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ABSTRACT

The effect of four different nononer and emul sifier
concentrations and two different initiator concentrations
on the kinetics of polynerisation of vinyl acetate at 55 + 0.05 °C,
bel ow the critical mcelle concentration of sodium |auryl
sul phate as enul sifier, using potassium persul phate as the
initiator, and on sone properties of the polyner sanples produced
have been studied. The form of the dependence of the rate of
of polynerisation (R ), on the exponent of the emulsifier and
initiator concentrations was also studied. The forms of the
variation of limting viscosity and Huggi nse constant with (%

conversion of nmononer to polymer were also studied.

The rate of polynerisation of vinyl acetate under the
condi tions studied was appreciable, increasing with increase
in the emulsifier concentration. The formof the dependence
of rate on the exponent of enulsifier concentration on the
rate of polynerisation was independent of nononer concentration
but dependent on the initiator concentration. The rate of
pol yrmeri sati on decreased as the nonomer concentration
i ncreased. Cenerally, polynerisation of vinyl acetate in
the absence of micelles is explained as due to the conbination
of factors including partial solubility of vinyl acetate in
water, agitation which allows for interaction of nononer
nol ecules with the free radicals, and diffusion of free

radicals fromthe aqueous to the nononmer layer. Delay in the

vi o o-



action of these factors have caused an induction period to

the polynerisation reaction.

Limting viscosity values for the polyvinyl acetate -
nmet hanol systens at 30 +/- 0,05 C were obtained and used to
qualitatively describe the pattern of the dependence of polyner
nol ecul ar characteristics mainly (nolecular weight with
branching) on the conditions of the polynerisation. Conclusions
were drawn showi ng that nol ecul ar characteristics of the
pol ymers produced at |ower conversions of the nmonomer are
significantly different from those at higher conversions. These
properties, are also affected by enulsifier, nonomer and
initiator concentrations. Huggins constant was used as a
nmeasure of polyner-solvent interactions and an estinate of
si ze of polynmer backbone, degree of branching and | ength, as

descri bed qualitatively.

Generally, the study shows that many of the results
can not be explained in terns of the classical theories of

emul si on pol ynmeri sation of vinyl nonomers.
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CHAPTER 1

1.0 INTRODUCTICN

1.1 GENERAL CONCEPT QF THE KINETICS OF EMULSION

POLYMERISATICON REACTION

In the study of the kinetics of polymerisation of a
monomer, it is important to first determine 1f the polymeri-
sation reaction would proceed in the absence of an initiator,
In the present investigation, information exists that
initiators are reqguired., The type of initiator chesen for
this study is called free radical producing initiator.
Polymerisation carried out using this initiator is termed
free radical polymerisation. It 1s a three step reaction and

these are given briefly asg

(a) Initiation step:

This step is a two~stage reaction involving

(1) initlator decomposition to form free radicals and

(ii) radical attack on a monomer unit to form an active
chain carrier, Hence, the jnitiation step involves
the production of the active centre known as a free

radical which zcits as a chain carrier.

(1) Production of free radicals

A free radical is usually formed by the thermal
‘decomposition of a relatively unstable material called
an initiator (1). The radical thus preduced 1s sufficiently

stable and can react with a monomer and c¢reate an active



centre, A free radical can also be produced by interaction

of chemical reagcnts,

(1i) Mechanism of radical formatiqﬂ

1f the radical formed by the decomposition of the
initiator is designated R., then the reaction can be

written as

k

where kd is the initiator dissociation constant. The
reaction between the radical and the monomer gives the

reaction below;

R. + M o> RM (1 - 2)

where ki is the initiation rate constant, The initial
decomposition of the initiator is slow compared with both
the rate of addition of primary radical to a monomer and
the termination reaction. Thus the initial decompcsition
reaction is regarded as the rate detcrmining step (2).
The rate of initiation Vi, is then the rate of production

of chain radicals and is represented by the equationg

Vi - .‘Ll;g.{”_'_-l» - 2, f 1] (1= 3)
where the factor 2 is introduced because two potentially
effective radicals are produced in the decomposition, and f,
measures the abillity of these free radicals to propagate

chains in the reactions.



(b) Propagation step:

This is the addition of more monomer to a growing
chain usually very rapidly to obtain a high molecular
weight for the polymer., It is thus a simple step which
involves a simple collision between the monomer and the
active growing chain end. The chain radical formed in
the initiation step is capable of adding successive monomers
to propagate the chain. The successive steps in the

propa¢ation reactions are;

.4
- -
Hl + M ——l> M2
k
n n+1

where M is the monomer and kp is the rate constant for

propagation,

The propagation steps are assumed to have the same rate
constant kp, since the radical reactivity is presumed tg

be independent of chain length (1).

Hence, Vp = kp R LM}J

whercl_HJ represents the concentration of grewing chain ends
and is usually low at any particular time, while Vp is the

rate orf propagation.

(c) EEEEEREE?OH step
This is also a bimolecular process involving the
collision of two active centres thereby leading to the

disappearance of the active centre. Termination can come in



the form of either combination i.e,

k
M- + M. tc ; M
x Y X+y

or disproporticnation i.e.

k
- ) td
S <o MR, -
Mx + MY Hx + MY . (1 6)

The rate of th: reaction i¢ then given as

v = - -
£ e M1 My
The rate constant kt is actually (ktC + ktd) whare the
two mechanisms are possible. Except where it is necessary

to distinguish betwoeen the two mechanisms; the termination

rate constant is denoted as kt. {(2).

1.1 LYPZS OF POLYMERISATICN REACTIONS

There are two major tvpes of polymerisation reactions,
namely addition and condensation reactions. Addition
reaction is the reaction between molecules of similar
structure. These link themselves together to form the
larger macromolecule withouwt change in chemical compesition,
Condensation reaction on the cother hand is the reaction
between two or more dissimilar compounds which react with
each other to form the macromolecule and thae hy-product
which must be eliminated. A polyester for example, is
formed by a typlcal condensation reaction between

blfuncticnal monomer with the elimination of water:

XHO=-R-0H + ®HO-CO-R-COOH = HO .tR—OCO—RCUOHj- %

+ lax - 1) HO.



There are four general methods of polymerisation in
use commercially. These are bulk {mass); sclution;

suspension and emulsion polymerisation reactieons.

1.2 POLYVINYL ACETATE

Polyvinyl acetate is the polymer of vinyl acetate
mononmer, CH2 = CH-D—CDCH3. Vinyl acetate is the acidic
ester of vinyl alcohol and it dissolves in water only to

an extent of about 2% (3). The polymerisation reaction

can be generally represented by the followlng chemical

equationg
= —-——-——-—-—-—) e
n | CH, CH -tcuz CH 5~ n
OCOCH3 _ OCOCH3
vinyl acetate polyvinyl acetate,

1.2.1 GENERAL PROPERTIES OF POLYVINYL ACETATE

Polyvinyl acetate 1is an atactic¢ material and is

amorphous. Reling an amorphous polymer with a solubility

parameter of 19,4 (MJ/mB)E, it dissolves in solvents with

similar solubility parameter e.q.

1
benzenc = 18,8 {MJ/m-3)1
-3k

chlorofoerm = 19.0 {(MI/m 7}
-3k

mathanol - 29.7 (MI/m )

Polyvinyl acetate has a density of 1.19g/cm3 and a refracgtive

index of 1.47.



1.2.2 USES CF POLYVINYL ACETATE

Polyvinyl acetate is successfuliy used in emulsion
paints as adhesives for textiles, paper and wood, as a
3izing material and as a permanent starch because of its
good adhesion toc a number of substrates and to some extent
because of its cold flow (3). In addition to its use as a
plastic and chewing gum base, poly(vinyl acetate) is gSEd
to produce poly(vinyl alcohol) and poly(vinyl acetal) which

cannot be made directly since thelir monomers are not known,

1.3 EMULSION POLYMERISATION

Emulsion polymerisation is a fadical chain reaction
and involves the polymerisation of moncmers which are in the
form of emulsions., An emulsion cah be simply defined as a
solution containing colleoidal particles which are thoroughly
dispersed within the medium. The dispersion medium is
usually water and it is a liquid in which the various components
are dispersed in an emulsion state by means of the emulsifying
agent., Thus emulsions usually are comprised of small particles

0.05 - 5.0 microns in diameter (4).

An ideal emulsion polymerisation system comprises ofj
(i) monomer which should be water inscluble as in the case
of styrene or slightly watcr soluble as in the case of vinyl

acetate,



(ii) water which is the dispersing medium;

{14} emulsifier which is the substance capable of
dispersing the colloids freely in the medium and exists
elther as cationic, anionic, non-ionic or amphoteric¢ according
to the nature of the hydrophilic groups, and

{iv) water solublc free radical initiater.

Initially, in the agqueous soluticns, the surfactant
is in the form of micelles, spherical or rod=like aggregates
of 50 - 100 surfactant molecules with their hydrophobic

"tails” oriented inward and their hydrophilic "heads" outward (4),

In an emilsion polymerisation system, there are four
phases which play important roles in the overall process (5).
These are external water phase, monomer droplets disperced
throughout the water phase, emulsifier micelles containing
solubiliscd monomer and polymer latex particles swollen
with monomer. 1In the agueous phase, free radicals are
generataed by decomposition of the initiator and these
radicals initiate polymerisation in the monomer swollen
soap micelles, If the monomer is added to a micellar
disparsion, most of it remains as rather larger droplets,
but somz of it dissolve in the micelles. Since they are
smaller, the micelles present much greater surface area than

do the droplots, After a few percentage conversion of the



monomer to the polymer, the micelles disapbear and polymer
particles, swollen with monomer and stabillised by the soap
moleculces which made up the original micelles become the loci

for further polymerisation (5).

The presence of micelles is of fundamental importance
in emulsion polymerisation (6). The micelles are formed
when the criticael micelle concentration {emc) which is the
lowest concentration of the emulsifier molecules required
for the formation of micelles, is exceeded, Polymerisation
of vinyl acetate hes bezsn shown to take place both below
and above the critical micelle concentration of the emulsifier
in use for the reaction (6). Emulsion polymerisation affords
a meang of increasing the polymer molecular wejght without
decreasing the polymerisation rate and the products of emulsion
polymerisation have applications involving coatings, floor

polishes and paints (6).

1,3,1 THEQRY OF EMULSION POLYMERISATION

The general theory of the mechanism of emulsion
polymerisation was formulated by W, », Harkins (7, 8) and
placed on a quantitative basis by W, V. Smith (9), W. V. Smith
and R. H. BEwart (10) and R. N, Haward {11). The theory
of emulsion pelymerisation as it was developed, indicated
that in the emulsion polymerisation of a relatively insoluble
moenomer like styrens, almost every polymer latex particls is
initiated in its growth in the monomer solubilized inside the

micelles.

L J



According to D, M. French (12), micelles are
aggregates of surfactant molecules in a water solution
so arranged that the hydrophobic portion of the molecules
arc close together, In effect, the interior of a
surfactant micelle may be regarded as a separate organic
phase., Both surfactant micelles and the catalyst are
water soluble but not soluble in the monomer. Hence,
polymerisation must begin in the water phase. The micelles
thus provide a place for the monomer and catalyst to react

and produce a growing particle chain.

Harkins (8), has shown that monomer for the
polymerisation reaction is supplied by diffusion from the
monomer cmulsion dreplets through the aqueous phase and into
the polymcr particles thus forming monomer-polymer particles.
Smith and Ewart (10) have shown from their study of the
kinetics of styrene emulsion polymerisation, that the rate
of polymerication Rp’ anc the number average degree of
polymerisation (inl, are directly proportional to the initiator

and emulsifier concentrations, each raised to a power often

luimmao . N k LM_]
P —_ (1 - 8)
- Nk LMl
e © ——-g--———- (1 = 9)
i
N o L.IJ 2/5 (1 - 10)
N o s 3/5 (1 - 11)
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the propagation rate constant,

e
i)

where k
P

Ri is the rate of initiation,
LMJ is the monomer concentration,
LIJ is the initiator concentration and

s is the emulsifier concentration.

Lol

C'Donnell et al (5) have also shown that the rate
nf emulsion polymerisation above the critical micelie
concentration is found to be independent of the total
monomer concentration but dependent on thc number of polymer
particles which in turn is proportional to the soap concen-
tration to 0.6 power and the initial rate of frec radical
production to 0.7 power.

These =zgquations are believed to be valid for the
cmulsion polynarisation of water-insoluble monomer like
styrenc using water soluble initiator like potassium
persulphate (Kzszoa). In emulsion polymerisation with
relatively water inscluble monomer, nearly all of the
polymer particle nuclei are initiated in the monomer solubilised

in the interior of scap micelles,

When the monomr is slightly water soluble like
vinyl acetate, some d-7iations from the general theory
of emulsinn ralvmarisation are observed., These deviations
causad by the fact that the site of emulsion

polymerisation of water soluble manomer is not limited



11

to the micelles alone, It also involves simultanecous
polymerisation of the monomer which is in solution to
give polymcr particles which absorb emulsifier from the

rest of the system (12).

Okamura and Motoyama (13) indicatea from their
work that emulsion polymerisation of vinyl acetate is
characterised by twe distinct factors; one, the water
solubility of vinyl acetate and the other, the susceptibility
of vinyl acctate radical teo the coffects of other substances.
Hence, the general theory of Smith and BEwart equation with
regards to ¢mulsion polymerisation is not applicable to

vinyl ncetate.

Ta3a EMULSION POLYMERISATION BELOW CMC

Below the critical micelle concentration, the soap
solution contains no micelles when the hydrocarbon chain is
long and are thereforc ine: fective in solubilization or
penetration and thus in initiating pelymer particles. When
micelles arc absent, the relatively 2mall number of collisions
between a2 free radicel and the individual molecules of a
monomer Ln the aquoous phase produce only a very small
number of polymer melecules, It is thesc few polymer mole-
cules that capture monomer molecules diffusing through this
phase thus forming polymer particle nuclei., Aftoer a polymer
particle is formed in the aqueous phase it exhibits no
essential differcnce from a particle initiated in a soap

micella (14).
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In the absence of soaps, the number of polymer
particles achieves a constant value very varly in the
reaction and it is envisaged that this reaction occurs
in the following way, Each gulphate radical produced by
the thermazl decomposition of the initiator is captured
by a monomer molecule in the aqueous phase and then begins

to propagate {(14).

It has been reported by pPriest {(15), that in the
case of non-micellar system, rapid rate of polymerisation
and well dispersed lattices may be obtained for monomers which

have appreciable water seolubility.

The kinetics of the polymerisation of vinyl acetate in
aqueous peroxy disulphate suggests that polymerisation occurs
primarily with the polymer particles which form as a stable
suspension (16). In the absence of soaps, the kinetics of
the aqueous polymerisation of vinyl acetate can be explained
by assuming that all the frec radicals generated in the
aqueous phase enter the polymer particles, The kinetics of
the system cannot yet be readily expressed in a convinient

mathematical form (16).

1.4  FACTORS INFLUENCING EMULSION PCLYMERISATION

1.4.1 TEMPERATURE

A polymerisation temperature is often chosen because
the initiator system used gives optimum efficiency at a

particular temperaturc (6). The effect of increase in
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temperature in an ideal cmulsion polymerisation is to
inerease the rate of polymerisation and reduce the average
degrec of polymer’sation 1.2. molccular weight of the

polymes formed. Other s’dc vffects can be generated by
ircreasc in temperature. These side effects listed below

are usually peculiar to the initiater system employed and the

monomaer being polymerised.

{a) instability of emulsion w.g. coagulation or

prefloceculation.

{h) production of crosslinked, branched and gelled polymer

and

(c) chang. in structure of the polymar and molecular

weight distribution.

1.4.2 AGITATION

Constant agitation is usually maimtained in an
emulsion polymerisatior reaction to keep monomer and
other romponents suitably dispersed, Agitation should be
a contimuous process becausc it prevents the coalescion of the
monomer droplets when inactive micelles are produced below the
critical micell. concentration. An increase in the degree of
agitation may result in an overall increase in the rate of

reaction and lovering of degree of polymerisation (6).
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1.4.3 EMULSIFIER
The clioice of emulsifior is very important in an
emulsion polymerisation reaction. The role of the emulsifier

is three fold (6):

(a) an increased amount of the monomer is taken into the

water phase owing to solubllisation in the micelles,

(b) the non-glubflised monomer is emulsified inte fine

droplets and

(c) the latex particles created are protected against
coagulation during and after the polymerisation, The
emulsifier is chosen such that it produces a stable
emulsion between the monomer and water phases and
remains in the product such that it imparts no adverse

prorverties to the product.

1.4.4 INITTIATOR SYSTEM

There are many varieties of initiaotor for use in
emulsion pelymerisation. The initiator becomes active in the

system on being generated as an active radical by means ofg

(a) thermal decompositon of a compound or

(b) intecraction of chemical reagents to preoduce free

radicals.
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In order to function as a useful source of radicals,
an initiator system, should be readily available, stable
under ambient or refridgerated conditions, and possess a
practical rate of radical gencration at temperatures which

are not excessive (approximately < 150%).

1.5 SCOPE CF_STUDY

The present study is aimed at studying the kinetics
of the polymerisation reactions of vinyl acetate and the dilute
solution viscosities of the polymir samples produced in
methancl., The kinctics of the polymerisation reaction, which
shows the dopendence of the rate of emulsion polymerisation
of vinyl acetate, on the various potassium persulphate
(initiator), and vinyl acetate (monomer) concentrations,
together with sodium lauryl sulphate (emulsifier) concentrations
below the critical micclle concentration, carrying out the
reactions in a water bath at 55 + D.OSOC. is studied. The
effect of these parameters on the degree of (%) conversion
of the moncmer to the polymer with time of polymerisation
is also considered. The effect of the initiator, monomer
and emulsifficr concentrations on the molecular parameters
of the polymer =ampl.s, in terms of macromelecular properties
of the polymer, type of polymer, indications of various
types and extent of branching in the polymer, and the
interaction between the branches, polymer and the solvent
is studied from the combined results of limiting viscosities

and Huggins' constant, k*.
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2.0 POLYMERISATION STUDIES

2.1 EXPERIMENTAL

The purity of monomers, diluents and initiators
is of great importance since conversions and molecular
weights can be drasticzlly affected by contaminants. Thus,
it is recommended that all reactants should be purified and
their purity should be determined prior te polymerisation
studies (17). The impurities most frequently encountered in
polymerisation includc water and conmpounds containing
functional groups principally carbonyl and oclefinic

unsaturation.

2.1.1 MATERIALS

-

(i) The initiator, potassium persulphate (X 35

252%
emulsifier i.e. sodium lauryl sulphate {NaLSOQ} and the

buffer i.e dipotassium hydrogen orthophosphate (K2HP04)

werc all from British Drug Houses Limited i.e B.D.H.

analytical grade reagents., They were used without further

purification.

{11} VINYL ACETATE MONOMER

The vinyl acetate monomer was obtained from the

Nigerian Hoechst Limited, Lagos.

Noermally, quantities of an inhibitor are present

as contaminants in most commercially available monomurs



17

that are amenable to free radical initiation (17).

These were removed from the vinyl acetate samples by
washing the monomer with 2% sodium hydroxide solution in
a separating funnel,

Both monomer and the 2% sodium hydroxide (NaCH)
were shaken several times, releasing the pressure in the
funnel at intervals. However, the absence »f a yellow
colouration of the aqueous layer after the separation of
the two mixtures indicated the absence of inhibitor such
as hydroquinone from the winyl acetate monomer was dried
on calcium sulphate drying agent and finally distilled under
reduced pressure, The purified monomer was stroed in the

refridgerator until needed for use.

(11i) NITROGEN GAS

An inert gas like nitrogen 1s commonly used during
a polymerisation reaction as a combination purge stream and
blanketing medium.

For the emulsion polymerisation reactions carried out,
nitrogen gas was used and it was rid of inhibitors and
impurities by passing it over several tubeg of alkaline
pyrogallol to remove any traces of oxygen, water to remove
soluble matter and impurities and anhydrous calcium chloride

to absorb the surrounding moisture.
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2.1.2 POLYMERISATION PROCEVURE

A one-=litre, four necked, reaction kettle was used
for the polymerisation reactions. One of the nccks served
the purposc fer the inlet of purified nitrogen gas; the
centrally placcd neck accomodated the stirrer while the third
neck housed the condenser. st the other cnd of the condenser
was placed a calcium chloride tube to absorb moisture from

the surrounding,

Appropriate quantities of water, buffer, emulsifier and
initiator were put in the reaction kettle before it was
placed in the water bath with s thermostat set at 55 + 0.05°%C
being the temperature at which the reactions were carried
out, 5Stirring and passing of purified nitrogen gas were
allowed to continue for about twenty minutes to ensure proper
mixing of sclution and flushing action of the nitrogen gas
before the addition of vinyl acetate monomer froem a monomer
dropner over a period of thirty scconds. The monomer dropper
was attached to the fourth neck of the reaction kettle and
removed after introduction of the monomer when the neck was
plugged. Stirring was done at suitable constant speed

throughout the polymerisation experiments,

After a while, the solution turned milky and

_ 3
aliquots of 25cm™ were taken at appropriate time intervals
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until enough samples had been collected from each
polymerisation rcaction. The reaction of the contents

of each aliquot was quenched by adding the aliquot to
large cuantity of ice-~cold saturated solution of sodium
chloride in a large beaker with rigorous stirring during
the additon. The polymer separated out by settling at the
bottom of the beaker. The solids were quickly washed
several times with distilled water until they were rid of
emulsificr, moncmer and other impurities that were soluble.
They were filtered and air dried for about 24 hours before
being oven dried to constant weight in a vacuum oven at
40°%. The dry samples werce stored in separate bottles and

kept in the dessicator until ready for use.

The polymerisation reactions were carried out
using four different concentrations of each of sodium
lauryl sulphate (SLS) and monomer and two different
concentrations of the initiator. The idea of different
concentrations of both emulsifier and monom:r was to study
their effect on the yield and properties of the polyvinyl

acetate produced,
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2.2.0 RESULTS AND DISCUSSION

2.2.1 INFLUENCE OF EMULSIFIER CONCENTRATION ON

(%) CONVERSICN OF VINYL ACETATE TO POLYVINYL

ACETATE

Figures 2.1 and 2.2 represent the results obtained
from the kinetic study of the emulsion polymerisation
of vinyl acetate with 0.25 and 2.25&;.(1::1"'3 of sodium lauryl
sulphate respectively, a constant initiator concentration
of 1.509.dm—3 and four different monomer concentrations
of 0.93%1; 1.455; 2.095 and and 2.8519.dm—3. The polymeri-
sation reaction studies were carried out at a constant
temperature of 55 + 0.05°C in a water bath. All the studies
were carried out with emulsifier (SLS) concentration below

the critical micelle concentration. (8,9 x 10"“'3 mol d1_1)

From fig. 2.1, (%) conversion was found to increase
linearly with time of polymerisation for each of the
monomer concentration investigated. Conversions were

generally low with this very low emulsifier concentration

2.2.2 PRESENCE OF AN _INDUCTION PERIOD

For each polymerisation there was an induction
period before the linear portion of the graph was
defined. The occurrence of the induction period can
be explained as the result of the time required for

pLropes aliteraction of monomer m~leculss ard initiator
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Plots of (°%) conversion versus time of polymerisation using
025 g dm-3 of (SLS) and (+)0931; (©) 1455 ; (@) 2 085 and
(A) 2851 g-dm-3 ot vinyl acetate with initiator concentration o

1.50 g- dm-3
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free radicals which were in different phases, the

latter in the aqueous layer. Until effective interaction
was achleved betwecn thce monomer and the initiator by

the process of agitetion, possibly combined with
diffusion of free radicals to the monomer - water layer,
no appreciable polymerisation rcaction, if any, would

be expected, In these seis of experiments, the other
factors that might have led to presence of induction
periods to polymerisation is the presence of inhibitors
0sg oxXygen., This has confidently been ignored as the
polymerisation mixture was thoroughly flushed with
purificd nitrggen prior te addition of the monomer. The
pelymerisations were also carricd out in atmesphere of pure

nitrogen.

The volue of the induction period sevems to decrease
as monomer concent tion deercascd.  This strongly supports
a mechanism of 'delayed interaction' betwecen monomer
molecul=2s and the initiator radicals in thc two separate
layers., The larger the volume of water into which the
Initiateor is 4Yleperscd, the greater the total exposed
surfages for menomcr — initiator interaction and hence
the shorter (he induction veriod. Also the quantity of
vinyl acetate that dissolves in water should increase
with szoi / LVﬁCj ratio thus encouraging fastoer monomer-

initiator contact in thc absence of micelles that should
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disperse and golubilise the monomer, Thus, right from

e o the initisation stepsy polymerisation of vinyl acetate

in concentrations below the cmc of (SLS) should not be

expected to conform to the typical Smith and Ewart (10)

theory or that of Haward (11)e o _?T : :T“Eﬂ

compafing fesuit;ndgi;iﬁéd for the foJ: emu;;ifier .

concentrations with respect to induction period as

lhcwn_in toble Zely it has been found that in each case,
Jthﬁugh only “ite results for two emuleifier concentrations

are shown in figss Ze1 and 2.2 graphically, the results

for otherg being presented in table 2.2 and 2,3, an induction
period was obtained in ecach case. The induction pPeriecd..
obtained by exircpolating the cof¥ersion-time curve teo zero
conversion appears to increase as emulsifier concentration
i increases, but estill kept below the cmc of (SLS). This
| might not Lo completely unexpected if one considers the intere
action between the surfactant behaving ;s simple electrolytes
below the cme and its interaction with the initlator. This
might lead o a competition of ;he type monomer - initiator

g0 T : _ o
. and surfactant - initiator and might effectively reduce the

¥ owverall exbtent of ionomer initiator interaction.

| . . . L - R ] Y i,




TABLE 2.1

e s Sl g e

Polymerisations with 1.509.dm~3(K25208)

24

Emulsifier concentration (g.dm—3} of mixture

Monomer . e o
concentration
(g.dm_a) of .25 O.FO 1450 2aldd
mixture Induction period (mins)
0.931 9 14 12 Ly 10
1.455 0 20 ‘22 g7
2.095 12 21 . 23 20
2.851 . 17 22 | 4 0723
TABLE 2.2
Polymerisations with (L.':]O(_';.d.m"'3 {5L5) and
-3 :55
1.50g.9m" > (K,5,0,) o
Time of Monomer concentration tg.dm"3) af mixture
polymerisation 0.931 1.455 24095 2.851
{(mins). .
(%) Conversion
20 17.27 - - -
28 30.52 7.46 3.34 8.31
30 53.86 16,29 17.81 12.71
as 59,89 25%.57 25.63 15.21
40 70.91 36,98 31,959 25.41
45 71.66 42,73 _ 40,58 33,28
50 72.82 43,27 52,74 37.91

*

Ay
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TABLE 2.3

s

Polymerisation with 1.509.dm“3 (SLS)
-3
and 1.50q.dm (Kzszoa)

Time of Monomer concentration (g.dm-g) of mixture
?:}::?fisﬂtlon 0.931 1,455 2.095 2.851

(%) Conversion

20 9.15 - - P

25 38.80 7458 3.44 3.0
30 82.77 26,33 18.70 13.04
35 86.02 40.68 34.27 19.99
40 94.16 58,10 46 .47 26.63
45 95,90 67,40 59411 41.12
50 96.78 76,30 66.76 51.84

i e ——

2.2.3 MONOMER CONVERSICN

The (%) conversion w4s found not to exceed about 50 when

O.ZSg.dm“3

of the emulsifier was used when coagulation was observed,
The low conversion could be explained in terms of genuine slow

rate of polymerisation under the conditions of the experiment, and
coagulation might be explained as due to high solid content which
was not dispersed and stabilised at low emulsifier concentration.
This seems reasonable in the light of previous report(6) claiming

that particles need to be dispersed and stablised if the emulsion is

to be stable,
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Coagulation normally occurred in some of the
experiments whenever the amount of emulsifier in the recipe
was quitec low particularly with the two lowest (5LS) concentra=
tions examined. Instability of polymer emulsion is usually
avoided Py making usc¢ of a sufficiently high emulsifier
concentration preferahly above the cmc in the medium or by
simple addition of other stabilizing surfactants (6),

The {%) conversition was alsc found to increase
linearly with time ovuer a considerable period of polymarisa-
tion or range of conversion. The actual range over which
conversion is linear depends on the emulsifier concéntration
and monomer concentration. For very low emulsifier
concentration, conversion is linear from about 5% till
coagulation set in, fig. ¢.,1. For the same recipe but
higher emulsifier concentration, fig. 2.2, the linearity
extends to and is sometimes above 80%, as there was no coagula-
tion observed during the polymerisation,

In fig. 2.2, the emulsifier concentration was 2.259.dm—3

and the pattern oi variation of (%) conversion with time
of polymerisation followed the pattern previgusly discussed
for the¢ results obtained using 0.259.dm_3 of the emulsifier,
fig. 2.1, The se¢t of moneomer concentration used were the
same as in fig. 2.1,

Polymerisation of vinyl acetate with 2.2Sg.dm"3 {3Ls)

and with the same initiator and monomer concentrations and
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Plots of (°/ ) conversion versus time of polymerisation using
2:25 g-dm=3 of SLS and (+4) 0-931; (©) 11455 ; (=) 2-095
and (4A) 2:851 g-dm-3 of vinyl acetate with initiator
concentration of 1-50 g- dm-3
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temperaturc with the same speed of agitation give resilts
which show generally a resemblance to the set of results

obtained for 0.25g.dm >

(5L3). However, the range of
monemer conversion over which the curve is linear with
time of polymerisation is wider, below about 10 to about
80%. #lso, the rates ot pelymerisation are much higher,
as would be founad later. In addition, no coagulation
of the latex particles was observed during the polymerisation
study, and separating solid polymers from aliquots during
sampling, by addition of ice-cold salt distilled water
was more difficult, sll these suggest that below and
close to the cmc of (SLS) as an emulsifier, a mechanism
of polymerisation of vinyl acetate which is essentially
different from those predicted by the classical thecories
of Smith andE wvart (10), Haward (11), Harkins (8), and
Harriott {18) begins to undergo a transition into the
classical form. Consequently, thc behaviour of the
polymerisation, kinetics, the macromolecular properties
of the polymer and the emulsion characteristics i.e
stability and dispersion, all change in favour of the
requirements from the classical theories. In summary
the deviation from the expectations of the classical
theories would be largely determined by the extent to
which the emulsifier concentration is lower than the cmc of
the emulsifier.

The maximum value of conversion obtainable for the

polymerisation reaction prior to coagulation, where it occurs, is
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dependent on the epulsifier concentration, The higher
the emulsifier concentration the higher the limiting (%)

conversions.

242+4 POLYMERISATION USING LOWER INITIATOR

CONCEI AT ION

Another get of polymerisation peactiong using the four
different monomer and emulsifier concentrations and 1.000.dm-3
of the initiator (K25208) was carried out. The results of
some of this set of experiments are presented in figs. 2.3
and 2,4 while others are in tables 2.4 and 2.5.

From fig f.3, (%) conversion was also found to increase

linearly with time of polymerisation for each of the monomer

concentration investigated.

2.2.441 Pregence of an induction period

For each polymerisation, there was an induction period.
The induction -eriod in this B28€ was slightly longer than the
result obtained in table 2.1 as shown in table 2.6. This
ean be explained as the result of a reduction in the amount
of inhibitor in the medium thereby giving rise to a fewer
number of initiator radicals thus increasing the average
time of effecetive interaction between the monomer molecules
and initiator radicals which are in different phases. However,
the occurence of the induction period is as previously

explained,
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Polymerisaﬁiohs with 0.50g.dm"3 {(sL8) -

-3
.and 1,00g.dm (K25208). ‘

R R

Monomer concentration {g.dm”3) of mixture

Time of _
polymerisation 0.931 1.455 2,095 2.851
{(mins.) om e
{25} Conversion
3 ' 9,11 3.54 11.07 7.38
a0 . { 32.05 18.53 22,52 18,18
50 ? 55.05 .01 36.02 29.34
60 83,59 51,90 53.43 40.69
70 - 86.8% 84,00 76.68 52.12
TABLE 2,3
Polymerisations with 1.509.dm‘3 {51.5)
-3
and 1.00g.dm (K25208)..
Monomer concentration (g.dm-3) of mixture
Time of 0.931 1.455 2.095 2.851
polymerisation
(mins). e
' (%) Conversion
. 65.71 - 2.75 23.54 9.89
40 89,79 - 11.04 42,92 27.35
50 - 9478 49.72 - 65.82 48.17
60 : 98.41 76.68 90.03 . 72.26
% 98.90 - 86.52  97.70 89.21

80 - : 86.77  9R.72 89.26
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TABLE 2,6

s S e e e = il vt -
i,

polymerisations with 1.00g.dm™> (x,5,0¢)

Emulsifer concentration (g.dm-B} of mixture

Menomer .
concentration 0.25 0.50 1,50 2,25
(g.dn™>) of —
mixture Induction Pe{i?fntmins}
0.931 - 26 20 12
1433 2. 28 25 18
2-0% 23 29 30 21
2.851 : 2% 10 26 27

2.2.4.2 Monomer conversion

In fig. 2.4, the emulsifier concentration was 2.259.dm'3

and the pattern of variation of (%) conversion with time of
polymerisation followed the pattern previously discussec for the
results obtained using 0.2Sg.dm'3 of the emulsifier and 1.SOg.dm-3
of the initiatog. The (%) conversion increased linearly with time
over a considerable range of conversion, The induction period also
obtained for this set of polymerisation reactions is also as shown

in table 2.6. No coagulation was observed with this set of pelymeri-

sation experiments,

The results of the studies are essentially the same
as described for figs. 2.1 and 2,2, oOther results, not

shown graphically are represented in tables 2.4 and 2.5
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in the text. The tables show the variation of (%)
conversion with time of polymerisation of vinyl acetate
using different emulsifier, monomer and initiater

concentrations

2.2.5 INFLUENCE OF MONOMER CONCENTRATION ON RATE
QF POLYMERISATION

The rates of the polymerisaticn reactions-were
obtained as the slopes of the straight line portions
of the {%) conversion versus time curves in figs. 2.1
and 2.4 and those from the results in tables 2.2 to 2.5.
The slopes were arrived at by the least square calculations,
From the plots of (%) conversion versus time of polymerisa-
tion in figs. 2.1 to 2.4, it is evident that with increase
in the concentration of the monener in the recipe,
polymerisation rate decreased, Figures 2.5 and 2.6 actually
confirm this quantitatively, indicating ok inverse relation-
ship between rate of vinyl acetate polymerisetion and initial

vinyl acetate concentration in the mixture,

These observations could suggest that at very high
monomer concentrations, emulsion pelymerisation under this
sets of conditions adopted here might not be possible., When the
tVAC] ’320] ratio becomes very large, both the initiator and

emulsifier molecules might not be able to diésolve and interact

with the monomer molecules, hence no initiation of polymerisation
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might be axpected, There exists therefore, the possibility
of self polymerisation of vinyl acetate at elevated

temperatures in the absence of an initiater,

Also with inérease inlthe meonomer concentration in
the recipe, the amount of water used also decreased $ince
total vclume was kept constant. Vinyl Acetate is about 2%
soluble in water whilst its polymer is water insoluble but
both the monomer and polymer are completcely miscible (14},
Wwith this possibility then, a situation with large guantity
of water would be required for a high yleld of the
polymer, Therefore, with low monomer concentration, there
would be a high (%) conversion since the”ratio of the water
to monomer would alleow for the formatlon of a falrly high
vield of the polymer samples. With high monomer c¢oncentration
on the other hand, the little amount of water that solubilises
the monomer gives rise to low (%) conversion in situations
where the emulsifier concentration is much less than the cme of

the (sL3).

2.2.6  SUMMARY OF THE DEPENDENCE OF RATE OF THE
POLYMERISATION REACTION ON MONOMER AND
EMULSIFIER CONCENTRATIONS

The values cobtained as the rates of polymerisation
of vinyl acetate were plotted against the velume ratio

of the monomer in the polymerisation recipe with a total
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volume of 206 cm3 as shown in figs. 2.5 and 2,6, In these
graphs straight lines were clearly obtained through the
various experimental points over the concentration of vinyl
aceﬁate studied. From the values of the variation of the
rates of emulsion polymerisation reactions of vinyl acetate
on the different monomer, emulsifier and initiator
concentrations nuoted in tables 2.7 and 2.8, the rate of the
emulsion polymerisation of vinyl acetate under the stated
conditions was found to decreasze with 1ncréase in monomer
concentration when th.: emuisifier concentration is constant,
The values however increase with increasSe in emulsifier
concentration when the monomer concentration is constant.
Figures 2.5 and 2.6 also show the same trend in the reaction
rate with the different monomer, initiator and emulsifier

concentrations.

The fact that the rate of the vinyl acetate
polymerisation reaction is greatly increased in concentration
of detergent even when ne micelles were present at constant
monomer concentration was put forward by Baxendale (19). The
results obtained in tables 2,7 and 2.9 show a similar trend

with that described by Baxendale. -

The rapid increase of rate of pelymerisation with
soap concentration might be due to the emulsifying effect
of th=? soap on the monomer-polymer particles, The soap

preventad the aggregation of the partic;ks'and thus kept
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TABLE 2.7

S St ey B syl e st

Polymerisations with 1.509.dm-3 (K

25708}

s an b

Monomer Emulsifier concentration (g.dm”3) of mixture

concentration 0,25 0.50 1.50 2.25
(g.dm“3)of mixture

Rate of reaction ((%) conversion min.~ 1)

0.931 _ 1,20 2.75 4,77 5.60

1,455 ' 1.00 2.10 3,63 4,80

2.09% o 0.86 1.83 2.B83 3,80

2.851 0.75% 1.29 1,86 3,20
TABLE 2.8

Polymerisations with 1.00g.dm_3 EK?SEDB)

B

Emulsifier concentration (g.dmﬂa)of mixture

Monomer 0.25 0.50 1.50 2.25

concentration -~

(g.dm-B)of mixture Rates of reaction ({%) conversion min~ 1)
0.931 _ 1443 2.25 2.89 4,10
1,455 1,20 1.85 2.50 3.55
2.095 0,92 1.62 2.4 3.10
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their number high as previously suggested (8). Although
there were no micelles below the critical micelle concentra-
tion, an appreciable number of polymer particles were formed
by the precipitation of low molecular weight polymers in
solution since minute amount of meonomer dissolved in water.
The number of particles formed in the absence of micelles is

expected to be very small (20).

The decrease in the rate of the emulsion polymerisation
of vinyl acetate with increase in monomer concentration and
at constant initiator concentration might be due to the
increase in the guantity of vinyl acetate which dissolved in

T 0.
water as the latter increased i.e. as 'Hzo]/[VAcé increased,

The rate of emulsion polymerisation of vinyl acetate has
been found to be independent of the total monomer concentration
above the critical micelle concentration but is dependent on the
number of polymer particles which in turn is proportional to the
soap concentration to the 0.6 power and the initial rate of free
radical production to 0.4 power (21). The polymerisation results
obtained in these set of study do not agree with the above as
also shown in table 2,7 and 2.8, The polymerisation rate was
found to be monomer concentration dependent decreasing with
increase in monomer concentration. The difference in the results
might be due to the fact that the emulsifier concentrations
employed here were below the critical micelle concentration

of (SLS) for the various polymerisation reactions where the
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solubility of vinyl acetate in water becomes very

important at least at the initiation if not also at

the propagation stage of the polymerisation reactions.

It has been reported by Priest (15) that in the case of
non-micellar systems for which relatively little information
is available, rapid rates of polymerisation and well
dispersed lattices may be obtained for monomers which have

appreciable water solubility.

From the different ratios of monomer to water
studied, the lowest concentration of the monomer at
0.93lg.dm-3 was found to be the most suitable as observed
from the results of the rates of the polymerisation reactions,
If the experimental curves are extended along the dotted
lines on theoretical grounds, as shown in figs 2.5 and 2.6,
the rate of reaction becomes a little higher at still lower
monomer concentration, It 1s logical then to assume that
rate of polymerisation increases with monomer veolume ratio
to a maximum and thereafter decreases lincarly with further
increase in monomer volume ratio as observed in figs 2.5 and
2.6. This appears reasonable since the rate of reaction should
be zerc in the absence of the monomer, It 1s also assumed
that the maximum value of Rp would be obtained at lower values
of monomer ratio as emulsifier concentration is increased.
Als50, the maximum value of Rp should incresse with increase
in emulsifier concentration., It is difficult to predict

whether Rp should increase linearly with volume ratio of monomer




k2
prior to its peak value and actual experiments would be

required to determine this.

2.2.7 RAZE VERSUS EMULSIFIER CONCENTRATION RELATIONS

The phonomenon that polymerisation rate decrepsea
with increasec in concentration of the surfactant iz often
cbserved whon & non=ionic gurface active agent is used ams
a surfactant (24)s Sodium lauryl sulphate however decreased
the rate of polymerisation of vinyl acetate with increase in
the ﬁdnohé? boﬁééﬁtration:as shown in tables 2.7 and 2.8,
In figs 2.7 and 248y the values of the slopes of rate versus
vo;umq ratio were plotted against emulsifier concentrationa
usiﬁ;”;:go.ﬁnd 1.009.dm_3 (Kzszoa) regpectivelys. The shape
of the curves, shows a decrease to a minimum in rate with inc~
rease in emulasiflier concentration, The role of the surfactant
is to solubilisc the monomer thus increasing the monomer
concentration in the water phase and hence effectively
increasing monomer «~ initiator interaction. If the soap consw
centration is kopt constant and the concentrations of the
menomer ahd other reactants are allowed to incregse gradually,
the l1little ampunt of the cmulsifier would sclubilise just a
small amount of the monomer in the total volume of the

reaction reoipe which is conastant thereby reducing the rate at
_ L

which reaction %akes piﬁce. with iﬁcrEaae in the emulsifier
concentration therefore, there is subsegquent increase in its
solubilisntion power and therefore an increase in the rate of

polymerisation reaction,
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Emulsifier concentration (gq-dm~-3)

FIG-2-7
Plots of the values of slopes of rate versus emulsifier
concentrations using 1:50 S-dm-3 (Kz 5203)
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Plots of the values of slopes of rate versus emulsifier
concentrations using 1-00 gdm=-3 ( Ky 5, Og)
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The polymerisation rates as shown in tables 2,7 and
2.8 do not conform to that expected from Smith-Ewart (22)

relations given as

0.2
R o N
p
0.5
R L]
p ¥ o
R a | I 1
p @ [1]

which apply strictly to water insoluble monomers such as

styrene. In these expressions;:
Rp is the rate of polymerisation,
N is the number of polymer particles,

[801 is the emulsifier concentration and
J

EI} is the initiater concentration.
This non-conformity can be explaincd to an extent by
the Medvedev-Sheinker (22) theory which suggested
that the free radicals cannot penetrate the interior
of the reaction medium and that polymerisation therefore
occurs at the particle surface, Several studies in which
the polymerisation rate of vinyl acetate was shown to be
linearly related to the total surface area of all the particles

lend support to this theory (22).

The Medvedev-Sheinker theory fits the relationship

. D
5
Rp o [ O]J
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From the polymerisation reactions carried out using
different initiator and monomer concentrations, the

rates of the polymerisation reactien varied with the
exponent of the emulsifier concentrations for different
monomer concentrations as shown in table 2,9, The exXponents
of the emulsifier concentration were arrived at by taking
the slopes of the straight lines of the plots of log Rp
versus log [So] as shown in figures 2.9 and 2.10, The

relations are written in table 2.9,

. —-

Monomer Initiator concentration in (g.dm'l}of mixture
concentration B
-3
(g.dm ~) of mixture 1.50 1.00
~_ 70.60 0.54
0.931 R S R_ o [s
p G [ o p 0]
A . -
P L o_ P o
P o p °
5 En i n rs 10.67 R o [g 70.54

p - LYo p L o
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0-8

log Rp

log [So)

_O'!‘ ]

FIG-2-9

ey

Plots of log Rp versus log (So) of (+) 0931,
(@) 1-455 ; (@) 2:095 ; (A) 2-85 g-dm-3 of vinyl

acetate and 025, 0-50; 1:50 and 2:25 g.dm-3 of emulsif e
using 150 g-dm-3 of initiator.



log Rp

FIG2-10

Plots of log- Rp versus log- ( So) of (+) 0931 (©)1455;

(8) 2:095; (A) 2851 g-dm-3 of vinyl acetate and 025; 0-50;1-5
and 2-25 g'dm-3 of emulsifier using 1-00 gdm-3 of

0-8
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“04 =

initiator.
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From the rosults above, the value of the exponent of the
.emulsifier concentration increases with increcse in the
initiator concentration. This might be as o result of the
effect of initintor on pelymerisation reaction depending

on the solukility of the initiator and the initiator type.

In this study, potassium persulphate (Kzszog) used as the
initiator is water soluble, it dissolves in the agqueous

Phase whare the initiating radicals are produced, The
increase in the value of the emulsifier concentration

exponent with increase in the initiator concentration can

thus be attributed to the initiator-surfactant interaction
which appears to incrcase sa both the initiator and suyrfactant
concentrations increased. Consequently initiater - monomer
interactions are also increased at least at the boundary between

the monomer and aqueous lavers.

2,2,8 DEPENDENCE GF RATE OF EMULSION FOLYMERTISATION

OF VINYL ACETATE ON INITIATOR CONCENTRATION

The rate of the wvinyl acetate polymerisation reaction
determined as the slope of the straight line portion of the
(%) converslon versus time curve in figures 2.1 to 2.4 was
forrrd to fdAacranse with decrease in lnitintor concentration
from 1.5Og.dm"3 to 1.OOg.dm—3 respectively. The corresponding

values are as shown in tables 2.7 and 2,8, ’
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Motoyama et al (13) indicated from théir studies
ﬁhat.the dependence of rate of emulsion polymerisation
'tﬁf vinyl acetate on the concentration of potassium
persulphate is vefy dbmélicated. They suggested that the
sulphuric acid formed by mpeotassium persulphate in the
mixture probably decomposes vinyl acetate to acetaldehyde
which retards the emulsion polymerisation as well as induces
decomposition of petassium poersulphate bo a radical and

sulphuric acid.

A possible explanation of the increase in rate of
emulsion polymerisation of vinyl acetate with incrcase in
the initiator concentration however, might be due to the
avallability of more free initiator radicals in the ruaction
medium with increase in the initiator concentration thereby
increasing the rate of interaction between the radicsals and
the monomer melecules. This increases the rate at which the
polymer particles are formed., This observation Secems to be

in order kinetically.
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CHAPTER E

e g o e b S

3.0 . VISCOSITY STUDY
t

3.1 “EXPERIMENTAL:

3.1.1 PREPARATION OF SOLUTIONS

Abc;t 0.17g of each dried polymer saﬁple was accurately
weighed and suspended in about 30 cm3 of redistilled methanol
in a 50 cm3 volumetric flask and allowed to stand for some
time until it had completely swollen. It was then allowed
to dissclve and was mixed by shaking. oOn complete dissolution,
the solution was made up to the 50 cm3 mark with methanol and
shaken vigorously to homogenisation. It was kept in the water

bath operating at 30 + 0.05°C.

3.1.2 VISCOSITY MEAS!UREMENT

The relative viscosities of the polymer solutions
were determined at 30 4 0.05% using an Ubbelchde dilution
visceometer which had an efflux time of 146.5 seconds for
methanel, The viscometer was cleaned by soaking it in a
freshly prepared chromic acid solution for at least 24 hours,
It was then washed thoroughly to romove all contaminants and
finally rinsed with distilled water., It was finally allowed to

dry by dralhing.

10 Cm3 of pure methancl was measured accurately into

the scrupulously clean and dry dilution viscometer. The
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viscometer was placed in the water bath maintained at

30 + 0.05% to thermally equilibrate, The efflux time

for methancol was determined repeatedly until reproducible
to within + 0.2 sec. The viscometer was emptied and
a2llowed te dry. 10cm3 of the polyvinyl acetate scolutien
was measured accurately inte the viscometer and the

efflux time at 30 + 0.05°C was determined as before.

5 cm3 of methanol was added to the 10 cm3 of the solution
in the viscometer and the resulting solution was mixed
thoroughly and carefully. The efflux time for this was
determined =lso, as before, In step of & cm3 of methanel
addition, four more dilutions of the polyvinyl acetate
solution in the viscometer were made and thelr corresponding
efflux times at 30 + 0.05°C werc determined. The above
experiment was carried sut for the polymer samples selected

for testing.

Plots of the specific viscosity (nsp/c) versus
polymer goncentration in g.d1-1 were made. The best
straight lines through the experimental points wore obtained
by the meEhod of least squares. The limiting viscosity
number[ ﬂJ' was obtalined for each polymer solution as the
intercept along the (nsp/c} axis as calculated above. Aalso,
. the Huggins constant k', was obtained from the slepe and

the [ﬂj of each straight line constructed,
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3.2 RESULTS AND DISCUSSION

The intrinsic viscosity of a solution is a function
of the molecular weight and the number average degree of
polymerisation (?ni of the solute. These quantities are
related by the cmpirical equation of Mark-Houwink-3akurada (1),

given as

where [ﬂ] is the limiting viscosity,
M, is the viscosity molecular weight,
K and g are constants for a given
polymer in o particular solvent at

a specific temperature,

For a polydispersed polymer preparation ﬁv is used and
is called the viscosity average molecular weight, The
limiting viscosities of the different polymer samples were
determined in purified methanol in an Ubbelohde viscometer

at 30 :_O.OSOC. The results are shown in tables 3.1 to 131.6,

3.2.1 DEPENDENCE OF {ﬂ]_DN (¥) CONVERSION

Figures 3.1 to 3.4 show the plots of [n] versus (%)
conversion using 1.50 and 1.00g.dm"3 of the initiator and
the four different monomcr concentrations previously

reported, In fig, 3.1 with 0.931q.dm'3 of vinyl acetate

- i
and 0.25g.dm 3 of the initiator, [ﬂ_jincruased sharply
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Variation of [TJ and Huggins constant (k') with
(%) conversion using 0.25c;t.clm"3 (SLS) and 1.Sﬂg.dm-3

(h25208).
Time of vinyl acetate concentration in g. am~> of mixture
polymerisation 0.931 2.851
= - 1
{mine) (%) [r.j’ Huggins (%) 1n]  Hugoins
Conver- ldl < astant conver- -ldl constant
sion g (k1) sion g (k)
3C 26.70 0.83 1.1977 9.40 0.87 1.1199
35 i0.14 1.16 0,255 13.54 1,14 0.2987
40 35,96 1.02 0.9305 17.44 1.02 0.5237
45 41.63 1.08 0.66898 20,71 0,78 1,4678
50 45.39 0.85 141122 24 .45 0.87 1.0078
TABLE 3.2

o

T
Varintigp of[;nJ and Huggins constant (k') with (%) conversion

us ing Otépg.dm;s (SLS) and 1.50 g.dm-% (K?Spos}'
Time of vinyl acetate concentration in g. dn~> of mixture
polymeri- 0.931 — 2.851
| r To]
sation (%) LN Huggins (%) LM ! Huggins
mins) Conver- ~1 constant conver- -1 constant
¢ sion 4 (k') sion Sl (k')
20 17.27 0.95 0.7711 - . -
25 30.52 0.98 0.8217 8.31 0,90 0.7694
30 53.86 1.00 09225 1271 0.99 04,5711
35 59.89 113 0.8676 19.21 1.08 0.3406
a0 71.66 1.21 0.5983 25.41 1.%2 03551

45 72.82 1.30 0.3515 33.48 0.98 0.8231

.




TABLE 3.3

Wy ] oottt
[Tp ]
Variation of ﬁsm and Huggins constant (k') with (%) conversion using 1.50 g.dn™> (SLS) and
-3
1.50 @“ln..ﬁ.n Aﬁmmwamuo . ’ ) . . e *
rime of Vinyl =2cetate concentration in @.aalw of mixture
polymeri- - N
sation 0.931 1.455 2,095 2.851 —
(mins.) . e
. 1 . N . R . 7
(%) [n]  ruggins (%) Ny Huggins (%) N, Huggins (%) [n)  mugstns
. ru; constant conver- ipnw constant conver- |HMH constant conver=- upaw constant
Ot g At (kM) sion 9 (k) sion 9 (k')  sion g (k)
510N :
20 _ 9,15 1.14  0.2154 - - - - - - = T -
25 . 38.80 1.29 0.0467  7.58 1.12  0.3996 3,44 1,00  0.3887 331 0.90  0.6105
30 62.77 1.27  0.6325  26.33 0.91 0.9288 18.70 0.88 1,1704 13, 04 1.06 0.3720
35 86.02 1,52 0.3259 40.68 1.01 0.8323  34.27 0.99 0.8152 19, 99 1.07 0.3128
40 94,16 1.50 0.3266 58.10 1.23 0.4106  46.47 1.10 0.4551 2,63 1.11 0.2993

& - - - 67.40 1.29  0.436  59.11 - 1.13  0.6562 41,12 1.50  0.0474




(SLS)
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— e e—— W e

0
(gl
TABLE _3.4
variation of Mj and Huggins constant (k') with (%) convercion using 2425 n.nalu
-3
1.50 g.dm Hﬂmmmomw
vinyl acetate concentration in m.a;:u
Time of
polymeri- - it i e o e S —-— i
sation 0,931 1,455 2.095
ﬂ_u._h..ﬂwm - u o —
- = = r .
(%) ﬂd Huggins (%) i Huggins (%) | n Huggins
conver- Mpl const nt conver- wHL constant conver- “.T constant
sion g dl (k*) sion g dl (x*) sion g dl (k')
15 27.00 1.01 0.9088 - - - - - =
20 58.01 1.08 0.9133 12553 0.82 1.3176 3.77 0.86 0.9845
25 £6,.135 1:37% Q.6226 36,28 0.85 1.0690 19.06 0.84 0.9818
30 96,37 1,22 0.7336 59.75 0.94 0.8901 AT 55 0.81 0.8515
35 97.99 1.32 0.6406 81,22 1:19 0.75 55.55 G.95 1,0999
40 ~ - - 94,29 1.36 0.65 78.92 1.24 1.0045
45 = = = - - - - - -
A @

anc

of mixturc

2.851
(%) | T Huggins
conver- M.- constant
sion g “di (k')
123 0.78 1.3677
21.70 0.81 1.3134
38.89 0.83 1.3166
54 .54 0.84 0.9816
75.14 1.01 1.0035




TABLE 3.5

7 o ——— —— — ———
w
Variation of ﬁjq and Huggins constant (k') with (%) conversion using o.wmm.aaiu (SL3) and
—3 o
1.00 g.dm - (K,S5,0,).
vinyl acetate concentration in @.aalu of mixture
Time of SR — [
nopwamnwi OIWUH ) P Ql&wm Nloow R e M.mmH
sation
| | 5 | .l |
(dnss 2 (%) [n'  tHuggins (%) M Huggins (%) [n'  tuggins (% ‘M|  Huggins
conver— rm; constant conver- Mun constant conver- rpt constant conver- “»L constant
sion g ‘dl (k') sion g 4l (k') sion g “dl (kt) sion g di (k')
30 11.99 0,78 1.3302 9.90 0,84 0.9917 B.46 0.90 0.5104 - - -
40 25,05 0.87 0.7110 20,16 0.88 0,9951 16.14 0.87 0.9954 9.83 0.91 0.7385
50 41,05 0.91 0.7528 32,77 0.93 1.0306 24.92 0.B88 0.4938 14.12 0.91 0.8984
60 69,41 3212 0.6718 48,17 1.02 0,5258 34.45 0.87 0.8640 22,08 0.92 0.7740
70 81.91 1.16 0.6221 68,91 115 0.6077 46,13 0.97 0.5884 28,58 0.94 0.7878
80 - - - - - - 56,36 1.09 0.4045 36.47 0.89 1.0399

cm v . E—— - - . E—




@ TABLE 3.6
5 S S e S s S vl e sl vt
Varisztion of ﬁjm.mwm Huggins constant (k') with (%) conversion using 2,25 m.aalw {SL.3) and
1.00 g.dm nxmmmomu
-3 .
. Vinyl acetate concentration in g.dm = of mixture
Time of —_ e
polymerie 0.931 1.455 . 2.085 e 2.851
sation "
2 = ! !
{mins.) ) ﬁj Huggins (%) ﬂjm © Huggins (%) ﬁj. Huggins {%) ﬁjw Huggins
. conver— HL constant conver- HL - ¢onstant conver-~ iHL constant conver- le constant
sion g dl (k") sion g di {k*) sion g d1 (k) sion g~ ‘d1 (k')
20 - 36.87 0.99 0,9705 27,23 1.04 0.7083 - - - - - -
30 _ 82.83 1427 Q.8142 67.14 1,20 0.7555 26.63 0.98 0.6567 95.02 0.93 0.5760
40 . 93,38 1,44 g.4716 95.25 1.33 0.6046 53.99 1.28 0.5173 37.93 1.00 D.6536
50 23.78 1,38 0,6469 98,70 1.37 0.5468 B4,91 1.75 0.46%20 50,88 1.05 0.9049
60 94 .66 1.39 06.5561 99.04 1.41 0.4879 87.%90 1.84 0.3490 32.76 1.23 0.8041
70 . 96,75 1.42 00,4915 99,60 1.30 0.6351 91.18 1.85 0.28823 92,57 1.43 0.7913

80 - - - - - - - - - 99,75 1.32 0.8205
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FIG.3-1 PLOTS OF [n ] VERSUS (%) CONVERSION OF POLYMER
SAMPLES OBTAINED USING (+) 0-25g. dm~3 (SLS) AND 0-931g.dm -2

VINYL ACETATE (0) 0-25g-dm-3 (SLS) AND 2-851g.dm=3 VINYL

ACETATE (D) 0-50g. dm-3 (SLS) AND 0-931g.dm- VINYL ACETATE
AND (4) 0.50g.dm=3 (SLS) AND 2-851g.dm-3 VINYL ACETATE WITH

INITIATOR CONCENTRATION AT 150g dm-3




to a peak at about 30% conversion and dropped sharply too
at higher (%) conversion. as samples of lower conversion
values werc not obtaincd during the kinetic study, it is
difficult to comment on the pattern of [ﬂ] for conversions
below about 25%. A5 the kinetic studies indicated,
coagulation occurred at conversions above about 45%, hence

results for samples with conversions above 45% are not

available. 1In effect, a peak with a value, [fﬁ}of 1.16 at
about 30% conversion was noticed for this curve. The curve
of O.2Sg.dm—3 of (SI8) and 2.851g.dm-3 of vinyl acetate

also showed sharp increase to a minimum at about 12,.5%
followed by a sharp decrease at about 21% and then an
increase again in [nj]with increase in (%) conversion. For
the samples obtained with 0.931g vinyl acetatec and 0.50g.dm‘3
of the emulsifier, there was a very gradunl increase in [ﬂl
with (%) conversion between about 10% to about 40% conversion,
then a sharp increase followed with further increase in (%)
conversion. The last curve of E).S()L_;.I:!rn"3 of the emulsifier and

2.851 g.dm“a of vinyl acetate showed a decrease in [ﬂ} after

1
the gradual increase in [ﬂj with (%) convergion.

The results actually indicate that low vinyl acetate
concentration with high [é;] of (SLS) at a given initiator
concentration give polyvinyl acetate samples with high
[Tﬂ valucs., And that during the polymerisation reaction,

-
the peak of Enj value occurs at higher (%) conversion, or
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at least, {ﬂ] shows a tendency to increase with conversion
and may not show a maximum. Lower initiator values also
appear to give higher [n:]values at all conversion when
[Soj and -[v'ﬁ.c] are kept constant, Hence in order to obtain
polymers with hiagh [n} values either at low or high degree

of conversion, low initiator concentration would be required,

A different pattern was obtained for the plots in
fig. 3.2 when the emulsifier concentration was increased
to 2.25 g.dm-a while the monomer concentrations were 0.931,
1,455, 2.095 and 2.851 g.dm™ >, Below about 40% conversion
of monomer to the polymer for all the curves, limiting
viscosity appears to be fairly constant though, it varied
slightly with vinyl acetate concentration. 1In all cases,

1

LN increased sharply after the initial fairly constant

value which extends to about A40% conversion.

In figs. 3.3 and 3.4, the initiator concentration
was reduccd to 1.009.dm—3 while two emulsificr concentrations
of 0.25 and 2,25 g.r.lm"3 were used respectively in the
polymerisation of vinyl acetate, The monomer concentrations
remained as 0.931; 1.455; 2.095 and 2.851 g.dm-3 respectively.

There was a common behaviour of Eri]with (%) conversion,

The limiting viscosity number had n fairly constant value
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FIG. 32 PLOTS OF [n,]VERSUS (%) CONVERSION OF PVAc
SAMPLES OBTAINED USING 2:25g-dm-~3 (SLS) AND
1-50g. dm-3 (K7S,0g) WITH MONOMER CONCENTRATIONS

OF (#+) 0-931; (0)1:455, (0)2-095 AND (A) 2-851g-dm-3



(n] (g=1-dD)

63

-3

1-0-

07 . .
5 40 ac

CONVERSION (%)

FIG. 3-3 PLOTS OF [n,] VERSUS (%) CONVERSION OF

POLYMER SAMPLES OBTAINED USING 0-26g.dm-3 (SLS)
AND 1-00g. dm-3 (K,S20g) WITH MONOMER CONCENTRATION
AT (+) 0:931; (0) 1455; (o) 2095 AND (A) 2-851g.dm~-3
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FIG. 34 PLOTS OF [n,] VERSUS (%) CONVERSION OF
POLYMER SAMPLES OBTAINED USING 2-25g dm-3 (SLS)

AND 1-00g.dm-3 (K2S,0g) WITH MONOMER CONCENTRATIONS
OF (4) 0931, (0) 1455, (O)2:095 AND (a) 2-851g.dm~-3
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below about 40% conversion followed by an increase towards
a maximum for each of the different curves in fig. 3.3. 1In
fig. 3.4, the four different curves on the other hand showed

1
an increase in [“J with (%) conversion,

The results in figures 3.1 to 3.4, indicate that poly-
vinyl acetate of different average molecular parameters are
obtained at different (%)} conversion. The major molecular
parameters that are expectad to influence [ﬂ] according to
theories of polymcr-solvent interactions include polymer
molecular weight, its distribution and prescnce and extent
of branching in the polymeric structurec, Different values
of [ﬂ] are obtained as a result of changes in N, kp and
Ri during the course of the emulsion polymcrisation of vinyl

acetate, From Smith-Ewart (10) theory,

]

N M {, :P'G
(En) = R and N e 4 ao

i
where (in) is the average degree of polymerisation,

[Hj is the monomer concentration and

(SOW is the emulsifier concentration,
L -3

Since [ﬂ] is proportional to (in) and in} is preoportional

to N, it follows that [n] should be proportional to N.

Hence an increase in [So] should lead to an increase in the
number of latex particles., Hence [n] and (in) should increase,
The results obtained in figures 3.1 to 3.4 support the above

to a reasconable extent.,
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EMULSIFIER CONCENTRATION (g.dm-3)
FIG. 36 PLOTS OF [n] VERSUS EMULSIFIER CONCENTRATION

AT 30% CONVERSION USING (+4) 0-931 AND (4)2-851g.¢m-3
VINYL ACETATE WITH |INITIATOR CONCENTRATION AT 1-:00g.dm-3
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3.2.3 THE DEPENDENCE OF HUGGINS' CONSTANT K' OBTAINED
FROM THE DILUTE SOLUTION VISCOSITY OF POLYVINYL
ACETATE ON THE (%) CONVERSION OF VINYL ACETATE
TO POLYVINYL ACETATE

Viscosity data as a function of concentration are
related by Huggins' equationg

n - .

S = [nj + k! [njz c

c

where k', the Huggins' constant is a constant for a polymer
of a fixed macromolecular structure dissolved in a given
solvent, The viscosity of the solution at zero concentration
of the polymer in solution is obtained by extrapclation.
Huggins' constant is a measure of the polymer-solvent
interaction and its values for given polymer-solvent systems
are not usually sensitive to molecular weight changes. The
value of W has been reported to be usually in the range of
0,3 < k' < 0.4, in good solvents for the solvents for the
particular polymer although, sometimes higher values may

be observed for poor solvents (23), Also, suggestions

have been made that large values of k' may indicate the

presence of aggregates in the solutions (23).

Figures 3.6 to 3,9 illustrate the variastion of Huaggins'
constont k', with (%) conversion using different monomer,
emulsifier and initiator concentrations., 1In fig. 3.6, the

monomer and initiator concentrations remained at 0.931 and
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1.509.dm‘3 respectively for all the different curves while
the emulsifier concentration was varied from 0,25 to
2.259.dm—3. The curve of 0.93ig.dm-3 vinyl acetate and

0.25g.dm™~>

(SLS) shows a sharp decrease followed by an
increase and another decrease and then an increase in

k' with increase in (%) conversion. A peak was noticed

for this curve =t k' of 0,93 at about 30% conversion.

The curve did not exceed 45% conversion because coagulation
occurred just around this value of (%) conversion. The
different values of k' obtained can be as a result of the
different nature of the polymers produced at different
stages of polymerisation. The initial decrease in the k!
value from about 1.20 to about 0.16 might be as a result

of the presence of linear, flexible polymer at this
conversion since the emulsifier concentration in the recipe
was very low at O.ZSg.dm-3. Thus therc¢ is maximum interaction
between the polymer and the solvent giving rise to a small
k' value. The sudden increase in k' might be due to the
presence of aggregates in the polymer. Hence, the polymer-
solvent interaction is minimised thereby increasing the k!
value., Towards the end of polymerisation, amount of monomer
in the recipe is reduced, thus branching is reduced on the
average per pelymer molecule and thereforc the polymer -
solvent interaction is increased thus k' value is also
reduced, The final increase in k! might be as a result

of the presence of some short chain branches in the polymer

leading to the ceoiling up of the polymer in the solvent thus
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reducing the polymer - sclvent interaction and hence
increasing k',

3 3

In the curve of 0.50g.dm - (SLS) and 0.931g.ém
vinyl acetate, there is o slight increaze in k' from
0,77 to a maximum value of 0.91 at about 55% conversion
before finally dropping to a minimum value of 0,36 at
about 75% conversion. There is no distinct peak in this
cu?*e. The gradual increase in k' value from 0,77 to
0491 could be explalned in terms of the presence of some
degree of branching in the polymcr produced over this
range of c¢onversion. In this case too, because of the
presence of same branching which can either be long or
short, the polymer = selvent intcraction is minimised
and k' is therefore increased. The decrease in k!
thereafter, towards the end of the polymerisation, can
again be accounted for by the decrease in the amount of
monomer in the recipe leading to a reduction In the degree
of branching earlier encountered, In this wise, the
pelymer -~ solvent interaction becomes bigéer hﬁd k* is thus

reduced,

The curve of 0.93lg.dm_3 vinyl acetate and 1.509.dm-3

{51,8) shows a decrease in kXt from 0,22 at 9% conversion to

a minimum of 0.05 at about 40% conversion before increasing
to the peak of 0,63 at about 65% eonversion. It later
dropped to a low value of about 0.33 at about 95% conversion.

The initial decrease in k' might be as a result of the
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reduction in the degree of banching thus the polymer -
solvent interaction bigger thereby reducing k'. The
high value of k' which followed could be explained in
terms of the presence of bulky side chains in the polymer.
The polymer in solution then tended to ceoil up thus,
reducing polymer - solvent interaction while k' becomes
large. At high conversion, monomer concentration is re
reduced, average degree of branching per polymer molecule
is reduced, polymer - solvent interaction becomes bigger
and k' value becomes smaller. This accounts for the
decrease in k' towards the end of the polymerisation for
this curve.

The last curve of 0.931g.dm‘3 vinyl acetate and
2.259.:1:.-‘"3 (8LS) shows a decrease in k' from 0.91 to
about 0.62 at about 85% conversion. The gradual increase
in k' from 0.91 to about 0.93 before the sudden decrease
is as a result of increase in the degree of branching in
the polymer, reducing the pclymer - solvent interaction
thercby increasing k'. The decrease thereafter at the
higher conversion might be due to inavailability of encugh
moncmer in the recipe., Hence, degree of branching is
reduced, polymer tends to be linear and polymer - solvent
is maximised and k' is thus reduced.

Figure 3.7 ilustrates the variation of Huggins

constant k', with (%) conversion using 2.85‘},(3.(1:11-“3 vinyl
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acetate and 1,50 g.dm3 (KstOB) with emulsifier concentration

ranging from 0.25 to 2.259.dm-3. The decrease in k'

from the initial high value, might be due to the appearance
of short chain branches compared to the long ones that

might have limited polymer = soclvent interaction thus

giving rise to high k', With short branches, polymer =-
solvent interaction is still faveoured to a rescnable extent
and k' values thus drop. The sudden increase again in

k* might be explained as an increase in the degres of
branching thus giving rise to a bulky polymer with restricted
movement in the solvent. In this respect there is minimum
polymer - scolvent interaction due to the coupact structure
of thc polymer and k! value thercefore rises, The final

drop in k' value might be as n result of a de¢rease in
monomer concentration tewards the end of the polymerisation
reaction, With the decrease in monomer concéntration,

degree of branching is reduced, polymer - sclvent interaction
is increased and corresponding decrease is notlced in the

kt* value,

3 3

With the curve of 0.50 g.dm ~ (SLS) and 2.85% g.dm
vinyl acetate, a decrease can be noticed in k' before the
occurence of a flat portion botween about 19 - 25%

conversion followed by a sharp decrease in k' with increase

in (%) conversion. The decrease in k' can be explained
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in teems of bigger interactioﬁ bétween fhe pelymetr and

the solvent probably as a result of the decrease in the
degree of branching. The flat portion after the decrease

in k' probably suggests that the same type of polymer was
produced over that conversion range at that time of polymeri.
sation, The increase in k! thereafter might be due to an
increase again in the degreé of branching in terms of
replacement of short chains by long chain branches. Polymer
movement in solution becomes difficult, ther.forc polymcr -
solvent interaction becomes small and a corresponding increasc
in k* is then noticed,

3 (SLS) and 2,851 g.dm"3 vinyl

The curve of 1.50 g.dm
acetate show a decrease in k' from 0.61 to about 0.3 at
20% conversion followed by a £flat portion over 20 - 30%
conversion and a final decrease to 2 minimum of 0,05 at
about 40% conversion. The initial decrease in k' is as
a result of bigger interaction between the polymer and
the solvent due to a feduction in the degree of branching
in tho polymer. The flat poxrtion agaln suggests the
occurence of the same type of polymer at that time of
polymerisation, The further decrease in k' might be explained
in terms of the replacement of the initial long chain
branches by short branches thus further incrcasing the
pelymer - solvent interaction thereby decreasing k' a little

further than before,

S
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The last curve of 2.852 q.drn-3 vinyl acetate and
2.25gndm-3(SLS) shows a decrease in k' from a high value
of 1.35 at about 8% conversion to about 1.00 at 75%
conversion. This curve actually shows a gradual decrease
in k* from a maximam value to a minimum value, The pattern
of this curve can be explalined in terms of the presence of
long and short chain branches in the polymer. The inltial high
high value of k' might be due to the presence of long chain
branches in which case polymef - sﬁiﬁent interation is a bit
restyicted hence the high k' value, The further decrease
in k' might be as a result of the replacement of the long
chain branches with short chainsg as the polymerisetion
reaction proceeds. The polymer - golvent interaction
becomes bigger than before and k' is further reduced.

In figures 3,8 and 3.§, thé initiator concentraﬁion was
1.00 g.dm > while emulsifier concentrations were 0.25 and
2.25g.dm-3 respectlvely for the two graphs, for the vari
various manomer concentrations of 0.931: 1.455; 2.095 and
2«851 g.dm"a. Fig 3.8 shows the variation of Huggins®

3 (sLs)

constant k', with (%) conversion using 0.25 g.dm
and the four different ménomer concentratlicons previously
mentioned. The curve of £.9531 g.»:irn"3 vinyl acetate shows
and initial sharp decreagse in k' from 1.43 to about 0.71

at 25% cohveréion before the gradual decrease to the minimum
of C.52 at about 82% conversion. The sharp decrease in k'
might be due to the replacement of the long chain branches

by short cones thus increasing polymer - s¢lvent interaction

and k'a.
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Further decrease in k' might be as a result of the
reductien in the number of the short chains making the
polymer tend towards being linear in which case polymer -

solvent interaction is maximised and k! value is further

reduced,

f't'he'cur\re of 1.455 g.dm-?’ vinyl acetate shows an
almost flat portion before a sharp decrease in k' from
1.03 to 0.54 at about 50% conversion, followed by a slight
increase again.in k' up to about 70% conversion, The initial
flat portion probably indicates the presence of the same
type of polymer over that conversion range, The decrease
in k' might be as a result of the occcurence of maximum
interaction between the peolymer and the solvent whereby the
polymer then exists in a flexible form. The increase in k!¢
thereafter might be due to some degres of branching in the
polymer in which case polymer - solvent interaction is reduced

and k' then increases,

The curves of 2.095 and 2,851 g.dm-3 vinyl acetate
both show an initial increase in k' before a decrease
and then a slight increase again in the case of 2.851 g.ci:n"3
vinyl acetate up to about 50% conversion. The initial
1n;rease in k* might be as a result of some bulky groups
attached to the polymer chain thereby limiting polymer =

solvent interaction thus giving rise to a high k'. The

decrease thereafter might be due to a reduction in the
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bulky group in which case pelymer-solvent interaction
bacomes bligger and k' gets smaller. The sudden rise

again in k' for the curve of 2.851 g.dm‘3 might be due

to an increase in the degree of branching leading to winimum

polymer solvent - interaction and therefore a high kt value,

Figure 3,9 illustrates the variation of Huggins

3 3

constant k', with 2.25 g.dm ~ (SLS) and 1.00 g.dm

(K,5,0g) using 0,931; 1.455; 2.095 and 2.851 g.dm™> vinyl
acetate, In this graph, all the curves show the same

patitern of a slight decrease in k' up to about 85%
conversion followed by a sharp detrease {o the minimum of
different values for the various monomer concentrations
studied, For the curves of 0.931 and 1,455 q.dmﬁ3 vinyl
acetate which continued up to z2bout 98% conversion, a

sharp lncrease followed the initial decrease in k', The
slight decrease in k' can be explained in terms of a

gradual decreésé in the degree of branching giving rise to a
steady increase in polymer - sclvent interaction and
therefore a gradual decrecase in k', The sharp decrease

in k' thereafter might be due to on almost complete

- disappearance of branching in which carse there is an
increase in polymer -~ solvent interaction and a corresponding

decrease in k'. The sudden increase again in k' for the
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The kinetic study of the emulsion polymerisation of
vinyl acetate shows the following;

(1) an induction period which increases as the
emulsifier concentration increases - interpreted as the
time required for the proper interaction between the

monomer molecules and the initiating free radicals.

(i) linear variation of (%) conversion with time over
a range of conversion which increases as the emulsifier
concentration increases, but not exceeding 20 - 80%, over

which the overall ratz of polymerisation is determined,

(iii) aggregation, especially at higher (%) conversion
and very low emulsifier concentration, interpreted as the

inability of the emulsifier to stabilise the latex particles,

(iv) decrcase in polymerisation rate with increase in
monomer concentration and decrease in initiator concentration

at the particular temperature of 55 :'O.OSOC (used here).

(v) decrease in the exponent n, of [SO] in the

expression Rp & rso]n with decrease in initiator concentration,
—

The different values obtained for the limiting viscosity

and Huggins' constant from the viscosity study show that;
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(i) low vinyl acetate concentration with high {SO]
of (SLS) at 2 given initistor concentration give polyvinyl

acetate samples wlith high {ﬂ} values.

(ii) polyvinyl acetate samples of differant molecular
parameters, as shown from the values of Huggins' constant,
are produced at different times of polymerisation using

differcnt monomer, emulsifier ond initiator concentratlons.

RECOMMENDATTION

More work should however be done on ﬁhe emulsion
polymerisation of vinyl acetate boelow the critical
miCellg concentration of (3L3) using higher monomer
concentrations than investigoted in this work. The effect
of these monomer concentrations and other parameters should
ba studied in the characterisation of the polymer samples.
The résults in the present study suggest that when the
monomer congentration of [monomer}/[ﬂzol ratio is sufficiently

high, no polymerisation might be cxpected, or the induction

time for polymerisation might be unusually long.
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APPENDIX 1_
Polymerisations with 0.25g.dm-3 (SLE) and
-3
1.50 g.dm™" (K,S,0.).
Time of Monomer concentr~ tion {g.dm'3) of mixture.
polymeri-
G.931 1.455 2.095 2.851
sation -
(mins.) {#£) Conversian
20 12.16 7.53 10,75 0.36
30 26,70 16.91 20.54 9.40
35 30.14 22,71 24,32 13.54
40 35,96 2T 27 29.06 17.44
45 41,63 32.38 32,54 20,71
50 45,35 40.23 39.42 24 .45
APPENDIX 2
Polymerisations with 2.25 g.dm'3 {S5L5) ~nd
w
1.50 g,.dm (K2$208).
Time of Monomer concentr-tion (g.dm:s_) of mixture
polymeri-
Labion 0.931 1,455 2.095 2,851
(mins.) (%) Conversion
15 28,79 - = =
20 58,01 11.51 3.77 -
25 86.53 36.28 19.06 7.23
30 96,37 59,75 3758 21,70
35 97.99 81,22 55,55 38.89
4Q 98 .94 94 .29 718.92 54.57
45 99.14 94 ,41 94,30 75.14

50 - 96.55 97,77 93.84
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Polymerisations with 0,25 t;,l.drn"'3 (SLS)
and 1,00 g.dm"3 (K.9.0.%

2"2°8
Time of Monomer concentration (g.dm—g) of mixture
polymert- 0.931 1,455 2.095 2.851
sation e e e
(mins.) (%) Conversion
40 25.05 20.16 16.14 9.85
50 41.05 32.77 24.92 14,12
60 69.41 48,17 34,45 22.08
70 81,91 68.91 46,13 28,58
80 - - 56.36 36.47
90 - - - 48,91
APPENDIX 4
Polymerisations with 2.25 :;;.dm"3 (SLS) and
-3
1.00 g.dm™~ (K,S,00).
TiTe ofi Monomer COHCQHtE?tiOh_iE;dm;jl of mixture
polymeri- o
(mins,.)
(%) Cenversion
20 36.87 2723 ~ -
30 82.83 67.14 26 .63 902
40 93,38 96,25 53.99 37.93
50 93,78 98,70 84,91 60.88
60 94,66 99.04 87.90 92.76
70 96,75 99.60 91.18 99.51

80 -~ - - 99,75

- -
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Variation of {n} with emulsifier concentration

-3
using 1.50 g.dm (K25208).

e -

Emulsifier Monomcr concentration (g.dm"3> of mixture
concentration

SRERIEIRSSE 0.931 2,651

_3 - mee & e -
(ge.dm 7) 1 ”
[ﬂJ g = ax

0,25 1.16 0.95

0.50 0.96 0.84

1.50 1.25 1.12




