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Paints Industry- Self-Monitoring Manual    

2.
Description of the Industry

Products of the surface-coating (paints) are essential for the preservation of all types of architectural structures, including factories, from ordinary attacks of weather. Uncoated wood and metal are particularly susceptible to deterioration, especially in cities where soot and sulfur dioxide accelerate such action. Aside from their purely protective action, paints, varnishes, and lacquers increase the attractiveness of manufactured goods, as well as the aesthetic appeal of a community of homes and their interiors. Coatings that are used to cover building, furniture, and the like are referred to as trade sales or architecture coatings in contrast to industrial coatings which are used on materials being manufactured. Industrial finishes are applied to a wide variety of materials, such as metal, textiles, rubber, paper, and plastics, as well as wood. Architectural coatings are usually applied to wood, gypsum wall-board, or plaster surfaces.

The paints industry is a branch of the chemical industries sector. Surface coating (paints) have been divided into:

· Solvent-based paints

· Water-based paints

· Varnishes; clear coatings.

· Printing inks.

· Resins (for paints and varnishes manufacture).

Therefore, there are different production lines, plants can have as few as one or two production lines or all of them.

Service units (utilities) provide water and energy requirements as well as maintenance, storage, packaging, testing, and analysis needs.

The batch process is common in paints industry, old plants use open equipment, while modern plants use the closed one. Equipment cleaning is necessary, and required between batches. 

2.1
Raw Materials and Utilities 

2.1.1
Main Raw Materials

Liquid paints is a composite of a finely divided pigment dispersed in a liquid composed of a resin or binder and a volatile solvent. Therefore, paints are manufactured from three main constituents; pigments, binders, and solvents (thinners), in addition to many other additives to give the paints specific properties for specific purposes or applications.

The liquid portion of the paints is known as the vehicle. Vehicles are composed of nonvolatile and volatile parts:

· Nonvolatile;

· Solvent-based paints: oils and/ or resins plus driers and additives.

· Lacquers: celluloses, resins, plasticizers, and additives.

· Water-based paints: styrene-butadiene, polyvinyl acetate, acrylic, other polymers and emulsions, copolymers plus additives.

· Volatile

Ketones, esters, alcohol, aromatics, and aliphatics.

The pigment is one of the main and important constituent of the paint. In general, pigments should be opaque to ensure good covering power and chemically inert to secure stability, hence long life. Pigments should be nontoxic, or at least of very low toxicity, to both the painter and the inhabitants. Finally, pigments must be wet by the film-forming constituents and be of low cost. Different pigments possess different covering power per unit weight. Table (1) shows the different  paints constituents.

Table (1) Paints Constituents

	Constituent
	Function

	Main constituents
	

	Pigments are usually:

· An inorganic substance, such as titanium dioxide, chrome pigment, earths, lead pigments, zinc pigments.

· A pure, insoluble organic dye known as a toner.

· An organic dye precipitated on an inorganic carrier such as aluminum hydroxide, barium sulfate or clay. 


	The function of pigments and fillers is to provide simply a colored surface, pleasing for its aesthetic appeal. The solid particles in paint reflect light rays, and thus help to prolong the life of the paints, and protect metals from corrosion.

	Binders or vehicles. Those are resins or oils.
	Its function is binding the pigment to the substrate.



	Thinners and solvents; such as petroleum ether, toluene, xylene.
	It is the volatile part of the vehicle. Its function is to dissolve the binders, adjust the paint viscosity, and give homogeneous, regular, and uniform thickness on the coated surface.



	Fillers; such as clay, talc, gypsum, and calcium carbonate.
	Pigment extender, or fillers, reduce the paint cost  and control the rheorological properties (viscosity) of paints.




Table (1) Paints Constituents (continue)

	Constituent
	Function

	Other additives
	

	Driers, as cobalt, lead, zinc, zirconium, manganese, calcium, barium.
	To accelerate the drying of the paints.

	Anti-skinning agents
	It is added to the paints (unsaturated), to prevent the solidification of paints surface during storage.

	Anti-settling agents
	To improve the dispersion efficiency of the pigments into the vehicle, to prevent the settling of pigments during storage.

	Plasticizers; These materials are special types of oils, phthalate esters or chlorinated paraffins.
	To improve the elasticity of paint films, and to minimize the paint films tendency for cracking. 

	Dispersants, wetting agents, fire retarding, anti-floating, anti-foaming,…etc.
	To give the paint specific property for specific purpose or application.


Paint Formulations

Proper paint formulations depend upon raw materials selection and accurate calculation of the amounts of its constituents. Generally, paint is a blend, in which pigments and fillers are suspended in  a liquid. The paint formulations are related to their applications. Generally paints are used to hide the original surface, providing a certain color, resisting the weathering conditions, washability, gloss, and protecting surface from corrosion. The selection of pigments, fillers, and carrying liquids (vehicles) is necessary for a proper paint. In general, pigments should be opaque to ensure good covering power, and chemically inert to secure stability, and non toxicity. To predict some properties of paints such as ease of painting, gloss, washability for a certain formulation, the pigment volume concentration (PVC) in paint is used as indicator.
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Indicator values for pigment volume concentration in paints, is shown in table (2).

Table (2) Pigments Volume Concentration (PVC)
	Paints Type 
	Indicator Values

	Matt paints
	50-75%

	Semigloss paints
	35-45%

	Gloss paints
	25-35%

	Exterior household paints
	27-36%

	Metal primers
	25-40%

	Wood primers
	35-40%


2.1.2
Other Raw Materials

Chemicals; are consumed at the facility for different purposes:

· Chemicals used are organic solvents (ether, chloroform, ketones, esters, xylene, toluene, hexane, ethyl and methyl alcohol’s), acids (acetic, boric, oxalic, benzoic, hydrochloric, sulfuric), alkalis (sodium, potassium and ammonium hydroxides), potassium chloride, sodium sulfate, sodium thiosulphate potassium iodide. These chemicals are used in the production processes, and in the quality control laboratories for raw materials and products.

· Biocides and antifouling agents are used in the manufacture of the antifouling and wood preservatives paints, and they are also used in the manufacture of water-based paints to prolong their life time. 

· Water-alkali solutions, and solvents for equipment cleaning and washing, between batches.

· Detergents and antiseptics for floor cleaning.

Lube oil; is used in the garage and workshops. 

Packaging materials; different types of packaging materials are used (aluminum foil, metallic and plastic containers, tin sheets, and cartons). 

2.1.3
Utilities

Steam; is generated in boilers that use either Mazot (fuel oil), solar (gas oil) or natural gas as fuel.  Steam is used for providing heat requirements and in some large facilities for electric power generations. 

Water; is used as process water, as rinse water for equipment and floor, as boiler feed water, as cooling water and for domestic purposes.  Boiler feed water is pretreated in softeners to prevent scale formation. Water may be supplied from public water lines, wells or canals. The type of water supply will dictate the type of pretreatment. 

Note: Defining the inputs and outputs helps to predict the expected pollutants. 

2.1.4
Equipment Used in Paints Industry

1. Mixers

Mixers are used to achieve homogeneity between different components, specially in the production of varnishes or water-based paints. Mixers are used in the following operations:

· Mixing oils or resins.

· Mixing pigments and fillers with coating materials.

· Decreasing the viscosity of resins, and varnishes.

· Mixing additives with paints or varnishes.

· Adding solvents or diluting agents (thinner) to paints, to adjust the viscosity.

· Preparing emulsion (water-based) paints.

There are many types of mixers used in paint industry, they differ in their suitability for different applications. Choice of mixer type depends on the following:

· Viscosity: mixers types used in preparing pastes differ from those used in the production of low viscosity paints.

· Density difference between components: achieving the desired homogeneity depends on the type of impeller, blades design, mixing speed, and inclination of impeller axis with respect to mixing tank axis.

· Solid particle size: Some components, such as pigments agglomerates, have relatively large particle size compared to other components. Also volatility of solvents affects the design of mixers and the need for cooling.

The following are different types of mixers:

· Manual mixers.

· Automatic mixers.

· Kneaders.

· Colloid mills.

· Rotary churns.

· Mixing by air streams.

Figures (1-14) shows the types of impellers or mixers used in paints industry.

The mixers usually consists of mixing tank, usually vertical, and one or more impeller(s) driven by electrical motor, the mixing tank may also have vertical baffles. The impeller consists of a shaft assembled with one or more mixing blades propellers. Propellers can be divided into two main types, axial and radial flow propellers.

Figures (1-6) show axial flow propellers, the type shown in Figure (1) is considered the most common type in paints industry. The impeller in figure (4) is fixed in the wall of mixing tank with suitable inclination, it can be also fixed vertically at the axis of mixing tank using vertical baffles. Such impellers rotate at speeds between 1150-1750 rpm. The vertical type shown in Figure (5) usually rotate at speeds between 350-420 rpm via gearbox and it is used in preparing colloids. The inclined high-speed type is used for the preparation of emulsions. The type shown in Figure (6), which fixed in the side of mixing tank, is used in mixing solid particles free liquids.

Figures (7- 10) show radial flow propellers, which have blades parallel to propeller shaft axis. Turbine propellers in figures (7, 8) rotate the mixing tank contents in circular motion in both vertical and axial directions. The diameter of paddle propellers shown in Figure (9), reaches 60% of mixing tank diameter and rotates with relatively low speeds. 

Figures (11 and 12) show paddle stirrers, which are used in mixing high viscosity liquids or pastes, whereas Figure (13) shows anchor stirrers which are used for very high viscosity liquids or pastes. This type has a small clearance between the mixing propeller and mixing tank walls. Figure (14) shows the multiple vane stirrer, and figures (15 and 16) the motion of the inclined propellers.

Figures (17) shows kneaders used in the production of putties. The kneader consists of a separate tank which can be fixed in the mixer or transferred with its contents to the packing unit. This system helps in weighing the tank content before mixing and to clean the mixing vessel in the cleaning unit. In this system the mixers can be elevated vertically or laterally as shown in Figure (18).

Figure (19) shows a horizontal kneader consisting of a U-shaped vessel in which two mixers with special shape rotate in different directions with small clearance between them. There are other types of kneaders which can be heated by steam or cooled by water in order to control the viscosity of the mixture.

2. Mills

Paints industry uses different types of mills such as roller mills or ball mills, etc.. Figure (20) shows three-roller mills in which each roller rotates in the opposite direction of the others and with different speeds with ratio 1:3:9. The clearance between each two rollers must be controlled accurately to maintain the desired finesse of dyes. This type of mills leads to the desired homogeneity as the dye is dispersed into its particles. This type of mills is open and therefore cannot be used in grinding of paints which contain high volatility solvents as solvent emissions to the atmosphere could occur.

Another type of mills is the ball mills. This type consists of a cylinder rotating about its horizontal axis and containing the grinding balls which may be made of steel or pebbles. If steel balls are used the cylinder lining will be also made of steel and is used only with dark color paints. But if the balls are made of pebbles or ceramics the cylinder lining will be made of ceramic or silica and can be used with white or light color. The grinding efficiency and fineness of particle depend on the dimensions of the cylinder, speed of rotation, balls size and balls density. In some mills the length of the cylinder is equal to its diameter, but to maintain higher degree of fineness mills with a length larger than diameter are used. There are other types in which the grinding operation is made in steps inside the mill, as the cylinder is separated into sections with screens with suitable sizes separating the sections. The initial grinding is done in the first section and the final grinding is done in the final section. In some types of theses mills bars are used instead of balls in order to  obtain particles with slightly different sizes. This type of mills is suitable for dry grinding or grinding of colloidal particles.

The roller mill and ball mill are used in small factories. Presently, the most common used mills, in large modern factories, are sand mills (vertical or horizontal) and dyno mills.

The relations between the internal diameter of ball mills and the diameter of balls are shown in table (3).

Table (3) Relations between the internal diameter of ball mills and the ball diameter

	Internal diameter


	Ball diameter (cm) & their percentage



	30 – 60


	1.5 (70%), 2.5 (30%)

	90 – 120


	1.5 (30%), 2.5 - 4 (60%), 4 - 5 (10%)

	120 – 150


	2 – 2.5 (85%), 5 – 6.5 (15%)


3. Filters

During the manufacturing steps in paints or varnishes industry or during the oil heating process the liquids are contaminated by foreign matters that fall into them. Moreover the paint may contain particles that were not ground to the required size or some polymers that didn’t dissolve. Some surface hardness may also exist. For all the previous reasons, paints and varnished liquids must be purified by one of the following methods:

· Single cylinder mill: It can work as a screen as all large pigments particles and foreign particles will be separated in the mill hopper.

· Fine screens.

· Filter press.

· Centrifugal separator for varnishes purification.

· Settling for varnishes purification.

4. Packing machines

The packing may be manual, semi-automatic, or automatic according to the size of production. There is a number of packing machines differing in speed and packs handling.
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2.2
Production Lines

Table (4) presents the various production lines and service units that could be present in a facility.

	Note: Knowledge of the processes involved in each production line and service unit allows the prediction of pollution hazards and expected violations and helps determine possibilities for implementing cleaner technology. 


Table (4) Production lines and service units in paints industry

	Production Lines 
	Service Units

	Water-based paints 

Solvent-based (household) paints 

Solvent-based (industrial) paints

Printing inks production line

Varnishes production line

Resins production line


	Heating furnaces (Dow-therm oil heater) 

Cooling towers

Solvent recovery unit

Compressors

Boilers

Generators

Laboratories

Mechanical & electrical workshops

Garage

Storage facilities

Wastewater Treatment Plant

Restaurant and Housing complex 


Large plants use huge number of raw materials and chemicals, and produce a  multitude products for different applications. Paints industry is characterized by batch processing, which helps adjust the color and properties of paints.

The unit operations used for paints manufacture are shown in Figure (21). These unit operations are mainly physical (mixing, grinding, filtration and packaging).

Chemical conversions are involved in the manufacture of the constituents of paints as well as in the drying of the film on the substrate. These  constituents are either exported or purchased from another chemicals production plant, therefore, the chemical processes involved in the production of these constituents will not be addressed in this manual.

The manufacture procedures illustrated in Fig. (21) are for a mass-production of paints. The weighing, assembling, and mixing of the pigments and vehicles take place on the top floor. The mixer may be similar to a large dough kneader with sigma blades. The batch masses are conveyed to the next operation, where grinding and further mixing take place. A variety of grinding mills may be used. One of the oldest methods is grinding, or dispersion, between two buhrstones; however, ball-and-pebble mills and steel roller mills were the principal grinding mills used until recently. Sand mills, high-speed agitators, and high-speed stone mills are being used increasingly to grind paints and enamels.

The types of pigments and vehicles are dominant factors in the choice of the equipment used. The mixing and grinding of pigments in oil require skill and experience to secure a smooth product.

After mixing, the paint is transferred to the next operation, where it is thinned and tinted in agitated tanks, which may hold batches of several thousand liters. The liquid paint is strained into a transfer tank or directly into the hopper of the filling machine. Centrifuges, screens, or pressure filters are used to remove nondispersed pigments. The paint is poured into cans or drums, labeled, packed, and moved to storage, each step being completely automatic



2.2.1 Production of solvent-based (household/ industrial) Paints

The solvent-based paints differ according to their applications and therefore the raw materials and additives (adhesives, driers, heat resisting agents, …) used in their production. They include industrial and household paints. The industrial paints are used for industrial purposes such as motor vehicle, washing machine, and pipelines painting operations. The household paints are used to cover buildings and furniture. 

Figures (22, 23) present the main operations in the solvent-based household/ industrial paints production lines, the input to the units and the pollution sources.

	Mixing 


	Alkyd resins or vegetable oils (boiled linseed oil), fatty acids, pigments (titanium dioxide), fillers (talc, and calcium carbonate), and plasticizers are weighed, and fed automatically to the mechanical mixers.



	Grinding 
	After mixing, the mixture (batch) is transferred to the mills for further mixing, grinding, and homogenizing. The type of used mill is related to the type of pigments, vehicles, and  fillers.



	Intermediate storage
	In some plants, after grinding, the batch is transferred to an intermediate storage tank, because the batch may need further grinding to obtain the required degree of homogeneity.



	Thinning/ dilution
	The batch is then transferred from the intermediate storage tank to a mixer for thinning and dilution, where solvents, and other additives are added.

	Filtration and finishing
	After thinning, the batch is filtered in a filter, to remove nondispersed pigments and any entrained solids.  Metal salts are added to enhance drying (cobalt, lead, zirconium).



	Packaging and storage
	The paint is poured into cans or drums, labeled, packed, and moved to storage, each step being completely automatic.




Figure (22) Solvent-based (household) Paints Production Line
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*   Work place pollution parameters are VOCs, particulates, and noise. 

** Spills or leaks could occur through the whole process, and may contaminate the water if discharged to the sewer.

*** Chemicals empty containers are generated, and considered hazardous. Those hazardous solid waste should be safely disposed into a landfill. 

Figure (23) Solvent-based (Industrial) Paints Production Line
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*   Work place pollution parameters are VOCS, particulates, and noise. 

** Spills or leaks could occur through the whole process, and may contaminate the water if discharged to the sewer. 

*** Chemicals empty containers are generated, and considered hazardous. Those hazardous solid waste should be safely disposed into a landfill. 

2.2.2 Production of Water-based Paints

Figure (24) presents the main operations in the water-based production line, the input to the units and the pollution sources. The water-based paints manufacturing steps are similar to those of the solvent-based paints production, except that the raw materials are added to the mixture in different order, and water is used instead of  solvent as thinner.

	Mixing and thinning/ dilution


	Mixing in water-based occurs in two steps. In the first step (very high speed mixing) all inorganic materials dispersing agents, and wetting agents are mixed thoroughly. In the second one, polymer, glycol, freeze thaw agent, etc… are added and mixed at low speed.

The pigments, acrylic resins, and extenders most used are water-dispersible grades of titanium dioxide, zinc sulfide, lithophone, and regular grades of barium sulfate, mica, diatomaceous silica, clay, and magnesium silicate.



	Grinding 
	After mixing, the batch is transferred to the mills for further mixing, grinding, and homogenizing. The type of used mill is related to the type of pigments, vehicles, and  fillers.



	Mixing of additives
	The batch is then transferred to a mixer, where ammonia and dispersants are added to water, followed by pigments (premixed and ground in a mill).  plastisizers, anti-foaming agents, preservative solution (usually chlorinated phenols) and polyvinyl acetate to give the required characteristics. Other additives are needed for specific purposes.



	Intermediate storage
	In some plants, after that, the batch is transferred to an intermediate storage tank, because the batch may need further grinding to obtain the required degree of homogeneity.



	Filtration and finishing
	The batch is then filtered in a filter to remove nondispersed pigments and any entrained solids.



	Packaging and storage
	The paint is poured into cans or drums, labeled, packed, and moved to storage, each step being completely automatic.




Figure (24) Water-based Paints Production Line
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*   Work place pollution parameters are ammonia, particulates, and noise. 

** Spills or leaks could occur through the whole process, and may contaminate the water if discharged to the sewer. 

*** Chemicals empty containers are generated, and considered hazardous. Those hazardous solid waste should be safely disposed into a landfill. 

2.2.3 Production of Printing Inks 

Figure (25) presents the main operations in the printing inks production line, the input to the units and the pollution sources. The printing inks manufacturing steps are similar to those of the paints production.

Printing inks consist of a fine dispersion of pigments or dyes in a vehicle which may be a drying oil with or without natural or synthetic resins. Drying oils or petroleum oils and resins are used, although the newer synthetic resin systems are finding great favor because they are quick-drying and their working properties are excellent. There are three main types of printing inks; black inks, paste inks, and liquid inks. The paste inks are used in  manufacturing of pens, and the black inks in newspaper print, and the liquid inks for printing on metals, plastics, carton.

	Mixing 


	Binder (resins/ oils), pigments (in paste, and liquid inks) or carbon black (in black inks), and solvent or water are used according to the type of ink manufactured. These raw materials are fed automatically to the mechanical mixers.



	Grinding 
	After mixing, the batch is transferred to the mills for further mixing, grinding, and homogenizing. The type of used mill is related to the type of pigments, vehicles, and  fillers.



	Intermediate storage
	In some plants, after grinding, the batch is transferred to an intermediate storage tank, because the batch may need further grinding to obtain the required degree of fineness.



	Filtration and finishing
	After thinning, the batch is filtered in a filter (usually filter press) to remove nondispersed pigments and any entrained solids. Other additives are added to the batch for special purposes.



	Packaging and storage
	The paint is poured into cans or drums, labeled, packed, and moved to storage, each step being completely automatic.




Figure (25) Printing Inks Production Line
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*   Work place pollution parameters are VOCS, particulates, and noise. 

** Spills or leaks could occur through the whole process, and may contaminate the water if discharged to the sewer. 

*** Chemicals empty containers are generated, and considered hazardous. Those hazardous solid waste should be safely disposed into a special landfill. 

2.2.4 Production of Varnishes

Figure (26) presents the main operations in the varnishes production line, the input to the units and the pollution sources. A varnish is an unpigmented  colloidal dispersion or solution of synthetic and/or natural resins in oils or urethenated oils dissolved in true solvents. These are used as protective or decorative coating for various surfaces specially wood. 

	Mixing


	Only one production step occurs, in which the binders (natural resin + oil, nitro cellulose + short alkyd resin, urethenated oil, synthetic resins,…etc.) are thoroughly mixed with true solvents. After thorough mixing, the required additives are added. These raw materials are fed automatically to a mixing container.



	Filtration and finishing
	After mixing has been finished, the batch is filtered in a filter, to remove any entrained solids.



	Packaging and storage
	The varnish is poured into cans or drums, labeled, packed, and moved to storage, each step being completely automatic.




Figure (26) Varnishes Production Line
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*   Work place pollution parameters are VOCS, and particulate. 

** Spills or leaks could occur through the whole process, and may contaminate the water if discharged to the sewer. 

*** Chemicals empty containers are generated, and considered hazardous. Those hazardous solid waste should be safely disposed into a landfill. 

2.2.5 Production of Alkyd Resins

Figure (27) presents the main operations in the resins production line, the input to the units and the pollution sources. 

	Reaction


	Any resin that is a polymer of an ester type monomer is a polyester resin. In this broad sense alkyds are polyesters, however, general usage restricts the term alkyd to polyesters that are modified with a triglyceride oil or the acids of such an oil.

Generally alkyd resin means the reaction product of a polybasic acid, a polyhydric alcohol, and a monobasic fatty acid or oil. Alkyds differ according to the type  of oil which depends on whethere it is oxidized or nonoxidized, and on the length of the chain short, medium, or long. The reaction basic to all polyester resins, including alkyds, is a condensation reaction of carboxyl groups with hydroxyl groups, splitting out water and forming an ester.

In this process raw oils (linseed, soybean, safflower, sunflower, dehydrated castor), glycerol ( or penta erythretol), phthalic anhydride (or maleic anhydride), and solvents  are fed to a catalytic reactor using heavy metal oxides (lead oxides) as catalyst. The acids typified by phthalic anhydride, contain two carboxylic acid groups, this gives them a reactive capacity or potential functionality of two glycerols.

The reaction conditions (temperature and pressure) depend on the specifications of the final product as short, medium, or long alkyd resin. Since the reaction is reversible, its completion requires removal of water. The addition of solvents (e.g. xylene) facilitates the removal of water  by forming an azytropic vapors mixture.

 

	Xylene Recovery (Xylene/ water Separation)
	Xylene recovery can be performed by one of the following operations:

Condenser/ decanter, where the xylene/ water vapors are first cooled in a condenser and the resulting liquid allowed to separate in a decanter into a water rich layer and a xylene rich layer. The latter is recycled to the reactor.

Gas/ liquid separator, where the water/ xylene vapors mixture is introduced to a gas-liquid separator, which is fed with make-up xylene. Cooling to the dew point of the vapors allows the separation of the xylene rich vapor from the water solution. The Xylene rich vapor is recycled to the reactor, and the contaminated water is discharged to the internal sewer system of the plant.



	Cooling
	The produced resin is cooled to about 200oC, by cooling water circuit.

	Dilution
	The batch is transferred to tanks, where it is diluted with suitable solvent. 



	Filtration 
	After dilution, the batch is filtered in a filter (usually plate and frame filter press), to remove any entrained solids.



	Properties adjustment
	After filtration, additives are added to adjust the properties of the resin.



	Packaging and storage
	The produced resin is then stored in barrels (for sale) or in tanks to be used in the solvent-based paints manufacturing.


Figure (27) Alkyd Resins Production Line
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*   Work place pollution parameters are VOCS, and particulates. 

** Spills or leaks could occur through the whole process, and may contaminate the water if discharged to the sewer.

*** Chemicals empty containers are generated, and considered hazardous. Those hazardous solid waste should be safely disposed into a landfill. 
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Fig. (21)  Flowchart of Paints Manufacturing Steps
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