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ABSTRACT

The emul sion pol ynerisation of vinyl acetate was
i nvestigated using a wide range of sodium | auryl
sul phate, (SLS), as emul sifying agent, potassium
per oxydi sul phate initiation and at two tenperatures,
58°C and 6S°C.

Vinyl acetate was found to pol yneri se appreciably
even belowthe cnt of (SLS). The form of dependence of
rate of polynerisation on the exponent of the enmulsifier
was studied. The rate of polynerisationR,, was found
to show a di m ni shi ng dependence on the exponent of the
enul sifier concentration contrary to the Snith-Bnart
schene of ideal enmulsion polynerisation of water insoluble
nononers. A greater dependence of R on the exponent of
the emul sifier concentration was found bel ow the cnt than
above the cnt of (SLS). The form of dependence was al so
affected by tenperature. The exponent of the enulsifier
concentration increasedwith tenperature bel ow the cnt of
(SLS) and decreased with tenperature above the cnt of (SLS).
This shows that R is |less dependent on the [S] at

I ncreased tenperat ures.

Vi scosity studios were carried out and the intrinsic
viscosity was found to be dependent on nol ecul ar wei ght
and chain branching. The occurence of branching is
favoured especially at high tenperature. Hgher intrinsic

vi scosity val ues were obtained for polyvinyl acetate

Vi



sanpl es produced bel ow the cnt than above the cnt of
(SLS), suggesting that the nol ecul ar weight of the

pol yvinyl acetate sanples fornmed while pol ynmerising
vinyl acetate below the cnt of (SLS) as emulsifier are

hi gher than when pol ynerising above the cnt.

Tenperature was found to enhance the occurence of
branchi ng hence pol yvinyl acetate sanpl es obtained
above the cmno are expected to have hi gher nol ecul ar
weights at 58°C. The interaction between the pol yner
and the solvent nolecules in the viscosity study were
found to be less for polyners produced bel owthe cnt

of (SLS) due to the greater nol ecul ar wei ght.

Tests ontensil e nmechani cal properties were also
carrie . out on the polyvinyl acetate sanples obtained
from emul sion pol ynerisation. These properties were
found to be affected by the presence of branches and
nodi fication of the macronol ecul ar structures of the
pol ymer. The sol vent used was al so found to cause some
nodi fications on the polynmer structures. The val ues of
the tensile nechanical properties were relatively high.
TENSILE strength and initial nodulus of the polyners
obt ai ned showed opposite trends of variation to that of
(% elongation for different (% conversion. The observations
fromthe variation of intrinsic viscosity and the tensile
nmechani cal properties showed that these properties are

affected by nodifications in the pol yner chain.
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CHAPTER 1

1.0 INTRODUCTION

1.1 Foly(vinyl acetate)

Folyvinyl acetate is the product of the polymerisation
of vinyl acetate monomer. Vinyl acetate itself, CHZ=CH-OOCCH3,
is the acetic acid ester of vinyl alcohol, 2 simple aliphatic
olefinic alcohel and can be prepared by ths addition of

acetlic acid to acetylene,
Cli = CH + CHzCOOH —> CH3COOHC = CH,

The above reaction can be carried cut either in the liquid
or vapour phase, Vinyl alcohol does not exist in its free
state as it isomerises to acetaldehyde. The iow cost of
vinyl acetate has made it the principal vinyl monomer of
commerce, Vinyl acetate hydrolyses readily when treated
with acid or alkuli to give acetic acid {or sodium acetate)
and ncetaldehyde (1), The rate is slowest at pH 4,44 in

an aqueous system,

1.1.1 Structure and physical properties of
poly(vinyl zcetate).

Polyvinyl acetate is an amorphous thermoplastic
polymer, The X-ray diagrams of commercinl polyvinyl
acetate indicate that the polymer does not crystallize
(1). Although a patent was issued for tne monufacture
of crystallizable polyvinyl acetate (1)sthe experimental

work could not be verified (1). Another patent claimed



polyvinyl acetcte with 5% crystallinity anud the
crysttllizing capability of polyvinyl acetate is
influenced by the precipitating solvent Auring
purific:tion step (1). Polyvinyl acetate is isomeric
with poly(methyl methacrylate). Industrially prepared
polyvinyl acetate is branched because of the transfer
reaction usually conducted to 100% conversion (1).
Unbroachica polymer can be prepared by polymerizotion

at low temperatures ( €50°C). Side groups have an
influence on the various properties of the polymer,
Polyvinyl acetate is neutrnl and non corrosive and softens
between 35 - 50°C (1). The glass-transition temperature
{(Tg) of wmedium molecular weight pulyvinyl acetate is
28°C (1). Most commercial gr=des have broad molecular
weight aistribution and excellent adhesion to surfaces
due to the highly polar acetate groups on the pelymer
and to the unigue combination of viscosity, tensile
strengch, tack and other properties existing during

applicction, formation and ageing of the bond (1).

4.2 Vinyl Polymerisation.

The gener-lly accepted mechanism of vinyl polymerisation
irvolves = chain growth reaction in three distinct steps
viz initiation, propagation and termination,

Polymerisation reactions are commonly classified



on the basis of the nature of the propagnting chain

as;

(i) Free radical polymerisation
(ii) Anionic polymerisation
(iii) Cationic polymerisation

(iv) Coordinated anionic polymerisation,

Bacon (2) observed that an oxidation-reduction
reaction could efficiently initiate polymerisation. Such
renctions are called redox polymerisation renctions, They
are characterised by 2 short induction period, cowparatively

high molecular weight and high polymer yield,

Free radical polymerisation is very important in
the polywerisation of vinyl monomers, In the course of
reaction at any instant, the reaction mixture consists
of unrencted monomer and high molecular weight polymer,
A very small proportion of polymer: is undergoing rapid
incrense in molecular weight by propagation mechanism,
However, thc mixture may in its essential physical
features be described as a combination of monomcr and high
molecular weight polymers, Moreover, the high molecular
weight polymer does not underge further growth in the
nornm:) coursc of events. Free radical polymerisation is
initiated by a reactive species (R) produced from some
compound (I) termed initintor or catalyst in a typical

reaction such as:

f ey K.



where Y3 1s the rate constant for the initiator
dissccinticn, The reactive species as in the above
example arc called free radicals, They add to a
monomer (ii) molecule by opcning the mT=bond to form a
new radiczl in o step such as:

%8

in which Ky is the rate constant for the initiation

step.

Ine wonomer free radical adds to ~nother monomer
molecule to develop a polymer radic2l over the propagation
steps typiczlly represented os:

M%. + M H—EEﬁQ’ Mé
M, o+ M —lfP—) M
M. + M ——}3’—9 Mn+1

Here, lyp 1s the rate constant for the propagation step.

Folymer growth is terminated at some point by
destruction of the reactive centre or frec rodicals by
an appropriate reaction depending on the type of
renctive ccntres and the particular reaction conditions,
Possible renctions leading to termination of free

radicrls are:

i) PMPn- + Mm- -—EEELQ> n4m (dead polymer)

This involves combin2tion of two r-dieals and is

known ns termination by combination and



L
(ii) DMn,* Mm, ——'t'—d——} Mn + Mm (dead polymers)

which is termination by disproportionation and involves

the transfer of a hydrogen radical to another radical

center,  From these reactions, k.. and ktd are rate

constante for termination by combination and dispropcrtionation
respectively. The ehain nature of the process resides in

the prepagation step and monomer disappears by both

initittion ~nd propngntion reactions, Their rates are

given rcspectively as

R, = ?_kdf [I:l lt-(1 - 1)

R, =k, (] [m] cedl = 2)

The rote of termination, Rt’ is given as

Ry = 2k ['M-:]2 vkt @ %)

The rote of monomer disappearance is assumed to be equal
to the r=te of polymerisation provided monomer does nut
@escape by other means e.g. evaporation, To a very close

approximotion, the rote of polymerisation is given as

«d [ b
R ki ool = &)
where [M] is monomer concentration and

E“j is the total concentration: of all chain

r2dicals,

From the sterdy state assumption (3) that the concentration

of radicals increases initially, but almost instantaneocusly



reach2g 2 constant steady~-state value, it can be stated

that Ri = Rt

R; = 2k, [ 2 cowalld = 5)

(7 = (Ry/amy)? el = 6)

Equation (1 - 4) thus becomes
= A : %
5 i @”[h1/2k£] ces(1 = 7)
for the rote of polymerisation.

Free rodical polymerisation also exhibits a set of
reactions Known 2s chain transfer reactions due to
radicnl displacement, The reaction can gencrally be

depictecd us
Kip ;
m 4 + XY ﬁ 1.111 — x + i .

in which ktr is chain transfer rate constant
X is species transferred and
Y. is the new radical which reinitiates
polymerisation as
Y. + N -ﬂgﬁ——} M, in which ¥k, is the reinitiation rate

const-nt.

The rate of a chain transfer reaction is given by

.'i_tr = lf.tr 6’1] [J(.Y_'l
Chain transfer reactions result in a2 decrease in the
degree of polymerisation, (¥n),and molecular weight of
the polymer/4),If the rate of re-initiation is slower than

that of the original propagation rate, there is a decrease



in the rate of polymerisation (&), Free radieal
polymerisation can be carried out in bulk, solution,

suspension or emulsion,

1.3 JEmulsion Polymerisation.

BWnulsion is used to describe a dispersion usually
of colloidnl size of one ligquid phase in nnother,
Emulsion polymerisation refers to a unique multiphase

process ciployed for the polymerisation of monomcrs in

emulsion, Emulsion polymerisation is different in its
mechanism and reaction chnracteristics from other
polymerisation processes, It differs from suspens ion
polymerisation in the type and size of the partiecles
in which nolymerisation occurs and in the kinc of
initiator employed, Thermal dissipation ~nd high
viscosity and thercfore difficulty of ccatrolling the
polynerisation reéction, 18 well as the occurence of
branching »t high polymer-monomer ratios, which can lead
to insolubilisation, have madc¢ bulk polymeris-~tion
unattractive industrially. The low viscosity in erulsion
polymerisation facilitates agitation and heat transfer,
and the transfer of materials through pumps and pipelines,
The physicnl state of the emulsion system makes it easy '
to centrol the process and in most cases, relatively low
polymerisation temperatures (0 - 80°C) are involved, It
lends itself to easy continuous operation, =nd high rates

of polymerisation cnn be obtained simult-oneously with high



degree of polymerisation and at low temperatures,

rhe mechanism of emulsion polymerisation is based
primarily cn the qualitative treatment of Haorkins (5, 5b)
and the guantitative treatment of Smith and Ewart (6)
and Hawzrd (7). According to Harkins (5a)’ an “id al®
system contnins a dispersing medium (water), a woter=-
insoluble monomer, emulsifier, and a free-radical initiator,
For 1his system in dilute aqueous solution at concentrations
above its ceritical micelle concentration, cmc, the
emulsifier molecules aggregatec together to form micelles
(52)., 7he micelles are spherical with the hydrophobic
portion of each molecule directed towards the centre of
the micelle (8). Addition of a water-insoluble or
slightly water-soluble monomer to this amixture with
agitation, leands to the monomer being disperscd as
monomer droplets, After initiation, vnolymerisation
inside the micelles proceceds rapidly and the latex particles
grow r. nidly from within, The emulsifier is adsorbed on
the surfacc of the growing latex particles nnd functons
as a strbilizer preventing the flocculation of the
latex particles. After zbout 10 - 20% conversion to
polymer, no micelles are left due to rcduction of the
emulsificr concentration, [36] , in the aquecus phase
to below the cme (8), Further polymeris~tion thus occurs
inside the growing latex particles which e ontinuously
supplied with monomer by diffusion through the aqueous
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phasc from monomer droplets. Hence, there is ¢ gradual
decrense in the guantity of the monomer until at about
60% cenversion where they disappear complelfcly into the

~articles (8). The monomer in the latex particles

v

latex
is gradually used up and the resction rate will gradually
fall off ~nd polymerisation will cease completely wtien
all wonomer in the particle is counsumed, In most cases,
an cmulsion polymerisation is taken to 100% conversion

or as near as 100% as can be achleved as in gtyrenc and
vinyl ncetate. Commercial pblymefisation of vinyl ncetata
does not howoever excuocd about 70% due to choin transfer

reactlons leading to branching (1),
Deviations from this mechsnism are couscd by such
effucts s monomer solublility, emulsificer type, perticle

sizc contrel, retarders, and inhibitors.

Smiﬁh ﬂhd Ewart {(6) and Haward (7) gove the developed
mechanism by Harkins {58,b) 2 more quantitntive basis. An
emulasion polymerisstion follows the same Rinetie lows as
have boen estoblished for vinyl polymeris-tion.  Smith and
Bwart {(H) werc able to stiow that for the iderl cnse, a

particle contalns either oné or no froe radicl. Thus the

_average number N, of rndicals per particle is 4. If N is

the totol numboer of particles per litre, then

Ry = Nkp [if}/2N, where
NA.is the Avogudro number ..

S
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Over a very large part of the polymeris~tion the
[&] in the particle is constont and hence, ~t o given
temper:ture, Rp depends only on the number of growing
particles prescnt. Smith 2nd Ewart (6) thcerefore
concludcd that Rp and ~verange number degree of polymerisation,
(xn)sarc directly proportional to N. The number of
growing particles is in turn proportional to the initiator

and emulsifier concentr-tions ~nd therefore,
N @ [I]o't‘ and
N oo [30]0'6

Thus .ip = k4 [1]0"h [so]o'6 [}

where [I] is the initiator concentration

[SJ is the emulsifier concentration

[M] is the monomer concentration

1.4 Factors affecting Emulsion Polymerisation,

1.4,1 Temperature:

A polymerisation tempernture is often chosen mainly
because temperature of experiment determincs the ability
to control the experiment and 2also because the initiator
system vsed gives optimum efficiency at a particular
temperature, Tempcraturc also has some influence on the
macromolecular structure of the product, From the kinetic
point of view it is reandily eppreciated that the temperature
will affect the rate of polymerisation which appears in tae
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equation:

Fy = Ky 53 [SO]O.6 [11]

An incrce-sc in temperature is expected to cruse:

(i) 2n increrse in the rote of gaicr tion

of radicals,

\ii) on incressc in the rote of flux of radienls
diffusing into the narticlcs

(iii) » favour of the rate of diffusion of
monomer to the latex particles ~nd the
amount contained by the swollen porticles,

(iv) on incrense in the number of micellces
produced by the cmulsifier ~nd thus incrcense

in the number of latex particlis.

The over21l result of the incresase in tempertture in
an ideal emulsion polymerisation is to incrense Rp 2nd
reduce the average number degree of polymarisation (Xn)
i.e, neleculor weight of the polymer formed, Cther
side 2ffects encountered are usually poeculiar to the
initintor system employed and the monomer being
polymerised (8). These include inst-bility of omulsion
resultiang in occurcnce of preflocculation, congulation
or ch ngc in viscosity; production of crogslinked,
broncicd, "nd gelled polymers; chonge in structure of
polymer ~nd moleculsr weight distribution; e¢ffcect on

efficicnecy of chain transfer,
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S5 ASERT AL
“ineticnlly a constant agitation pattern is
assumcd, Usunlly, only sufficicnt agitation to
koep the monomers nnd other constituents suitably
dispersed is required, An increasc in agitation may
incre 3¢ the overzll r:te of rerction nand o lowcring
of (zn). This is due to the effect of ngit-tion on the
rati of Jiffusicn of monomer nd on the mass transfer
and disversion of the other ingredients (1), The most
importont influence of agitntion is probably on the
apparent ch2in transfer coefficient cof nodifying agents
(8)., iowever, it has been reported that ngitation does
not ~ffoect the rate of enulsion polymerisation of vinyl
acetale nbove a sufficiently high rate of ngitation (1),
In th. solution polymerisation of vinyl ccotate with
Kzszﬂg s initiator, it was found that stirring did not
affect the rate (1). However, in 2n otherwise idcntical
emulsion polymerisation, it wns found th:t thc(Rn)of the
resulting polyvinyl acctate incrensed substantinlly when
the rte of agitotion was increased (9). Violent
stirrins however causes 7 decrense in the rate of

polyncrisation (10),

1.5 Major Roecipe Constitucnts.

1.5.17 Emulsifiers:

The cholce of erulsificr is probably one of the
most important factors involved in o recipe. £An cmulsifier

must preduce n stable emulsion betwcen tho asonemer and
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wnter phnses and later a stoble latex, It must not

interfcre

ndversely with the initintion system or the

propagation re-ction, It must impart no zdverse

properiics to the product since the cnulsifier residue

will rcevin in the product recovered ~fter polymcresation.

The diffcrent typas of ecmulsificrs are classified,

according to the nature of the hydrophilic rroups into (8.

(i)

(11)

Anionic emulsificrs: examples include the

nlknli salts of the organic cnrhoxylic acids
with chain lengths usually between 812 and 018
commonly referred to 28 soaps, ~nd most
effcetive at pH between 9 and 11, Alkyl
sulphaotes nnd alkyl lauryl sulphicnates are

~1lso used frequently. Their mclccules do not
possess any easily hydrolyzablc groups, hence
their pH range of activity runs from the
21lknline to the fairly acid c¢nds of the scale,
They are good cmulsificrs for ost polymerisations
and latexes prepared with them sre stoble towards
pH changes. Those surfactants arc very often

employced ns sccondary vmulsificrs and stabilizers,

C~tionic emulsifiers: salts of amincs, quartcnary
ammonium salts fall into the group. Their range
of activity lies on the ncid side of the pH

scnle, They arc unstoble in “lkz2line media,
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The rate of polymerisation obtnincd with them
are normally slow and the latexes have poor

stability.

(1ii) Non-ionic ecmulsifiers: e.g. esters of polyalcohols
(pYuronic polyols) (11). Their non-ionic
character mnkcs them substantially inscnsitive
to pH changes, 3ome appenr to function in
slightly acid media. Polym.risstion proogeds
slowly in their presence alone but -~ great
improvement in the rate 2nc lrtex stobility
results from using them in coawbin~tion with

anionic emulsifiers (11).

1.F.1:17 Role of the emulsifier.

(i) The emulsifier t-kes an increased amount of
nonomer into the water phasc duc to solubilis~tion

in the micelles,

(ii) Emulsifi.s non solubilized moncmer into fine

stable droplets,

(iii) Protects latex prorticles against coagulation

during and after polymerisntion,

If - hydrophilic monomer is ~dded to an aqueous
solution of emulsifier then the monomer becomos mnixed with
the wnter by solubilisation and emulsification, The former

is the uptake of the monomer into a thermodynamic-1lly stable
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solution in the emulsifier solution. The latter is the
dispersion of the monomer phase into very fine droplets,
with cnulsifier molecules 2t the interface of the orgonie
and the water phascs, The hydrophobic part of the
emalsifier molecule is directed toward the inside of the
orgnnic naase, while the hydrophilic portion is in the
water, A very importrnt characteristic of #n cmulsifier
is ite eritica) micelle concentr-tion, <mc, Temperature
incrense cnuscsthe cme to increasc slightly since the
kinetic cncrgy of the ions willbe increascd (8). Addition
of electrolyte or alcohol to the nguecous phhsce can cause
the cmc to f2ll but usually improves the solubilising

activity eof an emulsifier (8).

15,142 Effect of Emulsificr concentraticn on Polymerisation,

In most cases, no polymerisation of significance is
cxpected o occur bzlow the cme of the cemulsifier especially
for the iderl system proposcd by Smith and Ewort (6), But
vinyl acetote polymerises at an appreciable rate even in the
absence of an emulsifier, In the ideal systcm proposed by
Smith »nd Zwart (6) thcy found Rp to be propertional to
[BO]O'G. wvey ¢t al (12) experimentally found Rp to be
proportional to the square root of [@0]. mck et al (13)
found that in the case of versatic =2cid soaps used in a cold
M{yrene~iutadiene-Rubber recipe, Rp @ 0.5 power of what
they tormed soap concentr-tion. The influence of [éu:}and

kind of cmulsifier on the cmulsion polymerisation of some
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vinyl moncmers were investigated(d) It wns found that Rp

of styrcne and methyl methacrylate increasced with

increasing [?o]' but that for a2crylonitrile, methyl

acrylate and vinyl acetate Rp went through a miximum and
decreascd at high [SO]. Tzumi et ~1 (14) etudicd the role

and cfifcect of emulsifiers in the emulsion polymerisation

of acrylonitrile compnred with a typical cmulsion polymerisation
and observed that the emulsifier is usually effective at
concentrations below the cme and that the (Xn) docs not

always incrense with increasing concentration of emulsificr

althousis Rp Increases.

Carr ¢t al (15) studied the rate of emulsion polymerisation
of but:dienc=styrene (75:25) as a function of the amount r.nd
kind of emulsifier used, Commerciazl and pur:c soaps were uscd,
They concluded thet cert~in substinces in the commercinl
so2ps ~cted ns retarders which decreased the hourly rate
of convzirsion in dircct proportion to the 2mount of these
retarders prescnt, The pure soaps gnve 2 smoll rote of
conversion the highest being of the order of 43 - 45% after
12 hours ~nd cven aftcr ircreasing the sonp concentration
only 58;: conversion was obtained after 12 hours as comparcd
to 72 conversion tor the commercial soaps, They therefore
concluded thit the pure sonps are not ns suitnble as the
commercinl soaps, Interesting investigntion on the effect
of emulsifier ~ddition on the course of thc polymerisation

of styrcne in certain cases have been reported by Medvedev
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and coworkers {(16). With nlkyl sulphonatc so ps nnd
azobisisobutyronitrilc (AIRN), peroxydisulph-te initiation
at 40 - 50°C, and at [S,] which give complete soap
coverag. cof the particles, addition of further emulsifier
at conversion below 50% resulted in an increased Rp
proportional to the extra amount of emulsifier ndded, At
high initizl [ ] which would result in the surface of

the particles being saturated with socap, ro incrense in

Rp occurced on ~ddition of furthcer sozp during the reaction,
In some casus, with high initial sonp concentr-tion, a
reduction in Rp was observed on further ~ddition of
emalsificr, DMcdvedev (16) thus proposcd that the
polymcrisation occuring in a litex actuanlly takes place

in the sorp layer on the porticle or in a 2zZone closc to

the surf~ce of the polymer particles, The zize of the
latter remsins constant during the procoss "nd is
determinced by the initial [ ]. Lazor (17) studied the
¢ffect of the cmulsion polymerisntion of vinyl chloride
150

initinted by the rcdox system K23208 - o helow the

2 3
cmec of ewmulsificr, He found that the numboer of latex
particles, N, in unit volumc depends princip-lly on the
[Sé]ﬁna to n lesser extont on the persulphote ~nd
bisulphitc concentrations, Peggion ot a1 (18) n~de an
extensive study of the effict of the type nd concentration
of emulsificr on the number of lotex particles, W, produced
at fixced toemperature and K2f3208 concentr: tions in the
emilsion polymerisation of vinyl chloride, 1t was found

th~t N incrensced considerably on ~n incronse in soap
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concentrtion and on the type of cemulsifier, Thcey also
ohservaod that Rp became practicnlly independent of [E;}
when thoe latter is higher than thne cmec. Some workers(19),
made extensive studies on the emulsion polymerisation

of vinylidene chloride in which was detcermincd the influence
of [I] and {So]' coalescence of polymer particles, and

ate of stirring on the reaction r~te below the cme of
emulsificr, Thrce different stages of reaction were
identificed from the conversion - time curves, The first
stage of polymerisation gove a nearly constont polymerisation
r«te depending on [30]0'6 and [130'5 almost ooeying the
Smith -- Fwart equotiocon, Stoge 11 was char-cterised by a
sharp decrensing of Rp occuring nt an cxtent of recrction
that depended on the [so}. A strong conlecsence of the
monomer <droplets wns nlso observed just beforce tTha lowering
of n, otrge I1I showed nn increasc in }p which reached

2 value taat depended on the first power of [3] =nd does not
depcnd on [ﬁo] « These results do not <grce with what

one would expect from the Smith - Ewart thcery. Okomurn

and Motoy ma (10) studied the emulsion pelymerisation of
vinyl copreate whieh resembles vinyl acetote in the
reactivity cf radicals and styrenc in the solubility of
water, In addition, they carried out the cemulsion
polymerisntion of styrene in aqueous mcethancl thereby
increcsing its solubility to about 2%. From tneir results,

Rp @ [?0]0'6 for vinyl crproate obeying Smith - Bwart
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equation «nd for styrene the resulting Smith - Ewart
equation h-d 4 small exponent i,c. Rp a{?ﬂl?'g. They
thercfore concluded that the main factor 1ip the enmulsion
polymeric tion behaviour of vinyl ~cetrte is the water
solubililty of tho monomer, Brodynan et ~1 (20) studied
the emulsicn polymerisation of wethyl methacrylnte nd
found the dependence of rate on [S)] to be 0.4 power.

It wns recently peinted out that the Rp of vinyl acetate
in emulsion is very much offoccted by the kind of
stabilizrtion i,e. electrostatic (anionic cmulsifier)
comparcd to steric (polyvinyl alecohol) (21). 1In the
peroxydisulphate initinted aquecous polymerisation of
vinylacctate for example, anionic surfoctants increase
both the number of latex particles, N, formcd ~nd Rp,
Cationic surfactants, in contrast, norm:lly roduce both
N and ..p. In the investigntion of the influence of [SJ
and kind oi cmulsifier on so.¢ winyl monomcrs, it was

reported thaot for styrene, Rp @ [?o s for vinyl acetate

]0,6
with .inionic sonp; Rp a !%0]0'0 ind with non~ionic soap
Rp @ EQJ%.6- This 1ast result was due to the retardoation
with incrensing non-ionic delsince the reaction took
place in the woter pursce (1), Fagbehingbe (2Z2) concluded
from Mer studice on the cmulsion polyumeris:ction of vinyl
acetrte -t three different temper~tures using K23208
initintion nnd sodium lauryl sulph~ate (SLS) cmulsifier

> s PN o 0"'" - !.'0 o 0'28 ©
that Ap @ [5 %% at 559, Rpa [5,] 1t 60°C and

Rp @ [3010'05 a1t 65°C. Fache (23) also carricd out



emulsion polymerisation of vinyl ~cetate -t three different
tempersturces using ¥,8,04 below and above the cae of (SLS).
He studizd the form of dependence of the E%]on Rp below
and nbove the eme of @8)md concluded thot the mechanism
devioted clenrly from the Smith - Bwart (6 cquation, The
form oi divundence nlso increascd with tomperature below
the cmc nd decreased with temperrture above the cme of

7 \
\SLS .

1e54%.3 iifect of |S Lgp perticlc size of latex,

As the [So]is decrensed, the number of 1atux particles
formed is dcereascd (8). Xincticslly this should lead to
an incrcnse in the particle size, Fronch (11) studicd the
emulsion polymerisation of vinyl acctate using KZS208 and
plurcnic polyols a3 emulsifier and found thnt the particle
size decrcased with incrcasing [S.]. The number of polymer
particles however remainced const.ont ~lthough the monomer
hhd couplately diffused into the polymer particles before
15% conviersion, so th~t no separnte monomer droplets exist d.
Electron-microscope cbservation of lntexcs produced by the
polymerisntion of vinyl necl: t¢ in woter showed thnt in the
absence of surfactants the prarticles preoduced ~re large

(0.1 = 1.0 u in di-meter), ~nd their size distribution is
nerrov (24)., In most emulsion polymeris-tion recctions a

sprend of pvarticle sizes results, r-nzing from very small

to somec large particles, with the bulk of the particles



21

having dirmetors closer to the me-n value (8), Distribution
of particle sizcs cnn vary from very narrow to very broad
"nd depend on the many fnactors and conditions which are
provalent during the rezction (8), Not the lecst of these
is the type of emulsificr eor mixture of emulsificrs
cmployed, together with [?0] and the m-nner of addition

i,e. 711 initially, in increments, or continously during
polymerisation (8). Dunn et a1l (29) using the theory of
colloid stability to evzlunte the mechnnism of particle
formntion in nqueous vinyl —:cct~te solution observed that
dispersion preparcd in the absence of sodium dedecyl
sulph te emalsifier werc mono=-disperse, whilc those prepared

with cuulsificr at high ionic strength were polydisperse.

1904 Lrtex Stability.

The emulsifier type and -mount used constitute the
main fctors in latex stnbility. Emulsifior type is
geverned to 2 great extent by the nature of the imoncmers
bi:ing pelymeriscd, the temper:iture, nnd the initiator
system involved, The cheice of emulsificrs is wide,

While some impnrt pgood stability nlone, cthers require
addition~l st-bilizers in ordor to nchieve satisfnctory
results, Agglomeration, flocculation, ~nd congulation
are Known tc occur in n latex for some or =11 of the
following rensons, (1) insufficicnt ecmulsifier which lends
to ngploneration to re-=cstablish equilibrium (ii) effect
of vil (1ii) prescnce of nlcohols; and {iv) teupcrature
variation i,e, too high or too low temperatures render the

emulsificr ineffective and cnuse instability (8),
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1.6 Initi-tor Systcms,

All systems usced commercially are based on the
liber-tion of an ~ctive free radicnl produccd cither
by :
+i} 2 chemical internction: e.g. peroxidic
compounds wnich ar¥e strongly oxidising
In the prescnce of n reducing =gent,
decomposition of the peroxide is enhanced,
Such systems arc drcdox" systoms mnd they
21llow n convenicnt generation of free radicals

at lower temperatures (12),

H,0, + Pe?* 3 HO, + HO” 4 Fe’*

This inveolves the transfer of one clectron,

ii) Thermnl decomposition of n compound inteo frec
radicals, Many different types of organic
and inorgnnic compounds will undergo
homolytic decomposition on haonting to yield
free rordicals e,g. peroxides, peroxydisulph-te
ion widely employed in emulsion pelymerisation,
The ion m~y be in the Na, K or NHp, salt. It
decomposes thermnlly to give sulphnte lon-radicals
as initiating spccies

I R — 2507,

Systems which arc tec be uscful in initiating

an emulsion polymeris~tion should produce the

free rudicals throughout the volymerisation
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and this is nchicved by the hent applied

during the dccomposition,

17 Egﬁgrdatiun and Inhibition.

Rotard-tion is 2 slowing down of Rp throughcut the
recacticon by some substances known as retarders.
Inhibvition of thc¢ polymerisntion is manifested by 2n
induction periocd or intermgption period by ~n inbibitor
if prescnt nt the beginning or after polymerics~tion
respectively. An inhibitor trops free radienls ond cither
destroys them or prevents them from goetting to the locus
of polvmerisntion or produce by transfer nnother free
radicnl which is not zctive (8) e.g. hydroouinone,
beénzoguinene, Too high a production of free rodicnls in
the initi~l strnges of n polymerisation can itself give a
retaprding or inhibiting cffect owing to the mutual
destructicen of radicals or production of in~ctive radicals
such ns R0O0* (8). In peroxydisulfate and peroxide
initi~tion systems, the presence of oxygen has nn inhibiting
effect on the smulsion peolymerisation of many menomers,
With other nonomers nnd other initiating systems, oxygen
can nct 18 7 vromoter, It would appe~r that the effect
of oxyzcn depunds very much on conditions and cnvironment,
nd competing ¢ffects which mny be present, Gonerally it
is ndvisable to keep 2air from 2n cmulsion polymerisation

reaction,



1.8, lioaonmers,

Jot ~11 vinyl monomers are polymerisable by the
use oi ircee~radicnl iritintors in an emulsion system,
Monomoers boearing relqtively clectro=-negative substituents
attached dircctly to the cthylene nucleus nre polymedi gsed
best by frec-radicol catalysts ¢.g. vinyl monomers 1. k:
styroenc, methyl methacrylate, vinyl ncetate, nitrile,
Monom:rs which vossess relatively electro~positive groups
nermally respond better to ionic catalysts c.g. dialkyl
olefins, vinyl ethers (8)., The solubility of the monomer
in weoter or its reactivity with water is 21sc ~n important
characteristic, Generally, moncmers which are wter-soluble
do not pelymerisc well cccording to the cmilsion mechanis!
since, in such n case, far too much polymuris~tion occurs
in th. quecous soluticen, insterd of in the micelles (8).
The behinviour of A monomer in nn emulsion polymerisation
is determinced by its solubility in whter, the solubility
of the zolvmer in thé monomer, as well ns the polymerisation
propertics of the specific monomer (1), If the monumer is
partly soluble in woter 2 certanin number of monomer molcecules
are nlro-dy nvaileble for conversion to polymer in the water
phose, £1so, the solubilizing e¢ffect of the emulsifier on
thc wonomer vecomes less important than its stobilizing
cffcect, Vinyl ~cet~te can be polymerised in the presence
of protective colleids which have little or no solubilisirg
effect c,g, polyvinyl alcohol ond re-ction prococds mrinly
~long the lines of the idenl mechanism (1). There is a
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great differcnee between the kinetics of styrene and
vinyl ~cct tc thet ¢~n he explnincd by their different
water solubility (10). Solubility of vinyl ~cet~to has
been roported to be 2,1% ot 50°C ~nd 3.5% ~t 70°C (10).
A systceartic study of vinyl ~cet te in emulsion was
token (1) in the manner of Smith (26). A constont Rp
over 3C% of the conversion ronge was found, The ! inetic
dota wrs summarised -s

L A

where N is the number of porticles

{I] is the initiator concentration

No dependence was found on iﬁgl in this system suggesting
tht the polymerisation must have t~ken pl-ce almost
exclusivcly in the agqueous phese where viny) cctate is
dissolved(1) The concentration of the monoacr rem-ins
constont as lJong ns a frec monomer panse is present,
After “he nolymer froctior is large enou'h to nbsorb the
menomer, the rrte will decrense buchuse the monomer will

not be replcnished in the particle.

1.9 Polvmcr Choaracterisation,

1.9.1 Viecosity
Viscosity is the propcrty of licuids and gnses by
virtuc of which ~<hey resist relative motion between

adjacent parts within them or botween thon nd adjacent
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bodics, Solution viscosity is beasienlly a2 moemsurce of the
size or extension and conformntion in space of polymer
molecules, For dilute polymer solutions, the viscosity
igs influenced primarily by the properties of isolated
single clizins surrounded by solvent, or by scveral chains
inter~cting with each other, Viscosity is of impo~tance
in thnt:

(L) 1t ceterwmines the forces which are to be
overcome when flulds are subjected tc shenr
€+, in pumps, benrings, A polymer molccule
is mormnlly regardced as o connected sequence
of scgments hence the motion of 2 chain
molecule which is subjected to n shearing
distortion requires ccoperative displocoment
of its secgments, The larger the number of
segments, the larger the resistance to

motion,

(ii) It dctermines, under any one particular set
of conditions, whether the viscous or the
turbulent regimes of flow will obtain in a
system, In this way viscosity determines
the prrticulnr set of physicrl laws which
will apply in problems of flow, hent transfer,

mixing of materials, nnd similar phenomena,

(iii) Being 2 property which is grently offoected

by the shape, size and co-ordin-tion numbers
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of molecules, the viscosity of liquids ond
gnses have proved 2 useful tool in physicnl
chemistry, For instance it affords 2 menns
of estimating an ~verage molecular weight for
linenr peolymers in solution and for obtaining
information about the moleculnr weight
distribution in the polymer, ~ad sometimes

indicatcs modifications such ns prescnce of

branching in polymers,

In ~ddition, the flow behaviour of concentrated
solutions, nd in pnrticular, undiluted polymer samples is of
considerable practical importance to the polymer fabricator
and monufacturer, The industrinl technology of pelymers
is intiictely dependent on the rheological properties of
polymer c~mplcs in flow., Therofore, the mesurcment of
polymer flow charscteristics and 2 study of the molecular
features of the polymer which coentrol these properties
h~s becom: nn impertant part of research nnd development

of new or improved polymer samples,

For colculating the forces and power involved in
flow ond for physicol chemistry studies, the dynamic
viscesityr, {(mn), 1is of prime signific-nce. In the
field of hisgh pclymer viscometry the following functions

of {n) ~nd guantities describe the experimentrl datag
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(ny dynamic viscosity
e) kinematic viscosity

Nrey a-fﬂ/ﬂo) relative viscooity

-
- = (“/f!) -1 specific viscesity
b v i e ['.(.;i

(nsp/c) reduced viscesity
ln(%ﬂﬂ./c) inhercent viscosity
linﬁlp/c) = intrinsic viscosity
§ sy

where pis density of solution
(“0) is viscosity of thc solvent and
¢ is concentrotion in g.dl’q of

solution.

The quantity of primary interest in dilute solution
polymer charncterisation is the intrinsic viscosity [n]A
This quantity con be regarded ns the fractionnl increase in
the viscesity of unit volume of solvent duc to the nddition
of 1g. of non-intcracting polymer moleculcs(@) In order to
¢liminate the influence of intermeolcecular inter-ctions,

[‘T]LS found by extropolating cither (nsu/C) or 1n mrel/c)
to zere concentration (27)s If these quontitics depend
on the rate of shear, it is nlso necessary to extrapolate
to zcero rate of shear (27). For chemicnlly homogeneous
lineor polymers, the most important rclationship between

the [n] and the molecular weight is the empiricnl
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Mark=Houvwink=Sakurnda equation (27).

["] = k'®

For a given polymer-solvent system, K' nnd @ are constants
at a given temperature. Since the nbove cquation is
empiric~l, vorlues of M must be obtained by some absolute methc
in order for K'Y and @ to be determined, The validity of
the pair of constants is restricted to the rongec of values
of M used in the calibration, If 2 peolymer sample is
net » mono-dispersed fraction, the valuc of the molecular
weight c~lculated by using the Mark-Houwink-Sakurada
cquation is c~lled the viscosity average molecular weight
represented s ﬂv‘ The cxponcnt a is less than unity
with the result that the M, will 1ie between the number
and weight average molecular weight viz ﬁn“ ﬁv‘< Hw.
The Mork-Houwink-Sakurada equation is only vnlid for
line~r pelymers nnd therefore has little meaning for
non=lincar or brenched polymers, The use of viscosity
measurcments to obtain the molecular weight is grently
complicated by:

(~) The influence cof the molecular weight distribution

of the sample,

(v) The cceurcnce of branching (include the type
~nd the extent).

(c> Th¢ existence of 2 compositionnl ~nd sequentisl
distribution of segmants,

(d) The existence cof =aggregates nnd entanglements

between chains,
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1.9.2 Visceosity Measurcmoents,

The brsis for the pepularity cf viscosity me~surements
lies in the practicnl arcas of the convenicence of the
measurcments and the relatively inexpensive nature of
the apperatus requirced as compared with other mcthods
such ns light scattering and osmotic pressurc ~1lthough
viscosity mithods rest on a shakier thecrctical
foundaition, In genernl there are two mnin classes of

viscomotric measurements:

(i) The absolute methods are these in which
Eﬁ is explicitly derived from the geometry
of the apparatus, the observed raitc of flow,

and the measurcd forms involved in the flow,

(11) The relative metheds nre these in which
the viscesity of the fluid under test is
determined by an apparaitus calibrated by
another fluid of known viscosity. These
mcthods rely on the basic fact that at low
speeds the velocity of n smooth, simply
shaped body in a liquid or gas is inversely
rroporticonal to the dynamic viscosity
dependinz on the ccnditions of flow, Thus,
apparntus is designed to give straight or simple
smooth curves for the lines of flow, and the
forces producing flow are made os small as

convenience nnd required accuracy will allow,
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The viscosities of pure liquids, diluts polymer
scluticns, concentratoed pelymer goluticns, and undilutod
pelymer liguids cover 2 wide ronge, cxtending from 1072
poisc te 1012 poise or greater (27). Consequently, no
singlc mothod of mcasurcment is available which eovers
this rongsc. Mcthods which hove gencrally been employed
include capillary and rotationnl viscometry methods,

tensile creep 2nd stress reloxation methods (27).

Ye9e24 Capiliary Viscometry,

Capillary tube methods involve the flow of fluids
through ¢ pillary tubcs, using cither an applied pressure
or simple gravity flow to drive the fluid through the tube.
The capillary viscomoters which are madce for dilute
soluticn studies are made of glass. Example is the
Ubbelohde wviscomcter which has the advantage of not
requiring ~ fixed volume in the viscometer, Tho apparatus
is enlibr-tod by timing the passage of a standard guantity
¢f a 1liquid of known viscosity through it, »né a clibrations
censtant is obtained. The intrinsic viscosity, [n] , is

determined using the Huggins equation (27)

" 2
1 rn
(Mgnze) = M+ & [n)ec
k' is Huggins constant nnd has been reported to have a

value of 0,3 € k' € 0,4 for good solvents (27

Kraemers equation is also often used (27);

1n(1%&./c) =[n + k [&gc, for which
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Those eguations require that a linear relatiomship exist

betweon (0 ) ond ¢ of the solutiocn.. The jluggins

sp/c

cgunticn gives infermaticon about pelymer - solvent interscetions,

choin dimunsicns, =nd bronching. For highest precisien,

the viscosity measgurcment is mnade in o constant-temperature
bath ragulated to at lenst + 0.02°C, The offlux time of

the purc solvent is kept leng prefeorsbly arenter than 100 scc.,
to minimize the nced for applying corrcection to the observed
data (27). Fur accuracy in extropolating +o C = 0, the
soluticn concentration is restrieted te the range that gives
relative viscosities between 1.1 and 1,5 ag this is the
narrcow concentration rrnge over which the plots cither from

Hugeins oy Kraemers equations arc often linenr,

1,10 Polymer Testing,
|

1.10,1 lMechanicnl Propertics,

These are the totality of propoerties detormining the
response of bodles to external mechanicenl influences,
manifostod in the ability of the bedics to develop reversible
and irrcversible deformations and te resist failure,

The hasic churncteristice of the mechanical promerties
cf solids ~re mermally dotermined by tests resulting in
varinus defermation - versus - stress dependencies, such
as siress -~ strain,  Examinntion of such depuendoncics
readily brings out characteristics of elasticity,
plasticity nnd strength. The mechunical properties of
liguids are assessed by studying the depondence of the

rote of strain on the stress applicd c.g. viscosity,
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However, all these characteristics are insufficient
to describe polymeric bodics owing tc the specific
mechanic~l properties peculiar to them., The most

import:nt of these propertices are:

(1) Highly pronounced mechanical relaxation
processes {stress, crecp), owing to which
the mechanical properties of polymers depend

strongly on the temperature,

(ii) Ability to develop cnormous reversible
deformation cnhused by axial tensicn, (for
instance, as high as scveral 100%), this

ability being the most pronounccd in elastomers.

(iii) Intimate conncction between nechanical ~nd
chemical processes, which 2f7cet ¢ach other

substantially,

Th:e mechanical properties of polyvinvl acetate depend
on the moleccular weight and its distribution, Tensile
properties of poelyvinyl ncetate unfilled ~nd filled with
1102 showed n strong depcndence on humidity, boing
relatively unaffected ot high humidity (8)., As the filler
content is increased, the stiffness is decreascd at a

higher humidity.

1.10" .2 Film Deposition Techniques,

A film is a flat scction of a thermoplzastic resin or

a regencrated cellulose materisl, which is very thin in
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relation to its length ond brendth and which has n nomintl
thickniss or gauge length not greater than 0,010 in (28),
The most important are cellophane and polyethylene (28).
Olayemi ~nd Adeyeye (29) have reperted the strong dependence
of the tunsile properties of polyvinyl ncetote cast films

on solvents used for casting under differcent conditions

of temporature and humidity, They interpreted their
results ou tiuc basis of the inter.ctions butween the solvont
molecules ~nd those of the polymer, They concluded that
chloroformn-produced pelyvinyl acetate films hod the most
constant mcchanienl properties over the longest period of
exposurce which deponded on the temperature of exposure,
decrensing as the temperature inerenscd, Methanol was

found to be practieally unsuitable while accetone could

be used where chloroform is not available, It con therefore
be concluded that sclvents modify the structure of polymeric
films by altering the packaging arrangement of the polymer
chains, The effect of the addition of emmlsificr and
catalysts on the polymer properties in s cmulsion
polymcrisation system for vinyl acctate was studied by
Ghar-pction ¢t 21 (20). Thacy observed that ns the ratio

of ccmpluetely hydrolysed to partially hydrolysed poly

vinyl rcetate in the emulsificr wes incrensea, the viscosity
of thce polyvinyl acctate emulsicn decrcnsed anad the tensile
strength incrensced for films prepared from the polyvinyl
acetnte cmulsions., Increase in the concentr-tion

of the catalyst however increased the viscosity of the
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emulsions and the tunsile strength for films preparcd

from tho pelyvinyl acctate cmulsicns,

Films ~rc formed by mclt extrusion, calcondering,

chemicel regencretion or by solvent casting (28),

1.10.2.17 Film propertlies and test methods,

Physical propertics of plastic films arc greatly
dependent on the rate of testing, the tomporature of
testing nnd on the history of the sample, Films that are
Quctile with high elongation when elongatced at low rates
becorme brittle and shatter =t high retes of elongation,

A universal tester such as Instror tensilc tester is used
to mensure tensile propertics such as yield strength,
ultimntc c¢longation, tensile strength at various
elongotioneg, modulus and work to rupture, Elcngation

is impcrtant in packaging films and trpes, High modulus
is important for the ability to be processcd using
automntic mckaging machines, A packaging films utility
is depondint to a grest extent on its imperme~bility or
permeability to goses or vapours, The latter is known
ns the moisture vapour transmissicn rate (FIVTR). The
MVIR or pgns permenbility can be reduaeccd by incrensing its
thickncss ¢r coating with another materizl, The ASTM
E96 -~ - methed can be used for testing, This reports
the miiliters of gas at STP, or the g of a vapour
diffuscd through the membrane usunlly per 24 hour and

per in of membranc (28),
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The resistonce of film to varicus degrodative
conditions is 2lsc an importont criterion in sclceting
a film ior n given npplication. Physicml and mechanical
propurtics arc highly depcendent on the method of wmanufacture
e.8s C.8ting, xtrusivn or c2lendering, Cost films bove
high clarity, anud gloss, low g-s permeability and MVTR,
and =2r. chemically incrt, They are extromely tough and
have cxcellent tensile and tear strengths and high
elongation, Hayashi et al (31) reperted that polyvinyl
acetate films prepared by emulsion polymerisation in the
prescnce of K,8,0g catalyst, has 2 minimum film formation
toemperoture (MFT). Films formed by drying polyvinyl
acctate ~bove the MFT is tansparent and continous whereas
that formed by drying below the MFT is opoque oand brittle,
since thce polyvinyl acetate particles are net fused,

1411 The Scope of the investigation:

imhe present study attempts to further clarify the
characteristics of emulsicn polymerisation of vinyl

acetate taking into consideration:

i) The kinetics of emulsion polymerisation of
vinyl ~cetate using 2 wide range of scdium
lauryl sulphate as emulsifying agent, a
constant concentration of KZSZOS as initiator
“nd 2 constant concentration of mconomer at

twe different temperntures of 52°C and 68YC.



(i)

(iii)
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The experiment is meant to study the

extent to which the SmitheEwart tluecry

can be applied to the emulsion pslymerisation
of vinyl acetate. The ferm of lepcndence of
rate of polymeris~ticn on the exponent of

the emulsifier concentration at the two

temperatures is also to be established,

Variations in the properties of the
macromolecular structures <f the polyvinyl
acetate obtained both below ~2nd above the

cmc of (S1S) at the two different temperatures

using dilute viscosity study,

Variations in the tensile mechanical
properties of the polyvinyl acetate samples
cbtrined both below and abuve the cmc of
(SLS) and low these propertics are nffected
by the macromolecular structures of the

various polymer samples,
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CHAPTER _II

——— ———— -

2,0 Polymerisation of vinyl acetite,

2,1 Experimental,

The purity of monomers, diluents, nnd initiators is

of grcat importance since conversions and mclecular weights
can be dprasticnlly 2ffected by contnuinants, This is
esneccinlly imnortant in volymerisotionfor high producticn

(g. polymer/g., initiator/unit time) where low concentrations
of initiztors arc used, The techniques required for
purific-tion depend on the monomer to be polymerised and
nature of the contaminants present (1), A combin~tion of
chemic~1l or physicnl trentments and a high cfficient
distill:tiuvn is gener~lly used te remove impuritics.

Purificd reamgents arc stored under conditions designed to

maint~in the desired level of purity.

2s1.1 Materials.

The monomer, vinyl ncetate was supplicd by British
Drug ‘lousc {BDH) chemicals Ltd, Poole Engl-ond, It was
of the rengent grrde "nd wis further purified by distillation
at 46"C under reduced pressure. The purity of the distillate
was tested by trenting somples of it with sadium hydroxide
solution in a separating funncl., The nbsence of a yellow
color~tiocn indicated ~bsencc of the hydroouincne inhibitor,
The distillation was also believed to rcmove any other
impurities prcsent. The purified monomer wos then stored

in a rcicrigerstor until it was nceeded,
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The initiator, peotassium peroxydisulphate (K23208},
the buffer di~-potassium hydrogen orthophosphate (K2HP04),
and the emulsificr sodium lauryl sulphate (012H250503Na)
were all nlso supplied by BDH. They were specially pure

grades and were used without further purification.

The nitrogen gns used was purified by passing it through
alkaline pyrogallol to absorb any oxygen or air present
and then through distilled water to remove soluble

substances and then dried over ecaleium chleride,

2:%1.2 upEarttus.

fi five~necked 11 reaction kecttle, = condenser, a
mocnomer dropper, beakers, stirrcr and a constant temperature

water both were all used for the polymerisation experiments,

213 I‘rocedure.,

Prlymerisations were carried out at two different
temperatures, 58°C and 6800, in a2 ccnstant temperature
water bath, /[ range of sodium lauryl sulphnte concentraticns.
three below and three above the cnc, waxe used, /[ suitsble
concentration of ench of initiator and vinyl acctate was
usiud Thecugiiout fuor the study, The kinctics of the
emulsion polymerisation of vinyl acctate wrs studied,

Recipes for the polymerisstions are given in tables 2,1
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and 2.2, The reaction mixture with the exception o¢f the
monomer was introduced intc the five~necked renction

kettle, It wns stirred with the nid of a metal stirrer
attached to the reaction kettle to allow the initiator

to dissolve., A condenser wz2s attached te another inlet

of the reaction kKettle, The kettle was then allowed to
att2in the bath temper~ture while stirring ~nd =t the

same time flushing and cventunlly blankoting it with

v strecm of the purified nitrogen gas, The monomer was

then introduced within 30 seconds into the renction

mixture from o monomer dropper, Polymeris«tion was allowcd
to take place nnd the course of the polymerisaticn reaction
was followed by t~king aliquots of 2501713 from the mixture at
sultable intewvals, The renction wes stopped by introduein: cach
aliquot into a cold santurated sclution of sodium chloride,
The solid which separated out was washed thoroughly in

large gumntities of distilled water to romeve tracces cof
contminants, The clean produet was filtered, ~ir dried

at first snd then dried in a vacuum oven at 40°C to a
constinnt weight. The polymerisation experiments were
labellad (ﬁ1 - AG) according to the emulsifier concentration
used for the polymerisations carried out at 58°C. They

were labelled {81 - 86) fer the polymeris-ticns carried out
nt 68%¢, The (%) conversiocn of the monemer to the polymer

wirs coleulated and plotted agninst time of polymerisation
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A

0.30 3.75 10 1.280 105 200

99
=

0.30 7.30 10 1.280 75 200
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2,2 ihesults cnd Discussion,

2.2.71 Htcbility of the emulsions.,

Frem pulymerisstions carried cut below the ceritical
micelle concentration of sodium lauryl sulphate (SLS),
some degree of coagulation was observed, The time, during
polymerdis~tion, of occurence of the cocgulstion inerenscd
as the cmulsifier cocncentraticn increascd nnd very close
to the cmc of (8LS), 2nd above it, no curgul-~tion was
observed throughout the course cf the polymerisat.on,

This clearly shows that the emulsifier has o stabilising
effect cnd the tendency towards conlescence of particles

is evidently related to the quantity and efficiency of

the emulsion stabilizer, Scdium lauryl sulphate is

known te be one of the most efficient from the standpoint
of limiting interparticle coalescence (24). Caagul-ation
occurcvd beecause when the emulsifier concentroticn fell
below the cic of the emulsifier, nc micelles were produced
and this left the pelymer particles swollen with monomer,
Inadegrate agitotion at this stage caused the monomer
droplets to conlesce, Thus belcw the cme of (3L3),
polymerisntion of vinyl acetate could lead to enagulation
as the solubilising effect ¢f the enulsgifier on the
monomer becomes less than the stabilizing effoct, The
number of particles present at the completion of the
polymerisntion 1s the total number of primary partielcs
less the reduction caused by conlescence during the course
2f the renction (24), Above the cme, there was sufficient
emulsifier molecules and micelles to both solubilise

and stabilise the meonomer molecules. The largest pertion



of monomer was thus dispersed in the medium as nonomer
droplets thereby preventing ccagulation. It can be
cencluaued therefore that coaleseence can L2 contreolied
and prevented, where desirable, by the useof emulsifiers

in adequate concentration.

2e2.2 Nuture of Polyvinyl acetute samples obtoined,

The polymer particles obtained from the emulsion
polymerisation of vinyl acetate were water-uhiite in
colour, The sizes of the polyvinyl acetate particles
appeared to depend on the concentration of the emulsifier
during nclymerisation., At lower emulsifier concentrations
and below the cmc of (SLS), the particles tended to separate
into large aggregates, Above the cmc, the particles
became finer during precipitation with increasing emulsifier
concentration, Priest (24) reported from the electron-
micrescope observations of latexes producec by the
polymerisation of viny)l acetate in water that in the
absence of surfactants the particles preduced are large
(0.1 - 1,0 » in diameter) and their size distribution is
narrow, The results of the present study clearly support
this [inding of Priest, though particle sizes were not

determincd here,

2.2,2 The 4gnduction period observed during polymerisation

oYX vinyl acetate.

An induction period i.e. an initial period of no

apparent nolymerisation was observed for each polymerisation




45

experiment carried out particularly below the cmc of

(5L3)¢ uhis fact can be seen from Rig: 2.17. The

induction period was found to depend on temperature of
polymerisaticn, decreasing as the temperature was changed
from 58°C to 66°C. The induction period was alsc found
to decrease with increase in the concentration of the
emulsifier while polymerising above the cmc but appears

to Increcase with [?d] while polymerising below th: cmc,
The induction time might not affect the rate of polymerisation
of vinyl acetate as determined from the slope of the linear
portion of the graph, Induction period is believed to
reflect a delay in the polymerisation reaction which may
be as a result of a delay in the interaction of the reacting
specicz, ‘Tne work of Fache (23)bhas suggezted that the
induction period in this polymerisation should increase
with decrcase in the solubility of vinyl acetate in
water, and is often fairly long in the absence of micelles
in the emulsion system, Tuis is because radicale-mncnomer

inter:iction would be inhibited,

2,2.,4 <The rnte of the polymerisation of vinyl acetate,

Plots of (%) conversion versus time of pelymerisation
of vinyl ncetate are gziven in figures 2.1 2nd 2,2, The
general trends of variation of (%) conversion with time
of polymerisation are similar for the two temperatures,

58°C and 68°C, used for the study of the emulsion
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peolymerisation of vinyl acetate., There was polymerisation
of vinyl ncetate both below and above the cmc of (SLS).
This i3 aificrent from vh-t was cobtained when styrene,
for cinmple, was polymerised (10). Polymerisation of
styrenc in pure water proceeds so slowly that it becomes
recognisable only when the [.SC] excceds the cme of the
emulsifier, Thus vinyl azcetzate emulsion polymerisation
shows = ueviation from what is expected frum the omithe
Ewart theory (6). The inapplicability of the Simith-~Ewart
theory to the emulsion polymerisation of v inyl acetate,
especially below the cmc of (SLS), can be ~ccounted for
by the fact that the mcnomer is sufficiently scluble in
water Zor polymerisation to oecur in the aqueous phase,
From figs., 2.1 2nd 2.2 it can be seen that the amount of
polvwer fermed increases with time of polymerisztion for
the two temperatures studied, The amount of polymer
obtained from polymerising vinyl ccetate in the presence
of micelles is mere than in the absence of micelles
because rolymerisation then occured both in the agueous
phasc and in swollen polymer particles, Ilore polymer

was foraed witr time »f polywmerisation ~t the nigher
temperature of 68°C as weuld be expoected kinctically,
Thus incrcasing the rezaction temperaturce usually
incrcises the polymerisation rate, This is because

the propagstion rate constant, kp’ and the initiator

decompc:ition rate constant, kgy are temperature
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dependent, Increase in temperature increases the rates

of radieal generation and dissoluticn, iAlso the rate

of diffazion of radicals and monomers is ‘ncroased

thereby increasing the amount of pclymer formed in
soluticn, Below the ecmc of (SLS), increase in [8_]

crused n large increase in (%) conversion v:lues, Lbove
the cme, the (¥X) conversicn values are not so widely
sepauieted us there was not much change in the quanuity

cf polymer formed as the [S;] was incrensed, This

effect is more pronounced at increased temperature and

is a deviation from the Smith ~ Bwart (6) theory applicable
to insoluble menomers like styrene and methyl methacrylate,
For styrenc emulsion polymerisation, litile incrense in
concentr-tion of emulsifier causes much increase in the

(,)) conversion from below to above the cnc of the cmulsifier.

The plots of (%) conversion versus time for each
polymerisntion carried out given in figs. 2,1 and 2,2 are
essantinlly linezr between about 9 « 85% conversion for
many «{ the studies, nnd approaches 2o constant value close
to 100, espeeci~lly for high emulsifier concentrations.
This is in agreecment with the observed f-ct that for
iR mor®cSe amalsiin prlymerisation, Rp rises constantly
until about 855 cenversion, although the separnte menomer

phasz has vonished already at cor before 304 conversion (32).
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Stonnett et 2l (33) have explained this constant rate
behaviour by assuming the monomer - polymer particles
to act like reserveirs, keeping the menomer concentration
in the water phnase constant after the disappearance of
monomer droplets, In the presence of micelles, there
was 1 marked incrense in Rp as soon ns8 the initially
formed polymer precipitated, Napper et 21 (34) have
explrined this tc be as a result of the fact that the
locus of polymerisation is the monomer = swollen polymer
particles and net the water phase during polymcrisation
with [30] above the emc of the emulsifier, For souwe
of the curves there was an initinl slow Rp which is
dependent on {?;} and temperature, This R becomes
slower ot decreased [%6] and temperature below and above
the cmc of (SLS). The number of particles at varicus
stages of a vinyl acetate polymerisaticn is variable (24),
At the outset of reaction particles are formed at a
uniform rate, /4As the concentration of centres increases
the rate of particle combination becoumes greater and
reaches a maximum at which the rate of production of
centres from polymerisation in the aqueous phase is
balanced by their rate of removal by coumbination, Facters
fovouriug production of a large number of particles are

wigh [5.], high [1] and high temperature (24),
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2.2,,1 Effect of emulsifier concontr_*_:i_:_:}_on! rs on thre
rate of polymerisation, R

o
fmulsion polymerisation of vinyl acetate proceeds
either with or without micelles at an apprecianble rate
(8), Hipgher concentration of emulsifier showed higher
rates of polymerisation as can be seen from figs, 2,1
and 2,2, hence [Sg] has a profound effect on thu'ﬂp.
Generally, an increase in [S;] increases Ry and the
number of growing particles, N and the cffcct of [Sé} is
independent of the initiation rate (32). Sodium lauryl
sulphate, 2n anionic soap, was used for this study, and
it was found to increase Rp. This menns that R? of
vinyl zcetote in emulsion is very much affected by the
kind of stnbilization, This is in agrcement with the
report of Havper et al (35) on the effects of added
soaps of different types at concentrations belov their
cmc in the emlsicon polymerisation of vinyl acetote in
aguecus solution using K28208 initintion, They found
thot noutral soaps produced no appreciable effect on Rp
where:s :inionic socap increascd Rp, the magnitude of the
increase veing affected by the length of the naraffin
chain in th¢ anion, It is also in agrcement with the
works of Metschay et al (21) cn the effects which
surfactents at cencentration below eme oxert on the
kinetics of polymerisaticn and its corrclotion -rith their
influence of the colloid stability of the latex, They

observed that in the peroxydisulphate initiated agqueous
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polymcrisation of vinyl acetate anionic surfnctants
increased both the number of latex particles formed
and ®.., Cationic surfactants, in contrast, usually

reduce both the number of particles and the rate of

reaction,
TABLE 2.3
B G Ry ( converston win™,
58°C ~_ 68%¢
0.75 3: 87 G T7
1,50 6.12 .58
2:23 739 2.8
3475 8,00 12422
T30 9431 10,10
15.00 10.89 S3.13

Table 2.3 gives the effect of 8] oa R of vinyl
acetate for the two sets of temperatures uscd, From

the rcsulits, R went through o maximum and decreased

P
at high [Sé] especially 2t 68°C. This arrces well with
the obscrvation on investigating the influence and kind
of fSUJ(:: the cimulsion polymerisation ofsome vinyl
monomers (1), It was found that while Rp of styrene
and methyl methacrylate increased with incressing [?;],

that cof acrylonitrile, and vinyl acetate went through a
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maximuas nnd decreased at high {?0]. Thies observation
might b due to the fact that as the [SS) was lnereased,
the medinm became more viscous, This and the speed of
agitation could lead to a decreased ratce of entry of

the free radicals into the monomer molecules, Moreover,
a5 the iree radicals diffusc through the polyvinyl acetate
mecietics, chain transfer to these moletice nnd pranching
sct in egpecinlly at high [So]. This could also reduce
the Rp further, Also Rp did not show much increase as
the [5.] was increansed from below to above the cme of
(SL3). This agrees well with the result of Okamura ct al,
(36) on the emulsion polymerisation of vinyl ncetate
using scodium dodecyl sulphatc emulsifier, Tor styrene

emulsicn polymerisaticn, R is very small below the cmc

D
and incresses abruptly only when the cme is excecded
end this increases with increasing [ﬁ;l (10). Thus the

[S;] dees net affect R, to the same extent in vinyl

p
acetnte ns in styrene, This can be saccounted fer by

the seolubility of the vinyl monomers in watey, vinyl
acetate Heing more hydropnilic than styrenc as concluded
from ihe studics of interfacial tension of the monomers
(10). It can zlso be explainced by the renctivity of the
adicals towerdssurfactants i.e. vinyl ccetate is easily
subjeet te the influence of retarders or chain transfer

agents (10),
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For vinyl acetatc polymerisation, the form of dependence
of the sxponent of the [Sa] on temperature and the range
of ESC] was studied from the plets cof log HU versus log
@C]ﬁs presented in fig. 2.3. The two scis ;f stroight
lines obtained intersect at a value of [So] vhich corresponds
to the cme of (SLS)., The cxponent of [SO] was determined
by toking the slopes of these straight lines bolow and
above the cme of (SLS)., The results are tnbulated in table
2.4, “The form of dependence of the {ﬁc} exponent was
found to vary at different temperatures, Uelow the ceme
the viluc of the exponent increased as the feuperature

increoc.d, Abovc the cmec the value of the wxponent

decrersed ns the temperature increasced,

The dependence of the exponent of [Sé} on
Rp using o wide rangc of [SQ}nnd ot two
cenperatures,

a8 R — . i

Reloticnship between Rangc of Polymerisation
Rp and 1?23 [Sd]fsr (3L8) temporature (OC)
Rp [Jq]z.jf | below cmec 58
o Pt a = C 58
CEP® e w
P 2
R, [?U]"u'14 above cme 6
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04 02 02 0% 0'6 08 10 12 13
log [So]
FIG. 2-3 THE RELATIONSHIP BETWEEN THE RATE Rp

OF EMULSION POLYMERISATION OF VINYL ACETATE AND

THE CONCENTRATION OF SODIUM LAURYL SULPHATE
[So}, FOR POLYMERISATION AT (0), 58 AND (a) 68°C




56

At 68°C the value of the exponent wns negitive
indicoting that at that temperature and possibly above
it, R, is npproximately independent of the [so] . Decrease
in the exvponent of [SD] above the cme suggests that
increase in Rp with emulsifier is slower when temperature
increases, Higher values of the exponent of [Sé]:rﬁ
obtaincd below the cme than above the cme showing the
greater dependence of Rp on,lﬁo] below the cme, French

(11) found R, to be proportionzl to one-third the power

P
of l}n] and that the monomer droplcts disappesred at 8%
conversicn, O0'Dennell and co~workers (37) polymerised
vinyl :cctate at 70°C with K232O8 using a pertially

hydrolyzcd polyvinyl acetate as emulsirier , ‘They
found the ”p to be dependent on approximotely 0.6

poewer of {SC] and 0,7 power for (I] e« wWorking =bove

the crc, Friis et al (32) found Rp tc be dependent

on 0,12 power of the [?o] « PFache (23) wvorking under
simil:or conditions reported in this chapter alsc came
out with some form of dependence of Rp on [30] which
compares well with the results in table 2,4, It can
therefore be concluded that the exponent of [SU] depends
on temperature and the range of [Sé}fcr the set of

exp:rincntal conditions employed,

Me overall results obtnincd in this study of
emulsion polywerisation of vinyl acetate and those

of other wrkers under different conditions are somewhat
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conflicting snd show 2 deviation from the Siith-idwart
equations (6). They have shown from their studies of
emulsion polymerisztion of styrene that Rp and number
average degree of polymerisation are directly proportionnl
to the nuwber of growing particles, N, The number of
srowing particles is in turn proportionnl to [I] ~nd

[301 y they therefore concluded that R
pe [[]%% [s.7°5.

a N 0
D N and

Again, it con be suggested that the deviation might
pe causcd by the water solubility of vinyl scetate which
does not limit the site of polymerisation %o the micell:s
alone, There is simultaneous polymerisaticn of the
monomer which is in solution to give nolymer particles
which zbscrb cemulsificr from the rest of the systen.
As a result N will be less dependent on [S ] and the
exponuent of {?;l will be less than 0,6 as predicted by
the Smith-Ewert cquation.

Sume of the anomalous results are best described by
the newer theory of Macdvedev et al (16), They have
concluded from thelir studies that for many emulsion
polymerisations especiclly at higher particlc numbers
(2pprovimately 2 = 3 x 101&) the polymerisation rate

obeys the rolntionship

- -
Rp o NO.Z .“:-” -5 [1.1(1-5
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The mechanism of emulsicn polymerisation appears
to be different and they have suggested that the site
of the renction apparently becomes the perticle surface
instex¢ of the interior of the particle, This is due
to the fnet that radicdla cannot penetrate the interior
of the p rticles due tu the high viscesity and that
rolyncrisation therefore occurs at the particle surface,
In comparing Rp per partizle with Rp per suri~ce it was
found that the rote per surface was nerrly constent
wheress the rotc per particle increased considerably,

This loncs support to the Medvedev mechanism (16),.
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CHLPTER_III

3.0 Dilutc Solution Viscosity Study.

3.7 Experimental,

3.1.1 Matcrialss

An Ubbelohde viscometer which was scrupulously
cleaned with chromic acid and distilled water and then
dried, methanol which was purified by distillation and
the polyvinyl acetate samples were used for the viscosity

study.

3+1.2 Frocedure,

About 0,17g of each polymer sample was accurately
weighed and transferred quantitatively into a 500m3
volumetric flask, It was dissolved with the purified
methanol and made up to the mark, The clean Ubbelohde
viscometer was placed in a constant temperature water
bath 30°¢C + 0,10°c, 10em® of the purified solvent was
first cof all introduced into the Ubbelohde viscometer
and the efflux time was determined. The viscometer was

3

then cleaned after use, 10cm” was measured from the
stock solution prepared for ecch polyvinyl acetate sample
into the clean and dry viscometer and the efflux time
determined, Dilutions with Z&cm3 of purified methanol
were mace in five steps and subsequent efflux times were

determined.
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Tl Rusults and Discussion,

3,2.1 Varicrtion of intrinsic wiscosity, [N , with
(%3) conversion :qg_fS;]

Plots of [n], the intrinsic viscousity or limiting
viscrsity number, versus (%) ccnversion are givem in
figures 35,1 and 3.,2. The intrinsic viscosity as contained

in Hugsins equaticn

(Mge) = T+ et [n%

was obtnincd from the intercept slong the '“hpfc) axis.

In Huggins cqguntion, k', is Huggins cunstant and is a
measure of the interacti ns. betwezon polymer mmd solvent,
The intrinsic viscosity is a functin «of the number nverage
degree of polymerisation (Rn), and molecular weight, It
alsu gives information about the macromels cular structures
including brrnching., The intrinsic viscrgily is related
to the uolecular welght by the Mark-Houwini-Stlkurada

(27) equation,

"] = W

wherce K 2nl aare constant for a given polymer-solvent

system 2t cnstant temperature,

From figure 3,7, it coan be seen that there is a
gener-l increase jxl[ﬂ]with (%) conversion and this is

fcllowed by 2 decrease. With O.?Sg.dm“3 cf emulsifier,
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So; [n] incrcased steadily till about 86% conversion,
Since[n] is a function of molecular weigzht, =n increase
in mclecular weight 1is expecterd to CTUBG[NI} tc increase
toc, Ivleccular weight is affected by the macromoleccular
structures, For instance occurence of branch ing in the
polymer backbune decreoses molecular weight, Thus it can
be assumed that using [Sq] of 0.75ﬁ.dmh3 for the
polvmeris-tion, the increase in[n]with (%) c nversion
sugpests thet melecular weight increased =nd thot branching
aid not occur, With [8_] of 1.50g.dn™>, {nJincreascd
stendily till cbout 87% conversicn where it gr-duanlly
decrensed till about 92% conversi-n, This dacrenrszse in
[nJ c-uld hasve beoen caused by 2 decrease in mclecular
weight of the polyvinyl acetate samples obtnined at

thuse o nversicns, For [3_] 2.25g.dm'3,[n] incressed
initislly till abcout 845 conversion ond then suddenly
decre~sed te 91% conversion and then resce un to 94%
conversirn, All these were cbserved below the epttical
micelle concentration, cac,of (SLS) 2t 53°C., 4bove the
cmic, for Eq__'13.75g.dm“3, 7.5Og.dm"3 and 15..3-_;.1m“'3, a
steady increase infnjwss ~bserved till about 93% conversicn

for 3.fb£.£m-3 (5L3), 91% ccnversion for 7.Eg.dm"3 {SLS)

ey Y

and 2% cunversicn fer 15.0g.dm'3 {8L5)., These chservations
werce foilowed by a gradual decrease in[}f]frr the respcctive
emulsiller concentrations., fgain the decrcose in{njvalues

with (%) cuonversicn may be attributed tc decrease in
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molccular weight or changes in macromcleculsr structure
for these polyvinyl acetate samples, The decrense in
moleculs~yr weight may be causcd by branches of irregular
or regular sizes introduced nas a result »f chain transfer

reactirns during the polymerisaticn reac*tions,

Folymerisations carried cut at 68°C nre illustrated
in figzurce 3,2 in which (%) conversion was varied with [“]
For all the polymerisatien reacticns, - ste~dy increase in
fn] wvas followed by a stendy cor sulden decrense in [n] as
the case may be with (%) conversion., For polymeri sations
below the eme of (SLS) i.e. 0,75g.dm™>, 1.50z.dn™> and
2.255.§m“3 of emilsifier, a steady incrensc in[h:lup to
80% conversicn, 85% conversion and 90% conversion
respectively was followed by a sudden decrease in [n] to
86% cunversicn, abcut 92% conversion nnd 92.1% conversion
respoctively. Above the cme, 3,75, 7.50 and 15.0g.dm'3
of sollum lauvryl sulphate, a steady incrcase in Dﬂ up to
about 6% conversion 81% conversion znd 7%%: enversion
respectively was observed, This was followed by a gradual
decrecse in [n] with (%) conversion for all the emulsifier
concentrations, The steady rise in f“] is synconymous
with n rise in molccular weight or modification of the
macromclecular structure. A decrea2asc in molccular weight

or the coccurence of branches could hove led to the

decreasing v-lue of [n:i- it the higher tewperature, the



¢g-wp-60-GL (W) ONV 0S-L(¥) SL-€ (®) §Z-Z(O) O0S-1 (V) SL-O (o)
40 NOILVYYHINIOINCD H3I4ISTNAI HLIM 2089 1V 3JIVLIIOV TANIA A10d
40 NOISH3ANOD °% HLIM ["U] ALISOJSIA JISNIYINI 40 NOILVINVA Z-€ 914

UOISI3AUOD  (%,)
00+ 08 09 0y 0¢

L 1 i 1 1

64

R ——

~Z-1

=91

6)

(1P



65

chain transfer reactions seem to be more pronounced and
the intrinsic viscosity values seem to be higher at this
temperanture below the cme of (SLS). Thus it can be

suggested that [ﬁ] increases with teperature,

Figures 3,3 and 3.4 show 2 variztion of [ n] with
[s,] at 58°C and 68°C both below and above the eme of
sodium lruryl sulphate at 35%, 60% and 80% conversion,
From tig., 3.5 at 58°C and below the cmc of {SLS),[ﬂj seemed
to be hiphest for 0.75g.dm'3 (sLS) for all the conversions
considcered, It decreased at 1.50g.dm“3 (sSLS)

5

and increased slightly at 2.25g.dm - near the cme of

(SLS). dabove the cmc,[fﬂ decrensed sligtly almost to

a constont value as [?;] increased for all the conversions,
In poing frem below tu above the cme, [n] Jecreased and

the v~lucs appear to be higher below the emc than above.

In the absence <f micelles i,e, below the cme, basically
linear polymers are formed, In the presence of micclles
movement «f the polymer chains is restricted ~nd chain
transfer reactions with emulsifier leading to branching
beecomes renounced, The [ﬂ] being -~ fumetion of the number
average degree of pelymerisation, {in), is pr vorticnal

te it, Choin branching leads to 2 decrease in chain
length ~né therefore decrease in (Rh) and molecalar weight,
Thus bclow the cme, the effect of chain branching could

be censidered to be minimal and the polymers are egxpected
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to have higher molecular weights. Above the cme, the

[n] values 2re almost constant i.e. not much difference
and th's is en indication that the macrom:leailar properties
and structure are almost similar., Alsc branching becomes
mere pronounced above the cme due te transfer reactions
and this shortens the chain length thereby relucing (Xn)
and molecular weight, Therefore a2bove the cme the pelymers
are expccted to have lower molecular weights than below
the cmc due to branching. Generally [”] increased for

all the emulsifier concentrations with (i) conversion,
therefore polymer; at 80% conversicn had the highest values

of [ﬂ] wnile those at 35% conversion had the lowest values,

At 68"C and belcw the cmc, there was o general decrease
in ["}for =11 the conversion as [S;]incra&sed. Thus using
2.25g.dm“3 (SLS) gave the lowest [P] values., In going
from below to above the cme, (M ] increased from using
2.25g.r*m"‘3 to 3.75g.am'3 (5LS) =t 603 and B0% conversions,
at 35% conversion, 2 slight decerease was cbserved, Gencrally
above the cme, [n] decreased as [S]] was increased though
the varinticn was not much., This phencmencn was also reported
in the emulsicn polymerisation studies by Friis et al (32)
anl by Ichic (23). The decrease in [n] at this temperature
even below the cmc mesns that chain transfer reaction to
the polyvinyl acetate moieties and medification of the polymer

structure must have taken place, The decrecse above the cmc
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is expected 2s it is known that chain transfor with the
emulsifier occurs. These cbservations below ond sbove the

cme azree well with thosc reported by Fagbehingbe (22).

The [n] values are higher below the cmc for the polymers
at 68°C, This can be explainzd by the fact that high
temperature increases the rate c¢f fermntion of emulsifier
micelles and therefcre number of particles, N. Sincef[n] is
propertional to (%), and (%) is proporticnal to N, it
suggests that[ n] is proportional tc N, Thus increase in
N sheuld increase [n] and (Rn) and the mnlecul=r weights
of thec polymers produced 2t [S ] below the cmc of (SLS)
arec expected to be higher at 68°C, The [n] values are
higher abcve the cmc for the polymers at 58°C, This can
be attributed to the fact tmt at higher temperatures choin
transfer reaction leading tc branching is more preonounced.
This shcrtens the chain length of the p-lymers at 68°C
more than at 58°C., Alsc at higher temper: tures, probablliky
of ternination of two radicnls is enhanced, 7Thus [HJ % (Rn),
and Therciore molecular weight cre expected to be lower at
68°C vhen pelymerising abeve the cme of (SLS), Alsc as
observed with polymerisaticn carried out at SBcC,'ﬁ]
increased with (%) conversicen for all the crulsifier
concentratiom and polymers at 80% conversion had the

highest [n] values.
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342;2 ViRL.TION OF HUGGINS CONSTANT, k' ¥ITH
)_CONVERSION AND [S ]

L

The spcedific viscosity (nsp}, the 4ntrinsic

viscosity "], =nd concentration are rel-ted by the

Huggins equation referred to in the preccding section,
Huggins ccnstant, k', whose volues range between 0,3 and

0.4 for goecd solvents (27) is a measure of the interactions
between a polymer and its scolvent, It alsc gives infrmaticn
about chain dimensiops and branching: Smaller k' denctes

better sclvation (8).

The voriatien of k' with (%) conversion is given in
figures 3.5 and 3.6, From the plots at 58°C and for
polymers ~btoined while pclymerising both below and above
the cmc of (SLS), O.7Bg.dm“3 nof emulsifier showed a steady
decrcase in kY value up to about 0,19 at 46% ccnversion
below the cmec and up to 0.21 at 64% conversion above the
cme, The Hugrins constant suddenly incrcased and then
decrenscu again fer beth belew and above the cmc. For
1.5g.dm“3 emulsifier belcw the cme, 2n initial decrease
followed by a steady increasc, and then a decrease up to
82% conversion was cbserved, This alternatively increased
again till 92% ccnversion. Above the cmec a steady increase
followed by a decresse to 2 minimum value of 0,125 in k'
at 91% converslon and then a gradual increase up till

3

about C€% conversicn was observed, Using 2.25g.dm™~ of
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emilsificr both below and above the cme showed 2 gradual
deercase te n minimum value of 04143 2t 82)% cenversion
for below the cme and 2bout 0,243 at about 72% conversicn
for above the eme. Thesc k' values inercascd gradually
te 0,360 then decreased to 0,290 for delow the cme and
0,300 for abcve the eme at about 94% conversicn for both.
At 63°C and for polymers produccd with ESB below the cmc
of (5L&), a general increasc in k' was observed followed
by a sudien decrease in value for 21l the [3;] employed
except for ?.25g.dm-3 which showcd a sudden increase in
k'. For samples produced above the cme, = reverse trend
was shown fop ’f.SOg.rlm"5 of emulsificer in which 2 gradual
decrense was followed by an incrense in vﬁ. Fur [Sé] of
3. 75 and 15.0g.dm_2 k' first inecreasc? t. o meximum value
of 0362 at 54% cenversion and 0,239 at 60% coenversion
respectively, decreased teo abeut 0,180 at 919 e¢onversion
and 0,135 at 75% conversicn respectively and then increased

again,

From the Hugsins equation, hizher valuces of k" gave
lcuar‘b1] values and therefore lower molecular weight
vz21lues and or highly branched structurces, Thus for plots
where n increase in kY was cbserved it me-ns = Jecreasc in
[0] ano lence in wolecular weight ‘lue to branching, Smaller
k' dcnotes better sclvation an? as such in cases where k'
valuc increases it means that the degrce of solvotion is

reluced, This may be attributci to the effect of chain
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transfer re-ctions giving plee to dbranching during the
polymerisation study nnd hence bulky side pgroups. This
ninders = dvati-n and hence increases k', Figures 3,7
and 3.8 show the variaticn of X with [S&]fur nolymers
produaced with [3{] both below and above the cue nt 58°C
and 68°C, Frim figurc 3,7, the highest pesk is cbtained
at 35% cunversion for [?dluf 2.25g.dm’5 near the cme.
It also b~a the lowest peak at a volue of 0,113 for [SJ
of 7.55.1:1;11"3 above the emce Below the cmec for all the
conversions cconsidered, k' values decrcased in going
frem 0.?55.dm~3 to 1.50g.4m-3 (SLE) and incrensed in
going from 1.50 to ?._25g.dm-3 (5L3). sabove the cme k'
valucs diecrezsed in going frem 3,75 to 7.50g.0m'3 (SLS)
and incroeased in going from 7.50 to ‘IB.Og.,Clm":35 (5LS)
just as observed bzlow the cme, Morcover, the X' values
do ncet vary much with [éé]suggesting that the molecular
properties will be =«1lmost constant for those set of
polyviryl acetate samples, The increase In k' velues
indicites that the respective polymers have snaller
interactirns with sclvent ns a recult of their boing
more compact, eithoer by virtue of incrense in cniling

or in thi extent «f branching -n the backbone,
At 68“0, from figwe 3.8, a lifferent trend was
cbservel, The highest value for k' was also obtained at

)

35% cinversion but for 7.505;.3.111-3 Ei] abuve the cmec and
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the lowest puak wrs cbserved alss at 35% conversion but
for O.?5$.im"3 I?é] below the emes Belew the cme there
was nct much variaticn in ¥ value in geing from 0.7Sg.dm-3
[;;] tc 1.5Og.dm'3 [?ﬁ] but a significant increase was
sbserved in going from 1.50g.dm™ ]_:‘3‘] to 2.25g.dm™ [SJ
for nll the conversions, While a Jecrease in k' wﬁs
obeerved for 60% and 80% conversion in going from 2.25g;dm-3
[&J near the cme to 3.75g.dm'3 [S,:J above the cme, an
incrensce vas abserved for 35% conversicn, For' samples
produced with [SJ above the cemec of (SLS),centrary to

the tren! observed at 58“0, an incrensce was firest observed
in geing from 3.75g.dm™> (8] t~ 7.508.9n™” [3] followed
by = .Jecrvase €6 15.Og.dm_3 [S;] for all the conversions

cunsidcraead,

The interaction between polymer and solvent gave
higher k! volucs at lower pelymerisation temperature
beiow the eme 2n? do not vary much ab.ve the cac at 58°C,
Abocve the cie increasc in temper:ture leads to the
production of emulsifier micelles at o faster rate which
arc wore Ifrecly lispersed, The polymer choins became
morc cempact dus te the greater interaction of micelles

with the poelymer in the medium,
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CH:PTER 1V

4.0 lechanical properties of the Polyvinyl acetate

sumples.,

4,1 Experimental.,

Leo1.1 Costing of polyvinyl acetate films,

4.1.1.1 Materials.

Mercury: the mercury used was cbtained from the
laboratcry., It was purified by first flushing with
concentrated nitric acid for twenty four hours and
then rinsed with distilled water, It was further

filtered to remove traces of dust particles,

Chloraform: the chlorofeorm used was supplied by BDH
Chemicals Ltd, Poole England, It was of reagent grade
and was further purified by distillation under reduced

pressure., It was stored until needed.,

Samnle pottles und petri-dishes:they were clezned

thoroughly with soap, rinsed with distilled water and

then dried in the oven.

Polyvinyl acet:te samples: were obtained from the

pelymerisation experiment reported in chapter two of

this hook.

4e1.1.2 Frocedure,
Abcut C,5¢ of each polymer sample was dissolved
£
in 10¢cm” of the purified chloroform in o sample bottle.

The fresh clean mercury was poured gently intc a clean
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petri-dish (7 - 8cm in diameter) and placed in a fume
cuphoard. The digsolved pelymer was poured gently on
the umercury surface and the solvent was allowed 1o

evaporuate and the film cast., The cost film was given
time te dry. It was then removed by mexns of a razor

blade and kept between two filter papers,

4.1.2 Polymer Testing.,

och cast £ilm was cut intc three thin strips
of equal dimensions of 4.5 cm by 0,75cm, The average
thiciness of each thin strip was measured using a
micrometer screw gauge. Tensile measurements were
carried out using the Imstron Tensile Tester {model 1026),
Gauge length of each strip was 2¢m, A maxioum shear
load of 1kg was used with chart speed of 10mn per minute
and a cross head speed of 5Omm.min'1. This made chart
to cross head speed equal 1:5, From the stress-gtrain
curves obtaincd were calculated the following tensile

mechanical properties:

Tensile strength: this was calculated using the

formula.

Breaking load NM_2
Cross sectlonal area
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nitizl modulus: this was calculated as the tangent

—

of the stress=str~ain curve nt zero stress ol strain,

J

"y« (initi=1 modulus)

5tress
\

Strain

Elcnpntion at break: this was calculated using

the fcrmulo:

Chart extension Cross he-d cpeed .
gaife length A chart spead x 100

4,2 Results ~nd Discussion.

4,2,1 Tensile Strength,

Fipures 4.1 and 4,2 illustrate the variantion of
tensile strength with (%) conversion of vinyl zcetate
to polyvinyl acetate, For polymers produced nt 58°C
and with [QO] below the emc of (SLS) using O.75g.dm-3
emulsificr, there was an initial incrense in tensile
strengtk up tc about 28% cocnversion. This was followed
by a grndual decrease up till 85% ccnversion, For
5

polymers produced using 1.50g.dm” -~ of emulsifier =

stendy decrease in tensile strength up to 1.05NM-2 x 107
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at about 82% conversion was observed, This increased

2 X 107 at about 89% conversion.

abruptly to about 1,50 NM~
Using ?.LEg.dm-3 [Sé}gﬂve polymers whose *enzile strength
21lso incrensed stendily from a value of about 1.5&NM-2 X 107
at 21% conversion to a value of about 1,70 MM™° x 107 at

59% conversion, This was followed by a gradunl decrease

2 X 107

re>ching 2 minimum of 1.42 NM™ at 94% conversicn,
In r.ct tensile strength appeared nct to ﬁﬁry very much
with (%) ccnversion below the cmec especially fir Fﬁ] cf
0.75 ond 2.25g.dm™>. Abcve the cme of scdiun lauryl
sulphate, using 3.75g.dm-3 emulsi fier increased tensile
strength values ¢f the polymers formed with (%) conversion,
This suddenly decrenised from 64% conversion to about 95%
conversicn and then incrensed n2gain at 97% conversion., For
polymers formed by pelymerising with 7.50g.dm-3 and 15.0g.dm'3
uf emulsifier, = slight decre-«se in tensile strength was
observed for the former between 33% and 91% conversion
follewed by an abrupt incrense between 91% ~nd 974
conversi-n, For the latter, tensile strength decreased

gradunlly with (¥X) ccnversion from about 2,50 NM~2 x 107

at 37% conversicn to 1.18 NM™% % 107 at 944 conversich.

out using 0,75, 1,50 and 2.25g.dm-3 of emulsifier gnve

polymers whose tensile strength decrensed gradually from

3.2 NM¢ x 107 at 14% conversion to 1.38 NHHZ X 107 at
2

8C% conversion, 2,38 MM x 107 ot 271% conversion to
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- -2
T.45 NN e x 107 ot 84% conversion, 1.64 NM “ x 10? at

2 X 107 at about 91%

10.8% conversicn to 1.34 NM
conversisn regpectively. This was fellowed by an abrupt
increas- in tensile strength for the three emulsifier
croncentrotions, Above the cme, the same trend was observed

P

with 7.50 =2nd 15.0g.dm ° of emulsifier where tensile
strength decreased gradually before increcsing, Using
3.75g.dm“5 cmulsifier, tonsile strength of the polymers
Toive decrensed stesdily from 1,57 N2 x 107 at 13.7%

2 7

conversion till 1.18 MM < x 10" at about 91% conversion.

At 53°C, tensile strength velucs showed no particular
trend with incrensing [Sé] both below and nbhove the cme of
(3L8). 4t 658°C, tensile strength values seem to decrease
with [%;]for pulymers produced with [Su] buth below and
above the critical micelle cuncentrotion of sodium lauryl
sulphate., Thus polymers formed with O.?Sg.dm_3 [SJ] scemn
to hove the highest values in tensile strength while those

formed using 2.25g.cim"'3 [S*] ad the lowest volues in

tensile strength below the cme. Above the crnc tooe polymersﬁ
formed with [Sél of 3.?5g.dm-3 hod the highest values for

tensile strongth while those furmed with 15.Gg.dm"3 [S;] had
the lowest wvanlues, Moreover tensile strength decreased_from

hal~w +5 ~heva tha come.

Tensilec strength of the polymer shoeuld be influenced
by melecculnrr weight (38), increasing with increasing molecular
weilght Just as_fnj . Thus the decrease in tensile strength

may be attribvuted to decrease in molecular weight caused
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by chtirin transfer reacticns leading tc branching, This
shortens the choin length and hence decreases molecular
welight vrovided the branches nre nct very long, The
decre-se in tensilc strength with increasing [?u] suggests
that polymers produced with [5] belew the cme of (SL3)

are expected to have higher molecular weizhts cince
basicnlly lincar polymers are formed. ‘While polymerising
above the eme of (51.8), chain transfer reacticons set in
giving rige to 2 pelymer with n more rigid structure,

Since tencile strength <f the pulymer film is strongly
dependent on the typce - f solvent used, penctr.otion of the
solvent inte the polymer mclecules is important, For this
study, chleroeform was used and it is a2 very goed solvent

for polyvinyl acet~te, This has been revecled by the report
of Olayemi ~nd Adeyeye (29) cn some propertics of polyvinyl
acetnte [ilms cast from different solvents, Thus for polynmers
formed vhile polymerising vinyl acetate below the cme of
(SL3), the ténsile strength values of the films are expected
to be higher becmuse they are linear and the interactions
between the pelymer and the solvent are grenter than those
of the puolymer films 2abeve the cmc, Above the cmc the
polymers formad are morce compact hence penetratiocon of the
moleccutles by the sclvent will be reduced, Therefore the
£ilmz will be expected to have louwer tensile strength values,
Moreover four the samples produced with [;n] abave the cme,
the tensile strength values of the polymer £ilms do nct

vary much, This is an indleation that the nolymers exhibit
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almost similar molecular propoertivs. Tensile strength
values of the polyvinyl acetate cast films are higher at _
687C than ot 58°C. The highest at 68°C is 3.2 WM™2 x 107
while the highest at 58°C is 2.25 NM™2 x 10’. Alsc this

is an indicrtion that tensile strength incrensces with

temperature,

4.,2,72 TInitial modulus.

Initial modulus is a measure of the stiffness of
polymer chains {38). Variation in initinl medulus with
(%) conversion and YS;] is illustrated in figures 4.3 and

b,

he initial medulus volues for most of the films
cast ¢f the pelyvinyl acetate camples seem to follow the
same trend. The valyes seem to increase initially and

then deerease, For pelymers produced below the emc of

3

(SL3) u-ing 0.75 »nd 2.25g.dm ~ of emulsifier, an initial

2 2

incresse was observed from 2.2 NM- < x 10 =2t obout 9%

. - 2

conversion teo 3,2 NM 2 x 107 at about 46% conversion and

-7 - 2]
from 1.07 K™~ x 10° at about 21% conversion to 2.18 NM™° x 10°
at 91% conversion respectively. These values then
decrensed gradually for buth emulsifier concentrations. A
different trend was obscrved for samples produced using
1.50g.dn"" emmlsifier, In this an initial inerense in
. . . ) . -2 2 , .
initizl wodulus frem acbhout 1.58 NM w 107 ot 124 conversion

Lo -2 2 .
to about 2,16 NM x 107 at 38% conversion was observed.
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This was fellowed then by a sudden decrease decvn to about
2 ¢ at 64% conversion and then =n increase
2

1445 M < x 10

again 1p till about 2,12 NiI™2 x 10° at 89% conversion.
Above the cmc of (SLS) a mimilar trend wns cobserved for
all the cmulsirfier concentrations, An initial incrense
in inicial modulus was observed for polymers produced
5 of emulsificr from

2 x 10° at

using 3,75, 7.50 and 15.0g.dm”

o 2 -
a3 NN 2 x 10 at 29% conversion tc 3,5 "M

2 x 102 at 33 ceonversion

2

64% conversion, from 1,78 NM™

-2 x 102 at 94% cenversicn and from 2;00MM°

2 2

to 2,3 M x 102

at 37% conversion to 2.7 NM - x 10 at 89% conversion
rcspectively., These values decreased abruptly or gradually

as the cuse may be.

At 68YC and below the cmc of (sLs), polymers formed
exhibited the same trend in initinl mcdulus for all the
emulsificr ccncentraticns employed. An initi~l increase
fcllowed by o gradual decrease was observed, Abuve the
cme of (5L3), the same trend wns alsc observed for the
polymcr samples of vinyl acetate, Initial mcodulus values

decreased steadily with (%) conversicn,

Yith emulsifier corcentration, initial modulus

increased below the cme at SBOC, thus emulsificr concentration

3

of 0.75¢.dm™~ gave polymers with the highest initial modulus

3

values, MRmlsifier concentration of 2.25g.dn” - gave pelymers

with tne lowest initizl modulus values. Above the ecme of



89

g-Wp'B0SL (m) :0SL (v) ‘SLE (@)
‘sz2-z (o) ‘081 (V) 'sL-0(©) jo uonoiIUedU0) JanysInw3 Buisn 2089 ID
D30y JAuIMkjod  jJO  UOISIaAULOD (%) Yim SNINPOW IDIJIU|  JO UOIIDIJIDA v-9 ‘614
UOISISAUOD (%)
001 08 09 oY 02
_ : : - . SL0
.
|.
400-2
400-¢€
4007

IR

sSNINpow

70L X 7 WN



90

(SLS), initial modulus values decreased from using
3.75g.dm"3 of emulsifier to 7.5Og.dm'3 cf cmulsifier

and then incrensced to 15.Og,dm-3 of emulsificr, However,
the valucs are higher above the cmc than b:lcw the cme

of (3L3).

Initial modulus is independent of molecular weight
and the degree of crystallinity is cffective in determining
the stifincss of a polymer (38). It is thus assumed that
above the cme in the presence of micelles the polymer chains
became more stiffened due to the prescence of branches as o
result of chuin transfer reactions, Thus initial modulus
values ~re expected to¢ be higher for polymers obtained above
the emec 2f (SL3). At 687C, initial mcdulus valucs decreased
with cmulsifier concentration from below to abecve the eme of
(SLS). Hence polymers cbtained from polymerising with O.75g.dﬁf§
below the cmec of (SLS) had the highest valucs vhile those

obtained from polymerising with 15.Og.dm-3 obove the eme of

(SL3) hnd the lowest initial modulus vnlues, Initinl *
modulus values are higher below the cme of (3LS) 2t 68C than

~t 58“C nd higher abcve the cme of (SLS) at 587 than 63°C

Sclvent also has an influence on initial modulus of
the pclyvinyl acetate cast films, As earlier mentioned,
chloroform Is streongly bonded by some seécond .ry ferces to
the polymer chnins and the sclvating power is strong. This
tends to restrict th: movements of the flexible polymer chains

hence o stiffened arrangement of the chains takes place,
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412 03' .(E;'- ) E]ong.ﬁtir)n,

The plete of (%) elongation of the polymer f£ilms
versus (40) cocnversion of vinyl acetate to rvolyvinyl acetate

used for the films are presented in figures 4,5 and 4,6.

Generally, the (%) elongation values are high for
the polymers produced at both temperatures., The values
range between 400 and 650% elongntion, Fer polymers
produceé at 58°C and with [s_] below the cme of (SLS), a
gradual increase in (%) elongation from 487 to 600%
elongntion at 28% conversion was fcllewed by a gradual
decre=asc to 549% elongation at about 87% conversicn when
0.75g..chn"'3 emulsifier was used., Whoen 1.5Og.dm-3 (sLS)
was used, an initial increase in (%) elongation from 475%
to 580% elongetion at 37% conversion, followed by an abrupt
decrease to 568% clongation ot 64% conversion nand then a
gradual increase again till 612% elongation 1t 89% conversion
was observed, With 2.25g.t§lr1:1"'3 of emulsifier, the polymers
produced nlsc showed the same trend as has just been
described, An initial gradual increase in (%) elongntion
frem 4109 ot about 214 conversion to 6254 elong-tion at
about 91% conversicn was followed by an nbrupt decrease
to 593 elongation ot about 93% ccnversion and =2gain ~n

abrupt increrse to 637% elcngation a2t about 96% conversion,

Working above the cmc =f (SLS), polymers formed
using 3.75 and ’?..SOg..dm"'3 of emulsifier showed a reverse
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trend to what wns obtained below the emc of (SLSY. The

(%) elong~tion values initially decreased from 565% at

about 25% conversisn to 512% ot 44% conversicn and from
576% at 33Y conversion to 512% at about 504 conversion
respectisely, These vnlues then incressed gradunlly with
?.5g.dm-3 (sL2) but they incrensed initinlly with 5.75g.dm“3
(8LS), decreased abruptly and then incrensed agnin, For
polymers produced from using ‘I5.Og.clm"'3 emulsifier, the

(¢) elingction values increased gradually from about 543%

at 37% conversion to zbout 634% at 95% conversion.

At 68YC of polymerisation, (%) elongation increaseid
initinlly, decreascd gradually and then incretsed again for
pelymers produced from using 0.75g.dm™ and 3.755.dm™
both below and above the cmc., For pclymers produced from
using 1.50 and 7.50g.dm™> both below and ahove the cme of
(SLs), (%) elongaticn increased initially gr-dually,
decreased abruptly and then remained constant for the
former, For the latter concentration, the polymers produced
showed an initial increase in (%) elongaticn, follcwed by
an abrupt decrense, an abrupt increase and then remained
constant with (%) ccnversion., Using 2.25 and '15.Og.c1m"'3
both below :nd above the cmc, (%) clong-ticn values of
the polvmers showed the same trend, It first of all
decreased from abocut 582% at 22% ccnversion to 523% at 73%
conversion for the polymers produced from using ‘I.‘"J.Og..dm"'3
of emulsifier abeve the eme, It then increascd suddenly

to 550% ¢t 78% conversicn, For pelymers produced from using
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.2..2?5,9.‘.&“:"’j [S;}, (3¢) elongaticn first of all decreased
from 5907 at 10,83 conversion to 480% ~t 50y conversion
and tuen it increased gradually to 562% at 95% conversicn,
In foct, generally (%) elengntion did not secn to follow
any particular trend as cbserved for tensile strength

and initial modulus.

ith increasing [?;] for the polymerisations,

(%) elcngation of the polymers produced showed a decrease
in its values nt 58°C for polymerisations carried ocut
below the cme of (SLS) i.e. polymers formed from using
0.75g.dm“3 of emulsifier had the highest values capecially
at the initial stnges of the (%) conversion, Behaviour of
(¥) elongotion of polymers produced with [S;]abuve the cmc
ig difficult to describe as there is no particular trend,
At 687C of polymerisaticn the trend toc is complicated both
below and above the cmc of (SLS) as (%) clongation values

show alternate trends for the polymers produced,

Elcnghtion of a polymer is influcnced by the
morphology of the polymer (38). Polymers with finer -
textured spherulites tend te fall at high ¢lcngation after
drawing, while those with large, coarse spherulites often
fell Ly britile frocture between spherulites =t low
elongaticn (38)., Thus (%) elocngetion ~f sampies preduced
is expected to incrense in going from below to above the

criticnl micelle concentration of (SLS). This was not
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Gbserved here for the polymers and it can be assuned

that mcdification of the polymer structurcs must have

taken ploce. Solvent used plays a part in modifying

the moacromolecular structures and the high values of

(%) elongotion obtained may be attributed to the strong.
forces existing betwoen the polymer chains nnd tho : e

solvent.

4.2.,4 Cempariscen of tensile stronegth, initial modulus

and (%) elongation,

From figures 4.1 to 4,6, tensile sfrength of the
polyvinyl acetatce films cast from chloroform appenar to
show Almost the same trend 2s initlal medulus. For
polymerisctisns corried cut at 58“C an initinl incrense
in tensile strength with (%) conversion was observed
for the polymers produced using [ﬁé] below and above the
cme exceopt {or {?é] of 7,50 und ’15.Og.dm"3 where an
initi: 1 decrease was obtained. For initial modulus
for the polymers proeduced from using [S;l below nnd
abeve the cme, an initial increase was observed., For
polymerisations carried out at 68“C both below and abeve
the cme of (SLS), tensile strength and initial modulus
of the polymers were found to decrease with (54)

cenverslion and [g;] .

For (%) elongation at 58%C, the polymers produced

showed an initilal increase as obgerved for tensile strength
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valucs for somc of the [E;] uscd, However while an
initial decrease in (%) elongntion was observed for
polyners produced from using 3.75 and 7.50g.dm"3 [ch
above the cme, an initial decre=zse in tensile strength
was observed for polymers produced from using [?;jof
7.50 and 15.Og.dm'3. it 68°C, the polymers produced
showed an initial increase in (%) elongation for all

3 below the cme of

the [S ] used except for 2.25g.dm”
(SLS) 2nd 15.Og.dm"3 above the cme of (SLS). For tensile
strength the polymer samples showed a decrease in the

values for all the [;S} employed,

Morcoever, tensile strength and initial modulus
values 1 v polymers produced at the twe temperatures were
highcst below the eme of (SLS) at 68°C and lLighest »bove
the cmc of (SLS) at 58“C. With (%) clengation, no
porticular trend was ob served for the polymers produced
both below 2nd above the cme of (SLS) for the two

temperatures empleyed in the pclymerisatien,
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CHAPTER__V

5] Relationship betwoen [n] and tensile strength,
initi21 modulus nnd (%) elongation of polyvinyl
acctate films,

Figures 5,1 to 5.6 show plots of the rcliationship
between viscosity and tensile strength, initial modulus
and (%) ¢longation of polyvinyl acetatc cnst films., As
earlicr mentioned, [n] is a function of molccular weight
and the macromolecular structures of a polymer. It is
affectcd by branching in the polymer backbone including
the type and length. As can b» scen froan Tig. 5.1, at
58°C¢ and bclow the cme of (SLS) i.e. for emulsifier

concentrations of 2.25;;.:1111"3

and below, some form of
relationship could be deduced. Starting from the lowest
EN 0.75g.dm-5, tensile strength increascd slightly
initially with [n] up toa value of about 1,57 g-1.dl
from where it decreased., Using 1.50 and 2.25g.dm-3 of
emulsificr z2lso caused tensile strength to increase

slightly as [n] inereased up to "r.‘iZBg"1

.4l for ‘l.50,g.dm"3
[So] before decreasing as[ N ] increascd and up to 1.595-1.61
for 2.253.dm"3 [?n]' From this point, tensile strength
decreased as[n ]} decreased. Above th: cmc of (SLS), only

polymcrs produced from using 3-75S-dm-3

of ecmulsifier
showed the some trend as that described for polymers below
the c¢mc, The other two concentrations of -mulsifier
appearcd not to show any form of relationship between

EnJ and tensile strength henc: much could not be gaid

on this,
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Tensile strength is also associated with the
morpholopzical characteristics of 2 polymer., Factors
that have 2 significant effect on such choracteristic
include wolecular weight and its districution and chain
modification (39). Molecular weight affects chain
mobility through entronglecments and hence all those
propurtics which depend on such chain mobilities like
eystolliinity (3S9). The higher the molecular weight,
the greater the number of points of attracticn and
entanglement between molecules (39). Usually for linear
polymers, molecular weight is expected to increase with
conversion -as does [,1]. In such a casc ternsile strength
is coxpected to decrease, The slight increse noticed ir
tensile strength as desceribed above may be duc to some
modificotion of the polymer structure, Branching on the
polymer backbone could be one such facter that could
modify the characteristics of 2 polymer thereby increasing
the tensile strength and Cecreasing the molcecular weight
as 1 result of shortening of the chain longth. Solvents
uscd in ceosting polymer films could also bhe responsible
for sodifying the macromoleculrr structure, Chloroform
us2d for this study 1is capable of forming strong secondary
bonds with ths nalymor molecul os nnd this toughens the

polymer (29).

Fige 542 gives the relationship betwcen [n] and initial
modulus for the polymers at 58°C., Below the cme of {(sLe),
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(8.4

for polymers obtainced from using 0.7%g.dm” ~ of cmulsifier,
initial modulus incremsced steadily up till about 1466g'1.d1
where initial medulus suddenly decreased with increase 1n
[ﬁ] . Using {S&] of ’i.BOg.dm'5 seemed to cause a decrense
in the initial medulus of the polyvinyl accetate cast films
as [M iIncreosed up to a value of about 1.565-1.d1 where
initial .meodulus started inereasing us [ﬁ] incrensed teo
about 1.6g-1.ii. After this point, initinl medulus still
increasced but [n] decreased o T.ﬁ&g_1.dl. Using 12..2_‘5;3;.dm"3
of cmulsifier also caused an increase in initial modulus |
am:[n] increascd, After'Ln] increased to 1.59@?1.d1,
initlial modulus still increasoed but.[ni]dccreased almogt

to a constant value, AboVe the cmc, using 3.75 and | |
7.5Og.dm"3 ol emulsifier, initial modulus incrensed as

[ﬂ] increascd hut it suddenly decreascd for 3.75g.dm'3

of emulsificer up to a value of about 1.58g-1.d1 for which

[ ] still inereassed, After this point both parameters

3 of cmulsificer, initial

decruased, Using 15.0g.dm”
modulus generally decreased as [ n| increascd up to a

point where both paramctors gradually decreascd, Initiﬁl
modulug 13 also associated with the mnhcromolecular
charncteristics of a polymer as tensile strength (38).

Initicsl modulus ig a mensure of the stiftness of a polymer
chains, The increase in initial modulus may also be
attribuated to the fact that medificqation of the macromolucular

struciture could have tonken place, The occurcnce of

bravwching and the internction between tThe polymer molecules




103

and the solvent used both tend to give a stiffened
arrangcment of the polymer chains ana thosc cause

initial modulus to increase,

Fige. 5.3 shows thc relationship between [.n] and
(%) clongaticn of the polyvinyl acctate samples preparecd
at 53“C. From the plot obtaincd from using O.’I’Sg.clm""3
of emulsifier bclow the cme, (%) clong-tion increased
as [n] increased and then it deereased agnhin, The trend
obtained with E%J of 1.505_:.dm"3 below the cme of (SLS)
is not so straightforward. Therc was an initial increace
in (%) clongation ns [n] increased from 1,05 to 1.3g"1.dl.
Then a decrease in (%) clongation was found followed by
anothcr increase as [n] increased, While (%) e¢longation
increnscd after this,{n] decreascd. With [5] of 2,25¢.dm™
below the cme of (SL8), (%) clongation incrensed steadily
as [n] nlso increased to about 1.59¢ " .41 and while (%)
clong-tion increased, [ﬁ] decreased to » constant value
ti11 about 1.57¢ T.41. Avove the cme, a slightly different
trend was obtaincd. With [S] of 3.75 =nd ?.50g.dm-3, (%)
clongation initially decrcased and then inereased as (N
incrensed, After zome time [n] decrenscd though (%)
elong:ticn increased for [S] of 7,508 dm™-. Using 15.0g.dm™>
of emulsificr gave the same triend describecd for some [S;]
below the cmc, The (%) clongotion values for the polymers
increased steadily as [ n] incressed but [n] startea

decrc-sing after sometime., The (%) clongation of a polymer
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usually has an opposite trend of variation to that

obtaincd for tensile strength and initial modulus,

For a linear polymcr, increase in tensil. strength and
initial modulus means a decrease in (%) clongation, The
decreasc in (%) elongation could be duc to the fact that
straightening of the flexible chains of the polymer could
develop rubbery strains and this csuses a decronse in the
stress needcd for any deformation (38). The suggestion

is therefore made that for polymere whose (%) clongation
had th¢ same trend in variation as tensilc strength and
initial modulus, modification of the polymer structure
could have le¢d to a more rigid structurc thereby increasing
the stress nceded for any deformation. Moreover, when
considering the effect of branching, it could be nssumed
that brrnches of irregular sizes i.c. long and short,

which could have the same tensile strength could still

have different (¥) elongation, The incrense in (%)
elongrtion could have resulted from long branches on the
backhone of the polymer. These long branches could still
act as a backbone for other branches which could invariably

be short or long.

At 62°C and bolow the eme of (SLS), almost the same
trend was observed between tensile strength ané [n] for the
threc [ﬁé] employed. Tensile strength deercnsed as [n]
increased, Above the cmc, no direct relationship could be

obtaincd between these parameters due to a scattering of
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the points, For initial modulus, for all the [Sé]

below the cme, initial modulus deereascd ste~dily as

["1 increased and then {(n] suddenly decreased, Above
th2 cme, no dircct relationship could be found using

[5.] of 3.75 and 7.50g.an">, Using 15.08.dm™, a

slight inchQSU in initial medulus was obscrved as

D1] increascd to about 1.42g™1.d1 after which initial
mocdilue drereased. These trends werc not obtnined for
the polyimecrs prepared at 58°C suggesting that temperature
plays an important rele here, For the (%) clongation,
only polymers formed by using [SQ] nf 1.50 nnd 2.25g.dm-3
showzd a relationship though different from that at 58°C,
With 1,50g.¢a™> of (SLS), (%) clong-ticn generslly

3 of (SL8) gave

increased with [n] while using 2.25g.dm”
polymcrs whose (%) clongation showed an initial decrease
followed by an increase as{ p ] increaseds For the other
emulsitier concentrations, no relationship could be

esta>lished between (%) ~2longation and [n] due to a

scattering of the points.
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CHAFTER VI

6.1 Conclusions and Recommendations.

1. The cmulsion polymerisation of vinyl ncelnte is
charzcterised by two distinct factors (o) vinyl acetate

is sufficiently soluble in water to encourrge polymerisation
in the aguecous phasey (b) the vinyl acctate rndicals

are susceptible to chain transfer ngents or retarders

in the process of the polymerisation, This jives rise

to branching.

2.  An induction period which was found to depcnd on
temperature of polymerisation decrcased as the temperatare
was changed from 58°C to 68°C, The induction period was
also found to decrease with increasing [ho} from hclow

to above the cmec, It was however concluded thnt the
induction timc mipht not affect the rate of polymerisation
of vinyl acetate whenever polymerisation begins as
determined from the slope of the linear portion of the

graph,

3. The general trends of variation of (%) conversion
with time of polymerisation werc similar for the two
temperatures usced for the study. There wos polymerisation
both below and above the ecmec of (SL3). It is concluded
that vinyl acetate emulsion polymerisation snows a
devintion from the classic theories of Spith and Ewart

and Haward, This was explained in terms of the solubility



p i

of vinyl acctate., The rate of polymerisation increased
with incrense in [Sé] and temperature, At high cmulsifier
concentraotions chain transfer reactions set in slowing

down Rp cspecially at the higher temperature,

The form of dependence of Rp on the cxponent of the
emulsificr concentrations wos eéstablished 2t the twd
temperatures, 58°C and 68°C and a range of {S.] . It was
concludcd that Rp showed a greater dependency on [S;} below
the cmc of (SL3) than above it and that at 68°C ~nd possibly
at mucn highcer temperatures, Rp would becone independent of

30]. Generally the value of the cxponent of [?él obtained
did not compare well with thosc of other monomcers. This

clearly shows a deviation as far as emulsion polymerisation

of vinyl acetate is concerned,

2, Intrinsic viscosity vnlues do not vary voery much

with [57] both below and above the cme of (S1.S) ot both
temperatures, However, [ﬁ] decreased in going from below

to above the cmc of (SLS), indicating the prescnce of
branchc: especially above the cme of (SLS). It was concluded
thnt polymers formed below the cme of (SLS) will be

expected to have higher molecular weights than those formad
above it, Branching becgac more pronounced as temperatur:
incrensed thus molecular weight is expected to be less above
the cme at 68°C than at 58°C. Generally, the interaction

betwcen polymer and solvent gave high vrlucs of Buggins
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constant k' bclow the cme at the lower tempernture of
58°C althagh did not scem to be much variation above the
emc for tune two temperatures, It is thus reusonable to
conclude that this could be due to the greator molecular
weight values for polymers below the cmc at 58°C, The
differcnce in k' values obtained from the different [S-;J
suggests differences in the interaction between polymer
and solvent and probably in the macromolecular structure

and sizc.,

S 3ranching was believed to be responsible for some
strange variations in the mechanical properties as a

result of the modification of the polymer macromolecular
structurcs. It was also concluded that the solvent used

in casting films played an important role in the modification
and therefore the mechanical properties of the polymer are
somewhat dependent on the type of solvent used., As tensile
strength and initial modulus increased, (%) elongntion

decreased,

Recommindations,

s More extensive and comprechensive rescarch on the
emulsion polvmerisntion charncteristics of other soluble
vinyl monomers below the cme of emulsificer should be carried
out and compared to the polymerisation characteristics of

vinyl acetate,
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25 The form of dependence of the exponent of [Sa
using n range of {5;] and varying the temperature should
be e¢stablished for other vinyl monomers both soluble nnd

insolublc,
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