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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 said1 that this advice was given to 

Herman Staudinger just 70 years ago after he 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, transportation 

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 

'cellophane1 and since then scientific study and research in polymers have been 

ever growing.

1.1 What are Polymers ?

According to IUPAC definition 'a polymer is a substance composed of molecules 

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 units1. 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.
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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 copolymers.

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

------------------------------------ i
Condensation Addition

Block Graft Alternate Random

1.2 Polymerization

The process of synthesis of polymers is termed as polymerization. According to 

Carothers2 'Polymerization is intermoiecular combinations that is functionally 

capable of proceeding indefinitely'.

Polymerization processes can be divided into three subclasses based on the 

medium of polymerization :
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(a) Polymerization in homogeneous medium

(b) Polymerization in heterogeneous medium and

(c) Polymerization in solid phase

1.2,1 Polymerization in Homogeneous medium

This can be carried out as bulk or solution polymerization.

(!) Bulk Polymerization : In this, monomer is initiated without using any solvent. 

This is practiced where the reactions are mildly exothermic and most of the 

reactions occur 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 attributed to autocatalytic explosive or gel 

stage3 of the reaction. The molecular weight is independent of the 

monomer concentration.

(li) 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 rafe of reaction in the initial stage but later the 

rate increases to a limiting value4. The degree of polymerization is related 

to the solvent[S}/monomer(M] molar ratio by the equation

p-1 = po-1 + K [S]/[M]

where P and PQ are the degrees of polymerization with and without solvent 

and K Is a constant6.
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1.2.2 Polymerization in Heterogeneous medium

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

polymerization.

(i) 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 system6. 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.

(II) 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 radicals in the unswollen, tightly coiled 

precipitating polymer7.

(ill) Suspension Polymerization : In this type, polymerization is carried out in an 

aqueous medium by dispersing the monomer info fine droplets of 0.01 - 0.5 

cm diameter using surface active reagents. The polymer formed also 

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.
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(iv) 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 TO2 nm in diameter. The kinetics of emulsion 

polymerization differs significantly from that of bulk 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 compounds8,9. The development 

of solid state polymerization was largely due to the high energy radiation which 

helped to carry out the reactions at lower temperatures at which monomers exist 

in the solid state, and led 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 vibrations in monomer 

crystals as well as on the configuration and conformation of the resulting 

polymers.
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1.3 Emulsion

As we have carried out polymerization in microemulsion 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 emulsions 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 at the liquid-liquid interface. 

This oriented film performs two functions:

(i) It reduces the interfacial tension between the liquids and

(ii) It decreases the rate of coalescence of the liquid particles by forming 

mechanical, sterlc and/or electrical barriers between them10.

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

have been distinguished. They are :

(i) Macroemuisions which are opaque with particles >400 nm; generally in nm 

size.

(ii) Mlniemulsions, transparent or transluscent dispersions with particles between 

100 - 400 nm and

(iil) Microemulsions, transparent dispersions with particles < 100 nm in size, 

ideally between 10-40 nm.
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AH these types of emulsions are being used as polymerizing media.

1.3.1 Emulsion Polymerization

Emulsion polymerization Is a reaction technique which is used to produce polymer 

colloids from monomeii via free radical reactions. In the initial stage of the 

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

(I) emulsified monomer droplets of size 103 - 104 nm range,

(il) soap micelles containing solubilized monomer of size ~10 nm and 

(iii) growing emulsifier stabilized polymer particles swollen with monomer and 

having 50 - 100 nm size.

m

Continuous oqueous phase.-
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Schematic representation of an emulsion 
polymerization system.
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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 radicals 

from the external medium into the micelles (micellar nucleation)’2. The other 

involves the polymer formation in the continuous phase of soluble oligomeric 

radicals (homogeneous nucleations}13.

Three distinct Intervals are observed in emulsion polymerization (Figure l)’4'16. 

Interval I corresponds to the initial period of polymerization where the particles are 

nucleated. As the particles grow, they are stabilized by absorbing surfactant from 

surrounding micelles. By the end of interval I, the micelles have either been 

nucleated to form new polymer particles or depleted to stabilize those particles. 

Most of the polymerization occurs in interval II where the nucleated polymer 

particles continue to grow due to diffusion of monomer molecules from the 

monomer droplets through the continuous medium and into the particles. Finally, 

at interval III all of the monomer in the monomer droplets is consumed and only 

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= KpNn [M]p/NA 

DP = 2KpNn [M]p/R,

where Kp is the propagation rate constant, n is the average number of 

radicals/particles, Ri the rate of radical generation, [M]p the monomer
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concentration in the particles and NA the Avogadro number. Thus an increase in N 

leads to a simultaneous increase in Rp and DP.

Emulsion polymerization is carried out in batch, semicontinuous and continuous 

reactors. The type of reactor 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 to be narrow for a batch reactor 

products as all the particles 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 particles 

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

1.3.2 Miniemulsion Polymerization

If polymerization is carried out in the emulsions with smaller droplet sizes (100 - 

400 nm) it is termed as miniemulsion polymerization. This was studied by Ugelstad 

et al17 who pioneered the research in monomer droplet nucleation, 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 particle formation.
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Chamberlain et al'8, Choi et al19 and Delgado et al20 studied miniemulsion 

polymerization 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 

initiated.

Chamberlain et al'8 studied polymerization of styrene in miniemulsion droplets and 

found that polymerization rate is higher for a system designed to give smaller 

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 Ugelstad2' 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.

(1) Microemulsion

The term 'microemulslon' was Introduced by Schulman22,24 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 molecules23'.
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The formation of microemulsion has been attributed to the development of very 

small or even negative interfaciai tension24'26 which results due to the free energy 

decrease associated with the entropy of dispersion far outweighing the increase in 

interfaciai energy accompanying the creation of interfaciai area. Thus the free 

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

of microemulsion27.

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

fluidize the interface 

decrease interfaciai viscosity 

destroy the lamellar liquid crystalline structures, 

provide additional interfaciai area

reduce electrical repulsion 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 solubilities of polymers in cosurfactant. Hence, recently number of 

workers28'30 have reported microemulsions without cosurfactants.

Contrary to emulsions 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 microemulsions.



Fig, 2 : Illustration of some phase equilibria encountered in multicomponent 

systems

In the water and oil rich regions of the monophase domain (over a macroscopic 

scale) of the phase diagram, microemulsions consist of uniform and spherical 

droplets surrounded by a surfactant layer and dispersed in a continuous medium. 

The particle size is 10-40 nm, which explains the optical transparency of these 

systems. In the intermediate regions, the structure is no moi| globular (droplets) 

and the surfactant film has a spontaneous curvature close to 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 lamellar.

Microemulsions form numerous equilibria. The well known Winsor phase equilibria 

are illustrated in figure 2. In Winsor I (W-I) systems, an oil/water microemulsion is 

in equilibrium with excess oil. While W-II systems consists of a microemulsion 

(surfactant dissolved in the oil) in equilibrium with excess water. In W-lll systems, a 

middle phase microemulsion coexists with both oil and water excess phases. W-I 

and W-II microemulsions are of globular form while the W-lll middle phase is 

bicontinuous31.

(iij 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 latex 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 a 

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 particles 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 Polymerization : Various studies32'36 have shown that the diameter 

of the final latex particles during microemulsion polymerization ranges between 25
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to 50 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 operative 

when droplet Is mainly of steric origin36. Monomer diffusion from inactive micelles 

towards active particles should be the dominant process in aqueous 

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/particies, Np is made from the final latex particle 

size and the polymer weight. The unusual finding of Np=1, which does not follow 

the Smith-Ewart theory, and number of polymer particle increasing steadily led 

Candau et al37 to suggest that microemulsion 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

(ii) the overall rate of radical capture (entry rate) over particle number Rc/N.

Kinetics of o/w microemulsion polymerization : Kuo et al33 and Guo et al34,38,35 

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 (initiator is in the aqueous phase) R0 and 

DPn follow scaling laws of initiator concentration accordingly40"42.
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Rp <* [l]x

DP oc [|]~Y

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 

microemulsions. It was observed that the values depend on the type of initiator 

used and on whether the initiation is thermal or photochemical33,34. The 

polymerization rate conversion curves show only two intervals with no constant rate 

Interval in microemulsions. Interval I is attributed to the nucleation stage; it 

Increased to a maximum which marked the onset of Interval III, which is attributed 

to termination stage.

A lower rate of polymerization was observed for acrylates29,30,43 in microemulsions 

than in conventional emulsions. This type of results are expected for solution 

polymerization while the opposite trend should be obtained in microemulsion due 

to large number of micelles present in the medium (Rp ac N). Most of the kinetic
' v -

studies on o/w microemulsion polymerization are very recent and are still 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 microemulsion
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polymerization, whereas, selected references are discussed in text and others are 

listed in the Table 1,1 for easy referencing.

1.4 Review of work done in microemulsion polymerization

From the literature survey it is seen that work has been carried out for the 

microemuision polymerization using thermal, photochemical and high energy 

radiation initiation in the dispersed medium and in the continuous medium of 

oil/water, water/oil microemuision and in bicontinuous microemuision. The 

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

Styrene

Extensive studies have been carried out on microemuision polymerization of 

styrene since 1981 when Atik and Thomas44 first reported o/w microemuision 

polymerization using AIBN as initiator. Monodisperse spherical latex particles 

having diameter in the range of 350 +_ 30 A0 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° 44. Tang et al4S reported styrene 

polymerization at 50 °C which took very long period (8 days) and showed bimodal 

distribution of molecular weights. Johnson and Gulari46 found a good correlation 

between the latex particle size and droplet size when oil soluble initiator AIBN was 

used. Rabagliati et al47 studied the polymerization using anionic - non-ionic 

surfactant mixture and AIBN and KPS as initiator and found inverse dependence of 

the DP on initiator concentration. Qutubuddin et al48 have shown that 

polymerization of styrene in W-l, W-ll or W-lll systems can lead to novel porous 

solid materials with interesting morphology and thermal properties. Guo et
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a|34,38,39 carrjecj OU| 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 out 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 al49 studied photopolymerization of styrene microemulsion and found 

that Rp was similar to radical initiated emulsion polymerization. Kuo et al33 have 

reported photochemical polymerization using dibenzyl ketone and UV light of 

313JJ0 nm. 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 intensity.

Rp= [DBK]02 L02 

DP = [DBK]"04 L"02

Holdcroft and Gulllet50 using pulsed UV lasers polymerized microemulsions of 

styrene.

Jaykrishnan and Shah43 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 Ng51 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 other workers62'67 carried out various studies on different 

aspects of polymerization of styrene in microemulsion.
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Methyl methacrylate and other Acrylates

Thermal polymerization of methyl methacrylate and acrylate in microemuision was 

originated In 1980 when Stoffer and Bone first reported It for MA and MMA68,69. 

Since then extensive work is being carried out especially since 1990 onwards. The 

use of cosurfactant is being avoided by large number of workers29,30'70,71.

In the pioneering work Stoffer and Bone68,69 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 al70,73'76 have carried out extensive work on microemuision polymerizations 

of MMA and other acrylate monomers, using various type of surfactants. On 

polymerizing a system of MMA/CTAB/water with KPS it was found70 that turbid 

emulsions can be changed progressively to transport microemuision by merely 

increasing surfactant concentration. Two rate intervals were observed for 

microemuision and an additional rate interval was observed for emulsion 

polymerization. Microparticles obtained ranged from 16 to 30 nm and molecular 

weight of PMMA was observed to be 5.7 x 106. Micro emulsion polymerization 

using STAC surfactant74 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 resulted in 

micropotous material with high surface area78.

Bleger et al71 studied the particle nucleatlon in microemuision polymerization of 

MMA using DTAB and DDAB. The reaction was reported to follow two stage
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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 al77 studied the phase behaviour 

and microstructure of polymerizable microemulsions of alkyl methacrylates using 

mixed surfactants DTA8/DDAB. Polymerization of tetrahydrofurfuryl methacrylate by 

Full et al79 at 60°C using KPS with AOT resulted in particles with 25-34 nm and 

molecular weights of order 107. Gupta and Eicke80 carried out polymerization of 

cyclohexylmethacrylate monomer as an oil phase in water-in-oil microemulsion in 

the presence of AIBN initiator and ally! methacrylate cross linker.

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

were porous in nature.

Schauber and Rless81 polymerized cyclohexyl methacrylate with teframethylene 

dimethacrylate cross linker by photoinitiation to stable microiatexes containing 5- 

10% solid and particle size of 10-30 nm. Chieng et al82 studied polymerization of 

MMA and 2-HEMA using ethylene glycol dimethacrylate crosslinker and SDS as 

surfactant by photochemical initiation with dibenzyl ketone which resulted in 

microporous polymer.

Gan et al83 replaced SDS by a polymerizable surfactant. sodium

acrylamldeoundecanoate 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

workers72,84'95 has carried out polymerization In microemulsion using acrylate and 

methacrylate monomers.
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Acrylamide

Leong and Candau95 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 a|37'42'97 '00-104 Can<Aau et al101 carried out polymerization of

acrylamide and sodium acrylate microemulsion in isopar M. stabilized by a non­

ionic emulsifier blend of sesquioleate sorbitan {Arlacet 83; HLB 3.7) and 

polyoxyethylene sorbitol 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 study97 on the kinetics of the acrylamide polymerization in 

microemulsion using AIBN and K2S208 showed that clear and highly stable latexes 

were produced In the system. The recent studies of Carrer et al98,99 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 Rp was found to be 1.06, 0.73 and 0.55 respectively99, Number of 

other workers'05'119 have studied microemulsion polymerization of acrylamide 

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

aii2o-ia2 jn jnverse microemulsion polymerization.

Vinyl Acetate

Donescu et al123,124 reported polymerization of vinyl acetate in SDS-propanol 

microemulsion system and observed slower polymerization rate than for regular 

emulsions. Structure of polymers was studied using viscometry and 

conductometry. Anghel et al125 studied phase behaviour of vinyl acetate-water
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systems in the presence of various surfactant and cosurfactant mixtures during 

their polymerization. Donescu et al126,127 studied the kinetics with respect to the 

initiator ammonium persulphate to be first order using ethoxylated nonyl 

phenol/propanol surfactant system. The polymerization rate and molecular weight 

decreased with increasing SDS and propanol concentrations in polymerizing 

microemulsions of vinyl acetate/SDS-propanol/water and APS as initiator128.

Aniline was polymerized in microemulsion to yield conducting polyaniline of 

10-35nm diameter129. Corpart et al130 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 development. One of its applications will be in 

the field of surface coatings. It was proposed to study microemulsion 

polymerization, the properties of the polymers 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.
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3. Kinetic study of MMA, BA and MMA-BA (1:1 w/w) in emulsion and 

microemulsion medium with respect to temperature, KPS concentration and 

monomer concentration.

4. Semicontinuous copolymerization of MMA-BA (1:1 w/w) using disodium 

diphenyl oxide disulphonate (Dowfax 2A-1) and sodium dodecyl sulphate. 

Optimization of reaction conditions using disodium diphenyl oxide 

disulphonate (Dowfax 2A-1).

5. 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 studies respectively.

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

and their use in paint formulation.
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î

98

Po
ty

m
n.

 fa
sl

ec
 w

tth
 A

PS
 th

an
 w

tth
 

BP
O

 o
r A

IB
N

. T
he

 p
ot

ym
n.

 ra
te

 s
ho

w
s 

tw
o 

In
te

rv
al

s-
tn

ltt
at

lo
n 

&
 te

rm
in

at
io

n

AP
S

BP
O

AI
SN

40
. B

ut
yl

 a
cr

yl
at

e

75
Th

e 
ra

te
 o

f p
ol

ym
n.

 In
 m

lc
ro

em
ul

sl
on

 w
as

 s
lo

w
er

 th
an

 

In
 e

m
ul

si
on

 fo
r M

M
A.

TT
AB

O
TA

C

39
. M

M
A

 a
nd

 S
ty

re
ne

85
R

at
e 

of
 p

ol
ym

n.
 sh

ow
s 

nu
cl

ea
tto

n 
an

d 

te
rm

in
at

io
n 

In
te

rv
al

s

AP
S

D
BP

38
. B

ut
yt

 a
cr

yl
at

e

82
D

lb
en

zy
l  

M
or

ph
ol

og
y 

of
 m

lc
ro

po
ro

us
 m

at
er

ia
l

ke
to

ne
 

w
as

 s
tu

di
ed

,

ph
ot

oc
he

m
ic

al

In
iti

at
io

n

SD
S

37
. M

M
A

 a
nd

 2
-H

EM
A 

Et
hy

le
ne

 g
ly

co
l 

dl
m

et
ha

cr
yl

af
e

74
C

at
io

ni
c 

m
lc

ro
em

ul
sl

on
 p

ol
ym

er
iz

at
io

n,
 

st
ab

le
 la

te
xe

s 
w

tth
 tr

ac
es

 o
f P

M
M

A 
pa

rti
cl

es
.

TT
AB

ST
AC

36
. M

M
A

78

41
. M

M
A 

an
d 

B
A 

SD
S 

AI
BN



29

76
Tr

an
sp

ar
en

t a
nd

.s
ta

bl
e 

~1
 yr

. A
 

co
ns

ta
nt

 ra
te

 o
f p

ot
ym

n.
 fo

r 1
st

 1
tm

e 

w
tth

 lo
w

 In
iti

at
or

 c
on

ce
nt

ra
tio

n.

ST
A

C
46

. M
M

A

70
St

ab
le

 P
M

M
A

 la
te

xe
s,

 em
ul

si
on

 a
nd

 

m
tc

ro
em

ul
sl

on
 p

ot
ym

n.
 m

ol
.w

ts
. 5

.7
 x

 TO
6

K
PS

C
TA

B
45

. M
M

A
68

C
on

tr
ol

 o
f m

lc
ro

st
ru

cl
ur

e 
an

d 
m

or
ph

ol
og

y 

B
lc

on
tln

uo
us

 m
ic

ro
st

ru
ct

ur
e

44
, M

M
A

 a
nd

 E
th

yl
en

e SDS 
gl

yc
ol

 d
lm

et
h-

 

ac
ry

ta
te

 a
ci

yt
lc

 

ac
id

88
In

iti
at

io
n 

an
d 

te
rm

in
at

io
n 

ra
te

In
te

rv
al

s 
ob

se
rv

ed
. N

o 
co

ns
ta

nt
 ra

te
 In

te
rv

al
.

A
1B

N

K
PS

D
TA

B
43

. M
M

A

71
Pa

rt
ic

le
 n

uc
le

cr
tlo

n 
du

rin
g 

M
lc

ro
em

ul
sl

on
 

po
ly

m
er

iz
at

io
n.

A
IB

N

K
PS V-
50

D
D

A
B

: D
TA

B
 (1

:3
)

42
. M

M
A

po
ly

m
n.

 ra
te

 h
ig

he
r I

n 
em

ul
si

on
.

B
PO



47
. n

-B
ut

yl
 m

el
ti-

 
C

H
2 =

C
H

 (M
ef

C
H

j),
, N

M
e2

 Photopolym
n Potym

n.
 In

 m
lc

ro
em

ul
sl

on
 u

si
ng

ac
ry

la
te

 E
th

yl
en

e [(CHj),, 
M

eJ
+ B

r-
 

po
ly

m
er

is
ab

le
 s

ur
fa

ct
an

t

9380
Po

ro
us

 m
em

br
an

e 
m

at
er

ia
l p

ol
ym

er
iz

at
io

n 

In
 In

ve
rs

e m
lc

ro
em

ul
sl

on
s

A
IB

N
51

. C
yc

lo
he

xy
l m

et
h­

ac
ry

la
te

, A
lly

l 

m
et

ha
cr

yl
at

e

92
Pa

rt
ic

le
 s

iz
e 1

0-
60

 n
m

, p
ol

ym
n.

 a
nd

 

co
po

ly
m

n,
 In

 m
lc

ro
em

ul
sl

on
s,

 

m
-d

lls
op

ro
py

lb
en

ze
ne

 w
as

 u
se

d.

50
. M

M
A

 a
nd

 S
ty

re
ne

 CTAC D
TA

B

79
M

lc
ro

la
ie

x 
di

am
et

er
 2

5-
34

 n
m

 p
ol

ym
er

 

m
ol

. w
t. -

10
7

K
PS

49
. T

et
ra

hy
dr

of
ur

fu
ry

l AOT 
m

et
ha

cr
yl

at
e

16

la
te

x 
pa

rt
ic

le
 s

iz
e 

37
-3

9 
nm

 T
g 6

7°
C

N
a2

S2
08

/
N

aH
S0

3

48
. T

et
ra

hy
dr

of
ur

fu
ry

l AOT 
m

et
ha

cy
la

te

dl
m

et
ha

cr
yl

at
e 

ca
m

ph
or

,Q
ul

no
ne

 

an
d 

C
H

2 =
» C

H
 

C
O

O
C

H
2C

H
2 N

M
e2

06

52
. M

M
A

, A
cr

yl
lc

ac
ld

 SDS 
- 

Po
ro

us
 p

ol
ym

er
ic

 s
tr

uc
tu

re
, p

ol
ym

er
iz

at
io

n.

Et
hy

le
 g

ly
co

l 
in

 In
ve

rs
e 

m
lc

ro
em

ul
sl

on
s.



69

K
P

S
,B

P
O

,A
IB

N
 Additio

n 
of

 K
PS

 d
id

 n
ot

 In
flu

en
ce

 p
ha

se
 s

ta
bi

lit
y 

re
gi

on
.

31
SD

S,
 p

en
ta

no
l

58
. M

M
A

68
Li

ne
ar

 d
ep

en
de

nc
e 

re
ve

al
ed

 1/
D

p-
 V

s 
(S

]/[
M

] c
om

pa
rls

lo
n 

of
 m

ol
.w

t. 
be

ha
vi

ou
r b

y 
va

rio
us

 c
la

ss
ic

al
 m

et
ho

ds
 o

f 

po
ly

m
er

iz
at

io
n.

K
P

S
.B

P
O

.A
IB

N
SD

S,
 p

en
ta

no
l

57
. M

e 
ac

ry
la

te

95
C

on
fir

m
 1

he
 s

tu
di

es
 m

ad
e 

by
 F

rlb
er

g 
th

at
 th

e 
en

tro
pl

c 

ef
fe

ct
 Is

 n
ot

 o
nl

y 
fa

ct
or

 c
on

tri
bu

tin
g 

to
 th

e 

de
st

ab
iliz

at
io

n 
of

 m
lc

ro
em

ul
sl

on
 d

ur
in

g 
po

ly
m

er
iz

at
io

n.
 

So
lu

bi
lit

y 
of

 p
ol

ym
er

 Is
 a

n 
im

po
rta

nt
 fa

ct
or

.

H
ig

h 
en

er
gy

 

ra
di

at
io

n

S
D

S

Ac
ry

lic
 a

ci
d

56
. M

M
A

83
G

el
 e

ffe
ct

 w
he

n 
%

 c
on

ve
rs

io
n 

ar
ou

nd
 3

6%
A

IB
N

55
. M

M
A

, S
od

iu
m

 

ac
ry

la
m

id
e 

st
ea

ra
te

L8

P
ho

to
ln

ltl
at

lo
n Solid

 c
on

te
nt

 5
-1

0%
, p

ar
tic

le
 s

iz
e 1

0-
30

 n
m

.
54

. C
yc

lo
he

xy
lm

el
h-

 

St
ab

le
 m

ic
ro

- 

la
te

xe
s 

m
et

hy
le

ne
 d

i­

m
et

ha
cr

yl
at

e 

(c
ro

ss
-li

nk
er

)

94
So

lid
 c

on
te

nt
 4

1 %
, p

ar
tic

le
 s

tz
e 

52
0 

Ao
, p

ol
yd

ls
pe

rs
tty

 0
.1

24

SdV

D
ow

fa
x 

2A
-1

 

A
cr

yl
am

id
e

53
. B

A



AC
R

YL
AM

ID
E

32

10
9

M
cr

oe
m

ul
st

on
64

,  A
cr

yl
am

id
e

O
il

In
ve

rs
e 

m
ic

ro
em

ul
si

on
s,

ty
pi

ca
l 'd

ea
d 

en
cf

po
ty

m
er

tz
af

lo
n.

A
IB

N
63

. A
cr

yl
am

id
e 

M
M

Aa
nd

 

St
yr

en
e

10
8

C
op

ot
ym

n.
 o

f w
at

er
 a

nd
 o

il 
so

lu
bl

e 
m

on
om

er
 In

 In
ve

rs
e 

m
ic

fo
em

ul
si

on
s.

62
. A

cr
yl

am
id

e.
 

M
M

Aa
nd

 

St
yr

en
e

10
7

To
tv

en
e 

co
nt

in
uo

us
 m

ed
iu

m
. I

nv
er

se
 m

lc
ro

em
ul

sl
on

, l
oc

us
 

of
 In

iti
at

io
n 

by
 A

PS
 w

as
 w

at
er

po
ol

 a
nd

 A
IB

N
 w

as
 in

te
rp

ha
se

 

be
tw

ee
n 

w
at

er
 m

ic
ro

 p
oo

l a
nd

 to
tv

en
e 

m
ac

ro
ph

as
e.

AP
S

A
IB

N

61
. A

cr
yl

am
id

e 
& 

M
M

A

901

Te
m

p 
< 1

00
°C

 

P
ol

ym
er

 s
ol

id
s >

15
%

N
on

-Io
ni

c 
su

rfa
ct

an
t 

H
LB

 6
-1

0

60
. A

cr
yl

am
id

e

10
5

P
er

co
la

tin
g

In
ve

rs
e 

ph
as

e 
m

lc
ro

em
ul

sl
on

 p
ol

ym
n.

AP
S

B
P

O

K
P
S

A
O

T
59

. A
cr

yl
am

id
e

w
ith

in
 n

ea
r &

 s
up

er
cr

iti
ca

l c
on

tin
uo

us
 p

ha
se



'o
V
 

O
O
Z
-

O
Q
t
' 

J
0
i

®
u
u
D
{
p
 

e
j

o
p
o
d 
%
q
z
 

>
 
<
u
a
j

u
o
o
 
p
i
i

o
s

j
u
n
p
c
p
i
s
 
p
a
p
i

A
x
o

ĝ
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