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Inspection Manual for Fertilizers Industry


2. Process Description

Fertilizers industry is a form of secondary chemical production. It is necessary to understand the inputs and processing techniques in order to identify the pollution sources and abatement measures in this industry. 

Fertilizers may be categorized into two groups, natural and synthetic fertilizers. Synthetic fertilizers include different types according to their chemical composition, physical status and solubility in water. According to their chemical composition, fertilizers are categorized into three main groups as follows:

· Phosphatic fertilizers containing phosphorous as a base element, which is expressed by P2O5 %.

· Nitrogen fertilizers containing nitrogen as a base element, which is expressed by N2 %.

· Potassium fertilizers containing potassium as a base element, which is expressed by K2O %.

In addition to the straight fertilizers containing single nutrient (N or P or K) there are the complex fertilizers containing two or three major plant nutrient N.P.K. Enormous varieties of NPK according to their contents of nutrients are available. Liquid fertilizers are also produced worldwide including hundreds of forms containing one or more nutrients together with trace elements. NPK fertilizers are produced in the Egyptian Fertilizer Development Center Pilot Plant, located in Talkha, in limited quantities according to the clients requests. Also in Delta Company there is a plant that produces urea- ammonium nitrate liquid fertilizer (32 % N). 

The liquid fertilizers must be free of solids to avoid clogging the slurry nozzles. Concentrated phosphoric acid is used as the basis for high analysis liquids. When reacted with ammonia, it gives neutral solution which does not crystallize at low temperature. If ammoniated under pressure, ammonium polyphosphate forms. This can be stored and shipped as a solid and dissolved readily when needed. Another liquid fertilizer is anhydrous ammonia, vaporized to a gas and ploughed directly into the soil. A combination of solution/ suspension containing 13 % nitrogen and 43 % P2O5 has been developed, to which custom blenders can add potash and trace elements if needed. 

2.1 Raw Materials, Chemicals and Other Inputs

2.1.1 Main Raw Materials

Inputs for the fertilizers industry vary according to the fertilizer type. Phosphate rock is considered the main raw material for the production of phosphate type fertilizers, while in case of nitrogenous fertilizers, ammonia is considered the main raw material. Ammonia is produced by synthesis of nitrogen and hydrogen. The latter is generated either by steam reforming of natural gas, or electrolysis of water. On the other hand, nitrogen is produced either from air liquification as in KIMA- Aswan, or combustion of natural gas. 

Large quantities of acids are also used, namely sulphuric acid, nitric acid and phosphoric acid. In all fertilizers plants those acids are produced on-site. Raw sulphur is considered the main raw material for the production of sulphuric acid, whereas phosphoric acid production depends on phosphate rock as raw material. The production of nitric acid is based on the on-site produced ammonia.

The involved catalysts in the fertilizers industry are as follows:

· In ammonia production: 

· CoO, MoO3 and ZnO for sulphur removal.

· NiO for primary and secondary reformers.

· Iron oxide and chromium for CO high shift conversion and copper oxide and zinc oxide for low shift.

· NiO catalyst for methanation.

· Iron promoted catalyst for ammonia synthesis. 

· In nitric acid production: platinum/ rhodium catalyst.

· In sulphuric acid production: vanadium pentoxide catalyst.

These catalysts are usually not considered as inputs, instead they are considered part of the equipments. This is related to nature of the reactors in this industry, which are fixed bed reactors. Hence the catalysts only aid the reaction, without reacting themselves. According to several factors, catalysts loose their activity after long operating hours which defer from a catalyst to another. Consequently, they need to be regenerated, usually on-site except for the very expensive catalysts such as platinum alloy catalyst which is regenerated in the manufacturing company.

Solvents, carbon dioxide, ground dolomite as coating materials and limestone are also used in fertilizers industry. Table (2) summarizes the major inputs according to the involved operation.

2.1.2 Other Inputs (Water, Fuel and Steam)

Large quantities of water are consumed for several purposes involving cooling, process, steam generating, floor washing and cleaning,  ..etc. Steam is generated in these plants in huge quantities for heating, reforming, stripping and other purposes. This steam is generated in boilers by fuel combustion. The fuel type differs from one facility to the other, including fuel oil (mazot), gas oil (solar) or natural gas. Fuel oil (mazot) is widely used due to its cheap cost. On burning, it generates on burning air emissions with high concentration of sulphur oxides (SOx). 

Air is also necessary for some operations such as drying and cooling. 

Table (2) The Main Inputs in Fertilizers Industry

	Operation
	Inputs

	Single superphosphate Production

	Acidulation
	· Phosphate rock

· Strong sulphuric acid

· Water

	Drying 
	· Air

	Bagging
	· Polyethylene bags

	Triple Superphosphate Production

	Reaction
	· Ground phosphate rock

· Phosphoric acid

	Drying
	· Hot air

	Bagging
	· Polyethylene bags

	Phosphoric Acid Production

	Washing
	· Ground phosphate rock

· Weak phosphoric acid

	Reaction
	· Sulphuric acid

	Sulphuric Acid

	Melting
	· Sulphur

	Drying of air
	· Sulphuric acid (98 %)

	Absorption
	· Diluted sulphuric acid

	Synthetic Ammonia Production 

	Desulphurization 
	· Natural gas

· Adsorbent

	Primary reforming
	· Steam

	Secondary reforming
	· Compressed hot Air

	CO2 separation
	· Solvent mono-ethanol amine or potassium carbonate and other solvents

	Nitric Acid

	Filtration
	· Air

	Vaporization
	· Ammonia

	Oxidation
	· Gaseous NH3 

· Air

	Nox absorption
	· Nitric acid

	Absorption
	· Process and cooling water

	Bleaching
	· Air

	Methanol Unit

	Methanolation
	· Synthetic gas 

· Water

	Distillation 
	· Steam


	Ammonium Nitrate

	Reaction (neutralization)
	· Gaseous ammonia

· Nitric acid

	Concentration
	· Ammonium nitrate solution 

	Mixing
	· Dolomite, Kaolin or limestone

· Ammonium nitrate melt

	Coating
	· Diatomaceous earth, limestone or dolomite

	Bagging
	· Polyethylene bags

	Ammonium Sulphate

	Evaporation
	· Ammonia

· Steam

	Reaction & crystallization
	· Sulphuric acid

	Drying
	· Steam heated air

	Bagging
	· Polyethylene bags

	Ammonium Phosphate

	Reaction
	· Ammonia

· Phosphoric acid

	Coating
	· Coating materials

	Bagging
	· Polyethylene bags

	Calcium Nitrate 

	Reaction (dissolving tower)
	· Lime stone

· Flakes

· Nitric acid

	Neutralization
	· Ammonia

	Packaging 
	· Plastic barrels 

	Urea

	Synthesis 
	· Carbon dioxide

· Liquid ammonia

	Evaporation
	· Steam

	Prilling 
	· Cold air

	Bagging
	· Polyethylene bags


2.2 Production Processes

Fertilizers industry is considered one of the complex chemical sector, which includes several production lines and service units. These are given in table (3).

Table (3) Production Lines and Service Units

	Production Lines
	Service Units

	1. Phosphatic Fertilizers 
	Boilers

	· Super phosphate production
	Water treatment unit

	· Triple superphosphate production
	Wastewater treatment plant

	· Phosphoric acid production
	Compressors

	· Sulphuric acid production
	Cooling towers

	2. Nitrogenous Fertilizers
	Storage facilities

	· Ammonia production
	Workshops

	· Nitric acid production
	Garage

	· Ammonium nitrate production
	

	· Diammonium phosphate production
	

	· Ammonium sulphate production
	

	· Urea production
	

	· Methanol
	

	· Calcium nitrate 
	


2.2.1 Phosphates Fertilizers

Phosphate fertilizers industry is considered one of the most polluting industries in Egypt. No modernization or pollution abatement plans and technologies were set for this industry, in spite of the implementation of such technologies world wide. It is worth mentioning that the production of phosphate fertilizers in Egypt is limited (installed capacities 1.2 millions tons 15.5 P2O5) compared with nitrogenous fertilizers (installed capacities 12 million tons estimated as 15 % N2).

The various phosphate fertilizers, depending on their composition, have different solubility in soil solutions and are, therefore, assimilated by plants differently. Phosphate fertilizers include single superphosphate and triple superphosphate. The single superphosphate is a mixture of monocalcium phosphate and gypsum (available P2O5 almost 16- 22 %), while triple-superphosphate is composed mainly of monocalcium phosphate (available P2O5) almost 46 %).

a)
Single supephosphate Fertilizer

Fig (1) presents the block flow diagram for manufacturing of mono superphosphate fertilizers and the related raw materials and pollution sources. 

The manufacturing process depends on reacting phosphate rock with sulfuric acid and the fertilizer contains about (16- 20 %) P2O5. The net reaction proceeds as follows:

Ca F2. 3Ca3 (PO4)2 + 7H2SO4 + 14H2O →   3Ca(H2PO4)2 + 7Ca SO4 . 2H2O + 2HF

The process can be divided into two stages as follows:

· The first stage represents the  diffusion of sulfuric acid to the rock particles accompanied by a rapid chemical reaction on the particle surface, which continues until the acid is completely consumed, and crystallization of calcium sulphate.

· The second stage represents the diffusion of the formed phosphoric acid into the pores of the rock particles which did not decompose. This stage is accompanied by a second reaction.  

In this process ground phosphate rock is transported from the storage site to automatic weight, by a system of belt and screw conveyors and elevators, which feed the continuous action double conical mixer. The sulfuric acid is continuously diluted with water in a batch mixer to a 75 % concentration, then fed to the mixer to react with ground phosphate rock where a first reaction takes place. This reaction ends in the reaction mixer in 30- 60 minutes, during the period of settling and hardening of the superphosphate slurry, which is caused by the relatively rapid crystallization of the low solubility calcium sulphate. The next stage of the process is ageing of the superphosphate, i.e. the formation and crystallization of monocalcium phosphate in the den. The formed slurry is transported to the continuous-action reaction den which has a very low travel speed to allow for solidifying (see fig 2), where formation of superphosphate takes place (settling and hardening of the slurry in the first stage of ageing). Considerable quantities of fluoride compounds are evolved from the acidulation, they are sent to the scrubbers shown in fig (3). 

The superphosphate powder, from the den, is transferred for ageing by a belt conveyor, located below the den, to the pile storage for curing, or completion of chemical reaction, which takes 2-6 weeks to a P2O5 availability acceptable for plant nutrient. The raw fertilizer is uniformly distributed by a scattering device and in order to accelerate the ageing operation, the superphosphate is agitated during storage by means of a grab-bucket crane. The end product still contains a certain amount of uncombined phosphoric acid, which makes the fertilizer more hygroscopic. Neutralizing admixtures are used to remove the free acid of the superphosphate, or it is treated with gaseous ammonia. These procedures improve the physical properties of the superphosphate. They lower the moisture content, the hygroscopic  and the tendency to cake.  If ammonia treatment is used, an additional nutritional component (N2) is also introduced into the fertilizer.

During reaction of the phosphate with sulphuric acid in the den, hydrogen fluoride evolves and reacts with the silica contained in the phosphates and forms gaseous silicon-tetrafluoride (SiF4) and fluo slicic acid (H2SiF6). The continuous den is, therefore, enclosed so that fumes of these compounds do not escape into the working place. The fluorous gases, containing H2SiF6 vapors, are withdrawn through an opening in the den roof into a ventilation pipe to an absorption unit and are utilized for making sodium fluo silicates.

Superphosphate is granulated in drum granulators to improve its physical properties. In the granulator, the superphosphate powder (after being cured for 2-6 weeks) is wetted with water fed into the drum through nozzles, and rolled into granules of different size which are then dried, screened into size fractions cooled and the product is bagged in plastic (polyethylene) bags. The over size granules are ground and recycled, with the undersize granules, to the den. 

Fig (1) Process Flow Diagram for Single Superphosphate Manufacturing 
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Fig (2- a) Continuous- Action Single Superphosphate Den

(1) rotating shell; (2) cutter; (3) partition; (4) stationary discharge pipe


Fig (2- b) Single Superphosphate Manufacturing Processing

(1) phosphate weigh feeder; (2, 3) head tank for sulphuric acid and water; (4) acid feeder; (5) mixer; (6) superphosphate den; (7) superphosphate conveyor; (8) supephosphate scatter at the storage site

Fig 3

b)
Triple Superphosphate Fertilizer

Fig (4) shows the block flow diagram for manufacturing of triple superphosphate. This type of fertilizers is much more concentrated than the ordinary superphosphate, containing 45- 46 % of available P2O5. Triple superphosphate is manufactured by the action of phosphoric acid on phosphate rock. The main reaction is: 

CaF2. 3Ca3 (PO4)2 + 14H3PO4 →  10Ca (H2PO4)2 + 2HF ↑

(Phosphate Rock)                                   (Triple Superphosphate)

A process similar to single superphosphate production is used, in which pulverized phosphate rock is mixed with phosphoric acid in a two-stage reactor. The resultant slurry is sprayed into the granulator. The slurry is sprayed into the drum granulation co-current with flue gases of fired fuel (natural gas or fuel oil and air). The product is screened and off-size is recycled back to the granulator. The on-size product is cooled and stored ready for being bagged. The exhaust gases from the reactor, granulator and cooler are scrubbed to remove fluoric compounds.

Fig (4) Process Flow Diagram for Triple Superphosphate Manufacturing 
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c)
Wet Process of Phosphoric Acid Production

The main process for producing phosphoric acid is by the use of sulfuric acid as shown in fig (5). The major reaction is 

Ca F2. 3Ca3 (PO4)2 + 10H2SO4 + 20H2O →  10CaSO4. 2H2O + 2HF + 6H3PO4
 (Phosphate Rock)                                                               (Gypsum)

Raw phosphate rock, ground to less than 200 mesh size, is fed to a chute where a recycled stream of weak H3PO4 washes it into a reaction tank and digested with strong sulfuric acid. The retention time ranges from 1.5 to 12 hr, and conditions are controlled to produce gypsum crystals that are readily filterable. Considerable heat is generated in the reactor when the sulphuric acid and phosphate rock react. In older plants, this heat was removed by blowing air over the hot slurry surface. In modern plants, a portion of the slurry is cooled by vacuum flash, and then recycled back into the reactor. The reaction mixture is filtered using a tilting-pan filter. The feed to the filter continuously enters the pans, which are connected to the vacuum source. The circular frame supporting the pans rotates so that each pan is moved successively under the desired number of washes. After the final wash liquor has completely drained off, the vacuum is released and the pan is inverted a full 180 degree. The cake drops off, its removal is being ensured by a reverse blast of air through the filter medium, which is then scoured fresh and cleaned by a high-pressure shower while the pan is still inverted. The filter medium and drainage area are then purged by vacuum, and the pan returned to the feed position. 

This process produces 28 to 32 % acid which must be concentrated in an evaporator, to meet phosphate feed material specifications for fertilizer production. The crude acid is often black and contains dissolved metals and fluorine, and dissolved and colloidal organic compounds. Suspended solid impurities are usually removed by settling. Solvent extraction or solvent precipitation is used to remove the dissolved impurities. Solvent extraction uses a partially miscible solvent, such as n-butanol, iso-butanol, or n-heptanol. The phosphoric acid is extracted and the impurities are left behind. Back-extraction with water recovers the purified phosphoric acid. Solvent precipitation uses a completely miscible solvent plus alkalis or ammonia to precipitate the impurities as phosphate salts. After filtration, the solvent is separated by distillation and recycled.

Major Hazards

The chance of an acid spill from storage tanks is very small, with the highest risk being a leak from the tank because of corrosion. Corrosion with Phosphoric acid is a relatively slow process and starts with a small hole in the tank. Normally the leak will be seen and the tank emptied before a significant spillage can take place. There is also a risk of the loading pipe cracking during acid loading and this could lead to a significant uncontrolled spillage. Pumping equipment should be available for emptying the pipes.

The more important considerations in the design and construction of phosphogypsum disposal areas are: site selection, cooling ponds and percolation control. The height of the stack depends on the engineering properties of the underlying soil and its load bearing strength, if there are no legal restrictions. The cooling pond surfaces will have to be adapted to local climatic conditions and the water balance in the plant. The process water associated with phosphogypsum is highly acidic and contains high levels of contaminants. some of the following options may be necessary to prevent this water reaching the surrounding ground water system: seepage collection ditches, intercept wells, natural barriers, lining systems (natural or synthetic) and fixing of soluble P2O5 and trace elements by neutralization.

Fig (5) Process Flow Diagram for Phosphoric Acid Manufacturing
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d)
Sulphuric Acid Manufacturing Process:

The process used is the contact process. Fig (6) presents the raw materials, products and expected pollutants. Elemental sulphur is usually used as raw material and is oxidized to sulphur dioxide. The sulphur dioxide is then oxidized to sulphur 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
Sulphur is first melted using steam and then filtered to remove contaminants that might poison the catalyst. The liquid sulphur is burned in a sulphur burner using filtered dry air. The air has been dried using concentrated sulphuric 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 sulphur 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 sulphur 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 sulphur trioxide leaving the converter at 426 - 454ºC is approximately the same as that of the entering sulphur 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 sulphur trioxide is absorbed with high efficiency in circulating stream of 98 to 99 % sulphuric acid. The sulphur trioxide combines with the excess water in the acid to form more concentrated sulphuric acid. To reduce the emission of sulphur 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. 

Major Hazards

the highest risk hazard for accidental pollution exists during the storage and transportation of the sulphuric acid. Plants have different systems to collect leaks and spillages.  Gas leaks are not normally a problem as they are handled by various monitoring and control systems, which measure the SO2 content in air.

Fig (6) Process Flow Diagram for Sulphuric Acid Manufacturing
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2.2.2 Nitrogenous Fertilizers

Nitrogenous fertilizers are considered the major type widely produced and used in Egypt. It includes many fertilizers such as ammonium nitrate (NH4 NO3), ammonium sulphate (NH4)2 SO4, calcium nitrate Ca (NO3)2 and urea CO(NH2)2. Ammonia, which is the essential raw material for nitrogen base fertilizers, is produced inside the facility itself. Ammonia is produced by catalytic reaction of H2 and N2. Hydrogen can be produced by electrolysis of water (very limited), from steam reforming of natural gas and partial oxidation of naphtha and fuel oil. Nitrogen is obtained from air.

a)
Synthetic Ammonia (NH3) 

As illustrated in fig (7), synthetic ammonia, from natural gas, is produced by reacting hydrogen with nitrogen. Six processing steps are required to produce synthetic ammonia using the catalytic steam reforming method as follows:

1. Natural gas desulfurization

In this operation, the sulfur content (mainly as H2S) is reduced to below 280 micrograms/ m3 to prevent poisoning of the catalyst used in steam reforming step. Desulfurization takes place by adsorption of H2S gas on the surface of zinc oxide or active carbon. The adsorbent is reactivated by stripping with super heated steam. The feed gas is preheated to 350-400o C and then treated in a desulphurisation vessel where the sulphur compounds are hydrogenated to H2S using cobalt molybdenum catalyst (CoO and MgO3) and then adsorbed on palletized zinc oxide.

2. Catalytic steam reforming

The desulfurized natural gas is preheated by mixing with superheated steam (to 500- 600o C) then enters the primary reformer and passes over the Ni catalyst where it is converted to hydrogen, CO and CO2 according to the following equation: 


CH4 + H2O    
              CO + 3H2
CO + H2O ( CO2 + H2
The reaction is highly endothermic and additional heat is required to raise the temperature to 780- 830o C at the reformer outlet. Only 30- 40 % of the methane feed is reformed in the primary reformer. The gas from the primary reformer is then sent to the secondary reformer, where it is mixed with compressed hot air at around 600o C and passed over nickel catalyst. Sufficient air is added to produce a final synthesis gas having a hydrogen to nitrogen mole ratio of three to one. The gas leaving the secondary reformer (H2, N2, CO, CO2 and H2O) is cooled to 360ºC in a waste heat boiler before being sent to carbon monoxide shift.

CH4 + ½  O2  + 2N2 


              CO + 2H2 + 2N2

3. Carbon monoxide shift

After cooling, the gas, which contains 12- 15 % CO dry gas base, enters high temperature CO shift converter (350-400ºC) where CO converts to CO2 using iron oxide catalyst and chromium oxide initiator. The following reaction takes place: 

CO + H2O 
 →      CO2 + H2
The exit gas is then cooled in a heat exchanger before being sent to a low temperature shift converter, where CO is converted to CO2 by a copper oxide/ zinc oxide catalyst. The residual CO content in the converter gas is about 0.2-0.4 % (dry gas base) CO content is important for the efficiency of the process.

4. Carbon dioxide removal

The gas from the shift is cooled from 210 to 110º C and steam is condensed and separated from the gas. The shift gas is purified from CO2 in a chemical or a physical absorption process. The solvents used in chemical absorption are mainly aqueous amine solutions (Mono Ethanolamine (MEA), Di Ethanolamine (aMDEA) or hot potassium carbonate solutions. Physical solvents are glycol dimethylethers, propylene carbonate and others. V2O5 is used as a corrosion inhibitor. The MEA process has a high regeneration energy consumption and is not regarded as a BAT process. The condensed steam contains ammonia and methanol, and small amount of amines, formic acid, acetic acid, sodium, iron, copper, zinc, aluminum and calcium. This condensate is sent to the stripper. Trace metals remaining in the process condensate can be removed in waste water treatment plant by ion exchange. The solvent is regenerated by preheating and steam stripping. In the BAT processes the stripped condensate is recycled.

5. Methanation

Residual CO2 and CO, in the synthesis gas, must be removed by catalytic methanation by using Ni catalyst at 400-600ºC according to the following reaction:

CO2 + H2 
→
CO + H2O

CO + 3H2
→
CH4 + H2O

Methane is an inert gas with respect to ammonia catalyst, while CO2 and CO can poison the catalyst.

6. Ammonia Synthesis

Exit gas from the methanator is almost a pure. Three to one mole ratio of hydrogen to nitrogen is converted to ammonia according to the following reaction

N2 + 3H2
→
2NH3
First the gas is compressed from 30 atm to a pressure 200 atm, heated against exit gas from converter and entered the converter containing iron promoted catalyst. This results in a portion of the gas being converted to ammonia (15 %), which is condensed and separated in a liquid vapor separator and sent to a let-down separator. The unconverted synthesis gas is further compressed and heated to 180ºC before entering the converter containing an iron oxide catalyst. A newly developed ammonia synthesis catalyst containing ruthenium  on a graphite support has a much higher activity per unit of volume and has a potential to increase conversion and lower operating pressures. Ammonia gas from the converter is condensed and separated then sent to the let-down separator where a small portion of the overhead gas is purged to prevent buildup of inert gases such as argon in the circulating gas system. Ammonia is flashed to get rid of dissolved gas. These gases are scrubbed to remove the traces of NH3 in the form of ammonium hydroxide and the gases are used as part of the primary reformer fuel. The liquid ammonia can be either stored in pressure storage or in atmospheric double insulated refrigerated tank. 

Major Hazards

The major accidents in ammonia plants are explosions and fires. In addition, there is also the potential for toxic hazard due to the handling and storage of liquid ammonia. The credible major hazards identified in an ammonia production plant are: 

· fire/explosion hazard due to leaks from the hydrocarbon feed system, 

· fire/explosion hazard due to leaks of synthesis gas in the CO removal/synthesis gas compression areas (75 % hydrogen)

· toxic hazard from the release of liquid ammonia from the synthesis loop.


In ammonia storage the release of liquid ammonia (by sabotage) is a credible major hazard event. Fires and explosions are usually not a hazard or only a minor hazard to the local population although potentially most severe for the plant operators. Appropriate precautions to protect both the operators and the local population are considered in the design and operation of the plants. The toxic hazard of a potential large release of liquid ammonia (i.e. from a storage tank) may be much more serious for the local population. An emergency plan for this event, covering the operators and the local population must be maintained.

Fig (7) Process Flow Diagram for Ammonia Manufacturing
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b)
Preparation of Nitric Acid 

All plants for the production of nitric acid are currently based on the same basic chemical operations: Oxidation of ammonia with air to give nitric oxide and oxidation of the nitric oxide to nitrogen dioxide and absorption in water to give a solution of nitric acid. The efficiency of the first step is favoured by low pressure whereas that of the second is favoured by high pressure. These considerations, combined with economic reasons give rise to two types of nitric acid plant, single pressure plants and dual pressure plants. In the single pressure plant, the oxidation and absorption steps take place at essentially the  same pressure. In dual pressure plants absorption takes place at a higher pressure than the oxidation stage. 

The oxidation and absorption steps can be classified as: low pressure (pressure below 1,7 bar), medium pressure (1,7 - 6,5 bar) and high pressure (6,5 - 13 bar). Except for some very old plants, single pressure plants operate at medium or high pressure and dual pressure plants operate at medium pressure for the oxidation stage and high pressure for the absorption.

The main unit operation involved in the nitric acid process are the same for all types of plant and in sequential order these are: air filtration, air compression, air/ammonia mixing, air/ammonia oxidation over catalytic gauzes, energy recovery by steam generation and/or gas re-heating, gas cooling, gas compression, energy recovery and cooling (dual pressure plants only), absorption with the production of nitric acid, waste gas (tail gas) heating and energy recovery by expansion of the waste gas to atmosphere in a gas turbine.

Although there are three main processes in the nitric acid production (mono, dual and atmospheric pressure) but the routes are more or less the same as follows: 

1- Primary air filtration 

Feed air contains, beside nitrogen and oxygen, some inert gases, carbon monoxide and some dust and impurities. Dust and impurities harmfully affect the platinum catalyst efficiency, therefore air must be filtered through a series of filters. Air is sucked (by Nox turbo- compressor set in case of atmospheric or by an air compressor in case of mono or dual pressure processes) through a filter (usually candle felt filter elements in case of atmospheric or special paper filter elements) and then heated.  

2- Air Preheating:

In this step filtered air is introduced through a series of steel pipes, in which fledges are provided on its outer surface to increase the heating surface area. Steam, at 3 kgm/cm2, 140ºC is passed through the pipes and air outside. The steam condensate is collected by steam traps and recycled to the boilers.

3- Ammonia evaporation and filtration

Anhydrous liquid ammonia is evaporated, superheated and its pressure is maintained according to the process (whether atmospheric or pressure). The ammonia is filtered (usually across ceramic candle filters that are cleaned every now and then).

4- Mixture Filtration 

The purpose of this operation is to increase purification of (air/ammonia) mixture. Cylindrical filters of large diameters are used, each one contains a porous ceramic candle hanged on a disc with openings. These candles permit the mixture to pass leaving the impurities on their surfaces. After a certain level of impurities, the filters needed to be opened and washed with water then dried by hot air. The generated wastewater from washing the filters generate a pollution problem.

5- Ammonia Oxidation (converters) 

Ammonia is reacted with air on platinum/ rhodium alloy catalysts in the oxidation section of nitric acid plants. Nitric oxide and water are formed in this process. The yield of nitric oxide depend on pressure and temperature:

· Pressure below 1,7 bar, temperature 810-850oC -> NO yield 97%

· Pressure 1,7-6,5 bar, temperature 850-900oC -> NO yield 96%

· Pressure above 6,5 bar, temperature 900-940oC -> NO yield 95%

In this operation combustion takes place with the aid of platinum rhodium catalyst. It consists of several woven or knitted gauzes formed from wire containing about 90 % platinum alloyed with rhodium for greater strength and sometimes containing palladium. Heated ammonia (60º C) is mixed with air (at 80º C) in a pipe with a big diameter. The ammonia/ air mixture is introduced to the converter. The converter contains two parts, the upper part (of a conical shape) has a pierced disc fitted on its entrance to distribute the mixture on the platinum net equally. The lower part of the converter is a bottom pierced pot filled with pottery rings to distribute the hot gases (evolving from the reaction) on to the coils of the bottom boiler. The ammonia air ratio should be strictly maintained at 12 % in case of atmospheric process or 13 % in case of dual pressure process.

Ammonia goes through oxidation according to the following reaction 


4NH3 + 5O2 

      4NO + 6H2O + Q

2NO + O2   →     2NO2 + Q

Temperature is adjusted in a range 800º-900ºC, because above 900 nitrogen oxide will decompose to N2 and O2, and below 800º C nitrogen oxide will be formed which does not produce nitric acid when dissolved in water. The heat released from those highly exothermic reactions is mostly recovered by the waste heat boiler (WHB) fitted in the ammonia reaction (burners) in the form of superheated steam for running the NOx and air compressors.

Air pollution and contamination from the ammonia can poison the catalyst. This effect, as well as poor ammonia-air mixing and poor gas distribution across the catalyst, may reduce the yield by 10 %. Maintenance of the catalyst operating temperature is very important for the NO yield. This is achieved by adjusting the air/ammonia ratio and ensuring that the lower explosive limit for ammonia in air is not exceeded. The preheated ammonia is thoroughly mixed with preheated air and subjected to further filtration to avoid contaminants from entering to the catalyst. The ratio of ammonia air mixture is controlled by a high precision ratio controller which is considered as the safeguard for protecting arising from:

· Catalyst temperature exceeds 850o C

· Ammonia/ air ratio exceeds 12.5 % (in atmospheric oxidation) or 10 % (in case of pressure oxidation)

· Failure of air compressor or Nox compressor …etc

The water produced in oxidation is then condensed in a cooler-condenser and transferred to the absorption column. Nitric oxide is oxidized to nitrogen dioxide as the combustion gases are cooled. For this purpose secondary air is added to the gas mixture obtained from the ammonia oxidation to increase the oxygen content to such a level that the waste gas leaving the plant has a normal oxygen content of between 2 - 4 %.

6- Energy Recovery

The hot reaction gases are used to produce steam and/or to preheat the waste gas (tail gas). The heated waste gas is discharged to the atmosphere through a gas turbine for energy recovery. The combustion gas after this heat transfer for energy recovery, has a temperature of 100 to 200o C, depending on the process and it is then further cooled with water.

7- Cooling

Exit gases (NOx, excess air and water vapour) are cooled through a water cooler in two stages, where nitrogen oxides are then dissolved in the water condensate to form a very diluted nitric acid (about 2% conc.) which is collected in a tank. The collected diluted acid is withdrawn by pumps and discharged to the bottom of the absorption tower. The remaining gases are withdrawn, together with excess air, by compressing turbines to the absorption towers.

8- Absorption:

The absorber is operated with a counter-current flow of water. the absorption of the nitrogen dioxide and its reaction to nitric acid and nitric oxide take place simultaneously in the gaseous and liquid phases. The main reaction taking place is as follows:

2NO + O2        →    2NO2 

3NO2 + H2O    →     2HNO3 + NO

2NO2               →      N2O4
These reactions depend on pressure and temperature to a large extent and are favored by higher pressure and lower temperature.

Series of towers with 3.5m diameter and 24m height are used in this stage. The absorber-reactor is a sieve plate or bubble cap unit with cooling coils on each of the 20 to 50 trays. Gas enters at the bottom, dilute nitric acid part way up the column, with cold water entering at the top. In the first tower most of the oxidation operation takes place where NO is converted to nitrogen dioxide. Diluted Nitric acid is then formed, collected in a level tank and discharged to the bleaching operation. Chlorine impurities presents a unique problem in the absorber, they cannot be transferred through the bottom neither can they leave in the top gas. Therefore, they must be excluded from entry or provision made for their purging as the reaction of nitric oxide proceeds during gas flow. Consequently the gases are cooled (remove heat of reaction and promote oxidation reactions to go to completion), against the cold tail gases coming out of the absorption tower to preheat them before entering the tail gas turbine. The preheated tail gas passes through the expansion turbine (part of the NOx compressor drives) to recover the energy and reduce tail gas temperature. Then further cooled before passing through the series of counter-current packed towers. 
9- Bleaching 

The acid leaving the bottom of the column contains some NOx, mostly as N2O4 (colorless) but some as red NO2. It is therefore sent to a bleaching tower  to eliminate its colour. In bleaching operation the acid is sprayed at the top of the tower (about 5.5m height and 90 cm diameter), which is filled with a Raschig rings at the bottom. A counter current air stream is introduced at the bottom of the tower through a screen, to absorb the gases from the acid then withdrawn from the top of the tower. The acid, free from gases, is collected at the bottom of the tower and then cooled in cooling plates and sent to storage tanks. Cooling plates are essential, especially at the first tower, where the highest quantity of heat is released because most of the oxidation and absorption reactions take place in that tower.

Fig (8) illustrates the block diagram for nitric acid production.

Major Hazards

The following hazards may arise during nitric acid production:

· equipment/piping failure because of corrosion

· explosion hazard due to the air ammonia mixture

· explosion of nitrite/nitrate salts.


Corrosion protection is achieved by the well proven use of suitable austenitic stainless steel where condensation can occur and by regular monitoring of conditions. Safety is ensured by the automatic closure of the ammonia control valve and separate shutdown trip valve when too high an air ammonia ratio is measured, either from each individual flow meter or indirectly from the catalyst gauze temperature. The air ammonia ratio should be continuously controlled and kept below the hazardous range. Any free ammonia present in the nitrous gas will have a deposit of nitrite/nitrate in a cold spot. Local washing and well proven operating practices will prevent the hazard.

Fig (8) Process Flow Diagram for Nitric Acid Manufacturing
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c)
Methanol Production  

This unit replaced the copper liquor (ammoniacal copper formate or acetate) section which was used for the removal of CO from synthesis. The liquor pollutes water streams as it contains copper, ammonia and carbonic acid. The copper liquor reacts with CO which later released when the solution is regenerated. 

Methanol is formed by the reaction of CO and CO2 with H2 according to the reaction:

CO + 2H2  →  CH3OH 

CO2 + 3H2  →  CH3OH  +  H2O

This reaction takes place at 210o C and 220 atmosphere in presence of Cu O and ZnO catalyst. The product is raw methanol which is purified by distillation to 99 % concentration. 

Fig (9) shows the process flow diagram for methanol production.

Fig (9) Process Flow Diagram for Methanol Production
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d)
Ammonium Nitrate Production  

Ammonium Nitrate is in the first place a nitrogenous fertilizer representing. 12.4% of the total nitrogen consumption worldwide. It is more readily available to crops than urea. In the second place, due to its powerful oxidizing properties is used with proper additives as commercial explosive.

The production process comprises three main unit operations: neutralization, evaporation, solidification (prilling and granulation). Individual plants vary widely in process detail.

1. Neutralization:

Anhydrous liquid ammonia is evaporated in an evaporator using cooling water. The stoichiometic quantities of nitric acid (55% concentration wt/ wt) and gaseous ammonia are introduced by an automatic ratio controller to a neutralizer. The reaction between Ammonia and nitric acid produces ammonium nitrate solution according to the following exothermic reaction.

NH3 + HNO3

NH4 NO3
Neutralization can be performed in a single stage or in two stages. The neutralizer can be carried out at atmospheric (either normal or low emission neutralizers where the temperature does not exceed 105(C and pH will be 6 and 3 respectively) or at elevated pressure of almost 4 atmospheres. The normal neutralizers are usually followed by flash evaporation in order to in crease the out let A.N concentration to 70%. In case of pressure neutralizers the temperature will be in the range of 178(C and the steam generated from the heat of reaction will be utilized in the subsequent step namely concentration of A.N solution.

During evaporation some ammonia is lost from the solution. The steam which is boiled off is contaminated. The control of the neutralizer is important. The pH and the temperature must both be strictly controlled to limit the losses from the neutralizer. All installations must include pH and temperature controls. At the operating temperature of the neutralizer, impurity control is of great importance because a safety incident will also be a significant environmental incident. The ammonium nitrate solution from neutralizer may be fed to storage without further processing but, if it is used in the manufacture of solid ammonium nitrate, it is concentrated by evaporation.

2. Evaporation to Concentrate the A.N

The outlet from the neutralizer is received in an intermediate tank. The solution should be made alkaline before being pumped (no need for pumps in case of pressure neutralizers since the pressure will maintain the flow) to the evaporation section (multi-effect) running under vacuum. The solution will be steam heated in the multi effect evaporation section. The solution will be concentrated up to 97.5-99.5% (normally over 99 %) depending on whether ammonium nitrate will be granulated or prilled.

3. Mixing the Filling Material:

In order to reduce the nitrogen content of A.N from 35% to 33.5%, the proper filling material is added (about 4% by weight of powdered limestone or dolomite or even kaolin)

4. Prilling or Granulation

The hot concentrated melt is either granulated (fluidize bed granulation, drum granulation … etc) or prilled. Ammonium nitrate is formed into droplets which then fall down a fall tower (prill tower) where they cool and solidify. Granulation requires more complicated plant than prilling and variety of equipment. The main advantage of granulation with respect of environment is that the quantity of air to be treated is much smaller and abatement equipment is cheaper.

5. Drying, Screening

The ammonium nitrate (prills or granules) is dried (usually in drums) using hot air (steam heated), then screened to separate the correct product size. The oversize and undersize will be recycled either in the mixing tank (in case of prilling) or to the granulator.

6. Final Cooling

The hot proper size granules, are then cooled (against cooled and humid free air) down to 40(C and treated with anti-caking (usually amines) and then coated with an inert material (usually, kaolin, limestone or dolomite) and then conveyed to the storage. 

Fig (10) illustrates the block flow diagram for ammonium nitrate production process. 

Major Hazards

Ammonia, nitric acid and ammonium nitrate are the hazardous chemicals present in ammonium nitrate plants. A.N is an oxidizing agent and precautions must be taken in manufacturing, transport and storage.

The main chemical hazards associated with ammonium nitrate are fire, decomposition and explosion. Burns caused by hot AN solution should also be considered from a safety point of view.

Ammonium nitrate itself does not burn. Being an oxidizing agent, it can facilitate the initiation of a fire and intensify fires in combustible materials. Hot AN solution can initiate a fire in rags, wooden articles ets., on coming into contact with them. Similarly, fertilizer products or dust contaminated with oil or other combustible materials can also start fires when left on hot surfaces. 

Pure solid A.N melts at 169o C. On further heating it decomposes by way of a complex series of reactions. Up to about 250o C it decomposes primarily into N2O and H2O. Above 300o C reactions producing N2, NO, NO2 etc., become significant. These reactions are exothermic and irreversible. They are accompanied by the vapour pressure dependent endothermic dissociation into HNO3 and NH3 vapours which can provide a temperature limiting mechanism,  provided the gases can escape freely. If they cannot, the endothermic dissociation is suppressed and a run-away decomposition can develop, leading to explosive behavior. A number of materials have a strong catalytic effect on the thermal decomposition of A.N. These include acids, chlorides, organic materials, chromates, dichromate, salts of manganese, copper and nickel and certain metals such as zinc, copper and lead. The decomposition of AN is suppressed or prevented by an alkaline condition. Thus the addition of ammonia offers a major safeguard against the decomposition hazard. The release of toxic fumes is one of the main hazards associated with the decomposition of AN. 

Strongly acidic conditions and the presence of contaminants should be avoided to counter the explosion hazard in AN solutions. Explosions can occur when ammonium nitrate is heated under confinement in pumps. Reasons for pump explosions include: 

1) No (or insufficient) flow through the pump. 

2) incorrect design (design may incorporate low flow and/or high temperature trips). 

3) poor maintenance practices.

4) contamination.      

It is more common for the major storage of these chemicals to be located within their own manufacturing plants. Possible requirements for storage

· materials of construction used in the building of the store, other buildings in the locality, storage of other product in the same building, absence of drains, fire detection and fire fighting systems, layout and size of stacks

Fig (10) Process Flow Diagram for Ammonium Nitrate Manufacturing
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e)
Ammonium Sulphate

Ammonium sulphate (A.S) is a nitrogenous fertilizer with an additional source of soluble sulphur which is a secondary plant nutrient. The majority of its production is coming from coking of coal as a byproduct. Ammonium sulphate is produced by the direct reaction of concentrated sulphuric acid and gaseous ammonia and proceeds according to the following steps.

1. Reaction of Ammonia and Sulphuric Acid:

Liquid ammonia is evaporated in an evaporator using 16 bar steam and preheated using low pressure steam.

The stiochiometric quantities of preheated gaseous ammonia and concentrated sulphuric acid (98.5% wt/wt) are introduced to the evaporator – crystalliser (operating under vacuum). These quantities are maintained by a flow recorder controller and properly mixed by a circulating pump (from upper part of the crystalliser to the evaporator)

2. Crystallization

The reaction takes place in the crystallizer where the generated heat of reaction causes evaporation of water making the solution supersaturated. The supersaturated solution settles down to the bottom of crystalliser where it is pumped to vacuum metallic filter where the A. S crystals are separated, while the mother liquor is recycled to the crystalliser.

3. Drying of the wet Ammonium Sulphate Crystals

The wet A.S crystals are conveyed (by belt conveyors) to the rotary dryer to be dried against hot air (steam heated) and then conveyed to the storage area where it naturally cooled and bagged. 

Fig (12) presents the process block diagram for ammonium sulphate production.

f)
Ammonium Phosphate

There are two types of ammonium phosphate, namely: mono-ammonium phosphate and di-ammonium phosphate. Mono-ammonium phosphate is made by reacting ammonia with phosphoric acid, centrifuging and drying in a rotary dryer. Di-ammonium phosphate requires a two-stage reactor system in order to prevent loss of ammonia. A granulation process follows with completion of the reaction in a rotary dryer which is heated by a furnace using fuel.

To produce mono-ammonium phosphate, ammonia to phosphoric acid ratio is 0.6 in the pre-neutralizer and then 1.0 in the granulator. For production of di-ammonium phosphate, the ratios are 1.4 and 1.0 in the pre-neutralizer and granulator respectively. 

The resulting ammonium phosphate is then screened. The undersize particles are recycled back to the granulation operation, while the oversized particles are grinded first before recycling to the granulator. After screening the fertilizer granules are coated with specific material in order to regulate its dissolving process in the soil when used.

Fig (13) illustrates the process block diagram for the manufacturing of ammonium phosphate fertilizer. 

Fig (12) Process Flow Diagram for Ammonium Sulphate Manufacturing
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Fig (13) Process Flow Diagram for Ammonium Phosphate Manufacturing
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g)
Calcium Nitrate 

Calcium nitrate is produced by dissolving the calcium carbonate (lime stone) with nitric acid, according to the following reaction:

CaCO3 + 2HNO3  →  Ca(NO3)2 + CO2 + H2O

The lime stone is transported to the site as small size stones and lifted to the dissolving tower. The nitric acid is fed to the bottom of the dissolving tower and the formed calcium nitrate is fed to the settling tank. After settling, the excess acid is neutralized with ammonia. The nitrogen content is adjusted with ammonium nitrate. The fertilizer is produced in the liquid state and the nitrogen content of the final product is adjusted to the required specifications using ammonium nitrate.

Fig (14) illustrates the process flow diagram for the production of calcium nitrate fertilizers. 

Fig (14) Process Flow Diagram for Calcium  Nitrate 
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h)
Urea

Urea (carbamide) is a high-concentration nitrogenous fertilizer, with a 46 % nitrogen content. It is produced from liquid ammonia and gaseous carbon dioxide at about 170- 190º C and 135- 145 bar, according to the following reactions: 

CO2 + 2NH3   →   NH2COONH4                      (1)

NH2COONH4   ↔   NH2CONH2 + H2O           (2)

The second reaction is dehydration of the carbamate to produce liquid phase urea. 

The urea plant consists of high and low pressure sections. The high pressure section is composed of:

· Urea synthesis including the high stripper and condenser. 

· Urea rectifying operation.

Whereas, the low pressure section is composed of:

· Evaporation.

· Recovery.

· Prilling.

Carbon dioxide is supplied from the ammonia plant and compressed in the centrifugal CO2 compressor then introduced into the bottom of the high pressure stripper, which is a part of urea synthesis section. Liquid ammonia is pumped from the storage tank to the urea plant and is preheated to a temperature around 10º C. The high pressure NH3 pump raises the pressure to 165 bars and delivers it to the high pressure carbamate condenser. NH3 and CO2 are fed to the synthesis section in the molar ratio of 2 for NH3/ CO2.

In the urea reactor most of the condensate carbamate is converted to urea and water. The reaction mixture, leaving the reactor from the overflow through internal down comer, is distributed over the top of the stripper tubes. CO2 gas is introduced in counter flow. The gases leaving the top of the stripper are led into the high pressure carbamate condenser. Major parts of the stripper off-gases are condensed gases and non-condensed NH3, CO2. They are introduced into the bottom of the reactor where the conversion of carbamate into urea takes place. Non-converted NH3 and CO2 leave the reactor to the high pressure scrubber, where major parts of NH3 and CO2 are recovered and mixed with fresh NH3 feed through the high pressure ejector.

The urea carbamate solution leaving the bottom part of the stripper is sprayed on a bed of ball rings in a rectifying column. The urea solution leaving the bottom part flows to a flash tank and then to the urea solution storage tank (about 70- 80 % concentration). This solution is further concentrated to a melt (98 % urea) by evaporation under vacuum in two stages. The urea melt is pumped to the prilling tower. The prills are received on conveyors and transported to the bagging section.

The condensate containing NH3, CO2 and urea is pumped from the NH3- water tank to the upper part of the first desorber, which is stripped by the overhead vapours of the second desorber. The bottom effluent of the first desorber is pumped to the hydrolyser column. In the hydrolyser the urea is decomposed into NH3 and CO2 and fed to the first desorber after separation in the second desorber. The process condensate is discharged from the bottom of the second desorber to the sewer system of the plant. 

The desired temperature of the prills ranges from 60º C to 65º C. If the temperature is 80º C- 85º C then the residual heat in the prills causes some stretching and bursting for the polyethylene bags after the bagging operation.

Fig (15) shows the process flow diagram for the production of urea. 

Fig (15) Process Flow Diagram for Urea Production
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i)
Bagging Section

The produced fertilizers are sent to the bagging section by belt conveyors. Fertilizers are piled in this section and withdrawn by rail scrapers which moves on a rail bars. By using forks the fertilizers slide down to the feed network then to a sliding car with small bunker which ensure constant feeding. The car slides along the section to transport the product to an inclined belt conveyor or then to bucket elevators and hammer mill. By a screw conveyor, the product is discharged to the final product and packed.

In the packaging stage a balance exist between the conveyor and the packaging bunker at which a level meter is fixed. The bunkers feed the balance which consequently feed packaging operation in which polyethylene bags are filled and transported by belt conveyors to the trucks.

2.3 Service Units and Related Pollution Sources

Medium and large size plants will have some/all of the following service and auxiliary units.  These units can be pollution sources and therefore should be inspected and monitored. Fig (16) shows the various units with their corresponding raw materials and potential pollution sources. 

2.3.1 Boilers

Boilers are used to produce steam for:

· heat supply to the processes, reaction (steam reforming) and CO shift converter (in ammonia production and other processes utilizing steam).  

· electric power generation.

Conventional steam-producing thermal power plants generate electricity through a series of energy conversion stages.  Fuel is burned in boilers to convert water to high-pressure steam, which is then used to drive the turbine to generate electricity.

The gaseous emissions generated by boilers are typical of those from combustion processes.  The exhaust gases from 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 is a function of firing configuration (nozzle design, chimney height), operating practices and fuel composition.  

Gas-fired boilers generally produce negligible quantities of particulates and pollutants.  

Wastewater is generated as blowdown purged 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.  

In the case of power plants, water is used for cooling the turbines and is also generated as steam condensate. 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.

2.3.2 Water Treatment Units

There are different types of water used in industry.  Depending on the application and the water source, different treatment processes are applied.  

a. 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) in the pH range of 6-8. This is performed by taking the softener out of service, backwashing with the salt solution, rinsing to eliminate excess salt, then returning it to service. The treated water has a hardness level of less than 1 ppm expressed as calcium carbonate. 

b. 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 poly-electrolytes 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 filer 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. 
c. Water Demineralization 

Water demineralization units are indispensable units in industrial plants. These units provide the relevant water, after removing the soluble salts, for pressure boilers and dematerialized necessary for process (as process water for nitric acid, sulphuric acid .. etc). The removal of salts in the raw water is carried out by special resins through ion exchange. The raw water is pumped to cation, anion (and mixed bed) exchangers. The resins when exhausted (saturated with salts) are regenerated using various chemicals such as sodium chloride, hydrochloric acid or sulphuric acids and sodium hydroxide. The effluents during these regeneration processes (twice a day) represent a considerable source of pollution.

2.3.3 Cooling Towers

Cooling water is used extensively in industry.  During the cooling process, water heats up and can only be reused if cooled.  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.

2.3.4 Compressors

Several types of compressors are needed in the fertilizers plants, including the ammonia, steam, gas and air compressors. Compressors consume a considerable quantities of lube oils for lubrication and cooling purposes, in addition to electricity. The major resulting pollutants are noise affecting workers and the spent oils.

Lube oils are essential for several parts of the compressors. It utilizes as a pillow which facilitate the revolving motion, in addition to the absorption of resulted heat due to friction. When the compressor is started-up a pump drafts the oil from its storage tank, to a filter and an oil cooler. The lube oil, after passes through different parts of the compressor, is collected back in the oil tank.

Ammonia compressing is composed of two stages, the first includes two cylinders and the second four. No greasing is applied inside the cylinders, but only the other parts are being greased in order to lower the friction. The temperature of a gas arises by compression, hence it needs to be cooled before any further compression. Compressing is done by the piston inside the cylinder, in which the gases in front of the piston are being pressed until their pressure equalize the repelling pipe pressure. This opens the discharging valve and compressed gases exit into their path. The suction valve is consequently opened and gases introduce the cylinder behind the piston. These types are named the frequency compressors. Gaseous leaks may result from the compressors, which generate a pollution problem in the work place of the unit. A good check should be implemented for the equipment in order to avoid operating problems, such as clogging in the filter of oil suction pump, leaks from the non-return valve, broken pipelines of any other parts, temperature increasing than usual, decreasing in cooling efficiency …etc. The compressor’ motor is cooled by cold air. 

2.3.5 Laboratories

There are several laboratories in the fertilizers plants which are responsible for different activities, as follows:

· Research laboratory, responsible for developing, through research and analysis, new types of fertilizers as well as studying the different effects on soil and plant.

· Quality control laboratory, responsible for the analysis of the different products and comparing the findings with the standard specifications. It also analyze the raw materials inputs to the different units of the plant. 

· Environmental laboratory, responsible for the collection of periodical routine and sudden random samples to control air and water pollution. It is also responsible for the performance of water and wastewater treatment units, through periodic analysis for the inlet and outlet streams. 

Different types and quantities of hazardous chemicals are used for different testing and analysis. Proper handling and storage are required for compliance with environmental law. 

2.3.6 Workshops and Garage

Large facilities have electrical and mechanical workshops for maintenance and repair purposes.  Environmental violations could be due to:

· Noise 

· Rinse water contaminated with lube oil 

Pollution in the garage area 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 lines or selling it to recycling stations. Washing agents and solvents may be used.

2.3.7 Storage Facilities

The specifications for the storage facilities depend on the stored material. Fuel is used for the boilers, cars and delivery trucks.  It is stored in underground or over ground lined tanks.  Usually, fuel oil (Mazot), gas oil (solar) or natural gas are used as fuel. Acids such as sulphuric or nitric or phosphoric acids are stored in large capacities tanks.

2.3.8 Wastewater Treatment Plants

Although a WWTP is a pollution abatement measure, it has to be inspected and monitored for potential pollution.  Pollution may be due to malfunctioning or improper management.  Disregarding treatment of boilers and cooling towers blowdown, which is by far the largest wastewater problem in the industry, several treatment schemes have been used. Most approaches have been based on the origin of the product, that is phosphate or nitrogenous fertilizer. 

The effluent streams can be characterized as either a phosphoric acid effluent or an ammonia effluent. The phosphoric acid effluent is high in fluoride concentration, low in pH, high in phosphate and in suspended solids. Standard practice has been to contain the water for reuse, allowing enough time for solids sedimentation. The problem is that fresh water addition may result in overflow of the retained water. The retention ponds should be carefully designed. If overflow is evident, it must be treated with lime and clarified.

A slightly more sophisticated method for discharging overflow water is with a two-stage liming process. The first lime treatment brings the pH up to 3 or 4 and reduces the fluoride concentration to 20- 25 mg/ l and the P concentration to 50- 60 mg/ l. The CaF2 precipitate is settled out and the effluent is treated again with lime to raise the pH to 6 or 7. The F and P concentrations are reduced to about 10 mg/ l. the water is clarified and released to a receiving stream. The two-stage fluoride removal process of lime precipitation followed by alum-polyelectrolytes flocculation and sedimentation was found to be workable. Maximum precipitation of fluoride with lime occurs at a pH greater than or equal to 12 and optimum coagulation with the alum-polyelectrolyte occurred at a pH of about 6 to 7. 

The other effluent type is characteristic of ammonia production and ammonia containing products. Most of the contamination comes from the production of the ammonia itself. It is characteristically high in ammonia from effluent gas scrubbing operation and high in ammonia, total suspended solids and carbamate. These effluents require a pH adjustment and settling.

The treated effluent is discharged to the receiving media and a final sludge is remained. Safe sludge disposal should be implemented, due its high content of hazardous constituents such as heavy metals, phosphorous, ammonia and silicates.

2.3.9 Restaurants, Washrooms and Housing Complex

These facilities will generate domestic wastewater as well as domestic solid waste.

Fig (16) Service Units and their Related Pollution Sources
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2.4 Emissions, Effluents and Solid Wastes

Fertilizers industry manufacturing processes originate is gas, contaminated liquid effluents in addition to dust and solid by-products. These wastes pollute air, water as well as impair soil. Pollution problems arise from low processes efficiency and/or inefficient dust collecting systems, gas scrubbing (if it does exist) and most important is the lack of a proven recycle of such recovered contaminants to the process streams. 

2.4.1 Air Emissions

The major emission in phosphoric and nitrogenous fertilizers cited here below includes particulates, sulphur oxides, hydrogen fluoride (and compounds Ca F2 SiF4) phosphogypsum, phosphoric acid, ammonia, NOx, ammonium nitrate, sulphate, carbon oxides … etc. Detailed are as follows:

a. Phosphate Fertilizers

Fluoride emissions are considered the major air pollutants from phosphate fertilizers plants.

· Single Superphosphate Production

Sources of emissions at a single superphosphate plant include rock unloading and feeding, mixing operations (in the reactor), storage (in the curing building), and fertilizer handling operations. Rock unloading, crushing, screening, handling and feeding generate particulate emissions of phosphate rock dust. The mixer, den and curing building emit gases in the form of silicon tetrafluoride (SiF4), hydrogen fluoride (HF) and particulates composed of fluoride and phosphate material.

The major polluting parameters are total suspended particulates, fluorides, sulphuric acid mist, dust fall and inhaled dust. 

· Triple Superphosphate Production

Emissions of fluorine compounds and dust particles occur during the production of granulated triple superphosphate. Silicon tetrafluoride (SiF4) and hydrogen fluoride (HF) are released by the acidulation reaction and they evolve from the reactors, granulator, and dryer. Evolution of fluoride is essentially finished in the dryer and there is little fluoride evolved from the storage pile in the curing building.

Sources of particulate emissions include the reactor, granulator, dryer, screens, mills, and transfer conveyors. Additional emissions of particulate result from the unloading, grinding, storage, and transfer of ground phosphate rock. Facilities may also receive limestone in granulated form which does not require additional milling. The major emissions result from phosphate rock preparation operations, reaction and granulation.

· Phosphoric Acid Production

The main emissions are gaseous fluorides and dust. Gaseous fluorides such as silicon tetra-fluoride (SiF4) and hydrogen fluoride (HF) can be major emissions from wet process acid production. Phosphate rock contains 3.5 to 4.0 percent fluorine. Fluorine is liberated during acidulation initially as HF, but later in the presence of silica as H2SiF6. A proportion of F is evolved as vapour. Part of the fluorine from the rock is precipitated with the gypsum, another part is leached out with the phosphoric acid product, and the remaining portion is vaporized in the reactor or evaporator. The relative quantities of fluorides in the filter acid and gypsum depend on the type of rock and the operating conditions. Final disposition of the volatilized fluoride depends on the design and operation of the plant. Another group of impurities are As, Cd, Cu,Pb, Ni,Zn an Hg which are present in most phosphate rocks and may pass into acid during acidulation.

The reactor in which phosphate rock is reacted with sulfuric acid is the main source of emissions. Fluoride emissions accompany the air used to cool the reactor slurry. Vacuum flash cooling has replaced the air cooling method to a large extent, since emissions are minimized in the closed system. Acid concentration by evaporation is another source of fluoride emissions. Approximately 20 to 40 percent of the fluorine originally present in the rock vaporizes in this operation. Particulate matter containing fluorides can be emitted directly from process equipment. About three to six percent of the particulates can be fluorides, as measured at one facility. Hence the major detected parameters in air emissions are fluorides compounds measured as (F).
· Sulphuric Acid Production

The major polluting parameters are sulphur dioxide , sulphur trioxide and acid mist. Emissions occur during sulphur burning, in converters and absorption.

Sulphuric acid production is one of the few chemical processes where more energy is produced than is used in the process. In many cases sulphuric acid plants are used as the energy source for the production processes for other chemicals.

Tables (4) show some typical air emissions measurements in a phosphate fertilizers plant.

Table (4) Typical Air Emissions Measurements for 

Phosphatic Fertilizers Plant

	Location
	A
	B
	C
	D

	TSP Conc. (μg/ m3)
	527.7
	458.8
	512.2
	396.6

	Gaseous Fluorides (μg/ m3)
	527.7
	458.8
	512.2
	396.6

	Particulate fluorides (μg/ m3)
	10.18
	12.98
	11096
	16.40

	Sulphur Dioxide (ppm)
	0.028
	0.022
	0.018
	0.038

	Dust Fall (g/ m2/ month)
	527.7
	458.8
	512.2
	396.6

	Sulphuric Acid Mist (μg/ m3)
	1100
	800
	960
	880


A, B, C and D are locations 150 m outside the plant in directions East, West, North and South respectively.

b. Nitrogenous Fertilizers

· Ammonia Production

Air pollutants from the manufacture of synthetic ammonia are emitted primarily from four process steps:

· regeneration of the desulfurization bed,

· heating of the catalytic steam (flue gases from primary reformer),

· flue gases from CO2 removal and regeneration of carbon dioxide scrubbing solution,

· steam stripping of process condensate.

The major gaseous emissions include sulphur dioxide, carbon monoxide, carbon dioxide, hydrogen sulfide (which is generated from natural gas), volatile organic compounds (VOCs), methane and the leakage of ammonia from the converter or liquefaction process.

Vented regeneration steam contains sulfur oxides (SOx) and hydrogen sulfide (H2S), depending on the amount of oxygen in the steam. Regeneration may also emit hydrocarbons and carbon monoxide (CO). The reformer, heated with natural gas or fuel oil, may emit combustion products such as NOx, CO, SOx, hydrocarbons, and particulates. Carbon dioxide (CO2) is removed from the synthesis gas by scrubbing with monoethanolamine (C2H4NH2OH) or hot potassium carbonate solution. Regeneration of this CO2 scrubbing solution with steam produces emissions of water, NH3, CO, CO2 and monoethanolamine. Purge and flash gases from synthesis section are usually washed to remove ammonia and purge gas may be treated in a recovery unit before being returned to primary reformer.
· Nitric Acid Production

Emissions from nitric acid manufacturing consist primarily of NO and NO2 (which account for visible emissions), and trace amounts of HNO3 mist and NH3. The major source of nitrogen oxides is the tail gas from the acid absorption tower. In general, the quantity of nitrogen oxides (NOx) emissions is directly related to the kinetics of the nitric acid formation reaction and absorption tower design. NOx emissions can increase when there is:

· Insufficient air supply to the oxidizer and absorber,

· Low pressure, especially in the absorber,

· High temperatures in the cooler/condenser and absorber,

· Production of an excessively high-strength product acid,

· Operation at high throughput rates,

· Faulty equipment such as compressors or pumps which lead to lower pressures, leaks, and reduced plant efficiency.

Comparatively small amounts of nitrogen oxides are also lost from acid concentrating plants. These losses (mostly NO2) are from the condenser system, but the emissions are small enough to be controlled easily by absorbers. 

Acid mist emissions do not occur from the tail gas of a properly operated plant. The small amounts that may be present in the absorber exit gas streams are typically removed by a separator or collector prior to entering the catalytic reduction unit or expander. The acid production system and storage tanks can be a significant source of visible NOx emissions at nitric acid plants. Emissions from acid storage tanks are most likely to occur during tank filling. Therefore, the major polluting parameters to be detected are Nox and any visible emissions.

Air pollution problem are created because it is too expensive to try to absorb more than 97- 98 % of the NO leaving the gauze. Three methods are currently used to meet the environmental requirements. First, stack gas (containing NO) is reheated and reacts with natural gas, the combustion reaction increases the gas temperature and this increases the power recovered in the expander. Second, reheated stack gas can be treated with ammonia or hydrogen (if available) in a catalytic reactor to reduce the NO to N2. Third, additional absorption capacity operating at low temperature can increase absorption sufficiently to meet the requirements.    

· Ammonium Nitrate Production

The primary air emissions from ammonium nitrate production plants are particulate matter (ammonium nitrate and coating materials), ammonia and nitric acid. Ammonia and nitric acid are emitted primarily from solution formation and granulators. Particulate matter (largely as ammonium nitrate) can be emitted from most of the process operations.

The emission sources in solution formation and concentration processes are neutralizers and evaporators, emitting droplets of ammonium nitrate and ammonia. The vapor stream off the top of the neutralization reactor is primarily steam with some ammonia and NH4NO3 particulates present. Specific plant operating characteristics, however, make these emissions vary depending upon use of excess ammonia or acid in the neutralizer. Particulate emissions from these operations tend to be smaller in size than those from solids production and handling processes and generally are recycled back to the process. Emissions of very fine particles are very difficult to remove. A combination of droplet separators and scrubbers can be used.

Contaminated steam from evaporator should be purified before discharge to the environment.

Emissions from solids formation processes are ammonium nitrate particulate matter and ammonia. The sources of primary importance are prill towers (for high density and low density prills) and granulators (rotary drum and pan). Ammonia is normally removed by neutralization in a wet scrubber. Most conventional scrubbers are less efficient for the removal of particles below 1 micron of prill tower fume. Candle filters are normally required. Gases from granulator and drier may be cleaned by combination of dry cyclones or bag filters and wet scrubbers.

Emissions from prilling towers result from carryover of fine particles and fume by the prill cooling air flowing through the tower. These fine particles are from microprill formation, attrition of prills colliding with the tower or one another, and rapid transition of the ammonia nitrate between crystal states.

Microprill formation resulting from partially plugged orifices of melt spray devices can increase fine dust loading and emissions. Certain designs (spinning buckets) and practices (vibration of spray plates) help reduce plugged orifices and thus microprill formation. High ambient air temperatures can cause increased emissions because of entrainment as a result of higher air flow required to cool prills and because of increased fume formation at the higher temperatures.

Emissions from screening operations are generated by the attrition of the ammonium nitrate solids against the screens and against one another. Almost all screening operations used in the ammonium nitrate manufacturing industry are enclosed or have a cover over the uppermost screen. Emissions are ducted from the process for recovery or reuse. 

Bagging and bulk loading operations are also a source of particulate emissions. Dust is emitted from each type of bagging process during final filling when dust laden air is displaced from the bag by the ammonium nitrate. The potential for emissions during bagging is greater for coated than for uncoated material. It is expected that emissions from bagging operations are primarily the kaolin, talc or diatomaceous earth coating matter. About 90 percent of solid ammonium nitrate produced domestically is bulk loaded. While particulate emissions from bulk loading are not generally controlled, visible emissions are within typical state regulatory requirements (below 20 percent opacity).

· Methanol Production

Ammonia, carbon monoxide and hydrogen are considered the major air emissions from this production line. Usually these emissions are scrubbed through efficient scrubbers, but in some cases facilities do not utilize scrubbers.

· Ammonium Sulphate Production

Several air emissions are generated during the production of ammonium sulphate fertilizer, they include ammonia and sulphuric acid mist. Some facilities directs these emissions to scrubbers. In case of the absence of scrubbing operation it is expected to find these emissions in the atmosphere.

· Di-Ammonium Phosphate Production

Phosphoric acid and ammonia are used in the production of ammonium phosphate fertilizer. Emissions of ammonia, fumes and particulates are also emitted to the atmosphere if no cyclones or scrubbers exist in these facilities. Furnace flue gases from drier.

· Calcium Nitrate 

Limestone is used in this production line, therefore particulates emissions are generated during preparation, transportation and handling of the stone. On the other hand ammonia, acid mist and particulates are also generated during the process.

· Urea Production

Emissions from urea manufacture are mainly ammonia particulate matter. Formaldehyde and methanol, hazardous air pollutants, may be emitted if additives are used. Formalin TM, used as a formaldehyde additive, may contain up to 15 percent methanol. Ammonia is emitted during the solution synthesis and solids production processes. Particulate matter is emitted during all urea processes. In the synthesis process, some emission control is inherent in the recycle process where carbamate gases and/or liquids are recovered and recycled. Typical emission sources from the solution synthesis process are noncondensable vent streams from ammonium carbamate decomposers and separators. Emissions from synthesis processes are generally combined with emissions from the solution concentration process and are vented through a common stack. Combined particulate emissions from urea synthesis and concentration operations are small compared to particulate emissions from a typical solids-producing urea plant. The synthesis and concentration operations are usually uncontrolled except for recycle provisions to recover ammonia.

Uncontrolled emission rates from prill towers may be affected by the following factors:

· Product grade being produced

· Air flow rate through the tower

· Type of tower bed

· Ambient temperature and humidity 

The total of mass emissions per unit is usually lower for feed grade prill production than for agricultural grade prills, due to lower airflows. Uncontrolled particulate emission rates for fluidized bed prill towers are higher than those for non-fluidized bed prill towers making agricultural grade prills, and are approximately equal to those for non-fluidized bed feed grade prills. 

Ambient air conditions can affect prill tower emissions. Available data indicate that colder temperatures promote the formation of smaller particles in the prill tower exhaust. Since smaller particles are more difficult to remove, the efficiency of prill tower control devices tends to decrease with ambient temperatures. This can lead to higher emission levels for prill towers operated during cold weather. Ambient humidity can also affect prill tower emissions. Air flow rates must be increased with high humidity, and higher air flow rates usually cause higher emissions. In the solids screening process, dust is generated by abrasion of urea particles and the vibration of the screening mechanisms. Therefore, almost all screening operations used in the urea manufacturing industry are enclosed or are covered over the uppermost screen. Emissions attributable to coating include entrained clay dust from loading, in-plant transfer, and leaks from the seals of the coater.

2.4.2 Effluents

Wastewater from the fertilizer industry can be classified into four groups:

· Process effluents resulting from contact with gas, liquids, or solids

· Dedicated effluents which may be separated for use in one process or for recycling at a controlled rate

· Effluents from general services such as cleaning or pretreatment

· Occasional effluents such as leaks or spills

Wastewater is generated in any fertilizer production facility by leaks, spills, cleaning, maintenance, and laboratory tests. Cooling water may contain ammonia, sulfate, chloride, phosphate, chromate, and dissolved solids which become concentrated through evaporation. 

a. Phosphate Fertilizers

Effluents include wastewater from water treatment unit, cooling towers and boilers blowdown, spills and leaks, surface run-off. Cooling water is not significantly contaminated in most cases. Another contaminated stream may result from condensers, heat exchangers and gas scrubbers. It was found that the main sources of pollution are attributed to the washing water of the scrubbing towers.

Primary parameters for wastewater are phosphorous, fluorides, silicate, suspended solids and pH.

Phosphoric acid production creates large quantities of pond water for cooling of the process, concentration of the product and for processing and storage of the gypsum byproduct. Gypsum slurry water is decanted from the top of the gypsum stacks and sent to the cooling pond through collection ditches 

Through evaporation and recycling, contaminant concentrations in pond water can reach several grams per liter of phosphates and fluoride. Additional elemental contaminants in pond water which originate in phosphate rock are arsenic, cadmium, uranium, vanadium, and radium. 

Tables (5 and 6) give typical characterization of wastewater from superphosphate fertilizer and phosphoric acid production units, respectively.

Table (5) Characterization of wastewater from Superphosphate Production Unit

	Parameters
	Units
	Source (1)
	Source (2)
	Source (3)
	Source (4)

	pH
	
	1.17
	2.3
	7.67
	1.1

	COD
	mg/ l
	-
	-
	15.56
	-

	BOD
	mg/ l
	-
	-
	5
	-

	Total nitrogen
	mg/ l
	-
	-
	14
	-

	Settleable solids
	mg/ l
	2
	-
	-
	0.5

	Total residue at 105o C
	mg/ l
	11834
	1029
	332
	7889

	Total volatile residue at 550o C
	mg/ l
	5368
	447
	71
	4429

	Total suspended solids
	mg/ l
	2422
	108
	4303
	980

	Total dissolved solids
	mg/ l
	9412
	921
	288.7
	6909

	Total phosphate
	mg/ l
	340
	20
	1.2
	304

	Hydrogen sulfide
	mg/ l
	-
	-
	-
	-

	Sulphate
	mg/ l
	270
	120
	34
	260

	Total hardness
	mg/ l
	-
	-
	160
	302

	Calcium hardness
	mg/ l
	-
	-
	98
	149

	Fluoride
	mg/ l
	16400
	1550
	1.2
	14750

	Soluble silicate
	mg/ l
	6000
	2700
	6.5
	6400

	Iron
	mg/ l
	65
	3.6
	0.4
	7.5


Source (1): washing water of scrubbing towers in the single superphosphate unit.

Source (2): Washing water from scrubbing tower in the triple superphosphate unit.

Source (3): cooling water from the dilution of sulphuric acid unit.

Source (4): final effluent.

Table (6) Characterization of wastewater from Phosphoric Acid Production Unit

	Parameters
	Units
	Source (1)
	Source (2)

	pH
	
	2.07
	1.01

	COD
	mg/ l
	22.3
	86.4

	BOD
	mg/ l
	11.3
	57

	Total nitrogen
	mg/ l
	1
	6.5

	Settleable solids
	mg/ l
	-
	0.4

	Total residue at 105o C
	mg/ l
	873
	34291

	Total volatile residue at 550o C
	mg/ l
	246
	10766

	Total suspended solids
	mg/ l
	15
	816

	Total dissolved solids
	mg/ l
	858
	33475

	Total phosphate
	mg/ l
	6.8
	940

	Sulphate
	mg/ l
	52
	2500

	Total hardness
	mg/ l
	65
	-

	Calcium hardness
	mg/ l
	32.5
	-

	Fluoride
	mg/ l
	1400
	15200

	Soluble silicate
	mg/ l
	210
	180

	Iron
	mg/ l
	1.1
	115


Source (1): cooling water.

Source (2): process water (washing water).

b.
Nitrogenous Fertilizers

Wastewater is considered the major pollution problem in such plants. A number of process wastewater streams from the nitrogenous fertilizer industry have been identified. Wastewater is analyzed in terms of ammonia, nitrates, organic nitrogen and hydrogen ions concentration (pH).

· Ammonia Production

In ammonia production, wastewater is generated from process condensate stripping. Cooling the synthesis gas after low temperature shift conversion forms a condensate containing NH3, CO2, methanol (CH3OH), and trace metals. Condensate steam strippers are used to remove NH3 and methanol from the water. Stripped condensate can be reused as boiler feed water after treatment of ion exchange. In some cases, the process condensate is used for feed gas saturation and thus recycled.

Wastewater is contaminated with traces of ammonia and oils from compressing gas unit. Emissions to water  may also occur due to the scrubbing of waste gases containing ammonia if gases are not recovered in a closed loop so that no aqueous ammonia emissions occur.

· Nitric Acid Production

Nitric acid production generates relatively little wastewater since there is no process wastewater source. Steam condensate generated in nitrogenous fertilizer processing is characterized by dissolved and suspended solids, alkalinity, and hardness. The ammonia vaporizer blow-down should have the ammonia vaporized and recovered into the process. The waste oil should be reprocessed.

· Ammonium Nitrate Production

Wastewater effluent is discharged from cooling tower blowdown, backwash from multi-media filters and from equipment and floor washing. Loss of ammonium nitrate to drain from a large number of sources is a potential problem for all ammonium nitrate plants. Causes are different kinds of leaks and washings.

Ammonium nitrate manufacturing produces process wastewater in the neutralization process, the evaporation unit, and air cooling equipment. The vacuum condenser in ammonium nitrate plants is a source of wastewater. Most scrubbing operations are also a source of wastewater. The steam condensate leaving the neutralizer can be purified. Purification can be achieved by stripping, distillation and membrane separation processes as reverse osmosis. Ion exchange can also be considered but ther are some safety concerns which must be addressed. The steam can be used in the evaporator or to preheat and evaporate ammonia and to preheat nitric acid. The solution from wet scrubbers is normally recycled.

· Urea Production

Steam is used in considerable amounts in this production line, therefore, steam condensate is the major effluent. Fugitive ammonia, carbamate and particulates are dissolved in the steam condensate forming a pollution source for this effluent if not recycled.

· Ammonium Sulphate Production

Wastewater includes the blowdown from boilers, water from the wet scrubbers and floor drains is redirected to the process for recapture of ammonium sulphate. Wastewater contains traces of ammonia, sulphate and acidity. 

Floor drains collect liquid spills and bleed line discharges from circulating pumps and directs the liquids to the sump tank from which it is pumped back to the crystalizer. The sump tank also collects the bottom drain line discharges from the crystalizer. Overflow, if exist, from the sump tank could generate another source of pollution. Steam condensate is another source of pollution to the wastewater.

· Di-Ammonium Phosphate Production

Spills of acids (sulphuric and phosphoric acids) and ammonia leaks are dissolved in floor washing wastewater and polluting the effluent stream from this unit. Also contaminated wastewater from scrubbers is generated. 

· Calcium Nitrate 

Nitric acid is used in this unit, hence spills of this acid highly pollute the effluent stream. Moreover, spills of liquid fertilizer and particulates from the solid fertilizer and fugitive ammonia are dissolved in the floor washing water generating another pollution source. 

· Methanol Production

Wastewater contaminated with alcohol produced from distillation of the product is considered the major polluting source in this unit. 

2.4.3 Solid Wastes

For all fertilizers plants, solid materials may be found in storage piles, settled dust and other similar forms. The following are the major solid wastes in different production lines of fertilizers.

a.
Phosphate Fertilizers

· Single Superphosphate Production

Off-specification product, products spills, and dusts collected in emission control systems are potential sources of residual wastes. Products are occasionally suspended or canceled, leaving stockpiles of residual product. 

· Triple Superphosphate Production

Sources of solid wastes in this production line are spent containers, wastewater treatment sludges, and spent filters. Many of these wastes are transported offsite for disposal. However, with good housekeeping techniques and dedicated systems, some of these wastes may be recycled back into the process instead of being wasted.
· Phosphoric Acid Production

One of the largest solid wastes in this production unit is phosphogypsum. Approximately 1.5 tons of phosphogypsum is produced per ton of phosphate rock fed, or 5 tons per ton of phosphoric acid produced (expressed as P2O5). Gypsum (calcium sulphate dihydrate) is a mineral which also occurs in nature. Phosphogypsum is produced by the reaction of phosphate rock with sulphuric acid during the process of producing phosphoric acid. 

The use of waste phosphogypsum for other purposes has been widely encouraged, but economic and/or quality problems and/or the demand for the resulting products frequently inhibit or prevent this. These problems relate not only to the impurities in the gypsum, but also to its relatively high moisture content. Plasterboard, plaster, and cement are the main possibilities. It is also possible to recycle phosphogypsum in sulphuric acid production. 

Dumping gypsum on land is not possible everywhere because the material settles and dries slowly and requires an adequate land area and certain climatic and soil conditions where the stack is situated. Gypsum stacks are being increasingly regulated in terms of lining and cap systems to prevent contaminated leaching or runoff .

Cadmium is a heavy metal which accumulates in living systems and can become toxic above certain limits. The quantity of cadmium contained in a phosphatic fertilizer depends on the source of the rock or waste material from which it was made. The cadmium content of phosphate rocks varies from almost zero to over 300 mg/kg P2O5. The acidulation of phosphate rock partitions the cadmium between the fertilizer product and the by-products, mainly the phosphogypsum arising from phosphoric acid production.

· Sulphuric Acid Production

Spent catalyst is generated from this production line and usually returned to the licensor. The vanadium content of the V2O2 catalysts can be reclaimed for further use. This service is usually provided by the catalyst manufacturer. The metal can be recycled as vanadium salts or ferrovanadium for steel production.
b.
Nitrogenous Fertilizers

· Ammonia Production

Solid wastes are generated due to the usage of many catalysts types and quantities. The spent catalysts can not be purified or recycled, hence, they create a disposal problem which should be checked. These catalysts are considered hazardous, due to their heavy metals content (chromium and nickel). Another solid waste problem is the filling material for absorption tower. They are consumed and disposed off-site. 

Catalysts used in the steam reforming process need to be replaced every two to six years. Spent catalysts contain oxides of hexavalent chromium, zinc, iron, and nickel. They are typically returned to the manufacturer or other metal recovery companies for recycling and reclamation of valuable materials.

· Nitric Acid Production

Spent catalyst from the reactor and filter cake and cloth generated from the filter are considered the major solid wastes generated from this unit. Usually spent catalyst is sent to the suppliers and it must not be disposed in dumping sites due to its hazardous nature.

· Ammonium Nitrate Production

Dolomite and clay from the mixing and coating operations are the major solid wastes from this unit as well dump product. 

· Ammonium Sulphate Production

Ammonium sulphate crystals during conveying and bagging are collected and recycled.

· Ammonium Phosphate Production

Spills of the fertilizers in the bagging section are collected and recycled.

· Urea Production

Prills coating material in the bagging section are collected and recycled.

2.4.4 Work Environment

Several pollutants are generated in the work environment within the fertilizers plants, these include the following:

· Fugitive gases and vapours inside the production units, which vary according to the production line. In phosphatic fertilizers plants, these emissions include fluoride compounds (HF, SiF4 and H2SiF6) and NOx ammonium nitrate and sulphur oxides. Whereas, in the nitrogenous fertilizers plants ammonia, VOCs, carbon dioxide and urea are considered the major emissions concerning workplace.

· Dust and particulates are also emitted inside the work environment from several sources including; crushing and grinding of phosphate rock, granulation and screening operations for fertilizers and also from bagging section. Also belt and screw conveyors are considered another source for particulates emissions in the workplace.

· Heat is evolved from several sources inside the fertilizers plant including; acidulation, methanation, exothermic reactions, drying and prilling of fertilizers. Heat is also evolved in the boilers house and bagging section.

· Noise is another problem of concern inside workplace. It can occur in several production and service units, such as; compressors pumping units, boilers house, towers pump water for cooling, granulation and screening of fertilizers. Also transportation of fertilizers by belt conveyors generates high noise. 

In general workers in the fertilizers plants are exposed to numerous hazards including; sulphur vapours, high temperature from molten sulphur, burns from the corrosive sulphuric acid, noise from turbines, phosphates as powdered fertilizer, fluorine gases during concentration operations and exposure to phosphoric acid, fugitive ammonia, methane gas and nitrogen oxides.

Table (7) gives some typical measurement for noise in some places in a fertilizers plant.

Table (7) Typical Noise Measurements in a Fertilizer Plant

	Place
	Noise Intensity, dB

	Water intake pumps
	96

	Boilers pumps
	106

	Air liquification
	90- 105

	Cooling towers pumps 
	99- 100

	compressors
	101- 109

	Ammonia production section
	100- 99

	Urea production section
	86- 100


Table (8) gives some typical measurement for emissions in some places in a fertilizers plant.

Table (8) Typical Emissions Measurements in Workplace 

for a Fertilizers Plant

	Parameters
	1
	2
	3
	4
	5
	6
	7
	8

	TSP (μg/ m3)
	7524
	893.3
	2109
	6336
	1266
	697.3
	9241
	527.7

	Fluoride mg/ m3
	53.2
	24.7
	23.4
	73
	14
	18
	-
	13.9

	Particulates (μg/ m3)
	87.6
	61.2
	15.2
	24.7
	23.6
	22.7
	-
	13.8

	SO2
	0.04
	0.06
	0.03
	0.05
	0.02
	0.03
	0.04
	0.02


(1): Superphosphate plant.

(2): Phosphoric acid plant.

(3): Phosphoric acid plant.

(4): polish water station.

(5): old administrative building.

(6): near the phosphate port.

(7): 150 m far from the phosphoric acid gate.

(8): near the fertilizer concentration plant.

Table (9) gives the summary of production lines in the fertilizers industry and the related inputs and the pollution sources and types.

Table (9) Inputs and Pollution Sources and Types in the Fertilizers Industry

	Operation
	Inputs
	Air Emissions
	Liquid Wastes
	Solid Wastes
	Work Environment

	Single Super Phosphate 

	Crushing and grinding 
	Phosphate rock 
	Dust and particulates to the air
	-
	-
	Noise and particulates 

	Acidulation
	Sulphuric acid, phosphate rock
	Hydrogen fluoride, acid mist and   SiO2
	-
	-
	Acid mist, heat stress 

	Reaction den
	-
	Hydrogen fluoride and 
 SiF4 and SiO2
	-
	-
	-

	Scrubbing towers
	Gases from the den and mixer water 
	
	Wastewater containing H2SiF6 and S.S
	-
	-

	Conveying and storage for curing
	-
	-
	-
	-
	Particulates, HF and SiF4  

	Granulation
	Water
	Dust & fumes to the scrubber
	-
	-
	Particulates

	Screening 
	-
	-
	-
	-
	Particulates

	Bagging 
	Polyethylene or polypropylene bags
	-
	-
	Spills of product and spent bags
	Particulates

	Triple Superphosphate

	Crushing and grinding 
	Phosphate rock 
	Dust and particulates to the air
	-
	-
	Noise, dust and particulates 

	Two-stage reaction 
	Ground phosphate rock and phosphoric acid
	Hydrogen fluoride and SiF4
	-
	-
	-

	Granulation 
	Water and recycled over & under sired products 
	Hydrogen fluoride and SiF4
	-
	-
	· Water vapors,

· Fluoro compounds particulates 

	Screening 
	-
	-
	-
	-
	Particulates 

	Cooling 
	Cold air 
	-
	
	-
	-

	Scrubbers
	Water 
	
	Wastewater containing H2SiF6 and S.S
	
	

	Storage and bagging 
	Polyethylene bags
	Emissions from stored product piles containing HF, SiF4
	-
	Spills of product and spent bags
	Particulates & emissions of fluoro compounds 

	Phosphoric Acid Production

	Crushing & grinding
	Phosphate rock 
	Dust and particulates 
	-
	-
	Dust & particulates

	Washing 
	Diluted phosphoric acid 
	-
	-
	-
	-

	Reaction 
	Strong sulphuric acid 
	Hydrogen fluoride, SiF4 and acid mist to scrubber 
	-
	-
	HF, SiF4 and acid mist

	Filtration 
	Water
	-
	Wastewater recycled to the reactor (rich in H3PO4)
	-
	Acid fumes

	Scrubbers
	Water
	-
	Waste water containing fluoride phosphate and sulphate
	-
	-

	Gypsum washing 
	Water 
	Fluoride emissions
	Wash wastewater recycled to the reactor 
	-
	-

	Settling pond 
	-
	Fluoride emissions
	Separated water recycled to the reactor (rich in fluorides and trace metals)
	-
	-

	Vacuum Evaporator
	-
	SiF4
	Condensate
	-
	-

	Sulphuric Acid Production 

	Melting 
	Sulphur, steam
	Fugitive sulphur emissions
	-
	-
	· Heat stress

· Sulphur odour 

	Filtration
	Air
	-
	-
	Filter cloth 
	Sulphur odour

	Drying 
	H2SO4
	-
	H2SO4 spills 
	-
	-

	Sulphur burning 
	Air 
	- SO2 emissions
	-
	-
	Heat stress

	Waste heat boiler 
	Water
	-
	Steam condensate
	-
	Heat stress 

	First stage converter 
	
	SO2, SO3 emissions
	-
	-
	Leaks of SO2SO3 and heat stress

	Cooling boilers
	Water
	-
	-
	-
	Heat stress

	Absorption 
	Diluted H2SO4
	SO2, SO3 and acid mist and tail gas
	-
	-
	Leaks of SO2SO3

	Oleum tower 
	Oleum Conc. H2 SO4
	-
	Leaks and spills of H2​ SO4
	-
	-

	Synthetic Ammonia Production 

	Desulphurization 
	Natural gas, adsorbent (ZnO), and catalyst (CoO and MoO3 
	H2 S, volatiles and SOx emissions during regeneration 
	-
	Spent adsorbent and catalyst 
	VOCs, H2S leaks 

	Primary steam reforming 
	Steam, fuel or purge gas and catalyst (Ni)
	Hydrogen and flue gases CO2, NOx, SO2, CO and particulates
	-
	Spent Ni catalyst
	Heat stress 

	Secondary reforming 
	Compressed hot air and Ni catalyst
	-
	Acidic steam condensate
	Spent Ni catalyst
	Heat stress 

	CO converter 
	Catalyst (iron oxide/chromium oxide, copper oxide/zinc oxide)
	-
	Condensate to steam traps 
	Spent Ni Catalyst 
	-

	CO2 separation 
	Solvent (MEA, DMEA or potassium carbonate)
	SO2, H2S, CO from solvent regeneration
	Solvent recycled after regeneration 
	-
	-

	Steam condensate stripping 
	Steam condensate
	NH3, CO, CO2 and MEA
	Wastewater (ammonia and methanol)
	-
	-

	Methanation 
	Ni catalyst
	CH4 and Hydrogen
	-
	Spent Ni catalyst
	Heat stress 

	Ammonia converter 
	Cooling water and Fe catalyst 
	Purge and flash gases to primary converter
	Waste cooling water to cooling tower
	Spent catalyst 
	Ammonia leaks

	Ammonia Condensation 
	-
	-
	-
	-
	Ammonia leaks

	Nitric Acid Production

	Air filtration 
	Air 
	-
	Backwash water 
	Filter cake
	-

	Ammonia vaporization.
	Liquid ammonia and steam
	Fugitive ammonia
	-
	-
	Heat stress ammonia

	Cooling in W.H.B
	Water
	Fugitive ammonia
	-
	
	Heat stress leaks 

	Catalytic oxidation
	-
	NOx and fugitive ammonia
	Washing water from filters
	Pt catalyst is very expensive and it never considered a solid waste
	Ammonia leaks and heat stress 

	Cooling
	Cooling water
	-
	Cooling water to cooling towers 
	-
	-

	Absorptions
	Cooling water and process water
	Nox, acid mist emissions
	Cooling water to cooling towers
	-
	-

	Bleaching 
	Air
	-
	-
	-
	-

	Tail gas expander 
	Tail gas from absorption 
	NOx emissions
	-
	-
	-

	Ammonium Nitrate Production

	Preheating 
	Liquid ammonia
	-
	-
	-
	Heat stress, ammonia leak 

	Reaction (neutralization)
	Nitric acid 
	Vapours of ammonia and ammonium nitrate 
	Wastewater (NH3 and ammonium nitrate)
	-
	Ammonia leaks

	Flash evaporator
	-
	Vapours of ammonia and ammonium nitrate
	-
	-
	Ammonia vapours

	Secondary evaporator
	Steam
	Vapours of ammonia
	Condensate (NH3 and ammonium nitrate)
	-
	Ammonia vapours

	Mixing 
	Dolomite, kaolin or limestone
	Particulates
	-
	-
	Particulates 

	Prilling or granulation
	Ammonium nitrate
	Particulates
	-
	-
	Particulates 

	Drying
	Steam heated air and ammonium nitrate
	Water vapour
	-
	-
	Heat stress

	Screening
	Ammonium nitrate
	-
	-
	-
	Particulates and noise

	Cooling
	Ammonium nitrate and cold dry air
	Particulates
	-
	-
	Particulates

	Coating 
	Clay or diatomaceous earth
	Particulates
	-
	-
	particulates

	Bagging 
	Polyethylene or polypropylene bags
	-
	-
	Spills of product and spent bags
	Particulates

	Ammonium Sulphate Production

	Evaporation
	Liquid ammonia and steam
	Ammonia emissions
	-
	-
	Heat stress

	Reactor & crystallization
	Sulphuric acid
	Ammonia and acid mist
	-
	-
	Fugitive ammonia and acid

	Filtration
	Ammonium sulphate
	-
	Wastewater (ammonium sulphate)
	-
	-

	Dehydration & drying
	Steam heated air and ammonium sulphate
	-
	Wastewater (ammonium sulphate)
	-
	-

	Conveying
	Ammonium sulphate
	-
	-
	Spills of ammonium sulphate crystals 
	

	Bagging 
	Polyethylene or polypropylene bags
	-
	-
	Spills of product and spent bags
	Particulates

	Ammonium Phosphate Production

	Reaction 
	Phosphoric acid, NH3 and cooling water
	Fumes and gases to scrubber and ammonia leaks
	-
	-
	Leaks of ammonia

	Scrubbers
	Water, fumes and gases from several operations
	-
	Wastewater containing ammonia and phosphoric acid
	-
	-

	Hot granulation and drying 
	Fuel and air 
	Flue gases from furnace 

and particulates to collectors 
	-
	Dust and part from collectors 
	Particulates 

	Cooling 
	Air
	Ammonia and particulates
	-
	Dust & particulates from collectors 
	Dust & particulates 

	Screening
	Ammonium phosphate
	-
	-
	-
	Particulates and ammonia

	Grinding
	Oversize ammonium phosphate
	-
	-
	-
	Particulates and noise

	Coating
	Coating material
	-
	-
	-
	Particulates

	Bagging 
	Polyethylene or polypropylene bags
	-
	-
	Spills of product and spent bags
	Particulates

	Urea Production 

	Synthesis 


	Liquid ammonia and carbon dioxide
	CO2, urea and ammonia
	-
	Dust & particulates from collectors 
	Heat stress 

	Rectification 
	
	Ammonia and CO2
	-
	-
	Ammonia leaks

	Vacuum evaporation
	Steam and carbamate
	Ammonia, CO2 and water vapour
	
	-
	Ammonia leaks

	Prilling or granulation 
	Cold air and urea
	Urea particulates
	-
	-
	Particulates of urea

	Desorption of condensate
	Steam stripping agent and condensate
	-
	Wastewater (urea, NH3 and CO2 
	-
	-

	Screening
	Urea
	-
	-
	Collected particulates
	Particulates and noise

	Coating
	Urea formaldehyde
	-
	-
	-
	Particulates

	Bagging 
	Polyethylene or polypropylene bags
	-
	-
	Spills of product and spent bags
	Particulates

	Liquid Calcium Nitrate Production 

	Dissolving tower
	Limestone and HNO3 
	CO2 and acid mist
	-
	Flakes of limestone
	-

	Settling
	-
	-
	-
	Calcium carbonate
	-

	Neutralization
	Ammonia and calcium nitrate
	Fugitive ammonia and acid mist
	-
	-
	Fugitive ammonia and acid mist

	Mixing
	Ammonium nitrate and calcium nitrate
	-
	Spills of liquid fertilizer
	-
	-

	Packaging
	Barrels and calcium nitrate
	-
	Spills of calcium nitrate
	-
	-
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