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Oil, Soap and Detergents Industry- Inspection manual 
    

1. Introduction

The Egyptian Pollution Abatement Project (EPAP) sponsored by FINIDA has assigned Finish and Egyptian consultants for the task of developing sector-specific inspection and monitoring guidelines.

 A General Inspection Manual, GIM, has been developed covering inspection aspects common to all sectors. The manual:

· Discusses the strategy, objectives and tasks of the inspectorate management

· Identifies the team leader responsibilities and tasks

· Presents a methodology for performing all types of inspection. Tasks during the various phases of planning, performing field inspection, report preparation and follow-up are discussed. Several checklists are included

Sector specific inspection manuals have been developed for the following industries 

· Textile industry

· Pulp and paper industry

· Food industry

· Grain milling industry

· Dairy industry 

· Carbonated beverages industry

· Confectionery industry

· Fruits and vegetables industry

· Metallurgical industry

· Fabricated metal industry

· Motor vehicle assembly

The developed manuals were tested through a number of training programs that targeted RBOs and EMUs. The inspectors involved in the training used these manuals to inspect a number of industrial facilities. Feedback from the concerned parties led to the improvement of these manuals and their continuous update. 

1.1 Preface

As a continuation of the previous effort, the following manuals are developed

 Paint industry

 Oil & soap and detergents industries

 Cement and ceramic industry

 Fertilizer industry

1.1.1 Project objectives

The project aims at the development of sector-specific guidelines for inspection to be used by inspectors. These manuals are meant to be simplified but without abstention of any information necessary to the targeted users. Flowcharts, tables and highlighted notes are used for easy representation of information. 

1.1.2 Organization of the inspection manual 

The inspection manual for the oil & soap industry includes ten chapters. The first chapter represents an introduction to the whole project and to the specific sub-sector of the industry. Chapters two to five deal with the oil & soap industry and its environmental impacts. 

The description of the industry in chapter 2 includes the inputs and outputs, a description of the different production lines with their specific inputs and outputs, a brief description of the service and auxiliary units that could be present at the industrial establishment with their potential sources of pollution and the various emissions, effluents and solid wastes generated from the different processes.

Chapter three describes the environmental and health impacts of the various pollutants whereas chapter four gives a summary of the articles in the Egyptian environmental laws relevant to the oil & soap industry. Chapter five gives examples of pollution abatement techniques and measures applicable to the oil & soap industry.

The inspection procedures are described in chapters 6 to 10 starting with a brief description of the inspection process in chapter 6 then the planning aspects that should be considered at the inspectorate level are explained in chapter 7. The different tasks at the inspectors level specific to the oil & soap industry will be described in chapters 8 to 10. The tasks before field inspection are presented in chapter 8 whereas the inspection tasks for actually performing the field visit are defined in chapter 9. Chapter 10 is concerned with the conclusion of the field visit including inspection report writing, supporting the enforcement case and following-up the compliance status of the facility.

1.2   Introduction to Oil & Soap Industry

The oil and soap industry is considered one of the oldest and most important industries in Egypt. Its importance emerges from the fact that its major product is an essential ingedient of a balanced human diet “edible vegetable oil”. Vegetable oils are almost free of cholestrol and are rich in the unsaturated fatty acids and are thus more suitable for human consumption. Vegetable oils are usually produced from oil seeds such as cottonseed, sunflower and soybean or from the fruit itself such as palm and olive oils. In egypt vegetable oil production depends on their extraction from a variety of oilseeds such as cottonseed, soybean and sunflower. With the exception of soybean, other oil seeds processed in egypt depend totally on local seed production. Local production of oilseeds covers about only 20% of the consumption needs of edible oil. Therefore, Egypt imports crude or semi refined oils to cover the 80% remaining of its needs. 

Beside edible oil which is the main and most important product of this industry other side products may be also made, such as soap, glycerine, distilled fatty acids, detergents, animal fodder and cosmetics.

Edible oil and soap production in Egypt is made via the public and private sectors. In the public sector there are eight companies, each of which has several factories located in Delta and/or Upper Egypt. It is not necessary that each factory has all the manufacturing plants for processing oilseeds, crude oil and side products.

Beside the public sector, private companies for oil processing are now taking a considerable part in this industry.

2. Description of the industry

Oil, soap and detergents industry is characterized by production of many products, oils, soaps, free fatty acids, animal fodders, glycerol and synthetic detergents. Egyptian plants can have one or more of the production lines or all of them.

2.1 Raw materials and utilities

The main raw materials used in oil and soap industry are seeds, such as cottonseeds, soybean, sunflower, or fruits as olives and palm. Also palm stearin, palm oil, animal fats, calcium silicate are used for soap production.

The chemicals used are caustic soda (NaOH), sodium silicate, sulfuric acid, hexane, fuller earth (bleaching agent), perfumes, coloring materials, coagulating agent (alum), molasses or vinasse for animal fodder, citric acid, anti oxidant and phosphoric acid, and sodium chloride.

In synthetic detergents manufacturing the following chemicals are used: Long chain paraffins (C10 – C18) such as kerosene or linear alkyl benzene, sulfuric acid (commercial or oleum), caustic soda, sodium tri polyphosphate, fatty alcohols, sulfated fatty alcohols, sulfated acids and esters, alkyl aryl compounds, aliphatic poly hydric alcohol esters, fatty acids amides, chlorine gas, catalysts such as iodine or aluminum chloride. Sodium silicate, sodium carboxy cellulose, fluorescent, dyes, enzymes are used as additives.

Lube oil is used in the garage and workshops.

Polyethylene and polyethylene terephthalate (PET) plastic containers, glass bottles or cartoon are used for oil packaging. For soap packaging, sheets of paper polypropylene, polystyrene and polyethylene are used. Sacs for animal fodder packaging.

Steam is generated by boilers that use mazot, gas oil or natural gas as fuel. Steam is used for heating, stripping, or as primary fluid for jet-ejectors that provide vacuum requirements.

Water is used as process water for fat splitting, wash water for product and equipment and as cooling water. Also soft and deionized water is required for steam generation. The method used for water treatment will help to predict the expected pollutants, resulting form treatment.

Knowing the type of raw materials, chemicals used as well as products, allows the prediction of pollution hazards and expected pollutants.

2.2 
Production lines


Table 2.1 presents the various production lines and service units that could be present.

	Table 2.1 production lines and service units in oil and soap processing

	Production lines
	Service units

	· Oil extraction.

· Oil refining.

· Soap manufacturing.

· Oil hydrogenation.

· Shortening.

· Fatty acids production.

· Glycerol recovery unit.

· Animal fodder production.

· Anionic surfactants (Alkyl Aryl Benzene Sulfonate).

· Sulfated fatty alcohols (Anionic)

· Sodium silicate (Additive).

· SO3 or sulfuric acid manufacture.
	· Boilers

· Heat exchangers

· Cooling towers

· Mechanical and electrical workshops

· Pump station

· Jet ejectors

· Laboratory

· Garage

· Wastewater treatment plant

· Storage facilities

· Restaurant and housing complex

· Furnace to heat drying air


2.2.1 Oil extraction line

The plant contains two main units, seed preparation and solvent extraction unit and oil refining unit, which include neutralization, bleaching and deodorization. Fig 2.1 presents the main operations in this unit, the inputs, outputs of the unit and the pollution sources

	a. Seed preparation


	The seeds processed in Egypt are cottonseeds. soybean and sunflower. The seeds are received from storage area, which should be provided with suitable shelters to protect the seed against deteriorative changes by action of rainfall in winter or sunlight during summer.



	b. Seed cleaning
	The seeds are cleaned mechanically using a set of screens and electromagnetic separators to remove foreign particles and dust. This unit operation results in air pollution by dust particles and generates solid wastes as metallic and non-metallic particles in addition to seed sacs.



	c. Seeds delintring
	In case of cottonseeds, the seeds delintering results in cotton linters as solid waste stream and air pollution with dust and linters.




	d. Seed dehulling
	The hulls of oil-bearing seeds are low in oil content. If they are not removed they reduce the total yield of oil at extraction by absorbing oil in the press cake. Waste hulls are produces from this unit and must be separated and discarded.



	e. Seed crushing and rolling
	Clean seeds are transported by conveyors to the crushers that reduce the seeds to a reasonable size. Rolling causes partial rupturing of the cells and increases the surface area thus facilitating the extraction of the oil.

This unit operation gives rise to solid waste materials, noise and air pollution with dust.



	f. Seed cooking
	Cooking of the crushed ground seeds is done by steam to rupture the oil cells, to increase the fluidity of the oil and to kill bacteria.



	g. Seed pressing
	Pressing is then performed to produce flakes with a larger surface area resulting in more efficient oil extraction.



	h. Oil extraction
	Extraction of vegetable oils can be done by one of the three ways:

a) Mechanical pressing (hydraulic or screw press)

b) Solvent extraction.

c) Prepress solvent extraction, in which the oil in first extracted by mechanical pressing and then by solvent extraction.

Hexane is commonly used as a solvent as it also extracts seed pigment. This may result in the production of off colored crude oil. Solvent vapors cause air pollution.



	i. Filtration
	Solvent extraction of the prepressed seeds produces a mixture composed of the meal and the oil-rich solution. Filtration is performed to separate the extract (oil/solvent) from the meal (seeds contaminated with oil and solvent).



	j. Drying
	After filtration, direct or indirect steam is used for drying to remove traces of hexane (solvent) from meal, which can be further processed as animal fodder.




	k. Distillation
	The solvent is recovered by vacuum distillation as a top product and recycled to the extraction unit. The bottom product is unrefined oil contaminated with traces of solvent. The solvent content should be minimized as it is a major source of hexane emissions to air in the subsequent operations.

Hexane minimization is dependent on the separation efficiency of the tower, which is influenced by the cooling effect of the condenser. The condenser usually uses water cooled by cooling towers. The inlet water temperature to the condenser is thus a major parameter that affects the solvent content in the unrefined oil


	Fig (2.1) Seed Preparation and Oil Extraction
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2.2.2   Oil refining

a. Neutralization

Fig 2.2 presents the main processing steps in this unit, inputs, outputs and the pollution sources.

The main operations are:

	Crude oil degumming
	Gum and waxes may consistute a part of the crude oil impurities and therefore depend on the type of oilseed used. Soybean oil is richer in gummy substances than cottonseed oil, while sunflower oil is rich in waxes. Thus with soybean oil a step for crude oil degumming prior to refining is essential, specially when the oil will be physically deodorized only.

0.1% phosphoric acid is used to remove gums from crude oil.

The produced gum could be a useful by-product from which lecithin, a natural emulsifier, can be obtained. 



	Oil dewaxing
	The waxes are solidified by lowering the temperature and filtering off the oil. The solid wax produced is disposed as solid waste.



	Neutralization
	Crude oil usually contains undesirable constituents, which should be removed to make the oil product suitable for edible use. These include free fatty acids, coloring matters and odoriferous substances.

The free fatty acids are removed from crude oil using caustic soda solution then separation of oil from soap. The soap formed by the action of sodium hydroxide on the free fatty acid will settle down with gummy and coloring substances forming a dark brown semi solid known as mucilage. The mucilage is processed into soap stock by addition of caustic soda after concentration by indirect steam. The residual water is heavily polluted.

The refined oil is washed with dilute solution of citric acid to break the soap emulsion then with hot water, after that it is separated from soap water (mucilage) by centrifuge then dried under vacuum at 90o-100oC before bleaching.

 Removal of water traces prior to bleaching is essential to avoid the deactivation of the fuller earth.


	Fig (2.2) Oil Neutralization
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b. Bleaching

Fig 2.3 presents the main processing steps in this unit

	Bleaching
	Bleaching of oil by adsorption involves the removal of pigments and colored materials such as carotene, semi like carotene, sterols and tocepherol, which are dissolved in the form of colloidal dispersed particles. Adsorbents usually employed are bentonitic clays such as fuller’s earth and Tonsil clays.

The bleaching earth is usually added to the bleaching kettle in the desired amount (1-2% oil by weight), at a temperature of about 82-90oC under vacuum.



	Filtration
	The oil is passed to Ama filter to separate oil from the bleaching agent. The cake of the spent earth in the filter is blown with air and steam to recover as much as possible of the entrained oil.

The spent earth contains about 30-35% of its weight, entrained oil. The spent earth is a solid waste, which is transported and dumped in a public dump.



	Winterization
	This process is used for oils with high stearine content such as cottonseed and olive oil, which contain up to 18% stearine. It involves partial settling and crystallization of stearine at 5-9oC in special tanks for a period of about 3 days.



	Stearine filtration
	Stearine is filtered at –3oC and separated by scrapping the press cloth and melting the stearine with steam. The produced stearine is sent to the shortening unit.




	Fig (2.3) Oil Bleaching
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c. Deodorization 

Fig 2.4 presents the main operations in this unit

The bleached oil is treated by superheated steam at 250oC under a very low pressure of 6-12 mmHg absolute to remove all substances which cause undesirable flavor or odor and which are mainly free fatty acids. All the volatile matters with the steam are condensed in a barometric condenser. The refined bleached and deodorized (RBD) oil is cooled and filled in plastic bottles.

The barometric condensate contains volatile substances and free fatty acids and is considered as a great source of pollution.

Also emission of heat and steam into air may exist.

2.2.3
Soap stock production Unit

Mucilage resulting from the neutralization process, is concentrated by heating with indirect steam. The latter is treated with sodium hydroxide to produce soap stock.

Soap stock splitting

The dilute soap water is concentrated by heating using indirect steam. Sodium chloride is used to recover oil from the concentrated soap water, and the recovered oil is recycled back. The residual emulsion is fed to the splitting unit, where sulfuric acid is added to liberate the fatty acids, according to the following equation:

Soap + H2SO4 

fatty acid + Na2SO4
2 RCOONa + H2SO4 

2 RCOOH + Na2SO4
the produced fatty acid is transferred to the soap factory and the residual is heavily polluted wastewater and is discharged to the drain.

	Fig (2.4) Deodorization
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	Fig (2.5) soap stock unit
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2.2.4 Laundry and toilet soap unit

Production of an ordinary fully boiled or settled soap takes place in a steel kettle with slightly conical bottom. The following operations takes place:

	a. Sapopnification


	A solution of caustic soda (15%) is run and the melted fat and grease or oils are then pumped in. The amount of caustic soda is just enough to combine with all the fatty acids liberated. 

A direct steam jet entering at the base of the kettle provides both heat and agitation. The kettle is kept boiling until saponification is complete. 



	b. Soap separation
	NaCl salt is then added to separate the soap from the upper layer. The salt used is mainly rock slat that is recovered and reused. 



	c. Neutralization
	Sodium hydroxide is not added at once. As the reaction proceeds more concentrated sodium hydroxide solution is used and after each addition the lower layer composed of glycerin and slat is withdrawn from the kettle and fed to the glycerin recovery unit.



	d. Graining and settling
	As saponification proceeds soap concentration increases and soap graining begins in the kettle with the separation of the lower layer of lye, which is withdrawn from the kettle (run off). 

Salt is then added and the soap layer boiled with water, then allowed to settle.


Figure (2.6) illustrates the manufacturing steps of this unit.

                                      C17H35COOCH2
     3NaOH + C17H35COOCH 

Glycerin + 3 C17H35COONa

                                      C17H35COOCH2

                        Glyceride stearate (fat)                 sodium stearate (soap)

Flaked soap unit

Mucilage, obtained from oil neutralization, is fed to a bleaching tank. Caustic soda (NaOH) is used for saponification.

Sodium hypochloride is added until the dark brown color of soap stock changes to relatively white color. The bleached soap stock is left for 24-28 hours in air for cooling then cut into blocks.

The blocks are fed to roller where small amount adhere to the surface and are scratched to give flakes. The flakes are packed in plastic bags.

In soap making process the sources of pollution could be acid vapors to air, wastewater, spent lye containing soaps, glycerin, salt and free alkali. Wax or gum may also exist. Inefficient separation of soap from the spent lye can cause excessive amounts of foams, which overflow on the floor.

Also soap dust in the processing area of laundry and toilet soap represents losses and is thrown on the floor, which contributes greatly to the pollution load after floor washing, even though this losses may be collected then packed manually in sacs for reuse.

Fig (2.7) illustrate powder soap unit.

	Fig (2.6) laundry soap
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	Fig (2.7) Flaked soap unit
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2.2.5 Oil hydrogenation

The production of vegetable shortening by oil hydrogenation has been remarkably reduced in recent years. Palm oil is now used as a substitute. However, the hydrogenation units still produce saturated fatty acids (stearine) from distilled fatty acids obtained by acidulation of soap stock. Stearine has several uses in food and chemical industries.

In the oil hydrogenation unit, the refined oil is fed to the reactor, heated and evacuated to drive off air and water. Nickel catalyst oil suspension is fed to the unit. Hydrogenation takes place at 180-200oC under vacuum. The hydrogenation oil-catalyst mixture is cooled, filtered and the exhaust catalyst is separated. The hydrogenated oil is refined by bleaching and deodorization. This treatment is done to remove nickel catalyst traces, and to remove the odor produced from hydrogen treatment. The refined hydrogenated oil is then packed.

Spent nickel catalyst, usually contains up to 50% shortening, causes a solid waste pollution problem. Also hydrogen gas in air with its high dangerous explosion range can be a source of fire hazard.

Wash water from filter back washing may contain nickel catalyst. The spent active clay used in bleaching operation and the low boilers (aldehydes, ketones) evaporating from the deodorization unit are also sources of pollution.

Fig (2.8) presents oil hydrogenation unit.

	Fig (2.8) Oil hydrogenation
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2.2.6 Shortening unit

The materials used are imported palm oil, palm oil stearine and local stearine. Although the imported raw materials is refined, bleached, deodorized (R.B.D.) grade, repeated indirect heating and direct steam heating during discharging in the port of Alexandria to the storage tanks, from storage tanks to transporting trucks, and from the latter to the factory storage tanks, causes a free fatty acid formation and contamination with water.

Therefore the palm oil needs refining, bleaching and deodorization before shortening. The technique is quite similar to that for oil. The required quantities of caustic soda and fuller earth are less than that required for oil refining. Before deodorization the three materials, palm oil (70%), palm stearine (25%) and local stearine (5%) are mixed. After deodorization the mixture is transferred to storage tanks, then packed into cans and barrels.

The soap water is treated with sodium chloride to extract oil which is recycled back. The residual emulsion is subjected to a splitting using sulfuric acid. The splitting process generates free fatty acids. 

The expected pollutants from this unit are deodorization distillate, which contains odoriferous volatile substances and free acids. Spent bleaching agent, consumed filter cloth, and oil and soap contaminated water are also generated as wastes.

Fig (2.9) illustrates the shortening unit.

	Fig (2.9) Shortening
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	Fig (2.9) Shortening (cont)
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2.2.7 Fatty acids production (Splitting unit)

Fatty acids are mainly consumed in the manufacture of detergents and soaps. Fatty acids, saturated (e.g. stearic acid) and unsaturated (e.g. oleic) have long been employed in many other industries such as cosmetics, water proofing, textiles…etc.

Fig (2.10) illustrates hydrolysis process, which mostly used in the soap industry. The reaction is catalyzed by zinc oxide.

Fatty acids are drawn off from the distillate receiver for sale.

CH2COOR                                         CH2OH

CHCOOR + H2O 
   3 RCOOH+ CHOH

CH2COOR                                         CH2OH

The purification of fatty acids by separating fatty acids of different chain lengths is performed by vacuum distillation. Preheated crude fatty acid is charged to the top of a stripping section of the distillation tower. While it is flowing downward, the air, moisture and low boiling fatty acids are swept out of the top. The top vapors are condensed and part is recycled back to the top of the tower as reflux and the rest withdrawn as non-condensable and overheads. The main cut of low-boiling acids is withdrawn as a liquid side stream near the top.

The side stream withdrawn near the bottom of the tower consists mainly of high-boiling acids. It s heated in a reboiler then introduced to a flash tower where the overhead distillate is withdrawn from the top and condensed. This represents the second fatty acid fraction. The bottoms from the flash tower are returned near the bottom of the distillation tower, reworked and removed as pitch.

	Fig (2.10) Fat Splitting
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2.2.8 
Glycerin recovery unit

Glycerin is an important by-product of the alkali saponification of fats in soap making. The spent lye from soap making contains in addition to about 5-15% glycerin, a considerable and variable quantity of salt, a small amount of free caustic soda, traces of dissolved soap, and certain organic impurities derived from the fat.

The first step in glycerin recovery is the treatment of the lye with addition of hydrochloric or sulfuric acid to neutralize any caustic soda remaining in glycerin. Aluminum sulfate is then added to precipitate any dissolved soap in the form of insoluble aluminum slats and reacts with the excess caustic soda to form a flocculent precipitate of aluminum hydroxide, which has a high adsorptive capacity for aluminous material or other organic impurities. After treatment is completed the clarified lye is filtered. The treated lye is evaporated to separate the bulk of the salt and to concentrate the solution to give 80% crude glycerin. Double effect evaporator is used to concentrate the glycerin. The salt settles at the bottom of the second evaporator and is withdrawn to salt storage drums. The recovered salt is washed, dried and reused. The glycerin consists of is crude glycerin 80%, produced small amounts of salt and various other impurities both organic and inorganic.

Purification and further concentration of the latter product is done to yield commercial grade of glycerin by fractional vacuum distillation with the aid of super heated steam and bleaching the distilled product with active carbon. Also glycerin can be purified by an ion-exchange method.

Fig (2.11) illustrates the glycerin recovery unit.

As shown in figure the expected pollutants are aluminum soap, aluminum sulfate, and organic impurities from fat, water with some soap also results. A polymeric residue may be formed in the glycerin distillation unit due to overheating.

	Fig (2.11) Glycerin recovery
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2.2.9
Animal fodder production

The seed meal obtained after oil extraction (contain 1.5% oil) is cooled by air to remove solvents. The cooled seed meal is then mixed with different additives such as bran, rice hulls and molasses. Steam is used to obtain certain humidity, and then the mixture is pressed in the form of pellets and cooled by air. The animal fodder is finally packed into sacs for marketing.

Fig (2.12) presents this unit. In this unit emission to air could be great source of pollution such as particulate during the mixing ingredients, odor from fermentation of organic materials, particulate during corn crushing and vapors of residual hexane. Also solid waste from mixer, crusher and packing unit.

	Fig (2.12) Animal fodder plant
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2.2.10 
Anionic surfactants (Alkyl Aryl Benzene Sodium Sulfonates) AABSS

This compound is prepared in four-steps process using cheap petroleum raw materials

Chlorination

Kerosene (paraffin, from C10-C18) + Cl2
      CH3-CH2-…..​-CH2Cl + HCl

                                                                Alkyl chloride

Alkylation

C6H6 + CH3-CH2- …..-CH2Cl 

(C6H5)CnH2n+1 + HCl

  Benzene                                                                 Alkyl benzene

Sulfonation 

(C6H5)CnH2n+1 + H2SO4 

CnH2n+1(C6H5)SO3H

                                                                 Alkyl Aryl Benzene Sulfonic (AABS)

Neutralization 

CnH2n+1(C6H5)SO3H + NaOH 

CnH2n+1(C6H5)SO3Na

                                                          Alkyl Aryl Benzene Sodium Sulfonate

Kerosene feed stock may be fractionated by a molecular sieve process in vapor phase. Molecular sieve adsorbents are synthetic zeolites of controlled pore size such that normal paraffins are adsorbed internally, but iso-paraffins and cyclic hydrocarbons are not adsorbed. This is required to obtain linear alkyl benzene for biologically degradable detergents (soft detergents). According to equation (1) kerosene is chlorinated by chlorine gas into linear alkyl compound. Alkylation of benzene with the formed alkyl chloride in presence of aluminum chloride catalyst leads to the formation of linear alkyl benzene.

Chlorination and alkylation occur in agitated reactors fitted with cooling system and external reflux condensers to cool the liberated hydrogen chloride gas and reflux the entrained organic mist back to the reactor. The evolved hydrogen chloride and chlorine gases must pass through series of scrubbers to recover such gases.

The third reaction (sulfonation) takes place using H2SO4 98%, SO3 or oleum. In case of using sulfuric acid, excess acid is used to complete the reaction with heating by steam jacket to 80oC. sulfonic acid produced from the third equation is then diluted with water to precipitate the sulfonic acid from reaction mixture and separated.

Finally, step (4) is a neutralization process using sodium hydroxide to obtain the sodium salt AABSS. The latter is dried by spray drier to have fine granules or by drum dryer to obtain flakes.

Some plants cancel step (1) and (2) and start from alkyl benzene produced in petroleum refinery.

Regulators

Generally synthetic detergents regulation is necessary for surfactants to do an efficient job of cleaning in a washing machine. This is often achieved by combining different types such as anionics with non-anionics or soaps as foam inhibitors.

Builders

Also builders boost the detergents power. Complex phosphates such as sodium tripoly phosphate, have been used most extensively [30-50%]. These are water softeners prevent redeposition of soil from the wash water on fibers. During 1960s the growth of algae causes eutrophication in lakes become linked to the presence of phosphates in detergents and a substitute has to be found.

Additives

Some additives (up to 3%) are used to add certain properties to the detergents such as sodium silicate, which acts as corrosion inhibitor to protect metal and washer parts. Carboxy methyl cellulose has been used as an antiredeposition agent. Tarnish inhibitors carry on the work of corrosion inhibitor and extend protection to metals such as German silver. Fabric brighteners are fluorescent dyes. Enzymes are also added to reduce the stain, particularly those of a protein nature.

Fig(2.13) presents the detergents manufacturing process, raw materials, products and expected pollutants.

	Figure (2.13) Detergents
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	Fig (2.13) Detergents (cont.)
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2.2.11 
Sulfated fatty alcohols (anionic)

This compound is prepared by sulfation of fatty alcohols, which are produced from hydrogenation of fatty acids. Oleum or an excess of 98% sulfuric acid is added to the purified fatty alcohols to form acid sulfate according to the following equation:

R.CH2OH + H2SO4 

R.CH2OSO3H + H2O

Then the acid is converted to sodium salt using caustic soda:

R.CH2OSO3H + NaOH 

R.CH2OSO3Na

                                                           Sodium salt of sulfated fatty alcohols

Any excess acid is neutralized and the sodium sulfate is usually left with the entire mixture and dried.

AABSS may be combined with sulfated fatty alcohol to produce a mixture of detergents as shown in the following figure (2.14).

Also side reactions of alcohols sulfonation may produce SO2 gas.

	Fig (2.14) Sulfated fatty alcohols
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2.2.12 
Liquid soap or detergent

Liquid soap such as shampoos and dish liquid soaps are usually made by diluting semi boiled potash soaps of coconut and olive oil soap or by mixing synthetic detergents and other ingredients with water.

Figure (2.15) illustrates liquid soap production and materials used.

The main constituents are the non-ionic surfactants (is used for degreasing the articles), anionic surfactants, alkalis (NaOH or KOH), acids, solid scrap from soap or detergent plant, preservative such as formaldehyde, hydrotropic agents such as urea, colors ,perfumes and any other additive such as glycerin are also added to a mixer where a uniform admixture is formed, then stored and packed into plastic bottles.

	Fig (2.15) Liquid soap or detergent
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2.2.13  Sodium silicate

Some detergent plants manufacture sodium silicate, which is used as an additive for soap and detergents. Sodium silicate is produced in the form of solution by mixing water, caustic soda and sand in a mixer, heated with water.

The reaction between caustic soda and sand occurs in a steam heated reactor where sodium silicate is produced. A filter press is used to separate the sodium silicate solution from the suspended matter and unreacted sand particles. The sodium silicate solution is stored in a heated tank for use.

Figure (2.16) presents steps of sodium silicate production, raw materials and pollutants.

	Fig (2.16) Sodium silicate production
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2.2.14 Sulfuric acid production

The process used is the contact process. Fig (2.17) presents the raw materials, products and expected pollution source. Elemental sulfur is usually used as raw material and is oxidized to sulfur dioxide. The sulfur dioxide is then oxidized to sulfur trioxide using vanadium pentoxide catalyst. The chemical reactions taking place can be expressed by the following equations:

S + O2                       →         SO2

SO2 +  ½  O2 

    SO3
SO3 + H2O 
  →          H2SO4
Sulfur is first melted using steam. The liquid sulfur is burned in a sulfur burner using filtered dry air. The air has been dried using concentrated sulfuric acid. The result of burning is a gas containing 8-11% SO2 and 8-13% oxygen, which is cooled in a waste-heat boiler to about 420º C. the specific inlet temperature of the gas entering the converter is dependent upon the quantity and quality of the catalyst and the composition and flow rate of the sulfur dioxide gas, but it is usually in excess of 426ºC. The converter contains layers of catalyst, usually vanadium pentoxide, placed in horizontal trays or beds arranged so that the gas containing SO2 and an excess of oxygen passes through two, three, or four stages of catalyst. As the gas passes through the converter, approximately 95 to 98% of SO2 is converted to sulfur trioxide, with the evolution of considerable heat. Maximum conversion cannot be obtained if the temperature in any stage becomes too high. Therefore, gas coolers are employed between converter stages. The concentration of sulfur trioxide leaving the converter at 426 - 454ºC is approximately the same as that of the entering sulfur dioxide. 

The converter gas is cooled to 232 to 260º C in an economizer or tubular heat exchanger. The cooled gas enters the absorption tower where the sulfur trioxide is absorbed with high efficiency in circulating stream of 98 to 99 % sulfuric acid. The sulfur trioxide combines with the excess water in the acid to form more concentrated sulfuric acid. To reduce the emission of sulfur trioxide in the exit gases, a second absorption stage is added where exit gases from the absorption tower are introduced into a second absorption tower. The gases leaving the absorbing tower may pass through a heat exchanger, in which they are reheated to about 426º C before reentering the converter. They are then passed through the catalyst, cooled, and flow through the absorption towers and then to the atmosphere. A great source of pollution in this process is due to the emission of SO2, SO3 gas with acid mist from the absorption tower and leaks from heat exchangers. 

Fig (6) Process Flow Diagram for Sulfuric Acid Manufacturing
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2.3 Service Units, Description and Possible Pollutant Sources 

2.3.1
Boilers 

In oil and soap industry boilers are necessary for steam generation. Steam is used for heating, stripping, or as primary fluid in jet ejectors. Fuel is burned in boilers to convert water to high-pressure steam. The gaseous emissions, due to boilers burning fuel oil (Mazot) or diesel oil (solar), contain primarily particulates (including heavy metals if they are present in significant concentrations in the fuel), sulfur and nitrogen oxides (SOx and NOx) and volatile organic compounds (VOCs). The concentration of these pollutants in the exhaust gases depends on firing configuration (nozzle design, chimney height), operating practices and fuel composition. 

Wastewater is generated due to the blowdown from boilers to keep the concentration of dissolved salts at a level that prevents salt precipitation and consequently scale formation. The blowdown will be high in (TDS). 

Also significant amounts of water are used for cooling, which pollutes the discharged wastewater. The amount of wastewater generated depends on whether cooling is performed in open or closed cycle and on the recycling of steam condensate. Contamination may arise from lubricating and fuel oil. The steam condensate from the production processes may return to the boiler (closed circuit) or discharged as wastewater causing pollution source to effluents.

The heat stress may be high, in work place, in case of absence of thermal insulation for steam pipelines. 

2.3.2
Water Treatment Units 

There are different treatment processes, depending on the water source and the application in the industry.

i) Water softening for medium hardness water: calcium and magnesium ions are removed from hard water by cation exchange for sodium ions. When the exchange resin has removed the ions to the limits of its capacity, it is regenerated to the sodium form with a salt solution (sodium chloride) or NaOH solution in the pH range of 6-8. This is performed by taking the softener out of service, backwashing with the salt or NaOH solution, rinsing to eliminate excess solution, and then returning it to service. The anionic exchangers are regenerated by hydrochloric acid. The treated water has a hardness level of less than 1 ppm expressed as calcium carbonate. NaCl discharging from softener creates a great source of pollution 

ii) Water softening for very high bicarbonate hardness: Water from wells and canals is pre-treated before softening. Water is treated first by the lime process, then by cation exchange. The lime process reduces dissolved solids by precipitating calcium carbonate and magnesium hydroxide from the water. It can reduce calcium hardness to 35 ppm if proper opportunity is given for precipitation. A coagulant such as aluminum sulfate (alum) or ferric sulfate is added to aid magnesium hydroxide precipitation. Calcium hypochlorite is added in some cases. Currently the use of organic polyelectrolytes is replacing many of the traditional inorganic coagulant aid. Sludge precipitates and is discharged to disposal sites whereas the overflowing water is fed to a sand filter followed by an activated carbon filter that removes any substances causing odor and taste. A micro filter can then be used to remove remaining traces. A successful method to accelerate precipitation is contacting previously precipitated sludge with the raw water and chemicals. The sludge particles act as seeds for further precipitation. The result is a more rapid and more complete reaction with larger and more easily settled particles. 

iii) Reverse Osmosis: Demineralization can also be performed by reverse osmosis. In this process water is forced through a semi-permeable membrane by applying pressure. 

2.3.3
Cooling Towers   

Moderate quantities of cooling water is used for cooling purposes in this industry. Cooling towers provide the means for recycling water and thus minimizing its consumption. The cooling effect is performed through partial evaporation. This causes an increase in the concentration of dissolved salts, which is controlled by purifying some water (blowdown). The blowdown will be high in TDS and will represent a source of pollution to the wastewater to which it is discharged. If the cooling tower is not working efficiently it can affect the cooling and condensation operations leading to escaping of volatile matters.

2.3.4
Laboratories 

Laboratories, in oil & soap industry, are responsible for: 

· Testing chemicals, water, wastewater, …etc. to check compliance with required standards. 

· Quality control of product to check agreement with standard specifications.

· Check the physical and chemical properties of products.

Chemicals, including hazardous materials, are used in laboratories. Storage and handling should be checked by the inspectors. 

2.3.5 
Workshops and Garage  

Workshops are very important in most industries, where they are divided into mechanical and electrical workshops. They are responsible for repairing and maintenance of the foundry equipment. Environmental violation could be due to: 

· Noise 

· Rinse water contaminated with lube oil

Pollution in the garage will depend upon the services offered. The presence of a gasoline or diesel station implies fuel storage in underground or over the ground tanks that require leak and spill control plans. 

Replacing lube oil implies discharge of spent oil to the sewer system or selling it to recycling stations.

2.3.6
Storage Facilities 

The specifications for the storage facilities depend on the nature and properties of the stored material 

· Environmental laws stipulate that special system should be applied for handling and storing hazardous chemicals.

· Fuel is kept in under/or above ground tanks. Storage requires proper preventive plans for spills and leaks.

Table (2) shows the service units related to the Oil, soap, and detergents industries and their pollution sources. 

Table (2) Service Units and their Related Pollution Sources
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2.4  
Emissions, Effluents and Solid Wastes

Table (3) summarizes the major polluting processes, process inputs, their outputs, the pollution parameters and corresponding impact.

2.4.1 Air Emissions

There are two sources of air emissions in the oil, soap and detergents industry.

· Exhaust gases, resulting from fuel consumption used to generate steam from boilers.

· Fugitive emissions, volatile organic compounds (VOCs) as hexane in extraction process; fatty acids, aldehydes and ketons in deodorization and hot well; benzene and kerosene from distillation tower in detergents unit; HCl vapors in glycerin neutralization process; H2 and water vapor from vacuum autoclave in oil hydrogenation unit; acid fumes in splitting of fats in fatty acid production unit; HCl gas in chlorination and alkylation processes for detergents production. Also there is Cl2 gas emissions in chlorination process, SO2 gas and acid mist from sulfation unit of fatty alcohols and SO2, SO3, H2SO4 mist in sulfuric acid production unit, caustic soda and water vapor emissions from silicate production unit. Particulate matter (PM10) results from seeds screening, crushing, flaking, boilers and soap and detergents drying and conveying.

2.4.2 Effluents

The major pollution loads of the oil, soap and detergents industry is the waste water from the various sources. Liquid effluents is generated from equipment, vessels, tanks, process and cooling water and washing of products, equipment and floor. The effluents contains oil and grease (O&G), BOD, COD, synthetic detergents, pH, heavy metals (Ni) and TDS.

Specific effluents are:

· Blow downs from the cooling tower and boilers as well as back wash of softeners are high in TDS and TSS.

· The highly polluted water resulting from treatment of mucilage with NaOH in soap stock unit is high in BOD, COD and O&G and treated by dissolved air flotation (DAF) and by biological treatment.

· Benzene spills in synthetic detergents unit is collected through ground traps, then accumulated in an underground reservoir and recovered by distillation.

2.4.3 Solid Wastes

The main sources of solid wastes are:

· Empty containers of raw materials and chemicals contaminated with traces of chemicals.

· Spent catalyst, which is considered as hazardous waste.

· Spent filter cloth contaminated with oil.

· Spent fuller’s earth contaminated with oil.

· Sludge generated from the biological wastewater treatment plant. It may contain heavy metals (hazardous).

· Pitch formed in fat splitting unit may be used as paving material.

· Foreign particles as nails, stick from seeds screening unit

2.4.4 Work Environment

There are many sources of air emissions to the work environment in the oil, soap and detergents industry. The emissions result from the various operations  (e.g. mixing, extraction of oil, refining, detergents, drying).

Noise could be occur in crushing and screening of seeds.

Heat stress should be checked near heaters and boilers.

Table (3) specifies the types pf emissions generated from each process of a production line.
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