.2 Polymer blends and alloys .
3.2.1 Compatible blends .
3.2.2 Partially compatible blends
3.3 Reinforcement and composites .
3.3.1 Stiffness considerations
3.3.2 Strength considerations .
3.3.3  Packing of fibres and fillers in lhe mamx
3.3.4 Enhancement of filler/matrix adhesion
References .

4 Deformation Behaviour of Thermoplastics in Relation to Product

Design N
4.1 Introductory considerations for designing with polymers .
4.1.1 Design based on stiffness . .
4.1.2  Stiffness approach to designing wrth plasucs A
4.2 Viscoelasticity applied to plastics
4.2.1 Linear viscoelasticity principles
4.2.2 Non-linear viscoelastic behaviour :
4.3 Stiffness coefficients measurements by standard test methods
4.3.1 Tensile modulus measurements
4.3.2 Flexural modulus measurements ’ % ; ; ; ;
4.3.3 Heat-distortion-temperature (HDT) or deflection-temperature-
under-load .
4.3.4 Shear modulus measuremems
4.4 Rationalisation of test procedures for the measuremem of the strﬂ"ness
parameters of plastics materials
4.4.1 Standard tests for routine evaluatrons and qualrty control purposes
4.4.2 Generation of data for design purposes . ’ . .
4.5 Choice of testing procedure
4.5.1 Stress relaxation and creep tesung procedures
4.5.2 Modes of deformation
4.5.3 Advantages of creep tests in tension over equrva]enl tests under stress
relaxation conditions ;
4.6 Presentation of data from creep tests .
4.6.1 Creep curves obtained under continuous loadmg condrtrons y
4.6.2 Recovery from continuous loading creep conditions
4.6.3 Creep and recovery under intermittent loading situations
4.6.4 Effects of temperature
4.6.5 Effects of the morphological state of the materral and physrcal agemg
4.6.6 Effects of additives . . . .
4.7 Examples of the application of creep data to de5|gn problems .

110

111
111
114
116
117
134
140
140
142

145
146

147
147
150
151
151
155



CONTENTS

4.7.1 A design involving continuous constant loading

472 A design involving intermittent loads

References .

Engineering Interpretations of Mechanical Failures .

5.1

5.2

53

54

5.5

5.6

5.7

5.8

59

5.10

5.1

—

Failures involving yielding

5.1.1 The Tresca criterion of yleldmg

5.1.2  The von Mises criterion of yielding

5.1.3 Yielding of plastics within the context of product dcs1gn

Testing procedures for the evaluation of the yield strength of plastics

5.2.1 Standard test methods

5.2.2 Rationalisation of testing procedures for the measurement of the
yield strength of plastics . :

Failures involving brittle fractures

5.3.1 Stress criteria for brittle fractures

5.3.2 The ‘fracture mechanics’ approach to brittle fractures

Pre-yielding phenomena as precursors to brittle fracture of thermoplastlcs

5.4.1 Structure and mechanism of formation of microcavitations and
crazing

5.4.2 Mechanical crlterra of crazmg

Energy considerations in fracture: the concept of toughness

5.5.1 The Griffith interpretation

5.5.2 The Irwin concept of ‘critical stram energy release rate

5.5.3 Relationship between ‘critical stress intensity factor’ and cntrcal
strain energy release rate’

Fracture mechanics applied to thermoplastlcs

5.6.1 Fractures through a confined yield zone .

5.6.2 Fractures through diffused yield zones

5.6.3 Fractures preceded by large scale yielding: the J mtegral approach

5.6.4 Implications of the viscoelastic behaviour of plastics in the use of
‘linear elastic fracture mechanics’ theory

Factors affecting the fracture toughness of plastics

5.7.1 Effects of structural parameters .

5.7.2 Effects of temperature and time of duratlon .pf the load

5.7.3 Effects of environmental agents

Empirical evaluations of toughness

5.8.1 Creep rupture tests .

5.8.2 Fatigue tests

5.8.3 Tear tests

5.84 Impact strength measurements

Rationalisation of standard test procedures

5.9.1 The ‘stress concentration factor’ approach

5.9.2 The ‘fracture mechanics’ approach .

Utilisation of fracture data in design.

5.10.1 The fracture mechanics approach .

5.10.2 A practical approach to prevention of brlttle fractures ;

Evaluation of complex mechanical properties

5.11.1 Definition and measurement of hardness

5.11.2 The coefficient of friction

5.11.3 Abrasion and wear properties .

References .

X1

167
169
170

172

172
172
175
180
184
184

184
187
187
188
194

194
197
201
202
205

206
212
213
218
219

224
229
230
231
232
233
233
234
238
238
242
242
246
257
257
258
259
259
261

265



X1l

CONTENTS

6 Complementary Engineering Properties

6.1
6.2

6.3

6.4

Introduction .

Electrical properties . ;

6.2.1 Electric stress and dlelectnc strength

6.2.2 Resistivity, specific impedance and permittivity
6.2.3 Stress grading and semiconductive systems

6.2.4 Measurements of electrical properties

Optical properties

6.3.1 Refraction and reﬂectlon

6.3.2 Transparency . .

Diffusion properties of polymers

6.4.1 Definitions of diffusion coefficient and permeablllty
6.4.2 Time-lag . . .

6.4.3 Sorption and desorptron measurements : 3
6.44 Applicability of diffusion theory to polymers .
6.4.5 Permeation through multilayered structures

6.4.6 Relationship between structure and diffusion propertres

References .

315

7 Rheological Behaviour of Thermoplastics in Relation to Processing 317

7.1
72

7.3

74

7.5

7.6

Classification of primary processes :

Interpretations of the processing characteristics of thermoplastrcs in terms of

rheological behaviour

7.2.1 Retention of the behavrour of soltds up to hngh temperatures and the
acquisition of the characteristics of liquids : : .

The ‘glassy/rubbery’ transitional state .

7.3.1 Yield phenomena in relation to processing

7.3.2 Temperature and strain rate dependence of the yreld strength ol'
thermoplastics

7.3.3 Dimensional stability and recovery charactenstlcs of post y1eld1ng
deformations . . . . .

The ‘rubbery’ state .

7.4.1 Dimensional stabrhty of polymers deformed in therr rubbery state

7.4.2 Relationship between stress and strain for deformations occurring in
the rubbery state .

7.4.3 Deformability limits of polymers in relatton to temperature and
strain rate :

‘Orientation” in polymers .

7.5.1 Definition of orientation functlons .

7.5.2 Quantitative relationships for the molecular and morphologtcal
orientation of polymers .

7.5.3 Relationships between orientation and mechamcal propertres

The ‘melt’ state . .

7.6.1 Fundamental rheologlcal descnptrons of the behavrour of polymer
melts ”

7.6.2 Empirical relatronshlps for the non- Newtoman behavrour ol' polymer
melts ;

7.6.3 Effects of hydrostanc stresses and temperature on the vrscostty of
polymer melts .

7.6.4 Phenomena related to melt elastlcxty

7.6.5 Effects of polymer structure and addmves on the rheologrcal
properties of polymers in the melt state .

318
318
319
321
323
324
327
330
331
332
334
336
336
340
341
349
351
359

361
362

37



CONTENTS Xiii

7.7 Interface phenomena in polymer rheology . : . . s . 375
7.7.1 The coefficient of friction of polymers . . : B ) )
7.7.2  Effects of additives on the frictional behaviour of polymers . . 376
7.8 Methods for the characterisation of the rheological behaviour of polymers in
relation to processing : 379
7.8.1 Evaluation of the yleldmg charactenstrcs by the plane stram
compression test . 379

7.8.2 Evaluation of the extensronal propemes ol' polymers in the rubbery
state and in the melt state . : 381
7.8.3  Evaluation of the properties of polymer melts in lammar shear ﬂow 384
References . : : 3 ; . . . . . . . . . 391

8 Processing Performance of Thermoplastics in the Temperature

Range between the Glassy State and Melt State . . . . 394
8.1 Processes in the glassy/rubbery state . ‘ ; ; z . . . 394
8.1.1 Analysis of machining operations . ; . : . : . 395
8.1.2  Analysis of a ‘forging’ process . . . . . . .39
8.2 Processes in the rubbery state . ; 3 ; . ; . 401
8.2.1 Analysis of monoaxial orientation processes : ; ‘ s . 402
8.2.2  Analysis of tubular processes . . . . . 407
8.2.3 Analysis of sheet forming processes (thermoformmg) . 5 . 412
References . : . . . . . . s . ; : . . 420
9 Processing Performance of Thermoplastics in the Melt State . 421
9.1 Analysis of the calendering process . ; : . . 424
9.1.1 Predicting the output of a calendenng process . ; . . 425
9.1.2  Factors affecting quality . . . . . . 434
9.1.3 Formalisation of a calenderablllly mdex : . y ; . 436
9.2 Analysis of extrusion processes . . . . . . . . 437
9.2.1 Predicting the output of an extruder : J : . . . 437
9.2.2  Factors affecting product quality . . 468
9.2.3 Formalisation of a processibility index for the screw—dre mteracuon 472
9.3 Analysis of injection moulding processes : 473
9.3.1 Feeding and thermal plasticisation steps of the rnjectron mouldmg
process . . . . . ’ : . 474
9.3.2 Injection, cooling and ejectlon steps . . . . . . 474
9.3.3 Pressure requirements for cavity filling . ; . . 475
9.3.4 Pressure requirements for packing of the melt in the mould ; . 480
9.3.5 Formalisation of an ‘index for the ease of mould filling and packmg' 486
9.3.6 Problems arlsmg from mould packing . 3 ’ . 486
9.3.7 Orientation in injection moulded components s . : . 487
9.3.8 Residual stresses in injection moulded products . . . . 498
9.39 Geometric distortions in moulded products . s . ; . 501
9.3.10 The injection mouldlng qualrty index . . . s : . 504
References . : ; ; . : . . . 505

10 Processing Performance of Thermoplastics in the Viscous State . 507

10.1 Thermofusion processes . z . . . 507
10.1.1 Fusibility of polymers in thermofusron processes ; ; : . 507
10.1.2 Analysis of powder sintering processes . . . . ; . 509

10.1.3 Analysis of powder coating processes . . . . . . 519



X1V CONTENTS

10.1.4 Other powder coating processes . . . . . . . 522
10.2 Welding processes . : 5 . 522
10.2.1 Analysis of dlelectnc/hlgh frequency weldmg processes . : . 523
10.2.2 Formalisation of a ‘processibility index’ by dielectric welding . 524
10.2.3 Analysis of friction and ultrasonic welding . . . . . 524
10.3 Solvent-assisted fusion processes : 526
10.3.1 Formalisation of a ‘processibility mdex for solvem fusmn processes 526
References . . 5 : : N 3 ; ; . : 5 : . 526

Index . . : . v



Basic Principles of Polymer Science

1.1 INTRODUCTION

The term ‘polymer’ is derived from the Greek and is used to describe those
organic macromolecules that contain many similar repeating units. These
units can be arranged sequentially to form long chain molecules (linear
polymers) or can be linked in a network fashion (cross-linked polymers) as
illustrated in Fig. 1.1.

Polymers, whether naturally occurring or man made, are formed by
joining small ‘monomeric’ molecules through so-called polymerisation
reactions. It is, however, more a convenience than a requirement for
polymers to be built up of similar repeating units. In other words, although
the details of individual units in a polymer molecule can have a
considerable influence on properties, the first order effect is achieved by
virtue of molecular size.

(a) Linear Polymers (b) Cross-linked Polymers
Fig. 1.1. Schematic representation of polymer molecules.
1



2 THERMOPLASTICS: MATERIALS ENGINEERING

Table 1.1
Equi-intermolecular forces Equi-molecular weight substances
substances with different exhibiting different intermolecular
molecular weights forces
Chemical Structure Melting Chemical Structure  Melting

name point name point
(°0) (°0)
Butane C,H,, —138 Hexanol C¢H,;0H —56
Octane CgH,, —57 Hexane-l-amino C¢H,;NH, —19
Dodecane  C,,H,, —10 Hexanoic acid CsH,,CO, H -2
Octadecane C,gH;;  +28 Hexamethylene glycol C.H,,(OH), +41
Triacontane C,oHq, +65 Hexamethylene diamine C¢H,,(NH,), +43
Polyethylene C,H,,,, +137 Adipic acid C,H4(CO,H), +153

(n>500)

This is illustrated by the example in Table 1.1 where the properties of
monomolecular substances are compared with compounds built up of an
increasingly large number of similar units. In the first column the
intermolecular forces are kept constant and the size of the molecule is
increased, while in the second column the main difference between the
various compounds shown is with respect to intermolecular forces.
Although in both cases there is a gradual change from gas or liquid to high-
melting-point solids, only the high-molecular-weight substances (e.g.
polyethylene) possess adequate mechanical properties. It is this type of
observation that makes one realise the importance of macromolecular (or
polymer) systems in materials engineering.

1.2 DETAILS AND SIZE OF POLYMER MOLECULES

It is not necessary, for the repeating units in a polymer chain to be identical,
i.e. homopolymers. The majority of polymers produced industrially in fact,
contain more than one type of unit, which are arranged either at random, in
blocks or in mixed sequences.

When there are two different units within a polymer chain or network the
term copolymer is used to describe the macromolecule, while for the case
where there are three units the system is known as a terpolymer.
Occasionally four different units (1 e. tetrapolymers) are used to build up a
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polymer molecule but this is very rare and only occasionally found for
materials used as adhesives or surface coatings.

For the simplest of all polymers, i.e. homopolymers, the molecular
structure can be written as

*AA—A—A—A—A—-A—A—-A)A*

Since the end units A* are normally either very small, e.g. hydrogen or
hydroxyl groups (OH), or very similar in size to the repeating units, so that
they can be actually designated as A units, it is more convenient to write the
structure of the above polymer as

~+A)r

where n indicates the number of repeating units and is known as the degree
of polymerisation (DPn).

From a knowledge of the atomic mass of the structural unit A and the
degree of polymerisation one can obtain, therefore, an indication of the size
of the polymer molecule, i.e. the ‘molecular weight’.

For the case of copolymers, say [(A).(B),],, it is necessary to know not
only the molecular weight but also the relative proportions and
arrangement of the two structural units in the chain.

1.2.1 Average Molecular Weightst and Molecular Weight Distribution
Although under carefully controlled conditions some polymers can be
produced so that all the molecules are of the same size, i.e. monodisperse
polymers, in practically all industrial polymerisation processes the
molecular chains produced can vary considerably in dimensions. Hence
polymer systems have to be characterised in terms of ‘average molecular
weights’ and ‘molecular weight distribution’.

As far as copolymers are concerned, normally the distribution of the two
comonomers varies also from one polymer chain to another. Very little can
be done, however, to measure the distribution of comonomers in the
polymer chains. If the polymer molecules are averaged in terms of number
fractions of various lengths one obtains the so-called ‘number average
molecular weight’, when the average is performed on the basis of weight
fractions; on the other hand, one obtains the ‘weight average molecular
weight’. In other words, if the molecular weight of any single chain is M; and
the total number of such molecules is N;, then the number fraction «; is

N/Y N..

+The modern nomenclature stipulates the use of the term ‘molar mass’.



