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1.0 INTRODUCTION

‘Dear Colleagues, leave the concept of large molecules well alone....there can
be no such thing as a macromolecule’. It is said' that this advice was given to
Herman Staudinger just 70 years ago cfteq:‘lhe delivered a major lecture devoted
to his evidence in favour of the macromolecular concept. Today it seems almost
impossible that this violent opposition to the idea of the existence of polymer
molecules could have existed in relatively recent times. Now polymers have
become a part of modern life. Being essential to clothing, shelter, fransportation

and communications as well as to the conveniences of modern living, they are

truly indispensable to mankind.

In 1909, the first ever commercial polymer "Bakelite' that could be moulded into
hard infusible articles was prepared. In 1912, Jacques Brandenbarger introduced

‘celiophane' and since then scientific study and research in polymers have been

ever growing.

1.1 what are Polymers ?

According to {UPAC definition "a polymer is a substance composed of molecuies
characterized by repeatation of one or more species of atoms or groups of atoms
{constitutional units) linked to each other in amounts sufficient to provide a set of
properties that do not vary markedly with addition or removal of one or a few of
the constitutional units'. More simply a polymer is a long molecule built up by the
repeatation of simple chemical units held together by primary covalent bonds

along the molecules.



When the repeating units in a polymer are of one type, they are termed as
homopolymers while if the repeating units are of two or more different types, they

are termed as copolymets,

Polymers may be classified according to their origin, nature of polymeric
backbone, mechanism of synthesis or according to the arrangement of

monomeric units in them.

Polymer
Synthetic Natural
Organic inorganic Organic Inorganic
| 1
Condensation Addition
Block Graft Alternate Random

1.2 Polymerization

The process of synthesls of polymers is termed as polymerization. According to
Carothers® 'Polymerization is intermolecular combinations that is functionally

capable of proceeding indefinitely'.

Polymetization processes can be divided into three subclasses based on the

medium of polymerization



Polymerization in homogeneous medium
Polymerization in heterogeneous medium and

Polymerization in solid phase

1.2.1 Polymerization in Homogeneous medium

This can be carried out as bulk or solution polymerization.

U

(i)

Bulk Polymerization : In this, monomer is Initiated without using any soivent.
This is practiced where the reactions are mildly exothermic and most of the
reactions occuf when the viscosity is low enough for ready mixing. The rate
of reaction usually was found to be constant initially and then rises sharply.
The increase in rate has been atiributed to autocatalytic explosive or gel
stagesa3 of the reaction. The molecular weight is independent of the

monomer concentration.

Solution Polymerization : in this, the polymerization is carried out in the
presence of solvents. It is advantageous from the standpoint of heat
removal and control. Like bulk polymerization it shows a definite period of
induction, followed by linear rate of reaction in the initial stage but later the
rate increases to a limiting value®. The degree of polymerization is related

to the solvem‘[S}}monomer[M] molar ratio by the equation

P'= P+ KIS)/M

where P and P, aie the degrees of polymerization with and without solvent

and K Is a constant®.



1.2.2 Polymerization in Heterogeneous medium

This can be carried out as gas phase, precipitation, suspension and emuision

polymerization.

(i)

(i)

(iif)

Gas phase Polymerization : in this type, as the polymer molecules grow in
size they will cease to be subject to the laws of the kinetic theory and
instead constitute a new phase in the system®. As a result, reactions which
are initially truly homogeneous soon pass over to heterogeneous ones. The
result of this is that instead of the monomer molecules merely colliding with
the growing polymer, they are first adsorbed from the vapour onto the

polymer particles, subsequently the reactions take place within the

particles.

Precipitation Polymerization : In this type, the polymer being synthesized is
insoluble in the monomer or polymerization is performed in the presence of
non-solvent for the polymer. The kinetics deviates from that of
homogeneous bimolecular termination and is not effective as a result of
trapping or occlusions of r(adicals in the unswollen, tightly coiled

precipitating polymer’.

Suspension Polymerization : in this type, polymerization is carried out in an
aqueous medium by dispersing the monomer into fine droplets of §.01 - 0.5
cm diameter using surface active reagents. The polymer formed aiso
remains as a dispersed phase. In this type initiator is dissolved in the
monomer phase and kinetics of polymerization resembles more to bulk

polymerization process.



(tv] Emulsion Polymerization : The polymerization is carried out in an aqueous
medium by dispersing the monomer to droplets using surface-active agent,
the concentration of which is above critical micellar concentration. The
polymerization nucleation takes place in monomer swollen micelles. The
initiator is located in the aqueous phase and the monomer-polymer
particles are of the order of 10? nm in diameter. The kinetics of emulsion

polymerization differs significantly from that of butk polymerization.
Further details are discussed in 1.3.1

1.2.3 Solid Phase Polymerization

The term includes all types of polymerizations in the solid state such as crystalline
and glassy states of pure monomers with other compounds®’. The development
of solid state polymerization was largely due to the high energy radiation which
helped to carty out the reactions at lower tempetratures at which monomers exist
in the solid state, and ied to the production of new types of polymers. Solid state
reactions are followed by non-destructive techniques such as optical and electron
microscopy, electron spin resonance, DTA, X-ray diffraction, IR and Raman
spectroscopy and high resolution NMR spectroscopy to get experimental data on
molecular structure, molecular packing and molecular vibrotipns in monomer
crystals as well as on the configuration and conformation of the resulting

polymetrs.



1.3 Emulsion

As we have catried out polymerization in microemuision medium which is a further
extension of emulsion system the necessary details of emulsion and emulsion

polymerization are discussed here.

A liquid phase dispersed as fine droplets in another immiscible liquid phase is
known as emulsion. Emulsions are of two types : oil dispersed in water {o/w] and
water dispersed in oil {w/o). For stabilization of emulisions either very small
droplets with a charge on the drops is needed or a third “stabilizing agent' that
would prevent coalescence of the droplets coming in contact is needed. The
stabilizing agent forms an oriented interfacial film atf the liquid-liquid interface.

This oriented tilm performs two functions:

{H It reduces the interfacial tension between the liquids and
(i) It decreases the rate of coalescence of the liquid particles by forming

mechanical, steric and/or electrical barriers between them'®,

Based on the size of the dispersed particles, three different types of emulsions

have been distinguished. They are :

{1 Macroemuisions which are opaque with particies >400 nm; generaily in am

size.

{ii} Miniemulsions, transparent or transiuscent dispersions with particies between
100 - 400 nm and
{iii) Microemulsions, transparent dispersions with particles < 100 nm in size,

ideally between 10 - 40 nm.



All these types of emulsions are being used as polymerizing media.

1.3.1 Emulsion Polymerization

Emulsion polymerization is g reaction technique which is used to produce polymer

collolds from monomet: via free radical reactions. In the initial stage of the

reaction three types of particles are observed in the reaction medium'' :

1] emulsified monomer droplets of size 10° - 10* nm range,

{if) soap micelles containing solubilized monomer of size ~10 nm and

(Hi)

growing emulsifier stabilized polymer particles swollen with monomer and

having 50 - 100 nm size.

t
Con inuous oque:‘us phase. Emulsified
2 onomer -
p X menten T monomer
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Ir polymer
particle
~i00 nm
Fig.l.

Schematic representation of an emulsion
polymerization system.



The initiator is usually present in the continuous phase. Polymer latex particles are
generated by two simultaneous processes. One is the entry of the free radicais
from the external medium into the micelles (micellar nucleation)'?. The other

involves the polymer formation in the continuous phase of soluble oligomeric

radicals (homogeneous nucleations)'?.

Three distinct Intervals are observed in emulsion polymerization (Figure 1)'*'¢.
interval | corresponds to the initial period of poiymerization where the particles are
nucleated. As the particles grow, they are stabilized by absorbing surfactant from
surrounding micelles. By the end of interval |, the micelles have either been
nucleated to form new polymer patticles or depleted to stabilize those particles.
Most of the polymerization occurs in interval il where the nucleated polymer
particles continue {0 grow due to diffusion of monomer molecuies from the
monomet! droplets through the continuous medium and into the particies. Finally,
at interval i all of the monomer in the monomer droplets is consumed and oniy

the monomer in the still-swollen particles remains to be polymerized.

in emulsion polymerization both the polymerization rate, Rp and the number

average degree of polymerization , DP are proportional to the number of polymer

particles N, according to :

Rp= Ko NTi [M], /N,

DP = 2K, N7 [Ml, /R,

where K, is the propagation rate constant, A is the average number of

radicals/particies, R, the rate of radical generation, {[Mj, the monomer



concentration in the particles and N, the Avogadro number. Thus an increase in N

leads to a simuitaneous increase in R, and DP.

Emulsion polymerization is carried out in batch, semicontinuous and continuous
reactors. The type of teactor system and the way it is operated can have

significant effects on the polymerization kinetics and the characteristics of the

latex produced.

Particle size distribution (PSD} is expected fo be narrow for a batch reactor
products as all the patrticles have the same age. In a semicontinuous system if
the nucleation period is short, the PSD can be narrow. If however, nucleation

period is expanded, broad PSD's are produced.

Higher molecular weight can be obtained if semi continuous reactor is operated in
monomer starved mode. The high viscosity within monomer starved particies

reduces the rate of termination and higher molecular weights are resulted.

1.3.2 Miniemulsion Polymerization

It polymerization is carrled out in the emuisions with smaller droplet sizes {100 -
400 nmj) it is termed as miniemulsion polymerization, This was studied by Ugelstad
et al'’” who pioneered the research in monomer droplet nucfeation, and showed
experimentally that by dispersing the monomer into submicron size stable
monomer droplets the area available for radical capture was increased drastically

and monomer droplet became the main locus for patrticle formation.



Chamberlain et al'®, Choi et al'® and Delgado et ai?® studied miniemulsion
polymerizdﬁon using water soluble initiator and showed that radicals entry to
miniemulsion droplets and the subsequent particle formation was a process of low

efficiency and_ that only a fraction of the original number of droplets gets

initigted.

Chamberlain et ai'? studied polymerization of styrene in miniemulision dropiets and
found that polymerization rate is higher for a systemn designed to give smalier
droplet size than one with larger one. It was found that for the system with smaller
droplet, particle size distribution is less than one with larger particle size. The
latex produced from former was reasonably monodisperse. Similar observations
were made by Hansen and Ugelstad?' that droplet initiation leads to more

monodisperse latexes if a water soluble initiator is used for initiation.

1.3.3 Microemulsion Polymerization

As the present work is in microemulsion polymerization all relevant aspects of it

have been discussed here.

N Microemulsion

The term 'microemulsion' was introduced by Schulman???‘ in 1959. It has been
defined as ‘a thermodynamically stable, isotropic clear dispersion of two

immiscible liquids, consisting of microdomains of one ot both liquids stabilized by

an interfacial film of surface active molecules®®.
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The formation of microemulsion has been attributed to the development of very
small or even negative interfacial tension?**® which resuits due to the free energy
decrease associated with the entropy of dispersion far outweighing the increase in
interfaclial energy accompanying the creation of interfacial area. Thus the free

energy change due to mixing, AG,, . is negative resulting in spontaneous formation

of microemulsion?’.

Role of short chain alcohols is well known in microemulsions: It helps to

- fluidize the interface

- decrease interfacial viscosity

- destroy the lameliar liquid crystalline structures,

- provide additional interfacial area

- reduce electrical repuision between droplets by decreasing surface
charge density.

- induce appropriate curvature changes.

On polymerization of microemulsions containing short chain alcohols, phase
separation occurs. This instability can be attributed to the complex effect of
entropic increase of free energy as a result of conformational limitations and the
limited solublilities of polymers in cosurfactani. Hence, recently number of

workers?®3° have reported microemulsions without cosurfactants.
Contrary to emuisions which are w/o or o/w type, microemulsions can adopt a

large variety of structural organizations. Figure 2 gives an illustration of the most

common structures encountered in microemuisions.

11
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Fig. 2 : Wustiation of some phase equilibria encountered in muiticomponent

systems

in the water and oil rich regions of the monophase domain {over a macroscopic
scale}] of the phase diagram, microemuisions consist of uniform and spherical
dropiets surrounded by a surfactant iayer and dispersed In a continuous medium.
The particle size is 10-40 nm, which explains the optical transparency of these
systems. In the intermediate reg‘iqns, the structure is no morg globular (droplefs)

and the surfactant film has a spontaneous curvature close 10 zero. it is commonly
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described as disordered bicontinuous in which aqueous and oily domains are

interconnected over macroscopic distances or locally lameliar.

Microemulsions form numerous equilibria. The well known Winsor phase equilibria
are illustrated in figure 2. In Winsor | (W-1) systems, an oil/water microemulsion is
in equilibrium with excess oil. While W-ll systems consists of a microemulsion
(surfactant dissolved in the oil) in equilibrium with excess water. In W-ill systems, a
middle phase microemulsion coexists with both oil and water excess phases. W-Ii

and W-ll microemulsions are of globular form while the W-lll middie phase is

bicontinuous®'.

(i) Polymerization in Microemulsion

As a consequence of the extensive studies performed on microemulsion systems
after 1974 oil crisis, in early eighties, a new interest developed for the
polymerization in microemulsions. A primary goal of the investigators was to
produce thermodynamically stable iatex in the nanosize range (<50 nm} which are

not attainable with the classical emulsion polymerization process.

Microemulsion polymerization of monomers may be achieved by incorporating «
monomer in any of the water or oil phases of the system. Replacing dispersed
phase by a monomer in a o/w microemulsion spherical latex particies of optimum
diameter are produced. However, solid material may be produced if the

continuous phase is polymerized entrapping the dispersed phase in its matrix.

Mechanism of Polvmerization : Various studies®?®® have shown that the diameter

of the final latex particles during microemulsion polymerization ranges between 25

13



to 60 nm, which is much larger than that of the initial micelles 5 - 10 nm. These
results indicate that nucleated particles grow by addition of monomer from other
micelles, either by coalescence with neighbouring micelles or by diffusion of
monomer through the continuous phase. Both mechanisms can be opetafive
when droplet is mainly of steric origin®®., Monomer diffusion from inactive micelles
tfowards active particiles should be the dominant process in  agueous

microemulsions which are electrostatically stabilized.

In microemulsion polymerization each final microlatex particle contains a very low
number of polymer chains of high molecular weight. The determination of the
number of polymer molecules/particles, N, is made from the final latex particle
size and the polymer weight. The unusual finding of No=1, which does not follow
the Smith-Ewart theory, and number of polymer particle increasing steadily led
Candau et at®*’ to suggest that microemuision polymerization kinetics are

characterized by a continuous particle nucleation.

Two main factors control particle nucleation in general :
(i) the ratio of monomer mass over surfactant mass and

(i) the overall rate of radical capture (entry rate) over particle number R./N.

Kinetics of ofw microemuision polymerization : Kuo et ai®*® and Guo et ai®*3%%°
studied the variations of the rate of polymerization, Rp and the degree of
polymerization DP as a function of initiator concentration and light intensity on

styrene/SDS + 1-pentanol/water microemulsions.

in conventional emulsion polymerization {initigtor is in the aqueous phase] R, and

DP, follow scaling laws of initiator concentration accordingly*®*%.

14



Rp « [

DP « [
Emulsion polymerization of styrene gave x = 0.4 and y = 0.6 values for the above
exponent. in miniemulsion polymerization of styrene the same value of x (x = 0.4)

was obtained when a water soluble initiator was used. But smaller value x = 0.2

was observed when the oil soluble initiator was used'’.

A more complex behaviour was observed for the polymerization of styrene in
microemuisions. It was observed that the values depend on the type of initiator
used and on whether the initiation is thermal or photochemicai®®®*. The
polymerization rate conversion curves show only two intervais with no constant rate
interval in microemulsions. Interval | is attributed to the nucleation stage; it

increased to a maximum which marked the onset of interval iil, which is attributed

to termination stage.

A lower rate of polymerization was observed for acrylates?**®*® in microemulsions
than in conventional emulsions. This type of results dre expected for solution
polymerization while the opposite trend should be obtained in microemulsion due
to large number of micelies present in the medium (Rp «= NJ). Most of the kinetic
studies on o/w microemulsic;r'\' polymerization are very recent and are stili under
extensive investigations by various groups. It is expected that considerable
progress with regard to the mechanism will be brought about in the near future

and will provide better insight in the understanding of these complex systems.

Work carried out in this area of microemulsion polymerization is discussed in brief

here. A part of the work is referred earlier while explaining microemuision

15



polymerization, whereas, selected references are discussed in text and others are

listed in the Table 1.1for easy referencing.

1.4 Review of work done in microemulsion polymerization

From the literature survey it is seen that work has been cairied out for the
microemulsion polymerization using thermal, photochemical and high energy
tadiation initiation in the dispersed medium and in the continuous medium of
oil/water, water/oil microemulsion and in bicontinuous microemulsion. The

monomers studied were mainly styrene, acrylates, acrylamides and vinyl acetate.

Styrene

Extensive studies have been carried out on microemulsion polymerization of
styrene since 1981 when Atik and Thomas** first reported o/w microemulsion
polymerization using AIBN as initiator. Monodisperse spherical latex particles
having diameter in the range of 350 + 30 A® were produced. They also reported
that when photopolymerization is carried out using Cs radiation source the latex
particle size went down to 200 + 20 A° **. Tang et al*® reported styrene
polymerization at 50 °C which took very long period {8 days} and showed bimodal
distribution of molecular weights. Johnson and Gulari*® tound a good correlation
between the latex particle size and droplet size when oil soluble initiator AIBN was
used. Rabagliati et al*’ studied the polymerization using anionic - non-ionic
surfactant mixture and AIBN and KP§ as initiator and found inverse dependence of
the DP on initiator concentration. Qutubuddin et al*® have shown that
polymerization of styrene in W-i, W-Il or W-lil systems can lead to novel porous

solid materials with interesting morphology and thermal properties. Guo et

16



al**3®3 carried out a detailed study on the polymerization of styrene

microemulsions prepared from water/SDS and 1-pentanol as cosurfactant, using
KPS and AIBN Initiators at 70°C. A kinetic investigation of polymerization was
carried ou} to determine the polymerization rate, latex particle size and molecular
weight and its distribution. A mathematical model was developed to simulate the

polymerization kinetics of styrene.

Graetzel et al*’? studied photopolymerization of styrene microemulsion and found
that Rp was similar to radical initiated emulsion polymertization. Kuo et al®*® have
reported photochemical polymerization using dibenzyl ketone and UV light of
313410 nmm. The particle size of produced latex was in the range of 30-60 nm

and polydispersity was 1.6 - 2.2, It was found that Rp and DP depended on DBK

initiator and light intensitly.
Rp= [DBK]®? L°2
DP = [DBK]®* %2

Holdcroft and Guillet®® using pulsed UV lasers polymetrized microemulisions of

styrene,

Jaykrishnan and Shah*® reported the polymerization of both styrene and MMA and
observed lower rate of reaction, for both the monomers, than classical emulsion
using the same surfactant. Feng and Ng®' studied styrene and MMA polymerization
using Raman spectroscopy. AIBN and KPS initiators were used. KPS initiated
systems resulted in higher initial rates though AIBN resulted with higher total
conversions. They reported that polymerization rate for MMA is higher than that of
styrene. Number of othes workers®?'%? carried out various studies on different

aspects of polymetrization of styrene in microemuision.

17



Methyl methacrylate and other Acrylates

Thermal polymerization of methyl methacrylate and acrylate in microemuision was
originated in 1980 when Stoffer and Bone flrst reported it for MA and MMA®%4°,
Since then extensive worik is being carried out especially since 1990 onwards. The

use of cosurfactant is being avolded by large number of workers?®:3°- 7071

In the pioneering work Stoffer and Bone®®*’ studied the phase behaviour of
SDS/pentanol/methyl methacrylate or methyl acrylate/water systems before and
after polymerization. in the polymerization of the continuous phase of

microemulsions phase separation occurs.

Gan et al’®’*7% have carried out extensive work on microemuision polymerizations
of MMA and other acrylate monomers, using various type of suwrfactants. On
polymerizing a system of MMA/CTAB/water with KPS it was found’® that turbid
emulsions can be changed progressively to transport microemuision by merely
increasing surfactant concentration. Two rate intervals were observed for
microemulsion and an additional rate interval was observed for emulsion
polymerization., Microparticles obtained ranged from 146 to 30 nm and molecular
weight of PMMA was observed fo be 5.7 x 10%°. Micro emulsion polymerization
using STAC surfactant’® resulted in transparent latex, stable for ~ 1 year and a
constant rate of polymerization: was observed with low initiator concentration.
Bicontinuous microemuision polymerization of MMA using DDAB resulied in

microporous material with high surface area’®.

Bleger et al’! studied the particle nucleation in microemulsion polymerization of

MMA using DTAB and DDAB. The reaction was reported to follow two stage

18



polymerization with nucleation mainly on the water phase irrespective of the type
of initiator. Nucleation was reported to be continuous through out and occurs
mainly in microemulsion droplets. Lusvardi et al’’ studied the phase behaviour
and microstructure of polymerizable microemuisions of alkyl methacrylates using
mixed surfactants DTAB/DDAB. Polymerization of tetrahydrofurfuryl methacrylate by
Full et al’® at 60°C using KPS with AOT resulted in particlies with 25-34 nm and
molecuiar weights of ordet 107, Gupta and Eicke®® carried out polymetization of
cycichexylmethaciyiate monomer as an oll phase in water-in-0il microcemulsion in
the presence of AIBN Iinitiator and allyl methacryiate cross linker.

Characterization of {atex was done by using SEM and showed that the products

were porous in nature.

Schauber and Rless?' polymerized cyclohexyl methacrylate with tetramethylene
dimethacrylate cross linker by photoinitiation to stable microlatexes containing 5-
10% solid and particle size of 10-30 nm. Chieng et al®? studied polymetization of
MMA and 2-HEMA using ethylene glycol dimethacrylate crosslinker and $DS as

surfactant by photochemical initiation with dibenzyl ketone which resulted in

microporous polymer.

Gan et al®® replaced $DS by a polymerizable surfactant, sodium
acrylamideoundecanoate in the polymerization of MMA and acrylic acid. It was
found that the polymerization of MMA and acrylic acid (AA}) in these
microemulsions produced transparent solid polymers. Number of other

workers’224%% nas carrled out polymerization in microemulsion using acrylate and

methacrylate monomers.
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Acrylamide

Leong and Candau®® first reported microemulsion polymerization of acrylamide in
1982, to obtain inverse latex of <500 A° in diameter by the photopolymerization
of acrylamide microemulsion ‘by dispersing a water-acrylamide mixture in toluene
with AOT as surfactant. Since then extensive work was carried out and reported by
Candau et ql®742:97:100-104  Ccandal et al'®' carried out polymerization of
acrylamide and sodium acrylate microemulsion in Isopar M. stabilized by a non-
jonic emulsifier blend of sesquioleate sorbitan {Arlacet 83; HLB 3.7} and
polyoxyethylene sotbitol hexaoleate with 40 ethylene oxide units (HLB 10.2} to
result in the appearance of turbidity and increase in the viscosity of the medium.
A detailed study®’ on the kinetics of the acrylamide polymerization in
microemulsion using AIBN and K,$,0, showed that clear and highly stable latexes
were produced In the system. The recent studies of Carrer et al’®*®® showed a
detailed kinetic analysis of polymerization of acrylamide inverse microemulsions.
in three different systems (i.e. toluene, heptane and benzene} the rate of

polymerization R, was found to be 1.06, 0.73 and 0.55 respectively’’. Number of

105119

other workers have studied microemuision polymerization of acrylamide

studying its various aspects. Several patents have been listed to Candau et

al'?®'?2 in inverse microemulsion polymerization.

Vinyl Acetate

Donescu et al'?®*'?* 1gported polymerization of vinyl acetate in SDS-propanol
microemulsion system and observed siower polymerization rate than for regular
emulsions. Structure of polymers was studied using viscometry and

conductometry. Anghel et al'?® studied phase behaviour of vinyl acetate-water

20



systems in the presence of various surfactant and cosurfactant mixtures during
thelr polymerization. Donescu et al'?*'?’ studied the kinetics with respect to the
initfiator ammonium persuiphate to be first order using ethoxylated nonyl
phenol/propancl surfactant system. The polymerization rate and molecular weight
decreased with increasing SDS and propanol concentrations in polymerizing

microemulsions of vinyl acetate/SDS-propanoi/water and APS as initiator'?®,

Aniline was polymerized in microemulsion to yield conducting polyaniline of
10-35nm diameter'??. Corpart et al'*® synthesized ampholytic copolymers of high

molecular weight and charge density by free radical polymerization.

1.5 Proposed Work

Microemulsion polymerization is an upcoming technique having _wide ramifications
in future industrial quality product devetlopment. One of its applications will be in
the field of surface coatings. it was proposed to study microemulsion
polymerization, the properties of the polymets synthesized as it is dependent on

the polymerization process and its relevance to surface coatings.

The proposed work is as follows :

1. Determination of the phase diagrams of MMA, MMA-BA {1:1 w/w) and BA

using SDS as surfactant.

2. Optimization of various reaction conditions for the copolymerization of

MMA-BA {1:1 w/w} in microemulsion in batch process using SDS.

21



Kinetic study of MMA, BA and MMA-BA (1:1 w/w) in emuision and
microemulsion medium with respect to temperature, KPS concentration and

monamer concentration.

Semicontinuous copolymerization of MMA-BA {1:1 w/w] using disodium
diphenyl oxide disulphonate {Dowfax 2A-1] and sodium dodecy! sulphate.
Optimization of reaction conditions using disodium diphenyl oxide

disulphonate {Dowfax 2A-1).
Characterization of the products synthesized in batch and semi continuous
process for tacticity, molecular weights, thermal properties and solution

properties through NMR, GPC, TGA-DSC and viscosity studles respectively.

Characterization of the latexes for their particle size, film forming property

and thelr use in paint formulation.
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