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Summary

The work described in this thesis has been divided into two
sections, designated I and II.

Section I deals with the feasibility of utilising the known
chemistry of cationically initiated olefinic polymerisation reactions
in a metal coating application., The ultimate aim of this work is
to harness reactions of this type, which are potentially very fast,
to obtain a polymer system capable of undergoing rapid cross
linking reactions in thin film. The development and application
of a novel technique is described by means of which rapid rates
of polymerisation and cross linking can be measured in thin film,

In addition the results of synthetic work are presented showing how
the more promising homopolymerisation systems based on cyclic
dienes can be utilised in cross linking reactions.

Section II describes the development and application of
equipment, incorporating some novel features, for use in thermal
degradation studies of polymers. The technique combines thermo~
gravimetric, gas evolution and gas liquid chromatographic analyses,
the latter being coupled to in-line filament and Curie point pyrolysis
techniques. A further technique is incorporated which enables
rheological studies of residual polymer in the melt state to be
carried out during degradation processes. The potential applic-
ability of the above equipment to the study of the thermal degradation
of cross linked polymers in the context of work described in

Section I is referred to. In order to demonstrate the scope of



application of the equipment the detailed study of the thermal
degradation of a series of poly—a-esters in the melt state is

described.
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S.I. Units

Experimental results presented in Section II are, for
convenience, expressed in c.g.s. units to facilitate direct
comparison with results given in the series of papers included
at the rear of the thesis.

Conversion to the appropriate S,I. Units can be carried out

as necessary using the following relationship:

1 Calorie = 4,184 Joules,
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SECTION 1

The Development and Evaluation of Rapid Cross Linking

Systems: A Preliminary Study
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Introduction




(1)

The work presented in this section is concerned with the
feasibility of utilising the known chemistry of cationically initiated
olefin polymerisation reactions in a metal coating application.

The particular feature of interest in this respect is the potentially
high speed of polymerisation of such systems and the possibility

of harnessing this to obtain a material capable of undergoing

rapid crosslinking reactions in thin film., This is in effect a
feasability study and was commissioned by the Metal Box Company.

The ultimate aim of the work presented in this section was
therefore, to develop and apply a technique capable of studying
the rates of polymerisation and polymer crosslinking reactions
in thin film, Because no suitable technique was available a large
section of work was taken with the development of such a technique
the need for which was established as a matter of prime importance
during the initial stages of work concerned as it was with the
development of fast curing systems.

The application of fast curing systems to a conventional metal
coatings process would enable industrial equipment used in these
areas at present to operate at higher throughput or under more
economical conditions in a manner illustrated as follows.

Equipment which uses conventional coating systems generally
operates as a sheet line which consists of two main sections:—

a) a roller coating device which rapidly coats the sheet metal

with a suitable resin system, and

b) a tunnel oven in which the resin system is cured under optimum

conditions.



)

The tunnel ovens are generally operated within the temperature
range of 150—20000, conventional coating systems having typical
stoving times of between 5 and 10 minutes under these conditions,
so that for an economically viable sheet line a coating line 95 feet
in length would be required. For a strip (i.e. continuous metal)
line, assuming equivalent throughput cure times in the order of
5 to 10 seconds would be necessary to obviate the need for an
impossibly long oven.

If cure times of coating systems can be reduced to around 10
seconds existing sheet lines could be run at higher throughput
under present operating conditions or alternatively these lines
could be converted to the somewhat more convenient striplines
operated at an equivalent throughput to the sheet lines used at
present. If the cure times of coatings systems could be reduced
below the 5-10 second range the throughput of strip lines could be
increased to a level beyond that of the present sheet lines thus
affording the dual advantage of high throughput and convenience of
operation,

The ultimate goal would be achieved with the development of
fast curing room temperature coating systems which would yield
the advantages of higher throughput, convenience of operation and
lowering of operating temperature,

The effective development of fast curing systems for the type
of application outlined above depends initially on the successful
development of a suitable laboratory technique which is capable of

quantitatively distinguishing between the reactivity of systems in



(3)
terms of their rates of polymerisation or cross linking in thin
film. The constraints placed on the development of such a tech~-
nique, for example, choice of measuring system, sample environ-
ment, sample geometry etc., together with the constraints placed
on the nature and extent of literature survey work were established
in the light of the type of chemical system ultimately chosen for
this study together with the basic approach decided upon for the
development of a fast curing system.
Conclusions based on extensive discussions concerning the
type of system which should be investigated and the general approach
needed for the solution of the problem, reinforced the validity of
two important proposals which form the basis on which work
presented in this section was carried out. These proposals can be
summarised as follows:—
i) that the cationic type of polymerisation should be the type of
reaction which will be investigated, and
ii) that the basic approach to the problem of developing fast curing
systems should be based in the first instance on acquiring
a fast cationic homopolymerisation system through original
development or through discovery of existing reactive systems
within the available literature. This stage of the work would be
followed in the second instance by an investigation into the
applicability and performance of such systems in cross linking
reactions carried out in conjunction with formed backbones.
These could be of the epoxy or polyester type and would contain

suitable, reactive cross linking sites within or pendant to the



(4)

backbone.

The reasoning behind the feasability of proposal i) outlined
above stems from the fact that although individual propagating
steps involving cationic species and monomer are generally slower
than corresponding reactions involving free radicals the fact that
a higher concentration of active species can be built up in cationic
systems, without increasing the rate of bimolecular termination
reactions, a much faster rate of conversion to polymer can
ultimately be obtained.

Both proposals establish the basis firstly for carrying out
a literature survey (discussed in detail in Chapters 2.1 and 2.2) and
secondly for establishing the constraints necessary for the develop—
ment of a suitable laboratory technique (referred to above and
discussed in detail in Chapter 3.1). The second part of proposal
ii) intimates the synthetic work which would necessarily follow
from the successful development of a fast homopolymerisation
system. Such work entails the grafting of suitable reactive sites
onto formed backbones (e.g. an epoxy or polyester chain) or
alternatively developing purpose synthesised backbones, which as
stated in the proposal, would contain reactive sites within or pendant
to the backbone., These sites would as far as possible be structurally
identical to those monomers which are found to be particularly
reactive. By using such monomers as cross linking agents it was
hoped that the above backbone structures could be rapidly cross
linked and that these reactions would exhibit rates of the same order

as the corresponding homopolymerisation reactions. This aspect of

the work is discussed in detail in Chapters 6 and 7.
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The use of cationic vinyl polymerisation as a cross linking
reaction depends upon the incorporation of unsaturated monomer
residues having the appropriate structure either in the backbone
of the uncrosslinked main chain or pendant to it. Literature survey
work presented in this chapter is accordingly divided into two
main sections.

The first section (2.1) concentrates on the correlation of
information contained in the literature on the relationship between
monomer structure and reactivity.

Because of the obvious importance of balancing the reactivity
of cross linking sites, in or pendant to the backbone, and the cross
linking agent literature work has been extended to include a second
section (2.2), summarising available information on the relevance
of propagation rate constants and reactivity ratios to the development
of a rapid cross linking system. Some reference is also made in
this section to the importance of such parameters in assessing
monomer reactivity.

Considerable attention has been paid in the literature to the
preparation of polymers via the cationic polymerisation of various
monomers and the subsequent evaluation of the properties of the
polymers obtained. Although little really systematic work has been
carried out on establishing the relationship between monomer
structure and properties of the final polymer, a summary of the
work carried out in this area has been included in a third section
(2.3) which gives some idea of the nature and extent of such work

and provides some predictive knowledge about the type of polymer



(6)
certain monomers are likely to produce. This knowledge may be
important in the later stages of the development of the rapid
curing surface coating in which certain critical properties will
be required particularly in terms of flexibility, chemical resistance

and adhesion.



CHAPTER 2

Literature Survey




P

2.1 Literature Relating to Chemical Types and Reactivity in
the Cationic Polymerisation of Vinyl Monomers
Introduction

In order to determine to what extent particular cationic systems

had been investigated in terms of the effect of the type and con-

centration of monomer, catalyst, co—-catalyst and solvent on reaction

rate,a literature survey was carried out on cationic vinyl poly-

merisation over the period 1960 to the present,

The monomer types which undergo cationic polymerisation

and which may have potential application to this work can be con-

veniently summarised as follows,

D

2)

3)

4)

5)

Olefin monomers e,g. alkyl-1-substituted and alkoxy—-1-
substituted mono olefins.

Carbonyl monomers e.g. aldehydes, ketones, and substituted
ketenes.

Cyclic ethers and related monomers, e.g. 3=, 4-, and 5
membered epoxy alkanes, e.g. epoxides, oxancyclobutane and
tetrahydrofuran.

Cyclic esters and amide monomers, e.g. lactones, lactides
(cyclic dimers of o hydroxy acids) and cyclic diesters of dibasic
acids and glycols,

Miscellaneous monomers, e.g. cyclopropanes, diazoalkanes,
cyclic dienes,

For a given cationic polymerisation system i.e. monomer,

catalyst, co—-catalyst and solvent, the rate of polymerisation can be



C))

drastically increased merely by increasing the concentration of
catalyst or initiating species. Bearing in mind the types of
catalyst generally used in these reactions, however, coupled with
the likely end use to which any viable coatings system ultimately
developed is likely to be put, this latter approach towards the
development of a rapid curing system has obvious drawbacks. A
survey which concentrates on the search for monomer types which
are reactive primarily by virtue of their structure at low catalyst
concentrations was therefore considered justifiable. Since variables
such as the type of solvent together with the type and concentration
of catalyst and co-catalyst can have a profound effect on the
polymerisation rates, reference to such variables is also included
where appropriate.

The field of cationic polymerisation has been so widely studied
that it was decided to restrict the survey in the main to olefin
monomer types, and mono o olefins of the general form I were taken

as the basis on which to carry out this part of literature survey work.

CH H where R

alkyl,

alkoxy,

aryl,

substituted aryil.

=C
=l
R

Literature Survey

A general and basic account on cationic polymerisation is given

(1,2) 3)

by Plesch and Lenz® 7,

Absolute comparison of the reactivity of various monomer types



(9)
dealt with in the literature was found to be an involved process.
Propagation rate constants, kp quoted for various systems were
often determined under different sets of conditions and in this
respect this field has been widely but unsystemmatically studied.
In isolated instances kp values have been quoted for the cationic
polymerisation of a series of monomers under identical conditions
thus the kp values quoted for the polymerisation of a series of

€

parasubstituted styrene monomers indicate the following order

of reactivity for the parasubstituents (see Table 3, p 35);
OCH, > CH, =D Tl

This order of reactivity imparted to styrene by these sub-
stituents also follows from the theoretical consideration of their
electron releasing ability.

Ortho substituents reduce the rate of polymerisation irrespective
of whether they exhibit favourable inductive resonance eff’ects(s)
indicating that for this type of substitution steric effects are the
controlling factors.

An order of reactivity has been established employing local-
isation energy calculations for a series of common monomer‘s(s) as
follows;

Ethyl vinyl ether > isoprene > p-methoxystyrene > o-—
methyl styrene > isobutene > 1,3-butadiene > styrene >
propylene > ethylene.

Resonance energy calculations indicate that although phenyl

group conjugation is about as equally important in the case of carbon



(10)
free radicals as it is for carbonium ions, the resonance stabilis—
ation imparted to carbonium ions by methyl group conjugation (II)

is considerably greater than that imparted to carbon free radicals:

(|3H3 fy <|3|H2
MCH2T+X- &—> WCHQ(').X—
R R

II

Such theoretical predictions are not always supported by
experimental observations as shown by the reactivity series (III)
obtained for the acid catalysed addition reactions of methanol to a
number of olefins.

)

o methylstyrene > isobutene > isoprene

I11

In anionic and free radical propagation reactions, copolymer-—
isation studies indicate that the most reactive monomer is the
one which forms the least reactive radical or anion because of
resonance stabilisation. This relationship does not hold for the
cationic polymerisation of a series of styrene derivatives listed
in Table 3, p 35, where the order of reactivity of the respective
carbonium ion derived from the monomers was found to be the same
as that for the monomers themselves in the propagation step(4).
In contrast, the normal inverse relationship, namely, the more
reactive the monomer the less reactive its ion, held for the two

vinyl ethers listed in Table 3. The abnormal behaviour exhibited

by the styrene derivatives has been attributed to polarisation of the



(11)
T electrons of these structures which overrides any contribution

to reactivity from resonance stabilisation of the incipient carbonium

()

ion in the transition state™ “.

®

Russian workers, Lyudvig et al studied the copolymerisation

of the following systems using stannic chloride as the catalyst

a) B—methyl styrene-styrene,
b) isobutylene-styrene,
(23)] vinyl butyl ether-styrene.

The copolymerisation constants determined for the systems
a) and b) were as follows:
a) r, (styrene) = 0,05, Fa (B methyl styrene) 2.90

b) r, (styrene) = 0,17, N (isobutylene) 1605

Induction periods were found to be inversely proportional to
the concentration of stannic chloride and to the concentration of the
more reactive component and independent of the initial concentration
of styrene. Temperature and dielectric constant and polarity of
solvent all affected induction periods. Water and hydrogen chloride
were found to form a complex with stannic chloride which resulted
in a lowering of polymerisation rates.

®

These workers also studied the mechanism of the elementary
reactions which occur in cationic polymerisation. They copoly-
merised styrene with small quantities of a-methyl styrene, isobutylene,
isoprene and butadiene, and showed that the ease with which these

monomers formed complexes with the catalyst was as indicated

below:
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a methyl styrene > isobutylene > isoprene > butadiene, styrene
The sharp increase in the rate of initiation observed in the
polymerisation of styrene when small amounts of more active
monomer were added at OOC or when pure styrene was used at
4000, was thought to be caused by the formation of a double TT
complex from a monocomplex consisting of a catalyst molecule and
a monomer molecule containing solely one substituent at one carbon
atom of the double bond. It was considered feasible that such a
double bond complex could be formed either by attaching a molecule
of the same monomer at elevated temperatures or a molecule of the
more active monomer to the monocomplex. The formation of a
double complex between a catalyst molecule and two molecules
of a monomer containing two substituents on one carbon atom of
the double bond was found to be difficult due to steric hindrance,
A series of cationic polymerisation catalysts (IV) whose

(10)

catalytic activity was studied by Scholven for the polymerisation
of ethylene, propylene and 4 methyl 1 pentene.

Al, Pr_ Al and

Ti(OPr),, VOCl,, Et, AlCL, (isoBu),Al F, Et, 5

A
Bu8 1

v
These catalysts were found to possess higher activity than
known catalysts containing boron trifluoride.
A catalyst has been prepared from antimony pentafluoride (1
mole) in trichloro trifluoro ethane to which 5 moles of propylene

an

oxide had been added. This catalyst was found to give poly-

merisation rates in the order of two hundred times greater than for



(13)
tetrafluoroborate catalysts when used for the cationic polymerisation

of monomers of the general form V,

C)H2 : CHOR , where R = alkyl.

V

A patent submitted by Doi(12), describes the preparation
of rapid hardening phenol formaldehyde resins. The title resins
were prepared by treating trihydric phenols with formaldehyde
in the molar ratio 1:0.7-0.9 respectively, in the presence of non
ortho oriented catalyst at a pH of less than 3. When more than
60% of the formaldehyde had been consumed, 5% w/w, based on
the amount of reactants of ortho oriented catalyst was added. The
novolak resin thus produced was mixed with hexamine in the ratio
100:12 respectively. This system gave a gel time of 30 seconds
at 150°C.

The effect of pressure on the rate of cationic polymerisation
of some vinyl ethers has been studied by Hamann and co wor"ker‘s(18).
They examined polymerisation reactions with and without solvent
(ether) at pressures of < 10,000 atmospheres using iodine as
catalyst. They observed an increase in the rate of initiating reactions
at higher pressures.

(14)

Schriesheim studied the base catalysed proton migration
rates of a series of terminal olefins of varying structure in a
homogeneous system using potassium tert-butoxide/dimethyl

sulphoxide between 35 and 5500. He studied a considerable number

of acyclic olefin structures of the type (VVI) together with cyclic
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structures

CH_ = CR1GHR2R

2 3

V1

Schriesheim found that methylene cyclobutane and methylene
cyclopentane give higher proton migration rates than the acyclic
olefin,2-ethyl 1 butene but established that methylene cyclohexane
is thirty times less reactive in this respect than 2 ethyl 1 butene.

IwasakiUS) studied the catalytic activity of a series of
magnesium halides in the cationic polymerisation of vinyl ethers.
He used these halides in conjunction with dioxan (i), tetrahydro-
furan (ii), and diethyl ether (iii). The molecular weight of
polymers decreased as indicated below for the series of catalysts
studied:

MgBr, 2() > MgF,.HF > MgClL, > MgBr2(ii) >

2
M922 (iii)
The reactivity of a series of substituted vinyl ethers was
also established (VII) using MgBr*QS(ii) as catalyst;
isopropyl > ethyl > isobutyl > methyl vinyl ether
VII

(16)

Neels determined the copolymerisation parameters for
glycidyl ether/vinyl monomer systems using boron trifluoride

o
etherate as catalyst in dioxan at temperatures between 40 and 50 C.

On copolymerisation with styrene, the respective parameters were

found to be 1.8 for methyl glycidyl ether, 0.75 for ethyl glycidyl



(15)
ether and 4.9 for propyl glycidyl ether. For the system methyl
glycidyl ether/isobutyl vinyl ether, the parameters were found
to be 1.03 and 7.3 respectively.

a7

Kanoh presented the relationship between the reactivity
of monomer and corresponding propagating species under steady
state conditions for cationic polymerisation reactions. Theoretical

(18)

considerations were developed with respect to the mechanism
of the propagation reaction involved and a two step process was
postulated as indicated below; (a and b),

a) the formation of a covalent bond between polymer cation and

B carbon atom of attacking monomer, and
b) chain formation stemmming from the interaction between the

ion pair of the propagating species and monomer.

Further studies by Japanese workers include work on
evaluating the effect of solvent on kp values“g). Styrene
derivatives were polymerised using iodine as catalyst in various
solvents and kp values were found to increase markedly as the
polarity of solvent was increased. The solvating power of a
monomer was found to be an important factor in cationic copolymer-
isation reactions where the copolymer formed was found to contain
a higher proportion of the monomer with the minimum solvating
power. The dissociation of the gegenion, formed from growing
chain ends (or monomer) and initiator, by the attacking monomer
was thought to be the rate determining step in the propagation

reaction particularly when weak Lewis acids such as iodine were

used as initiators.
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Some of the more systematic work on monomer structure/
reactivity relationships in cationic polymerisation was carried
out by Okamura and co workers in their studies of of8 disubstituted

(20)

olefins . The behaviour of this type of monomer in cationic

polymerisation reactions was discussed under the following

headings;

a) the steric hindrance of the B substituent,

b) the electronic effect of the B substituent on monomer
reactivity.

c) the reactivity of geometric isomers of a monomer.

d) the stereospecific polymerisation of geometric isomers,

They found, for example, that the cis isomer of propenyl
butyl ether is both 1.5 times more reactive than the trans isomer
and produces highly crystalline polymer, using a heterogeneous
catalyst in inert solvent at room temperature.

(21)

Okamura also studied the radical induced cationic
polymerisation of cyclic ethers using benzoyl peroxide , }S and
ultraviolet radiation. He polymerised the following monomers,
trioxan (iv), tetroxane (v), 3,3 bis (chloromethyl)cycloxabutane (vi),
diketene (vii), and B propiolactone (viii) which all readily formed
polymers in the presence of ionising radiation provided the reactions
were carried out in the solid state. Radiation induced polymer-
isation of (iv), (Vv), (vi) and (vii) took place in the presence of
cationic catalysts, but did not occur in the absence of air or peroxy

catalysts and was inhibited by hydroquinone and 1, 1-diphenyl 2

picryl hydrazyl.



A7)

The copolymerisation of propenyl butyl ether (ix) and vinyl
; (22)
butyl ether (x) was also studied by the above workers . They
showed that both isomers of (ix) were more reactive than (x) which
is demonstrated by the monomer reactivity ratios they obtained

for the respective comonomers. These values are summarised in

Table 1 below,

Table 1
Monomer reactivity ratios (M RR) calculated from cationic
copolymerisation studies on cis and trans propenyl butyl ether
and vinyl butyl ethers in methylene chloride using BF _ etherate

3
o
as catalyst at =78 C.

Comonomer M2 MRR value for vinyl MRR value for the
butyl ether, r 1 propenyl butyl ether
o
cis propenyl
- l2 - -
butyl ether i R A
trans propenyl
bubyl ethen 0.8 + 0.3 2.3 + 1.0

From around 1967 onwards considerable activity from
Japanese workers is evident in their studies on monomer structure/
fi ; L 5L - N (18,24)
reactivity relationships in cationic polymerisation. Okuyama
in a series of papers on the structure and reactivity of a B un—

saturated ethers looked at the cationic polymerisation of alkenyl

alkyl ethers. Relative polymerisabilities of geometric isomers of
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various alkenyl alkyl ethers were established from copolymer—
isation studies. In accord with the findings of Okamur‘a@o)
copolymerisation studies at =78"C using methylene dichloride
as the solvent with boron trifluoride etherate as catalyst, revealed
that cis isomers were more reactive than corresponding trans
isomers. Primary alkyl substituents in the B cis position in vinyl
ethyl ethers were found to enhance monomer reactivity but
substitution of bulky alkyl groups in the same position resulted in
a lowering of monomer reactivity due to the steric hindrance
effects of such groups. Monomers substituted with isobutyl or
dimethyl groups in the B cis position showed little tendency to
homopolymerise.

In heterogeneous polymerisation reactions it was found that
a B methyl group on the vinyl ether, whether in the cis or trans
position, greatly reduced monomer reactivity possibly because
of the steric hindrance of such groups towards adsorption of
monomer on the catalyst surface.

(eb) carried out the iodine catalysed polymerisation of

Eley
butyl vinyl ether and studied the kinetics of the polymerisation in
three different solvents ethylene dichloride, diethyl ether, and
carbon tetrachloride using infra red and dilatometric techniques.

He found that both methods gave similar results which corresponded

to the third order equation (1).

—

Rp ~  KM][I2 et D

The rate constants k for reactions carried out in ethylene



(19)
dichloride, diethyl ether and carbon tetrachloride were 105,
2 —2 -1 - 2
400, and 501 mole  sec respectively showing that rate con—
stants are markedly increased by increasing the polarity of the
solvent.

(26)

Higashimura compared the cationic polymerisabilities of
t-butyl cis propenyl ether (xi) and t-butylvinyl ether (xii) in the
presence of boron trifluoride etherate. In copolymerisation studies
using these monomers (xi) was found to be more reactive than (xii)
although (xi) gave both low polymerisation rates and low molecular
weights in homopolymerisation reactions. The introduction of
methyl groups into the B position of vinyl ethers already possessing
such bulky alkoxy groups as t—-butoxy groups, decreased monomer
reactivity due to steric effects. Crystalline or amorphous polymers
derived from (xi) were obtained by carrying out polymerisation
reactions in toluene or methylene dichloride respectively.

(27 studied the effects on monomer

Mizote and co workers
reactivity of the B methyl group present in B methyl styrene and

in monomers of the general form (VIII).

MeCH:CHOR
VIII.

They compared the monomer reactivity ratios of the above
monomers and B unsubstituted monomers. The homopolymerisation
rate of B substituted monomers (\VIII) was depressed some 90-95%
when compared with styrene due to steric repulsion of the B methyl

group.



(20)
(28)

Higashimura extended this study when he carried out
the copolymerisation of propenyl alkyl ethers with vinyl ethers
each having the same alkoxy groups. He found that in contrast to
the behaviour of a methyl and B methyl styrene propenyl alkyl
ethers with unbranched alkoxy groups (ethyl or butyl propenyl
ethers) were more reactive than the corresponding vinyl ethers.
Propenyl alkyl ethers with branched alkoxy groups at the o carbon
(isopropyl or t-butyl) were however found to be less reactive than
the corresponding vinyl ethers. In general cis isomers were
observed to be more reactive than trans isomers regardless

of the kind of alkoxy group and solvent used.

=) also studied the cationic polymerisation of

Higashimura
butenyl ethers of the general form (I)X) using boron trifluoride

etherate as the catalyst.

EtCH:CHOR
IX.

Low molecular weight polymers were easily produced from
derivatives of IX where R = Et (xi), isoPr (xii) or Bu (xiii)
despite the presence of the ethyl group in the B position. Copolymers
of (xi), (xii) and (xiii) with their corresponding vinyl ethers were
prepared when it was found that cis isomers of the former monomers
were more reactive than the corresponding vinyl ethers while the
trans isomers were less reactive than the vinyl ethers and also the
cis isomers of (IX).

Further work was carried out by these workers when they



(21)
studied the effect of alkoxy groups on the polymerisability of alkyl

vinyl ethers (X)

CH2 : CHOR

X.

Reactions were carried out at —7800 in toluene or methylene
chloride using boron trifluoride etherate as catalyst. The relative
reactivity of the series of vinyl ethers studied was calculated
from the rate of monomer consumption as measured using gas
chromatography. They found the following reactivity order for
a series of R substituents irrespective of solvent used;

tBu >isoPr > Et > Bu > isoBu > Me.
The order of reactivity determined for the ethyl, butyl and iso—
butyl substituents was thought to be unrelated to the polarity of
the resulting alkoxy group. The results suggest that steric as well
as polarity effects influence the ultimate reactivity of a particular
monomer.,

Mamedov(so)

studied the ionic polymerisation of the following
monomers, 1-pentene (xiv), methyl-1-butene (xv) and 3-methyl-1-
butene (xvi) using titanium tetrachloride/triethyl aluminium catalyst.

The reactivity of these monomers was shown to be in the following

order:

(xiv) > xvi) > ().
The cationic polymerisation of ortho isopropyl styrene was

(8D

carried out by Aso et a using radical, anionic and cationic

initiators. They found the ortho substituted styrene to be less



(22)
reactive than the para substituted monomer and suggested that
this was due to steric hindrance of the ortho substituent.
The study of the cationic polymerisation of a B substituted

olefins was extended by Higashimura(ae)

in his work using 2
chloroethyl propenyl ether (xvii) and its geometric isomers and

the corresponding vinyl ether. The rate of consumption of

monomer (i.e. monomer reactivity) decreased as follows:

cis (vii) > 2 chloroethyl vinyl ether > trans(vii).

(33)

The polymerisation rates of ortho, meta and para-
hydroxystyrene determined in solution using boron trifluoride

etherate catalyst were found to decrease in the order;

p hydroxystyrene >> o hydroxystyrene > m hydroxystyrene.
Styrene itself has been polymerised in the presence of T

electron acceptors using boron trifluoride etherate as catalyst(34).
The polymerisation rate was found to increase as the efficiency
of the electron acceptor improved. The activity of electron
acceptors used in terms of their effect on polymerisation rate
increased as indicated below:

1,83, 5 trinitrobenzene < chloranil < tetracyano ethylene.
Polymerisation rates increased with higher concentrations of
electron acceptor but a limit was reached when further addition
of the latter caused a lowering of rate thought to be due to complex
formation between the electron acceptor and monomer.

(35)

Okuyama studied the cationic polymerisation of cis

(xviii) and trans (xix) B chlorovinyl ether together with the



(23)
copolymerisation of (xviii) with vinyl isobutyl ether (xx). Reactions
were carried out in methylene chloride at -—7800 using boron tri-
fluoride etherate catalyst. Copolymerisation studies yielded
monomer reactivity ratios of A~ 1,39 and 0.28 for (xviii) and
(xix) respectively. Monomer (xviii) was found to be less reactive
than (xix) by a factor of ~» 26. The low reactivity exhibited by
(xviii) and (xix) was explained by the reduction of electron density
on the B carbon atom by the inductive effect of the chlorine sub-
stituent.

. i : : 3 .(36)

The polymerisation of diolefins has been studied by Anzai
using catalyst sys tems based on Group VIII compounds and Lewis
acids. In the polymerisation of mono-olefins and diolefins using
a catalyst based on nickel carbonyl, Ni(CO) i and a Lewis acid,
monomer reactivity was found to increase as —e values decreased.

The polymerisation kinetics for the cationic polymerisation
of styrene, acenaphthylene and some epoxides, have been

- . (87) ) : .
examined by Guisti et al . They review the polymerisation
mechanisms for such reactions (25 references) and used the
following catalyst types in their work; perchloric acid, sulphuric
acid, iodine, boron trifluoride etherate, F—"h3 CS b ("_7L_6 and
PhCH o SbCl 5"

The polymerisation of a olefins using anionic catalyst

: 3 (38) .

systems has been reviewed . The following catalysts were
included in the survey:

a) heterogeneous catalysts e.g. TiOIS, EtQAICI, VCl 3’ Ethn

and EtsAl, and






