THE USE OF LOCAL PIGMENTS AND EXTENDERS FOR FORMULATION & PRODUCTION OF EMULSION PAINT

LETTER OF TRANSMITAL

ABSTRACT

The major aim of this project research work is to produce emulsion paint from locally sourced pigment & extenders.

The materials used for the production was of local source.

The major raw materials used for the production of the emulsion paint: water, titanium iv oxide, calcium carbonate, kaoline, calgon, natrosol, biocide P.V.A, ammonia, deformer (Ginap) kerosene, yellow iron oxide and red iron oxide.

Emulsion paint of two (2) samples was produced, and calcium carbonate locally obtained was used in larger quantity in order to reduce the cost of production of the paint with little of the expensive titanium iv oxide added.

The first sample was a creamy white colour paint, while the second sample has a result of the mixture of blending of locally sourced yellow iron oxide and red iron oxide.  Pigment, that was added to it.  The two (2) samples gave high quality emulsion paints in terms of its brush ability, opacity, coverage, stability etc.

Quality control test carried out on the two (2) samples of emulsion paint showed that the local pigment and extenders used (titanium iv oxide, calcium trioxocarbonate iv, kaoline, yellow iron oxide and red iron oxide) fitted in so well in the paints to give the necessary adhesion, opacity and coverage, with excellent binding effect observed.
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CHAPTER ONE 

INTRODUCTION

Paint is a fluid, or semi-fluid material which may be applied to surfaces in relatively thin layers, and which changes to a solid coating with time.  The coating with time.  The change to a solid material may or may not be reversible, and may occur by evaporation of solvent by chemical reaction, or by a combination of the two.

Paints usually consist of vehicle or binder, a pigment which contributes obscurities colour, hardness and bulk to the film, and a solvent or thinner which controls the consistency.

Paint is basically classified into two, which are gloss paint and emulsion paint.

1.1
GLOSS PAINTS (OIL-BASED PAINTS)

These are paints that may be classified according to whether the drying mechanism is predominantly solvent evaporation, oxidation or some chemical reaction.  Gloss paints which dry essentially by solvent evaporation, reply on a fairly hard resin as the vehicle.

Paints which dry by oxidation, the vehicle is usually an oil or an oil-based varnish, these usually contains driers to accelerate the drying of the oil.  Paint based essentially on oil with suitable pigment such as titanium dioxide, extenders, and usually zinc – oxide and white lead, are conventional outside ho use paints because these materials give the combination. Of  properties which meet this requirement .

1.0.2
EMULSION PAINTS (WATER- BASED PAINTS)

These are paints with water – soluble vehicle and they includes, calcimines, in which the vehicle is glue and case – in paints, in which the vehicles is casein or soyabean protein. 

This project research study is directed towards producing and formulating of emulsion paint (water –thinned paint) from local pigments and extenders as raw materials.  The high demand for emulsion paint for protective and decorative purposes has encourage the development of different equipments for the manufacturing operation.

This piece of research work is due to reducing the high cost of emulsion paint formulation and production, because of the imported raw materials.  (E.g Titanium dioxide), and thereby disclosing a local raw material from our natural domin which could also be used for the same purpose.  An example of this locally obtained raw material for emulsion paint production is calcium carbonate in the form of calcite and dolomite.

1.1
OBJECTIVES OF THE RESEARCH WORK

The objectives of the research project work is to study the formulation and production of emulsion paint with the use of local pigments and extenders as raw materials, and its economic value, and also disclosing some locally sourced materials from our local environment that could play the same role with the imported raw materials that are used for emulsion paint production, which causes the cost of emulsion paint production to be high.

However, industrial survey reveals that paint manufacturers in Nigeria looks beyond the country territory for supply, and also, Nigerian paints industry is characterized by importation, starting from solvents which could be obtained in abundance from the country.

SCOPE OF RESEARCH WORK

The scope of this research project work is organized to cover all vital aspect of emulsion paint formulation and production using local pigment and extenders as raw materials from our local environment, which will reduce the cost of emulsion paint production.

The scope will also cover paint types and classifications, characterization and functions of paints, and also chemicals used in the formulation and production of emulsion paint.  However, emphasis will be laid on the systematic procedure of processing the local pigments and extenders used which will also cover the following;

Emulsion paint formulation and production

Run-rest on the following properties of emulsion paint

Drying time

Nature of reversibility

PH value

Specific gravity

Obscurity

Viscosity

Resistance to external exposure

Brush ability

SIGNIFICANCE OF STUDY

On considering the high cost of imported raw materials for the production of emulsion paint in the paint industry, which at the end of the production affect the market price, likewise causing economy constrain, there is need to lookout for those locally raw materials such as pigments and extenders (e.g calcium carbonate) which will give such desirable qualities and properties as those of imported raw materials (e.g Titanium Dioxide).

It will be interesting to not6e that chemical Engineering have some of possible solutions towards reduction of high cost of emulsion paint production and also this research project work is directed towards the vital needs for the used of local pigments and extenders as raw materials for the production of emulsion paint of high quality and standards which will stand the test of time and also compete with those emulsion paints produced with imported raw materials.

Finally, this research project work will be of more importance to the paint manufacturers in the country, who spend lost of money for importations of raw material, while they are bless with much raw materials as pigments and extenders for emulsion paint production in their country, it will also be of help to students researchers, and also reveals the importance of research among producers for future betterment and economy improvement.

CHAPTER TWO

LITERATURE REVIEW

Historical review of surface coating (paint) industry.

The surface coating industry is indeed an ancient one.  The origin of paints dates back to prelistoric time when the early inhabitants of the earth recorded their activities in colors on the walls of their caves.  These crud painted probably consisted of colored earths or clays suspended in water.

The Egyptians, starting very early, developed the art of painting and by 1500 B.C. had a large number and wide variety of colors.

About 1000 B.C. they discovered the fore number of our present day varnishes, usually naturally occurring resins or beeswax were the film forming ingredient.  Ping outlined the manufacture of white lead from lead and vinegar, and it is probable that Old Dutch process.  Lacquers were used to paint buildings in China about 200BC.  Protective coating or painting began, in Europe, about 1200AD.  Linseed oil and white lead, a white pigment, find their way into paint industry in 15thand 17th centuries respectively paints (relatively opaque solid normally applied thin layers, whose film were usually formed by polymerization of a poly unsaturated oil), varnished ( clear coatings ), enamels (pigmented varnishes), lacquers (film formed by evaporation only ), printing inks, polishes etc.  These classification have been most useful in the past but introduction of plastic resins into the industry has made such classification relatively meaningless.

Although water thinned paints date back to antiquity, they were commercially important until casein- based paints were developed about 1925.  Their phenomenal growth is indicated by the large increase in the world production.

Resin- emulsion paints have been widely used since World War 1, but latex based paints introduction commer4cially in 1948, have had spectacular growth, more than 70 percent of interior paint sales this types.  This types of paint was developed to meet demands for greater easer of application, low odor, easy clearing, great durability, and impermeability to dirt.

2.2
OUTLINE OF PAINT TECHNOLOGY
Paint

Paint is a mixture composed basically of solid colouring matter (the pigment) and liquid (the vehicle).  It is applied as a coating to various types of surfaces, bridges, slips, and storage tanks.  The purpose of coating may be decorative, as in beautifying of objects and provision of aesthetic; protective, as in preservation against weather, moisture, solar radiation, chemicals, and mechanical change; or functional, as in communication of an impression.  By obliterating the surface over which it is applied paint serves the purpose of its use. 

It may be a water – based paint (emulsion) or an oil-based paint (gloss). 

The vehicle consists of the nonvolatile and volatile liquids.  The nonvolatile portion is mostly a resinous ort resin-forming compound called the binder.  The types of resin are oils, alkyds, celluloses, acrylics, vinyl, phenulics, epoxies, polyurethane’s, silicones, amino resins cureas and moleuins), later form, styrene- butadiene, polyvinyl, and acetates.  The volatile portion is used to lower the viscosity of the paint composition to achieve case of application and good leveling.  At times thinner is added to thin down the viscosity.  This portion consists of hydrocarbon solvents, water, ketones or esters.

The pigments are insoluable powders of very fine particle size.  They impart colour and opacity to the paint.  Colourants may also be added.  Paint also contains extenders which are certain materials that add little to the opacity of, and impart other desirable properties to, the paint.  Depending on the colour wated for the paint, the pigments, colourants and extender – pigments may be titanium dioxide, calcium carovate, maynesium silicate, clay, inorganic colours, barium sulphate mica, zinc oxide, red lead, metallic (principally aluminum), carbon blacks, organic colours, and white lead.

2.3
PAINT TYPES

Paint, as a widely used chemical product in the society, appears in several forms with varied formulations.  These types of paints include:

EMULSION OR WATER PAINT

This is a water – based paint.  The pigment is dispersed in the aqueous phase so that both polymer and pigment form distinct dispersed phases and should coalesce only in the film when the water evaporates.

LATEX PAINT

The term latex denotes a suspension of polymer particles in water.  Emulsion paints consist basically of a combination of pigment and latex, hence it is called latex paint.

Water paints other than latex include white wash, casein paint, cement paint and linseed emulsion paint.

WHITE WASH

This may be made by mixing unslaked line with water and allowing it to stand for a few days before use, or starting with calcium hydroxide in the first place.  The applied coating converts to calcium carbonate.  Certain additions, like glue, have been used for their cheapness.

CASEIN PAINT

This is usually supplied as a powder to be mixed by the user.  Casein is about 10-12% of the composition, together with some line to convert it to insoluble calcium caseinate after application. The balance is pigments plus preservatives.

CEMENT PAINT

This is used to a limited extent to mansory.  It is supplied as a powder containing Portland cement and white or alkali-resistant coloured pigments.  It is mixed for application.        

LINSEED EMULSION PAINT

This may be prepared from linseed oil emulsified by a combination of lipophilic and hydrophilic emulsifiers.  The emulsified linseed oil is made into paint by formulaic similar to those used for latex paints, except that addition of metallic driers is necessary.

GLOSS OR OIL PAINT

This is the oil-based paint.  It is shiny in appearance.  It is an alkyd resin based paint containing from 35% to 80% linseed, Soya or other oil ground without extenders but with other auxiliary ingredients such as solvents, driers etc.  They are generally used for maintenance work, where protection is more important than the appearance, and also for interior use.

ENAMEL

The word enamel strictly means a glass like substance fused on to metal surfaces.  Besides the glossy wall paints which may be called enamels, (there is no sharp division) practically all trade sales lines include a large selection of bright strong colours and black, for use on comparatively small areas such as lawn furniture, cabinet doors, and similar surfaces.  These have a low pigment volume, and are pigmented with such colourant as toluidene red, phythalocyanine blue, hansa yellow, and titanium dioxide and lampblacks for grays.  Specifications on these products call for a high degree of pigment dispersion to produce the maximum is smoothness and leveling out.

TRAFFIC PAINTS

High pigment volume, the use of fast-drying vehicles such as low oil content resin combinations or oil.  Free synthetic resins, and low-binding solvents such as petroleum fractions with distillation ranges from 100 to 1500c are three factors responsible for the fast-drying characterizes of the road-stripping paints.  Resin solutions like politicized chlorinated rubber or styrene – but butadiene may be used.  Some aromatic  hydrocarbon solvent has to be included in these vehicles to maintain solubility.

     MARINE PAINTS

Antifouling paints for ship bottoms are formulated with copper and mercury compounds as positions for marine growth, using binders which are not too permanent so that gradual breakdown of the film and release of position can take place tributyltin compounds are used as the toxic materials.  A typical formulation calls for zinc oxide ferric oxide, magnesium silicate, cuprous oxide, mercuric oxide, rosin, oil, coal tar, and solvent.

SPECIALTIES

FIRE – RETARDATION PAINTS

These contain compounds which intumesce when the temperature is raised beyond a certain point.  Urea and acid phosphate esters, pentacrythroil, and others are types of materials used.

AEROSOL COLOURS

These are alkyd compositions.  The two components are paint thinned out to low viscosity so that it will atomize, and a gaseous propellant which is liquid under pressure.  The host usual the propellant is dichlorodifluoromethane which has a boiling point of 300c.  Other halogenated hydrocarbons may be used as modifiers.

INSECTICIDAL PAINT

This paint is meant for protection of substrate against insects.  It has various colours in both enamel and emulsion.  During drying of the insectidal paint, movement of particles take place throughout the paint film.  These particles are carried to the surface by the normal evaporation of the solvents in the coating and crystalize to form the insect repelling layer. 

PAINT COMPOSITION AND FORMULATION

Aside from the three basic components of paint – pigment, volatile vehicle and non-volatile vehicle – there are numerous other additives used in paint mostly as an integral part of the formular, but sometimes for corrective purposes.  These include metallic driers; pigment – dispensing agents; antiflooding compounds; antisettling agents, e.g. metallic stearates or lecitin, antiskinning agents for oxidizing – type paints – these may be considered mild antioxidants while they are in the container, but dissipate by evaporation when the film is applied; gelling agents for non drip agents; mildewcides and fungicides; viscosity stabilizers; deodorants – these are usually perfumes used in fractional percentages to mask odours during the drying period; ultraviolet absorbers – a typical use is in daylight fluorescent paint to delay fading of the pigment; stablizers, e.g. materials which absorb cl or Hcl as possible decomposition products from chlorinated resins, or similar applications.

The modern paint constituents can be outlined as:

RESINS (FILM FORMERS)

SYNTHETIC:
Alkyds, acrylics, vinyls, cellulosics, rosin esters, epories, urea melamines, wrethanes, styrenes, phenolics, hydrocarbons, and polyesters.

NATURAL:
Shellac, rosin etc.

SOLVENTS

Ketones, aromatics, aliphatics, alcohols, glycol ethers, glycol ether esters, glycols, glycol esters, chlorinated products, terpenes, etc.

DRYING OILS AND FATTY ACIDS

Linseed oil, soyabean oil, fatty acids, tall oil, castor oil, tung oil, safflower oil, fish/marine oil, cocoanut oil, oiticica oil.

PIGMENTS AND EXTENDERS

Titanium dioxide, calcium carbonate, magnesium silicate, clay, inorganic colours, barium sulphate, mica, zinc oxide, zinc dust, red lead, metallics (principally aluminum), carbon blacks, organic colours, white lead.

Driers:

Cobalt, manganese, lead and zinc, naphthenates, resonates, linoleates, 2 – ethylhexoates, tallates.

Plasticizers

Octyl, decyl, 2-ethylhexyl and similar easters of phthalic, sebacic, adipic, azelaic, and similar acids.

Further outline on pigments and extenders are ad follows:

Pigments:
This is use to protect the film reflecting the destructure ultraviolet light to strengthen the film, and to impart an aesthetic appeal.  Pigments should possess the following properties: opacity and good covering power, wet ability by oil, chemical inertness, nontoxcity or toxicity, reasonable cost.  Some of the pigments are:

White

Titanium dioxide, zinc oxide, lithopone, zinc sulphide, antimony oxide.

Black

Carbon black, lampblack, graphite, iron black.

Blue

Ultramarine, copper phthalocyanime, iron blues.

Red

Red lead, iron oxides, corlmium reds, tones and lakes.

Metallics

Aluminum, zinc dust, bronze powder.

Yellow

Litharges, ocher, lead or zinc chromate, hansa yellows, ferric yellows cadium lithopone.

Orange:
Basic lead chromate, cadmium orange, molybdeniium orange.  Green chromium oxide, chrome green, hydrated chromium oxide, phthalocyanine green, permansa greens (phthalocyanine blue plus zinc chromate). Brown: burnt sienna, burnt umber, Vandyke brown.

Metal protective: red load, blue lead, zinc, basic lead, and barium potassium chromates.

Extenders or inerts or fillers

They are use to reduce the pigment cost and in many cases to increase the covering and in weathering power of pigments by complementing pigment particle size, this improving consistency , leveling and settling .they include , china clay , talc, Asbestos, ( short fibers ) silica, whiting , metal stearates, gypsum, mica , barite, Blancfixe.

EXTERIOR BULDING PAINTS_ FORMULATION

The most important type of protective coating for most surfaces is what is commonly known as house paint .this can be either oil paint (Linseed oil _ based paint) or latex emulsion ( water - based ) paint .

The advantages of latex pa and presertive and presertiveints over oil paints are fast drying, absence of odour, ease of cleanup, and excellent colour retention. Some examples of material used are dispersion agents for pigments, protection colloid and thickeners to thicken the water phase and reduce setting, defoamers, coalescing agent, freeze thaw, additives (glycols), mildewcides and preservatives (mercurial, copper and phenolic compounds), and PH controller (ammonium hydroxide used for adjustment).

A typical formulation for an exterior latex paint is given below.

FORMULATION OF EMULSION PAINT

Table
2.1- formulation (for exterior building paint).

	
	Raw material
	Percentage proportion (w/w)

	1.
	Dispersing agent
	1.32

	2.
	Derformer   
	0.18

	3.
	Water

	5.12

	4.
	Titanium dioxide
	22.10

	5.
	Extender pigment
	10.30

	6.
	Acryliclatex (40% non volatile).
	0.80


	7.

	Preservative
	0.18

	8
	Hydroxyethyl cellulose 20% aq.  Solution


	4.40

	9.
	Ethylene glycol

	2.20

	
	TOTAL

	100.00.


PAINT QUALITIES AND QUALITY CONTROL

Quality control in industry ensures good qualities for the raw materials as well as satisfactory and consistent qualities for the finished product. Some of the paint qualities looked for include:

COLOUR

A good pain t has colour. The colour is incorporated during production by using the pigment of the same or similar colour to the paint which is intended for production, or addition of colorants with the same or similar colour to that of the required paint in order to supplement the effort of the pigment in producing the wanted colour. Colourants are not always necessary, expecially for white paints. 

In evaluating the colour, the paint may be run down the brush – downsheet and the colour compared with the universal colour in the colour chart (for initial production) or the old product (for a repeat production) spectrophotometers and colorimeters are now used and this eliminates the human error in usual comparison with a standard or control.

HIDING POWER OR OPACITY

Paints should be able to give a new look to the substrate by way of a good degree of obligate obliteration. This is a function of the pigment used as part of the base materials. To reduce cost, yet extend and supplement the hiding action of the pigments, extends or pigment extenders may prove the thickness of the paint. 

The opacity is assessed in the industry by applying the paint on a smooth background of alternating white and black often refrred to as ‘Diamond chart’. A view is then taken to see if the paint has obliterated equally well the alternating white and black line. The brush-down sheet can also be used. 

Titanium dioxide or extender-pigments in combination with colorant may be needed to improve the opacity.

2.7.3
VISCOSITY

Paints are viscous substances. The viscosity is build up by the addition of typlose or methylcellulose (for emulsion) and alkyd paints). This does not affect the colour of the paint. On the other hand, viscosity can be thinned down by the addition of such solvents as mineral spirit (for alkyd paints) and water (for emulsion). Other solvents include ethyl benzene, etc. viscosity control is by alkyd- solvent-ratio 

A viscometer is used for measuring viscosity of the paint at 25oC

DENSITY

This is an indication of the bubble-content of a certain volume of the paint. No buyer would like to pay for bubbles in the name of paint.

The relative density (specific gravity) per gallon of the paint is measured to control the foam (bubble) contained in the paint. The greater the bubbles the smaller the density.  Recalling that 

DENSITY
=
Mass

Volume,

It is easy to measure this variable of paints in a number of ways. More defoamers or bubble breakers, which act through surface tension, may be needed. The include tri-n-butyl phosphate, n-octyl alcohol, and other higher alcohols. 

CRACKING AND ADHESION

This is an unwanted break in the underlying material.  It reflects a loss or lack of adhesion.

A good paint should be adhesive. In oil paint alkyd takes care of this quality while in the emulsion paint the polyvinyl acetate copolymer (PVAC) does the job. They can be added as appropriate during quality control.

CHALKING, ABRASION, HARDNESS AND ADHERENCE 
A good paint is adhered and hard, not abrasive and chalking. These qualities are tested by the use of fingernails or mechanical testers. Alkyd may be added to oil paint and PVAC to emulsion in order to improve the quality.

FINENESS

A good paint contains only well ground materials. The agitators or paler or mixers do the “grinding” work. The grinding work here is just the dispersion of already ground/mild materials. Dispersion agents for pigments may be added. These are tetra sodium pyrophosphate, soya lecithin, and others. Also, during canning, the paint is also sieved to improve the fineness quality. 

Fineness can be simply assessed by spreading the paint on a smooth background. For oil paint the precision guage is used, while brush –down sheet is used for emulsion. Grind guage is used for both oil and emulsion paints. Appropriate measures are then taken to arrest a deviation from good quality. 

THIXOTROPISM AND BRUSHIBILITY

Paint should not be difficult to brush: it should be brushible, thixotropic and exhibit shear-thinning.  This property is tested by brushing the paint on a surface.  To improve this quality, polyamides, Atagel, etc. May be added.

LEVELLING

A good paint should flow a way as to cover the marks of the painting brush.  This is leveling-wetting agents improve this quality.

UNIFORMTTY

Paint should possess uniform quality.  This is achieved by the addition of builders, such as the PVAC (for emulsion) and alkyd resins (for gloss paint)

FLAKING (PEELING OR ALLIGATORING)

This is the breaking away of the complete paint coating, including primer, undercoat and finish from small or large areas of the surface to which the system has been applied. It may be caused by chemical action or physical change at the interface between priming coat and the surface beneath.  Correctly formulated primers can minimized these defects.

CORROSION

Corrosion is libely to occur in the ferrous metals and light alloys that is nit perfectly can eventually lead to the cracking of the film.

DRYING
Paint should dry very fast.  To ensure this, metallic drivers may be added to the paint.  The drying of paint is a chemical change of oxidation and polymerization hastened by pretreatment of the oil and by adding drivers, or catalysts, predominantly heavy-metallic soaps, which are oxygen carriers, usually soluble in oil.  These drivers need be used only in small amount (1 to 2% by weight) emulsion paints need no drivers.

SKINNING

A good paint should not skin.  To ensure this anti-skin agents (ASA) are added to the paint.  They include oxime and ketoxime, e.g. methyl ethyl ketoxime, phonetic ketoxime, etc.

FREZING

Good paint should not freeze.  The anti-freezing agents added to0 the emulsion paint include high boiling solids, such as ethylene glycol and benzyl alcohol.  These solids prevent polymerization of the materials in the paint.

RUSTING

Paints should neither must nor induce rusting on their containers or substrate.  Sodium benzoate is the anti-rusting material added to emulsion paints.  Gloss need no anti-rusting agents, since oil does not rust.

GLOSS

The gloss paints are shining or glossy and not dull.  The alkyd resins added to the paints are responsible for this quality, as well as acting as a binder.

The paint is run down the brush down sheet and the gloss compared as in colour.  To eliminate visual errors, gloss is now measured with photometers, the reference being a theoretically perfect mirror, to which is assigned an arbitrary value of 1000 so that figures are part per thousand.  The practical standard is a polished back glass plate having a value of 95.

RESISTANCE TO BACTERIAL AND FUNGAL ATTACKS

Paint should be resistant to bacterial and fungal attacks.  This is ensured by the addition of mildewcides and preservatives, such as mercurial, copper, and phenolic compounds.

PH CONTROL
Latex compositions are aqueous and the pH must be carefully controlled, to prevent demulsification.   Generally, ammonium hydroxide is used for adjustment, but the exact pH specification varies according to the nature of the resin and other ingredients in the formula.

THICKNESS AND WETTING

The paint should not be too thick as to hamper the brushability and leveling properties.  The paint is brushed on a vertical smooth surface and this property evaluated.  Sulphonated glyceride (S.G.I) and naph-thanates of magnesium, lead and cobalt may be needed. 

ODOUR

Paints must not have objectionable odours.  Deodorants may, therefore, theretofore, be necessarily added to the paint

DESCRIPTION OF RAW MATERIAL FOR PAINT MANUFACTURE:

1.
MARBLE (CaCo3):-
This is a metamorphic carbonate rocks. Broken surface of metamorphic shows large numbers of sparkling granules.  Marble is more translucent and contains many transparent fragments which makes it possible to look through polished surface on to non-transparent fragment.  Crushed marble is used as an extender pigment in producing of brilliant white paint.

2.
DOLOMITE (CaCo3):
This is gotten from sedimentary rock composed of the mineral Ca Mg (Co3) and calcite.  Crush delomite is use as a whiting (pigment) material in paint manufacture.

3.
KAOLINE:
This can be a clay, a sedimentary deposits, or a broken down particles from weathering of various igneous rock.  It is a pigment extender.
4.
WATER/SOLVENTS:
The volatile vehicle of a paint is called the solvent or thinner.  In water-based (emulsion) paints it consists of a mixture of organic liquids with a range of boiling points and evaporation rates

5.
POLYVINLY ACETATE (PVA):
An aqueous dispersions of polymers of high molecular weight can be used to give emulsion paints of high solid content.

6.
TITANIUM DIOXIDE:
A white pigment from titanium ore, which gives high chemical stability and fine uniform particles size with a good coverage.

7.
THICKNER:
Form structures between their own molecules and also anchor onto the hydrophobic potions of the latex polymer or pigment particles, which thus takes part in the structural formulation.

8.
DRIERS:
Are metallic chemical compounds that speed up drying by assisting the film to oxidizes.  Example salts of cobalt, lead, manganese, barium and zinc are commonly used as driers.

9.
SURFACTANTS:
Surface active agents or surfactants are used to aid the solution and dispersion of solid paint pigments.

10.
STABILIZERS:
These neutralize the destructive effects of ultraviolet rays in sunlight.  Example - Ba-Cd-Zn stabilizer solution.

11.
FILLER:
Improve the mechanical properties of the paint.

12.
PLASTICIZERS:

Assist in the hardening of the film or impact a special characteristic such as flexibility to the paint.  Example-Nitrocellulose (dibutyl phthalate) and poly methyl methacrylate (butyl benzyl phthalate).

13.
ANTI SKINNING AGENT:
Air-dry building paints tend to form skins in open mixer during manufacture or on storage in partly filter containers.  This is due to autoxidative polymerization at the air-liquid interface and can be alleviated by the addition of small amount of moderately volatile anti-skinning agents, methyl ethyl ketoxime are best known for that.

14.
ALKYD RESIN:
Made from semi-drying oils such as Soya bean oil or linseed oil.

15.
FUNGICIDE:
Anti-decaying chemical.  They are additives affecting living microorganisms, such as bacterial, yeast, and fungi.  Bacterial can cause passing viscosity reductions and colour drift in paints.  The fungicide or biocide is a preservative of paint from spoiling.  Example-formaldehyde (anti-decay) and Troysanpolyphase, formalize.

16.
DEFOAMER:
Removes foams or air space IN PAINT FILM.  So that actual weight of the paint can be ascertained.  Example fat and oil.

17.
NATROSOL:
For opacity so that yam cannot see the wall through the paint.

FORMULATIONS OF EMULSION PAINT 

Table 2.2
Formulation (for exterior building paint)

	
	Raw material
	Percentage proportion (w/w)

	1
	Dispersing agent
	1.32

	2
	Deformer
	0.18

	3
	Water
	5.12

	4
	Titanium dioxide
	22.10

	5
	Extender pigment
	10.30

	6
	Acrylic latex (40% non volatile
	53.40 0.18

	7
	Preservative
	0.18

	8
	Hydroxyethy/cellulose 2% aq. Solution
	4.40

	9
	Ethylene glycol
	2.20

	
	TOTAL
	100.00


CHAPTER THREE

METHOD OF PAINT FORMULATION
The entire process of paint formulation in safely by batch process in which a batch reactor in used.  Batch process using a batch reactor as the name implies is a system or method of formulation whereby the raw materials are all poured into the reactor tank one after the other or simultaneously, after which it is allowed for some time (the resident time) to give the product which is completely poured our before another set of production starts.  

Two major types of batch reactors commonly use in paint formulation are: 

1.
Manually operated batch reactor (MOBR)

2.
Electrically operator batch reactor (EOBR)

MANUALLY OPERATORED BATCH REACTOR (MOBR)

This is the type where the reactor is stirred manually (using man power). It is of two types, the stirring type and the winding type.  Manually operated batch reactors are commonly used by low class operators in paint formulation because it is cheaper to acquire and mainframe.

ELECTRICALLY OPERATED BATCH REACTOR (EOBR)
This is the type where the stirring process is done by a motor, and it is mostly use by big operators, and has a high production rate, essay to operate and also requires a skilled operator

RAW MATERIALS FOR EMULSION PAINT FORMULATION

The raw materials used in paint formulation are grouped into three:

Pigment

Film for mass or binder
Additives

3.2.
RAW MATERIAL FOR EMULSION PAINT FORMULATION

Some important raw material use for formulation of emulsion paint:

Water

Titanium dioxide

Liquid detergent (Ginapo)

Deformer

Calcium carbonate (CaCo3)

Natrosol

Ammonia

Polyvinyl acetate (PVA)

Calgon

Biocide

Anticide

Kerosene

Yellow oxide

Red oxide

3.3.
FUNCTION OF THE RAW MATERIALS
F.
Raw material



function

1.
Water





solvent

2.
Titanium dioxide



pigment

3.
Liquid detergent



Easy flow of paint

4.
Deformer




Elimination scone

5.
Calcium carbonate (CaCo3)

 pigment extender 

6.
Natrosol




Thickener

7.
Ammonia




preservative agent (builder)

8.
Calgon




dispersed agent

9.
Biocide




preservative agent

10.
Anticide




preservative agent

11.
PVA





binder

12.
Kerosine




hydrating agent

13.
Yellow oxide



pigment (colourant)

14.
Red oxide




pigment (colourant)

3.4

FORMULATION OF EMULSION PAINT:
This is a sequence of operations with time intervals.  The reactor used was manually operated (MOBR), the raw material were weighed and, measured out first, water was then added in small quantity (1/2 of the water need) to the reactor, titanium dioxide was dissolved in the water inside the reactor with continuous stirring, cargo was added as a disperser to dissolve the lumps in the reactor after about 10 to 15 minutes of continuous stirring CaCo3 was added into the reactor, kaoline was to added from bubbles were observed which resulted in the addition of deformer with continuous stir4ing for 5 minutes then PVA was added, Natrosol was dissolved in the water and added into the reactor with continuous stirring for about 15 to 20 minutes the preservation were added, kerosene added also and finally ammonia, was added as a builder, when a homogeneous mixture has been achieved it was made with remaining binder and water to control viscosity.

The two steps that was used in controlling viscosity during formulation:

Tinting

Thinning

TINTING: This is the process of reducing the viscosity during formulation.

THINNING: This is the process of reducing the viscosity during formulation.

Trial and error test samples were carried out with varied amount of pigments and binder and after PH, resistance to external exposure, drying time, opacity, viscosity, specific gravity, solid and volatile contents and brushability test were performed, two samples with variety in colour were selected.

SAMPLE A:
Cream white 30-40

SAMPLE B:
Deep pink

1.
Polyvinyl acetate (P.V.A)


Binder

2.
Acrylic

3.
Biocide





preservative

4.
Kerosine





hydrating agent

3.5
PRINCIPLES OF PAINT FORMULATION
The important factors in paint formulation are:

Pigment to binder ratio

Pigment volume concentration (PVC)

Solid contents, and 

Weight per volume

3.5.1.
PIGMENT TO BINDER RATIO
This ratio determines the end use characteristics of the paint and the weight ratio of the pigment and pigment extruder is the binder content.

Due to the relative amount of binder in the film cannot provide a complete matrix for the amount of pigment particles present paints with high pigment loading are usually not suitable for external application.  For high quality emulsion paints, the pigment is binder ratio.

PIGMENT VOLUME CONCENTRATION (PVC)
The function of PVC in the regulation of paint properties such as durability, wash ability and gloss, and PVC is the proportion of the pigments volume to the total volume of the film.

Mathematically it in given as: 
P.V.C
=
Volume of pigment in paint

Vol. of pigment in paint + vol. of non-volatile vehicle constitution  in the paints.

High quality paints require higher percentage solid and lower pigment volume concentration, but for standard quality paint, the percentage solid is relatively, lower, while the pigment volume concentration is relatively higher.

It is preferable is present production formulation in percentage weight mathematically.

Percentage weight =
weight of each raw material*100



Total weight of raw material

So that the amount of raw material is be used for a particular production can be easily determined, depending on the quality of paint.  With low PVC have good weathering characteristics, high gloss depending on the nature of the binder used, good chemical, abrasion and water resistance.

Paint formulation with high PVC, the binder is insufficient is firmly bounder the particles against the surface resulting in flaking, and such paints will have low gloss, p[or resistance is chemical and abrasion and also poor flexibility.

The standard range of PVC, is between

SOLID CONTENTS
This Include pigment, pigment extenders, binder solids and thickness, representing all the material; that doesn’t evaporate during the application of paint film on substrate.   This also calls for a check on the paint quality.  The pigment volume concentration is relatively higher.

WEIGHT PER VOLUME

This help in detecting deviations representing addition errors, especially during packing, it is also used in calculation of both the applied film thickness and the ratio application.  It is more important during quality control procedures.

FORMULAR FOR SAMPLES SELECTION

SAMPLE A:

(Cream white 330-40)

	Material
	Proportion (%)
	Qty 44
	4 litres

	Water
	16.29
	1.005
	

	Tio2
	3.24
	0.2
	

	CaCo3
	29.15
	1.8
	

	Calgon
	3.24
	0.2
	

	Kaoline
	24.3
	1.5
	

	PVA
	8.10
	0.5
	

	Deformer
	1.62
	0.1
	

	Liquid detergent
	5.73
	0.354
	

	Biocide
	0.16
	0.01
	`

	Kerosene
	3.73
	0.23
	

	Ammonia
	1.62
	0.1
	

	Nitrosol
	2.92
	0.18
	

	
	100%
	6.174kg
	


SAMPLE B:

(Deep Pink)

	Material
	Qty (kg)
	Proportion (%)
	4 litres

	Water
	1.0
	15.4
	

	Tio2
	0.02
	0.3
	

	CaCo3
	2.0
	30.7
	

	Calgon
	0.02
	0.3
	

	Kaoline
	1.5
	23.0
	

	PVA
	0.5
	7.7
	

	Deformer
	0.1
	1.5
	

	Liquid detergent
	0.35
	5.4
	

	Biocide
	0.01
	0.2
	

	Kerosene
	0.23
	3.5
	

	Ammonia
	0.1
	1.5
	

	Yellow oxide
	0.2
	3.1
	

	Red oxide
	0.3
	4.6
	

	Nitrosol
	0.18
	2.8
	

	
	6.51
	100%
	


CHAPTER FOUR

QUALITY CONTROL TESTS

Quality processes a major problem in paint formulation due to variability of raw materials, machine performance not being uniform, charge in machine operators etc.  All there factors contributes to the need for continuous appraisal of the quality standard of paint.

4.0
QUALITY CONTROL

This is a term used in every production industry and its very important in production industries, it implies producing to a desired standard with minimized consumption of raw materials, expenditure for direct labour maintenance and also direct labour cost.  The first quality control measure taken assurance (S.Q.A).  This is the monitoring of the raw materials before embarking to production.

The process of quality control comprises of:

Specifying what is to be produced

Producing the materials to satisfy the specification.

4.1
EQUIPMENTS FOR QUALITY CONTROL TEST

These are equipments used mostly in production industries (paint industries) to test the quality of a particular product.

1.
PH METER

This is a quality control equipment which consist of an electrode and an indicator.  The glass electrode is first standardized with a buffer solution of 7.0, and then rinsing it with distilled water.

2.
VISCOMETER

This is used to check the viscosity of the paint during formulation.  It works by indicating the resistance to movement of the moving disc through the paint.  It consist of an indicator, a thin container and a disc.

3.
WEIGHT PER GALLON CUP

This is used in determing the specific gravity, and it’s a 100ml capacity cup with a lid and also a balance.

4.
SHEEN PAPER

This is used in testing for opacity and spreading rates of paints.  It’s a paper that is made from specially made paper and allows no penetration.

5.
FUGITOMETER (MEASUREMENT OF LIGHT FASTNESS)

This is use to measure or assess the degree of fading which takes place when films of the pigment, and the standard in the same medium are exposed simultaneously to the same conditions.  This can be sunlight but is more usually the radiation from a carbon are lamp housed in the fugitometer.

4.2
QUALITY CONTROL TESTS AND RESULTS

The following tests were carried out:

4.2.1
VISCOSITY TEST

Roto thinner is used to check the viscosity of the emulsion paint samples.  A paint sample is placed in a ½ - pint tin on the turntable and the stirrer lowered.  The torque transmitted through the liquid (paint sample) exerted a twist on the turntable, the base of which is marked off in poises, and a fixed pointer indicates the viscosity.  The viscosity of sample A was 8.2 and B was also 8.2 poises.

4.2.2
BRUSHABILITY TEST

The paint samples were applied on a panel of about 2 square feet to one side of which a piece of moulding is attached.  The latter will show the behaviour of the paint on sharp edges and in hollows.  On the panel, properties such as brush drag and ease of spreading, tendency to say, leveling and wet-edge time were assessed.  For the later, one half of the panel is coated, left for short time, then the second half coated so that the two halves can be joined at the specific time.  The brushability of the two samples were observe to apply easily, no brush drag and a little tendency to say was observed in the sample B.

4.2.3
OPACITY TEST

The black and white type of the fund crypto meter was used.  The opacity of the samples was observed to be high and acceptable.

4.2.4
DENSITY (SPECIFIC GRAVITY) TEST

This is determining using a weight per gallon cup.  50ml of paint was filled in the cup and used in the same way as a specific gravity bottle.  The density of sample A was 1.51kg/litres and B is 1.6 by 1 litre.

4.2.5
VOLATILE CONTENT

The volatile content is a useful check on composition and is often required in specification work.  It was determined by weighing out 0.805kg of sample A and 0.805kg in a disc and was heated to about 1050 to evaporate the volatile content of the paint.  The heating continues until there is no more change in the mass of the content.  Then, the content was weighted and the loss in weight was calculated as a percentage of volatile content.  The volatile content f or sample A was 40%, and that of sample B was 36.5%.

4.2.6
PH TEST

PH meter was use for the test.  The PH meter was sterilized with a neutral butter solution and rinsed with distilled water before it was immersed in the paint samples and the PH value for each sample was recorded.  The PH for the both samples was 8.2.

4.2.7
DRYING TIME TEST

The paint samples were applied with brush on a panel surface and allowed to dry under normal condition.  The time it took for each sample to dry very well was monitored and recorded  for each samples.  The drying time for sample A was 1hr 45 minutes, while that of sample B was 55 minutes.

4.2.8
RESISTANCE TO EXTERNAL EXPOSURE

This test was carried out by applying the paint samples to different panel surfaces with a brush.  The paint films were allowed to dry under ambient condition for 24hrs.  After which the panels were exposed to harsh weather conditions for 20 twenty to thirty (20-30) days.  The harsh weather conditions include intense sunshine, heavy rainfall, and other precipitations.  Different results were obtained after this period.  Both samples showed no cracking, blistering and flaking.  But sligh fade in colour was observed in sample A.

CHAPTER FIVE

5.0
ECONOMIC EVALUATION

5.1
COSTING FOR SAMPLE A

The cost of materials for producing a 4 litres of the white cream emulsion paint using the combination of locally sourced titanium oxide (pigment), kaolin and calcium carbonate (as pigment extenders) is analysed below:

	Material
	Cost/Unit N1kg
	Quantity (kg) 
	Formular cost N

	Water
	2.5
	1.0
	2.5

	Tio2
	350
	0.2
	70.0

	Calcium Carbonate
	2.5
	1.8
	45.0

	Calgon
	200
	0.2
	40.0

	Natrosol
	300
	0.18
	54.0

	Kerosene 
	80
	0.23
	18.4

	Biocide
	250
	0.01
	2.5

	Ammonia
	200
	0.1
	20.0

	PVA
	150
	0.5
	75.0

	Deformer 
	150
	0.1
	15.0

	Ginapor
	150
	0.354
	52.5

	Kaoline
	100
	1.5
	150.0

	
	N1,957.5
	6.174kg
	N544.90


COSTING FOR FORMULATION (SAMPLE B)

The costing for sample B, that is the deep pink emulsion paint with the same local pigment and extender as in the white cream paint.

Basis:
4 litres of Deep Pink Emulsion Paint.

	Material
	Cost/Unit N1kg
	Quantity (kg) 
	Formular cost N

	Water
	2.5
	1.0
	2.5

	Tio2
	350
	0.02
	7.0

	CaC03
	2.5
	2.0
	50.0

	Kaoline 
	100
	1.5
	150.0

	Calgon
	200
	0.02
	4.0

	Yellow oxide
	200
	0.2
	40.0

	Red oxide
	200
	0.3
	60.0

	Natrosol
	300
	0.18
	54.0

	Biocide
	250
	0.01
	2.5

	PVA
	150
	0.5
	75.0

	Ammonia
	200
	0.1
	20.0

	Defoamer
	150
	0.1
	15.0

	Ginapor
	150
	0.35
	52.5

	Kerosene 
	80
	0.23
	18.4

	
	N2,357.50
	6.51kg
	N550.90


PROFITABILITY ANALYSIS

The method of production is in batch wise and is also manually operated.  The defect of this method is that it has high cycle time with low operating capacity.  It will be improved by using a mechanical and electrical operating system.  Meanwhile the profit analysis of the one in use for this research project goes thus.

Basis:
1 gallon (4 litres) of sample A

-
Operating capacity of equipment
=
1 gallon

-
Cycle time
=
2hours

-
Operating hours per day
=
9 hours

-
Number of working days per annum
=
262 days

-
Number of cycle per day
=
9 hours






2 hours/cycle  

Quantity produced per day
=
4.5 x 1 gallon






=
4.5 gallons

Raw material cost per gallon
=
N544.90

The percentage raw material cost is known to be at the range of 10-95% of the total product cost from a literature on plant economics.

Estimating the value to be 85% of the total product cost.  Thus, the total product cost per gallon
=
544.9






0.85

Therefore, total product cost per gallon
=
N 641.10

Total product cost per day


=
4.5x641.10








=
N 2884.80

Number of gallons per annum


=
4.5x262








=
1179 gallons

Total product cost per annum


=
1179x641.10








=
N 755,856.90

Market survey at the time of this report reveals that a gallon of high quality white emulsion paint sells at N 700.

Gross profit per gallon
=
(selling price) – (total production cost)


=
N 700 – N 641.10
=
N 58.90

Gross profit per annum
=
N 58.90x1179 = N 59,443.10

Assuming overall taxations on gross earning to be 30% of gross earning.  Then, the net earnings is given by N 69,443.10 – 0.3 (69,443.10)

=
N 48,610.17

Hence net earning per gallon
=
N 48,610.17







1179


=
N 41.23

BREAK-EVEN ANALYSIS

Break-even point is the point at which the total annual product cost equals the total annual sales.

Total annual production cost comprises of direct production cost for a year and fixed costs.

a.
Direct production cost:
This is taken as 85% of the total annual product cost


=
0.85x755,856.90


=
642,478.37

Direct production cost per unit
=
N 642478.37







1179






=
N 544.94

b.
Fixed cost consists of fixed charges, overhead and general expenses.

Fixed charges is about 5% of total product cost

=
0.05 (755856.90)

=
N 37,792.85

Over head and general expenses is estimated to be about 10% of total product cost


=
0.10 (755856.90)

=
N 75,585.69

Total fixed cost
=
37792.85 + 75585.69




=
N 113,378.54

The product sells N 700 in the market

Let x be the number of units at break-even point.

:. (Production cost per unit) x + (total fixed cost) = (market selling price) x


544.94x + N 113,378. 54 = 700x

(700-544.94) x = 113378.54

155.16x
=
113378.54


x
=
113378.54



155.16


x
=
730.72 gallons

This shows that 730.72 gallons need to be produce in order to break-even.

Since 4.5 gallons are produced daily, it then means that the number of days required to reach the break-even point is;

730.72 gallons
=
162.38days

gallons/day

Approximately
=
162 days

This follows that the manufacturer will start making gain after 162 days of constant working condition.

CHAPTER SIX

DISCUSSION

In the course of this production of emulsion paint as a research project work, a detailed study was carried out pertaining the formulation and production of emulsion paint with the use of local pigment and extender.  Kaolin, clay dolomite, calcium carbonate and red oxide were among the pigments and extenders used.

They were locally sourced from the surrounding environment.  This is aimed at the processing and use of the locally sourced raw material specially the pigments and extenders, in the paint industry.  The research was also aimed to achieve a product of standard emulsio0n paint that fulfill the required standard stipulated by the standard organization of Nigeria (SON).  This is also believed to go a long way in encouraging the local paint manufactures to make more use of local raw materials, which is even more cheaper, than solely depending on the imported raw materials.

Much emphasis was laid on the pigments and extenders, which happen to be one of the basic raw materials in paint production.  The survey carried out recently show that almost all the paint manufacturers in Nigeria look beyond the country territory for supply of raw materials they use.  It is unfortunate that Nigeria paints industry is characterized by importation of raw materials starting from pigments to the solvents, while it could be comfortably obtained in abundance from the country if only government and private sectors would invest more in the processing of these raw materials, which the country is blessed with.  Take kaolin for instant, the raw materials research and development council (RMRDC)’s publication confirmed that the country housed over 100 millions tones of kaolin deposits distributed all over the country.  The kaolin used in this research project was obtained from Ozubulu in Anambra State, which has a reserve of about 4.2 million tones.

Likewise with dolomite, CaCo3, zinc oxide, red oxide (iron oxide), and even titanium dioxide (which is obtained from the processing of titanium ore with oleum with there extensive reserves distributed here and there all over the country.  

The raw pigments and extenders were processed by grounding into powder to obtain a very fine particle size of about 0.2-0.4 microns recommended for good quality paint with good surface finish.  The purity of the substance is also another important factor limiting the quality of the point, thus the raw pigments and extenders were all extracted and processed to put them in a best condition of purity for qualitative standard production.  For instance, in the case of kaolin and calcium carbonate raw lumps.  The lumps were first crushed and mixed with water into a slung.  All this level some amount of diatomite reagent may be added to decolorize the clay if necessary, after which the slung is pimped into a vibro-screen to extract foreign particles and impurities.  The slung is thereafter pumps into a filter press to eject the water.  Finally, the filtered cake of kaolin or calcium carbonate are dried, pulverized, milled and classifieds for industrial use.

In the formation part of the research, a careful study was carried out to determine the rightful proportions of the materials (pigments, extenders, binder, solvent, etc) that should be used for production of standard emulsion paint.  At end of each formulation and production, a series of tests were carried out to determine the quality of the product.  Therefore, the formulation of the emulsion paint, with the local pigment and extender, was based on the trial and error until good quality paint was produced. This procedure is considered the best method since the already existing formulations for emulsion paint with locally sourced pigments and extenders was not available to our reach.  The literature review of and emulsion paint formulation is typically base on the imported raw materials that has been standardized.

After the formulation and production of the emulsion paint6, two emulsion paints were produced.  They include a white-pigmented emulsion paint and a deep pink emulsion paint, gotten from the colour blending of red pigment (red oxide) and yellow pigment (yellow oxide) in the ratio of 3:2.

A laboratory tests were carried out to determine the characteristic properties and qualities of the paint sample produced such properties are PH, opacity, viscosity, colour, adhesion, fineness of grained, exposure testing, etc.

The properties were analyzed to ensure that the product quality conform with the standards set by the government through the organ of standard organization of Nigeria (SON).  Since the paint presented was the one of the best formulation therefore, the test analysis carried out will be based on it.  Most of the analysis done were carried out under the temperature of 27+ 2oc and humidity of 70+5% test panels.

The viscosity was found to be 85 creps unit, which is fairly above the market standard emulsion paint (75-80 creps unit), and is also fairly below the first class standard paint (about 95 creps unit ie above 6.0 poises).  This is attributed to the use of more quantities of binder and extenders in the production.

Opacity and brush ability were observed to be relatively within standard.  This must have beer as a result of the quality of pigment, extender, and thinner used in the production.  This will enable the local manufacturers remain in business.  The3 PH for the emulsion paint was satisfactory (ie the PH is 8.2).

The colour for the white paint is of standard while the colour for the deep pink paint sample was deviated slightly from that of the standard chart.   This is due to the fact that there are variations in the colour of the pigments used for the production and some of them are of poor quality.   The specific gravity of the emulsion paint is slightly higher than that of the standard.  This is caused by high proportion of calcium carbonate and kaolin used for the production.  The deformer at the other hand help to reduce the bubbles (thus reduces the volume) and increases the density (specific gravity).

Adhesion and fasteness to light of the samples were acceptable.  This is as a result of PVA added to the paint.  The drying time was observed to be within the standard dry time range (within 24 hours).  Although it dried within 24 hours, it supposed to dried in not more than 2hours, the delay in the time was caused by the atmospheric condition as a result of the research been carried out during the raining season.  But the deep pink sample dried within 1hr.

Some parameter such as rate of fungal growth, flexibility or bend test, etc were not analysis due to the fact that the duration of the analysis is longer than the stipulated time for this work.  

The emulsion paint was formulated with suitable biocide at a level that does not render the film hazardous to health and will still satisfy the fungus resistance test specified for a standard paint.   

The economical analysis carried out for emulsion paint produced showed that the use of local raw material is more economical than the use of foreign (imported) material for the paint production.  The overall analysis carried out showed that the use of local raw material in the paint production has a lot of advantages over its foreign counterpart, for which some of them are less cost of production, availability and nearness, no extra added cost such as import duty, and lastly, at a long run, it is going to motivation and encourage the local processors of the raw materials in the country which will at the same time improve the level of industrial and technological development in Nigeria.

CONCLUSION

Emulsion paints can be produced with 100% local raw materials and at a relatively cheap price and comparable quality.  Although the formulations here are not 100% local raw material, the pigments and extenders used were purely locally sourced and processed.  However, the major problems militating against the use of these local raw materials in the paint industry are inadequate exploitation and processing of these materials to the required ends.

The imported titanium dioxide can be substituted with the locally processed one from mineral compounds that contained titanium such as limonite (a black ferrous titanate).  Titanium is also present in many plants and can be detected in the residue when these are ashed.  Some other locally made materials can also substitute the imported pigment titanium dioxide; they include kaolin, cac03, treated lead, zinc oxide, antimony oxide, etc.

The extenders of different kind, such as compounds of barium, calcium, aluminum and magnesium, can all be produced locally in the country.  The local sourcing of these raw materials can only be achieved if the country will take the right step in the right direction since this project is so exorbitant for an individual.

The emulsion paint samples produced showed good emulsion paint performance and can stand the test of time, in the sense that their opacity, blushability, covering power and performance against weather and other factors were excellent.  Although the samples showed some deviation from the standard, they are still within the range of acceptability.  Some of the standards stipulated for standard emulsion paint is shown in appendix 1.

The economic run down of the production project showed that it is a feasible project that is worth embarking on by both the private individual and corporate bodies, who want to enjoy the benefits of harnessing and utilization of the abundant local raw materials in the country.

RECOMMENDATION

Though there has been improvement in the quality of paint produce in Nigeria, there is still a lot to be done especially by the local manufactures, government, research engineers and scientist.

The research engineers and scientist should collaborate with the raw materials Research and Development Council (RMRDC) on carrying out research on the raw material deposits in the country.  From their analysis they should devised a better and modern heavy of processing these raw materials especially the pigments and extenders used in paint industries.

The government on the other hand should made the fund available for execution of projects on R & D (Research and Development) carried out on these raw materials.  They should also build more and well equipped chemical processing industries that will process these raw materials into the standard form required for production.  This will help to discourage the local manufactures from their dependence on foreign raw materials.

The local paint manufactures should imbibe the use and utilization of these locally sourced raw materials in paint production.  The standard organization of Nigeria should ensure that manufactures incorporate well equipped labouratory in order to ensure that the paints produced conform with set standard which will withstand the tropical environment.  They should also carry routine analysis on samples produced by these manufactures and defaulters should be guided very well.

Moreso, manufactures should be advised to allow students on research work in their companies and with their product samples so that the aim of the project should be achieved.

Personal safety is very important while producing or using paint.  A prolonged skin, eye, or body contact, whether in powdered or liquid state, should be avoided.  Also safety wears such as eye goggle, nose mask hand glove and overall coat should be putting on during the production of emulsion paint, polyvinyl acetate should be added first before natrosol, this is because natrosol is far more denser them polyvinyl acetate and will form lumps in the paint if first added.

The natrosol itself should be dissolved in water very well before adding into the production.

Long and thorough stirring is recommended for standard quality paint.

Although the paint is supplied in a ready for use condition, thinning of up to 20 percent by volume with water is allowed, if necessary. 

For a safety precaution, a mercuric fungicide/biocide should not be used in the paint formulation and production.  
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APPENDIX 1

THE TEST PROPERTIES OF THE SAMPLES PRODUCED

	S/N0
	Property 
	Sample A
	Sample B
	Standard from SON

	1
	PH
	8.2
	8.2
	7.0-8.5

	2
	Viscosity using I.C.I rotor thinner viscometer
	6.2 (poises)
	6.4 (poises)
	6.0 (poises) (using I.C.I Rotothinner viscometer

	3
	Opacity
	Good opacity observed at first coating
	High opacity observed after second coating
	Good opacity and shall be able to cover well at not more than two coats with a minimum spreading rate of 10 m2/litre.

	4
	Brushability
	Very easy to brush.  Brisuh marks not broadly pronounced 
	Easy of application of brush.  Brush marks observed
	Easy application of the successive coats by brushing.  Brush marks produced during brushing application shall not be more pronounced than those of the first coat.

	5
	Drying properties
	20 hrs
	18 hrs
	Maximum 24 hours

	i.
	Surface drying
	
	
	

	ii.
	Hard drying
	2 hours
	1 hour
	Maximum 2 hours

	6
	Specific gravity (kg/l)
	1.5
	1.6
	1.33-1.39

	7
	Resistant to external exposure
	
	
	

	i
	Intense sunshines
	No cracking and colour change was observed
	No cracking and colour change was observed
	No film defect such as cracking blistering, flaking colour fading and dirt retention

	ii
	Water (rainfall)
	High wash ability resistance observed
	High wash ability resistance observed
	

	8
	Solid and volatile contents (%)
	60.0% and 40.0%
	63.5% and 36.5%
	Non volatile content shall be 50% minimum

	9
	Dry film resistance to fungi growth (%)
	Not tested
	Not tested
	30% maximum growth of fungi within six months of external exposure


APPENDIX 11

FORMULATION FOR SAMPLE A

	Material
	Mass (kg)
	% by Mass

	Water
	1.005
	16.29

	Tio2
	0.2
	3.24

	Calcium Carbonate
	1.8
	29.15

	Kaoline
	1.5
	24.3

	Polyvinyl acetate 
	0.5
	8.10

	Calgon
	0.2
	3.24

	Natrosol 
	0.18
	2.92

	Deformer 
	0.1
	1.62

	Liquid detergent
	0.35
	5.73

	Biocide
	0.01
	0.16

	Ammonia
	0.1
	1.62

	Kerosene 
	0.23
	3.73


1.
PVC
=
Volume of pigment




Volume of pigment + Volume of binder

Volume
=
Mass




Density

Volume of Ti02
=
Mass of Ti02




Density of Ti02
0.2kg
=
0.07 litre

2.86kg/l

Volume of CaC03
=
1.8
=
0.68 litre





2.65

Volume of Ka0lin
=
1.5
=
0.55 litre





2.72

Volume of PVA
=
0.5
=
0.46 litre





1.09

:.
PVC
=
0.07 + 0.68 + 0.55
x 100

0.07 + 0.68 + 0.55 + 0.46

=
1.3
x
100

1.7

=
73.86%

2.
Pigments: binder, P:B



P:B
=
(1.8 + 1.5 + 0.2): 0.5



=
3.5: 0.5



=
7.1

3.
Density
=
Mass
=
6.174kg





Volume
4 litre




=
1.54 kg/litre

4.
% Solids and volatile contents on 0.5 litre paint sample

Initial mass of empty dish, W1 = 0.05kg

Mass of paint + dish = W2 = 0.82kg

Mass of paint = W2 W1 = 0.77kg

Mass of dish + paint after heating to a constant mass  = W3 = 0.512kg

:.

% Solids =
W3-W1
x
100




W2-W1

1

=
0.462
x
100
=
60%


0.77

% Volatile content = 100 – 60
=
40%

APPENDIX 111

FORMULATION FOR SAMPLE B

	Material
	Mass (kg)
	% by Mass

	Water
	1.0
	15.4

	Tio2
	0.02
	0.3

	Calcium Carbonate
	2.0
	30.7

	Kaoline
	1.5
	23.0

	Polyvinyl acetate 
	0.5
	7.7

	Calgon
	0.02
	0.3

	Natrosol 
	0.18
	2.8

	Deformer 
	0.1
	1.5

	Ginapor 
	0.35
	5.4

	Biocide
	0.01
	0.2

	Ammonia
	0.1
	1.5

	Kerosene 
	0.23
	3.5

	Red oxide
	0.3
	4.6

	Yellow oxide
	0.2
	3.1

	
	6.51
	100.0


1.
PVC
=
Volume of pigment




Volume of pigment + Volume of binder

Volume of Ti02
=
0.02kg
=
0.007 litre





2.86

Volume of red oxide
=
0.3
=
0.04 litre






7.4

Volume of yellow oxide
=
0.2
=
0.029 litre






6.9

Volume of CaC03
=
2.0
=
0.755 litre




2.65

Volume of Ka0lin
=
1.5
=
0.55 litre




2.72

Volume of PVA
=
0.5
=
0.46 litre




1.09

:.
PVC
=
1.38
x 
100

1.841

1

=
75%

2.
Pigments: binder, P:B



P:P
=
(2.0 + 1.5 + 0.3 + 0.2 + 0.02): 0.5





=
8.0: 1.0

3.
Density
=
Mass
=
6.514kg





Volume
4 litre




=
1.6 kg/litre

4.
% Solids and volatile contents of 0.5 litre paint sample

W1 = 0.05kg

W2 = 0.855kg

W3 = 0.56kg

% Solids
=
W3- W1
x
100




W2-W1

1

=
0.56 – 0.05
x
100



0.805

% Volatile content = 100 – 63.5

=
36.5%

APPENDIX IV

THE MANUFACTURE OF TITANIUM DIOXIDE FROM ITS LOCAL ORE (IIMENITE)

Ilmenite
diluted
T1
(S04)2
+
Fe S04
+
Fe2 (S04)3

+ Oleum






T1
(S04)2
+
Fe S04  Scrap iron


T1 (S04) 2 Solution
         Vacuum evaporator

   Fe S04 7H20 separates

boiled with water

T1 (0H) 4
wash, filter, calcine
T102

The sulphate process for manufacture of titanium dioxide (T102).
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