L TN, S \ - —_—

INTRODUCTION TO

: —
‘ i) l!..
. :
ST 7 4 ¢ Lo ’4 s
(\ ] ’ .‘. X i “ ‘r; o i . . .‘ ’.‘ ~ 3 ’I

e I fey # - ey e
LS : 'y
N & i}b 0

CRC PRESS

e CRC PRESS


SEnggas
Stamp


-~ INTRODUCTION TO

POLYMERS

| Second Edition

‘ R.J. Young

Professor of Polymer Science and Technology
Manchester Materials Science Centre
University of Manchester and UMIST

and

P.A. Lovell

Reader in Polymer Science and Technology
Manchester Materials Science Centre
University of Manchester and UmIST

CRC PRESS

Boca Raton London

|
i
:
'

New York Washington, BHE,




Catalog record is available from the Library of Congress

This book contains information obtained from authentic and highly regarded sources. ‘
is quoted with permission, and sources are indicated. A wide variety of references are lis
efforts have been made to publish reliable data and information, but the author and th

assume responsibility for the validity of all materials or for the consequences of their u

Apart from any fair dealing for the purpose of research or private study, or criticism or revi
under the UK Copyright Designs and Patents Act, 1988, this publication may not be r

or transmitted, in any form or by any means, electronic or mechanical, including pha
filming, and recording, or by any information storage or retrieval system, without the p
in writing of the publishers, or in the case of reprographic reproduction only in accordal
of the licenses issued by the Copyright Licensing Agency in the UK, or in accordance
the license issued by the appropriate Reproduction Rights Organization outside the

The consent of CRC Press LLC does not extend to copying for general distribution, |
creating new works, or for resale. Specific permission must be obtained in writing from
for such copying.

Direct all inquiries to CRC Press LLC, 2000 N.W. Corporate Blvd., Boca Raton, F

Trademark Notice: Product or corporate names may be trademarks or registered
used only for identification and explanation, without intent to infringe.

Visit the CRC Press Web site at www.crcpress.com

© 1991 by R.J. Young and P.A. Lovell
First edition © 1981 Chapman & Hall
Second edition 1991
No claim to original U.S. Government works
International Standard Book Number 0-7487-5740-6 g
Printed in the United States of America 567890
Printed on acid-free paper g

Contents

1.
1.1

1.2
1.3

Preface to the second edition
Preface to the first edition

Introduction

The origins of polymer science and

the polymer industry

Basic definitions and nomenclature
Molar mass and degree of polymerization
Further reading

Synthesis

Classification of polymerization reactions
Linear step polymerization

Non-linear step polymerization
Free-radical polymerization

Ionic polymerization

Cationic polymerization

Anionic polymerization

Stereochemistry of polymmzauon
Ziegler— Natta coordination polymerization

2 10 Ring-opening polymerization
2.11 Solid-state polymerization
2.12 Metathesis polymerization
2.13 Group transfer polymerization

2.14 Other specialized methods of polymerization

2.15 Step copolymerization
2.16 Chain copolymerization

Further reading
Problems

Characterization

Introduction

Thermodynamics of polymer solutions
Chain dimensions

Frictional properties of polymer molecules in dilute solution
Methods for measurement of number-average molar mass

vii
ix



Polymers

196 Introduction 1o
jes and terminology used in dilute sol

ABLE 37 Quanu’ue

i
Mposed by IUPAC

72

me
Common na : -
i iscosity ratio
Relative viscosity Vi __y :
specific viscoslt?; i
jscost ity number

Reduccd V!:zosilz Loganthmlc viscosity 3
[nherent Vi3 Lag 8

Limiting viscosity number

insic viscosity
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is the viscosity of the solvent and 7 is the viscosity of a po!
* ol

¢ (mass per unit volume).

33
nyp = kalmle + k[P + kalnl’e’ + ...

dimensionless constani
where ko, k1, k2 €t are
solutions, Equation (3.156) can be truncated

following form B
nyple =]+ knlufe .
which is known as the Huggins equation and is
Huggins constant ki(=k,) is essentially indepen
has values which fall in the range 0.3 (for good ps
0.5 (for poor polymer-solvent pairs). _
For dilute solutions with 7, <1

In(,) = In(L + 14p) = 11sp = Mip
Substituting Equation (3.157) into (3.158), an
in ¢ up to ¢’ gives ‘
In(n,) = [nle + (kry = 3)[n)%c?
which can be rearranged into the form of the K
In(y,)/e =[] + kx[n)’e

where kx = k;; — § and so is negative (or zero). #

Although there are other simplifications ©
Huggins and Kraemer equations provide the m¢
evaluation of (] from experimental data. Thi

t;olr; )according to these equations and gives [

52!

Fig. 3.17 Evaluation of [n] for solutions
25°C using @ dual Huggins—Kraemer plot.

[n)= KM?

ere K and a are charact
temperature system. Theoreti
is presented in Section 3.4.2. For
under theta conditions, and
oil expansion (typically a> 0.7

K tends to decrease as a i '
he range 1073 to 10~ cm?
The form of M, can be d
dditive in the limit of infi

il = z("sp)i

t re (7,,); is the contributi
olecules of molar mass M;
utlon. Since ¢;=nM,, (1

3.14.2 Interpretation of intrinsic viscosity data :

The intrinsic Viscosit
y [n] of a polymer is r
molar mass M, by the Mark—Houwink equa
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Thus for Gaussian chains M, lics between M, and
M. Whena = 1 (as observed for certain inherently
chains) M, =M. B
In order to evaluate M, from 5] using the Mai
necessary to know the values of K and a for the syste:
values most commonly are determined from me:
weries of polvmer samples with known M, or M. Ide
should have narrow molar mass distributions so that
this is not the case, then provided that their molar d
the same functional form (e.g. most probable distributio
is valid and yields equations that are similar to Equ:
which M, is replaced by M, or M. Generally a plot
s fitted to a straight line from which K and a are dete
this plot should not be linear over a wide range of M
should not be used for polymers with M outside t
calibration samples. However, in practice such p
over wide ranges of M, though curvature at low M iso
the non-Gaussian character of short flexible chains. Sos
K and a are given in Table 3.8.
For small expansions of Gaussian polymer
parameter, a,, for the hydrodynamic chain dimer
expression of the form

ay=1+bz

where z is the excluded volume parameter defined by
b 1s a constant the value of which is uncertain (e
have been obtained from different theories). Co
the Flory-Fox Equation (3.82) gives

[7]= KsM"% + bKgzM'? .
which upon rearrangement, recognizing that from

proportional to M'?, leads to

TABLE 3 % Some typical values of the Mark-Houwink constants

=

Potymer Solvent e T
Poiyethylene Decalin 135
Polystyrene Toluene 25
Polystyrene Cyclohexane 34

Polyl nayl acetate) Acetone 30 ;
Cellskne 1nacetate Acetone 20 v

* The wasts of K are om’g ™' (gmol ™)™,
I'hetz condstions, T = 6

- common feature of these

essential that this volume is ex
normally is achieved after ter
 the liquid level to an etched mz

Ubbelohde, the important feat
Just below the capillary tube.
solution is suspended in th

[ﬂ}‘“ii: K.+BM|Q

4here B depends upon the chain str
gons. and is a constant for a given
Mark-Houwink constants from calibr
mass distributions, can also be plc -
the intercept at [7)/M"? = 0. The value of K
mmcpolymcrtowhkhitm ) (5°
for any M by assuming a theoretical va
(ii) a, for a given pair of correspon
Flory-Fox Equation (3.82). ‘
The interpretation of .[q] for
considerably more
to highlight some of the additional
to increase the segment density w
polymer molecule has a smaller b
viscosity than a similar linear p
copolymers of the same molar
composition, composition distrib
rent repeat units, interactions be
preferential interaction of sc
of repeat unit.

and lower etched marks, is
solution is either drawn or for
bulb attached to the bottom o
it to flow back between the

In U-tube viscometers,
upon the volume of solutic

o
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