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Preface 

In recent years considerable developments have taken place in coating 

industry. Different types of surface coatings are used for vari ous applications, for 

example architectural paints are mainly used for decoration, but other protective 

coatings are used for protecting our major assets hom natural weatheri ng 

process. To formulate quality paint, quality raw mnterials arc essential. The 

property of the paint is mainly determined by the quality of binder. It is one of 

the most important raw materials that affect almost all propt:rties of coating. The 

final conversion of tilm to durable coating involves curing and drying processes 

depending on the nature orthe polymer. 

The present study describes the preparation of Vinyl acetat~BlltyI 

acrylate copolymer lattices of varyi ng compositions and solid contents by 

semicontinuous emulsion polymerization method. This copolymer lattices were 

used as binder to develop a new surface coating formulation. The properties of 

this surface coating were improved by using nemo riO! colloidal sol as a 

pigment. Antimicrobial activity of surtace coatings was improved by the 

addition of carboxymethyl chitosan as biocide. Uniformly disperst:d tyre crumb 

was used to give a mat finish to the coating. The mechanical properties. adhesive 

properties. thermal properties etc. of the coatings are presentL:d in thesis. 

This thesis is divide into 7 chapters 

Chapter I is an introduction and a review of the rL:sL:arch work done in 

this field. Scope and objectives of the present work are also discussed. 

The specifications of the materials Llsed and the experimental techniques 

adopted for the preparation and characterization of copolymer. nano TiO~ and 

paint formulation in the present study are given in Chapter 2. 

The preparation, characterization and properties of Butyl acrylate -

Vinyl acetate copolymer of different monomer compositions and solid content 

are described in chapter 3. 

The potential use of vinyl acetate - butyl acrylate copolymer as binder for 

paint formulations and their property evaluation compared with a commercially 

available paint in Chapter 4. Developmt:nt of normal paint formulation with 



vinyl acetate - butyl acrylate copolymers of varying compositions and their 

property evaluations and comparison with commercial paint is presented in 

Section 4a. Modification of the paint formulations with tyre crumb and property 

studies are presented in Section 4b. Development of antimicrobial coating using 

the copolymer, their propcI1y evaluation and comparison of properties with 

commercial paint are prescnted in Section 4c. 

Synthesis and characterization of nano TiO] by wet synthesis method is 

described in chapter 5. 

The effect of nano TiO] in paint formulations using vinyl acetate _. butyl 

acrylate copolymer binder and their properties evaluated and compared with a 

commercially available paint and paint formulated with conventional Ti02 in 

Chapter 6. Development of paint formlllation of optimized composition of vinyl 

acetate - butyl acrylate copolymer binder with nano TiO] is compared with paint 

formulated with conventional Ti0 2 and cOlllmercially available paint in Section 

6a. Preparation of tyre crumb modi tied coating is present in Section 6b. 

Antimicrobial coating formulation using Ilano TiO] as pigment and comparison 

of propel1ies with paint formulation with conventional Ti02 and commercial 

paint are presented in Section 6c. 

The summary and conclusions of the study are given in Chapter 7. 
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INTRODUCTION 

Surtllce coating is used to protect the substrate from the environmcnt. 

The coating must adhere to the surface tlUlI has been coated so as to decorate or 

protect any surf.:lce. the coating must remain in position.' The terms paint and 

coatings are sometimes llsed interchangeably; paint is the older term lIsed before 

the 1940s (eg. for painting houses) after which new sophisticated synthesiZL:d 

materials wcre developed for automobiles and aircraft and called coatings. 

Paint is the general term for a family of products used to protect and add 

colour to an object or surface by covering it with a pigmented coating. Paint is 

used in the production of art. in industrial coating. as driving aid or as 

preservative. The primary components of paint are binder, diluents. and 

additives. However. only the binder is absolutely required. The binder is the part 

which eventually solidifies to form the dried paint film. The diluent serves to 

adjust the viscosity of the paint. It is volatile and does not become part of the 

paint film. There are variolls additives. which are added to improve some 

properties. sueh as colour opacity, matt ness, pigment dispersion and stability. 

Pigments or dyes are among the most common additives. They give colour to 

paint. Pigments may also have the same functions as tillers. 

1.1 History 

Cave paintings drawn with red and yellow ochre. hematite. manganese 

oxide and charcoal may have been made by early Homo sapiens as long as 

40,000 years ago. Ancient painted walls. to be seen at Oendera, Egypt. although 

exposed tor many ages to t he open air. still possess a perfect brilliancy of colou!'. 

as vivid as when pai nted. perhaps 2000 years ago. The Egyptians mixed their 

colours with some gummy substance. and applied them detached [i'om each 

other without any blending or mixture. They appeared to have used six colours: 

white, black, blue, red, yellow, and green. They first covered the field entirely 
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with white, upon which they tra<;ed the design in black, leaving out the lights of 

the ground colour. They used minimum for red. and generally of a dark tinge. 

Pliny mentioned some painted ceilings in his day in the town of Ardea, which 

had been executed at a date prior to the foundation of Rome. He expresses great 

surprise and admiration at their freshness, after the lapse of so many centuries. 

Paint was made with the yolk of eggs and therefore. the substance would harden 

and stick onto the surface applied.2 

A pigment is a material that changes the colour of light it reflects as the 

result of selective colour absorption. Naturally occurring pigments such as 

ochres and iron oxides have been used as colourants since prehistoric times. 

Archaeologists have uncovered evidence that early humans used paint for 

aesthetic purposes such as body decoration. Pigments and paint grinding 

equipment believed to be between 3,50,000 and 4,00,000 years old have been 

reported in a cave at Twin Rivers, near Lusaka. Zambia. Before the Industrial 

revolution, the range of colour available for art and decorative uses were 

technically limited. 1 

The industrial and scientific revolutions brought a huge expansion in the 

range of synthetic pigments. pigments that are manufactured or refined from 

naturally occurring materials, available both for manufacturing and artistic 

expression. Prussian blue was the first synthetic pigment. discovered accidently 

in 1704. 

Discoveries in colour science created new industries and drove changes 

in fashion and taste. The discovery in 1856 of mauveine, the first aniline dye. 

was a forerunner for the development of hundreds of synthetic dyes and 

pigments. Mauveine was discovered by an 18 year-old chemist named William 

Henry Perkin, who went on to exploit his discovery in industry and become 

wealthy. His success attracted a generation of followers, as young scientists went 

into organic chemistry to pursue the riches. Within a few years, chemists had 

synthesized a substitute for madder in the production of alizarin crimson. By the 

closing decades of the 19th century. textiles. paints, and other commodities In 

colours such as red, crimson, blue, and purple had become affordable. 

2 
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Figure 1.1: Natural ultramarine pigment in powdered/arm. 

Figure 1.1: Synthetic ultramarine pigment is chemit:al(v identical to natural 

ultramarjnt!. 

1.2 What are surface coatings? 

Surface coatings are used for protection against ..... ear ...... ear being defined 

as progress ive damage to a solid surface by the action of relative motion with a 

contacting substance. As most machinery has moving parts or comes into contact 

with various materials , wear can be a serious industrial problem. !'owadays there 

are many methods to modify the surface properties of a component and this 

constitutes the field of 'surface engineering· .~ The processes used in surface 

engineering can be brpadly classified into three groups. 

• Processes which apply a new material. a coating, to the surface. i.e. lead 

to the fonnation of a different phase with a distinct boundary between 

itself and the substrate. 

• Processes that modify the existing surface by indu!.:ing :I change in 

composition of the surface engineered layer. This in geneml leads \0 a 

3 
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more di ffuse boundary between the substrate and the reaction layer, c.g. 

as in carburizing. 

• Processes that modify the existing surtace without a change In 

composition, e.g. transformation hardening. 

1.3 What are paints? 

Liquid materials when applied to a substrate in a thin film. dries to form a 

cohesive. solid tilm that changes the properties of the substrate are called paint. 

It is a mechanical mixture or dispersion of pigments or powders, at least some or 

which at(: normally opaque, with a liquid or medium known as the vehicle. It 

must be able to be applied properly, and it must adhere to the surface on which it 

is applied and form the type of tilm desired. Paint mllst also perform the function 

for which it is being used: protection. decoration or some other rllnctior~.5J) 

1.4 Purpose of paints 

Coatings are used for protection, decorati on, andior functional purposes on 

many types of surfaces. The low gloss paint on the cei I ing of a room is used Itn 

decoration, but it also diffuses light. The coating on the outside of an automobile 

adds beauty to it and also protects it from rusting. The coating on the inside of a 

beer can protect the beer ft'om the can; in soil drink cans, the interior coating 

protects the can ti'om the beverage. Other coatings reduce grow1h of barnacl es on 

ship bottoms, protect optical fibres against abrasion and so on. 

Traditionally, coatings changed slowly in an evolutionary response to new 

performance requirements and competitive pressures. An important reason for 

the slow rate of change was the difficulty in predicting product performance. In 

recent years, there has been increasing research on understanding the basic 

relationships between composition and performance to permit more rapid 

responses to the needs for change. Since about 1965. the pace of technical 

change has increased. A major reason for change has been to reduce VOC 

(volatile organic compound) emissions. Other factors are the cost of energy for 

heating curing ovens requiring lower temperature curing, increasingly stringent 

4 
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regulations of the use of potentially toxic materials, and increased performance 

requirements. Various approaches to meet the new requirements, pm1icularly to 

reduce VOC emissions, are being pursued. The use of waterborne coatings has 

increased substantially and has surpassed solvent borne in vol umc. Latex paints 

have been used for many years in architectural coatings. Thesc coatings have had 

less solvent than traditional solvent borne paints but still contained significant 

amounts of solvent. Low solvent and solvent-t.·ce latex paints are being 

introduced. Use of waterborne industrial coatings has been dramatically 

expanded. Solvent borne coatings are still used but solvent levels are being 

reduced. In many applications. high solids coatings have been sllccessfully 

adopted. Research is currently directed to making solvent-f.·cc coatings. A 

growth area has been thc use of powdl:r coatings for industrial purposes. In many 

applications, use of powder coatings permits complete elimination of solvent 

emissions. Radiation curable coatings, particularly UY-cured coatings, have also 

grown paI1icularly t'or clear coatings on heat-sensitive substrates. rhey are 

solvent fi'ee ancl very low' Il:vels of energy are required lor curing. 

Most coatings are applied as liquids and converted to solid tilms after 

application. Powder coatings an: applied as solid particles, fused to a liquid. then 

forming a solid t1Im. Almost all the polymers used in coatings are amorphous 

and the term solid has no absolute meaning. A useful definition ora solid film is 

that it does not tlow significantly under the pressures to which it is subjected 

during testing or use. A film can be defined as solid under a set of conditions by 

stating the minimum viscosity at which flow is observable in the specitied time 

interval. 

A way to form films is to dissolve a polymer in solvcnt(s) at a 

concentration needed for application. apply the coating. and allow the solvent to 

evaporate. In the lirst stage of solvent evaporation, the rate of evaporation is 

essentially independent of the presence of the polymer. As solvent evaporates, 

viscosity increases. Tg increases. fj'ee volume decreases. and the rate of loss of 

solvent becomes dependent on how rapidly solvent molecules can di ffuse to tbe 

surface ora film. If a tilm is formed at 25()C tiom a solution ofa polymer that. 

when solvent tJ-ee, has a TI; greater than 25()C the film retai ns considerable 

solvent even though it is a hard "dry" film. 
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Less solvent is needed for a coating based on solutions of lower molecular 

weight thermosetting resins. A Iter application, the solvent evaporates, and 

chemicall'eactiolls cause cross-linking. A problem with thermosetting systems is 

the relationship between stability during storage and time and temperature 

required to cure a film after application. Generally, it is desirable to store a 

coating for many months without significant increase in viscosity. After 

application, onc would like to have the cross-linking reaction proceed rapidly at 

the lowest possi ble temperature. React ion rates depend on concentration and are 

reduced by dilution with sol vent and increase as sol vent evaporates; cross­

linking in the applied film at1:er solvent evaporation is initially faster than during 

storage. As formulations shi tl to higher sol ids. there are hi gher concentrations of 

functiollal groups. and there is greater di fticu[ty in formulating storage-stable 

coatings. 1'0 minimize the temperature required for curing while maintaining 

adequate storage stOlbility. it is desirable to select cross-linking reactions for 

\vhich the rate depends strongly on temperature. 

Design of stable coatings that cure at lower temperatures or shorter times 

must be hased on nlctors other thOln kinetics. Several approaches are used. 

including use of blocked reactants or catalysts (where the blocking group 

volatilizes with heat. moisture or oxygen curing) use of a volatile inhibitor. use 

of a cross-linking reaction (that is a reversible condensation reaction involving 

loss of a volatiIc reaction product with some of the mono functional volatile 

reactant used as solvent). use of a reactant that undergoes Cl phOlse change over a 

narrO\\j temperature range: and UV -curi ng. 

Another consideration is the etfect of the availability of free volume on 

reaction rates and reaction completion. If the diffusion rate is greater than the 

reaction rate. the reaction will be kinetically controlled. If the diffusion rate is 

slow compared to the kinetic reaction rate, the rate of the reaction will be 

mobility controlled. If the temperature is well below Tg. the free volume is so 

limited that the polymer chain motions needed to bring un reacted groups close 

together are very slow. and reaction virtually ceases. Since cross-linking starts 

with low molecular weight components. Tg increases as the reaction proceeds. If 

the initial reaction temperature is well below the T)!. of the solvent-free coating. 

little or no reaction can occur alter solvent evaporation and a "dry" film forms 
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merely as a result of solvent evaporation, without much cross-I inki ng. The result 

is a weak, brittle film. Mobility control is less likely in baking coatings because 

the final Tg of the film is below the baking temperature. In powder coatings, 

mobility control of reaction can be a limitatioll, sillce the initial f~ of the 

reactants has to be over 50°C so that the powder will not sinter during storage. 

Dispersions of insoluble polymer particles form films by coalescence of 

the particles. The largest volume of such coatings uses latex as a binder. The 

lowest temperature at which coalescence OCCllrs to form a continuolls tilm is 

called its minimum .Ill m~f(;,.m({t ion temperature (MFFT). i\ maj or lactor 

controlling MFFT is the Tg of the polymer particles. Thc MFFT of latcx particles 

can be atTected by water, which can act as a plasticizer. Most latc:\ pai IltS cOlllai n 

volatile plasticizers, coalescing solvents. to reduce MFfT. The mechanism of 

film formation ti'om lattices has been extensively studied. film j(J)')llation occurs 

by three overlapping steps: evaporation of water and watcr-~oILlble solvents that 

leads to a close packed layer of latex pat1icles: deformation of the particles 

leading to a continuoLls. but weak. tilm; and inter di rfusion. a skm process in 

which the polymer molecules cross the particle boundaries and entangle. 

strengthening the tilm. A review paper discllsses factors afb:ting development 

of cohesive strength of t1Ims from latex particles. The e.xtcnt of coalescence has 

been studied by small-angle neutron scatteri ng, direct energy trans fer of rarticles 

labelled with fluorescent dyes, and scanning probe lllicroscorY. Coalescing 

solvents have been necessary to formulate latex coatings to form tllms at low 

temperatures while resisting blocking at higher temperatures. Fnvironlllental 

regulations are limiting permissible emissions ofYOC. 7 

1.5 Classification of paints 

Paints can be classitled by many methods, and the method chosen IS a 

function of what is to be accomplished. The lirst purpose of classi tication is to 

group those paints that have the propel1y being discussed and have it to the 

degree considered necessary for inclusion. In this way, they are set apar1 from 

paints not having this property or not having it to the required degree. 

I. Water based and Organic solvent based 
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2. Synthetic (petroleum derived) and Natural (plant or mineral 

based) 

These divisions cross over each other. As regards the tirst pair these 

terms only refer to the solvent. Water based paints can be organic or inorganic, 

as regards the rest oftheir ingredients 

1.5.1 Comparison between solnnt based and water based paints 

Advantages of latex paints 

8 

• They have a less objectionable odour. which makes them good for 

repaints and painting in occupied areas. where solvent odour is an issue. 

• They clean lip with soap ami water, thcl'l:'s no need to work with 

hazardous and/or tlammable solvents. and no used solvent to dispose of 

afterwards. 

• Latex paints dry faster, and can be recoated sooner. This makes them a 

good choice tor painting in occupied areas. where someone might tOllch 

or brush up against the fl'eshly painted surra!.:c. 

• Latex paint binders hold up better in sun-exposed areas. because they're 

more resistant to UV (ultraviolet) radiation. Alkyd and oil binders will 

absorb more of this radiation and break down more quickly. 

• Latex paint tilms are less prone to yellowing over time. especially with 

white. light off-white and pastel colours. 

• Latex paint tilms are more breathable. they allow small amounts of 

water vapour to pass through the film. so the chance of blistering is 

reduced. This is especially important when the surface being painted is 

slightly damp. 

• Latex paint tilms have better gloss and I:Olour retention. so they'll keep 

a 'like-new' appearance longer. 

• Latex paint tilms are more elastic, so they can expand and contract with 

the substrate better. This means they'll be less likely to crack and peel 

over time. 
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Advantages ofsolvent-based paints 

• 

• 

• 

Solvent-based paints are less sensitive to application conditions, which 

mean they can be applied over a wider temperature and humidity range 

(however, the surface must still be dry for good adhesion). 

Solvent-based paints can be applied in a thicker coat with less sagging. 

for better coverage. 

Solvent-based paints have better tlow and levelling characteristics. so 

they'll dry to a smoother finish, with fewer brush or roller marks (this 

advantage is reduced somewhat for low V.O.c. alkyl! paints). 

• Solvent-based paints provide better surface penetration, especially 011 

weathered wood. This implies improved adhesion and better surt~lce 

protection. 

• Solvent-based paints have better adhesion 011 smooth sllrt~lees. 

• Solvent-based paints initially have a sharper. richer-looking gloss 

(however, they also tend to lose their gloss taster over time). 

• Solvent-hased paints initially provide a harder, more durable finish 

(however. they also tend to become more brittle over time). 

The major components of a paint formulation are the binder. pigments. 

solvent and other substances which may be added relatively low levels but have 

a marked effect on paint. These auxiliary additives can be included thickeners, 

driers, anti-skin agents. surtace-active agents. biocides. fungicides and lIumerous 

others. Paint consists of a dispersion of a pigment or a mixture of pigments. 

extenders. etc., in a binder or polymer. Other materials may be present to achieve 

specific properties. They may be organic solvents or water to gi ve the req uired 

viscosity. suspending agents to keep the paint in good condition during storage. 

driers and accelerators which provide for rapid cure of the polymer. tlow aids. 

and so on.R 

1.6 Binders 

Binders are materials llsed to bind together two or more other materials 

in mixtures. Its two principal propcI1ies arc adhesion and cohesion. The hinder is 
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thc part which eventuaIIy solidifies to form the dried paint film. Typical binders 

include synthetic or natural resins such as acrylics, polyurethanes, polyesters, 

melamines, epoxy, or oils.
9 

Binders can be categorized into three sOlis: those that 

dry, those that cure when they dry, and those that do not depend on drying for 

(;uring. Paints that dry contain a solid binder dissolved in a solvent. This forms a 

solid film when the solvent evaporates, and the film (;aI1 dissolve in the solvent 

again. IOLatex paints, for example, cure irreversibly when they dry, since they 

undergo polymerization into irreversibly bound networked stru(;tures, so that the 

paint will not redissolve in the solvent. Recent environmental protection 

req uirements discourage the lIse of evaporating solvents (VOCs), and alternati \' e 

means of curing have been developed, particularly fix industrial purposes. 

Epoxy coating, for example, is applied by mixing paint and hardener, whidl cure 

by forming a hard plastic structure. Such paints do not, strictly speaking. "dry" at 

all, but harden. In UV curing paints, the solvent is evaporated first. and 

hardening is then initiated by ultraviolet light. In art, binders have Llse in 

painting, where they hold together paints, pastels, and other materials. Binders 

used include wax, linseed oil, gum arabic, gum tragacanth, methyl cellulo~c, 

gums, or protein such as egg white or casein. 

rhe role of the binder is undoubtedly the most important in determining 

the propcliies of paint. Paint binders (;ome in a huge range of chemical types and 

arc 0 ften tai lor made for customers. 

Binders have three major jobs to do: 

• Provide adhesion to a substrate. 

• Form a continuous film. 

• Bind the pigments and additives into the paint. 

Solvent borne binders are otlcn referred to as resins and waterborne 

paint binders as latex. Resins are very much like golden syrup in appearan(;e. 

consistency and stickiness while many waterborne binders resemble milk types. 

Binders can be labelled a<; belonging to one of two main categories. They are 

either conveliible or non convertible. 
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1.6.1 Convertible Bind ers 

Convertible means that as the binder dries it chemically reacts with a 

hardener, moisture, or oxygen ft'om the air to form a completely new chemical 

compound that has quite different chemical and physical properties to the 

starting binder or resin." 12 These types of resins often become very hard and as 

a consequence are difficult to recoat. This property also gives excellent chemical 

and abrasion resistance to paint. 

Acrylic Epoxy, Acrylic Urethane, Alkyd resins, Epoxies, Ethyl silicate, 

Linseed Oil, Moisture cured urethane. Polyester Urethane. Special Acrylic 

Latex, Urethanc ;\Ikyd and Amino resins are thc cxamples. 

1.6.1.1 Amino Resins 

A variety of melamine· formaldehyde (MF) resins are made with 

differences in lhe ratio of functional groups. the alcohol. and the degree of 

polymerization. MF resins arc c1assitied into two broad classes: I and 11. Class I 

resins are made .. "ith rclati vely high mtios of formaldehyde to melamine. and 

most of the nitrogen havc two alkoxymethyl substitucnls. J\II the resins contain 

some oligomers: the lowest viscosity ones helve high hexamethoxymethyl 

melamine (HMMM) contents. Class I resins tend to provide tougher tilms than 

Class 11. Strong acid catalysts are required. Class 11 resins are made with smaller 

ratios of formaldehyde to melamine. and many of the nitrogen have only one 

substituent. The predominant reactive group present in Class 11 resins is 

NHCH"OR. They yield cross-linkt:d films at temperatures lov.,;er than that tor 

Class I resins and are catalyzed by weak acids. 

Uretl-·formaldehyde (UF) resins are made with different ratios of 

formaldehyde to urea and different alcohols. UF resins are the most economical 

and most reactive amino resins. With sufticient acid catalyst. coatings 

formulated with UP resins cure at ambient or mildly elevated temperatures. The 

coatings have poor exterior durability. UF resins are used in coatings for 

temperature-sensitive substrates. such as wood furniture, paneling. and 

cabinetry. 
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1.6.1.2 Binders Based on Isocyanates 

Isocyanates react with any active hydrogen compound. The largest use 

of polyisocyanates is as cross-linkers for hydroxy-functional acrylic and 

polyester resins to make methane coatings. The high reactivity permits ambient 

or low temperature curing. Because of the intermolecular hydrogen bonding, 

Polyurethanes generally have good abrasion resistance. 

Polyaspartic esters are Llsed in very high solids coatings.J:1 Reaction with 

kctimines and aldimines gives a mixture of a urea from hydrolysis of the 

ketillline or aldimine and a cyclic lIllsaturated urea. Aldimines are used in high 

solids 2K coatings. 

The aromatic diisocyanates most widely lIsed in coatings are bis(4-

isocyanatophenyl)methane (MDI)'I and toluene diisocyanate (TDI) C~.4-

diisocyanato-l-methylbenzcne). rile higher molecular weight minimizes toxic 

hazards and the higher functionality inere,ises the rate of cure. Aromatic 

isocyanate based coatings turn yellow on exposure. 

1.6.1.3 Epox)' resins 

The largest volume epoxy resins are made by reacting BPA [4,4 -(1-

methylethy!ethylidene)bisphenol] with epichlorohydrin (ECH). Waterborne 

epoxy amine coatings are made lIsing emulsifying agents in either or both the 

amine and the epoxy package. Proprietary "self-emulsifiable" epoxy resins and 

polyamides are available; propel1ies approaching those of solvent borne coatings 

can be achieved." Nitroalkanes form saIts of amines; the salt groups stabilize 

epoxy-amine emulsions and allow the system to be reduced with water. 1(, After 

application, the nitroalkane solvent evaporates, freeing the amine. 

1.6.1.4 Acrylic resins 

Acrylic resins are used as the primary binder in a wide variety of 

industrial coatings. Their main advantages are photostability and resistance to 

hydrolysis. An increase in solids became necessary to meet lower VOC emission 

requirements. The amount of non- or mono functional resin must be kept to a 

very low fi·action. Molecules with no hydroxyl groups would either volatilize or 
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remain in the film as plasticizers.
17 

Molecules with one hydroxyl group terminate 

cross-linking reactions, leaving loose ends in the coating. 

1.6.1.5 Polyester Resins. 

Polyesters for coatings are low molecular weight. amorphous. and 

branched, with functional groups for cross-linking. Most of the polyesters are 

hydroxy-terminated polyesters. They are cross-linked with MF resins or 

polyisocyanates. In general terms, thermosetting rolyesters give coatings with 

better adhesion to metal substrates and better impact resistance than TSAs. On 

the other hand, TSAs give coatings with sllperior water resistance and exterior 

durability. 

1.6.1.6 Alkyd resins 

These dry by chemically reacting with ox)gen in the air to form a 

different chemical in the dry state. This reaction takes place over the lifetime of 

the coating and as a result alkyd borne paints tend to become brittle as they age. 

Alkyd resins are gencrally made from vcgetable oils and other chemicals such as 

glycerine and phthallic anhydride or their equivalents. ['he oils slIch as Soya 

Bean, Safflower and Linseed oils are llsually used. Other common oils sllch as 

Safflower and Linseed may also be llsed depending on pricc. Resins can be made 

with high solids but still below in viscosity. These types are ideal for gloss 

enamel paints. At the other end of the scale resins can be produced at very low 

solids and in a gel form. These resins can be lIsed as thickening agents. In fact 

alkyd resi ns can be tailor made to gi ve a wide range of properties. IR 

1.6.2 Non-convertible binders 

This is the category for all binders that do not change chemically when 

they dry. In this range lacquers and latex paints dominate. The advantage of 

these types of binders is that because they do not change chemically as they dry 

we know exactly what they will be like when dried for I day or uner 10 years. 

Generally the better performing non convertible binders are of high molecular 

weight. which gives them good toughness and durability without them having to 

chemically react further as convetiible coatings do. Their advantages are that 

they arc al\-vays single pack. their physical rropetiics will not change over time 
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and they wil! always be easy 10 recoat (at least with themselves). Recoating is 

easy because the next coat simply dissolves the one underneath and they fuse 

together as if they had been arc welded together. Coat to coat adhesion (inter 

coat adhesion) is therefore generally excellent.]'! 

A major disadvantage of non-convertible binders is that they are 

thermoplastic. This means that they soften when heated and often have poor 

block resistance. They will also sutTer ifany grease or oil is deposited on them. 

They will absorb the contaminant and become soft in that area. Non-Convel1ible 

coatings obviously have poor solvent resistance but ollen have excellent 

chemical resistance. Acrylic latex. acrylic urethane latex. bitumen. chlorinated 

rubber solution acrylic. vinyl anylie. vinyl butyral is the general examples. Non­

convertible Binders can be divided into three main groups: 

I. Lacquers. 

2. Latex types. 

3. Special ised latex types. 

1.6.2.1 Lacquer bin ders 

These binders dry by solvcnt evaporation. Once solvent has evaporated 

from the wet paint there is nothing else that needs to happen. Lacquers can be 

dissolved atter they have dried and in theory you could make them up into the 

same wet paint again. Note that although lacquers can be redissolved in a solvent 

they cannot be redissol ved in all sol vents. A tcst for chlori nated rubber. for 

example, is that it dissolves readily in a strong aromatic solvent but is not 

affected by meths. Lacquers vary widely in type from the old nitro-cellulose 

types used for car paints to solutions of acrylic resin in aromatic solvent to 

solutions of very poor durability resin. 

1.6.2.3 Latex based binders 

Most water-based paints are "latex" paints. The binder in a latex paint is 

a solid, plastic-like material dispersed as microscopic pat1icles in water. This 

dispersion is a milky-white liquid, which is called latex in the paint industry, in 

that it is reminiscent of natural latex from the rubber tree. Latex is also called 

emulsion. and in some countries, slIch as England, latex paints are referred to as 
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emulsion paints. Except for appearance, the latex used in paint IS In no way 

connected with the natural latex used in some kinds of rubber gloves, which 

reportedly have caused allergic reactions among certain users of the gloves. The 

paint manufacturer makes a dispersion of the pigments which will go into a 

batch of paint, and adds the latex binder."
o
."

1 

Latex is a dispersion of polymer particles in water. Molecular weights of 

polymers prepared by emulsion polymerization are generally high; Mw of 

1,000,000 or higher is common. The molecular weight does not affect the 

viscosity of the latex. Latex viscosity is governed by the viscosity of the mediulll 

in which the polymer parii cles are dispersed, by the volume fracti on 0 f part iclc~. 

and by their packing factor. Lattices arc lIsed as the vehicle in a maiorit) of 

architectural coatings. A growing part of the original equipment manufacture 

(OEM) product and special purpose coatings markets is latex based. Acrylic 

lattices are used for cxterior paints because of their resistance to photo 

degradation and hydrolytic stability. Acrylic latex paints are useful for alKaline 

substrates such as masonry and galvanized metaL Acrylic ami styrcne--acrylic 

lattices are being used increasingly t(lr industrial maintenance coatings. Acrylic 

lattices are finding increasing intercst for Kitchen cabinet tinishes and for OEi"! 

automotive applications. 

Latex paint formulations include coalescing solvents and VOC 

regulations require use of less coalescing solvents. Various modit1cations in 

preparation of lattices have been suggested for reduction of coalescent. 22 A 

promising approach is use of thermosetting lattices. A low T~ thermosetting latex 

permits coal escence without addit ion 0 f a coalescing solvent. A fier til m 

formation. cross-linking increases modulus to give block resistance. I f a 

signiticant degree of cross-linking occurs before application, coalescence will be 

adversely affected. Hydroxy-functional lattices can be formulated with MF 

resins or a water dispersible polyisocyanate for wood and maintenance 

coatings.~' Carboxylic acid-functional lattices can be cross-linked with 

carbodiimides.~~ 

dimethyl benzyl 

or polyfunctional 

isocyanate (TMI) 

aziridines. 25 
/1/- Isopropel1: 1-(1..11.-

[1-( l-isocyanato-l-methylethyl)-3-( 1-

methylethenyl)benzene] reacts slowly with water and can be used to make 

thermosetting lattices. 26 
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Other thermosetting lattices cross-link at room temperature and are 

storage stable. Carboxylic acid-functional lattices can be cross-linked with /1-
(3,4-epoxycyclohexyl)ethyltriethoxysilane. ~7 A combination of am ine-functional 

and epoxy-functional lattices gives stable one package eOlltings.~x A latex with 

<lllylic substitution cross-links on exposure to air. 29 Hybrid alkyd/acrylic lattices 

are prepared by dissolving an oxidizing alkyd in the ll1onomers llsed in emulsion 

polymerizati on.'o Stable thermosetting lattices can be prepared usi ng 

triisobutoxysilylpropyl methacrylate as a comonomer. 

Vinyl acetate (VAc) (acetic acid ethenyl ester) is less expensive than 

(meth)acrylate 1l10nOlllers. VAc lattices arc inferior to acrylic lattices in 

photochemical stability and resistance to hydrolysis and are lIsed in flat \\all 

paints. 11 The polymers are more hydrophobic th<ln VAc homopolymers and have 

superior hydroly1ic stability and scrub resistance. 

1.6.2.4. Specialised latex binders 

These arc very much like the latex types described previollsly but are 

modified to give quite different performance in specialised areas. [:01' example 

they may be tailor made to have far superior flexibility or cure to a harder bloek 

resistant tinish. These binders do not properly tit the non-converti ble eoati ng 

class but are very similar in most features to the latex binders. 

1.7. Pigments 

Pigments were in llse before the bil1h of civilisation. Colomed minerals. 

and materials such as charcoal. were used to colour the bodies and living spaces 

of primitive man. As his skill grew, the use of minerals expanded to include the 

colouring of pottery, ceramics, and eventually glass. and the preparation of 

mixtures with media such as natural oils. and other resinous materials. to make 

paints. A pigment can be detlned as a solid. insoluble. material that is added to a 

binder to produce colour. reduce gloss, provide physical properties (such as 

sandability), reduce permeability to moisture, produce texture or even act to 

prevent corrosion. Pigments usually have a pal1icle size of about 0.5 to 5 pms in 

standard pai nts but can be as small as 0.0 I ~lIns in the case of some bright 
•. T') 

orgallJC plgments.-

16 



Introtluction

From the early beginnings of the use of paint for decorative and artistic

purposes has come the highly technical and commercially important paint

industry of today. A pigment is a coloured or non-coloured, black or white,

particulate compound which can be dispersed in a medium, resin or polymer,

without being dissolved or appreciably affected chemically or physically. When

paint is applied as a thin film over a substrate, the dispersed pigment will absorb

and scatter light. Dyes or dyestuffs, on the other hand, are usually soluble in

paint media and give transparent or translucent films. This property obviously

limits the utility of dyes in the coatings industry to products such as inks and

stains. Pigment reduces the shininess or gloss of the binder. By gradually

increasing pigment levels. and by using larger particle pigments. the following

gloss levels are achieved:

1. gloss (least amount of pigment)

2. semi-gloss

3. satin or "silk"

4. eggshell

5. flat (greatest amount of pigment)

Paint gloss is determined by using instrument readings of reflectivity

taken at different angles from the vertical (polished glass = 100):

•• 0 • - • 0 •• 0 •• 0 ~ : '0' ••\,.: .' .: : ~ ••• _ 0 • _ • - - - • -Iili

Figure /.3: Angles ofobservation for gloss readings
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The gloss reading at 20° serves to describe the "depth of gloss" is used to 

describe gloss and semi-gloss paints. The reading at 60° is the measurement of 

gloss referred to most often and is used with all but dead-flat paints. The 85° 

reading describes the "sheen" of flat, eggshell and satin paints. Paints described 

as flat. satin, semi gloss and gloss will have sheen and gloss values falling into 

the ranges tabulated below. This is not to say that a given product will vary 

within their angle: rather. each value for the product will be designed to be in the 

range described below. For example, pat1icular semi gloss paint might have a 

20° gloss reading of 15. and a 60° gloss reading of 55. 

Table 1.1: Gluss rangl:!s 

Type of Paint 200 Gloss 60" Gloss 85° Gloss (sheen) 

Gloss 20-90 70 - 95+ --

Semi-gloss 5-45 25-75 --

Satin -- 5-25 10-40 

Eggshell -- 2-15 5-25 

Flat -- 0-10 0-15 

The paint chemist uses a figure called the PVC (pigment volume 

concentration) to indicate the relative proportion of pigment to binder for the 

paint formulation. The PVC is a comparison of the relative volumes (not 

weights) of total pigment and binder, and is calculated as follows: 

Volume of Pigments 

PVC% = ------------------------------------------ X 100 

Volume of Pigments + Volume of Binder 

Typical PVC values associated with dit1erent levels of paint gloss are 

gi ven in table 1.2. 
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Table 1.2: PVC valllesfc)r dijferenllypes qj'painl 

Type of Paint Typical PVC 
-

Gloss 15% 

Semi-gloss 25% 

Satin 35% 

Eggshell 35-45% 

Flat 38 - 80% 
-----_ .. ---- _._. __ . ----_. 

Thus, a broad range of pigmentation levels is utilized in designing !lat 

paint formulations. Higher quality nat paints. both interior and exterior. will 

generally have PVCs in the 38 - 50 percent. Because these tlat paints have more 

binder available per unit of pigment. they will have better durability than higher 

PVC flats, all else being equal. as measured by properties ~uch as scrub 

resistance and dirt resistance for interior use and colour retention. chalk 

resistance, mildew resistance. and general durability for exterior applications. 

l. 7.1 Types of Pigmen ts 

Today. many compounds are still obtained frolll natural sources and 

treated to give pigments for paint and other uses. The vast mnjority of sllch 

pigments, however. are nowadays the so called extender pigments. These 

extenders, or tillers. as they are sometimes known, play a very important role in 

the formulation of paint, and although they are less costly than coloured 

pigments or other special pigments, their total contribution to the properties of 

paint mLlst not be ignored. The 'prime' pigments. including coloured pigments. 

anti-corrosive pigments, and other manutactured pigments. are produced by the 

chemical industry as inorganic metallic salts, metallic and non-metallic organic 

compounds. Coloured organic compounds, in general, have COJlle II'om the dye 

industry that has developed and is continuing to develop dyes fix the textile and 

wool industries. It is a straight forward matter to design insoluble pigment 
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molecules and the manufacture of pigments is now a worldwide business of huge 

economic impol1ance. 

The pigments l:an be classified into three main groups: 

1. Prime pigments provide colollr (Either inorganic or organic). 

2. Extender pigments control gloss level. texture, etc. 

3. Anti-corrosive and special function pigments. 

1.7.2. Prime pigments - inorganic 

The term prime mCDns colour giving wh!.:n lis!.:d with the word pigment. 

The term inorganic means the pigment is of mill!.:ra 1 origi n. Inorganic pri mc 

pigments are usually metal oxides. They arc l:ullecl primc becausc the tirst use of 

paints was for decoration and colour was there fore or tirst (prime) importance. 

Many metal oxides were found naturally e.g. Ked and yellow iron oxides.n The 

colour is also depending on the crystal structure and pal1icle size.14 Today most 

are made synthetically to get the cleanest cololll's possible. ritaniuiTI dioxide is 

the white pigment that colours just about everythi ng \\e see that is white. 

Main inorganic pigments:'5 
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\Vhite: Titanium Dioxide, exist III th!'c!.: forms anatase. rutile and 

brookite. The most important pigment in lIse today is titanium dioxid!.:. 

Titanium dioxide. as we lIse it in paint. tirs\ came into commercial 

production in 194 t. Since then its sales have climbed and its superb 

properties have seen it established as being far superior to any other 

white pigment. It has had no rivals since the banning of white lead in the 

early 1970's. Any white paint, plastic or paper you see will contain 

titanium dioxide. Today it has been relined to such an extent that you 

can get it in a wide range of ,·tlavours·· depending on whether you wish 

to have a paint with minimum chalking or maximum gloss or whatever. 

What grade is chosen depends on the skill orthe humble designer paint 

chemist. Although titanium dioxide is far ahead of any other white 

pigment for hiding power it is still relatively poor compared to most 

other inorganic pigments. 
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Red: Red iron oxide is used as red pigment. This is the colour seen on 

old farm barns throughout the country. It comes in differing shades, 

which are determined by the pigment pmiicle size. 

Yellow Ochre: A yellow form of iron oxide. 

Green: Chrome Oxide. 

Characteristics of in organic pigm cnts: 

• Excellent opacity or hiding power. 

• Excellent light t~lstness or resistance to fading. 

• Tbey are relatively inexpensive and easy to mix into paint mill bases. 

• The colours are generally dirty in tone. 

• There are bright clean inorganic red. orange and yellow pigments but 

these have mostly slipped into obsolescence because of their toxicity. 

These include lead chromate type pigments: cadmium and selenium 

based pigments and 0 f course white lead and red lead. 

• They are quite dense pigments and will tend to settle out unless 

precautions are taken. 

• They are relatively heat stable and chemical resistant. 

• Largish particle si~e of 0.3 to I ~uns. 

• Durability depends on the type of chemical treatment these pigments 

are given during manufacture. 

1.7.3. Prime pigments - organic 

The term organic mean that the pigment is based on the chemical 

element carbon. It was once thought that all organic chemicals could only be 

obtained fi'om living things and hence the name. Today there are millions of 

different organic chemicals most of which can be produced synthetically \,vithout 

the need to source raw materials fi'om living things. Most organic pigments are 

not naturally occurring and are made from petroleuIll by-products in very 

complicated chemical processes by clever chemists. 36.370rganic pigments are 

the brightly coloured olles Llsed for the clean colours red. yellow. bright green 
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and blue, purple and magenta. Organic pigments have really sprung into 

prominence in the last 10-20 years for two main reasons:oRY
) 

I. The awareness of the dangers of lead in the older bright red and 

yellow lead chromate type pigments meant that these pigments had to be 

replaced. 

2. The advancing technology in manutacturing and chemical engineering 

in the organic pigment industry. 

Main organic pigments: 

Black: A form of carbon that resembles the soot in your grannies old 

chimney. Surprisingly comes in quite a range of shacks that can he 

clearly seen when it is reduced with white. Extremely good hiding 

power and light fastness. 

Blue: Most durable blue organic pigments have a little bit of copper to 

help them. This is chemically bound into the pigment. Good light 

fastness and excellent tinting strength. 

Green: There are yellow and blue shades availabh:. Good light tllstness 

and tint strength. Malachite green is an example. 

Orange: Orange organic pigments are generally very poor [n hiding 

power and very poor in light fastness. Dinitro anilines are generally llsed 

as orange pigment. 

Magenta: 2,9-dimethylquinacridone [s an example. They arc very 

expensive but poor tint strength and hiding power. It has good light 

fastness. 

Characteristics of organic pigments: 
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• Available in bright vivid colours to match all shades of the rainbow. 

• Generally at least 10 times as expensive as the closest Inorganic 

pigment. 

• Very difficult to get clean reds and yellows with good opal:ity and 

good exterior light fastness. 



I ntrotfuction 

• Often these pigments are very di fticult to gri nd into paint mill bases. 

• Pigments are generally low in density and not prone to settli ng out. 

• Organic pigments often have a very high oil absorption or demand for 

binder. This means that in many paints only so much pigment can be 

added until the paint becomes low in gloss cll1d very thick. This results in 

paints with poor opacity. 

• Low density and may tend to tloat to top of paint. 

• Excellent to very poor hiding power. 

• Excellent to very poor light fastness. 

• Colours are usually very bright and clean toned (apart fi'om black). 

• Poor hiding power means that many organic pigments have 

transparency properties. This makes them ideal for automotive type 

metallic finishes when they are used to tint aluminium Hake containing 

bases. 

• Generally the pigment particle size is very small 0.01 to 0.1 ~!ms. This 

makes handling in the tactory difficult as spilling just a few grams can 

contaminate a large area. Some of these pigments are more like gases to 

handle than powders. 

1.7.4 Extender Pigments. 

The binders Llsed In protective coatings dry 01' cllre at ambient 

temperatures either by solvent evaporation, air oxidation or by chemical reaction 

to form continllolls tilms and are porous to a greater or lesser degree to oxygen. 

water, chlorides. sulphates. carbon dioxide etc. In other words. as clear films, 

they are not entirely suitable for long-term protection of substrates against 

corrosion. They have to be reinforced by pigments. 

There are several other minerals that have been lIsed in paints for many 

years. These were called extenders, and were considered as cheap materials that 

reduced the cost of the finished paint. However, experience has shown that the 

so called extender pigments are of great value in giving improved water 
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resistance, improved durability, easier application and good storage stability to 

paints. as well as improving commercial viability by lowering costs.40 

Extender pigments are generally white, naturally occurri ng minerals 

with very low solubility in water and preferably inert to the action of acids and 

alkalis. This does not exclude coloured minerals such as iron oxides that have 

lIse in primer tormulations as extending pigments. The minerals are won by 

mining operations and are crushed, cleaned and segregated as products with 

particles ti-om sub-micron to a few microns in size. The minerals cover a wide 

range of chemical compoLlnds SLlch as SUlphates, oxides and silicates. 

11 Carbonates of calei um ancl magnesium are used extensively in paints for 

decorative purposes but because of their solubility. especially in acid solutions. 

are not formulated into coatings requiring high durability and high water 

resistance. 

Aluminium tlake (manutactured from high purity metal by milling 

aluminium powder in a solvent such as white spirit. with stearic acid as a 

luhricant with a size of about I to 100 nm in the longer dimensions and 0.05 to 

:2 mm in thickness) when distributed in a polymer, remain dispersed in the body 

of the HIm, reduce the permeability of polymers by causing ions or molecules to 

follow a long. t0l1uous path to the s ubstrate, as compared with a direct path 

through an lIll filled polymer. It also has the advantage of excellent resistance to 

ultraviolet radiation. These metallic finishes are widely used in the automotive 

industry where their characteristic ability to show a different colour when 

viewed from different angles has a strong bearing on body design. Thin flakes of 

chemical-resistant glass can also be Llsed in a similar manner to aluminium 

tlakes. The media lIsed for these coatings are essentially solvent-free materials, 

with two-pack epoxy and peroxide cured polyester being preferred. Many 

structures, some going back to Victorian times and including the Eiffel Tower, 

have been maintained with MIO-based coatings since they were built. with 

excellent results. German and British railways used the pigment for many years. 

Mica. an aluminium potassium hydrated silicate (AbKSi, .12H 20), is 

found in several forms, the most important for the paint industry being 

muscovite. Mica particles have a high aspect ratio. i.e. diameter to thickness 

ratio, of greater than 25, but the pigment has high oil absorption and this limits 
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its loadings in paint films to relatively low levels. Additions of mica to zinc­

based primers have been shown to improve the performance of these products. 

Talc (Magnesium silicate, 3Mg0-4Si02'H 20) is the Illost widely llsed 

extender pigment. It can have a fibrous or needle-like structure, be plate-like, or 

amorphous. depending upon the source. Tah.: is non reinforcing type tiller 

but improves the impermeability of IilIllS, The tibrous structures confer good 

storage properties on paint by preventing settlemL:nt of pigments. They are 

generaIIy hydrophobic, have good colour and are easily dispersL:d in paint media. 

The mineral form of barium sulphate (Barytes) is an inert compound 

with a low oil absorption and lIsed in build coats and rrimers at high loadings. It 

has a relatively low cost and finds use in chemical re~istance coatings. The 

precipitated form of barytes is used as all c-.:tcndcr for coloured pigments. 

Barium sulphate has the disadvantage of Cl high relative density and this can lead 

to settlement problems. 

Synthetic silica is suitable as a matting agent for coatings due to its high surface 

area. Kaolin or China clay is a hydrous aluminiulll silicate (AJ,O;·2SiOc 2H 20). 

The calcined form has found considerable use as an extendcr in water-based 

systems. It is a lamellar pigment with a relatively high oil absorption and low 

relative density. Nepheline syenite is a nodular form of potassium sodium 

aluminium silicate. It has a low oil absorption. similar to Wollaslonite. and finds 

use in high solids anti-corrosive primers. 

1.7.5 Anti-corrosive pigments 

As the name implies, these materials are used to prevent the corrosion of 

the substrate. Corrosion occurs because metals are not homogeneous materials. 

Heterogeneities are introduced at grain boundaries. by stress and surface 

contamination and by differences in composition. When in contact with an 

electrolyte. areas of higher potential behave as anodes and those of lower 

potential as cathodes. thereby creating a corrosion cell. Metal ions are formed at 

the anodic areas and dissolve into the electrolyte. The electrons produced pass 

through the metal to the cathodic areas for subsequent reaction and so the 

process continues. Interrupting or slowing clown any aspect ot' this process 

reduces the rate of corrosion. 
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Traditional anti-corrosive pigments such as zinc chromate work by 

chemically or electrically interfering with the process of rusting. Metallic zinc 

pigments work by sacrificing themselves for the steel in the corrosion process. 

As the zinc sacrifices itself zinc corrosion products are formed which are 

commonly referred to as white rust. These types of priming paints arc sumdimes 

referred to as cold galv. I'his is a referent:e to galvanised iron, whit:h is steel 

coated with zinc. 

Barrier pigments arc L1sed in high build paints and the idea is that they 

provide a physical barrier to any \\ater and oxygen that tries to wriggle through 

the paint film. If a steel surtace can be starved of wakr and/or oxygen no 

corrosion can take place. Barrier pigments arc plate like in structure. Typical 

examples are leali ng alullli ni urn flakes. glass tlake and micaceous iron ox ideo 

The extender pigments tak and mica also act as barrier pigments because of their 

plate like structure. 

1.7.6 Properties of pigments 

1.7.6.1 Appearance 

Most pigments are used to pruvide Cl visual effect. mainly coloUl' and 

opacity. Having achieved the req uired cuI our and opacity. it is important to 

ensure the pigment will remain essentially insoluble ill the system in which it is 

Llsed and will give the required physical properties, such as light tastness, 

weather abi lity and resistance to chemit:als. 

] .7.6.2 Colour of pigments 

The colour of a pigment is mainly dependent on its chemical structurc. 

The selective absorption and reflection of variolls \vave!cngths of light that 

impinge on the pigmentcd surt~lce determi nes its hue. A blue pigment appears so 

because it reflects the blue wavelengths of the incident white light that falls upon 

it and absorbs all of the other wavel engths. B lack pigments absorb al most all the 

light falling upon them. whereas white pigments scattcr and retlect virtually all 

the visible light falling on their surfaces. Fluorescent pigments have an 

interesting characteristic ~L<; well as h<Jving high reflection in specitlc areas of the 

visible spectrum; they also absorb light in areas outside the visible spectrum. 
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The di ffering absorption and reflection characteristics of compounds are 

attributed to the arrangements of the electrons within their molecules and to their 

energy and frequency vibration. A molecule will absorb electromagnetic 

radiation from part of the spectrum. This absorption excites the electrons. 

resulting in the promotion of an electron from its ground state, E" to an orbital 

of higher energy E2• The wavelength of the light absorbed is determined by the 

difference in energy E between the two orbital concerned: 

E =eEz - E, -=- hdA. 

where his Planck's constant, c is the velocity oflight. and A. is the wavelength of 

light. 

A given molecule has a limited number ot' orbitals, each with its 0\\·11 

characteristic energy. This means that the energy di fferenee E described above 

has cel1ain definitive values. The pigment molecule is therefore only able to 

absorb light at particular wavelengths. determined by the energy di tTercnce E -

that is characteristic of the given molecule. As the electronic excitation is 

accompanied by a multitude of rotational and vibrational transitions. the 

absorption is not at a single wavelength. but Over a wide band. The wavelength~ 

not involved in the absorption are retleded and determines the colour or the 

molecule. and therefore produce the complementary colour to the wave!t:ngths 

absorbed. 

Fluorescent pigments are the t1uorescent dyes that have been dissolved 

into a resin, often achieving good migration fastness on account of their reacting 

with the resin. The dyes themselves are often basic dyes, with poor light 

tastness, and while as 'pigments' they have improved durability. nevertheless 

they are still considered poor and are limited to interior applications. They also 

have poor opacity and are quite expensive. There is an exception, (azomethine). 

which is a true pigment and has been known since the end of the nineteenth 

century. 

The main cause of colour of inorganic pigments is the charge transfer 

Spectra andlor d- d transition spectra. especially of the 3d transition metals. 

However. this does not explain all inorganic pigments. It is well known that 

molecules (;ontaining a metal in two valency states can be intensely coloured. 
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e.g. Prussian blue. It is thought that the deep colour of such compounds is due to 

transfer of an electron from ions in the lower valency state to a highcr one. 

Another cause of colour is the trapping of a cation in the three-dimensional 

lattice carrying a negative charge. Therefore, within these cavities there is room 

for positive and negative ions and neutral molecules. Ultramarine is an example 

of such a molecule. 

It is not only the pigment's chemical nature that determines its colour. 

The crystal structure is now recognized a~ playing an important role. Several 

pigments can exist in more than one crystal torm. a property known as 

polymorphism. and these forms can be of very di fferent colours. fhe clearest 

examples are linear frans-quinacridone. which exists in three ditlercnt crystal 

torms. Polymorphism is not limited to organic pigments. Titanium dioxide exists 

in three crystal torms and other polymorphic pigments such as lead chromates 

and lead molybdatcs also have more than one crystal form. Particle size also 

intluences colour. Smaller particles are usually brighter ill shade and change the 

hue ofa pigment. 

1.7.6.3 Tinctorial strength 

Tinctorial strength must be considered when choosing a pigment. The 

higher the tinctorial strength. the less pigment is required to achieve a standard 

depth of shade. therefore it has economic implications. rhe chcmical strllcture is 

fundamental to the tinctorial strength of the pigment molecul e. !! ighly 

conjugated molecules show increased tinctorial strength. Inorganic pigments that 

are coloured because of their metals in two valency states. show high tinctorial 

strength, whereas those that have a cation trapped in a crystal lattice are weakly 

coloured. Particle size can make a dramatic di fference to the tinctorial strcngth 

of a pigment, smaller particles yielding higher tinctorial strength. The paint 

manufacturer can increase tinctorial strength by efficient dispersion. which is 

particularly important for pigments with a very small paliicle size. 

1.7.6.4 Insolubility 

In the definition of a pigment. it was stated that it must be 'insoluble in. 

and essentially physically and chemically unaffected by the vehicle or substratc·. 

Therefore. when a pigment is incorporated into paint formulation. it must not 
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significantly dissolve in either the vehicle or solvents. Nor must it react with any 

of the components, such as crosslinking agents. In the dried film the pigment 

must also remain unaffected by the substrate and to agents, with which it comes 

into contact, including water, which may simply be in the form of condensation, 

or acidic industrial atmospheres. Although we have defined pigments as bei ng 

insoluble, in practice they may dissolve under certain conditions leading to 

application problems. The application problems associated with a pigment being 

soluble in a system incl ude the following. 

Blooming: tfthe pigment dissolves in th~ solvent, as the paint dries, the 

solvent comes to the slIrhH:e and ~vaporatcs, leaving crystals of the 

pigment on the surface in the fi.1rI11 of a tine powder. This deposit looks 

very much like th~ bloom seen on the surface of son fi'uit hence its 

name. As solubility increases with temperature, this phenomcnon is 

made worse at elevated tempL:ratures. such as in "toving paints. As the 

pigment has also dissohed in the binder, llsually in the form of a 

supersaturated solution, it continues to migrate even when the solvent 

has evaporated and s;ontillues to appear 011 the surface even after being 

wiped clear. 

Bleeding: Pigments in a dried paint film may dissolve in the solvent 

contained in a new coat of paint applied on top of the original film. [f 

this topcoat is the same colour this will be of little on seq uence. 

However, if the topcoat is a difterent colour, particularly a white or pale 

colour, the result can be disastrolls. It is most noticeable when a white 

paint is applied over a red paint. The red pigment bleeds into the ncw 

white paint film. staining it pink. Subsequent coats will not covcr the 

original, as the pigment continues to dissol ve. Again elevated 

temperatures exacerbate the problem. Although usually associated with 

red pigments. it is possible with any pigment possessing only poor to 

moderate solvent fastness. 

Recrystallization: This phenomenon was almost unknown until the 

introduction of bead mi!ls. During the milling stage heat is generated. 

which dissolves a portion of the pigment. The paint often goes through 

quality control without Cl problem. appearing strong and bright. because 
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the pigment is acting as a dye in a supersaturated solution. However, 

over a period of time the dissolved 'pigment' starts to precipitate out, 

losing brilliance and colour strength. This becomes especially noticeable 

in the case of paints containing two differently coloured pigments, e.g. a 

blue and Cl yellow, that have different solubility characteristics. The 

more soluble yellow pigment dissolves and then as it comes out of 

solution and precipitates, the paint will go bluer in shade. 

Recrystallizalion can even take place in aqueous systems. It can be 

avoided by Llsing less soluble pigments and or by controlling the 

telllperature during the dispersion. 

I. 7.6.5 Opacity 

The terms 'hiding po\ver' and 'opacity' are often interchanged, but there 

is a subtle ancl important di fference. Hiding power is the ability of a pigmented 

coating to obliterate the surface. It is dependent on the ability of the film to 

absorb and scatter light. Naturally, the thickness of the film and the 

concentration of the pigment play a essential role. At the other extreme, titanium 

dioxide absorbs cllmost no light, yet its ability to scatter light ensures that at a 

high enough concentration it will cover the substrate being coated. Even certain 

types of paint may require transparency. especially wood finishes. certain can 

coatings and in metallic and pearlescent finishes. now so popular in automotive 

tinishes. A key factor in the opacity of a pigment is its refractive index (RI), 

which measures the ability of a substance to bend light. The opacifying effect is 

proportional to the difference between the refractive index of the pigment and 

that of the medium in which it is dispersed. This is one orthe main reasons why 

titanium dioxide is now almost universally llsed as the white pigment in paint. In 

Table 1.3 the refractive index is given for white pigments, important extender 

pigments and for media in which they may be incorporated. The refractive index 

is fundamental to a given compound providing it retains the same crystal 

structure. As most inorganic pigments have a high refractive index and organic 

pigments have much lower values, it follows that most inorganic pigments are 

opaq ue. whereas organic pigments are transparent. 

Particle size of the pigment also affects the opacity. As the p3lticle size 

increases, the ability of the particle to scatter light increases. up to a maxil1lum. n 
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It then starts to decrease. This ability to scatter light increases the hiding power 

of the pigment, and therefore the hiding power also reach a maximum and then 

de<:reases as the particle size increases. Whereas the refractive indcx of a 

compound cannot be altered, the pigment manu facturer can intl uence the particle 

size of pigments; consequently particle size selection has become one of the 

principal developments in pigment technology in recent years. The particle size 

that gives optimum opacity can be calculated for any given wavelength. For 

maximum opacity. the desired particle size is approximately hal r the dominant 

wavelength. There has even been the development of organic pigments that have 

even larger particles. moving them beyond this point of maximulIl opacity. in 

order to combine transparency with the higher light fastness one secs frolll larger 

particles. This phenomenon has heen called 'ultra transparency'. but has the 

disadvantage that sllch pigments have low tinctorial strength. Ille organic 

pigments have a particle size of between 0.1 and O.5mm. inorganic pignu:nt can 

be much larger. Titanium dioxide manutllc!urers often try to reduce the size of 

their pigment pal1icles. down to around O.25mm. thereby enhancing opacity. 

Tah/e 1.3: Rc:jract ive index o/pigll1(,II/.1 

Medium RI Pigment or extender RI 

Air 1.0 Calcium carbonate 1.58 

Chaina clay 1.56 
----_._. -- ._- --_ ... _------ --

Water 1.33 Talc 1.55 

Barytes 1.64 

Film formers I A-1.6 Zinc oxide 2.01 

Zinc sulphide 2.37 

Titanium dioxide-

Anatase 2.55 

Rutile 2.76 
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1.7.6.6 Transparency 

Transparency is obtained by producing as small pigment particle as 

possible. This is achieved by surrounding the particles as soon as they are 

formed with a coating, which prevents the gro\\1h of crystals.( I 0) For higher­

quality pigments that are required to have better mechanical stability, alternative 

coatings such as morc complex resin derivatives with higher melting points and 

greater resistance to oxidation or other surface treatments are used. Although 

iron oxide pigments are normally opaque. they can be made in a transparent 

form. The transparent form is widely lIsed for metallic finishes. where its high 

transparency not only gives an attractive tinish. but its excellent weather ability 

can actually improve the weather ability of pigl1ll.:nts \\ith which they can be 

combined. Transparent iron oxides depend on the particles being unusually 

small. and also having a speci fic crystal shapc. The dispersion process can 

intluence the transparency obtained. as it consists of breaking up clusters of 

particles to individual primary particles. Good dispersioll will make maximum 

llse of a small particle's transparency. 

I. 7 .6. 7 Du ra bility 

For most paint applications, pigmcnts arc required to be durable. They 

~should neither t~lde nor darken to any cxtcnt. The pigment concentration and 

other pigments used in the paint play a role. Durability must also be considered 

in terms of the end use. Pigments mllst not weaken the film formed by the 

binder. Indeed, in a well formulated paint it is likely to assist in producing a 

cohesive. hard. elastic film, protecting the substrate and increasing the life 

expectancy of the paint film. This will also be dependent on whether the paint 

film is sufficiently thick. For corrosion-resistant paints. the pigment is a 

fundamental component; often providing chemical protection to the sllbstrate. 

1.7.6.9 Chemical stability 

The req lIirements of a pigment to withstand any chemicals with which it 

may come into contact may well be a critical factor in the selection process. One 

has to consider two aspects of chemical attack. First it can come from within the 

paint itself The resin. crosslinking agents. UV-initiators. and any other additive 

may react with the pigment and change its performance. In the early days of Uv-

32 



introduction -
.- coatings, additives on the pigment drastically reduced storage stability, 

..... ting in the coating gelling in the can. For powder coatings the initiator can 

ch~e their shade and reduce fastness propel1ies. The second possible attack 

can come from chemicals with which the coating comes into contact. Water, in 

the form of condensation, can seriously affect a paint film. including domestic 

situations such as bathrooms and kitchens. M any of the detergents Llsed for 

cleaning paintwork are harsh and aggressive towards the pigment. Most test 

methods associated with chemical stability consist of applying the chcmical to 

the surface of the coating, keepi ng them in contact for a given time. then 

measuring the discolouration of the coating and/or the staining of the chemical 

concerned. 

1.7.6.10 Heat stability 

Few pigments degrade at temperatures normally associated with 

coatings. However, several pigments wil! change shade because thcy hecome 

more soluble as the temperature is increased. Therefore tex organic pigments. 

heat stability is closely related to solvent fastness. Elevated temperatures can 

also result in a modilication in the crystal structure of pigments. Pigments with a 

highly crystalline structure are usually more heat stable than polymorphic 

pigments, where the di ffercnt crystal moditications may respond Lli nerently to 

heat. Generally. inorganic pigments have superior heat stability an exception is 

yellow iron oxide. which loses \-vater ti'om the crystal at elevated temperatures. 

1.8 Additives 

This group of raw materials is used in relativel y small amollnts to gi vc 

coatings cCI1ain necessary propel1ics. The role of the paint formulator is to bring 

together the req uired constituents in a stable. cost-efrective composition that can 

be conveniently applied to the substrate. Most additives arc a nuisance and we 

Would rather not have them. Often they are there because we have too much of 

another ingredient. For example we need to add deronners to waterborne paints 

because or the large amounts of wetting agents (soap or detergent type 

chemicals) needed to make a tinting system work Paint additives Llsed in paint 

industry are: 
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1.8.] Antisettling agents 

This group of agents is used to prevent the separation or settling of the 

pigment ft'om the vehicle. Most commonly this is done by lIsing additives that 

set up a gel structure with the vehicle, trapping the pigment within the gel and 

preventing it trom settling to the bottom. 

1.8.2 Antiskinning agents 

An important additive for enamel paints is the anti-skinning agent. Without 

this ingredient all enamel paints would skin in the can. Note that excessive 

stirring of alkyd paints or leaving lids improperly scaled can result in permanent 

loss of tht: volatile antiskinning agent. Never shakt: LIp old cans of enamel paint 

that have been in storage. In most cases skins can be removed by carefully 

cutting away from the top of the paint layer. These art: essentially volatile 

<lntioxidants that prevent oxidation, drying. or skinning of the paint while it is in 

the can but volatilize and leave the paint film, allowing it to dry properly once it 

has been applied. The most common antiskinning agent~ arc methyl ethyl 

ketoximinc. very etfective in alkyds. and butyaldoxine. effective in oleo resinous 

liquids. Phenolics are sometimes used. but they can slow the drying time of the 

coating. 

1.8.3 Thickeners and rheology modifiers 

It provides adequate viscosity (thickness). so that the paint may be applied 

properly. The impact of thickener depends on how thick the paint goes on and 

how well it flows out \lihen applied. The modern rheology modifiers help latex 

paints 10 resist spattering when applied by roller and tlow out smoothly. 

Misconception about paint and quality is the perception by many painters 

that the thicker a paint is, the better the quality. But especially if a large volume 

of thinner is needed to get the paint to a useable consistency. Be aware that there 

is nothing natural about the thickness of paint. All paint is artificially thickened 

and we can make most paints as thick or as thin as we like. You should be aware 

that the thickeners used to thicken paint also control other paint propcI1ies and 

that if paint is thinned more than a few percent these properties can be 

compromised. Thick does not necessarily mean high quality. Cheaper paints are 
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often disguised by making them thicker than necessary. Paint thickeners have 

tWO main roles. 

l. Prevent the paint solids ti-0m settling out in storage and to prevent the 

paint from sagging during application. The use of too much will result in 

poor flow and the paint being full of brush marks. 

2. Make the paint harder to spread and to impart what we l:all brush drag. In 

enamel paints this proper1y is often built into the particular binder rather 

than being given by a special thickener. This allows the paintcr to apply the 

correct amount of paint by applying the paint at a natural spreading rate. 

These thickeners also act to minimise roller fly olT (paint spattering 

everywhere \\ hen roll er appl i ed) 

Waterborne paints use spcl:ial thickeners called rheology moditiers, which give 

excellent flow and levelling and also impart brush drag. In water-based paints, 

the most common bodying agents are methyl cellulose. hydroxyethyl cellulose, 

the acrylates. and the bentoni tes. rhese agents also tend to i Illprove the stabi lity 

of the emulsion. 

1.8.4 Antifloating agents 

Most colours used in the paint industry are a blend of colours. Thus. to 

form a gray some black is added to a white paint. It is important that one colour 

not separate tt'om the other and anti floating agents are used for this purpose. 

Silicones are somctimes used. but thcy pose serious bubbling and recoatability 

problems. Spccial anti floating agents are sold under various trade names. 

1.8.5. Levelling Agents 

Sometimes paint does not flow properly and shows brush or roller 

marks. These can often be corrected by special wetting agents that cause the 

vehicle to set the pigment better. 

1.8.6. Antifoaming 

This is much more of a problem in water-based than in solvent-based 

paints. The presence of bubbles not only makes for <Ill unsightly paint when 

applied, but results in a partially tilled paint can when the bubbles leave the paint 
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while it IS III the can. Latex paints are stabilized with sllrfactants and colloids 

which. unfortunately, also help to stabilize air introduced during manufacture or 

during application. and thus form stable foam. Non-aqueous paints (indeed any 

liquid other than a pure one) may also show bubbling. Sometimes two anti foam 

additions are made, one at an early stage of manufacture and the other just prior 

to ftlling-out. Usually antitoams are of high surface activity and good mobility 

while not being actually soluble in the foaming liquid. Commonly they work by 

lowering the surface tension in the neighbourhood of the bubble, causing them to 

coalesce to larger. less stable bubbles \vhich then break. At their simplest, these 

additives may be solutions of single substances sLlch as pine oil. dibutyl 

phospilalt:. or short chain (C6-C 10) alcohols. 

1.8.7 Biocid cs 

They are two types used in latex paints 

I. i\ preservative to keep bacteria b'om growlllg In the paint. This is 

especially important for paint stored in containers that are repeatedly 

opened and closed, because contamination can occur. 

2. A mildewcide. to discourage mildew from growing on the surface of 

the paint after it has been applied. This is lIsed mainly in exterior 

products, although some interior paints. sLlch as those formulated for LIse 

in damp areas, e.g., kitchens and baths. may also contain mildewcide. 

Most exterior paints will suffer a blackish-greenish discolouration caused by the 

growth of fungi or mildew on the surface. Until now this condition has been 

prevented by the inclusion ofa mercurial in the paint, often in combination with 

zinc oxide. Today non mercurial also are available. 

1.8.9 Wetting and dispersing agents 

Wetting agents and dispersing agents are essential for getting pigments 

into paints. They are related to the detergents lIsed for washing dishes and act to 

wet the pigments and allow them to be more easily dispersed into paint. They are 

more often needed in latex type paints than in solvent borne paints where the 

binder can often do a very good pigment-wetting job by itself. Latex binders 

tend to become extremely aerated and can gel if sllbjected to too much 
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mechanical stress such as is needed to disperse pigments. Organic pigments in 

particular can be very di fficult to grind up into paint and need quite specialised, 

individually tailored, wetting and dispersing agents to achieve this. Our 

architectural tinters are loaded with wetting agents. Not only are they needed to 

wet the pigments in the tinter, but a lot of extra wetting agent is also needed to 

allow the tinters to be added to both solvent and \vater based paints. The level of 

these machine tinters in our paint should be kept as low as practicable. The 

presence of glycols, wetting agents and surfactants in oLlr latex roof paints is the 

reason were commend that roofs used for collecting drinking water are 

disconnected for the first few rains. These mat erials make water foamy and gi ve 

a slightly unpleasant taste. 

Many different types of wetting agents an: necessary in water-based 

paints. Some are used for improved pigment dispersions. whereas others arc 

employed to improve adhesion to a poor sLlrtllce sllch as a slick surface. A 

dispersing agent in latex paint is used to dctlocclIlate pigment and extender 

particles, while at the same time reduci ng the \ i 'cos ity of pigment/extender 

dispersion. Anionic and non-ionic surhlctant is commonly used dispersing agent. 

Sodium and potassium polyphosphates arc widely lIsed as anionic dispersing 

agent. 

1.8.10 Freeze-Thaw Stabilizers 

These are necessary in water-based pai nts to prevent coagulating 01' 

flocculating when the paints are subjected to freezing temperatures. The 

stabilizers, such as ethylene or propylene glycol, lower the temperature at which 

the paint will fj·eeze. Another way of accomplishing this goal is to use an 

additive that improves the stability of the emulsion. 

1.8.11 Coalescing Agents 

Coalescing agents are temporary plasticisers which are used to reduce 

MFT of the polymer. They are high boiling liquids which have boiling points 

between I 85-25S°C. The purpose of these agents in water-based paints is to 

soften and solvate partially the latex particles in order to help them tlow together 

and form a more nearly continuous film. particularly at low temperatures. This 

can be done with poly alcohols sLlch as ethylene glycol. propylene glycol etc. 

37 



Cliapter1 

Water-soluble coalescents are used to modify other propel1ies such as wet edge 

and freez-thaw stability. In gloss paint high level of propylene glycols are 

incorporated primarily to improve wet edge. Solubility of coalescent in the water 

phase or polymer phase is good to coalescent efficiency. Coalescing solvent has 

a vital part in drying process of the latex paints. The coalescing solvent is needed 

to soften the solid suspended acrylic binder particles in order for them to fuse or 

stick together in one uni lied mass. The coalescing solvent is a lot slower to 

evaporate than \vater in normal conditions. Normally the water evaporates 

quickly and the drying paint becomes quite thick making it difficult for the 

coalescing solvent to escape. In cold conditions this is not the case. The paint 

remains quite liquid (because the \\ater is 110t evaporating) and the coakscing 

solvent are given much more t1'eedoll1 with which to escape the paint tllm. There 

is never any coalescing solvent vapour in air (Llnless you live in a paint bctory) 

so in times all the coalescing solvent will evaporate from the coating leaving the 

water behind. It may take about 3-5 hours for this to happen. I\s a result the latex 

pm·tides are len surrounded by only water. When the weather eventually warms 

lip the water will evaporate leaving behind a poorly coalesced acrylic paint. The 

severity of this poor coalescence on the paints physical properties varies 

depending on time and temperatures. rile worst that can happen is that the paint 

dries as a powder. In real life this may not be the case and the actual result will 

be something in between a powder and a normal paint film, The visible results 

may be a patchy appearance with possible loss of gloss and adhesion.The next 

rain may result in blistering. or the entire coating could be washed off 

1.9 Solvents 

Solvents are liquids that can dissolve other substances in the same way 

you dissolve. The dissolved material can be reclaimed from a solution in the 

solvent by evaporating the solvent otT Solvent is the medium, in which the 

pigment and binder are carried, which is then evaporates when paint is on the 

substrate. There are essentially three types of volatile sol vents a true solvent 

(which tends to dissolve the basic film former). a diluent, and a llonsolvellt 

(tolerated by the coating). Thus. in a lacquer. ethyl acetate is the true solvent. 
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ethyl alcohol is the latent solvent, and petroleum hydrocarbon is the diluent. In a 

latex paint water might be considered a true solvent, but in alkyd enamel it 

would be a diluent. Paint simply could not be applied without a solvent, for in 

most instances the result would be a semisolid mass. It can therefore be said that 

the most important property ofa solvent is to reduce viscosity sufficiently so that 

the coating can be applied, whether by brush, roller, dipping, or spraying. 

Besides this most important property. the solvent has other significant features." 

It controls the setting time of the paint film, which, in turn, controls the ability of 

one panel of paint to blend with another panel applied later. In addition. it 

controls important properties such as levelling or tlow, gloss, drying tinK 

durability, sagging tendencies, and other good or bad features in the wet paint or 
. t' I I~ pamt I m. 

1.9.1 Petroleum Solvents 

These constitute the most popular group of solvents used in the coaling~ 

industry. fhey consist ofa blend of hydrocarbons obtained by the distillation and 

retining of crude petroleum oil. The taster-evaporating types. which come off 

first. an: Llsed as diluents in lacquers or as solvents in special industrials. 

Solvents of the intermediate group are used in trade sales paints. Members of the 

slowest group, beginning with kerosene and going into fuel oils. arc Llsed for 

heating. lubrication. and other applications. 1.1 

The most important group used in trade sales paints and varnishes 

consists of mineral spirits and heavy mineral spirits. They are sometimes 

considered a turpentine substitute because the distillation ranges are 

approximately the same. Because of their low price. proper solvency, and correct 

evaporation rate, mineral spirits are probably the most popular solvents Llsed by 

the coatings industry. Normally they are the sole solvents in all interior and 

exterior paints with the exception of !lat tinishes. Special grades that pass 

antipollution regulations are now being sold. Heavy mineral spirits are a slower­

evaporating petroleum hydrocarbon and an ideal solvent for flat-type finishes. 

During cold winter weather, the formulator might use a combination of regular 

and heavy mineral spirits. Architects switching to new high-solids coatings 

should work closely with the manufacturer to assure proper performance and be 

cel1ain that application personnel are properly trained to handle the more 
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complex systems. In many coatings it gives satisfactory spraying and dipping 

properties. Because of regulations regarding air pollution, the straight types of 

hydrocarbon solvents that hitherto have been the backbone of the coatings 

industry are being phased out and replaced by mixtures that will pass the 

stringent regulations of various states. 

1.9.2 Alcohols, Esters, and Ketones 

A great many of these types of solvents are used in industrials and 

especially in lacquers. Among the more popular solvents of this type are the 

following: 

I. Acetone (CH 3COCH J ): Very strong and very fast evaporating and can 

cause blushing. It is used in paint and varnish removers. 

2. Ethyl acetate (CHJCOOC2H~): This is a standard fast-evaporating 

solvent for lacquers. It is relatively low in cost. 

3. Butylacetate (CH J COOC4H'l): This is a very good medium-boiling 

solvent for lacquers. It has good blush resistance. 

4. Ethyl alcohol (C2H~OH): Used only in a denatured form. it is a good 

latent solvent for lacquers and also is used to dissolve shellac. [t is 

relatively low in cost. 

5. Butyl alcohol (C4H90H): This is a medium-boiling popular latent 

solvent for lacquers. 

The presence of toxic solvents in the atmosphere of the work-place is not the 

only problem giving concern in recent years. It is now well established that the 

emission of volatile organic compounds (VOCs) into the atmosphere can have 

serious environmental implications. Thus. effects on the concentration of ozone 

in the stratosphere resulting in the depletion of ozone (particularly in the Polar 

Regions) have been much publicized as 'holes in the ozone layer', which give 

rise to increased ultraviolet radiation penetration of the earth's atmosphere. The 

mechanism of this process, in which chlorinated hydrocarbons play an important 

part, is well understood. A consequence of the increased intensity of UV light in 
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the troposphere is an increase in the incidence of skin cancers. The fonnation of 

summer smogs (associated with large conurbations such as Los Angeles and 

Athens) is a result of ozone creation in the troposphere which is also encouraged 

by vac emissions. It has also been observed that smog can be formed at 

substantial distances from the original emission source. 

Water is the most powerful solvent known to exist that can dissolve more 

material than any other liquids. 

l.IO Drying Mechanism of Latex Paint 

Film formation of latex paint occurs when the paint is applied and the 

water evaporates. During this process. the particles of pigment and binder come 

closer together with great force. causing them to fuse and bind the pigment in to 

continuous film. This process is called coalescence. The drying mechanism is 

shown in the following picture. 

- .. -- • ., 
VVe t Paint: 

Part icl e of P i s;Jment a nd 
L atex Binder Di s pers ed in "IWioster 

.~. -.... 
P a int: Dries 

Partict e P30 k C l osel y Togethe r ... .. ~ 

5') .-- ." e -

Dry P a~nt Film 
Latex Binder Partict.s H ..... Fused, 

Entrapping Pigment Panict •• 
In Tougn . Contl nuous Fi I m 

• Pigment Particles 

Latex Si nder Parti cl as 

Figure /.4: DrY;"$! mechanism ofpuilllJilm 

This mechanism of film formation is that allows water-thinning and 

.:!.eanup with latex paints. while providing prompt development of a water and 

41 



Cliapter J 

weather resistant tilm shol11y after application. The latex paint film retains 

microscopic openings that allow it to "breath", through which moisture is 

entering. The latex paint tilm is thus more tolerant of moisture coming inside the 

building than oil paint. 1
() Latex paints may blister from rain, dew or other sources 

of water on the outside Df the coating, if the paint with limited adhesion 

capability was applied over a chalky or unclean surface has not enough time to 

dry thoroughly. 

Tahle 1.4: Drl'il/g limes o/varioIls il1gredimls il1 painls 

Event Time 

Water evaporation 0-3 hours 

Coalescing solvent left behind o to 3 hours 

Resin particles move together \12-3 hours 

Coalescing solvent softens resin '/,-3 hours I 
I 

Coalescing solvent softens resin 1-6 hours 
[ 

I 
Resin particles fuse together 1-3 hours 

Coalescing solvent leaves film 1-5 days 

Glycols. leave film 0-5 days 

Film fully dry AboLlt I week 

Resin properties remain stable 10 years+ 
--_ ... _- ----- --- --- ---- -----_ .. _-.-." .-.- . _. __ .. _ ... 

Ul The Scope and Objectives 

During the last two decades, lot of research works have been undel1aken 

on the development of water based coating due to environmental concern about 

solvents and other volatile organic compounds (VOC) being emitted in to the 

atmosphere and causing ozone depletion, acid rain and pDssibly a chemical 

imbalance of the ear1h's ecosphere. 
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Paint properties will be influenced by the effect of monomer ratio, particle size, 

and stabilizer system. In general, softer polymers favour extensibility. exterior 

durability, film integration whereas harder polymers favour lower dirt retention, 

glow retention and scrub resistance. Most lattices using in the decorative market 

are copolymers or terpolymers with the ratios chosen to suit speci tic sector. 

The objective of the study was to prepare the latex based on 

Vinylacetate and Butylacrylate as good binder using semicontinllolls cmulsion 

polymerisation method. Yinylacetate-13utylacrylatc copolymer of di ffercnt 

compositions was prepared. Polyvinylacetate is a hard polymer which is \\idel)' 

used for the preparation of raints and adhesives due to their low cost and 

adhesive properties. This polymer softencd by internal rla5ticization by 

butyJacrylate. Polybutylacrylatc is a soft ro[ymer. The polymeril.atioll conditions 

were optimized to get a good stable co-polymer lattice with BSi IS \\1°;() Y Ac­

BuA content. 

Water-based raints llsually require protcctiol1 against microbial sroilage. 

Microbial growth is usually manifestcd as a loss in functionality and may 

include gas formation, pH changes, offensive odour, and changes in viscosity 

and colour. To improve the Llntill1icrobial properties ur the ~llrface coating 

without affecting the tilm formLltion property of surface. a ncw natural biocide 

(Chitosan derivative) is introduced instcad of using synthetic biocidc. Chitosan 

has good film forming ability and excellent antimicrobial activity. Paints made 

by carboxymethyl chitosan as biocide are eco-friendly, cost effective and 

durable. 

Conventional titanium dioxide (TiO}) is commonly llsed as inorganic 

pigment due to its very high n:ti'active index. Ti02 based coating has UY 

shielding ability due to UY ray absorrtion and scattering. Light scattering 

depends on the particle size. The reduction of particle size increases the UY ray 

absorption. Nano sized TiO} is prepared in the form of colloidal sol. Ti0 2 in a 

pre-dispersed form rather than powdered form improves the quality of tinal 

dispersion. Nano colloidal TiOz gives high performance in sunscreen property. 

More surface area can also be covered compared to the conventional TiOz. 
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Matt tinishing paints are used on large areas such as walls and ceilings. 

Matt formulation contains a resin system and a matting agent. The matting agent 

has a surface moiety. The matting agent lIsed for the present study is activated 

rubber crumbs. Rubber crumb is usually contains 50% rubber content. Different 

proportions of rubber crumb are used tor making the surface coating and the 

optimum level of addition was found out for the easy brushing and good 

dispersion formation. 

New coating formulations are developed with vinyl acetate - butyl 

acrylate as binder, conventional Ti0 2 or nano TiO~ as pigment, activated rubber 

crumb as mattillg agent and carboxymethyl chi tosan as biocides. The 

performance of the above formulated paints is compared by comparing their 

properties with commercially available paints. 

The salient objectives of the current investigation are: 
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• Synthesis of vinyl acetate butyl acrylate copolymer I at. ices 

• Synthesis ofnano TiO~ by cost effective method 

• Study the effect ofcarboxy methyl chitosan as natura! biocide for 

surface coatings 

• Using activated rubber crumbs as matting agent 

• Development of di fferent paint formulations 

• with conventional riO] as pigment. 

• with conventional Ti02 as pigment and carboxymethyl chitosan 

as biocide. 

• with conventional TiO] as pigment. carboxy methyl chitosan as 

biocide and activated rubber crumb a matting agent. 

• with nano Ti02 as pigment. 

• with nano TiO] as pigment, carboxy methyl chitosan as biocide. 

• with nano TiO] as pigment. carboxy methyl chitosan as biocide 

and activated rubber crumb a matting agent 



]IItroauct;,m 

References 

1 (a) Kenneth H, AI,lan M; '.'Coa~in<~;\' trih()lo~: propert!es, techniqlles, amI 
applications il1 surface engineering, 2nd edition, Elscvler. 1994. 

(b) Kenneth Holmberg, AJlan Matthews, Helena Ronkainen: Triholog), 
International, 1998, 3 I. 

(C) Paul S: "Sur/ace coalings: Science o/1d techl7olo,t,'}''', Chemical Pub. Co. 

Inc., New York, 1985. 

(D) Arthus A.Tracton; "Coatings technology handhook". Tay10r and hancis 
group, Boea Raton, London. 

2 (a) Ball, Phi lip; "Bright Earth: Art and the !nl'cntioll olCol(}II),", 20112 

(b) Doerner Max; "The Materials of the AI1ist and Their Use in Painting: With 
Notes on the Techniques of the Old Masters", Harcollrt. 198·t 

(C) Finlay, Victoria: "C()lour: A Nutllrctlllistory oll/1e Palel/e, RUlld{)/1/ Ifouse" 

3 Feller, Robel1 L; "Artist's pigments: a ham/hook of/heir histOlT (/1/(1 

characteristics". Cambridge University Press. Vol.l. 1986. 

4 (a) Lambourne R: ""(/illl u/7(1 Sill/ace Coatings: TlIf.:OlY and f'mclicc" U!is 
Horwood. UK, 1987. 

(b) Rickerby DS. David S. Matthews A; "Advanced surface coatings: a 
handbook of surface engineering", Blackie. Chapman and Hall. Glasgow. New 
York,1991. 

5 Patton TC; "Pail1t Fir!\!' and Pigmenl Dispersion", Intersciem:e, New York. 
U.S.A., 1964. 

6 Weismantel GE. "['ainl/wlldh()ok", McGraw-Hill. Inc., New York. 1981. 

7 (a) Eckersley ST; Ruuin A:.I Coatings Teclmo11990. 62. 780.89. 

(b) Ellgood B; .J. Oil & Colollr Chem.Ass()c. 1985, 68. 164. 

(c) Cao T. Xu Y, Wang Y, Chen X. lheng A; PoIYIII. 1nl. 1993.32. 153. 

(d) Devon MJ. Gm'don JL, Roberts G, Rudin A; .!.Appl.Pol)'I11.Sci. 1 99(). 39, 
2119. 

(e) Eckersley ST. R udin 1\; J COOlillgs TC!cl7l1ol. 1990. 62. 780. 89. 

(f) Jensen DP. Morgan LW; JAppl.PolYll1er Sci. 1991. 42.2845. 

(g) Sperry PR, Snyder RS. Dowd ML, Lesko PM; Longl71l1ir 1994. l 0.2619. 

45 



Cfiapter 1 

8 Jean Zatmann; "Water-hased coaling compositions H. United States Patent, 
407514R, 1978. 

9 (a) Wilk Hans-Christoph OR, Wegemund f3ernd; "Water-h()rne ulkyde resin 
and polyucrylate resin compositions, and Iheir use (IS paint hinders ", 1983. 

(b) Rottmaier Ludwig Ing Grad, Mer1en Rudolt: Dhein Roll: Kreuder Hans 
Joachim; "Powder paint binders and process/I)/" Iheir /,reparatioJ7 ", 1981. 

10 Philip A, Schweitzer PE; "Pail1! (lnd CoutiJlgs Appliculiolls alld ('orrosion 
ResistuJlce ". Taylor & Francis Group, CRC Press, 2006. 

I I (a) Candries M; "Painl 5ystem.I'.f{Jr the marine induslly". Department of 
Marine Technology. University ofNewcastk-upon-Tync. 2000. 

(b) Badnlll MB, Hehu AA1. Heshmu! AA; "Effect o/di/fen.'lIt polymers Oil the 
efflciel1c)' ofll'ater-horne methyl amille adduct as c(!rrosi()// inhihitor fiJ}' slllli/ce 
coatings ", JAppl.PoIYIII.Sci. 2002,85.4,879. 

(c) Alastair Man'ion; "The chemislry and ph.vsics o/coutiflgs ", Royal Society of 
Chemistry. Great Britain, 2nd edition. 

(d) Gcrt Dworak; "Aqueous hinder mixtllre n, United State~ Patent. US 
2002/0077389 AI. 2001. 

(e) Michacl JS, Lezlie H; "A methud/i>r applying puil1l to a surface". Ellmj/(.'U11 

Patellt. E[>0842054, 2000. 

(f) Emblem; "Couling composition slIilable/ill" IIse ul high 1I.:llIpcrutures". 
United state patents. 3859198,1975. 
(g) Dwight G; "Failure analysis of]Juinls ulld coulings", John Wile)' and Sons. 
21)(19. 

12 [Jews ICR; Puint Technology Manual, Part 3. COIIFerlihle coatings. Chapma 
and Hall, London. 1966. 

13 Wicks DA. Yeske PE; Prog Org Coat I C)C)7, 30. 265. 

14 (a) VanWesting PM; Prog Org Cout 1993,23,89. 

(b) Negele 0, Funke W; Prog ()rg Cout 1995,28.285. 

15 Wegmann ;\;.J Coal Tee/mol 1993.65. 827.27. 

16 Albers R; in Proc Water home High-Solids Cool Symp, New Orleans. La., 
1983. 130. 

17 Oldring PK T, Lam PKH; Walerhorne al7d Solvenl Bosed Acr_vlics und Their 
End User Applicalions. Wiley/SIT A. London 1996. 

46 



IlltrO<fuctio11 

-
18 (a) Subhasri M, Dhirendra K, Nirvan YPS; "Acrylate s;ra/ied dehydrated 
castor oil alkyd-A hinderfi)/' exterior paints", Journal {!/Coatings Technology 

1998,70,4. 

(b) Krister Holmberg: "High solids alkyd res;m", CRC Press, 1987. 

19 Tawn AH; "Paint l'echl1%gy /vJanl/al, Pm1 I, lVol1-crJl1vert ible Coat ing", 2nd 

edn., Chapman and Hall. London, 1969. 

20 UK Patent 2206591 A. 1989. 

21 (a) Nakamura H. Tachi K; ASC PMSE, 1997,76 126. 

(a) Imperial Chemical Industries, United States Patent, 4,403,003, 1983. 

22 (a) Bassett DR. KL Hay: in AeS SymposiulIl Series j(j5. American Chemical 
Society, Washington. D.e.. )981. 371. 

(b) Winnik MA, Fcng J; J ('oul Tcchnol 1996, 68, 852,39. 

(c) Eckersley SA. l-lell1H:r RJ; J ('out Techl1011997, 69, 864. 97. 

23 Trapani A; 1'illllre Vemici t;/{I' 1995,71. 9, 14. 

24 Taylor JW, 8assett f)W; "Technology/iJ/' Wuterhorne Coutings". American 
Chemical Society. Washington. D.C .. 1997, 137. 

25 Pollano G; PolYIIl ,\/UIICi' Se; Ell}!, 1996, 77. 

26 Inaba y, Daniels ES. LI-I\asser MS ; J C 'oul Tee/mol 1 99·t 66, 833, 63. 

27 Chen MJ; J Coul llCc/lIlol 1997,69,875,49. 

28 GeUl1s JM, van Es .l.fGS, German AL; Prop, Org Coot 1996, 29, 107. 

29 (a) Monaghan G; PnlYIl1 iV!"llCr Sci Eng 1997, 76, 178. 

(b) CoIlins MJ, Taylor JW. Mal1in RA; ['olym Maler Sci Ell}!, 1997, 76, 172. 

30 Nabuurs T, Baijards RA, German AL; hog Org Coal 1996, '27. 163. 

31 Prior RA; 1'rog Org ('Ollt 1996,29. 209. 

32 Patton TC; "['igllllCl1I hundhook Vol.!, 11 and Iff'. Wiley New York. 1973. 

33 Feitknechst W; in f'igmel1ls- ,.JI/ /nlmdllclionln rlleir /'hysical Chemistry, 
Patterson D (Editor). Elsevier 1967, l. 

34 Patterson D; in I'iglJll.!l1ls - AI1 Il1lroduclio/1 10 Their [,h)'.I'icol Chel1lisllT, 
Elsevier, 1967.50. 

35 Lambourne R, Strivens T 1\; "Poilll ol1d SlIrj(xe Coutings ThlC(JlT ulld 

Practice", 2nd edition. Woodhead Publishing Limited, Cambridge, England, 
1999. 

47 



C/iapter 1 

36 Sanders .ID; Pigments/fir Ink makers, SITA Technology, London, 1989, 19. 

37 Herbst W, Ilunger K; Industrial Orgunic Pigments, VCI-!, Weinhcilll 1993. 

38 Jones F; in Pigments - An Introduction to Their Physical Chemistry, Patterson 
D (Editor), Elsevier, 1967, 12. 

39 .Iones F; in Pigmenls - An Introdllction to Their Physical Chemistry, Patterson 
D (Editor), Elscvier, 1967, 12. 

~o Stig FE3; JCT 1981, 53, 680, 75. 

41 MeClcary RL; Ji-ealise on coalings, Marcel Dckker, New York, Vol.3, 
ChapA. 1975. 

~2 Washington C; l'artic;/e si=e unalysis - I'/wrmacclllics and olher indllstries: 
7hc()/:I' (/lId Practice, Ellis IIorwood 1992. 

43 Tess, R. W. 1985. "Solvents" Applied Polymer Sciel1ce. American Chemical 
Society, Washington. D.C., pp. 661-%. 

44 Weismantel, G. E. 198 I. Puillt Handhouk. McGraw-1 Iill, New York, pp. 1-1-
1-50,3-1·34. 

45 Brandrup. Land Immergut. E. fJ. 1975. Polymer lIunc/hook. Wiley, New 
York. pp. IV-l IV-267. 

46 (a) J. M. Salamanca, E. Ciampi. D. A. FauxY. M. Glover,P. J. McDonald,A. 
F. Routh. A. C. !. A. Peters.R. Satguru,and J. L. Keddie; Lateral Drying in Thick 
Films of Waterborne Colloidal Pm1icles, {ollgmllir, 200 l. 17 (I I), pp 3202 
3207 

(b) Winnik, M. A. Cllrr. Opil1. Coli. lnle/lace ,'l'ci. 1997,2,192. 

(c) Kcddie, J. L. Mater. Sci. Eng. Rep. 1997, 21,101. 

48 



etiapWt 2 

MATERIALS USED AND EXPERIMENTAL TECHNIQUES 

2.1 Materials 

\) Vinyl acetate (VAc): Manufactured by MiS Loba chemicals 

were distilled under vacuum to remove the inhibitor. 

2) n-butyl acrylate (BuA): Manufactured by M!S Loba chemicals 

were distilled under vacuum to remove the inhibitor. 

3) Sodium carbonate: AR grade obtained fi'olll [\krck 

4) Ammonium persulphate: AR grade obtained tt'om Men:k. 

5) Sodium dodecyl benzene sulphonic acid: HPLC grade rrom 

Loba chemi Pvt. Ltd. 

6) Rexol: Grade N-300 purchased hom LalTans petrochemicals 

limited. 

7) Titanium tetrachloride: Anhydrous fuming liquid sreclrochem 

Pvt. Ltd. 

8) Distilled, deionized and deoxygenated water: nice chemicals 

Pvt. Ltd. 

9) Nitric acid: Purchased from Rankem with assay 01'72%. 

10) Sodium hydroxide: with 98% assay Purchased It'om Rankem. 

11) Titanium dioxide: Travancore titanium products limited. 

12) Tributylphosphate: with 99% purity purchased from 

spectrochem pvt. Ltd. 

13) Triton-X-100: fi'om spectrochem Pvt.Ltd. 

14) Propylene glycol: with 98% assay I)'om Merck. 
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15) Sodium hexa metaphosphate-SHMP: associated rubber 

chemicals Pvt. Ltd. 

16) Acticid SPX: associated rubber chemicals Pvt.Ltd. 

17) Potassiumtripolyphosphate: LR grade of assay 90% fi'om 

national chemicals limited. 

18) Kaolin: assay of99% Loba chemicals Pvt. Ltd. 

19) Calcium carbonate precipitated: assay of 99% purchased 

Merck. 

20) Carboxymethyl cellulose: assay of 99% purchased from BDH 

chemicals Ltd. Poole, England. 

21) Carboxymethyl chitosan: India sea foods limited, Kannamaly 

India 

22) Rubber crumb: Rubber Park India Ltd .. Perumbavoor. 

2.2 Experimental methods 

2.2.1 Preparation of copolymer latex 

The laUces were prepared by semi-continuous emulsion polymerization. 

The polymerization was carried out in a four necked one liter reactor having a 

two bladed Tetlon (tetratluoroethelene) coated stirrer and a 25 ml graduated 

dropping funnel which was immersed in a constant temperature bath kept at 

80°C and equipped with water condenser. The recipe used for the synthesis is 

given in chapter 3. Doubly deionised (001) water and emulsifiers were initially 

charged and maintained under constant agitation of 150 rpm under nitrogen 

atmosphere for half an hour. The monomers were mixed and then slowly added 

to stirred solution of surfactant, buffer and DD! water to obtain pre-emulsion. 

The pre-emulsion was fed to the reactor over a period of 3.5 hours through a 

dropping funnel at a rate of 0.30 and 0.40 ml/min respectively. No phase 

separation of pre-emulsion was noticed over the feeding period. The initiator 

was divided into two portions and the first portion was added to the reactor prior 

to the addition of the pre-emulsion. Thereafter the second portion of the initiator 
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which was dissol · .. ed in deionized water 10 form a concentrated solution was 

added 10 the r~ctor concurrently with the pre-emulsion. After the addition of all 

the ingredients the reaction mixture wa.<; fLUther heated for I hr at SO°c. After that 

the reactor contents was cooled to 2SoC, it was tittered to remove any residual 

coagulum and finally the copolymer latex was obtained. Likewise the lattices 

containing different monomer composition of VAc-BuA .... ith 85115. 76124. 

10.'30 weight percentage were prepared. Different solid content lat .ices (35%, 

~O"o and ~5%) also prl.'pared for 85 .' 15 " 'eight percent VAc-BuA composition to 

find out the good performance of lat :ic..'"e binder for paint application. 
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2.2.2 Latex paint formulation 

The paint formulations were made by mixing appropriate proportions of 

latex with various ingredients. Lat ices of di fferent compositions were lIsed for 

the paint formulation. The V Ac-BuA copolymers of solid content 45% were 

used for the preparation. Firstly paints prepared with commercially available 

TiO,. To tind out the cITed of nanosized pigment; synthesized nano Ti02 based 

paints also prepared. Rubber crumb incorporated paints were prepared to get 

matte tinished paints. fo improve the resistance of microorganisms (fungus, 

bacteria etc.) attack, a natural biocide incorporated in all the above formulations. 

The recipes used for making these formulations are given in the respecti ve 

chapters. 

2.3 Results anti discussion 

2 . .3.1 Characterization orVAc-BuA copolymer 

2.3.1.1 IR 

The copolymers were precipitated using acetone were washed with 

methanol and water (I: I ratio). rhey were then dried in vacuum oven at 60 (le. 
These samples were dissolved in tetra hydro furan, filtered and dried. These 

samples were lIsed for the FTIR analysis using Bruker (Tensor 27) instrument. 

2.3.1.2 NMR 

Copolymer samples were dissolved (5 wt %) in a mixture of deuterated 

chlorofom and tetrachloroethylenc. The IH-NMR spectra were recorded using 

Bruker advance JI NMR spectrometer operating at 100 MHz. 

2.3.1.3 Molecular weight 

Molecular weight of the synthesized copolymers was determined by size 

exclusion chromatography with waters HPLC system, 600 series pump, 

Styragel-HR-5E-4E/2/0.S columns in series, 2414 refractive index detector 

(Calibrated using polystyrene standards of molecular weight (Mp) 

85 J 000/34300/3250). Tetrahydrofuran was used as eluent at a tl DW rate of 
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ImJlmin. 20)11 volume ofO.2% solution of the substance in tetrahydrofuran was 

injected to get the chromatogram and thus to get the molecular weight. 

1.3.1.4 Zeta potential 

The stability and the particle size of the copolymer lattices were 

obtained from zeta potential analysis Llsing TSS, NICOMP, particle sizing 

system (NICOMP 380ZLS) 

2.3.2 Mechanical tests of dry polymer film 

Latex films of O.2-0.5mm thickness were dried at room temperature in 

glass petridishes. These films were used for mechanical characteri7.ation at roolll 

temperature (28°C). 

Tensile measurements were made at room temperature using Universal 

Testing Machine (ShimadzLI. I\G-I). The specimen size was according to ASTM 

0412-98 a. A cross head speed 50 mm/min was found suitable to cover the 

entire range of compositions of the polymers. 

2.3.1.5 Thermal properties 

The copolymers were precipitated using acetone were washed with 

methanol and water (I: I ratio). They were then dried in vacuum oven at 60 /}C. 

These salllplcs were used for thermal characterization. 

A differential scanning calorimeter (DSC, QIOO, TA instruments) was 

used to measure the glass transition temperatures of the samples. Indium was 

used for temperature calibration (Till = I 56.6°C, L'l.HIll~ 28.4 Jig). The analysis 

was done in nitrogen atmosphere using standard aluminum pans. 5-8 mg 

specimens were first cooled to -80DC and scan was made from -80ne to 100°C at 

a heating rate of I OOOmi n. 

Thermo gravimetric analysis of the samples was carried out in a Q50 

Thermo Gravimetric Analyzcr (TA Instruments) at a heating rate of 20oClmin. 

The analysis was done in nitrogen atmosphere and the temperature range was 

from 50°C to 800°C. 
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2.3.1.6 Adhesive properties 

Lap shear and peel strength 

The adhesive property of copolymer la! ices were investigated by lap 

shear strength. Mild steel substrate used for bonding. Metal strips of size! OOx25 

mm were machined from 0.60-mm-thick sheets to serve as metal substrates for 

lap-shear·strength studies on metal-ta-metal bonds. Metal strips of size I OOx 25 

mm were machined from O.ll-mm-thick sheets to serve as metal substrates for 

peel strength studies on metal-to-metal bonds. Mechanical cleaning (surface 

roughening) was done with a No.IOO emery paper. Solvent degreasing with 

trichloroethylene followed mechanical cleaning. The copolymer latex with 

different compositions by varying the solid content was used for metal 10 metal 

bonding. Alter applying the copolymer latex. the substrates were kept aside for 

half an hour to evaporate the solvent. The copolymer latex was npplied to a 

thickness of 0.1 mm on both substrates. The substrates were then subse4uently 

bonded together and the copolymer latex cured at room temperature tor two 

\veeb and at 70°C tor 24hours. 

2.3.2 Paint evaluation 

2.3.2.1 Sllmple preparation 

Mild steel panels were used for the preparation of tests samples 

according to BS speci fication 1449 (6x4in). Panels, free from surface 

imperfection sllch as rolling marks, scores and corrosion, were thoroughly 

degreased with trichloroethylene and dried. The panels were then abraded on the 

test side ,vilh 180 grade silicon carbide paper and then wiped with SBPS 40/65 

(special boiling point solvent which is the volatile tj'action derived tt'om 

petroleum at the range 40-6S°C) to remove any contaminants. Care should be 

taken that there should not be any time gap between degreasing and painting. 

The coated panels were air dried as required without any contamination. 

2.3.2.2 Water resistance test 

This test was lIsed to assess the resistance towards water. It is sometimes 

referred to as blister resistance. Blistering was assessed by using photographic 

standards (ASTM D 714-56). It is applied to a wide range of industrial products. 
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The test is carried out in a thermostatically controlled water bath 

equipped for mechanical stirring. A rectangular laboratory water bath of 10 liters 

capacity is used. The water is heated electrically to 38()C ± O.25°C. The panels, 

prepared as described above and are supported in panel racks made of material 

inert to water. The panels are packed in pairs, back-ta-back vertically in the 

panel racks. The racks are placed across the tank so that the water, which is 

circulated by a propeller situated at one end, can pass across the face of the 

panels. After 24 hours immersion the panels are removed from the tank and 

gently wiped dry with a dry soft cloth. They are examined immediately for 

blistering and for loss of gloss. Blistering within 12 mm of the edge of the panel 

is usually disregarded. Alter examination the panels are replaced in the bath and 

the immersion continued until the specitlcation limit is reached, lIsually 7 days at 

least. The panels are examined every 24 hours up to this point. 

2.3.2.3 Salt spray tcst 

This test was Llsed to assess corrosion resistance. It was done accordi ng 

to British standards Institution Method RS 3900 standards. 

Salt spray tests are probably the most common tests applicable to 

corrosion resistance. It is well established that salts sllch as sodium chloride can 

cause rapid corrosion of ferroLls substrates. and it is useful to have intormation 

on the behaviour of a particular system in protecting sllch substrate ti'om 

corrosion both \vith intact and damaged paint films. Two tests are in common 

use: the continuous salt spray test and the intermittent. 

The panel(s) is aged for 24 hours before stm1ing the test. Using a scalpel, 

the coating is cut through to the metal, stm1ing I inch (25mm) from the top of 

the panel and t1nishing 1 inch (25 mm) ri'om the bottom. rhe cut should be 

parallel to the longer side of the panel, and it is impot1ant that the surface of the 

metal should be scored. The test is carried out in a chemically inelt container 

(eg. glass or plastic) with a close-titting lid. A salt mist is produced by spraying a 

synthetic sea-water solution through an atomizer. The panels are suppol1ed on 

nonmetallic racks. The spray is so arranged that it does not impinge directly onto 

the panel surfaces. Panels are examined a Iter 48 hours. I, 2, and 3 weeks. They 

are rinsed in running tap water and dried with absorbent paper and examined 
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immediately for blistering. Blistering is assessed as previously described, with 

reference to photographic standards. The test solution composition is specified as 

follows (Analytical quality reagents are used for the reproducibility): 

Tahle 2. /: The ingredients/or making synlhetic sea wafer 

Sodium chloride (as NaCI) 26.5 g 

Magnesium chloride (as MgCb) 2.4 g 

Magnesium sulphate (as MgS04 ) 3.3 g 

Potassium chloride (as KCI) 0.73 g 

Sodium hydrogen carbonate (as NaHCO,) 0.20 g 

Sodium bromide (as NaBr) 0.28 g 

Calciulll chloride (as CaCh) 1.1 g 

Distilled water 1000ml 

2.3.204 Alkali and detergent resistance test 

Resistance to wards at least three alkali (trisodiulTI011hophosphate. 

anhydrous sodiuITIcarbonate and sodiumhydroxide) was assessed by blistering 

according to ASTM D 714-56 standards. 

At least three alkali resistance tests are in common use. These are based 

upon the lIse of trisodiumorthophosphate. sodaash (anhydrous sodium 

carbonate), and sodium hydroxide respectively. The panels are prepared as 

described previously. The concentration of solution and temperature of test are 

as follows. 

In these tests the panels are partly immersed in the solutions, at least to a 

depth of 3-4 inches (75-IOOmm). As in previollsly described tests, they are 

supported in the tank in non-metallic racks. The panels are removed for 

examination after the first 4 hours' immersion and then subsequently at 24 hour 

intervals as appropriate. After removal from the tank the panels are rinsed with 

tap-water, dried with chamois leather, and examined for blistering. They are then 
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allowed to dry at room temperature for I hour. They are then re-immersed in the 

solution and re-examined after 24 hours (and at subsequent intervals), using the 

same procedure. Blistering is assessed as described previously for water 

resistance, using the ASTM method. 

Table 2.2: Variolls reagents and conditiol1S used/i)/" alkali resi.l'tunce 

test 

Trisodiumphosphate 10% w/w in distilled water 7SoC 

soda ash 10% w/w in distilled water 6S()C 

sodium hydroxide 5% w/w in distilled water 25 tiC 
: 

The detergent test is carried out in a similar manner to the alkali tests. 

The test is carried out at 74 ± O.S°c. The panels are examined al1er !, 2.4, 6,24. 

and 48 hours from the start of the test. The same criteria for the assessment 0 f 

deterioration of the paint are adopted as for the alkali tests. The tesl solution 

composition is specified as follows 

Table 2.3: The ingredientsji)/' makil1g s),J7llil'lic detergent 

Tetrasodi umpyrophosphate anhydrous S3g 
_.' .. - -_. __ ._---- _ ... .. _-

Sodiumsulphate anhydrous 199 

Sodiummetasilicate anhydrous 7g 

Sodi umcarbonate anhydrous 19 

Potassiumoleate 20g 
._.- -_ .. _. 

I % solution of the detergent was used for the tests. 

2.3.2.5 Natural weathering 

The panels of dimension 30x6cm are used for making the test specimens 

as described earlier. The test was conducted for I year because natural 

weathering is a slower degradative process than can be achieved arti ficially. The 

test specimens were placed on the top of the roof so that higher sunlight, UV 
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radiation levels impinging on the panels coupled, with, large variations In 

temperature and humidity. 

2.3.2.6 Adhesion test' 

Cross cut tape test 

This test was carried out according to ASTM 03359-02. The panels are 

prepared as described earlier. An area tt'ee of blemishes and minor surface 

imperfections are selected. In this test a die with a number of close-set parallel 

blades is pressed into the test slIccessively in two directions at right angles to 

each other. The second pressing is slIperimposed on the first, giving a pattern of 

squares. A strip of self-adhesive tape (3:\11 Scotch Blue Painters Tape or 

Sellotape N R Cellulose I 101) stuck over the pattern is removed. and the 

adhesion of the tilm is assessed hom the amollnt of the coating removed. The 

tape is left in contact for 10 seconds and then stripped by pulling the tape back 

on itselfat an angle ofapproximately I:?O". 

2.3.2.7 Rhcological properties 2 

Determination of apparent viscDsity and shear thinning and thixotropic 

properties of non-Newtonian materials in the shear rate range ti'om 0.1-50 sec') 

was carried Ollt lIsing rotational viscometer (I:3rookfield type RV series). The 

tests were carried according to ASTM 01196-05 at room temperature (28°C). 

Apparent viscosity: The spindle/speed combination selected to give a minimum 

scale reading of 10 for varioLls samples. 

Degree of shear thinning and thixotropy: Set the viscometer at slowest 

viscometer speed. Start the viscometer and record the scale reading after 30 

seconds. Increase the viscometer speed stepwise and record the scale reading 

after 30 seconds at each speed. After an observation has been made at top speed. 

decrease the speed in steps to the lowest speed, recording the scale reading after 

30 seconds at each speed. A fier the last reading has been taken at the slowest 

speed, shut off the viscometer and allow it undisturbed for some time. At the end 

of the rest period stmt the viscometer at the slow·est speed and record the scale 

reading after 30 seconds. 
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Shear thinning index = Apparent viscosity at low rotational speed 

Viscosity at 10 times higher speed 
Higher ratio indicating greater shear thinning 

2.3.2.8 UV-visible spectrum: 

The UY-visible spectra were recorded on UY-2550 spectrophotometer. 

2.3.2.9 Antimicrobial tests
J 

It is important to determine the susceptibility of paint tilms to 

microbiological attack on exterior exposure. The growth of fungi and algae on 

the surface of the paint films cause discoloration and disfigurement of painted 

surfaces. The tests were done to find out the antimicrobial activity of paint 

against bacteria, fungi and algae. 

(a) Algal defacement test 

The test is carried out according to ASTM D5589-97. In this method 

filter paper of diameter 4.2 cm coated with sample paint is used as test substrate. 

AIlen's agar mediulll is taken in a petridish. The test specimen is placed at the 

centre of the sol idi fied Allen' s agar plates. Algal i noculums are transferred from 

the flask into a sterilized chromatographic sprayer and apply a thin coat of algae 

suspension to each specimen making sure the surface is covered. The inoculall:d 

plate transferred in to an incubator with a constant tluorescent light having 

humidity >85% and temperature of t28nC. Incubate the samples under the 

specified condition just stated and examine weekly for growth. Two types of 

algae are used. 

(b) Anti-bacterial studies by disc diffusion 

Nutrient agar was prepared by 7.5g agar suspended in 250 ml distilled 

water. It was allowed to soak for 15 minutes and then boiled on a water bath till 

the agar was completely dissol ved. The mixture was autoclaved for 15 minutes 

at 120°C and then poured into sterilized petridishes and stored at 40°C lor 

inoculation. Inoculation was done with the help of platinum wire loop. 

The paper disc of diameter 4.2 cm is prepared and is soaked in the 

samples and dried for I hour at 28°C. The discs were applied Oll bacteria grown 

in ngar plates using a sterilized torceps. The plates were inverted and kept in a 
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bacterial incubater at 37.50C for 24 hours. Escherichia coli and Bacillus subtills 

are the bacteria used for inoculation in paint film. 

(c) Fungal def~cement test 

A spore suspension of each of the test fungi is prepared by pouring one 

subculture of fungus into sterile 10 mL water. Swirl or gently agitate the slant or 

plate to loosen the spores. Carefully aspirate the water and spore suspension with 

a sterile pasteur pipet (trying to avoid obtaining mycelia). Check the collected 

spore suspension under the microscope for mycelial contamination and make a 

note of the relative populations of spores versus mycelial forms. Dilute the 

spores with sterile nutrient salts solution sLlch that the resultant spore suspension 

contai ns 0.8 to 1.2 by IO\pores/mL as determined with a counting chamber. 

Repeat this operation for each organism used in the test. The spore suspension 

may be prepared fresh each day or may be held in the reti'igerator at 3 to IO(IC 

(37 to 50°F) for not more than 4days. 

4.2 cm diameter paper disc dipped in sample is Llsed as the test 

specimen. A thin coat of fungal suspension is applied to each sample lIsing a 

sterile atomizer or pipet, making sure the surface is covered. but not to over 

saturate the samples. Alternately, a separate sterile cotton swab may be used to 

apply and evenly spread the inoculum over the surface of each test sample. 

Incubate all plates at 28°C under 85 to 90 % relative humidity for 4 weeks. 

Aspergillus fwnigates (MTCC 2483) and Penicillium cilrinizllll (MTCC 

2553) are the fungal cultures (test organisms) Llsed for the test. Stock cultures of 

these fungi are maintained separately on an appropriate medium sllch as potato 

dextrose agar plates or slants. Subculture indi vidual fungi onto slants or plates 7 

to 20 days at 28 to 30°C (82 to 86°F) prior to the experiment. and Llse these 

subcultures in preparing the spore suspension. 
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PREPARATION AND CHARACTERIZATION OF 

VINYL ACETATE· BUTYLACRYLATE CO·POLYMER LATlCES-

3.1 Introduction 

Polymer latices are colloidal dispersion of rubber/plastic material in 

aqueous medium. Lat.ices are two types; natural and synthetic. N atmal rubber 

latex is obtained from the botanical source Hevea brasiliensis. The most 

outstanding property of natural rubber latex is its high wet gel strength. Synthetic 

fat.ices are prouuced by emulsion polymerization. Synthetic lattices are aqueous 

dispersion of polymer particles in water produced by emulsion polymerisation. 

Synthetic lat.ices are tailored to pal1icular application and therefore have specitic 

propel1ies such as adhesion, solvent resistance, water resistance etc. Preparation 

of synthetic latex originated in Germany before First World War. During the 

period of ! 930-35 emulsion polymerization was being establ ished as a method 0 f 

producing synthetic rubber latices. Continuous process ti:>r synthetic rubber 

production was developed for styrene-butadiene and acrylonitrile-butadiene 

copolymer to alleviate the shortage of natural rubber. Since then many other 

types have come onto the market of which polyvinylacetate and co-polymers. 

acrylics. anu carboxylic-styrene butadiene type being major products. 

Emulsion polymerization is a very important method in the field of 

chemistry. J2 Method of preparation is c1assi fied into two groups; operational and 

chemical. Chemical method depends on type and level of emulsifier, initiator. 

modifier. electrolyte phase ratio (monomer/water). relative solubility of 

monomer and relative reactivity of monomers in co-polymerisation. The 

operational method depends on reactor capacity. stirrer type, speed, temperature. 

pH and pressure.' Commercially, emulsion polymerization technique is divided 

into three categories based on mode of addition of mono mer. initiator, emulsiner 

etc. They are batch polymerization. semi-continuous polymerization and 

continuous polymerisation. 4 
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In batch polymerisation, complete ingredients are charged into a single 

stirred reactor. Polymerisation is initiated and continued until the required 

conversion is attained. 5 

Continuolls polymerization IS mainly used for the commercial 

production of synthetic lat ices such as SBR, nitrile rubber and poly 

chloroprene. 6 

Semi-continuous IS the most widely used emulsion polymerization 

technique. In this method, single stirred reactor is charged with small p()]iion of 

required quantity of water and other ingredients. Monomer pre-emulsion and 

ingredients added to reactor continuously or incrementally over a certain period 

of reaction time. 7 The controlled addition of monomer emulsion can be llsed to 

control pmiic\e size distribution and stability ofthe latex.R
•
9 

Large patis of lat ices are used in coating and adhesives industry. 

Coating applications depends on the adhesive properties of the POI1'IlH:r. Poly 

vinyl acetate lattices were developed commercially in West Germany and USA. 

Vinyl acetate monomers and polymers ditfer tI'om the m,yority ot' commercially 

used monomers because of its appreciable solubility in water. Poly vinyl acetate, 

widely lIsed as a binder suffers poor hydrolytic stability especially umit:r alkaline 

condition, poor weathering stability, poor wet adhesion and high waleI' 

sensitivity. It has only limited application in coating industry, because or its high 

fg (30°C) and minimum film forming temperature (MFT) 20De making its tilm 

hard and intlexible. The hardness of the polymer film has greater significance in 

the final product. The unmoditied polymer latex does not form an inkgrated 

continuous film below the MFT and this temperature is influenced the hardness 

of film. Polymer can be made softer by internal plasticization, which at the same 

time reduces the MFT, improve f.·eezthaw stability, storage stability, and wet 

adhesion. There are repotis in literature that co-polymerisation of vinyl acetate 

with other monomers lowers T,; by internal plasticization. This lowering of Tg 

makes it a suitable binder in surface coating applications. Usually, vinyl acetate 

is co-polymerised with other polymers like n-butylacrylate, methyl methacrylate 

etc. for the internal plasticization. 10 
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The characteristic feature of free-radical copolymerization of VAc with 

BuA is poor match in their reactivity ratios. The reactivity ratios of VAc and 

BuA have values on the order of rVAc _ 0.02-0.07 and rBuA _ 3.07-8.00, 

respectively. Such a big ditTerence in reactivity ratios leads to phase separation 

for bulk copolymerization of VAc with SuA. This tendency for rapid 

polymerization of BuA followed by polymeri7.ation of VAc, leading to phase 

separation, also occurs in batch-emulsion copolymerization of VAc with 

BuA. 11.I2 But in semicontinuos emulsion polymerisation random statistical co­

polymer lat:ices are obtained by controlled pIT-emulsion addition. L1.I~ 

Mechanism of Film formation 

The formation of latex film arises n·om the coalescence of the individual 

latex particles which are normally held apart by stabilising forces (electrostatic 

andlor steric) resulting from the charged polymer chain end groups or 

surfactant. I' 11, These forces are overcome by the evaporation of the continuous 

phase (water).17 The formation of a continuolls film (i.e. transparent and crack­

free) is then depended on the minimulTl film formation temperature (MFFT) of 

the polymer. which in turn is depended on the elastic modulus (resistance to 

paliicle deformation), and to a lesser extent. the viscosity of the polymer. I I' the 

film is cast above its MFFT. coalescence of the latex particles can occur. IK
.
I
'! 

However. if the tilm is below its MFFT. a li-iable discontinuous film or powder 

compact may form, which is typically opaque due its structured nature and, 

hence, its ability to dim'act light. 

Three stages in the drying process 

Stage I. Water evaporates ti'om the latex surface, concentrating the 

latex: the rate of evaporation has been detcrmi ned by many researchers2
(J as 

being the same as the rate of evaporation ti'olll water alone, or of water from a 

dilute solution of surfactant f electrolyte, i.e .. such as that which constitutes the 

aqueolls phase of latex. This stage is the longest of the three and lasts until the 

polymer has reached ca 60 - 70% volume fraction, (dependent on the stability of 

the latex) or until the surface area of the latex's liquid-air interface stmis to 

decrease as a result of solid tilm formation. Initially, the pmiicles move with 
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Brownian motion, but this ceases as the electrical double layers undergo 

significant interaction, once a critical volume of the water has evaporated. 

Stage 11. This starts from the time at which the particles first come into 

irreversible contact, and iridescence may be observed on the latex surface. The 

rate of evaporation per unit area of open wet latex remains constant, but the 

overall rate of evaporation decreases greatly during this stage. Reducing the rate 

of evaporation can lead to a better quality film by allowing the particles more 

time to pack into an ordered structure before flocculation occurs. Casting at high 

temperatures gives the particles sufficient energy to overcome their mutual 

repulsion and the films are formed before the particles are ordered. 21 Particle 

deformation occurs in soft lattices, as the particles start to fill inter-particular 

capillary channels, driven by interfacial forces. 

/ 
/ 

,/ 
/ 

/ 

III 

I' 

Casting Time 

Figure 3.1: Schematic plot of the water loss occurring on latex drying. 

Stage Ill. This stage starts with the initial formation of a continuous film. The 

remaining water leaves the film initially via any remaining interparticle channels 

and by diffusion through the polymer itself, but the rate of evaporation 

eventually slows to approach that of diffusion alone. It is during this stage that 

soft latex becomes more homogeneous and gains its mechanical properties. The 

rate of water removal may be decreased by film additives that are impermeable 

or hydrophilic.22 
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Figure 3.2: Schematic diagram off ilm formation oftatex

In the present study, vinyl acetate is eo-pol ymerised with n­

butylacrylate. The co-polymer lattices were prepared by using semtco ntinuous.

emulsion polymerisation. The solid content. pH. viscosity, particle size. TIl •

NMR. molecular weight. thermal properties. mechanical properties and adhes ive

propert ies were evaluated.

3.2 Experimenta l

Experimental part involves two sections. First section describes the

synthesis of VAc - BuA co-polymer latex o f different compositions. In second

section describes the optimization ofsolid content and composition.

3.2.1 Synt hesis orVAc-BuA Co-polymer oharying composition

The lattices contai ning different monomer composit ion or VAc-BuA

with 85/ 15. 76124. 70/30 weight percentage were prepared. The co-polymer

let.ices were prepared by semi-continuous emulsion polymerization. The details

are described in chapter 2. The recipe for the synthesis is given in table 3. 1
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Tah/e 3. J: Copolymer preparation recipe 

Jngredients 85/15 (Br) t_ 76/24 (B2)_Lo/30 (83) 

-.--- ----- -----_. ----- --- --.- -- - - --.. _--
Reactor charge 

Deionized water (g) 70 70 70 

Dodecyl benzene sulphonate 
0.5 0.5 0.5 

(DSIO)(g) 

Ammoniumpersulphate (g) 0.3 0.3 0.3 

Monomer feed 

Vinyl acetate (g) 153 135.9 126 

Butylacrylate (g) 27 44.1 54 

DS 10 (g) 0.25 0.25 0.25 
--- .. ------ -- .. ---- -.---- --r---- .. _-_ .. -r----- ------

Deionized waler (g) 105 105 105 

Rexol N-300 (g) 9 9 9 

Na2C01 (g) 0.12 0.12 0.12 

Initiator feed 

Deionized water (g) 22.5 22.5 22.5 

Ammoniumperslllphate (g) J.2 1.2 1.2 

3.2.2 Synthesis of V Ac-BuA Co-polymer of varying solid contcnt 

The propel1ies of lat ices are also dependent on the solid content. 

Lat :ices of varying solid content were prepared using the above optimized co­

polymer composition to tind OLlt the best solid content of latex for the 

development of surfH:e coating. The recipe for preparing di fferent solid content 

co-polymer of 851 15 weight percentage V Ac-BlIA is gi ven in table 3.2 
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Table 3.2: Copolymer o/varying solid content preparation recipe 

Solid content 35 40 45 

Reactor charge 

Deionized water (g) 90 80 70 

Dodecyl benzene sulphonate 
0.5 0.5 0.5 

(DS 10) (g) . 
Ammoniumpersulphate (g) 0.3 0.3 0.3 

M on om er feed 

Vinylacetate (g) 153 135.9 126 

Butylacrylate (g) 27 44.1 54 

OS 10 (g) 0.25 0.25 0.25 

Oeionizcd water (g) 105 105 105 

Rexol N-300 (g) 9 9 9 

Na2CO, (g) 0.12 0.12 0.12 

Initiator feed 

Oeionized water (g) 22.5 22.5 22.5 

r---,-- ----.---- ---r-.. ----.-1-._- -- r--- -. -
Almnoniumpersulphate (g) 1.2 1.2 1.2 

3.3 Results and discussion 

0.2 to 0.5 mm thickness films of copolymer lattices synthesized by scmi­

continuous process were prepared by drying them in glass petridishes. All the 

films were fond smooth. The filming ability was better for 85115 \vt.% VAc­

BuA latex. 
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3.3.1 IR spectroscopy: 

Figure 3.1 (a), (b) and (c) shows the IR spectrum of n-Butyl acrylate 

monomer, Vinyl acetate monomer and V Ac-BuA copolymer respectively 

1730 I 1227 

r-------~_J 11 I 
!\ f "V,) \vr\ 

-..IV U '-__ ""_,,A. 

$00 

(c) VAc-BuA COpOI}lller 
17.:'6 

(b) Vinyl acetate mOllomer 

1723 

1208 

1

1186 

I 
1637 I 

,---~ ___ J VJ\fl JL~L~ 
Ca) ll-Blltylacrylate lllOllomer 

JOOO 2500 :000 1500 

-1 
\Vave number cm 

1000 

FiKllre 3.3; FTlR spectra of (a) n-hl/tylacrylafe, (h) vil1yl acefate and (c) VA c­

Bl/A copolymer 

The fi gure show that C=C stretching absorption in the range 1600-1650 

cm· 1 for the monomers disappeared in the IR spectrum of V Ac-BuA copolymer. 
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The C==O stretching absorption in the range 1650-1800 cm- 1 and C-O stretching 

absorption in the range I 150-1250 cm- J are present both in the monomers and 

copolymer. These results show that copolymerization took place between vinyl 

acetate and butyl acrylate as expected and the functional groups remain 

unaffected during polymerization. The copolymerizatioll is further confirmed 

from the single Tg value obtained for the copolymer prepared by semi­

continuous emulsion polymerization. 

3.3.2 NMR 

The 1\-1 NMR spectrum of VAc-BuA copolymer is shown in figure 3.2. 

The peaks at 5.13 ppm and 4.21 ppm correspond to the protons attached to the 

carbon atom which is din:ctly bonded with oxygen atom. The first broad peak 

shows the presence of more neighboring hydrogen atoms. This shows that this 

proton is present in carbon atom of the polymer backbone. But the latter one is a 

triplet, indicates the presence of two protons on ncighboring carbon atom. So it 

is not present in the polymer back bone but present on the side chain. It shows 

that this is the proton present on the carbon atom of the butyl group which is 

directly attaclH.:d to thI: oxygen atom. The peaks at 2.53 ppm and 2.04 ppm are of 

the protons which arc present on the carbon atom which is directly attached to 

>C=O group. The peak at 2.04 is very intense single narrow peak shows the 

absence of nearby protons. This may be due to the methyl protons of vinyl 

acetate, since there arc no neighborillg protons for this methyl group. Other 

protons in the polymer t.:hain give multiplets which are close together to identify 

separately and they are present between 2 to I ppm values. The peak at 0.94 ppm 

is a triplet shows the presence 0 r two neighbouring protons. Since this is at very 

low (5 value the protons should be of the methyl group present at the end of the 

butyl group. The 1 H N MR signals shows that the >C=O group do not take part in 

the reaction and the side chains are acetyl group and butyl group. This may be 

the evidence for copolymer formation. 
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Fig,,,e 3.4: I H NMR spec/rum o/vinyl acetate-butyl acrylate co-polymer 

3.3.3 Physical properties of copolymer 

3.3.3.1 Molecular weight 

The molecular weight obtained from GPe curve for different 

compositions are almost same and they are above one lakh. Generally latex 

polymers have high molecular weight in the region of one lakh to ten lakh. 

Which provide toughness without the necessity to crosslink. 23 

Table 3.3: Molecular Weight o/synthesized VAc-BuA copolymers 

Property 8 8 8 
I J J 

Molecular weight 

(Mo) 
1,05.686 1,04,220 1,02,368 
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Figure 3.5: Moleculor weighl curve of Vinyl ace/ule Bmyl acrylate co-polymer 

byGPC 

3.3.3.2 VAc-BuA of varying composition 

It) General properties 

Table 1.4: Physical characteristic.\' o/I'uriolls compmilions of 

VAc-SuA copolymer 

Properties Composition of VAc-BuA copolymer 

'B , "B1 ···B) 
Appearance Milky Milky Milky 

Solid content 45% 45% 45% 

pH 4.1 4.3 4.2 

Viscosity 
600 620 615 

(centipoises) 

- .. ••• 8 ,·70/30 \\I .%orVAc-BuA 

The table 3.4 shows that a ll the binders possess solid content 45%. The 

pH of prepared lat ices shows acidic nature. Viscosity of the latex has no direct 
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correlation with viscosity of final paint. Low viscosity laUces are naturally 

preferred for easy handling of the paint. 

b) Stability and particle size 

Table 3.5 shows the zeta potential and ti'eeze-thaw stability values. It 

sho\vs that the lat·.ices are highly stable. 

Table 3.5: Particle si=e. s/ahility allli ::etu potential values (ljl'oriolls 

compos it i()ns oj v.·Jc-lJ lIA cOjJolYlller 

Properties I Composition ofVAc-BuA copolymer 
I 

I 
R, £3" 8, 

Zeta potential (mY) 
\ 

-53.9 -47.6 -44 

Freeze-thaw stability I Pass Pass Pass 

Particle size (nm) I 182 179 140 

The particle size of the lal ices greatly uepends on the rate of monomer 

addition and stirring rate. Usually a decn:ase of average particle size and glass 

transition temperature was found by the iJ1l.:rease of BuA content in the 

copolymer. ~.I The zeta potential is the overall charge of a particle that acq uire in 

a specific medium. The magnitude of the zeta potential gives an indication of the 

potential stability of the colloidal system. I f all the paJ1icles have a large 

negative or positive zeta potential they \vill repel each other and there is 

dispersion stability. If the pm1icies have low zeta potential values then there is 

no force to prevent the particles coming together and there is dispersion 

instability. A dividing line between stable and unstable aqueous dispersions is 

generally taken at either +30 or -30mY. Particles with zeta potentials from ±40 

to -1:60 have good stability.25 The zeta potential of prepared lattices found to be in 

the above cited range. For semi-continuous lat ices. the decrease in 8uA content 

resulted in a proportional increase and, ultimately, dominant role of steric 

slabilization.2
!> Freeze-thaw stability is the zcta potential obtained by freczing thc 

emulsion to -80°C for sixteen hours followed by placing at room temperature for 
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eight hours. Zeta potential values are not affected by freezing and thawing so the 

prepared lattices have good freeze-thaw stability. 

3.3.3.3 V Ac-BuA of varying solid content 

a) General properties 

Table 3.6 shows the physical characteristics of the co-polymer of Vinyl 

acetate with Butyl acrylate with varying solid content. 

Table 3.6: Physical characteristics (~l VAc-BIIA copolymer ols(/lIIc compositioll 

with varying so/id col1!enl 

Composition of VAc-SuA copolymer 
Properties 

*8S 1 **8S 2 **8S, 

Appearance Milky Milky Milky 

Solid content 35% 40% 45% 

pI! 4.3 4.2 4.1 

Viscosity 
480 550 600 

(centi poises) 

- - -*BSI - 851\5 \\1.% 01 VAc-UnA \\'Ith 3)% solid conl~nt. **BS, - 8)/1) \\1.% of V:\c-Bu:\ \\ilh 

40% solid conlen!. '**13S, - 85115 \\1.% of V Ae-BuA \\·ith 45'lI,. solid content. 

[he table 3.6 shows the general properties of lat:ices of same 

composition with different solid content. Total solid content below 45% was 

preferable for better performance of paint than higher solid content emulsion. 

The pH of prepared lattices found to be in the acidic range. Viscosity of the latex 

shows small variation with solid content as expected. 
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b) Stability and particle size 

Tahle 3.7: Particle size. stahility and zeta potential values of VAc:-B{IA 

copolymer orsame composition with varying solid contellt 
----- --- ----- - --- --- --- -

Properties Composition of V Ac-BuA copolymer 

BSI BS 2 BS, 

Zeta potential (m V) -54_2 -50.3 -53.9 

Freeze-thaw stability Pass Pass Pass 
I-- --- --- ----- --- --- --- ---

Particle size (nm) 172 169 182 

The zeta potential and ft'eeze-thaw stability measurements shows that the 

lattices are stable even at low solid content. The particle size also not shows 

variation with solid content. 

3.3A Mechanical properties 

3.3.4.1 V Ac-BuA of varying composition 

Table 3.8: Tensile properties or VAc-BuA copolymer latex/ilms with di/l;;n:111 

molar ratio or n/onon/ers 

V Ac/BuA copolymer of 

Property different compositions 

BI 8 2 BJ 

Tensile strength (MPa) 9.68 8.77 7.37 

--
Young's modulus (MPa) 34.95 t.2.·-.35 8·45" 

Energy to break(J) 0.78 0·<35 0-1 " 

The tensile properties of the copolymers are given in table 3.8. All the 

tilms prepared from the semicontinuous emulsion polymerization process \V-ith 
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varying composition show variation in mechanical propelties.

27 
From table 3.6 

we observe that tensile strength, Young's modulus, and elongation at break 

changed significantly for the semicontinuous latex films. It was observed that 

the sample BI has higher tensile strength and Young's modulus than that of the 

samples B2 and B,.2K.29 Chemical composition distribution and polymerization 

methods have a tremendous etfect on mechanical properties such as elastic 

modulus, elongation at break and impact strength.,o.JI This may be due to the 

homogeneously dispersed morphology corresponding to the copolymer 

composition of 85115 wt.% V Ac18uA. i.e. Butylacrylate rich regions dispersed 

in a continuous matrix of vinyl acetate rich copolymers.;2.,.> 

3.3.4.2 V Ac-BuA ofvarying solid con lent 

Table 3.9: Properties of'S5/15 VAc-HilA cop(}lymer ia/exfifllls ojdiff'erent solid 

con/elllS 

VAc/BuA copol:ymer of different 

Property solid con tents 

BSI BSz BSJ 

Solid content 35(Yo 40% 45% 

Tensile strength (MPa) 3.54 4.77 9.68 . 

Young's modulus (MPa) 7.63' 9.39 34.95 
-.. ---. _. .- _. __ . .. _--- --- -.' 

Energy to break (J) 0.18 0.24. 0.78 . 

The tensile properties of co-polymers of varying solid content are given 

in table 3.9. Form this we observe that even though the vinylacetate­

butyl acrylate copolymer composition was same the values of tensile strength, 

Young's modulus, and elongation to break changed considerably for the latex 

films. We can observe that the sample BS} has higher tensile strength and 

Young's modulus than that of the samples BS, & BS 2• The higher solid content 

samples posse more number of polymer chains, when they dried theses 

copolymcr chains entangled much more and high strength is required to break 
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these chains. This may be the reason for the high tensile properties of higher 

solid content film. 

3.3.5 Thermal properties 

3.3.5.1 DSC 

Using DSC we examine the glass transition temperature of the lattices, 

which is the very important property for coating applications 

a) V Ac-BuA of varying composition 

Table 3.10: TJ( values of VAc-BuA copolymerlatexfilms of d(fferent 

compositions 

Sample name B, B1 BJ 

Glass transition 
-6.49 -8.3 -9.74 

temperature (T~) 

From table 3.10 we observe that each binder B I, B2 and B3 show single glass 

transition temperature. This single Tg value for B I, B2 and B3 indicates that the 

copolymer formed may be either alternate or random copolymer. 34 As per table 5 

the decreasing nature of T~ can be seen by increase of BuA content in the 

copolymer latex. T ~ is found to decrease due to loosening of the VAc polymer 

chain by the addition of SuA having low Tt,! (-43°C). Glass transition 

temperature of polymer used in coating industry generally lies between _Iooe 
and 28°C.J~ 

b) VAc-BuA ofvarying solid content 

Table 3.11: TIl values (~l85/15 VAc-BIIA copolymer latexjilms of dWerent solid 

content 

Sample name BS, BS: BSJ 

Glass transition 
-6.1 -7.6 -6.9 

Temperature (Tg) 

78 



-
From the table 3.11 we observe that the binders BSI. BS2 and SS) show 

a single glass transition temperature. This single T. value indicates that the 

copolymer formed may be statistical random copolymer. 

3. J.5.2 Thermogravimetry 

Thennal stability of the co-polymers was analyzed from 

tbemlOgravimetric analysis. Thermogravimetric curves (TO) and derivative 

IbermOgravimetric curves (DTG) obtained for polyvinyl acetate and polybutyl 

acrylate are shown in figure 3.6 and 3.7 respectively. Polybutyl acrylate shows 

single step degradation. Its degradation starts nearly at 300°C and complete at 

450°C. Polyvinyl acetate degrades in three stages. The 6rst step degradation 

occur between lOO-200°C, second stage is between 300-370oC and the final 

stage occurs between 450-500oC . 
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Figure 3.6: Thermogravimetric traces ofpolybuty/ acrylate and polyvinyl 

acetate 
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Figu,.e 1. 7: DTG curves of Polyburyl acrylate and polyvi"yl acetate 

The TO and DTG curves obtained for polyvinyl acetate (PVAc), 

polybutyl acrylate (P8uA) and their co-polymers of varying composition are 

shown in figure 3.8 and 3.9 respectively. From the figures it is clear that the 

degradation of co-polymers occur between PV Ac and PBuA. The OTG curves 

clearly shows that the degradation weight increases in the region between 300· 

450°C (at the degradation stage of PBuA) and decreases in the region between ' 

450·S00oC (at the third degradation stage of PVAc) witb increase of butyl 

acrylate content. The weight changes occur according to the composition of VAc 

and SuA content Tbis indicates that the emulsion copolymerizatioD is very 

effective to prepare VAc-SuA copolymer of varying composition. 
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Figu,~ 1.8: Thermogravimetric traces of Polybutyl acrylate. polyvinyl acetate 

and varying compositions of copolymer of VAc-BuA 

Figure 1.9: DTG traces 0/ polybutyl acrylate. po(winyl acetate and copolymers 

of varying composilion 
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3.3.6 Adhesive properties 

3.3.6.1 Lapshur strength 

a) VAc-DuA of varying composition 

Figure I & 2 shows the effect of varying the VAc-DuA composition on the 

metal-to-metal shear strength at room temperature and at 70°C respectively. In 

both case the shear strength value increases with vinyl acetate conlent. As the 

VAc content increases. the modulus of the copolymer latex increases. 

Figure 3.10: Effect a/varying the VA c-SuA composition on shear strength al 
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Figure J.ll: Effect of varying the VAc·BuA composition on shear strength 

at 7d'e (24, 48 and 72 hou.rs) 

All compositions show higher shear strength at 70De on keeping for 72 

hours. This shows that as the time increases more drying takes place and this 

may increase the adhesive strength. 

b} VAc-BuA or varying soUd conlent 

Figure I shows the effect of varying the solid content of 85/ 15 VAc· 

BuA copolymer on the metal·to-metal shear strength at room temperature (30DC) 

kept for two weeks and at 10De kept for 24bours. 
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Figure 1. 11: Effect 0/ varying the solid content 0/85/ J5 VAc-SuA copolymer on 

shear strength 

Figure 1. 11: Effect o/varying the solid content 0/851/5 VAc-SuA copolymer on 

shear strength (24. 48 and 72 hrs) 

. 84 



All above studies shows Ihat the shear strength value increases with 

increasing the solid content at di fferent temperatures. As the solid content 

increases, the modulus of the copolymer increases. Furthennore, the copolymer 

has a high affinity towards meta l surfaces, and this result in better metal- metal 

bonds. 

3.3.6.2 Peel strength 

a) VAc-BuA oharylng composition 

" 
" '. 1 " -
" f 
.~ . 

0. 1 } 

" .' 

Figure 3.14: Effect of varying the VAc-SuA composition on peel strengtb 

at 30 & 70°C 
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Figure 3.15: Effect of varying the VAc-8uA composition on peel strength 

at 70°C (24, 48 and 72 hrs) 

) VAc-BuA of varying solid content 

Figure 4 shows the effect of varying the solid content of 85/15 VAc­

SuA copolymer on the metal-Io-metal peel strength at room temperature (30°C) 

kept for two weeks and at 70°C kept for 24bours. 

" 
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" 

F;gM'~ 3.16: Effect of WJrying the solid contenl 0/85115 VA c-HuA. copolymer on 

peel strength at 30 & 7dl e 
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Figure 3.17: Effect a/varying the solid content 0/85115 VAc-8uA copolymer on 

peel strength at 7ife (24. 48 and 71 hrs) 

The peel strength also found to increases with increasing solid content. 

The higher peel strength was obtained at higho- solid content As the SuA 

content increases the flex.ibility of the latex film increases, which leads to 

inferior peel strength values. 

3.4 Conclusion 

The rate of moDamer addition and co-mODomer composition is found to 

have considerable effect on the thennal. mechanical and adhesive properties of 

vioylacetate-butylacrylate copolymer latex. All compositions showed good film 

forming property. The tensile strength, young's modulus and shear strength are 

found to get decreased with the increasing percentage of SuA. Better shear and 

peel strength at 70°C showed stability of copolymer lat:ices. 85: 15 weight 

percentage ofVAclBuA latex. is more suitable binder in coating_ Tbe single Tg 

value of copolymer lat-;ce increases .... ith increasing butyl acrylate content. The 

rate of monomer addition. water content and the amount of surfactant are found 
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to have considerable effect on the solid content and mechanical properties of 

vinylacetate-butylacrylate copolymer latex films. Good filming ability is found 

for all the films with varying solid content. The tensile strength, Young's 

modulus is found to be increases with increasing the solid content. Single Tg 

found at higher solid content indicates the homogenoLls morphology of the 

copolymer latex. Hence higher solid content V Ac/SuA latex is more suitable to 

be used as binder in water based coating. 

For metal-to-metal bonding. vinylacetate-butylacrylate copolymer latex 

shows high shear strength. At higher temperature, VAc/SuA copolymer latex 

showed better shear and peel strength compared to room temperature. This 

shows the thermal stability of V Ac/BuA copolymer latex for bonding 

applications. Both the peel and shear strength values incre[lsed with increasing 

solid content. lIence. higher solid content V AclBuA btex is more suitable to use 

[IS binder for water based surface appl ications. 
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PREPARATION AND PROPERTY EVALUATION OF SURFACE 

COATINGS 

4a: Paint formulations with VAc-SuA copolymer of varying 

compositions 

4a.1. Introduction 

Surface coatings are lIsed for both slIrbce decoration and protection. In 

the context of decoration, it is essential that the surface is uniformly and 

completely covered. This is most readily achieved hy using a pigment of high 

refractive index sllch as TiO~. Polymer lattices arc used as hinder. Binder is llsed 

for the adhesion of pigment firmly to the surt~lCe. I TiO.1 (rutile) has been used as 

white pigment due to its very high retl'active indL:x ?. 76. relatively low density 

and maximum scattering of visible light and they absorb little energy in the 

visible pm1 of the spectrum.' 

Latex coatings are developed by dispersing Ti02 in latex. Latex 

based coating is also known as water based coating. The main constituents of 

water based paints are pigment, binder, dispersing agent, extender, protective 

colloid, defoamer, biocide, coalescing solvent. Dispersing agents are used to the 

preparation of higher solids. lower viscosity dispersions.} Extenders are low cost 

materials used to replace more expensive prime pigment. Commonly used 

extenders are white mica, talc, kaolin etc. Water based coating would still be 

found to be deticient in open time (wet edge) and difficulty would be 

experienced in making uniform application to large area. This problem can be 

solved by the addition of colloid. Defoamers are Llsed tor the prevention of foam 

formation. The ingredients in water based coatings degrade in presence of micro 

organism which is prevented the addition of the biocide. Coalesci ng solvents are 

also called temporary plasticizer which ensures good tilm formation at low 

temperatures. Besides, the ingredients in coating lonnulation other criteria for 
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water based coating are pigment volume concentration (PVC) and critical 

pigment concentration. Lower PVC is better for exterior coatings. Generally, in 

interior and exterior coating 40-65 % PVC is being used. 

PVC'Yo " Volume ofpigmcnt and ~xkndcr.s X lOO 
Volutlll;: of(Pigllll:nl+exlcnders+polymcr+Olhcr nOIl-volalik ingredients 

CPVC is the point at \vhich there is just sufficient binder present to 

satisfy the pigment surta<.:e and till the voi d space between pigment partic!es.4 

Many factors which affect the wakr hased coating. They are film forming 

property of binder. particle size of binder. pigmentation etc. Particle size of 

polymer lattices has greater signiticance in surface coatings. The particle size 

affects the pigment hinuing. oracity. flow propel1y and gloss. Latex polymers 

have molecular weight in the region of 1,00,000-10,00,000, which provides 

toughness without crosslinking.' Most of the latex coatings based on vinylacctate 

co-polymers have a pi I abollt 7-8. at this pH polymeric emulsion prevent 

hydrolysis.1> 

A new paint IS heing formulated with Vinyl acetate - butyl acrylate 

copolymer lat'ices of varying compositions as binder and eonventional Ti02 as 

pigment. Different propel1ies of formulated paints are evaluated and compared 

with commercially available paint. 

4a.2 Experimental 

Paints were made by mixing proportions of latex with variolls 

ingredients in the formulation given in table 4a.l. The VAc-BuA Llsed in this 

paint (solid content 45%) was prepared by the semi-continllous emulsion 

polymerization. According to table 4a.1 varioLls latex paints were prepared by 

ditferent monomer composition i.e. 85/15, 76/24. 70/30 wt. 
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'Paint fomruCatiotLS witli 'Vac4l1(ft crJpoCymer of varying crnnpositiotLS ,-
Table 4(1./: Paintj(ml1l1latiol1 

Ingredients 
Weight (g) 

*PB 1 **PBz ***PBJ 

Water 35 35 35 

Triton-X 1 00 0.42 0.42 0.42 

Potassium tripolyphosphate 0.42 0.42 0.42 

Sodi um hexametaphosphatc 0.42 0.42 0.42 

Volcastab 0.42 0.42 0.42 

Silicone emulsion 1.34 1.34 1.34 

Propylene glycol 4 4 4 

Acticid SPX 0.32 0.32 0.32 

Above ingredients are to be combined in a low speed ball mill for 10 
minutes. While stirring the mixture the following ingredients were added 

Kaolin 17 17 17 

Calcium carbonate 18.64 J 8.64 18.64 

Ti02 (Rutile) 44.6 44.6 44.6 

Mix the above ingredients at high speed for 20 minutes. While stirring the 
mixture the following ingredients were added 

Carboxymethyl cellulose 0.74 0.74 0.74 

Silicone emulsion 0.92 0.92 0.92 

Ammonia 0.42 0.42 0.42 

The above mixture was stirred for 10 minutes at high speed, Then 
polymer emulsion was added. 

Polymer emulsion 75 75 75 

- -"Pill - PnlTlt lormulated \"Ith V Ac-BuA copolymer (8)/1.) \\'1.%). ** PB! - I'umt tonnululed \\ Ilh 

VAc-BuA copolymer (76/24 wt.%). ·"1'13, - Puint forlllubtcd "ith V Ac-13uA copolymer (70130 

\\\.%) 

TrilOn-X 1 00 Isooctylpll~nuxypol) ct\lllxydhanol. Vulcastab- Phenult::thoxylatc 
condensate. Acticid SPX - Mcthylchloroisothia7.0linonc 
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4a.3 Results and Discussion 

The most important tests for evaluating the durability and quality of 

paints are water resistance, salt spray resistance, al kali resistance. detergent 

resistance, weather resistance and adhesion tests. These tests were conducted 

according to standard procedures described in chapter 2. The specimens for the 

tests were prepared by coating the paint samples in mild steel panels of size 

6inx4in (SS speci fication). 

The observations for various tests are summarised in the respective 

tables. For each test and the appearance of the coated samples (photographs) 

before and after the tests are also shown under the respective tests. The 

properties of the formulated paints are compared with a commercially available 

paint. 

4a.3.1 Water resistance test 

Water resistance test was conducted at 3SoC using distilled water. 

Table 40.2: Blislerlormalion in waler resistance lesl 

Time Number and size of the blister 

interval PBI PB] PB., *Commercial 

24 hrs Nil Nil Nil Nil 

4 days Nil Nil Few Nil 

I week Nil Few Medium Nil 

3 week Nil Medium 
Medium 

Few 
dense 

12week Few 
Medium 

Dense Medium 
dense 

·CommercwJ{v avarlable emulSIOn pamt 

The photographs of initial appearance (before the test) and final 

appearance (after 12 weeks) of the coated samples for water resistance test are 

shown in figure 4a.l. 
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Initial appearance 

pa, pa, Commercial 

Final appearance 

pa, pa, pa, Commercial 

Figure 44.1: Appearance 0/ specimens before and l/'ter the waler resistance lesl 
• 

The figme 4al and table 4a.2 clearly shows that sample PBI is highly 

resistant to water because it shows only few blisters of very sma11 size even after 

12 weeks. Commercially available paint also shows similar result. The sample 

PS:! shows dense small sized blisters and the sample PB) shows dense larger 

sized blisters. 
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4a.3.2 Salt spray test 

Salt spray test was conducted at 2SI'}C using the salt water prepared as 

per procedure in chapter 2 for getting uniform test atlOOsphere always. 

Table 4a.3: Blister fonnation in saft spray test 
T ime I'tumber and size of the blister 

interval PB PB. PB Commercwl 
481m Nil ~il Nil Nil 
1 week Sil Nil Peeled Nil 
4 week Nil Few Peeled Few 

12week Few 
Medium 

Peeled 
Medium 

dense dense 

The photographs of initial appearance (before the test) and final 

appearance (after 12 weeks) of the coated samples for salt spray test are given in 

figure 4a.2. 

tnitial appcarance 

PB, Commercial 

Final appearance 

PB, PB: PB, Commercial 

Figurl! .Ja. l : Appearance o/specimens beJore and alier the saft spra.,,· test 
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'Paint jOI11rJl(atitms uitfi 'l-'.:.c4l1V'1 cr1pQfymtr of 1ltJrying compositiOlU 

By analyzing the observations shown in table 4a.3 and the photographs 

depicted in figure 4a.2 we can see that the sample PB) is easily affected by salt 

spray and is peeled off from the mild steel panel within I week. The specimen 

pBz shows small sized blisters of medium dense. Commercially available paint 

shows medium sized blisters of dense. The sample PBI shows only very few 

blisters and is more resistant to attack of salt water (sea water). 

48.3.4 Alkali resistance test 

Alkali resistance test was conducted for three types of alkalies (NaJPO~ 

at 75°C. NazCO, at 65 DC and NaOH at 28 DC) according to standard procedure 

as described in chapter 2. 

Table 4a.4: Blister formation in NaJPO~tesistance (est (75t/C) 

Time Number and size of the blister 

interval PBI PB] PBJ Commercial 

4 hrs Nil Nil Medium Nil 

8 hrs few medium Peeled few 

16 hrs medium dense Peeled dense 
\ 

24 hrs dense peeled Peeled peeled 

Table 4u.5: Blister formation in NazCOJ resistance test (6S/C) 

Time Number and size of the blister 

interval PBI PB; PB.1 Commercial 

4 hrs Nil few few Nil 

8 hrs few medium Peeled few 

16 hrs medium dense Peeled dense 

24 hrs dense peeled Peeled peeled 
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Table 40.6: Blister formation in NaOH resistance test (2t/1C) 

Time Number and size of the blister 

interval PB1 PBz PB.1 Commercial 

4 hrs Nil Few Medium Nil 

8 hrs medium Dense Peeled dense 

16 hrs dense Peeled Peeled peeled 

Tables 4aA. 4a.5 and 4a.6 describe the appearance of specimens at 

ditTerent time intervals of test conducted for Na~lP04' NazCOJ and NaOH 

respectively. The photographs of coated samples betore the test (initial 

appearance) and after the test (final appearance, 24h tor Na.,P04, 24h for 

Na2CO" 16h for NaOH) are shown in figure 4a.3. 

From the figures and the tables we can see that the resistance of the 

specimens varied with the nature of the alkali. The sample PB I showed higher 

resistance to the attack of all alkalies when compared to all other samples. 
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PO, 

PB, 

PB , 

PB , 

Initial appeu3nce 

PS: PB~ 

,..._~F~;~",~I.!!~~'"" :"\alPO, 

PB, 

Final 

PB , 

PB, 

PB, 

Commercial 

Commercial 

Commercial 

Commercial 

Figure -Ill.J: Appearance ofspel.:imens beJore (md alter a/hIli I't!siswllce res! 
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4a.3.5 Detergent resistance test 

Detergent resistance test was conducted at 2SoC using a standard detergent 

Tllble 4a.7: Blister formation during detergent resistance test 

Time Number and size oCthe blister 

Interval PSI PS] PSJ C ommercilll 

lday Nil Few Medium Nil 

3 days Few Medium Medium Medium 

Medium Medium Medium 
I week Medium 

dense dense dens. 

. . 
The photographs of U11ual appe8t3noe (before the test) and final 

appearance (after I week) of tbe coated samples for detergent resistance test are 

shown in figure 4a.4. 

Initial appearance 

PS, Ps, PS, Commercial 

Final appcarmce 

• 

PS, PB~ PS, Commercial 

Figure 4a.4: Appearance of specimens before and after detergent resistance test 
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Table 4a.7 and figure 4a.4 shows that sample PB, and commercially 

available paint are more resistant to detergent. Sample PB; shows rusting. 

4a.3.6 Natural weather resistance 

Weather resistance test was conducted to know the effect of natural 

weather on the paint surface. The specimens were prepared by coating the paints 

on mild steel panels of size 12x6in. The test was conducted for a period of 10 

months from March to December. This time period was selected because the 

samples were exposed to all seasons during the test. 

Table 4a.8: Chaiking.t()rmation in weather resistance lest 

Time Chalking observed 

interval PHI PH1 PHj Commercial 

I month Nil Nil Nil Nil 

5 months Nil Nil Nil Nil 

10 months Nil Staining Staining Nil 

The photographs of initial appearance (before the test) and tinal 

appearance (after 10 months) of the coated samples for weather resistance test 

are shown in figure 4a.5. 

The figure 4a.5 and table 4a.8 shows that all the samples are very stable 

towards natural weather. The samples PS2 and PS) show slight stains on the 

surface. 
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Initial appearance 

PS, PS, Commercial 

Final appearance 

PS , PS, Commercial 

Figure tl1L5: Appearance o/specimens be/ore and after weather resistance test 

The durability tests .such as water resistance. salt spray resistance. alkali 

resistance, detergent resistance and weather resistance tests carried out tor 

different specimens shows that the sample PBI is having superior resistance 

towards all test conditions. PBI is the paint fonnuJated with binder 85/15 wt.% 

of VAc·BuA. From the results we can also conclude that the binder have a key 

role in determining the properties of paints. 

Architectural paiots based on auto oxidisable bindel'S have seeds of 

degradation within them. Tbe oxidation process does not stop when tbe film has 

dried. Oxidation proceeds, giving an increasingly cross linked film. The 

durability of exterior paint is due to the careful choice of binder which aims to 

keep the oxidisability of the film to the minimum. Failure of paints may due to 

either of chemical resistance and optimum mechanical properties or to 

combinations of them. The binder B1 has minimum oxidisability. high chemical 

resistance and optimum mechanical properties. Henc~ PS I shows better 

performance in paint formulation. 



4 • .3.7 Scotch lest 

The adhesive strength of the paints was determined using scotch 

resistance test. The tests were carried oul as described in chapter 2. 

Table 4a.9: Adhe.fion rating during scotch test 

Sample name Classification -;. removal 

PB, 4B Less than 5% 

PB, 3B 5 15% 

PB) 2B 15 35% 

Commercial 3B 5 15% 

The photographs of test specimens before and after the test are shown in 

figure 4a.6. 

Initial appearance 

PB , PB: PB., Commercial 

Final appearance 

PS, PS, Commercial 

Figure 4a.6: Appearullct! of specimens be/ore wu} uf/er Jcolch le.il 

The figure 4a.6 and table 4a.9 show that the adhesi ve strength of all 

samples is high. But sample PBI shows slightly higher adhesive strength. 
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4a.4 Viscosity of paint 

The viscosity of a complex system such as paint is governed by the 

interaction of all the ingredients in the formulation. The viscosity of a paint 

formulation controls its storage stability, ease of application and the subsequent 

flow after the application. The viscosity adopted for paint at the formulation state 

is determined largely by the storage requirements as well as its application 

characteristics. 

Viscosity and shear thinning behaviour are important properties of paint. 

It depends on size of colloidal particles. The paint displaying flow behaviour is 

typical for thixotropic paints, i.e., time-dependent reduction in viscosity with 

shear rate. Paints exhibiting such rheology do not drip from the applicator (eg., 

brush or lamb's wool roller). Under the shearing forces which normally arise in 

the course of processing (painting) of low viscosity paints make un-evenness, 

eg., brush lines or brush furrows, are able largely to tlow out. Left at rest, the 

paint then regains a relatively high viscosity with suflicient rapidity that it is 

impossible for "curtaining" to develop when the paint is applied to vertical 

surfaces. Moreover. a paint having such rheology allows paint application in a 

single operation in a substantially greater mm thickness than is possible in the 

case ofpaints having more simple flow behaviour. 
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Figure 4a. 7: E.ffect of shear rate on the viscosity of Paint 
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Shear thinning index is the ratio viscosity of paint at a low rotational 

speed to the viscosity at a speed ten times high. It gives an idea of the degree of 

shear thinning over that range of rotational speed. Higher ratio indicates greater 

shear thinning. 

To avoid sagging on vertical surfaces the paints must exhibit non­

Newtonian rheology, that is, they must have the property of shear thinning to 

facilitate flow through the gun and atomization, but must rapidly develop 

structure in the liquid film. Thus they may have a viscosity of about 500-1000 

cps at1000 rpm, and will probably reach a viscosity of -I ,00,000 cps at the low 

shear rate applicable to flow under gravity on a vertical surface. 

Shear thinning index of PB" PB2 and PB3 at two different speeds 5 and 

50 are given in table 4a.1 O. 

Table 40.10: Shear thinning index a/the samples 

Sample 
Shear thinning 

index 

PB, 8.67 

PB2 5.37 

PB3 3.76 

Commercial 5 

4a.5 Thermogravimetry 

Thermal stability of the paint was found out using thermogravimetry. 

Samples PB" PB2 and PB) contains the same binder but with ditTerent 

compositions of vinyl acetate and butyl acrylate. We have already found in 

chapter 2 that the thermal stabiiity of these binders is almost same. Hence the 

thermal stability of the samples PB I and commercially available paints were 

analysed and the thermograms obtained are shown in figure 4a.8 and its 

derivative is shown in figure 4a.9. 
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Figure .la. ~ TG traces of PB, and commercial paint 

",-----------------~----------------, .. 
" " f :~ 

t : • • 
11 

--.... 
- - Commercial paim 

:1 ~~~:::::::~ .,+--° ' 00 200 300 400 500 eoo 700 MlO 

Figure 4a .. DTG traces of PB 1 and commercial paint 

From the fi gures we can see that tbe commercially available paint start 

to degrade at 120°C but the degradation of the formulated paint stam onl y at 

300°C. This shows that the fonnulated pain! has superior thermal stability 

compared to commercially available paint. 
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4a.6 Conclusion 

A new paint formulation was developed with different compositions of 

vinyl acetate - butyacrylate copolymer. Properties of these paints were evaluated 

for 3 compositions namely 70/30,76/24 and 85/15. Out of these different paints 

prepared, the formulation prepared with 85/15 wt.% V Ac-BuA showed best 

performance in durability tests such as water resistance, alkali resistance, 

detergent resistance test, salt spray tests, weather resistance and scotch test 

compared to commercial paint and the other two compositions. 
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4b: Paint formulation with rubber crumb 

4b.1. Introduction 

Matt paints are used on large areas such as walls and ceilings, including 

plaster boards, hard board, brick, cement rendering, foamed polystyrene and 

most wall papers, where the easy application, quick dry, and lower odour of 

water-borne dispersion paints are major advantages. The consequences 01' poorer 

flow and lappi ng are not readily visible and were never seen as an 

insurmountable disadvantage.' The consequences oftlow deficiencies were nl(m! 

visible, and durability requirements more demanding, e.g. for cleaning ill 

corridors of schools. hospitals, factories, and in areas of high condensation sllch 

as kitchens and bathrooms.2.~ As a consequence, this sector was split betwecn 

water- and solvent-based technologies. 

Matt formulations contain a resin system and a matting agent. rhc 

matting agent has a surface moiety. Paints with low amounts of hinder have a 

high ratio of pigment volume to binder volume. a condition relerred to in the 

coatings literature as a high pigment volume concentration (high PVC). Thesc 

paints may have poor cohesive and adhesive properties. They normally have a 

matte appearance and are ot1en in a powdery, friable, and tlaking condition. 

Their treatment requirements differ from paints containing higher proportions of 

binder (such as commonly encountered linseed oil or acrylic paints) in that 

consolidants are easily absorbed into the paint and fill voids between the 

pigment pat1icles. However, although cohesion of the paint and adhesion to the 

substrate are promoted by added amounts of resin, filling void spaces between 

pigment particles may cause changes in the appearance of the paint by a 

treatment that is practically irreversible. The matte paint is to use a consolidation 

system that distributes the consolidant in a manner that minimizes changes in 

appearance, introduces the minimum quantity necessary to achieve cftectivc 

cohesion of the paint and adhesion of the paint to the substrate, and is compatible 

with the paint and support materials in the long term. 5
.'1 
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The matting agent used for the present study is rubber powder (made 

from used rubber products). Rubber crumb contain 50% rubber hydrocarbon and 

the rest is carbon black, oil etc. The typical composition of crumb rubber 

obtained is shown in table 4b.1. 

Table 4b.l: Composition a/rubber crumb 

loeredients Percentage 
Natural rubber 35 % 

Synthetic rubber 15% 
Carbon black 30% 

Oil 10% r---
Accelerators, Antiozonants, etc. 10% 

Crumb rubber has essentially two effects interaction effect (lE) and 

particle effect PE). The lE is the effect of the crumb absorbing the aromatic oils 

from the binder. The PE is the effect of the crumb as a filler .As with any filler, 

the addition of crumb affects the rheology of the binder by increa<;ing the 

viscosity and reinforcing the binder to some extent (Wypych. 2000). Crumb 

rubber used as filler for reducing cost and also modifying properties of the end 

products. Crumb rubber modified by surface active agents. Surface activation 

improveS the dispersion of crumb rubber particles. The increased adhesiveness 

makes it possible to use as fillers. In some applications. surface activated crumb 

rubber can be moulded by itself. without binders or other additives.'~·22 

The surface active powder has large surface area compared to ordinary 

rubber. Surface activation was done by water. The water activation was not 

expected to have a great affect on the surface morphology, as the goal of this 

procedure is the removal of light oils from the crumb rubber particles. not 

morphology changes. According to ASTM 0-297, test results support the theory 

that oil extraction occurred as results the activation process. 

4b.2 Experimental '. 

4b.2.] Modification of crumb rubber (activation in hot water) 

The low surface area present in crumb rubber. particularly cryogenicalJy 

produced. tends to decrease the reactivity of the crumb rubber. This results in as 
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lower gelation period, and ultimately less compatib ility between crumb rubber 

and binder (Liang 1998). Therefore. research has been undertaken for of 

improving the compatibility of crumb rubbers binder. One possible alternative to 

this procedure is the treatment of the crumb rubber using hot water to generate 

an activated rubber surface (Memon 1999a).The activation was achieved by 

soaking the crumb rubber particles in hot water thus allowing the excess oils and 

chemicals present in the crumb rubber particles to be' removec.1 in the hot waler 

slurry. This was accomplished by mixing 400 g of crumb rubber with 800 g of 

distilled water, the mixture was then heated up to 85 "e and blended for a period 

of 60 min. Following this. the slurry was filtered and dried at room temperature 

4b.2.2 Development ofsurfacc coating with rubber crumb 

The same formulations used for surface coalings in sections 4a is used 

by additionally adding the rubber crumb. The rubber crumb was dispersed in 

different mediums such as \o\'3ler, aqueous solutions ofcarboxy methyl cellulose, 

sodium hexametaphosphale and dodccyl benzene sulphonicacid. Figure 4b.1 

shows the dispersion stabi lity of rubber crumb in water in presence of different 

dispersing agents after I week. 

Figure 4b.l.- Dispersiuns o/rubb~r crumb ill \l'nte/' with dijferelll dilperl'il/g agems 

(eMe _ corboxymel/tvl cellulose. H.-O - \Valer. HMI'· sodillllllwxallll.'/(lpIIOJphali'. 

OS-/D- dodec)'Ibc;!nzencsulphonic acid) 
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Rubber crumb is found to be uniformly dispersed only in aqueous 

solution of carboxy methyl cellulose. The dispersion containing the rubber 

crumb and latex was prepared first and mixed with other ingredients. Different 

proportions of rubber crumb were used for making the surface coating and the 

optimum level was found out for the easy brushing and good dispersion. For all 

formulations the V Ac-BuA copolymer of 45% solid content was used. Table 

4b.2 shows the quantities of different ingredients used for the formulations. 

Table 4h.2: Paint formulation with rubber crumb 

Ingredients 
Weit ht (2) 

*PB *PBR 
Water 35 35 

Triton-X 100 0.42 0.42 
Potassium tripol~hosl'.hate 0.42 0.42 
Sodium hexametaphosphate 0.42 0.42 

Volcastab 0.42 0.42 
Silicone emulsion \.34 \.34 
Pr~eneMcol 4 4 

Acticid SPX 0.32 0.32 
Above inb1fedients are to be combined in a low speed ball mill 

for 10 minutes. While stirring the mixture the following 
il!Kredients were added 

Kaolin 17 17 
Calcium carbonate 18.64 18.64 

TiOdRutile) 44.6 44.6 
Mix the above ingredients at high speed for 20 minutes. While 

stirring the mixture the followin if!g[edients were added 
Carboxymeti!}'1 cell ulose 0.74 0.74 

Silicone emulsion 0.92 0.92 
The above mixture was stirred for 10 minutes at high speed. 

Then ~olymer emulsion was added. 
Polymer emulsion 75 75 

Rubber crumb 0 3 
*PB-PDint with VAc-BuA copolymer (8511 5 M.%) Without crumb. "'PBR- V Ac-BuA copol)mcr 

(85115 wt.%) and crumb rubbt:r. 
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4b.3 Results and discussion 

The durability tests, adhesion test and viscosity of the matt finish paint 

(paint formulated with rubber crumb, PBR) were carried out and compared with 

paint formulated without rubber crumb and commercially available emulsion 

paint. The procedures of the tests are described in chapter 2. The specimens for 

the tests were prepared by coating the paint samples in mild steel panels of size 

6inx4in (BS speci fication). 

The observations for various tests are summarised in the respective 

tables for each test and the appearance (photographs) of the coated paint samples 

before and after the tests are also shown under the respective tests. The 

properties of the formulated paints are compared with a commercially available 

paint. 

4b.3.1 Water resistance test 

Table 4b.3: Blisterfurmation in water resistance test at 38"C 

Time Number and size of the blister 

interval PB PBR Commercial 

24 hrs Nil Nil Nil 

4 days Nil Nil Nil 

I week Nil Nil Nil 

3 week Nil Nil Few 

12week Few Nil Medium 

The photographs of initial appearance (before the test) and final 

appearance (after 12 weeks) of the coated samples for water resistance test are 

shown in figure 4b.l. 
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Initial appearance 

PB PB. Commercial 

Final appearance 

PB PB' Commercial 

Figure 4b.2: Appearance of specimens before and after water resistance lest 

The figure 4b.Land table 4b.3 clearly shows that sample PBR is highly 

resistant to water and is not shows any blister even after 12 weeks. The sample 

PB and commercially available paint show a little blistering. 

4b.3.2 Salt spray test 

Table 4b.4: Blister formation in salt spray test aJ 2tJC 

Time Number and size of the blister 

Interval PS PSR Commercial 

48 brs Nil Nil Nil 

I week Nil Nil Nil 

4 week Nil Nil Few 

12week Few ;-.l it 
Medium 

dense 
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The photographs of initial appearance (before the test) and final 

appearance (a fter 12 weeks) of the coated samples for salt spray test are sho ..... ll 

in figure 4b . .3 

Initial appearance 

PB PBR Commercial 

Final appearance 

PB PBR Commercial 

Figure 463: Appearance o/specimens before and after salt spray rest 

By analyzing the observations shown in table 4b.4 and the photographs 

sho\lffi in figure 4b.3 it can be seen that the sample PBR is very stable and is not 

affected by salt spray. SalT1'les coated with PB and commercially available paint 

than are more affected by the salt water. 
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4b.3.4 Alkali resistance test 

Alkali resistance test was conducted for three types of alkalies (Na3P04 

at 7SoC. Na1C03 at 6SoC and NaOH at 28°C) according to standard procedure as 

described in chapter 2. 

Table 4b.5: Blister formation in Na]PO. resistance test (751!q 

Time Number and size of the blister 

interval PB PBR Commercial 

4 hrs Nil Nil Nil 

8 hrs Few Few Few 

16 hrs Medium Medium Dense 

24 hrs Dense Medium Peeled 

Table 4b.6: Blister formation in Na1COJ resistance test (6S°C) 

Time Number and size of the blister 

interval PB PBR Commercial 

4 hrs Nil Nil Nil 

8 hrs Few Nil Few 

16 hrs Medium Few Dense 

24 hrs Dense Few Peeled 

/ 
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Ini tial appcanlllcc 

PBR Commercial 

.. ___ .,...,Final appearancc Na, PO_, ,:... ____ ., 

Final appearance r-;a:CO) 

-~ ..... 

Final appearance NaOH ,...----. 

PB PBR Commercial 

Figure 4b.+: Appearance of specimens before and after alkali resistance test 
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Table 4b. 7: Blister formation in NaOH resistance test (2t'C) 

Time Number and size of the blister 

interval PB PBR Commercial 

4 hrs Nil Few Nil 

8 hrs Medium Medium Dense 

16 hrs Dense Dense peeled 

Tables 4b.5, 4b.6 and 4b.7 describe the appearance of specimens at 

different time intervals of test conducted for NaJ P04, Na2CO) and NaOH 

respectively. The photographs of coated samples before the test (initial 

appearance) and after the test (final appearance. 24h for Na)PO~. for 24h 

Na2CO). 16h for NaOH) are shown in figure 4b.3. 

From the photographs (figure 4b.3) it can be seen that the resistance of 

the sample PBR is better than all the other samples in the three alkalies tested. 

4b.3.5 Detergent resistance test 

Table 4b.8: Blisterformation in detergent resistance at 28 f1C 

Time Number and size of the blister 

interval PB PBR Commercial 

I day Nil Nil Nil 

3 days Few Nil Medium 

I week Medium Few Medium 

The photographs of initial appearance (before the test) and final 

appearance (after I week) of the coated samples for detergent resistance test are 

shown in figure 4b.5'. 
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lnitial appearaoce 

PB PBR CORUnercial 

Final appearance 

Figure 4b.~ Appearance of specimens before and after detergent resistance test 

Table 4b.B and figure 4b.6 shows that sample PBR is more resistant to 

detergent attack than PS and commercially available paint. 

4b.3.7 Natural weather resistance 

Weather resistance test was conducted for a period of 10 months from 

March to December. This time period was selected because the samples were 

ex.posed to all seasons during the test. 

Table 4b.9: Blister formation in weather resistance test 

Time Number and size or the blister 

interval PS PSR CommercuJl 

lmontb Nil Nil Nil 

5 months Nil Nil Nil 

10 months Ni l Nil :-.s il 
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The photographs of initial appearance (before tbe test) and final 

appearance (after 10 months) of the samples exposure to weather test are shown 

in figure 4b." 

Inilial appearance 

PB PBR Corruncrcial 

Final appearance 

PB PBR Commercial 

Figure 4b •. ' Appearance o/specimens before and after weather resistance test 

The figure 4b.6 and table 4b.9 shows that all the samples are very stable 

towards natural weather and did not any colour change or degradation during the 

test. 

The durability tests such as water resistance, salt spray resistance, alkali 

resistance, detergent resistance and weather resistance tests carried out for 

different specimens shows that the sample PBR is having good resistance 

towards various chemicals. The presence of rubber crumb may actively resist the 

attack of chemicals and climate conditions due to its inherent resistance. Rubber 

crumb is already a vulcanized form and also contains fillers such a.s carbon 

black. ZnO. silica etc. this is the reason for the inherent resistance. 
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4b.3.8 Scotch test 

The cross cut adhesion test is carried out to know the ad hesion of paint 

films on the substrate. The adhesion rating according 10 ASTM Slandards is 

shown in the table 4b.10. 

Tab/I! "b. ID: Adhesion rating assessed by scotch tl!.~f 

Sample name Classifiulion ~. removal 

P8 48 Less Ihan 5% 

P8R 58 0% 

Commercial 38 5 - 15% 

The photographs of test specimens before and after the tcst are shown in 

figure 4b.7 

Initial appearance 

PS PSR Commercial 

Final appearance 

PS PSR Commercial 

Flgu'l! -lb.": Appearance o/spttr.:imens hej(.m! and ajter .mlfell test 

The figure 4b.7 and table 4h.l 0 show that the adhesive strength of all 

samples is high. The sample PBR has no peeling by the scotch test, but trace 
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peeling in PB and commercial sample are observed. The presence of maning 

agent (activated rubber crumb) may not allow the scotch tape to adhere on the 

surface of paint. This may be the reason for the good result obtained for the 

scotch test. This shows that the adhesive materials!" wil l not adhere on the matt 

fini shed paint film. 

4b.5 Viscosity of paint 

Viscosity and shear thinning behaviour is an important property of paint 

for ease o f application. It is depend on the size of the colloidal particles in pai nt . 

The viscosity of newly formulated paint is found to be independent of the 

presence of activated rubber crumb as it is uniformly distributed in the paint. 

,.,. 
""'" • 
"""'" \ 

• PB 

"""" • PBR 

""" ... CommerCIa! 

"""' -"""' i:: 
~~ .~ 1l1000 

§ "''''' 

" """ • 
'''"''' ~ ~ 
.." \ ... -. - 'l",,_. 
""" , , 

" '" '" '" " Shear rate (rpm) 

Figure 4b.r.· Variation O/Vi.fcosity with shear rate 

Shear thinning index ofPB 1• PBl and PBl at two different speeds 5 and 

SO are given in table 4b.ll. 
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Tcthle 4h.ll: Shear thinning index of specimens 

Sample 
Shear thinning 

index 

PB 8.67 

CPBR 7.84 

Commercial 5 

4b.5 Conclusion 

A new matt finish paint formulation was developed with Vinyl acetate -

butyacrylate copolymer (85/15) using activated tyre crumb. The paint showed 

better durability, water resistance, alkali resistance and detergent test, salt spray 

tests and weather resistance compared to commercial grade paint. The adhesion 

property is better than the other paints. 
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4c: Paint formulation with natural biocide 

4c.1 Introduction 

Biocides are required in paint formulation to prevent microbial 

degradation during shipment, storage and use. Biocides are also required to 

protect the coated substrate fi'om harmful microorganisms sllch as bacteria, fungi 

and the like. Microorganisms are ubiquitous in the environment. Many of them 

have simple requirements for the gro\A,ih that can be met by most waterborne 

coatings. Adding an in-can preservative will protect these coatings in the wet 

state during storage and transpOli. After the coating has been applied and dried. 

most waterborne and solvent-borne coatings are sllsceptible to colonization by 

fungi or algae. The addition of a dry-film preservative (fungicide or algaecide) 

will ensure long-term performance of the coating. 

Biocides used in paint products may be grouped into three major classes: 

preservatives. mildewcides and antifoulants. Preservativcs are widely used in 

water-based paint systems to prevent in-can bacterial and fungal degradation 

during storage and shipment. They are particularly useful in latex systems such 

as synthetic rubber. polyacrylate. and natural rubber lattices. Mildewcides are 

lIsed to prevent degradation of the dried pai nt tilms and underlyi ng substrate by 

microorganisms. Anti foulant paints are used to prevent the growth or organisms 

on the hull of both commercial and pleasure boats. The attachment of such 

organisms decreases the operating efficiency of the boats and increases their 

maintenance costs. 

Mercurial-type biocides have been widely used as both preservatives and 

mildeweides in paints. They have excellent performance in both fL1l1ctions In 

many situations. They otfer the fast kill time and can control high levels of 

bacterial contamination. Unfortunately, they are hazardous to handle and may 

callse environmental problems. Thus. they cannot be used for common 

applications. A wide variety of biocides have been tried as marine antifoulants. 

but the marketplace has been dominated by cuprous oxide and organotin 

compounds for this llse. Cuprous oxide has been popular because it is efficient, 
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relatively economical, and is specified in many military antifouling paint 

formulations as the exclusive biocide. However, this chemical causes micro 

porosity in the paint film, which adversely affects efficiency, and it limits the 

paint colors to dark reddish brown. The organotin are more expensive than 

cuprous oxide and also more difficult to incorporate in paint formulations. 

Furthermore, they do not leach out completely during use so that when ships are 

sandblasted the disposal of the contaminated sand poses difficulties. However, 

organotins yield uniform, tight tilms without the micro porosity problems 

associated with cuprous oxide and may be formulated in a wide variety of bright 

or light colors. For the latter reasons. they arc widely lIsed on pleasure boats. 

Since both Cllprous oxide and organotin compounds present technical or 

environmental problems, there is a need for new and better antifoulant paint 

biocides. 

However, merely blending these biocides into paint tonnulations may 

result in problems. Some of the major problems are their miscibility \'v'ith other 

constituents of the system and their \vater solubility. Their insolubility may 

cause agglomeration of the biocide in the dried film. Their \'vatcr solubility may 

cause leaching tj'om the paint film or migration orthe biocide in the lilm. These 

lead to uneven biocidal protection, environmental problems and reduced service 

life. Accordingly. it is an ohjective of this study to make a class of bioactive 

polymers which are effective as preservatives, mildewcides and marine 

antifoulants in paints. 

Industrial water-based lormulations usually require protection against 

microbial spoilage. Examples of such tormulations include lattices, emulsions, 

paints, adhesives, caulks. and sealing masties. Microbial contaminants can be 

introduced by water (process water, wash water). raw materials (latex. fillers, 

pigments. etc.), and poor plant hygiene. Bacteria are the most common spoilage 

organisms, but fungi and yeasts are sometimes responsible tor product 

deterioration. Among the most common contaminants are Aeromol1us sp., 

Bacillus sp.. DeslIljovihrio sp.. Escherchia sp.. El1Ierohacler sp., and 

I'S(!lIuolJ1onas sp. Microbial growth is usually manifested as a loss in 

functionality and may include gas formation, pH changes. offensive odour, and 

changes in viscosity and col or. 1 Spoilage of the water-based products, which can 
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go unnoticed until the product reaches the consumer, can result in significant 

economic loss to the manufacturer. Good plant hygiene and manufacturing 

practices, when combined with the use of a compatible broad spectrum biocide, 

will minimize the risk of microbial spoilage of the coating. 2 In selecting an in­

can preservative, cost effectiveness, compatibility, stability, handling, and eco­

toxicity are impol1ant factors to take into account. Intrinsic properties of the 

coating, such as pH, viscosity, redox potential, and the presence of cel1ain 

ingredients may also affect the efTectiveness of biocides. Typical use levels for 

in-can preservatives are in the range of 0.05 to 0.5 weight percent. The examples 

of in-can preservatives are Aldehyde (Biocheck 80). Amide (Biochek 20). 

Amino acid adducts (Nuosept 44). Blends oractives (Acticides) etc. 

Both water-based and solvent-based coatings are susceptible to the 

colonization or fungi and algae upon drying. The type of microorganisms that 

can colonize the coating will depend on several tllctors. including the moisture 

contcnt of the surbcc. the presence of nutrients. the substrate, and the type of 

coating.'· For example. the moisture content of the surface is affected by factors 

such as climatic (amount of rainfall, dew. humidity. temperature, and period of 

the year) as well as local conditions (surfaces sheltered fi'om winds and shaded 

areas will contain higher moisture content).) The presence of nutrients may 

include constituents of the coating (such as polymers. thickener residues. etc.), 

biodegraded substances produced by other microorganisms (e.g., complex 

substrates may be attacked by a succession of microorganisms), or simply 

material depositeu on the coating from the atmosphere. such as dirt. The 

sllbstrate is also of impOltance. It provides, for example. a suitable pH 

environment. In this regard, fungi tavour more acidic conditions, such as those 

provided by wood. Algae, on the other hand, favour more alkaline conditions, 

such as those provided by masonry. Last, the type and properties of the coating 

(water repellency. hardness. chalking, and roughness) will also play an important 

role in determining which type of microorganism could colonize the coating. 

On exterior surfaces, AlIreobasidillfll jJlIlllllan.1 and Alternaria sp. are 

common fungal isolates. In general, fungi found on exterior surfaces are able to 

withstand high temperatures and dry conditions. are tolerant to UV exposure, 

and l:an adhl:re well to surfaces." On interior surtllCl:S. the fungi Aspergilllls sp. 
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and Penicillium sp. are frequently isolated. Algae are mainly isolated from 

exterior surt~tces. Green algae species (Chlorelfa sp. Or StichococclIs sp.) are 

usually isolated in temperate regions. Trcntepohlia sp.(which can be orange or 

green in col or) is very common in tropical regions. Blue-green algae 

(Gl()eocupsa sp., Nostoc sp.) have been isolated from various regions. Several 

blue-green algae (Calothrix sp., .'i'ytol1ema sp.) are black in color and are, thus, 

easily mistaken for fungal discoloration, 

The growth of microorganisms on coatings, also known as defacement, 

not only affects the appearance of the coating (discoloration). but it may also 

compromise its performance (biodeterioration). Fungi can penetrate coatings, 

resulting in cracking. blistering. and hampering the coatings' adhesion 

properties. thus leading to decay or corrosion of the underlying substrate. Algae 

colonies. which seem to grow more rapidly on porous substrates such as stucco, 

ccment. and bricks. may be able to hold water. The freezing and thawing of this 

cntrapped water may induce cracking or may increase the permeation properties 

of the coating. leading to failure. Also. the presence of water may encourage 

colonization by other microorganisms, which. In turn, may cause 

biocleteriorati on. 7 

There are several dry-film fungicides and algaecides in the market. Dry­

film fungicidcs should be UV stable and resistant to leaching. Typical use levels 

for dry-film biocides are in the range of 0.5 to 2.0 percent by weight. As with the 

in-can preservatives. performance and compati bil ity with a speci fic coating 

formulation should be tested. Accelerated laboratory tests are usually 

recommended to test outdoor coatings. 8
.') These tests involve coating an inert 

surface that is then inoculated with various fungal or algae species. The most 

common fungicide active ingredients in the market include benzimidazoles, 

carbamic acid derivatives (e.g .• IPBe), chlorothalonil, isothiazolones (eg., OIT), 

pyridines-N-oxide derivatives. thiazoles, and thiophthalamides (eg .• fopet). The 

most common algaecides include S-triazines and ureaderivatives (eg., Diuron), 

Chitosan is a polycationic polymer with specific structure and 

properties.)O It contains more than 5.000 glucosamine units and is obtained 

commercially tt'om shrimp and crab shell chitin (a N-acetylglucosamine 

polymer) by alkaline deacetylation 1
1.

12 (NaOH. 40-50%). J3Chitosan is 
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inexpensive and nontoxic containing reactive amino groups. It has been shown 

to be useful in many di fferent areas as an antimicrobial compound in agriculture, 

as a potential elicitor of plant defence responses. as a tlocculating agent in 
14 15 dd'" I t' d' d 1617 h d . wastewater treatment, . as an a Itlve 111 t 1e 00 III lIstry, . as a y ratmg 

• • IS 19 d I I . I 00 0 1 • agent In cosmetIcs,· an more recent y as a p larmaceutlca agent-·- 111 

biomedicine. 22
,23 The antimicrobial activity of chitosan was observed against a 

wide variety of microorganisms including fungi. algae, and some bacteria. 2~ 

Chitosan films are tough, long lasti ng, tlexi ble. and vcry di fticult to tear. Most 0 f 

their mechanical properties are comparable to many medium-strength 

commercial polymers. 2
; It was repol1ed that chitos<ln tilms have moderate water 

permeability and could be used to increase the storage life of fresh produce and 

foodstuffs with higher water activity val lies. 2(, 

To improve the antimicrobial properties of the surface coating without 

affecting the film formation property of sUl'bce coating. a natural biocide is 

introduced instead of synthetic biocide. Carbox) methyl chitosan having good 

film forming ability and excellent antimicrobial activity is selected for this. The 

antimicrobial properties of thus formulated paint was then compared \vith the 

paint formulated without natural biocide (CharIer 4a) amI cOJllmercially 

available paint. 

4c.2 Experimental 

4c.2.1 Development of surface coating with natural biocide 

Paints were made with various quantities of carboxymethyl chitosan as 

biocide to test the antimicrobial acti vity and optimi.led the quantity of chitosan 

required for the antimicrobial activity. The VAc-r3uA copolymer latex of 45% 

solid content was selected for this pai nt formulation. Table 4c.1 shows the paint 

formulation recipe with carboxymethyl chitosan as natural biocide and without 

chitosan dervative. 
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Tahie 4c.l: Pain/f()rmulation 

I ngredi ents 
Weight (g) 

*PB **CPB **CPBR 

Water 35.0 35.0 35.0 

Triton-X I 00 0.42 0.42 0.42 

Potassium tripolyphosph,Jte 0.42 0.42 0.42 

Sodium hexametaphosphate 0.42 0.42 0.42 

Volcastab 0.42 - -

Silicone emulsion 1.34 1.34 1..34 

Propylene glycol 4.00 4.00 4.00 

Acticide SPX 0.32 - -
Above ingredients were mixed by mechanical stirring for 10 

minutes. After that the following ingredients were added to the 

mixture with stirring 

Kaolin 17.0 17.0 17.0 

Calcium carbonate 18.64 18.64 18.64 

Ti02 (Rutile) 44.60 44.60 44.60 
---- --- - ----_. - - .. - -"_.- - ---- -_. - ---
Mix the above ingredients at high speed lor 20 minutes. While 

stirring the mixture the following ingredients were added 

Carboxymethyl cell ulose 0.74 0.74 0.74 

Silicone emulsion 0.92 0.92 0.92 

The above mixture was stirred for 10 minutes at high speed. Then 

polymer emulsion was added. 

Polymer emulsion 75.0 75.0 75.0 

Carboxymethyl chitosan 0 0.60 0.60 

Activated rubber cmmb 0 0 3.00 
- -·PB - Pmnt tonnlllated \\'lth VAc-BuA copolymer (S)!\) \\t_%) mthout c1l1tosan derivative. 

"ePB - Paint fonmllnltd \I ilh VAe-UlIA Wp(ll~lller (SS/ 15 "'t.'X.) and carhoxymethyl chitosan as 

nalllrul biocide. '**CI'I3R - Paint formulated \\ith VAc-l!uA copolymer (85/15 \\t.%) with 

carhox)1l1cthy! chiLosan and rubber crumb_ 
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4c.3 Results and Discussion 

Antimicrobial properties, durability properties, adhesive strength and 

viscosity of the paint ePB and ePBR formulated using natural biocide 

carboxymethyl chitosan is compared with the sample PB and commercially 

available paint. 

4c.3.1 Antimicrobial studies 

Surface coatings are usually attacked by various micro organisms such 

as fungus. algae and or bacteria. To know the antimicrobial activity of the 

formulated paints antialgaL antifungal and antibacterial tests were carried Ollt 

according to the standard procedures described in chapter 2. 

rhis test method attempts to provide a means to comparatively evaluate 

different coating formulations for their relative performance under a given set of 

conditions. It does not imply that a coating that resists gro~1h under these 

conditions will necessarily resist growth in the actual application. This test 

mcthod covers an accelerated method for determining the relative resistance () f 

two or more paints or coating films to algae, fungus and bacterial g~\Vth 

["he results obtained from antimicrobial tests, durability tests, adhesion 

test and viscosity of the paint formulated using natural biocide (carboxymethyl 

chitosan) are compared with the paint without natural biocide and commercially 

available paint. 

4c.3.1 a. An tialgaJ studies 

rhe algal species such as Chloretta pyrel1oic/o.\"(J (Unicellular grcen 

algae), Oscittaj(Jria slIhrivis (Filmnentolls blue green algae) are used tor the 

study antialgal study. The nuisance growth of terrestrial algae on painted surface 

is a ruining problem. 

Antialgal tests were conducted for four weeks. The growth of algae alkr 

week and 4 weeks are shown in the photographs. The observations for the 

gro\~1h of microorganisms are described by standard ratings in the respective 

tables. 
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A. Green algae 

Table 4c.l: Rate ofgrowth of green algae on the samples 

Sample Observed Growth on Samples Rating 

Week I 

PB Traces of growth (1-10 %) I 

CPB None 0 

CPBR None 0 

Commercial Traces of growth (1-10 %) I 

WeekK 4 

PB Light growth (10-30%) 2 

CPB None 0 

CPBR None 0 

Commercial moderate growth (30-60%) 3 I 
The photographs to show the growth of the green algae on the specimens 

after I week and after 4 weeks are shown in figure 4c.l. 

B. Blue green algae 

Table 4c.J: Rate 0.( growth of blue green algae on the samples 

Sample Observed Growth on Samples Rating 

Week I 

PB Traces of growth (1-10 %) I 

CPB None 0 

CPBR None 0 

Commercial Traces of growth (1-10 %) I 

Week 4 

PB Light growth (10-30%) 2 

CPB Traces of growth (I-I 0%) I 

CPBR None 0 

Commercial Moderate growth (30-60%) 3 

The photographs to know the growth of the blue green algae on the 

specimens after I week and after 4 weeks are shown in figure 4c.2. 
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Week I Week 4 

Commercial 
Figure 4c.l: PhOlograpru for showing the gruwlh of green algae on Ihe 

specimens after J week and/ollr weeks allhe test 
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Figure -le. ] : Photographs for showing the growth a/bllle green algae on the 

specimens qlier I week and/our weeks at the lesl 
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The gro\\-1h rate of both types of algae observed as in tables 4c.2 and 

4c.3 shows that carboxymethyl chitosan based paint exhibit greater antialgal 

activity compared to other samples. 

The tests conducted for antifungal activity of various paint samples 

shows that the algal defacement is more predominant for the samples CPB and 

CPBR which contains natural biocide when compared to other samples. From 

the rating tables 4c.2 & 4c.3 and figures 4c.l & 4c.2 for the growth of green and 

blue green algae we can observe that the samples CPB and CPBR are not 

attacked by algae. The growth of the algae can be observed on PB and 

commercially available paint samples. This shows that carboxymethyl chltosan 

can effectively control the growth of algae in paints. 

",c.3.2 Antifungal studies 

The fungal species such as Aspergillus and Penhillium citrinillm are used 

for the study of antifungal activity of paint samples. 

Antifungal tests were conducted for four weeks. The growth of fungi 

after I week and 4 weeks are shown in the photographs. The observations for the 

growth of fungi are described by standard ratings in the respective tables. 

A. Aspergillus 

Table 4c.4: Rate ofgrowth of Aspergillus on the samples 

Sample Observed Growth on Samples Rating 

Week 1 

PB Light growth (10-30 %) 2 

CPB None 0 

CPBR None 0 

Commercial Light growth (10-30 %) 2 

Week 4 

PB Moderate growth (30-60 %) 3 

CPB None 0 

CPBR None 0 

Commercial Heavy growth (60 % to 100%) 4 
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b. Pencillium citrinium 

Table 4c.5: Rate of growth of Periuillium citrinium on the samples 

Sample Observed Growth on Samples Rating 

Week 1 

PB Traces of growth (1-10 %) I 

CPB None 0 

CPBR None 0 

Commercial Traces of growth (1-10 %) 1 

Week 4 

PB Moderate growth (30-60 %) 3 

CPB Light growth (10--30 %) 2 

CPBR None 0 

Commercial Heavy growth (60 % to 100%) 4 

Table 4c.5 shows the growth rate of two types of algae, which shows 

grater fungal defacement observed for chitosan based paint than commercial 

paint. The photographs shows the growth of PeniDllium citrinium on the 

specimens after I week and aller 4 weeks are shown in figure 4c.4 
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Fungi are present on the surface of coated paint in two forms. They may 

be present as thread-like structures. mycelia or as clusters of spherically. black 

coloured spores. The mycelia structures are observed when conditions under 

fungi are relatively growing and reproducing. Spore clusters are found when 

conditions for growth and reproduction are less favourable. Spores are more 

resistant to environmental changes and anti-microbial agents than the mycelia 

forms. Growth of two type of fungi spore on paint film is observed after 4 

weeks, as shown in photograps. The carboxymethyl chitosan based coating 

shows better resistance to fungi attack than commercial paint film. 

4c.3.3 Antibacterial studies 

The antibacterial tests were conducted in accelerated lab conditions. The 

bacterial species such as Escherichia colli and Bacillus cereus are used for the 

study of antibacterial activity of paint samples. 

Antibacterial tests were conducted for two days. The photographs of 

paint films immediately after inoculation of bacteria (initial) and the growth of 

bacterial colonies after 48 hours are shown in respective figures. The 

observations for the growth are described by standard ratings in the respective 

tables. 

A) Eschericltia col/i 

Table 4c. 6: Rate of growth of Escherichia calli on the samples 

Sample 
Growth of bacterial colonies on 

Rating 
Samples 

In itial 
PB No growth 0 

CPB No growth 0 
CPBR No growth 0 

Commercial No growth 0 
After 48 hours 

PB No growth 0 
CPB No growth 0 

CPBR No growth 0 
Commercial No growth 0 
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b. Bacillus cereus 

Table 4c. 7: Rate of growth of Bacillus cereus on the samples 

Sample Growth of bacterial colonies on Rating 
Samples 

Initial 

PB No growth 0 

CPB No growth 0 

CPBR No growth 0 

Commercial No growth 0 

After 48 hours 

PB No growth 0 

CPB No growth 0 

CPBR No growth 0 

Commercial No growth 0 

The photographs show the growth of Escherichia col/i on the paint films 

at the time of inoculation and after 48 hours is shown in figure 4c.5. The 

photographs show the growth of Bacil/us cerells on the paint films at the time of 

inoculation and after 48 hours is shown in figure 4c.6. 

The bacterial growth increases under conditions of stress such as heat, 

cold. dehydration, some are able to form spores which are resistant to high 

temperature and dry environment and more resistant to bactericides. The 

photograps show the growth of two types of bacteria on the surrounding agar 

medium but colonial growth ef bacteria is not observed on the paint film after 

48hours. This shows that all paint films have good resistance to bacterial attack. 
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Initial Final (48 hours) 

Commercial 
Figure ./(:. 6: Pholographs fo/" shoa·illg Ihe g/"olr/h uj"Badl/lIs cerellS oil/he 

.5pecimel1.~ hi//.)!"e alld after 48 huUl".I" mlhe leSI 
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:J Iga..: ;t:ld bal.::<!I"1:.t by i llI.::r l\:n ug witil tht!l~ mc::tb'll i.: ttmctio!lS. 
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The exact mechanism of the antimicrobial action of carboxymethyl 

chitosan is still unknown, but different mechanisms have been proposed. 

Interaction between positively charged chitosan molecules and negatively 

charged microbial cell membranes leads to the leakage of proteinaceous and 

other intracellular constituents. 27 Chitosan acted mainly on the ollter surface of 

the bacteria. At a lower concentration «0.2 mg/mL), the polycationic chitosan 

does probably bind to the negatively charged bacterial surface to cause 

agglutination, while at higher concentrations, the larger number of positive 

charges may have imparted a net positive charge to the bacterial surfaces to keep 

them in suspension. 28 

4c.3.2 Durability tests 

4c.3.2a Water resistance test: 

Table -fc.8: Blisterformation in water resistance test at 381'C 

Time Number and size of the blister 

interval PB CPB CPBR Commercial 

24 hrs Nil Nil Nil Nil 

4 days Nil Nil Nil Nil 

I week Nil Nil Nil Nil 

3 week Nil Few Nil Few 

12week Few Few Nil Medium 

The photographs of initial appearance (before the test) and final 

appearance (after 12 weeks) of the coated samples for water resistance test are 

shown in figure 4c.7. 
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PB 

PS 

/fu:pllTatiorc aM propwt) n.Gfllaticro 0/ jllifw:. C"'llilrgs -
Initial appearance 

GPB CPBR Commercial 

Final appearance 

GPB CPBR Conunercial 

F;gure -Ic. 7: Appearance of specimens before and after the water resistance test 

The figure 4c. 7 and tab le 4c.8 clearly shows that sample CPBR is highly 

resistant to water and is not shows any blister even after 12 weeks. The sample 

CPB and commercially available paint show only slight blistering. 

4c.3.2b Salt spray lest: 

Ttlble 4c.9: Blister formation in salt spray test at 281c 

Time Number and size of the blister 
interval PB CPB CPBR Commerdul 

48 hrs Nil Nil Nil Ni l 

I week Nil Nil ;-.!il KiI 

4 week Nil Few i\il Few 

I :!week I Few Medium Few Medium , 
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The photographs of initial appearance (before the test) and final 

appearance (after 12 weeks) of the coated samples for salt spray test are shown 

in figure 4c.8. 

Initial appearance 

PB CPB CPBR Commercial 

Final appearance 

PB CPB CPBR Corrunercial 

Figure 4c.B: Appearance o/specimens before and after lhe sail spray lest 

By analyzing the observations shown in table 4c.9 and the photographs 

sbown in figure 4c.8 we can see that the sample CPBR is very stable and not 

much affected by sa lt spray. Sa lt water resistance is found to be better for CPBR 

compared to commercially available paint. 

4c.3.2c Alkali resistance test: 

Alkali resistance test ".,as conducted for three types of alkalies (NaJPO~ 

at 75°C, Na~COl at 65°C and NaOH at 28o.1C) according to standard procedure as 

described in chapter 2. 
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Table 4c.IO: Blisler formation in Na j P04 resistance (75 11q 

Time Number and size of the blister 
interval PB CPB CPBR Commercial 

4 hrs Nil Nil Nil Nil 
8 hrs Few Nil Nil Few 
16 hrs Medium Few Few Dense 
24 hrs Dense Medium Medium Peeled 

Table 4c.ll: Blister formation in Na;CO] resistance (6511q 

Time Number and size ofthe blister 
interval PB CPB CPBR Commercial 

4 hrs Nil Nil Nil Nil 
8 hrs Few Nil Nil Few 
16 hrs Medium Few Nil Dense 
24 hrs Dense Medium Few Peeled 

Table 4c.12: Blister formation in NaOH resistance (2EfiC) 

Time Nu m ber and size of the blister 
interval PB CPB CPBR Commercial 

4 hrs Nil Nil Nil Nil 
8hrs Medium Few Medium Dense 
16 hrs Dense Medium Dense Peeled 

Tables 4c.1 0, 4c.11 and 4c.12 describe the appearance of specimens at 

different time intervals of test conducted for NaJ P04, NazCOJ and NaOH 

respectively. The photographs of coated samples before the test (initial 

appearance) and after the test (final appearance, 24h for Na3P04, for 24h 

Na2C0.h 16h NaOH) are shown in figure 4c.9. 

From the photographs in figure 4c.9 we can see that the alkali resistance 

of the sample CPBR is more in all three alkalies compared to other samples. 
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Inilial appearance 

PB CPB (PBR COlllfTlCrCial 

PB CPB CPBR Commertial 

PB CPB CPBR Commercial 

Final appearance: N3.0H 

PB CPB (PBR Commercial 

Figu,e 4c. 9: . .Jppearance o/specimens before and after alkali resistance test 
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4c.3.2d Detergent resistance test 

Table <lc./J: Blisler/ormaJion in detergent resistance at 2lfe 

Time Number and size of the blister 

inlen'al PB CPB CPBR CommercUzI 

I day Nil Nil Nil Nil 

3 days Few Nil Nil Medium 

I week Medium Few Nil Dense 
.. 

The photographs of Inlttal appearance (before the test) and final 

appeamoce (after I week) of the coated samples during detergent resistance test 

are shown in figure 4c.1 O. 

Initial appearance 

PB CPB CPBR Commercial 

PB CPB CPBR Commercial 

Fi,.,.e kIO: Appearance of specimens before and after detergent resistance test 

rable 4c. 13 and figure 4c.IO shows that sample CPB and CPBR is mort 

resistant to detergent attack than PS and commercially available paint. 
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4c.3.2e l\"atural weather resistance 

Weather resistance test was conducted for a period of 10 months trom 

March to December. This time period was selected because the samples were 

exposed to all seasons during the test. 

Table 4c. U : Chalkingformation jn weather resistance leSl 

Time Chalking observed 

interval PB CPB CPBR Commercial 

I mODth Nil r-; i I ~i l 1\iI 

5 months Nil Nil ~i1 Kil 

10 months Nil Nil ]\; i I Ni l 
. . 

The photographs of initial appearance (before the test) and final 

appearance (after 10 months) of the coated samples during weather resistance 

test are shown in figure 4c.l l. 

Initial appearance 

PB CPB CPB Commercia! 

Final appearance 

PB CPB CPB Commercia! 

Figure 4c./ /: .ippeanml.·e uf :;pel."imenJ" be/ore and al[(1/" wear/ut I' resistance test 
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The figure 4c.11 and table 4c.14 shows that all the samples are very 

stable towards natural weather and not shows any colour change or degradation 

during the test. 

The durability tests such as water resistance, salt spray resistance, alkali 

res-istance, detergent resistance and- weather resistance tests carried out for 

different specimens shows that the sample CPBR is having good resistance 

towards various chemicals. The presence of rubber crumb and chitosan may 

actively resist the attack of chemicals and climate conditions due to the inherent 

resistance of rubber crumb and film forming ability of chitosan. 

4c.3.3 Scotch test 

The cross cut adhesion test is carried out to know the adhesion of paint 

films on the substrate. The adhesion rating according to ASTM standards is 

shown in the table 4c.15. 

Table 4c.15: Adhesion rating assessedjor scotch test 

Sample name Classification % removal 

PB 4B Less than 5% 

CPB 5B 0% 

CPBR 5B 0% 

Commercial 3B 5 -15% 

The photographs of test specimens before and after the test are shown in 

figure 4c.12. 
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PB 

PB 

Initial appearance 

CPB CPBR 

Final appearance 

-""""".... "..-","""""" 
" 

., 
CPB CPBR 

Commercial 

Commercial 

Figure 4c. J 1: Appearcmc:e o/.f(1L'Cimens be/ore and after the scotch test 

The figure 4c.12 and table 4c.15 shows that the adhesive strength of all 

samples is high. The sample PBR has no peeling by the scotch test, but trace 

peeling in PB and commercial sample are observed. The presence of maning 

agent (activated rubber crumb) may nol allow the scotch tape 10 adhere on the 

surface of pain!. This may be the reason for the good result obtained for the 

scotch test. This shows that the unwanted materials will not adhere on the man 

finished paint film. 

4c.J.4 Viscosity 

Viscosity and sl:ear thinning behaviour is an important property of paint 

for ease of application. It is depend on the size of the colloidal particles in paint. 

The viscosity of newly formulated paint is independent of the presence of 

activated rubber crumb. 
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figu rt 4(:.13: Variation of vis cosily with shear rale 

Shear thinning index 'o(PB~ L'PB. t1>"BR 'aild commercial paint at twO different 
speeds 5 and 50 are given in table 4c. 16. 

Table 4<:. 16: Shear thinning index orlhe specimens 

Sample 
S hear thin ning 

indu 

PB 8.61 

CPB 1.83 

CPBR 6.4 

Commercial 5.0 

4(:.4 Conclusion 

A new paint formulation was developed with Vinyl acetate • 

butyacrylalc copolymer as binder and carboxyl methyl chitosan as biocide. The 

paint gave good durability in water resistance. alkali resistance and detergent 
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test, salt spray tests, weather resistance and scotch test compared to commercial 

paint. The paint shows better resistance to algae, fungi and bacterial growth due 

to the presence of carboxyl methyl chitosan. 
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eJiapteJtS

PREPARATION AND CHARACTERIZATION OF

NANO TITANIUM DIOXIDE

5.1 Introduction

The word pigment derived from the Latin word pigmenturn. The

definition concentrates on the products used to give an aesthetic effect such as

colour and opacity. Extenders do not usually affect the colour or opacity of a paint

film, but play an important role in the film properties such as reinforcement, gloss,

hardness etc. They affect the properties of the paint itself such as rheology,

settling characteristics or cost. I Most pigments are used to provide a visual effect,

mainly colour and opacity. Important to ensure that pigment will remain

essentially insoluble in the system in which it is used and will give required

physical properties such as light fastness, weather ability and resistance to

chemical.' Colour of pigments depends on its chemical nature. The selective

absorption and reflection of various wave length of light that impinge on the

pigmented surface determines its hue. Black pigments absorb almost all the light

falling upon them where as white pigments scatter and reflect all the visible light

falling on their surfaces. The differing absorption and reflection characteristics of

compounds are attributed to arrangement of the electrons within their molecule

and to their energy and frequency vibration. A molecule will absorb

electromagnetic radiation from part of spectrum. This absorption excites the

electron from ground state El to an orbital of higher energy orbital El. The wave

length of light absorbed is determined by the difference in energy E between two

orbital concerned.

Opacity is the hiding ability of a pigmented coating, depends on the

ability of the film to absorb and scatter light. A key factor of the opacity of a

pigment is its refractive index. which measures the ability of a substance to bend

light. The opacifying effect is proportional to the difference between the refractive

index of the pigment and that of medi urn in which it is dispersed.i'"

Pigments are classified into two inorganic and organic pigments. In

organic pigments have high refractive index, high chemical and high heat stability

than inorganic pigments. Commonly used white inorganic pigment is titanium
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dioxide (TiO z), due to its very high refractive index 2.76, relatively low density 

and maximum scattering of visible light and they absorb little energy in the visible 

part of the spectrum. The conventional TiOz has some disadvantages. The 

untreated TiOz pigment is not sutliciently basic. Acidic product will be formed 

when reacted and as a result of photo-oxidation and thus do not help to maintain 

integrity of film. It has no fungicidal or bacteriostic properties. Ti02 has much 

attention in the application field such as sunscreen properties, catalytic supporter, 

coating industry. photo catalyst and solar energy converters.6
•
7 

TiOz exists mainly in 3 naturally occurring crystallographic forms are 

Anatase (tetragonal), Brookite (orthorhombic), and Rutile(tetragonal). Anatase 

and rutile form are manufactured on a large scale. Rutile has much closer atomic 

packing in its crystalline pattern and is more stable.s Conversion of anatase to 

rutile occurs only at elevated temperature (-IOOO°C). Anatase has very high photo 

activity and is therefore not suitable for exterior fi nishes because it may cause 

rapid degradation of the paint film. TiOz based coating has UV shielding ability 

due to UV ray absorption and UV ray scattering.9 Light scattering depends on the 

particle size and the wavelength of corresponding light. Due to the reduction of 

particle size UV ray absorption increases. "Larger-sized TiOz particle exhibit less 

effectiveness as a sunscreen agent',.IO Particle size increases the ability of the 

particle to scatter light increases up to a maximum and then decreased. I 1.12 The 

ability of a scatter light increases the hiding power of the pigment and therefore 

the hiding power also reaches the maximum and then decreased as the particle 

size increased. The sunscreen performance depends on how well the ultrafine 

particles are dispersed in the formulation. TiOz in a predispersed form rather than 

powdered form improves the quality of final dispersion. TiOz colloidal sol would 

be expected to high performance in sunscreen property. Different methods are 

used for preparation of nano-sized colloidal sol such as sol-gel process and 

hydrothermal process. However, we adopt wet synthesis process 13.14 as it is cost 

effective. 

ISFor TiOz preparation usually titanium hydroxide is precipitated by 

hydrolysis and then calcinated at 900°C. But the straight hydrolysis yields only 

anatase on calcination. Rutile form of TiOz is obtained by alkaline hydrolysis of 

titanylsulfate or titanium tetrachloride. 16 
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(b) (c) 

Fil:llrt! 5.1: CrYJlallogyuphit'jimns oITiO: (a) rlI1C1Ii1.~1! (h) Brookitl! & rh) Rllfile 

In oru er to achieve UV-ray shie lding propert y wc developed nano TiO~ 

coll o idal sol by wel synt hes is process. The prc~enl study deals with an optimum 

design of no! colloidal sol regarding appropriate panicle si ... c. stabili ze in a 

neutra l pH region 17 and ~uppress ion ofphulo Cil1al~lic activity. 

5.2 F:xperimenlal 

52. t Preparalion of colloidal nana TiO! 

The preparation procedure lor TiO: colluidal sol in nano form consists of 

two steps: (1) hydrolysis process ofTiCl4 and (2) acid treatment process. 

Hydrolysis Process 

NaOI-l solution r.\ a concentration of 64.5g/1 <lnd TiCI 4 solution at a 

concentrdlion of :WO gll was added drop wise to water with slirring. The solution 

was maintained at a pH range 6to 8. Atier the compktion of addition the pH was 

adjusted 10 7. the resulting slurry was filtered . and the residue ofTiO~ was wa.<;hed 

tlntil Ihe eleclro conducti viI}, of Ihe ti Itrate WilS below lOOmS/cm. 
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Acid Treatment Process 

The synthesized Ti02 contain sodium ions, soluble TiOz and other 

impurities were removed by acid treatment .The washed cake was redispersed in 

water to prepare 2 molll of Ti02 slurry. Resulting TiO] slurry and an aqueous 2 

molll HNOJ solution were placed in a flask equipped with a reflux condenser, and 

then the mixture was heated at 95°C. After aging for 2 hours at 95°C, the mixture 

was cooled to room temperature and neutralized with 28% of aqueous ammonia to 

obtain treated slurry. Then. the slurry was filtered, and the filter cake of treated 

TiO] was washed until electro conductivity of the filtrate was 100mS/cm. Thus 

we get colloidal sol. 

5.3 Results and Discussion 

5.3.1 Bulk density 

The primary identi tlcation of the size of the material was done by 

determining the bulk density. The bulk density value of synthesized nano TiO] 

powder sample is compared with conventionally available Ti02 in table 5. J • 

Table 5.1: Bulk densities a/TiD; 

Sample name Bulk density (glcmJ) 

Conventional Ti02 1.45 

Nano Ti02 0.98 

5.3.2 Surface area 

The surfuce area of the samples determined using BET method is given in 

the table 5.2. 

Table 5.2: Surface area a/Ti01 samples 

Sample name Surface area (ml/g) 

Conventional Ti02 8, ", 

Nano Ti02 234 
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iPro/"ration and diaractmzation of nano 'liOz 

From the surface area analysis it is clear that the synthesised TiOz has 

very high surface area compared to conventional Ti02• This may be due to the 

reduction in size to nano scale. 

5.3.3 X-Ray Diffraction (XRD) 

The XRD patterns of conventional TiOz samples are given in figures. The 

figure shows the characteristics peaks of rutile, thus confirmed the structure. 

I 

I 

ao 
20 

Figure 5.1: XRD pal/ern of conventional rI/tile TiO} 
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Figllre 5.3: XRD pal/ern o.fsynthesized 170110 no! 

The XRD pattern of nano Ti02 is shown here. It shows characteristic 

peaks ofrutile Ti02• The peaks are wide compared to conventional Ti02 and some 

peaks are not clear for nano colloidal TiOz• This happens when reduction in 
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particle size. The average particle size of nano and conventional Ti02 calculated 

by Oebye Scherrer equation is shown in table 5.3 . 

Table 5.3: Average partiele size a/TiO} samplf!s 

Sample 

NanoTi~ 

Conventional Ti02 

Particle size (nm) 

2' 

262 
. .. . ... I 

D- Q3, 
PCos6 

A • wavelength of the X·ray source. P . full width at half maximum of the 
diXfjaction peaks in radians. 9· the diffraction angle. 

5.3.4 UV·Visible spectroscopy 
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Figure 5.4: UV-Visihle ahsorption spectrum o/nano & convtmtional TiOz 
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Figure 5.5: UV-Visible transmillanc:e spectrum o/nano & conventional Ti01 

The UV sh ielding abilil), of nana TiO l is compared wilh conventional 

TiOl . The figure 5.4 shows the UV absorption of nana and conventional TiOl . 

The absorption of UV radiation is three limes higher for nana TiOl compared to 

conventional TiO!. The figure 5.5 shows the UV ray transmittance of nano TiD! 

and conventional TiDl. The transmittance of UV radiation by nano TiD! is very 

low compared to conventional TiD! . These observations show that nano sized 

TiD! has better UV Tay shielding ability compared to conventional TiD!. Hence it 

can be use as UV ray protector in surfdce coatings. 

5.3.5 Scanning electron micr05coPY 

Scanning electron microscopy (SEM) allows the visualizati on of materials 

al very high magnifications. Depending on the instrument and materials 

properties. it is capable of providing resolutions down to the nanometre scale. 
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Figllre.5.6: SE.H mitTogmph of (a) conn:mi0/1lI1 and rh) 11(1110 nu_. powder 

The scan ning electron mi croscopy is helpful 10 unucrSlrlnd the 

morphology orl he surface. The mi crograph piclures revels that when tht: coll oidal 

solut ion dried Ihe part icles become agg lomerated. So it is hetter 10 keep as 

colloidal di spersion and thus to add in paint 10 retai n particks illl cgrity. 

5.3.6 Transmission elec tron microscopy 

The TEM image of IheTiO! sample is given III figure. The size of the 

particl e was determined from the scale bar givcn in the piclure. fhe average 

particle size was ca lculated and found 10 be equal 10 2011111 . The corn .. 'Sponding 

di ffract ion pattern is al so shown in fig. Diffract ion pattcrn of coll oidal form show 

concent ric r i ng~ which indicate the crystalline nature of synthesised mum TiO:. 

Figure 5. 7: D!fJraclion pallern 0fsynthe.\·i:ed nano TiO_, 
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Figure 5.8; TEM image I?{synlhesized nano riD} powder 

Figure 5.9: rEM imuges (y'symhesized colloidal nlmo TiO) 

5.3.7 Thermo gr."imelr-ic analysis 

Thermal analysis of the prepared Ti02 nano particles was carried out to 

know the possible changes occurring when the materials were subjected to heat 

treatment. TGA shows weight reduction at initial temperature due to the 

absorption of moi!.iure. Above 200°C the weight remains same. This shows that 

synthesized rutile nano Ti02 is pure. 
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5.4 Co nclusion 

Titanium dioxide with high degree crystall inity was prepared from 

litaniom tetrachloride. SEM piclUre shows the morphology o f the powder. TEM 

and SEM studies revealed that the synthesized particle sizes are in the na nomclrc 

region. The parti cle size of the nano TiO l is much lower than that of conventional 

TiOl . Surface area of the nanoparticlcs was very high compared to that of 

conventional T iO l . The UV·Vis ible s pectra show that UV ray protection 

efficiency of the synthesized nano TiOl • which is the very important property for 

paint. Thcrmo gravimetric analysis shows that the synthesized samples are pure. 

This method is very si mple and can save energy because this does not require the 

calcinations at very high temperature. 
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PREPARATION AND PROPERTY EVALUATION OF SURFACE 

COATING BASED ON NANO Ti02 

6a: Development of paint formulation of VAc-BuA copolymer with 

nano Ti02 as pigment 

6a.l Introduction 

Paints are required to be both decorative and protective. In the 

decorative context, it is essential that the surface is uniformly and cOlllpletely 

covered. This is most readily achieved by llsing a pigment of high reli'acti\'e 

index such as Ti02 Binder is used for the adhesion of pigment firmly to the 

surtace. fi0 2 (rutile) has been used as white colour pigment due to its very high 

refractive index (2.72), relatively low density and maximum scattering of visibk 

light and they absorb little energy in the visible part of the spectrum. The 

commercial Ti02 has some disadvantages. The untreated Ti01 pigment is not 

sufficiently basic. When react, acidic product will be formed as a result of photo­

oxidation and thus does not help to maintain integrity of tilm. It has no 

fungicidal or bacteriostic properties. fi0 2 has much attention in the application 

field such as sunscreen properties, catalytic supporter. coating industry. photo 

catalyst and solar energy converters. Ti02 based coating has UV shielding ability 

due to UV ray absorption and UV ray scattering.' The ultraviolet spectrum is 

divided into three regions: UVC (200 - 290 nm), UVB (290-320 nm) and UV A 

(320--400 nm). UVC has the highest energy but is completely absorbed by ozone 

in the stratosphere. UVB is the most damaging UV light. UV A has the longest 

wavelength and lowest energy. Light scattering depends on the particle size and 

the wavelength of corresponding light. l Due to the reduction of particle size UV 

ray absorption increases. "Larger-sized TiO l particle exhibiting less effectivt:llcss 

as a sunscreen agent". The sunscreen performance depends on how well thc 

ultrafine particles are dispersed in the formulation.' 



Cliapter6a (Erepamtioll (lIId property £'I'a[uation of suiface coatillg 6ased Ot! /lallO '1i01 

Ti02 absorbs light with wavelength of 405 nm or shOlier. Since it has 

very high refractive index, it is very effective in scattering. Both scattering and 

absorption are important In attenuating UV light, each mechanism 

predominating at different ends of spectrum. Theoretical study proved that for 

submicron TiO z, the UVB attenuation is predominately due to its absorption 

while the UV A attenuation is predomi nately due to its scattering. In another 

words, TiOz is a UVB absorber and a UV A scatterer. ~ The smaller size is better 

for UVB attenuation. For larger particle, UV radiation is primarily absorbed in 

the outer layer of the paliicle and the material in the interior is not fully utilized. 

A smaller particle size means larger specitic surface area. more Ti02 exposure to 

UV light for higher absorption. 5 The larger 5pecific SurE1C\: area also gives the 

sunscreen more in coating area. Thus. it can be conclllded that at same active 

concentration smaller paliide sizes. The smaller PPS (primary paIticle size) 

gives more transparency and larger PPS results in more opacity. Good 

formulation with appropriate PPS (15-35nm) can easil) boost the sunscreen 

performance and decrease the transparency.(' 

Ti02 in a predispersed form rather than powdered form improves the 

quality of tinal dispersion. Ti02 colloidal sol would be expected to high 

performance in sunscreen property. In this chapter. development of new paint 

formulation with nano colloidal TiOz as pigment is developed. 

6a.2 Experimental 

6a.2 Development of surface coating 

Paints were made by mixing latex with v,mOllS ingredients as per the 

formulation given in Table 6a.l. Variolls latex paints were prepared by using 

conventional Ti02 and synthesized nano Ti02 colloidal sol. 

Nano TiO~ has higher surface area when compared with conventional 

TiOe. Hence lower amount is enough for getting required property for the r aint 

the formulation. 
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{Dtrr'e{opmmt of paint fomruCatioll oj'Vac-(BtV/ coporymer witli lIa1l0 '7iOz as pigmmt 

Table 6(1.1: Paint f(mnulation with nano TiO] 

Ingredients 
Weight (g) 

*PB **nPB 

Water 35 35 

Triton-X 100 0.42 0.42 

Potassium tripolyphosphate 0.42 0.42 

Sodium hexametaphosphate 0.42 0.42 

Yolcastab 0.42 0.42 

Silicone emulsion 1.34 1.34 

Propylene glycol 4 4 

Acticid SPX 0.32 0.32 

Above ingredients were combined in a low speed ball mill for 10 minutes. 

I 
While stirring the mixture the following ingredients were added 

Kaolin 17.32 20.97 

I Calcium carbonate 18.64 29.59 

I TiOe (Rutile) 44.6 30 

i 
The above ingredients mixed at high speed for 20 minutes. The following 

ingredients were added while stirring the mixture 

I Carboxymethyl cellulose 0.74 0.74 

I Silicone emulsion 0.92 0.92 

i 
The above mixture was stirred for 10 minutes at high speed. Then polymer 

emulsion was added 

I Polymer emulsion 75 75 
.. ." ·Pl'l· Pnlllt formulallOl1 uSIng t:oJ)\'l!ntuHml r102• "nPIl· Paint lonllulatJon lIslng nano IIO~ 

6a.3 Results a nd discussion 

The properties of the paint formulated with nano TiO~ pigment is 

compared with the paint formulated with conventional Ti02• 

The UY shielding ability of the paints and the durability tests such as 

water resistance, salt spray resistance, alkali resistance, detergent resistance, 
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weather resistance and adhesion tests are also carried out to know the effect of 

nano sized effect of pigment. These lests were conducted according 10 standard 

procedures described in chapler 2. The specimens for the tests were prepared by 

coating the paint samples in mild steel panels of size 6in x 4in (BS 

speci fication) . 

The observations for various tests are summarised in the respective 

tables. For each test the appearance (photographs) of the coated samples before 

and after the tests are shown under the respective tests. The properties of the 

formulated paints are compared with a commercially available paint. 

6a.3.1 UV visib lt spectrum 

The UV.visibJe absorbance and transmittance spectrum obtained for the 

paint formulated with conventional & nano TiO l are given in figures 6a.1 and 

6a.2 respectively. 

" .. 
- -" ....... _nO,IP,1 

" j)M'II "' ......... TlO,IP21 
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Figure 60.1: Absorption spectrum offormulated paints. 
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Figure 6o.]: Transmiflunce speC/rI/m o/formulated paints 

Figure 6a. l sho ..... s that absorbance o f UV ray is higher for the paint 

formulated with colloidal nano TiOl . Figure 6a.2 shows that the transmittance 

for the paint formulated with colloidal nano TiO l is low compared to the paint 

formulated usi ng conventional Ti02• The higher absorption and low 

transmittance of UV region for oPB is more s ignificant from 270-200nm. This 

shows that the painl formulated with nanoTiOz have more UV shielding 

capability. 

6a.3.2 Water resistance lest 

Tuble 60.2: Blister formation in water resistance test at 38 "e 

Time Number aDd sin of the blister 

interval PB nPB ·Commerclal 

24 hrs Nil Nil Nil 

4 days Nil Nil Nil 

I week Nil Nil Nil 

3 week Nil Nil Few 

12week Few Few Medium 

• Comrt'll:rclolly avo llable emulSion pall1( 
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The photographs showing initial appearance (before the test) and final 

appearance (after 12 weeks) of tbe coated samples for water resistance test are 

given io figure 6a.3. 

lnilial ap~arance 

PS nPS Commercial 

Filial appearance 

PS nPS Commercial 

Figure 60.3: Appearan<.'e o/specimens be/ore and after water resistance test 

The figure 6a.3 and table 6a.2 clearly shows that even after 12 weeks 

sample nPB is highly resistant to water as like PB and commercially available 

paint. This shows that nano sized. pigment not affect the water resistance 

property of the paint film 
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6a.3.3 Salt spray test 

Table 6a.J: Blister formation in salr spray lest ar ltJC 

Ti me Number aDd size of the blister 

interval 
PS .PS Com.mercilzl 

48 brs :-.iil ~i l 1'\ il 

I week :-';il ~il ~i1 

4 week ;o.iil Sil Few 

I~week Few ~il Medium d('llSe 

The photographs showmg IOltIal appearance (before the test) and final 

appearance (after 11 weeks) of the coated samples for sail spray test are given in 

figure 6aA. 

Initial appcar:lO':C 

PB nPB Commercial 

Final appcarnncc 

PB , PB Commercial 

By 3nalyzing: th e ~lb.~.:rV:Hi\)1ls .. hown In tabk oa.3 and the phl1wgraphs 

depicted to tlgurl! /1a../. we can see that the sample nPB is not atf<!(.;ted by salt 
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spray even after 12 weeks. The specimens PB and commercially available paint 

shows more blistering than nPB. This shows that the nano sized pigment 

intimately and uniformly mixed with the paint and this gives more integrity to 

the paint films. This may be the reason tor the good stability ofT paint film 

containing nano Ti02• 

6a.3.4 Alkali resistance test 

Alkali resistance test was conducted for three types of alkalies (NaJP04 

at 7SoC, Na2C03 at 65°C and NaOH at 28°C) according to standard procedure as 

described in chapter 2. 

Table 60.4: Blister formation in NaJPO~ resistance test (75"C) 

Time Number and size of the blister 

interval PB nPB Comnrercial 

4 hrs Nil Nil Nil 

8 hrs Few Nil Few 

16 hrs Medium Nil Dense 

24 hrs Dense Nil Peeled 

Table 60.5: Blister formation in NazCOJ resistance test (65 I1C) 

Time Number and size of the blister 

interval PB nPB Commercial 

4 hrs Nil Nil Nil 

8hrs Few Nil Few 

16 hrs Medium Nil Dense 

24 hrs Dense Few Peeled 
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Table 60_6: Blister fiJrmation in NaOH resistance test (28 liC) 

Time Number and size of the blister 

interval PB nPB Commercial 

4 hrs Nil Nil Nil 

8 hrs Medium Few Dense 

16 hrs Dense Medium Peeled 

Tables 6a.4, 6a.5 and 6a.6 describe the appearance of specimens at 

difTerent time intervals of test conducted for Na3P04• Na2C03 and NaOH 

respectively. The photographs of coated samples before the test (initial 

appearance) and after the test (final appearance, 24h for Na,P04• for 24h 

NazCOJ • 16h for NaOH) are shown in figure 6a.5. 

From the figures and the tables we can see that the resistance of the 

specimens varied with the nature of the alkali. The sample nPB showed lower 

number and size of blisters when compared to PB and commercially available 

paint. This again shows that when ingredients of paint are taken in nano sized 

form the integrity of the paint film improved. which in turn increase the 

resistance towards chemicals. 
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[nilial appeanlIlCC 

PB o1'B Commercial 

Final appearance Na]PO. 
r-----. 

~' \"";~~~IlJ 
: •. , . "", -r,..:~ 

',f"" ... ' .. ~,..... 
, 

PB nPB COnuDerciai 

Final appearance Na:C~ 

PB nP B Commercial 

Final appearance NaO ~1 

PB nPB Conunercial 

Figure 6",5: Appearance a/specimens before and after alkali resistance test 
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6 •. 3.5 Detergent resistance test 

Table 6a. 7: Blister formation in detergent resistance test 

Time Number and size of the blister 

interval PH .PH Commercial 

I!1aY Nil Nil Nil 

3 day.; Few Few Mediwn 

I week Medium Mediwn Medium 
.. 

The photographs of initial appearance (before the [est) and final 

appearance (after 1 week) of the coated samples for detergent resistance test are 

shown in figure 6a.6. 

Initial appearance 

PB nPB Commercial 

Final appearance 

PS nPS Commercial 

Figure 60.6: Appearance of specimens before and after detergent resistance lest 

Table 00.7 and figure 68.6 shows that sample nPB have detergent 

resistance similar to sample PB and commerc ially available paint. 
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6a.3.6 Natural weather resistance 

Weather resistance test was conducted to know the effect of natural 

weather on paint surface. The specimens were prepared by coating the paint on 

mild steel panels of size 12x6in. The test was conducted for a period of IQ 

months from March to December. This time period was selected because the 

samples were exposed to all seasons during the test. 

Table 6a.8: Chalkingformation in natural weather resistance test 

Time Number and size of the blister 

interval PB _PB Commercial 

1 month Ni l Nil Nil 

5 months Nil Nil r-: il 
10 months Nil i'iil Nil 

lnilial appearance 

PB nPB Commercial 

Final appearance 

PB ,PB Commercial 

Figure 6a. 7: Appearance of specimens before and after weather resistance test 

The figure 6a.7 and table 6a.8 shows that all the samples are very stable 

towards natural weather. 
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The durability tests such as water resistance, salt spray resistance, alkali 

resistance, detergent resistance and weather resistance tests carried out for 

different specimens shows that the sample nPB is have good resistance towards 

all test conditions as like PB and commercially available paint. In the case of 

alkali resistance and salt spray resistance nPB is superior to the other samples. 

From the results we can conclude that the pigment in nano sized form enhance 

the surface integrity of paint films. 

Rutile Ti02 is the most thermodynamically stable allotropic form and is 

generally obtained by a high temperature process. Calcination at high 

temperature is usually accompanied by sintering among particles. This can 

adversely affect the optical properties and dispersion stability. In this study nano 

Ti02 colloidal sol never heated at above 100°C. So that particle size retained 

even after the preparation. Therefore nano colloidal Ti02 sol in paint formulation 

gave better dispersions stability and better surface integrity. 

6a.3.7 Scotch test 

The adhesive strength of the paints was determined using scotch 

resistance test. The tests were carried out as described in chapter 2. 

Table 6a. 9: Adhesion rating during scotch test 

Sample name Classification % removal 

PB 4B Less than 5% 

nPB 4B Less than 5% 

Commercial 3B 5 -15% 

The photographs of test specimens before and after the test are given in 

figure 6a.8 
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Inilial appearance 

PS ,PS Commercial 

Final appearance 

--- , ---, 
.. j..-.;-- ,. -, 

PS nPS Commercial 

FigUrl! 60.8: ApPl.!orance of specimem; hefore and after the scotch test 

The figure 6a.8 and table 6a.9 shows that the adhesive strength ofnPB is 

same as that of PB. 

6 •. 4 Viscosity of paint 

Viscosity and shear thinning behaviour are important properties of paint. 

It depends on the size of colloidal particles. Figure 6a.9 shows reduction in paint 

viscosity. This may be due to the reduced particle size of pigment. The paint 

viscosity found to be increased by the addition of more amount of thickener. 
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FiKur~ 60. 9: Effect afshear rate on the ViSCO.fity of Paint 

Shear thinning index ofPB. and nPB at two different spindle speeds of5 

and 50 are given in table 6a.1 O. 

Table 6a.10: Shear thinning index of the samples 

SampJ« 
Shear Ihinning 

index 

PB 8.67 

nPB 4.2 

Commercial 5 

6a.S Thermogravimelry 

Thermal stability of the paints was found out using thermogravimetry. 

Samples PS and nPB contains the same binder. The thermal stability of the 

samples PB. nPB and commercially available paints were analysed and the 
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tbennograms obtained are shown in figure 6a.1O and its derivative is shown in 

figure 6a.ll. 

Figure 6 •• 10: TG traces of PS, nPS and commercial paint 

" " --PS 

" --oPS 

" --Commercial p.il'lt 

" f " 
! • • l , 
t • • 
~ • , , 

• , 
-. , 100 200 300 <000 

Figure 6a.11: DTG traces of PS, nPB and commercial paint 

From the figun:s we can see that the commercially available paint start 

to degrade at IlOoe but the degradation of PS and nPS starts only at 300°C. This 

shows that the formulated paint has superior tbermal stability compared to 

commerciall y available paint. 
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6a.5. Conclusion 

The paint formulation using binder based on V Ac-BuA copolymer and 

pigment nano TiD2 sol was found to give better properties compared to 

commercially available paint and paint formulated with conventional TiDz• The 

paint prepared with nano TiD2 sol shows higher transparency of visible light and 

better UV shielding ability compared to the paints prepared with conventional 

TiD2. Thus, the size of TiD2 should be reduced to the minimum (15-35nm) to 

boost sunscreen property and thus to achieve appropriate transparency. TiDz has 

excellent protection against UVB. However, in order to balance UV A protection. 

the size should be adjusted to slightly larger dimension. because the scattering 

becomes an important contributor. At right size, TiD~ can be very etTective in 

UV A protection. Viscosity and shear thinning behavior depend on the size of the 

colloidal particles in paint. 
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6b: Paint formulation with nano Ti02 and rubber crumb 

6b.l Introduction 

The paint formulation developed with colloidal nano TiO) give gloss 

surface. Ti02 in nano form will effectively screen the radiations from sun. I The 

surface nature is modified with a matting agent activated rubber crumb2 as in 

chapter 4 part b. The properties of the formulated paint were studied. 

6b.2 Experimental 

Rubber crumb is found to be uniformly dispersed in aqueous solution of 

carboxy methyl cellulose. The dispersion containing the rubber crumb and latex 

was prepared and is mixed with other ingredients. The optimum level of matting 

agent was used for the easy brushing and good dispersion stability. For all 

formulations the V Ac-BuA copolymer of 45% solid content was used. Table 

6b.1 shows the quantities of di Ilt.-rent ingredients used for the formulation. 

Table 6b.l: Paint jimnulatiun with nano fiO) and rubber crllmb 

In gred ien ts 
Weight (g) 

*PB **nPBR 

Water 35 35 

Triton-X I 00 0.42 0.42 

Potassium tripolyphosphate 0.42 0.42 

Sodium hexametaphosphate 0.42 0.42 

Volcastab 0.42 0.42 

Silicone emulsion 1.34 1.34 

Propylene glycol 4 4 

Acticid SPX 0.32 0.32 

Above ingredients are to be combined in a low speed ball 
mill for 10 minutes. While stirring the mixture the 

following ingredients were added 
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Kaolin 17 17 

Calci urn carbonate 18.64 18.64 

Ti02 (Rutile) 44.6 30 

Mix the above ingredients at high speed for 20 minutes. 
While stirring the mixture the following ingredients were 

added 

Carboxymethyl cellulose 0.74 0.74 

Silicone emulsion 0.92 0.92 

The above mixture was stirred for 10 minutes at high 
speed. Then polymer emulsion was added. 

Polymer emulsion 75 75 

Rubber crumb 0 3 
- . 'PB-Paint tonnulallon uSing VAc-BuA copolymer (85115 ",t.%), conventional [.Oz. '*nPBR­

Paint tOrmulalion using VAc-BuA copolymer (8511 5 wt.%), moo TiOz and crumb rubber. 

6b.3 Results and discussion 

The durability tests, adhesion test and viscosity of the matt finish paint 

(paint formulated with rubber crumb and nano Ti02, nPSR) were carried out and 

compared with paint formulated without rubber crumb and commercially 

available emulsion paint. The procedures of the tests are described in chapter 2. 

The specimens for the tests were prepared by coating the paint samples in mild 

steel panels of size 6inx4in (SS specification). 

The observations for various tests are summarised in the respective 

tables for each test. For each test the appearance (photographs) of the cooted 

paint before and after the tests are also shown under the respective tests. The 

properties of the formulated paints are compared with a commercially available 

paint. 
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6b.3. 1 Water resistance test 

TDble 6h.l: Blister formation in water resistance test al 3lte 

T ime : Nu mber and size of the b lister 

interval PS nPBR ·Commcrcia l 

24 hn; Nil Nil Nil 

4 daY-' Nil Nil Ni l 

I week Nil Ni l Ni l 

3 week I Ni l Ni l Few 

I2week I Few Nil Medium 

The photographs showing Initial appearance (berore the test) and final 

appearance (after 12 weeks) of the coated samples for water resistance test are 

given in figure 6b. 1. 

Initial appearance 

PB nPDR Commercial 

Fi nal appearance 

PB nPBR Commercial 

Figure 6(). 1: Appearance of specimens before and qfier water resislal1ce test 

The fil,.'Ure 6b. 1 and table 6b.2 clearly shows that sample nPBR is highly 

resislalll 10 water and is nOl shows any blister even a l1 .:r I~ weeks. The sample 

PB and commercially available paint show a little blis tering. 
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6b.3.2 Salt spray test 

Table 6b.J: 81isler formation in saIl spray l e~·1 al ]SiC 

. Time ! r\u mber and size of the blister I 
Interval 

I PB nPBR Commercial I 
48 hrs ~il 1'\d ~: il 

t week I ~i1 :Sil Ni l 

4 week I 

i 
Nil ~il Few 

12week ! F,w Few Medium dense I 

The photographs showing in itial appearance (before the test) alld final 

appcarJnce (after [2 weeks) of the coated samples for $a[t $pray test are given in 

figure 6b.2 . 

Ini tial appearance 

PS nPBR Commercial 

Final appearance 

PB nPBR Commercial 

Figure 6b.2: Appttarallce of specim!!ns btt}ore and uji!!r sall.,pra.v lesl 
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By analyzing the observations shown in table 6b.3 and the photographs 

shown in figure 6b.2 we can see that the sample nPBR is stable as PB. The 

sample coated with commercially available paint is more affected by salt water. 

6b.3.3 Alkali resistance test 

Alkali resistance test was conducted for three types of alkalies (NaJP04 

at 7SoC, Na2C03 at 6SoC and NaOH at 28°C) according to standard procedure as 

described in chapter 2. 

Table 6b.4: Blister formation in NajPO~ resistance test (75"(') 

Time Number and size of the blister 

interval PH nPHR Commercial 

4 hrs Nil Nil Nil 

8 hrs Few Nil Few 

16 hrs Medium Few Dense 

24 hrs Dense Medium Peeled 

Table 6b.5: Blister /brmation in Na}COJ resistance test (65IJC) 

Time Number and size of the blister 

interval PH nPHR Commercial 

4 hrs Nil Nil Nil 

8 hrs Few Nil Few 

16 hrs Medium Nil Dense 

24 hrs Dense Few Peeled 
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Table 6b.6: Blister formation in NaOH resistance test (28IJC:,) 

Time Number and size of the blister 

interval PB nPBR Commercial 

4 hrs Nil Nil Nil 

8 hrs Medium Medium Dense 

16 hrs Dense Dense Peeled 

Tables 6b.4, 6b.5 and 6b.6 describe the appearance of specimens at 

different time intervals of test conducted for Na~P04, Na2COJ and NaOH 

respectively. The photographs of coated samples before the test (initial 

appearance) and after the test (final appearance, 24h for NaJP04, for 24h 

Na2COJ. J6h NaOH) are shown in figure 6b.3. 

From the photographs (figure 6b.3) it can be seen that the resistance of 

the sample nPBR is better than all other samples. 
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Initial appearance 

PB nPBR Commercial 

Final appearance l"alPO. 

~ ~ 
PB nPBR Commercial 

PS nPBR Commercial 

Final appearance :\aOH 

PB npaR Commercia! 

Figure 6b.3: .-lppearance of specimens blt.{ure and q{ier alkali resistance (e_~t 
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6b.J.4. Detergent resistance test 

Tob/e 6h. 7: Blister formation in detergerll resistance lest al !ttc 

Time Number and size orthe blister 

interval PS nPBR Commerciol 

lday Nil Nil Nil 

3 day> Few Ni l Medium 

I week Medium Nil Medium 

. . 
The photographs shoWIng Imtlal appearance (before the test) and final 

appearance (after I week) of the coated samples for detergent resistance test are 

given in figure 6bA. 

Initial appearance 

PB nPBR Conunercial 

Final appearance 

PB nPBR Commercial 

Figure 6b.J: Appearance of specimens before and atler detergent resistance test 

Table 6b.7 and figure 6b.4 shows that sample nPBR is more resistant to 

detergent attack than PB and commercially available paint. 
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6b.3.S ~atural weather resistance 

Weather resistance test was conducted for a period of to months from 

March to December in a year. This time period was selected because the samples 

were exposed to all seasons during the test. 

Table 6b.8: Chalking formation during weather resistance test 

Time Chalking observed 

interval PH nPBR Commercial 

I month Nil Nil Nil 

5 months Nil Nil "Sil 

10 months Nil Nil Nit 

The photographs showmg Inttlal appearance (before the lest) and final 

appearance (after 10 months) of the coated samples for weather resistance test 

are shown in figure 6b.5. 

mitial appearance 

PB nPBR Commercial 

Final ap~arancc 

PB nPBR Commercial 

Figure 6b.5: Appearance o/specimens bef ore and ajfer weather resistance test 
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The figure 6b.5 and table 6b.8 shows that all the samples are very stable 

towards natural weather and did not show any colour change or degradation 

during the test. 

The durability tests such as water resistance, salt spray resistance, alkali 

resistance, detergent resistance and weather resistance tests carried out for 

different specimens shows that the sample nP8R is having good resistance 

towards various chemicals. The presence of rubber crumb may actively resist the 

attack of chemicals and climate conditions due to the inherent resistance of 

rubber crumb. 

6b.3.6 Scotch test 

The cross cut adhesion test is carried out to know the adhesion of paint 

films on the substrate. The adhesion rating according to ASTM standards is 

shown in the table 6b.9. 

Table 6b.9: Adhesion rating assessed by scotch test 

Sample name Classification % removal 

PB 48 Less than 5% 

nP8R 58 0% 

Commercial 38 5 -15% 

The photographs of test specimens before and after the test are shown in 

figure 6b.6 
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Inilial appea1ance 

., .' 
c.. j 

P8 nPBR Commercial 

Final appearance 

P8 nPBR Commercial 

Figuu 6b.6: Appearance o/specimens hejore and after Ihe Jcolc:h test 

The figure 6b.6 and table 6b.9 shows that the adhesive strength of all 

samples is high. The sample nPBR has no peeling by the scotch test. but trace 

peeling in PS and commercial sample are observed. The presence of matting 

agent (activated rubber crumb) may nol allow the scotch tape to adhere on the 

surface of paint. This may be the reason for the good result obtained for Ihe 

scotch test. This shows that the unwanted materials will not adhere on the matt 

finished paint film. 

6b.4. Viscosity 

Viscosity and shear thinning behaviour is an importanl property of pain! 

for ease of a"plication. The viscosity of newly formulated painl found to be 

independenl of the presence of activated rubber crumb as it is uniformly 

distributed in the paint. 
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- ,-PS 
• r. 'PBR 
~ - Commercial 

Shear rale (rpm) 

Figure 6b. 7: Variation ojv;.fcmity with shear rate 

Shear thinning index ofPB. nPBR and commercially available emulsion 

paint at two different rotational speeds 5 and 50 are given in table 6b. IO. 

Table 6b.IO: Shear thinning index (?f"spec:inll:ns 

Sample 
Shear thinning 

index 

PO 8.67 

nPBR 3.63 

Commercial 5 
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6b.S. Conclusions 

The paint formulation using the binder based on V Ac-BuA copolymer, 

pigment nano Ti02 sol and activated rubber crumb as a matting agent was found 

to give better performance compared to commercially available paint and paint 

formulated with conventional Ti02• The newly developed coating has good UV 

shielding ability and durability compared to the paints prepared with 

conventional Ti02• 
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6c: Paint formulation with nano Ti02 and natural biocide 

6c.l Introduction 

The synthesised colloidal nano Ti01 sol has high sunscreen capability, 

appropriate particle size, stabilization in a neutral pH region, and suppression of 

photo catalytic activity. TiOrbased surface coating has ultraviolet ray (UV-ray) 

shielding ability due to UV-ray absorption and UV-ray scattering. Since the 

extent of light scattering depends on the relationship between the particle size 

and the wavelength of corresponding light. reduction of Ti02 particle diameter 

achieves high transparency in visible light, while UV-ray absorptivity increases 

with the extension of the geometric area occupied by TiOz. 

The particle size of conventional ultrafine Ti02 is about 20 to 50 nm, 

which is designed in consideration of ideal sunscreen capability based on 

powdery TiOz.' For further UV-ray absorption and visible light transparency, 

particle size is required to be much smaller.2 However, the reduction of particle 

size causes an aggregation, which behaves as though it is one larger-sized Ti02 

particle, there by exhibiting less effectiveness as a sunscreen agcnt.H The 

sunscreen performance is dependent on how well the ultra fine particles are 

dispersed in the paint formulation. It is well known that employing the Ti02 in a 

predispersed form rather than powder form improves the quality of final 

dispersion.Ti02 colloidal sol, which is an ultimate dispersion, would be 

expected to facilitate the preparation of high UV shielding coating. 

Carboxymethyl chitosan used as biocide for improving the antimicrobial 

activity of paint formulated with nano colloidal sol as pigment. 

6c.2 Experimental 

Paints were made by mixing latex with various ingredients as per the 

formulation given in Table 6c.l. Various latex paints were prepared by using 

conventional Ti02 and synthesized nano Ti02 colloidal sol. 
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Table 6c.l: Paint formulation 

Ingredients 
Weight (g) 

·PB **nCPB ***nCPBR 

Water 35.0 35.0 35.0 

Triton-X I 00 0.42 0.42 0.42 

Potassium tripolyphosphate 0.42 0.42 0.42 

Sodium hexametaphosphate 0.42 0.42 0.42 

Volcastab 0.42 0.42 0.42 

Silicone emulsion 1.34 1.34 1.34 

Propylene glycol 4.00 4.00 4.00 

Acticid SPX 0.32 - -
Above ingredients were combined in a low speed ball mill for 10 

minutes. While stirring the mixture the following ingredients were 
added 

Kaolin 17.32 20.97 20.97 

Calcium carbonate 18.64 29.59 29.59 

Ti02 (Rutile) 44.6 30.0 30.0 

The above ingredients mixed at high speed for 20 minutes. The 
following ingredients were added while stirring the mixture 

Carboxymethyl cellulose 0.74 0.74 0.74 

Silicone emulsion 0.92 0.92 0.92 

The above mixture was stirred for 10 minutes at high speed. Then 
polymer emulsion was added 

Polymer emulsion 75.0 75.0 75.0 

Carboxymethyl chitosan - 0.60 0.60 

Activated rubber crumb - - 3.0 
·PB· Paint formulallon using convenllonul T,Ol. UnCPB· Paint formulation using naoo T101 and 

caroox)methyl chitosan. ···nCPBR· Paint formulation using nuoo Ti01_ carbox)methyl chitosan 

and rubber cnunb. 
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6c.3 Results and Discussion 

Antimicrobial properties, durability properties, adhesive strength and 

viscosity of the paint nCPB and nCPBR formulated using natural biocide 

carboxymethyl chitosan is compared with the sample PB and commercially 

available paint. 

6c.3.1 Antimicrobial studies 

Surface coatings are usually attacked by various micro organisms such 

as fungus, algae and or bacteria. To know the antimicrobial activity of the 

formulated paints antialgal, antifungal and antibacterial tests were carried out 

according to the standard procedures described in chapter 2. 

This test method attempts to provide a means to comparatively evaluate 

different coating formulations for their relative performance under a given set of 

conditions. It does not imply that a coating that resists grovvth under these 

conditions will necessarily resist growth in the actual application. This test 

method covers an accelerated method for determining the relative resistance of 

two or more paints or coating films to algae, fungus and bacterial grO\~1h 

The results obtained from antimicrobial tests, durability tests. adhesion 

test and viscosity of the paint formulated using natural biocide (carboxymethyl 

chitosan) are compared with the paint without natural biocide and commercially 

available paint. 

6c.3.1 a. Antialgal studies 

The algal species such as Ch/oreI/o pyrenoiciosa (Unicellular green 

algae), Oscil/a/oria subrivis (Filamentious blue green algae) are used for the 

study anti algal study. The nuisance growth of terrestrial algae on painted surface 

is a ruining problem. 

Antialgal tests were conducted for four weeks. The growth of algae after 

week and 4 weeks are shown in the photographs. The observations for the 

growth of microorganisms are described by standard ratings in the respective 

tables. 
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a. Green algae 

Table 6c.2: Rate of growth of green algae on the samples 

Sample Observed Growth on Samples Rating 

WEEK t 
PB Traces of growth (1-10 %) I 

nCPB None 0 

nCPBR None 0 

Commercial Traces of growth (1-10 %) I 

WEEK4 

PB Light growth ( I 0-30%) 2 

nCPB None 0 

nCPBR None 0 

Commercial moderate growth (30-60%) 3 

The photographs to show the growth of the green algae on the specimens 

after I week and after 4 weeks are shown in figure 6c.l. 

B. Blue green algae 

n,ble 6c.3: Rate of growth of blue green algae on the samples 

Sample Observed Growth on Samples Rating 

Week I 

PB Moderate growth (3(}""-60 %) 0 

nCPB None 0 

nCPBR 

Commercial Moderate growth (3(}""-60 %) 0 

Week 4 

r;PB Moderate growth 0 

'J1 CPB None 0 

t)'lCPBR NO'1\A... D 
Commercial Moderate growth 0 

The photographs to show the growth of the blue green algae on the 

specimens after I week and after 4 weeks are shown in figure 6c.2. 
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Commercial 
Figure 6e. J: Phutographs sho wing ' he !:,,,owrh o{ green a/gat! un the spet:im"fls 

(~/ie,. I week andJour weeks at the test 
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Figure 6c. l : Photographs showing Ihe growth orb/lfe green algae 0 11 the 

~pecimens ajier I week and/our weeks at (he tes/ 

The iests conducted for antifungal activi ty or various paint samples 

shows that the algal defacement is more predominant for the samp[,:5/'CPB and 

nCPBR whi~h clmtains natural biocide when compared to other samples. From 
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the rating tables and figures for the gro'Nth of green and blue green algae we can 

observe that the samplegtCPB ancinCPBR are not attacked by algae. The gro'Nth 

of the algae can be observed on PB and commercially available paint samples. 

This shows that carboxymethyl chitosan can effectively control the growth of 

algae in paints. 

6c.3.2 Antifungal studies 

The fungal species such as Aspergillus and Penicillium cilrinium are llsed 

for the study of anti fungal activity of paint samples. 

Antifungal tests were conducted for tour weeks. The growth of fungi 

after I week and 4 weeks are shown in the photographs. The observations for the 

gro'Nth of fungi are described by standard ratings in the respective tables. 

A. Aspergillus 

Table 6c.4: Rale afgrowth of Aspergillus on Ihe samples 

Sample Observed Growth on Samples Rating 

Week I 

PB Light growth (10-30 %) '2 

7) CPB None 0 

n CPBR None 0 

Commercial Light growth (10-30 %) 2 

Week 4 

PB Moderate growth (30-60 %) 3 

71 CPB None 0 

'1') CPBR None 0 

Commercial Heavy gro'Nth (60 % to 100%) 4 
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Week I 

Commercial 
Figure 6c.J: Photographs sho ..... ing the growth o/Aspergillus on Iht! specimen.~ 

aPldr I week and/our ..... eeks allhe leSI 
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Table 6c.5: Rate of growth of Peni:illium citrinium on the samples 

Sample Observed Growth on Samples Rating 

Week I 

PB Moderate growth (30-60 %) 3 

nCPB None 0 

nCPBR None 0 

Commercial Moderate growth (30-60 %) 3 

Week 4 

PB Heavy growth (60 % to 100%) 4 

nCPB None 0 

nCPBR None 0 

Commercial Heavy growth (60 % to 100%) 4 

Table 6c.5 shows growth rate of algae, which shows grater fUn&a.1 

defacement observed for chitosan based paint than commercial paint. l'he 
photographs showing the growth of Aspergillus and Peoollium citrinium and 

Oil 
the specimens after I week and after 4 weeks are shown in figure 6c.3 and 6c.4 

respectively. 



Figure 6c.4: Photographs showing the growth of Peniullium dtrinium on the 

specimen:> after 1 week and/our weeks al the tel' , 

FWlgi are prl'::icl1t on the surface of coated paint in two forms. They may 

be present as thread- like structures, mycelia or as clusters of spherically, black 
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coloured spores. The mycelia structures are observed when conditions under 

fungi are relatively growing and reproducing. Spore clusters are found when 

conditions for growth and reproduction are less favourable. Spores are more 

resistant to environmental changes and anti-microbial agents than the mycelia 

forms. Growth of two type of fungi spore on paint film is observed after 4 

weeks, as shown in photograps. The carboxymethyl chitosan based coating 

shows better resistance to fungi attack than commercial paint film. 

6c.3.3 Antibacterial studies 

The antibacterial tests were conducted in accelerated lab conditions. The 

bacterial species such as Escherichia colli and Bacillus cereus are used for the 

study of antibacterial activity of paint samples. 

Antibacterial tests were conducted for two days. The photographs of 

paint films immediately after inoculation of bacteria (initial) and the growth of 

bacterial colonies after 48 hours are shown in respective figures. The 

observations for the growth are described by standard ratings in the respective 

tables. 

A) E.'ic/rericlria colli 

Table 6c.6: Rate o/growth 0/ Escherichia colli on the samples 
-

Sample Growth ofbac:terial colonies on 
Rating 

Samples 
Initial 

PB No growth 0 
nCPB No growth 0 

nCPBR No growth 0 
Commercial No growth 0 

After 48 hours 
PB No growth 0 

nCPB Nogrowth 0 
nCPBR No growth 0 

Commercial No growth 0 
The photographs show the growth of Escherichia co/li on the pamt films at the 

time of inoculation and after 48 hours are given in figure 6c.5 
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Initial .' ina! (48 hour),) 

Commercial 
Figure 6c. 5: PholOgraph~ .~hol1'illg 'he gruw,h ~lE:,ch(!richia coW 0 11 rh .. 

~pecimcl1s be/ore and (?Iir!r -18 huurs at rhe (est 
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b. Bacillus cereus 

Table 6c.7: Rate of growth of Bacillus cereus on the samples 

Sample Growth of bacterial colonies on Rating 
Samples 
Initial 

PB No growth 0 

nCPB No growth 0 

nCPBR No growth 0 

Commercial No growth 0 

After 48 hours 

PB No growth 0 

nCPB No growth 0 

nCPBR No growth 0 

Commercial No growth 0 

The photographs show the growth of Bacillus cereus on the paint films 

at the time of inoculation and after 48 hours are shown in figure 6c.6 

The bacterial growth increases under conditions of stress such as heat, 

cold, dehydration, some are able to form spores which are resistant to high 

temperature and dry environment and more resistant to bactericides. The 

photograps show the growth of two types of bacteria on the surrounding agar 

medium but colonial growth of bacteria is not observed on the paint film after 

48hours. This shows that all paint films have good resistance to bacterial attack. 
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Initial Final (48 hours) 

Figure 6c. 6: PhorogTilph~ showing the growth ofBacillw; cert!us on rht! 

spi!~'imens b.:fori! and ,!Iiel' ../8 huurs at rhe lest 

\"I,\SI ,lI the .;::hemlcal agents t.:. .. .:d in paint film.~ d!i.:":li\'cly control fungI. 

algae and bac\.!ria by lnterl~ri ng with their metabolic functions . 
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The exact mechanism of the antimicrobial action of carboxymethyl 

chitosan is still unknown, but ditTerent mechanisms have been proposed. 

Interaction between positively charged chitosan molecules and negatively 

charged microbial cell membranes leads to the leakage of proteinaceous and 

other intracellular constituents.5 Chitosan acted mainly on the outer surface of 

the bacteria. At a lower concentration «0.2 mg/mL), the polycationic chitosan 

does probably bind to the negatively charged bacterial surface to cause 

agglutination, while at higher concentrations, the larger number of positive 

charges may have imparted a net positive charge to the bacterial surfaces to keep 

them in suspension.6 

6c.3.2 Durability tests 

6c.3.2.1 Water resistance test 

Table 6c.2: Blister formation in water resistance test at 3/fC 

Time Number and size of the blister 

interval PB nCPB nCPBR *Commerc;al 

24 hrs Nil ~il Nil ;-';il 

4 days Nil Nil Nil Nil 

lweek Nil Nil Nil Nil 

3 week Nil Nil Nil Few 

l2week Few Nil Nil Medium 

The photographs of initial appearance (before the test) and final 

appearance (after 12 weeks) of the coated samples for water resistance test are 

shown in figure 6c.l. 
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Initial appearance 

PB nCPB nCPBR Commercial 
Final appearance 

nC PB nCPBR Commercial 

Fig ure 6c.' : Appearance o/specimens be/ore and after water resistance test 

The figure 6c:1 and table 6c.2 clearly shows that sample nCPB and 

nPaR is highJy resistant to water and is not shows any blister even after 12 

weeks. The sample PB and commercially available paint show only slight 

blistering. 

6c.3.2.2 Salt spray test 

Table 6c.J: Blister formation in salt spray lest 01 zSJc 

Time Number a nd size or the blister 

interval 
PR nCPB nCPBR Comwurcial 

48 hrs ;..IiI Nil Nil Nil 

I week ;..IiI :.IiI Nil Ni! 

4 week :-.iil Nil Nil Few 

12week Few Nil ;o.;i\ Medium 
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The photographs of initia l appearance (bcron;~ the test) and final 

appearance (after 12 weeks) of the coated samples for salt spray test are shown 

in figure 6c$ 

Initial appearance 

PB .,erB nCPBR Commercia! 

Final appearance 

PB nePB n(PBR Commercial 

Figure 6c./J: Appearance of specimens before and after salt spray test 

By analyzing the observations shown in table 6c.3 and the photogrdphs 

shov.n in figure 6c$ it can be seen that the sample nePB & nCPBR are very 

stable and is little alTected by salt spray. Salt water res istance is found to be 

better for nCPB & nCPBR compared tl> PB and commercially available paint. 

6c.3.2.3 Alkali resistance test 

Alkali resistance test was Cl>nducted for three types of alkalies (l'a1POJ 

at 7SIlC. Na!CO j at 65°C and ~aOH 3t 2SoC) according to standard procedun: as 

described in chapt..:-r ::! . 
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Table 6c.4: Blister formation in Na]PO-l resistance test (75()C) 

Time Number and size of the blister 

interval PB nCPB nCPBR Commercial 

4 hrs Nil Nil Nil Nil 

8 hI's Few Nil Nil Few 

16 hrs Medium Nil Nil Dense 

24 hrs Dense Few Few Peeled 

Table 6c.5: Blister formation in Na~OJ resistance (65
110 

Time Number and size of the blister 

interval PB nCPB nCPBR Commercial 

4 hrs Nil Nil Nil Nil 

8 hrs Few Nil Nil Few 

16 hrs Medium Nil Nil Dense 

24 hrs Dense Few Few Peeled 

Table 6c.6: Blisteringformation in NaOH resistance test (N/C) 

Time Number and size of the blister 

interval PB nCPB nCPBR Commercial 

4 hrs Nil Few Medium Nil 

8 hrs Medium Dense Peeled Dense 

16 hrs Dense Medium Dense Peeled 
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Initial appearance 

PB oCPB nCPBR Commercial 

PB nGPS nCPBR Commercial 

Final appearance Na~COl 

PB nCPB nCPBR Commercial 

Final appearance :-.iaOH .--............ 

PB n(PS nCPBR Commercial 

Figure 6c.9: Appt!(lrance of spec;meru /xjim! and {ljft!r alkali resisl<1l1ce lest 
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Tables 6c.4, 6c.5 and 6c.6 describe the appearance of specimens at 

different time intervals of test conducted for Na]P04 , Na2COJ and NaOH 

respectively. The photographs of coated samples before the test (initial 

appearance) and after the test (final appearance, 24h for Na3P04, for 24h 

Na2COJ , 16h NaOH) are shown in figure 6c.9. From the photographs we can see 

that the alkali resistance of the sample nCPB and nCPBR are better than other 

samples. 

6c.3.2.4 Detergent resistance test 

Tuble 6c.7: Blister formation in detergent resistance test at 2/lc 

Time Number and size of the blister 

interval PB nCPB nCPBR Commercial 

I day Nil Nil Nil Nil 

3 day Few Nil Nil Medium 

I week Medium Few Nil Medium 

.. 
The photographs of Initial appearance (before the test) and final 

appearance (after I week) of the coated samples for detergent resistance test are 

shown in figure 6c.40 

220 



PS 

PS 

nCPB nCPBR 

Final appearance 

"""""~!!II 

neps nCPBR 

Commercial 

Conunercial 

Figu,.e 6c.1I: Appearance o/specimens before and after delergent resistance test 

Table 6c.7 and figure 6c.1tI shows that sample nePB and nCPBR are 

more resistant to detergent atlack than PS and commercially available paint. 

6t.3.2.5 Natural weather resistance 

Weather resistance test was conducted for a period of 10 months from 

March to December in a year. This time period was selected because the samples 

were exposed to all seasons during the test. 

Table 6G8: ChallcingjormaJiQn during weather resistance lest 

Time Chalkin& observed 

interval PB nCPB nCPBR Commercial 

1 month Nil Nil Nil Nil 

5 months Ni l Nil i': i I Ni l 

10 months Nil Nil :'\Iil ~il 
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The photographs of initial appearance (before the lest) and linal 

appcar<lnce (after 10 months) of the coated samples for weather resistance test 

are shown in figure 6c U 

PS 

Initial appearance .....,............,. ... 

nePB nCP8R 

Final appearance 

nCPB nCP8R 

Commercial 

Commercial 

Figure 6c.tl: Appearance of specimens before and aJler weather resistance test 

The figure 6c.tl and table 6c.8 shows that all the samples are very stable 

towards narural weather and did not show any colour change or degradation 

during the test. 

The durability tests such as water resistance, salt sprdy resistance, alkali 

resistance, detergent resistance and weather resistance tests carried out for 

different specimens shows that the sample nePB and nePBR have good 

resistance towards various chemicals. The presence of rubber crumb may 

actively resist the attack of chemicals and climate conditions due to the inherent 

resistance of rubber crumb 
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6c.3.4 Scorch test 

The cross cut adhesion test is carried OUI to know the adhesion of paint 

films on the subslrate. The adhesion rating according to ASTM standards is 

shown in the table 6c.9. 

Table 6c.9: Adhesion raling assessed by scutch test 

Sample name Classification -I. removal 

PB 4B Less than 5% 

nCPB 5B 0% 

nCPBR 5B 0% 

Commercial )B 5 15% 

The photographs of lest specLlnens before and after the test are shown in 

figure 6c.Ul-

Initial appearance 

PB nCPB n(PBR Commercial 

Final appearance 

PB nCPB n(PBR Commercial 

Figure 6clJ: Appearance ofsJX!cimens before und ufter .fcolch lesl 
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The figure 6c.llZ.and table 6c.9 show that the adhesive strength of all 

samples is high. The sample nePB and nCPBR has no peeling by the scotch test, 

but s light peeling for PB and commercial sample are observed. The presence of 

matting agent (activated rubber crumb) may not allow the scotch tape to adhere 

on the surface of paint. This may be the reason for the good result obtained for 

the scotch test. This shows that the unwanted materials will not adhere on the 

matt finished paint film. 

6c.3.5 Viscosity 

Viscosity and shear thinning behaviour is an impotlant property of paint 

for the ease of application. It depends on the size of the colloidal particles in 

paint. Viscosity of newly formulated paint is independent of carboxymethyl 

chitosan. 

""'" 
""" 

\ -""'" • PB 

""'" • nCPB 

""" • nCPBR 

- """ • Commercial 
§- \ 
- """ .'~;-.~ 1I!000 
8 ,~ 
5 """ ''''' \. ""'" ""'" ~ 

"'" , , 
'" '" '" '" Shear ra. (rpm) 

Figure 6c.r!:Yarialion o/viscosity wilh shear role 

Shear thinning index of PS. nePB. nCPBR and commercially available 

emul sion paint at two differenl rOlational speeds 5 and 50 are given in table 

6c.10. 
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Table 6c.JO: Shear thinning index o.(specimens 

Sample 
Shear thinning 

index 

PB 8.67 

nCPB 4.5 

nCPBR 4.7 

Commercial 5 

6c.4. Conclusion 

The paint formulated using the binder based on VAc-BuA copolymer 

with 85/15 weight percentage with pigment nano Ti02 sol and carboxymethyl 

chitosan as a biocide. The paint showed better antimicrobial properties and 

durability due to the presence of carboxymethyl chitosan. 
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Summary and conclusions 

The most recent developments on coatings are related to environmental 

consi derations and need to confirm the safety legislations. Cost and benefit 

relationship have also become significantly important in an increasingly 

competitive world market. Ecological pressure and legislation in many countries 

force the paint industry to reduce the level of volatile organic solvent in modern 

paint systems. Water borne binders are used to complete these demands. The era 

of \vater based coatings began with the Clean Air Act of 1990. The architectural 

coating market will respond to the latest challenge. The water based binder is 

used to decrease the volatile organic content. Vinyl acetate-Butyl acrylate (Vac­

BUA) copolymer lattices were used as a binder ill coating formulation. The most 

impol1ant application of V Ac-BuA copolymer lattices is based on their adhesive 

property. saltness. Iow MFT. freeze-thaw stability. storage stability, wet 

adhesion and low volatile organic contcnt. 

In the present investigation. an attempt has been made to prepare water 

based coatings based on novel formulations. Attempts were made to modify of 

the performance and characteristics of paint through the incorporation of water 

based binder and carboxy methyl chitosan. as antimicrobial agent. The excellent 

antimicrobial properties and adhesive strength is capable of gi ving a new face to 

coating industry. 

In the first part of the study. varying compositions of Vinyl acetate­

Butyl acrylate copolymer lat\ices were synthesized by semi-continuous emulsion 

polymerization. The rate of monomer addition and eo-monomer composition 

were found to have considerable effect on the thermal, mechanical and adhesive 

properties of vinyl acetate-butyl acrylate copolymer latex. All compositions have 

shown good tllm forming property. The single T~ value indicates that the 

copolymer formed may be statistical random copolymer. The synthesized lattices 

have been characterized by FTIR, NMR, GPC, DSC, TGA and measurement of 

zeta pokntiaL mechanical strength and adhesive properties. 



Chapter 7 

As the second part of the study, a new coating formulation is tested with 

varying compositions of synthesized vinyl acetate-butyl acrylate copolymer 

lattices, as a binder was investigated. The synthesized copolymer lattices 

(;ontaining compositions such as 85/15, 76/24 and 70/30 weight percentage are 

used. The durability tests of three formulated paints were compared with 

l:Ommcrcially available paints. The propel1y of the paint varies with vinyl acetate 

(;ontent in the copolymer lattice. Paint formulated with 85115 weight percentage 

of V Ac-BuA composition shows better performance in the durability tests. 

The quality of the paint is strongly linked to the pigment chosen for that 

paint. Rutile titanium dioxide is the most important pigment in use today. 

Titanium dioxide is superior to allY other white pigment. Ti02 based coating has 

UV shielding ability due to UV ray absorption and UV ray scattering. Light 

scattering depends on the particle size and the wavelength of corresponding 

light. Due to the reduction of particle size. UV ray absorption increases. The 

sunscreen performance depends on how well the ultratine pat1icles are dispersed 

in the formulation. The nuno TiO~ colloidal sol was prepared by a wet synthesis 

process. The present study deals with an optimum design of Ti02 colloidal sol 

regarding appropriate pH. particle size, stabilize in neutral pH. Ti02 is in a 

predispersed form rather than powdered form improves the quality of final 

dispersion. Ti02 colloidal sol is used as a pigment in the formulated paint. The 

UV ray shielding ability of this formulated coating is enhanced by the presem;e 

of nano Ti02 colloidal sol. The nanosized colloidal pigment gives better gloss 

propel1y to the surface coating. This paint formulation has better durability. The 

matt paint was used as a consolidation system. The minimum quantity of matting 

agent required to achieve effective cohesion of the paint and adhesion of the 

paint to the substrate, and which is compatible with the paint and support 

materials in the long term was determined. In the new coating formulation, 

activated rubber crumb is lIsed as a matting agent. Activated rubber crumb 

enhances all the propel1ies of paint film. 

Architectural coati ngs are required to ful till demand for improved 

environmental compatibility. Water-borne emulsion paints can experience 

viscosity loss, gas formation, colour change, and pH drift as a result of the 

degradation of organic constituents. This deterioration can be caused by 
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microorganisms. This can destroy both the decorative and protective propeliies 

of paint films. The antimicrobial properties of newly formulated paints are 

enhanced by using carboxymethyl chitosan as the antimicrobial agent. 

Carboxymethyl Chitosan has good film formi ng ability and excellent 

antimicrobial activity. These properties of arboxymcthyl chitosan enhance water 

resistance, alkali resistance, detergent resistance and adhesive strength. 

Thus, antimicrobial agent carboxymethyl chitosCln has been proved to be 

a promising candidate to modify the performance characteristics of developed 

coating formulations. 
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ASTM 

BET 

BuA 

cm 

CPBR 

CPVC 

DSC 

DTA 

DTG 

FTlR 

GPa 

GPC 

HPLC 

hrs 

IR 

L.R. 

m 

MFFT 

MHz 

min 

mm 

mol 

1-1 m 

MPa 

Na2CO, 

NaOH 

Na3PO~ 

nCPB 

Abbreviations and symbols 

American standards and testing methods manual 

Brunauer, Emmett and Teller 

Butyl acrylate 

centimetre 

Paint formulated using V Ac-BuA copolymer (85/1 5 wt.%) 

with carboxymethyl chitosan and rubber crumb 

Critical Pigment Volume Concentration 

Differential scanning calorime!!'y 

Differential thermal analysis 

Derivative thermogravimetry 

FOllrier Transform infi-arcd 

Giga Pascal 

Gel permeation chromatography 

High peri<mnance liquid chromatography 

Houl's 

Infra Red Spectroscopy 

Laboratory reagent 

metre 

Minimum tilm forming temperature 

Mega hel1z 

Minutes 

millimetre 

Mole 

Micrometer 

Mega Pascal 

Sodium carbonate 

Sodium hydroxide 

trisodi umphosphate 

Paint formulated using VAc-SuA copolymer (85/15 \,<1_%) 

with nano Ti02 



nCPBR 

nm 

Nm 

NMR 

PB 

PBI 

PB 2 

PB, 

PBR 

phI' 

ppm 

PVC 

rpm 

SBR 

Si02 

T 

Tg 

TGA 

UTM 

UV 

VAc 

VAc-BuA 

VOC 

Wt 

XRD 

ZnO 

Paint formulated lIsing V Ac-BuA copolymer (85/15 wt.%) 

with nano Ti02, carboxymethyl chitosan and rubber 

crumb 

Nanometre 

Newton meter 

Nuclear magnetic res once 

Paint formulated with V Ac-BlIA copolymer (85115 wt.%) 

Paint formulated with V Ac-BuA copolymer (85/15 w1.%) 

Paint formulated \",ith V Ac-BuA copolymer (76/24 wt.%) 

Paint formulated with V Ac-BuA copolymer (70/30 w1.%) 

PBR- V Ac-BuA copolymer (85115 wl.%) and crumb 

rubber 

Parts by hundred parts by weight of resi n 

parts per million 

Pigment Volume Concentration 

Reactivity rutio 

Revolutions per minute 

Styrenc butadiene rubber 

Silica 

remperaturc 

Glass transition temperature 

Thenno gravimetric analysis 

Titanium dioxide 

Melting temperature 

Universal Testing Machine 

Ultra Violet 

Vinyl acetate 

Vinyl acetate-Butyl acrylate copolymer 

Volatile organic content 

Weight 

X- ray dim·action 

Zinc oxide 
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