INTRODUCTION TO AMMONIA


Ammonia is one of the most important basic chemical of the world, ranking with materials such as sulfuric acid and sodium carbonate. In the fertilizer field, anhydrous ammonia itself has become the major supplier of the fertilizer nitrogen in India and it is also important inter mediate in production of more complex chemicals.
The major use of ammonia, both directly and indirectly, is as an intermediate in the fertilizer area. There are many other uses, although relatively minor, in both organic and inorganic chemical production for e.g. manufacturing of explosives and acrylonitrile. The main function of ammonia, both as an end product and as an intermediate, is to supply nitrogen in a relative form. Ammonia is unique in that, unlike the other basic chemicals, the main constituents, nitrogen is readily available without need for transport and in unlimited quantity.
Unfortunately, element nitrogen is a very uncreative and inert material, of little use unless converted to a chemically reactive form. To accomplish such conversion, it has been necessary to adopt extremes of temperature and pressure that are not required for the other basic materials. Conversion of atmospheric nitrogen to usable form is often referred to as “Nitrogen Fixation”. That is converting to solid or liquid form i.e. reactive enough to be useful. Some plants have roots nodules in which fixation of nitrogen by microbiological means takes place during the growing process. Unfortunately, only a few plant types can do this moreover, the process is so slow that it is not adequate in modern farming practice. The production of ammonia has been found to be more economical than either fixation by plants or production other nitrogen compounds.
Since nitrogen is so readily available, the main problem is getting hydrogen that will react with it to form ammonia, water, also readily available is an obvious raw material for making hydrogen. Therefore, the starting material of main importance is the hydrocarbon or coal use to tie up oxygen in the water molecule, thereby reading hydrogen. The major materials used, the order of importance are natural, liquid hydrocarbon. All are widely available, but bringing them to surface, purifying and transporting them involve costs. Each differs in delivered cost and in processing difficulty in hydrogen production.
A direct application of ammonia as a fertilizer involved injection of ammonia under the surface of the soil where high pressure ammonia after release of pressure is held by adsorption on soil practical until converted by soil or plant mechanisms to other forms. This unusual application procedure of ammonia (82% nitrogen) has associated with some hazards because the liquid is handled under pressure and it is toxic chemical. Ammonia contributes significantly to the nutritional needs of terrestrial organisms by serving as a precursor to foodstuffs and fertilizers. It is either directly or indirectly building block for synthesis of many pharmaceuticals. In spite of its wide usage, ammonia is both caustic as well as hazardous.
 Ammonia as used commercially is often called anhydrous ammonia which signifies the absence of water in the material. Its heat of vaporization is sufficiently high so that it can be readily handled in ordinary beakers in a fume hood.
	Names of Ammonia

	Sr. No.
	Types of Name
	Name

	1.
	IUPAC Name
	Azane

	2.
	Other Name
	Ammonia
Hydrogen nitrite
Spirit of Hartshorn
Nitro-sil
Vaporole






· Production Capacities:
In 2007, ammonia production all over the world was estimated at 150.7 million tones.

	Industries Producing Ammonia in India

	Sr. No.
	Industry Name
	Capacity (MTPD)

	1.
	GSFC (Baroda)
	1350

	2.
	Nagarjuna Fertilizers (Kakinada) 
	900

	3.
	Tata Chemicals Ltd.
	1350

	4.
	IFFCO (Kalol)
	1160

	5.
	GNFC (Bharuch)
	1350

	6.
	Shriram Fertilizers (Kota)
	600

	7.
	KRIBHCO (Hazira)
	2600

	8.
	National Fertilizers (Panipat)
	900



	Ammonia Production in the World

	Sr. No.
	Country/ Continent
	Capacity (MMTPA)

	1.
	North America
	20.7

	2.
	United states of America
	18

	3.
	Western Europe
	17.3

	4.
	Asia
	40.6

	5.
	Africa
	3.5




2. HISTORY


The history of ammonia production can not be separated very well from the larger subject of nitrogen supply to the fertilizer and chemical industries there was no synthetic ammonium, dependence was placed unnatural and waste product of various kinds. The principle nitrogen source for agriculture before 1800 were byproduct organic materials of various types, including animal manures, seeds meals, fish crap, leather scrap, and various water from meat animal slaughtering. The supply of fertilizer was very mall.
Nitrogen for the limited chemical production before 1800 came from natural salts as saltpeter (potassium nitrite) found in limited quantities in the industrial country of that day, salts such as ammonium chloride, recovered from animal sources, were also used in some areas.
In 1809, a very large deposit of sodium nitrite was discovered in a desert area in Chile. Mining scone began and by 1850 the material was supplying a major portion of the world nitrogen supply. Chilean nitrite supply about 70% of the world fertilizer from nitrogen from 1850-1900 and about 50% up to 1914. The remoteness plus other factors caused a rapid decline in usage of sodium nitrite in beginning of 20th century. One adverse factor was the growing product of byproduct ammonium sulfate and aqua ammonia by coke industry. Since these materials were byproduct, they were sold at whatever price required moving them, and soon becoming major competitors to sodium nitrite.
Synthetic ammonia entered in the competition when the first crude plants were built in the 1890-1925 period. The demand grow so fast there after no byproduct source could keep up, therefore ammonia increased rapidly in importance until by 1970 it supplied over 90% of the world’s nitrogen.

THE HABER ERA:

At the beginning of the 20th century, ammonia production technology was at some what of a luring point various methods were known for synthesis of ammonia, but all were too cumber some and expensive to have very bright future. The need was finding process for combination of nitrogen and hydrogen directly without use of sol c or liquid compounds are intermediates.
In 1902, first Haber and his so workers concentrated in fixation of nitrogen both as oxides ammonia. Even at 1000°c only about 0.01% of gas mixture was converted to ammonia. Higher temperatures and use of a catalyst did not produce much important.
In 1901, Le Chatelier in France had synthesized ammonia by using elevated pressure as well as high temperature. In develop that both were right, Haber’s yield were as high as the reported and Nernst theory was correct except that a fundamental valve involves in applying % theory was wrong. In 1909, Haber reported a concentration of 6.5% ammonia with an osmium catalyst. This was the turning point in the development of practical process. All though the equipment was cumbersome and the catalyst was expensive, yields had been obtain were high enough to make a commercial process possible.
Only a fraction of the H2-N2 mixture could be converted during one pass through the reactor even under extreme operating condition. Haber developed the concept of a recirculation process to solve this problem. At high pressure involve a good parts of ammonia should be condensed cooling the gas leaving the converter, the unconverted gas mixture was then recycled to the converter. Thos was enough for Haber for claim of the patent.

3. PROPERTIES OF AMMONIA
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■	Structural Properties:

	Sr. No.
	Property Name
	Characteristic

	1.
	Molecular shape
	Trigonal pyramid

	2.
	Dipole moment
	1.42 D



■	Physical Properties:

	Sr. No.
	Property
	Characteristic

	1.
	Molecular Formula
	NH3

	2.
	Molecular weight
	17.036 g/ mol

	3.
	Specific gravity
Gas
Liquid
	
0.587
0.682

	4.
	Density
	0.86 kg/ m3 (at 1.013 bar & at boiling point)

	5.
	Boiling point
	-33.3°c

	6.
	Freezing point
	-77.7°c

	7.
	Nature
	Alkaline

	8.
	Color
	Colorless

	9.
	Odor
	Strong pungent odor

	10.
	Solubility
	Highly soluble in cold water (89.9 gm/ 100 ml at 0°c)

	11.
	Auto ignition temperature
	651°c

	12.
	Basicity (pKb)
	4.75 (reaction with water)

	13.
	Critical temperature
	133°c

	14.
	Critical pressure
	5 kg/ cm2

	15.
	Viscosity of saturated liquid
	0.25 cp at -15°c

	16.
	Thermal conductivity of saturated liquid
	0.502 W/ m °K at 0°c



■	Chemical Properties:

The aqueous solution of ammonia acts a weak base.
· In oxygen atmosphere, it burns rapidly.
· At red hot temperature or by passing an electric spark, it decomposes.
2NH3(g) + electric spark → N2(g) + 3H2(g)
· When a mixture of ammonia and air is passed over Pt gauze at about 800°c Nitric Oxide is formed.
· Ammonia acts as Lewis Base because its Nitrogen atom contains a non-bonding electron pair.
· It gives colored complex ions with transition metal ions forming a coordinate bond.
· It forms salts with acid.
NH3 + HCl → NH4Cl

■	Thermodynamic Properties:

	Sr. No.
	Property
	Characteristic

	1.
	Standard heat of vaporization
	327.619 Kcal/ Kg

	2.
	Specific heat at constant pressure
	523.446 Kcal/ Kg

	3.
	Specific heat at constant temperature
	471.390 Kcal/ Kg




■	Hazardous Properties:
· When ammonia is stored container NH3 exerts a vapor, which increases rapidly with rising temperature.
· NH3 forms explosive mixture with air and oxygen.
· Moist NH3 will react rapidly with Cu, Zn and Silver.
· The use of Hg in contact with NH3 should be avoided since under certain conditions explosive chemicals may be produced.
· Liquid ammonia will cause caustic burn if it contacts the body.
· Ammonia is an irritant gas and affects the mucous membrane and eyes.

■	Physiological Action and Toxicity:

· Ammonia is not a poisonous gas but has a very irritating action on the mucous membranes of the eyes, lungs on any skin surface where moisture is present.
· Concentration over 300 ppm may cause sudden death by spasm and inflammation of the larynx.
· As liquid ammonia vaporizes rapidly and has a great affinity for water, it can severe cold burns on contact with the skin and can cause blindness on contact with the eyes.
	Physiological Action and Toxicity of Ammonia

	Physiological response
	Concentration in air (ppm)

	Least detectable odour
	5

	T.L.V.
	25

	Max. allowable concentration for 3 hrs (S.T.L.V.)
	50

	Max. allowable concentration to cause irritation to eyes and possible permanent injury
	700

	Max. concentration to cause coughing
	1700

	Possible concentration for short exposure
	3000



■	Application of Ammonia
· Mainly used as fertilizer and refrigerant.
· As a detergent for removing strains up bleaching and ammonia printing and for extracting plant colors and alkaloids.
· Manufacturing of nitric acid.
· In rubber vulcanization, water treatment, nitrating of steel oil refining, extracting certain metals from ores, solvents and reactions medium in organic synthesis, yeast nutrient sulphate pulp process and as explosive.
· A chemical used in water treatment plant for regeneration of weak base anion resins IRA-93.
· Used in boiler drums n both offside in ammonia plant to maintain pH.
· About 90% of ammonia is used as fertilizers in India. Types of nitrogen fertilizers, produce from ammonia in India are as follows:
►	Ammonium sulphate
►	Calcium ammonium nitrite
►	Nitro phosphate
►	Urea
►	Ammonium nitrite
►	Ammonium phosphate
►	Di Ammonium phosphate (DAP)


4. METHODS FOR AMMONIUM PRODUCTION


Before the start of World War 1, most ammonia was obtained by the dry distillation of nitrogenous vegetable and animal products; by the reduction of nitrous acid and nitrites with hydrogen; and also by the decomposition of the ammonium salts by alkaline hydroxides or by quicklime, the salt most generally used by the chloride.
Most process improvement have been made through better catalyst systems, improved reformer and converter designs, and integration of energy needs and heat recovery. New ammonia synthesis catalysts include a ruthenium based system which has an activity 20 times higher than the traditional iron based catalyst. There is a trend towards larger single train plants has developed a flow sheet for a plant that produces over 1m tone/ year.

(1) Haber’s Process
N2(g) + 3H2(g) ↔ 2NH3(g),	∆H = -92KJ/ mol
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The purified hydrogen-nitrogen mixture is compressed to 150-350 bar, mixed with recycle feed and fed in to a tubular or multi-bed reactor. The reaction takes place at 450-600°c over a catalyst. The ammonia is condensed out by refrigeration and un-reacted gases are compressed and recycled.
(2) Cyanamide Process
Ammonia is also prepared synthetically by cyanamide process: nitrogen gas combines with calcium carbide (CaC2) at high temperatures to form calcium cyanamide (CaCN2) and carbon; the calcium cyanamide reacts with steam to form calcium carbonate (CaCO3) and ammonia. For use in laboratory, ammonia is prepared by heating an ammonium salt with a strong base. It can also be prepared by reacting a metal nitride with water.

(3) Electrolysis Process
Purified water is used as feed stock in electrolysis process. Potassium hydroxide is added to increase conductivity, but it does not participate in the reaction. Chemical components of water, i.e. hydrogen and oxygen, are obtaining pure state through electrolysis. 
H2O → H2 + ½ O2
H2 thus obtained is mixed with required N2 from the A.S.U. to get synthesis mixture.
Electrolysis process is very energy intensive process. Typical power consumption is 4.3 KWH/ m3 of hydrogen, which corresponds to about 8600 KWH/ MT of ammonia. Additional energy is required for the air separation plant to produce nitrogen. Energy is also require for compression of H2 and N2 and recirculation of loop gases. The total energy requirement is 10200 KWH/ MT of ammonia. The plants based on this process are located where low cost hydroelectricity is available.
Byproducts of electrolysis process are O2 and heavy water, that have use in other industries.

(4) Partial Oxidation of Hydrocarbons
In this process hydrocarbons (usually naphtha or heavy oil) and O2 are burnt with flame in the top of reactor. Steam is added to the reactor mainly to moderate the temperature. In the flame, a part of hydrocarbon is burnt completely, the feedstock is cracked to shorter chain hydrocarbons and cracked products are reformed. The normal flame temperature is 1300-1500°c, which is high enough to give residual methane content below 0.3% at the pressure of 30 Kg/ cm2.
The exit gas from reactor passes through waste heat boiler, which is designed to avoid clogging by C formed in burner. The C is carried on with gas through a trap & scrubber and may be separated as pellets. The amount of C produced is 1-3 wt% of H2.
Final purification of synthesis gas is done through cryogenic scrubbing, where carbon oxides are removed and methane and argon contents are reduced to low level. So that little or no purging is required. Partial oxidation of hydrocarbon is a simpler and more rugged process than steam reforming. The advantages of the process are: 
· Prior sulfur removal is not required.
· No sensitive catalyst is involved.
· All the reforming can be accomplished in one step.
· Flexible to any feedstock; almost any liquid or gaseous hydrocarbon can be used from NG to heavy residential fuel oil and the shift from one to another can be made quickly.
· Lower total hydrocarbon for process and fuel.
· Purer synthesis because of the cold wash purification.

The drawbacks that increase the process cost are:
· Oxygen or oxygen enriched gas is required unless there is a nitrogen removal step.
· The product gas has much higher CO:H2 ratio than that obtained by steam reforming.
· A “cold” plant is required for air separation, purification or both.

(5) Adiabatic Pre-Reforming
This method in case of vaporized naphtha feed is done to decompose the higher hydrocarbon in to lower once, like CH4 and the other components like H2, CO & CO2.
The vaporized naphtha is mixed with steam and preheated to about 490c. The gas is passed through the pre-reformer containing Ni catalyst. The typical composition of the pre-reforming catalyst is Ni-25%, Al2O3-11%, MgO-balance. 
In the pre-reformer the endothermic reforming reactions are followed by the exothermic methanation and the shift reaction. The over all process is normally exothermic.
The gas from adiabatic pre-reformer is sent to primary & secondary reformer for further reforming. The adiabatic pre-reformer reduces the head loss on the primary reformer, thus the life of reformer tubes longer. Pre-reformer also acts as an efficient sulfur guard for the primary reformer catalyst.

(6) Coal Gasification Process
It can be classified according to method of gasification.
(a) Fixed Bed coal gasification process (Lurgi Process)
Lump coal (5-30 mm) is charged at top of gasifier and it descends counter currently to gas stream. As it descends, it is first dried and preheated, then carbonized and finally gasified by the O2 and steam entering at bottom. The coal ash is discharged from the bottom through a gate or as a slag. Because the counter current method result in good heat exchange and very high thermal efficiency, this method requires less heat and hence less O2 than other methods.
This method requires least O2 with respect to the other gasification processes. The requirement of O2 is one half as much as entrained coal gasification. Also less purity O2 of 90% can be used. The gas leaves the top at 450°C and is cooled and washed to remove tar, liquid hydrocarbons, dust etc. the washed gas contains CO, H2, CO2, CH4 and other hydrocarbons. It is treated by a series of steps including steam reforming, co shift conversion, CO2 and H2S removal, liquid N2 wash, steam reforming of CH4 that is separated by N2 wash, N2 addition and compression to produced ammonia synthesis gas.

(b)  Fluidized bed coal  gasification process (Winkler Process)
In fluidized bed gasification 15 mm size lignite coal is introduced into fluidized bed through feed screws near the bottom. Steam and oxygen are injected near the bottom of the fluidized bed. The fluidized bed is essentially isothermal, consequently there is no tar and gas contains mainly H2 and CO with less than 1% CH4. The hot gas is cooled by waste heat boilers and scrubbed to remove ash and then purified. Disadvantage of the process is the high compression cost.

(c) Entrained bed coal  gasification process (Koppers-Totsek (KT))
In this process coal is dried and finely ground to about 75% through 200 mesh. The powdered coal is picked up by stream of O2 and blown into gasification chamber through two burners facing each other. Steam enters through annular openings around the burners. The gasification is complete is one tenth of second in the temperature range of 1000-1200°C. Part of ash is fused and removed from the bottom of gasifier. The exit gas typically contains 56%CO, 31%H2, 11%CO2 and less than 0.1%CH4. After cooling in waste heat boilers, the ash is removed by wet scrubbing and electrostatic precipitation. The rest of ammonia synthesis gas preparation is similar to partial oxidation.
Disadvantages of the process are the need for fine grinding of coal, operation at low pressure and higher O2 consumption.

(7) 
Steam Reforming

It is usually carried out in two stages using primary and secondary reformers. Desulfurized naphtha or NG is subjected to steam reforming at about 28-30 kg/cm2 pressure and around 800°C temperature in the primary reformer consisting of a large number of centrifugally cast, high temperature, vertical alloy steel tubes packed with nickel catalyst. The overall reaction is endothermic and requires large amount of heat. The gas leaving the primary reformer containing 5-15% CH4 is sent to an auto thermal secondary reformer. The required amount of N2 is fed to secondary reformer through addition of air to give desired 3:1 H2 to N2 ratio in the synthesis gas. Here CH4 is converted to H2, CO, CO2 over a single bed of catalyst.
The CO content of the gas is converted to CO2 & H2 by passing over catalyst in the presence of steam. Thus generating H2 by water gas shift reaction and is carried out in two stages. The first stage high temperature (HT) shift conversion, is carried over iron-Cr catalyst at 350-430°c, while the second stage, low temperature (LT) shift conversion, is carried over Cu based catalyst at 200-280°c. In the HT shift conversion, level of CO is reduced from 12% to around 3% and in the LT shift conversion, the CO level is reduced to around 0.2%.
The process gas after shift conversion, containing over 18% CO2 and less than 1% CO undergoes further purification in CO2 removal section.
The purified synthesis gas mixture from containing N2 & H2 in the mole ratio of 1:3 is reacted at elevated temperature of the order of 450-500°c and 150-250 kg/cm2 pressure over an activated iron catalyst promoted with potassium and alumina. The gas cooled first by heat exchanger and finally by refrigeration to condense ammonia as liquid. Conversion of synthesis gas to NH3 is about 20-30% per pass. The gas remaining after ammonia condensation is recycled to the converter. The inert gases built up in the synthesis gas are purged.

LINDE AMMONIA CONCEPT (LAC)

(A)	INTRODUCTION
The LAC is a breakthrough in the design philosophy of ammonia plants. It is a novel concept of proven process steps. GSFC ammonia-IV plant is first plant in the world based on LAC. The LAC process compared with the conventional process route has the following important features:
Elimination of three catalytic process steps (i.e. secondary reforming, HT shift conversion and methanation) thus reducing g the total catalyst volume to approx 50% of that in a conventional plant.

· The quantity of CO2 can be adjusted according to the demand.
· Provision of reformed gas purification system by pressure swing adsorption which has a proven and unmatched reliability.
· The generation of inert free synthesis gas, resulting in significant savings in synthesis loop and eliminating a purge gas purification step.
· Pure hydrogen and pure nitrogen are directly available from process steams. Other potential by products such oxygen, organ, carbon-dioxide, carbon monoxide and methanol can be easily integrated.
· The simplified flow-sheet also result in a reduced start up time and important saving in feed stock consumption.
· An overall simplication of the classical procreate, resulting in savings in investment costs, construction time, and site area as well as catalyst replacements costs.
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(B)	THE CONCEPT

The Linde Ammonia concept (LAC) consists essentially of a modern hydrogen plant, a standard nitrogen unit and a high efficiency ammonia synthesis loop. The basic gas generation unit is a modern hydrogen plant with proven and outstanding reliability. The success of this hydrogen process can be judged by the face that today practically no new hydrogen plant is built with the conventions route including HT and LT shift CO2 wash and methanation. The modern hydrogen process using pressure swing adsorption has made this classical concept absolute. The pure hydrogen from the PSA unit is mixed with pure nitrogen from a standard air separation unit (ASU) to give inert free ammonia synthesis gas is fed to a high efficiency ammonia synthesis gas. The loop based on the ammonia CASALE axial radial flow converter. The comparison of the process steps in the LAC and in the conventional process shows clearly the reduction in the process steps achieved by the LAC. The number of temperature change and the temperature levels are lower than in the conventional process. Furthermore, the flow in the conventional plant through the second reformer and all the downstream steps is considerable higher than in the LAC plant due to the aid of process air to the secondary reformer.

(C)	SPECIAL FEATURES

There section of the LAC are exclusive Linde developed technology and are introduced to fertilizer industry through LAC. These are isothermal shift reactor, Linde PSA unit, Linde air separation unit Ammonia CASALE converter represents an equally important contribution to this advance technology.

· The Linde Isothermal Shift Reactor (ISR)
The Linde isothermal shift reactor (ISR) is used for the co-shift reaction and allows conversion to below 0.7% CO (dry basis) in a single step. Thus the conventional series of HT  and LT shift reactors with heat recovery between the beds is placed by a single reactor with built in steam generation.
Furthermore, the process condensate is far less contaminated than in the conventional process with secondary reformer and HT shift a small amount of methanol is generated in the ISR.
The silent features of ISR are as follows: 
· The isothermal mode of operation produces the least possible stress on the catalyst and increases its lifetime.
· The operation temperature of the reactor is regulated by simple control of the steam pressure.
· Under all operating conditions the water cycle ensures absolute temperature stabilization.
· A start up heater catalyst reduction without danger of overheating.
· Simple and rapid catalyst reduction without danger of overheating.
· A start up heater is not necessary the catalyst bed is brought to temperature be steam injection to the water circuit.
· The temperature profile in the reactor corresponds to kinetic ideal conditions and gives optimum catalyst performance.
· The reactor concept enables the largest possible amount of catalyst to be accommodated per unit reactor volume.

· Linde Pressure Swing Adsorption (PSA)
Linde Pressure Swing Adsorption (PSA) technology is widely used for hydrogen purification duties capacities of about 112000 NM3/hr. ultra pure hydrogen products suitable for 1350 MTPD ammonia plant requires a 12 catalytic bed system.
The extremely high reliability of the PSA system results from the use of high quality equipment and the completely automatic switching and monitoring of the unit performance by a Programmable Logistic Controller (PLC).
If there is a disturbance occurs in any of the operating sequences, the faulty item is identified and taken off-line, without interrupting the supply of product.
A 12 bed system can switch automatically to operation on a lower number of beds with only a slight reduction in efficiency. The proven automatic control system given 100% availability in Linde PSA unit.
Furthermore, the PSA unit is able to produce pure hydrogen directly from reformed gas so that disturbances in the front end steps would not interrupt production. This is in sharp contrast to the conventional planner where failure of the CO shift or CO2 removal cause a high temperature trip, on the methanator and compute plant shutdown. Equally, the start up is much faster, since pure hydrogen is produced as soon as reformed gas is available.

· Linde Air Separation Unit (ASU)
Linde Air Separation Unit (ASU) is a state of the art low temperature separation process such as is used world wide for the production of the industrial gases. Linde are the inverter of the air separation process and they have good expertise in this field.

· Ammonia CASALE Axial – Radial flow converter
Ammonia CASALE Axial – Radial flow converter is a development of the classical redial flow type converter.
In the ammonia CASALE converters, as opposed to the pure radial flow converter, the catalyst bed has no top cover and some gas enters axially. The amount of gas flowing axially is controlled by proper design of the perforation pattern and is such that the “seal” catalyst in the radial flow part of the bed.
The CASALE design therefore obtains the max. Performance from the catalyst volume charged to the converter.
In addition to the process design advantages of the CASALE converter, the mechanical design features give the following advantages for operation and maintenance compared with competitive designs:
· All proven catalyst can be used.
· High thermodynamic efficiency due to 
· The presence of three beds.
· Optional gas distribution in catalyst beds.
· Min. utilization of the catalyst volume
· Maximum utilization of converter vessel volume.
· Use of “rod baffle” internal heat exchangers to improve heat transfer and eliminate vibration problems.

(D)	VALUABLE BY PRODUCTS:
Valuable by products can be produced directly from the process streams in the LAC plant or by simple integration of the necessary facilities.
High purity hydrogen and nitrogen are produced within the LAC process and flows from both these streams can be mode available for other consumers, if required.
The potentials for production of oxygen, argon and rare gases from the Air Separation unit can be easily integrated at the design stage.
The installation of the cold box for CO product or of a methanol synthesis and distillation unit can be easily integrated with the LAC process.

(E)	OPERATING ASPECTS:
The LAC is a much more direct route to ammonia than the conventional process. This results in rapid start up and important savings in feed stocks consumption per ton of product. Further, the annual production capacity is increased by rapid start up.              
The advantages of LAC from the operators point of view arise form the reduction in the number of process steps and ability of the individual parts of the plant to operate independently.
FOR EXAMPLE:
· The nitrogen unit (ASU) can be operated to generate inert gas (and other products) for other consumers when the ammonia plant is shut-down.
· The isothermal shift reaction can be pre-heated by steam injection to the water circulating through the coils.
· The PSA unit can produce pure hydrogen directly from the reformed gas without the CO shift or the CO2 wash. The state up of the PSA unit is automatically performed by the PLC.

The start up of the ammonia synthesis loop can therefore proceed about 2hours after feed is introduced to the reformer.

5. LAC PROCESS DESCRIPTION


· PLANT CAPACITY


	Liquid NH3 
	1350 MTPD
	 NH3:	99.5% Wt. Min.

	
	
	H2O: 0.5% Wt. Max.

	
	
	Oil: 20 ppm Max.



	Carbon Dioxide 
	1450 MTPD
(33500 Nm3/hr.)
	 CO2: 99 Mol %

	
	
	H2: 0.8 Mol %

	
	
	H2O: Saturated



	Argon 
	8880 Nm3/ day
	 Argon: 99.99%

	
	
	O2: 5 ppm Max

	
	
	N2: 5 ppm Max.



· RAW MATERIALS

	Natural Gas
	Methane
	 84 to 90%

	
	Ethane
	5 to 8%

	
	CO2
	1 to 5%

	
	Propane
	1 to 4%

	
	i-Butane
	0 to 0.2%

	
	n-Butane
	0 to 0.2%

	
	i-Pentane
	0 to 0.02%

	
	n-Pentane
	0 to 0.10%

	
	Hydrogen
	Traces

	
	Nitrogen
	0.1 to 0.7%

	
	Calorific Value
	Gross  :  9800 to 11000 Kcal/NM3
 Net    :   8500 to 9000 Kcal/ NM3

	
	Density
	0.88 to 0.90 g/ml



· 
CATALYSTS

	Sr. No.
	CATALYST USED FOR-
	CATALYST USED-
	TYPE AND SUPPLIER
	QUANTITY CHARGED (m3)
	CATAYST SIZE
(mm)

	1.
	Reformer
Top Bed
Bottom Bed
	
Potash
Ni-Cr
	
Katalco 25-4Q
Katalco 57-4Q
Johnson Matthey
	
20.6
20.4
	
OD : 14
L     : 7
Hole: 4

	2.
	Shift Converter
	Copper
	ICI-83-5
Johnson Matthey
	52
	OD : 5.4
L     : 3.0

	3.
	PSA adsorbers
	Mol sieves
	LA-22
LAC-612
C-200-F
	25.3
492
501.6
	    2-5
    ~ 3
    1.6

	4.
	Desulfuriser
Reactor R-0201 A
Reactor R-0201 B
	ZnO
	ICI 32-4(ZnO)
ICI UK
ICI 32-4(ZnO)
ICI UK
	17

17
	3.0-4.7
(granules)
3.0-4.7 (granules)

	5.
	Ammonia Converter
	Fe-Based
	ICI 35-4
ICI UK
	83.9
	1.5-3.0

	6.
	Mol Sieve Adsorbers
	Mol Sieves
	13-X
APG/ Alluminium
       Gel
M/s UOP
	36.3
6.4
	      
            -



· UTILITIES

(1)	De-mineralized water:
pH		: 8-9
Silica		: <0.02 ppm
Chlorine	: <0.01 ppm
Conductivity	: 10 M-mho/ cm max.

(2)	Steam:
High pressure (HP) steam	: 110 bar g
Medium pressure (MP) steam	: 38 bar g
Low pressure (LP) steam	: 4.5 bar g
(3)	Air:
Dew point: <-80°c
(4)	Electric Power:
11 KV - 3.3 KV - 440 V - 230 V

· PROCESS DESCRIPTION
The entire process is divided into mainly three sections:
1. HYDROGEN SECTION
(a) If Natural Gas is used:
· Sec.100 – Steam reforming
· Sec.200 – Desulfuizer/ ISR
· Sec.300 – CO2 removal
· Sec.400 – PSA
· Sec.800 – HP steam drum
OR
(b) If Naphtha is used:
· Sec.900 – Naphtha pretreatment
· Sec.1500 – Instrument Air unit
· Sec.1600 – Desulfurizer
· Sec.1800 – Naphtha storage
2. NITROGEN SECTION
· Sec.700 - ASU
3. AMMONIA SYNTHESIS SECTION
· Sec.500 – Ammonia synthesis converter
Sec.600 – Refrigeration unit
Sec.1000 – Future unit
Sec.1100 – Cooling water towers 
Sec.1200 – Emergency power unit
Sec.1300 – Flare
Sec.1400 – Liquid effluent collection
Sec.2100 – Fire fighting unit
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(1) HYDROGEN SECTION
· STEAM REFORMER- SECTION 100
NG is received from battery limits. Its side stream is withdrawn to be used as fuel gas whereas main stream goes to a pressure reduction station where pressure is reduced to the feed pressure of 34 bar g.
This compressed gas is preheated to 385°c in e-0105 in reformer convection section & routed to desulfurizer from which sulfur free gas returns to reformer where steam is added to give a steam to carbon ratio of 3.
Further preheating is done in E-0101 by hot flue gas up to 550°c. Exit temperature is controlled via a feed trim cooler.
This preheated reaction mixture is distributed to the top of a Ni catalyst filled reformer tubes in the reformer furnace F-0101.
CH4 + H2O = CO + 3H2
CO + H2O = CO2 +H2	(Shift reaction)
These reactions being endothermic, heat for the reactions is supplied from 3 sources:
(i) By firing purge gas from PSA unit.
(ii) Small fresh gas stream from CO2 removal section & refrigeration section.
(iii) Flow of a controlled amount of NG.
Heat transfer in the furnace mainly takes place by radiation giving a reformer tube exit temperature 850°c & 8 mol% methane content on dry basis in process gas.
An induced draught fan is used to create vacuum in the furnace so that heat is maintained evenly. Also a number of coffin boxes are provided inside the furnace in order to remove the excess pressure provided by the fan which would otherwise result to crushing of the furnace vertically.
Hot process gas from all tubes is collected & routed to RGC E-0108 where it is rapidly cooled to 500°c by generating HP steam.
After that gas on entering E-0201, cools to 258°c by generating MP steam before entering ISR.
The RGC E-0108 & HP steam generators E-0104 & E-0501 are connected to the HP steam drum D-0101.
Flue gas leaving the furnace passes to the convection section where remaining heat is transferred in:
■ E-0101 – Feed Super-heater
■ E-0102 – HP steam Super-heater
■ E-0104 – HP steam Generator
■ E-0105 – Feed Pre-heater
■ E-0106 – HP BFW Pre-heater
■ E-0107 – Air Pre-heater

After pre-heating the combustion air, the flue gas leaves this section at 120°c via the flue gas blower C-0103 & stack K-0101 to the atmosphere.
Combustion air to the reformer burners is supplied by blower C-0102 & preheated to approximately 210°c in air pre-heater E-0107.
Due to excess steam, basic products are modified to produce CO2 and CH4.

Effect of Variables:
1. Pressure: 
High pressure reduces the equilibrium conversion but nevertheless has been adopted due to several process advantages.
a) Since overall reforming reaction increases the gas volume by about 100%. It is more economical to compress feed gases before reforming than after.
b) Any initial pressure of Ng is conserved.
c) The pressure is high enough for Co2 removal without an intermediate compression step.
d) The higher pressure is favorable to the Co shift kinetics and catalyst activity although the reaction itself is essentially independent of pressure.
e) Equipment can be smaller.
f) Steam condensed after the Co converter becomes valuable because of higher pressure.
g) The usual range in pressure is 25 – 35 bar.
2. Temperature:
Reaction is favored by high temperature as it is highly endothermic. The main drawback of high pressure is the adverse effect on reforming equilibrium which must be offset by higher temperature.
	The temperature in reforming tubes usually is in the range of 780 to 8500c (here – 8300c).
3. Steam/ Carbon Ratio:
Since increase in temperature makes it difficult for the reformer tube to resist the pressure the steam / carbon ratio can be increased to help offset the effect of high pressure.
The usual range is 3.5 to 4 miles of steam per miles of carbon.
A lower ratio could be used but the higher one not only improves conservation but also helps supply the steam need in the CO conversion step. Moreover, excess steam in the reformer is a good insurance against “C” formation on the catalyst.
4. Carbon formation:
Under normal condition there	should be sufficient “C” formation to interfere with  plant operation complete loss of reaction steam, however, may result in massive deposition of carbon and a rapid increase in pressure drop complete catalyst replacement with then be required operation with a small steam deficiency can result in slow carbon deposition from a number of carbon forming reactions.
CH4  C + 2H2
2CO  C + CO2
CO + H2  C + H2O
CO2 + 2H2  C + 2H2O
At temperature between 540 to 6500c all the four “C” forming reactions are capable of producing carbon then only a few seconds in this condition are sufficient to plug tube and break up the catalyst.
Formation of “C” can be prevented by keeping minimum steam / carbon Thermal decomposition of higher hydrocarbons lead to form sooty carbon which can be removed with steam.
5. Use of Potash Catalyst:
Acidity in the support facilitates cracking and polymerization of hydrocarbon through which “C” is formed.
An alkali component is introduced in the catalyst which not only neutralizes acidity in catalyst support but also accelerate “C” removing reaction.
C + H2O  CO2 + H2
The most effective alkali is found to be K2O (Potash) which is effective by being mobile on catalyst surface. The most of complex reactions associated with higher hydrocarbons are completed t\in the top half of the catalyst bed with CH4 reforming taking place in the lower port of the tubes, so lower half part can be filled with un-alkalized catalyst.


· DESULPHURIZATION/ CO SHIFT CONVERSION - SECTION 200:
Preheated NG enters DS reactors R-0201A/B where H2S is chemically adsorbed in a bed of ZnO catalyst.
ZnO + H2S = ZnS + H2O (Exothermic)
The S-free gas is then mixed with steam generated from DM water plus process condensate E-0201 & R-0202 & is routed to reforming section.
CO reformed gas contains 14 mol% CO on dry basis. Yield of H2 is increased by reaction of CO with excess steam present in gas according to the CO shift reaction.
CO + H2O = CO2 +H2
Maximum conversion is obtained in LINDE ISR R-0202 by removing the reaction heat through coils in the catalyst bed, which keeps catalyst at 245°c throughout.
CO content of gas is reduced to 0.7% in one reactor. The heat of reaction is used to evaporate MP BFW originating from process condensate collected from the downstream gas cooling system plus DMW.
After de-gasification with LP steam in MP de-aerator D-0205, the BFW is treated with hydrazine and morpholine to remove last traces of O2 and to adjust pH respectively. 
BFW is then pumped through pre-heater E-0202 and supplied to the common MP process steam drum D-0201 of the reactor R-0202 and the MP process steam generator E-0201.
The generated steam is mixed with the desulfurized feed gas from the reformer. The continuous boiler blow-down is provided to maintain quality in boiler system.
The blow-down water is flashed into D-0204 where the vapor phase is separated and sent to the de-aerator D-0205 while the blow-down water is sent to blow-down drum D-0807.
The gas leaving the ISR is cooled in a series of heat exchangers where energy is recovered. Initially, MP BFW is preheated in E-0202.
The gas then provides heat in the MDEA re-boiler E-0206 followed by condensate pre-heater E-0204 and DMW heater E-0207 before being routed to the first condensate separator D-0202.
Further cooling of gas before supply to MDEA wash unit is carried out in air cooler E-0208. The condensate is then separated in D-0203.
Process condensate from D-0203 is mixed with DMW and preheated in E-0204 before being fed to de-aerator D-0205.
ZnO bed gives outlet sulfur up to <0.1 ppm. Bed is spent when slip increases to 0.2 ppm. It cannot be regenerated and has to be replaced.

Effect of Variables:
1. Temperature:
Efficiency of absorption falls rapidly as temperature is reduced for efficient utilization of the bed needs to be kept > 3500C Bed can be operated up to 4500C without any negative effects on catalyst. However above 4500C, life of catalyst is reduced.
2. Pressure:
Pressure has small effect on adsorption. Adsorption increases with increase in pressure.
3. Space Velocity:
Space Velocity influences the degree of adsorption because it governs the contact time. For a given fixed bed, if space velocity increase the adsorption decreases.

· CO2 REMOVAL SECTION – SECTION 300:
The removal of CO2 by an active agent Methyl Di Ethanol Amine (MDEA) washing is carried out in order to produce a byproduct stream of 31,500 Nm3/Hr, CO2 of 99.0 mol% purity (dry basis).
The separation of CO2 from the process gas is carried out by absorption. This scrubbing process is a BASF, Germany development that has been successfully employed for more than a decade.
The MDEA concentration is about 37 wt%. Additionally, the scrubbing solution also contains 3 wt% piperazine to improve CO2 mass transfer. The reactions are:
R3N + H2O + CO2  = R3NH + HCO3 (Exothermic and reversible)
R2NH + CO2 = R2NH2 + R2N –COO
The scrubbing solution has a low vapor pressure and shows good thermal and chemical stability. Equipment to separate non-regenerated decomposition product from the solution is therefore not necessary. Also MDEA is biologically decomposable and non-corrosive.

■ Scrubbing:
The CO2 removal from process gas takes place in the CO2 absorber T-0301 at a pressure of 25 bar and an inlet temperature of 70°c. The CO2 content in the feed gas is reduced to less than 0.3 mol% in the purified gas in the two consecutive scrubbing stages (bulk and fine scrubbing sections).
In the lower part of the absorber (bulk scrubber), bulk CO2 of the process gas is removed by semi-lean MDEA solvent supplied from LP flash column T-0303 by pumps P-0301 A/B/R (2 running + 1 standby).
The remaining CO2 is removed in the upper section (fine scrubber) by using lean solvent supplied from MDEA stripper T-0304 and being cooled in the stripper exchanger E-0304 A/B/C and the lean solution cooler E-0302.
The solution feed rates are adjusted by flow control. The contact surface for mass transfer between gas and scrubbing solution is improved by metal packing rings. Additionally, the top of the column is equipped with trays which are fed with MP BFW to re-wash traces of solvent in the process gas.
The two scrubbing stages have been designed in such a way that the CO2 loading of the solution from the fine scrubbing section in T-0301 has roughly the same value as the semi-lean solution fed to the bulk scrubbing part in the column.
The absorption of CO2 causes the scrubbing solution temperature to rise to about 88°c and at this temperature; the rich solution leaves the bottom of the column.

■ Flashing:
The solution leaving from the bottom of T-0301 is expanded to a pressure of 9 bar a in hydraulic turbine X-0301 and fed into the MP flash column T-0302.
Inerts and some CO2 are thereby flashed from the solution and the flashed gas is sent to reformer fuel gas system. 
The flashed solution is further expanded to a pressure of approximately 1.7 bar a and sent into LP flash column T-0303 where it is stripped with water vapor contained in the CO2 overhead fraction entering from MDEA stripper T-0304.
The MP/LP flash drums are equipped with packing to improve mass transfer.
The CO2 released in T-0303; saturated with water vapor is cooled to 43°c in the CO2 cooler E-0303 by cooling water. The condensate is separated from the gas in the knockout drum D-0302 and supplied to the top of the LP flash column T-0303 via pump. Excess condensate is drained to the waste water. The CO2 product from D-0302 is sent to battery limit.
The LP flash column T-0303 acts as a buffer for both scrubber circulation systems and as hold-up volume for the two semi-lean solution pumps P-0301 A/B+R and P-0302+R.

■ Stripping:
Part of the semi-lean solution is pumped to the top of MDEA stripper T-0304 by means of pump P-0302+R (1 running + 1 standby)
In the stripper exchanger E-0304 A/B/C the semi-lean solution is heated against hot lean solution and sent to the MDEA stripper T-0304, where it is stripped with steam at elevated temperatures.
Thus the CO2 is stripped off from the solution to a residual content of 2 Nm3 CO2 per m3 of solution.
The released CO2 leaves column T-0304 saturated with water vapor. Mass transfer in stripper is improved by packing.
The required stripping steam is generated by evaporation of water from the aqueous solution in the MDEA re-boiler E-0206 which is a kettle type re-boiler with once through circulation of the MDEA solution.
The necessary heat is mainly supplied from condensing LP steam supplies the additional stripping heat.
The lean solution is routed back to the fine scrubber section of the absorber T-0301 via the pump P-0304 + R. The final cooling is performed by cooling water in E-0302.

■ MDEA Storage and Supply:
The fresh MDEA drums are charged in MDEA slop drum D-0303 and then the solution can be transferred to the LP flash column T-0303 via slop pump P-0306. If DMW addition is required, the same can be carried out similarly.
MDEA storage tank D-0304 will be used to store MDEA solution upon draining of the CO2 removal unit. To refill the unit, pump P-0305 is to be used.

· PRESSURE SWING ADSORBERS – SECTION 400
Adsorption process is designed in such a way that a gas mixture is fed to adsorber at ambient temperature and increased pressure. At higher temperature, a smaller amount of impurities can be adsorbed on any adsorbent. The regeneration at high temperature level T2 reduces the loading L2 of adsorbent at adsorption pressure P1 and temperature T2 and reduced pressure P2.
PSA process works between two pressure levels: (1) Adsorption & (2) Regeneration.
→ In adsorption phase, adsorption of impurities is carried out at high pressure to increase the partial pressure and thus increase loading of impurities on adsorbent.
The raw feed gas flows through an adsorber in upward direction and the impurities are selectively adsorbed on the surface of the adsorbent in the order- water, hydrocarbons, CO and N2 from bottom to top. The purified product gas leaves the adsorber at the outlet and flows to the product line.
The adsorbing capacity of one adsorber being limited, after certain time the impurities break through at the outlet of the adsorber. First the impurities come in traces, but gradually their concentration increases. To avoid this breakthrough, the adsorption step must be interrupted to regenerate the loaded adsorber. For continuous product supply, at least two adsorbers are necessary. While the first one is regenerated, a second already regenerated one purifies the raw feed gas.
→ In the regeneration phase, the process is carried out at low pressure at approximately the same temperature. During this phase, the adsorbed impurities are desorbed. The residual impurities loading are reduced as much as possible in order to achieve high product purity and a high H2 recovery.
Regeneration phase consist of several steps;
■ Expansion to adsorption pressure, where the adsorbed components start to desorb from the adsorbent.
■ Purging supports this desorption process with some gas having very low partial pressure of impurities.
■ Pressurization to adsorption pressure.
If more adsorbers are installed, the pressure can be equalized several times to different intermediate pressure levels and gas losses are further reduced.

· Temperature effects:
At higher temperature a smaller amount of impurities can be adsorbed on any adsorbent.
The regeneration at higher temperature level (T2) reduces the loading (L2) of the adsorbent at adsorption pressure (P1) and adsorption temperature (T2) and reduced pressure (P2). Here the operation capacity (C2) for adsorbing the gas corresponds to the difference (L2-L3) which is lower than at the temperature level (T1).
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Figure: Adsorption Isotherms

	ADSORPTION MATERIAL
	EFFECT OF GAS SEPARATION BASED ON

	ACTIVATED CARBON
SILICA GEL
ACTIVATED ALUMINA (ALUMINIUM OXIDES)
	BINDING FORCE (INDICATED BY BOILING POINTS AND POLARITY)

	ZEOLITES
ZEOLITIC MOLECULAR SIEVES
	DIAMETER OF MOLECULES, BINDING FORCES (ESP. POLARITY)

	CARBONESEOUS MOLECULAR SIEVES
	DIFFERENT ADSORPTION VELOCITY



(2) NITROGEN SECTION
· AIR SEPARATION UNIT (ASU) - SECTION 700:
(a) Composition of Air:

The atmosphere is of compositions which apart form moisture – fluctuate within narrow limits. The most important constituents of dry air are listed in the following tables :
	Medium
	Chemical Symbol
	Volume %
	Weight %

	Nitrogen
	N2
	78.1
	75.5

	Oxygen
	O2
	20.95
	23.1

	Argon
	Ar
	0.93
	1.29

	Carbon Dioxide 
	CO2
	0.03
	0.05

	Rare Gases
	-
	0.002
	-











99.04% of the air consists of oxygen and nitrogen. The concentration of these gases is more or less the same all over the world. This also applies to argon which participates with 0.93% by volume where as the concentration of hydrogen, carbon dioxide and hydrocarbons vary within certain limits.
The water vapor content of air however differ considerably, this depends upon the temperature which is subject to the degree of saturation, meteorological and local condition which influences the relative humidity.
Water vapor and carbon dioxide possesses properties, which differ considerably from air. These components vaporize at 00c and – 790c respectively at atmospheric pressure. If there are present, the fine tubes of the heat exchange and the perforated trays in the rectification columns would be blocked. These components must therefore be removed prior to separating the air (rectification).
Hazardous impurities in the air are hydrocarbons. Acetylene, especially, concentrates in the liquid air and liquid oxygen fractions in the A.S.U. (rectification) and could above certain limits cause explosions. Hydrocarbons must therefore be removed. The concentration of C2H2 should not exceed 0.1 ppm in the liquid oxygen.
Rare gases are chemically fairly non reactivity do not interfere with the air separation process because of their very low boiling points, these two gases will always remain in a gaseous state during air separation.
Helium gas pockets forming in the condensers and liquefiers would envelope their heating surfaces and interfere considerably with their functioning. For this reason, heat is continuously vented off from these points through a regulating valve.
The difference in the boiling points of the main components in the air makes it possible to separate air by distillation.

(b) Rectification:
This process of separation ensures a high degree of purity and simultaneously a good output.
Air rectification consists of an oxygen nitrogen exchange between liquid and gaseous phases, the liquid being posed in the counter current to the ascending gaseous O2 - N2 mixture so called rectification plates (e.g. perforated trays) are mostly used for this exchange.
When in equilibrium, the vapor immediately above the liquid mixture (liquid air) has a higher N2 content, due to nitrogen’s lower boiling points, than the liquid.
The vapor and the liquid fractions passing respectively through and ever the rectification trays attempt to remain in equilibrium by exchanging oxygen and nitrogen when in contact a process which at the same time involves heat exchangers (condensation of oxygen and evaporation of nitrogen). The ascending gaseous mixture will steadily become richer in nitrogen and the descending liquid I oxygen.
That a separation effect must take place when an ascending gaseous fraction is in contact with a descending liquid fraction of a binary mixture can be understood from the following:

Imagine that gaseous air is saturated with its liquid components (O2 and N2) rising in a column is completely liquefied at the upper end (e.g. by the condenser) and then flow back to the sieves trays without change of composition. According to the diagram, a small volume of vapor at the point A is at a higher temperature than the boiling liquid at B of the same composition. The subsequence equilibrium will result in a temperature T3 between T1 and T2 at that point C on the same vertical line. However, at this temperature T3 only a liquid E with a higher oxygen content than in B and a vapor D with a lower oxygen concentrates in the down flowing liquid and nitrogen in the ascending vapor. Finally the liquid reaches the condenser in the form of pure oxygen while a gas consisting mainly of nitrogen escapes at the top of the column.

Process description of ASU:
■ Oxygen and nitrogen recovery:

The air separation plant is based on a low temperature process, using molecular sieve absorber for cleaning the air before entering the low temperature section.
The process air is going through a suction filter system and is compressed to 5.2 bar by means of the process air compressor which is an electric motor driver. Downstream of the last stage an after cooler is installed.
The further cooling of process air takes place in the process air cooler T 0701. The process air enters the cooler at the bottom part and passes through the packing to the top while it cools down to about +80c and is washed by tricking water. Using the harmful components such as SO2, SO3 and NH3 are removed to a large extent too.
For reaching the design temperature of the process air at the outlet of the cooler, chilled water is used. The cooling water operates in a closed cycle. Chilling of cooling water takes place at the NH3 cooler. The chilled cooling water is fed to the top of the direct contact cooler.
Trickling cooling water and condensed water from the process air collects in the bottom of T 0701. From there, the cooling water goes to the pump P 0701 A/P 0701 B. A small amount of cooling water is drained by the level controller. To substitute this cooling water fresh water is fed to the closed cycle by pump P 0705.
Then this cooled process air passes through one of two molecular sieve absorbers, where carbon dioxide, hydrocarbon and the remaining water vapor are removed. There are two absorbers installed one is in operation while the other one is being regenerated. For the regeneration of the absorbers, impure N2 from the low pressure column, heated up in the steam heater is used. 
For cooling down after regeneration the nitrogen bypass the steam heater via valve. The change over sequence of the adsorbers and the regeneration process works automatically by a program.
Downstream of the molecular sieve adsorber, the process air separates into two parts. One part enters the cold box directly, where it cools down to -1730c (nearly liquefaction) in the main heat exchanger. The other parts of the process air warms up to +3800c and further compresses in the air booster compressor to approximately 9.2 bar g. This compressed air pre-cools in heat exchanger to approximately and further cools in the main heat exchanger to approximately -1030c before it expands in the expansion turbine to about 0.37 bar g and mainly goes to low pressure column.
In the pressure column, process air separates into oxygen enriched liquid at the bottom and a pure nitrogen product of the top.
The bottom (sump) liquid sub cools in the warm part of the sub-cooler against the impure nitrogen and low pressure nitrogen and subsequently expands in to the crude argon condenser. From there the liquid is withdrawn and fed to the low pressure column.
Nearly all of the pure nitrogen top product (except seal and purge gas) liquefies in the main condenser against vaporizing oxygen on the low pressure side.
One part serves as reflux for the rectification in the pressure column. Another part sub cools in sub cooler and expands into the low pressure column.
Excess liquid nitrogen will be branched off and goes the liquid storage tank (LIN product).
In the low pressure column, oxygen enriched liquid form the bottom T 0702 separator into pure oxygen bottom product and the pure nitrogen / impure nitrogen top products. The pure nitrogen product and the impure nitrogen warm first in the sub-cooler and second in the main heat exchanger against air.
The impure nitrogen is used as regeneration gas for the molecular sieve absorbers liquid oxygen product from the bottom of the main condenser goes to the storage tank after sub-cooling in sub-cooler. The GOX product warms up in the main heat exchanger.
The main refrigeration requirement of the process is covered by the expansion of process air via the expansion turbine. The expansion turbine is connected to the booster which compresses part of the process air to a higher pressure. This air cools down in the main heat exchanger, goes through the turbine expands and is blown into the low pressure column.

■ Crude and Pure Argon Recovery:
The argon recovery takes place in the crude argon and pure argon column. The crude argon column is separated into two sections due to cold box eight limitations. Both crude argon columns as well as the pure argon column are equipped with structured packing.
Enriched argon oxygen gas is withdrawn from the low pressure column and fed in to the crude argon column. Here the gas is separated into an oxygen enriched bottom and argon enriched top gas.
The liquid in the bottom goes back to the low pressure column. The crude argon top gas goes to the column and mainly liquefies in the condenser against the oxygen enriched liquid air coming from the pressure column. This liquid serves a reflux for the crude argon column.
The liquid in the sump of T 0704 B will be pumped to the crude argon column T 0704 A by pump P 0704 A / B and is used there is a reflux too.
Part of the oxygen free crude argon is withdrawn form the condenser E 0716 and goes further to the pure argon column.
In the pure argon column, the nitrogen which still remains in the crude argon is separated from the argon and released to the atmosphere.
The top gas of the pure argon column liquefies in the condenser against the oxygen enriched liquid of the crude argon condenser and serves as reflux for T 0705. Part of this steam is vented to atmosphere to remove the N2.
Liquid argon in the sump of T 0705 evaporates in the evaporator against the oxygen enriched liquid and the gas rises up in the column to maintain the rectification. 
The liquid goes as product to storage tank.

(3) AMMONIA SYNTHESIS SECTION – SECTION 500

(a) Theoretical principal of process:

The synthesis of H2 and N2 takes place in presence of ion catalyst at H2:N2 ratio of 3:1 and at a high temperature and pressure as per following reaction.
N2 + 3H2  2NH3		H298 = -52.1 KJ / mol
The synthesis of ammonia from gaseous hydrogen and nitrogen is an exothermic reaction, which is accompanied by considerable volume decreases at constant pressure. Equilibrium consideration dictates that the synthesis reaction must be carried out at high pressure to obtain an economic yield. According to Le Chatelier’s principles, thermodynamic equilibrium data show that the highest yield is obtain at low temperature. As the synthesis reaction proceeds, the exothermic reaction causes the temperature to rise which increase rate of reaction. But at the same time the equilibrium becomes less favorable and the synthesized ammonia increased the rate of the reversed reaction.

(b) Ammonia CASALE Converter:
General Description:
Gas flow path in the converter.
The converter has three catalyst beds of the axial / radial type with intermediate cooling by heat exchanger with incoming cooled gas in order control temperature at the inlet of beds. The feed gas entering the converter at the bottom passes along the angular space between the converters, pressure shell and catalyst cartridge which is thermally insulated. This way the converter HP shell is protected against high temperature and maintained at the temperature of the feed gas.
An extra connection at the top of the converter is used during startup operation to introduce hot gas from the fire starter heater from heating reducing and activating catalyst.

(c) Catalyst bed description:
In each bed two cylindrical walls, one external near the cartridge wall and one internal are provided.
According to the CASALE – Patented designed each wall is made of:
· A Perforated wall 
· A wire-net lining in contact with the catalyst.
The perforated wall has the function of securing an even gas distribution, supporting the mechanical strength and creating the necessary gas space to improve gas distribution.
Process description of Ammonia Synthesis Unit:
In ammonia synthesis unit, 99.99% pure hydrogen from PSA unit and 99.99% pure nitrogen from ASU unit are mixed in 3:1 ratio at 23.50 Brag to form synthesis gas.
The synthesis gas is compressed to about 135 Brag pressure in first three stages of synthesis gas compressor and after mixing with recycle gas at 135 Brag pressure it is further compressed to 143 Brag pressure in four stage centrifuge compressor is driven by high pressure steam turbine.
Density controller and H2 controller accurately control the ratio of H2 and N2. The density of synthesis gas 7.763kg / mt3 is controlled at the suction of compressor.
Hydrogen flow is controlled by flow controller. Any excess hydrogen is vented through flow controllers of hydrogen of PSA unit. Nitrogen flow is controlled by flow controller. At the discharged 74% H2 is controlled.
Since synthesis gas compressor is centrifugal type compressor, to antis urge are provided at make up stage and recycle stage to protect compressor against surging. These controllers at make up stage and recycle stage fulfill the minimum flow requirements of compressor by operating flow valves. Thus part of synthesis gas is recycled to the compressor via heat exchanger.
Synthesis gas is preheated in hot exchanger and is routed to ammonia synthesis converter at 1850c via HV. The temperature of synthesis gas is controlled by TCO0574 at the inlet of R0501. The ammonia synthesis converter R0501 is a thru bed catalytic reactor with two inter bed exchangers and have axial 1 radial flow path. Ammonia synthesis reaction is an exothermic reaction takes place in presence of Fe – based catalyst.
N2 + 3H2 = 2NH3 		H298 = -52.1 KJ / mol
After conversion to ammonia, heat recovery is done at various stages as follows:
Hot gas at 430°c enters the BFW heater which on exchanging heat cools down to about 330°c heating up BFW which is used in various stages.
This gas from BFW heater goes to heat exchanger E-0503 and cools down to 220°c on exchanging heat with fresh synthesis gas from compressors unit prior to feeding to the synthesis converter.
The outlet gas from E-0503 passes to a heat exchanger where heat is exchanged with water to achieve an outlet ammonia temperature of about 100°c. The outlet gas then passes into a cold exchanger where its temperature further reduces to about 25°c.
Further chilling is done in a set of two chillers using ammonia from ammonia collector as a heat exchanging medium. Outlet gas from cold exchanger goes to 1st chiller where its temperature falls down to 10°c which further reduces to -2.8°c on passing through a 2nd chiller.
Thus after extracting all the heat from ammonia gas from converter, part of ammonia gas is directly sent to consumer (G.S.F.C. Urea plant) and remaining to HP flash drum where on flashing, gaseous ammonia liquefies producing liquid ammonia along with some gas ammonia and condensate.
The remaining gaseous ammonia is sent a MP flash drum where further liquefaction takes place under medium pressure again producing some residual gaseous ammonia and condensate.
The residual gaseous ammonia is sent to yet another flash drum where the remaining gas is converted to liquid ammonia and finally passes on to the refrigeration unit prior to storage. The condensate from above three stages of flashing is sent to a collector.

· REFRIGERATION UNIT – SECTION 600
The refrigeration in the ammonia synthesis loop in chillers I and II. (E-0506 and E-0507), refrigeration in ASU in chiller E0708 and the flash cooling of the ammonia product in flash drum to -330c for storage are producing ammonia vapor at three different pressure levels.
The compression of the ammonia vapor up to a final pressure of about 18.2 bar g is performed by three groups of oil flooded screw compressors. This type of machinery is well proven form refrigeration duties and has the advantage of high efficiency and flexibility. The flexibility of the selected machine type is such that identical machines can be used for all three stages.
C-0601 A/B Compresses from 1.2 to 3.6 bar g
C-0602 A/B Compresses from 3.5 to 18.2 bar g
C-0603 A/B Compresses from 5.2 to 18.2 bar g
The compressed ammonia vapor is cooled and condensed by cooling water in ammonia condenser and collect in drum.
Inert gas, which is present in the flash gas from the flash drum D-0601 is led from E-0601 as well as from D-0604 through chiller to separator Ammonia condensed from this stream is returned to D-0601 via LC-0610, while the gas phase from D-0605 is supplied to the reformer furnace as fuel gas via pressure controller or to flare via pressure controller PC-0607.
The liquid Ammonia in D-0604 is all supplied to the HP flash drum D-0603 either as vapor from the chiller E-0708 and E-0506 or as two phase mixture after the D-0604 level control valve. The gas phase form D-0603 is fed to compressor units C-0603 A/B/C. The liquid phase now at +50c is completely supplied to the MP flash drum D-0602, either as vapor from chiller E-0507 and E-0603 or as two phase mixture after the D-0603 level control valve.
Vapor form compressor units C-0601 A/B is introduced to D-0602 below the liquid level so that contact cooling takes place. The total gas phase leaving D-0602 is fed to compressor units. The liquid phase, now at +50c is completely supplied to the LP flash drum as two phase mixture after the D-0602 level control valve via LC-0613.
All the ammonia product sent to the storage is routed through D-0601 where it is flash-cooled to -330c with the flash vapors being compressed.
In case on of the these HP screw compressors trips, part of the gas phase from D-0603 is sent to D-0602 via a special are, thereby, shifting load from the compressor units C-0603 A/B/C to the units C-0602 A/B.

6. EQUIPMENT DETAILS

(1) Desulfurizer:
· Purpose: To remove sulfur compounds, which are poisonous for the catalysts, from NG with activated carbon by adsorption.
· Specification:
■ Internal diameter		: 2896 mm
■ Height			: 4897 mm
■ Operating pressure		: 35 kg/ cm2
■ Operating temperature	: 350°c
· Catalyst details:
	Type
	ZnO

	Volume
	17 m3






(2) Reformer:
· Purpose: To reform NG with steam in presence of Ni catalyst to get H2 for synthesis of NH3.
	Parameters
	Reformer inlet header
	Reformer outlet header
	Riser tube outlet

	Pressure(kg/ cm2)
	37
	33
	32

	Temperature(°c)
	530
	834
	830



· Description:
The reformer is rectangular in shape. Outside is consisting of S.S. body and there are insulator bricks inside. It consists of tubes packed with Ni catalyst along with potash lining to prevent C formation. These tubes are held vertically and between the vertical rows of these tube the burners are installed which use NG as fuel and air and are used for heating the tubes. Inside the reformer exothermic retain takes place at about 834°c. The product from each row of tubes is connected at the bottom. The product from each tube meets at the centre and forms a single line Common Header which rises upwards. The temperature of the gases inside the tube is 850°c. The common header directs the flow to the reformer heat exchanging section called Reformed Gas Cooler where heat is recovered.
· Details:
■ Internal diameter			: 3810 mm
■ Thickness				: 57.15 mm
■ Height				: 13081 mm
■ Material of construction		: Carbon steel
■ Insulation thickness			: 266.7 mm
■ Insulation material	: Ceramic blankets, refractory bricks, ceramic tiles (bottom), glass wool
■ Water jacket internal diameter	: 4114.8 mm
· Catalyst:

	
	Top portion
	Bottom portion

	Name
	Ni-Cr, Potash
	Ni-Cr, Potash

	Specification
	Katalaco 25-4Q
	Katalaco 57-4Q

	Size
	14 mm sphere
	14 mm ring

	Volume
	20.6 m3
	20.4 m3

	Height
	581 mm
	2347 mm



(3) Isothermal Shift Reactor (ISR):
· Purpose: To convert CO of reformed gas to CO2
· Details:
■ Working pressure		: 35 kg/ cm2 g
■ Design pressure		: 34 kg/ cm2 g
■ Design temperature		: 270°c
■ Inlet gas temperature	: 250°c
■ Outlet gas temperature	: 250°c
■ Internal diameter		: 4000.5 mm
■ Height			: 12500 mm
■ Material of construction	: High carbon steel
· Catalyst:

	Catalyst
	Copper

	Size
	5.4*3.0 mm

	Volume
	52 m3

	Height
	4648.2 mm



(4) CO2 ABSORBER:
· Purpose: To remove CO2 contained in the raw H2 gas from ISR by scrubbing it with 30-40% MDEA solution.
· Details:
■ Pressure			: 25 kg/ cm2
■ Maximum pressure drop	: 6.1 kg/ cm2
■ Temperature			: 70°c at bottom
■ Total CO2 absorbed		: 31500 Nm3/ Hr
■ MDEA circulation rate	: 755.5 m3/ Hr
■ Height			: 23374 mm
■ Internal diameter		: 3552.8 mm
■ Packing			: SS rings
■ It is a cylindrical packed tower with elliptical heads.

(5) CO2 Strippers:
· Purpose: To regenerate rich MDEA solution by steam stripping with the help of reboilers and thereby releasing CO2.
· Details:
■ Pressure		: 0.74 kg/ cm2
■ Temperature		: 118°c
■ Height		: 17678.4 mm
■ Internal diameter	: 3352.8 mm
■ Packing		: SS rings

(6) Pressure Swing Adsorbers:
· Purpose: To obtain about 99.5% pure hydrogen from NG, after CO2 removal using MDEA
· Details:
■ Temperature	: 45°c
■ Pressure	: 0.4 to 23.4 bar g
■ Height	: 10200 mm
■ Diameter	: 2945 mm

(7) Molecular Sieve Adsorbers:
· Purpose: To remove CO2, hydrocarbons and remaining water vapor from the air received from air cooler in the ASU to obtain pure N2 prior to sending it to cold box.
· Details:
■ Adsorption temperature	: 5.2°c
■ Adsorption pressure		: 5.5 bar g
■ Regeneration temperature	: 165°c
■ Quantity of air handled	: 56000 Nm3/ Hr
■ Adsorption time		: 236 minutes
■ Height			: 6500 mm
■ Regeneration pressure	: 0.15 bar g
■ Diameter			: 3540 mm

(8) Ammonia Separator:
· Purpose: To separate and remove maximum amount of ammonia from recycle gas and traces of water, CO and CO2 contained in the make up gas which are chilled to -2.5°c.
· Details:
■ Pressure			: 117 kg/ cm2
■ Temperature			: -2.5°c
■ Quantity of gas handled	: 450000 Nm3/ Hr
■ Quantity of NH3 separated	: 85318.52 kg/ Hr
■ Length			: 4876.8 mm
■ Internal diameter		: 1981.2 mm
■ Shell thickness		: 104.8 mm
■ Head thickness		: 54 mm
■ Material of construction	: Carbon steel
(9) Synthesis Converter:
· Purpose: To covert synthesis gas to ammonia.
· Details:
■ Pressure				: 143 kg/ cm2
■ Temperature (top head inlet)	: 185°c
■ Temperature (startup heater outlet)	: 537.8°c
■ Temperature (other parts)		: 146.1°c
■ Quantity of gas handled		: 521969 Nm3/ Hr
■ NH3 production			: 67295.25 kg/ Hr

	MATERIAL OF CONSTRUCTION

	Sr. no.
	Item
	MOC
	Standard

	1.
	Reformer tubes
	G-4852 (0.35-0.45% C, 24-27% Cr, 33-35% Ni, 0.8-1.5% Nb)
	German DIN

	2.
	Hot headers
	G-4859 (0.05-0.15% C, 19-21% Cr, 31-33% Ni, 0.5-1.5% Nb)
	German DIN

	3.
	Cold header
	Carbon steel
Outer surface: A-335 Gr-P11
Inner surface: Incoloy 800H lining
	ASME

	4.
	Converter
	High C.S. (12 Cr Mo 910)
	ASME

	5.
	Cooler fans
	Ss 321
	ASME

	6.
	MP/ LP flash column
	SS321 (SA 240 TP 321)
	ASME

	7.
	ISR
	High C.S.
	ASME

	8.
	Heat exchangers
	C.S.
	ASME

	9.
	Reformer furnace
	MS
Refractory brick lining, glass wool
	ASME

	10.
	Cooling tower blades
	Fiber reinforced plastic
	ASME




7. MATERIAL BALANCE



(A) HYDROGEN SECTION


	Composition of the Natural Gas

	Component
	Mol. %
	Mol. Wt.

	CH4
	92.48
	16

	C2H6
	1.69
	30

	C3H8
	0.13
	44

	i-C4H10
	0
	58

	n-C4H10
	0
	58

	Co2
	5.69
	44

	N2
	0.01
	28

	S
	<3ppm
	



Capacity: 1350 tons / day of ammonia
                = 135 x 104 kg / day = 56250 kg / hr = 3308.82 Kg-mol/hr
Now the reaction is,
N2 + 3H2   2NH3
NH3 to be produced = 3308.82 Kg-mol/hr	
By stoichiometry,
N2 required = 1654.41 kg-mol / hr
H2 required = 4963.23 kg mol / hr

Since the N2 is to be supplied from the air, we have 
                  Air required = N2 required / 0.78= 2121.038 kg-mol / hr

Assuming 5% loss, total air required= 2121.038 x 1.05
                                                           = 2227.09 kg-mol / hr
The reactions involved are as followed.
  CH4 + H2O                  CO  +3H2
 C2H6 + 2H2 O             2 CO + 5H2
 C3H8 + 3H2O              3 CO + 7H2
C4H10 + 4H2O              4 CO + 9H2
    CO + H2O                      CO2 + H2 

IF x kg mol / hr of natural gas be supplied then the H2 content as based on the natural gas composition is given by:
= (3*0.9248 + 5*0.0169 + 7*0.0013) * X
= 2.8121X
Hence,
	2.8121 X = 4963.23
                  X = 1764.96 kg-mol / hr
Hence, natural gas required = 1764.96 kg-mol / hr.

· Desulfurizer :

In the desulfurizer, there is removal of sulfur, since, the concentration of the sulfur being encountered is less than 3 ppm, we can say that for the desulfurizer.

 Input = 1764.96 kg-mol / hr of the natural gas and 

Output = 1764.96 kg-mol / hr of the natural gas. 

Both the input and output have the same composition and this composition is seen in the table below for feed to the primary reformer.






· Reformer :
Here, the sulfur is present in very small quantity and hence, the effect of sulfur is neglected.

	Natural Gas Composition at Reformer Inlet 

	Component
	Mol%
	kg mol / hr
	Mol. Wt.
	Kg/hr

	CH4
	92.48
	1632.24
	16
	26115.84

	C2H6
	1.69
	29.83
	30
	894.9

	C3H8
	0.13
	2.29
	44
	100.76

	C4H10
	0
	0
	58
	0

	CO2
	5.69
	100.43
	44
	4418.92

	N2
	0.01
	0.18
	28
	5.04

	Total
	100
	1764.96
	
	31535.46



Total carbon in NG = (0.9248 * 1) + (0.0169 * 2) + (0.0013 * 3) + (0.0569 * 1) = 1.0194
Here taking the steam to carbon mole ratio is 3:1 we have. 
Steam = 3 *1.0194 *1764.96 = 5397.6 kg mol / hr   = 97156.81 Kg / hr

Total feed to reformer = N.G. + steam 
= 31535.46 + 97156.81 = 128692.27 kg / hr

For the methane reforming the following reaction take place
CH4 + H2O 	 CO + 3H2 		  ---(1)
C2H6 + 2H2O 	 2CO + 5H2	           	  ---(2)
C3H8 + 3H2O 	 3CO + 7H2	           	  ---(3)
C4H10 + 4H2O	 4CO + 9H2             	  ---(4)
CO + H2O	 CO2 + H2                  ---(5) 

Assume: (1) 70% conversion of the first reaction.
	   (2) 100% conversion of 2, 3 and 4 reaction.
	   (3) 60% conversion of reaction 5.

From the reaction ::1,
CH4 consumed      = 0.7 * 1632.24          = 1142.57 kg mol / hr
CH4  unconverted = 1632.24 -  1142.57 = 489.67 kg mol / hr
H2O consumed     = 1142.57 kg mol / hr
H2 produced          = 3*1142.57                  = 3427.71 kg mol / hr

From the reaction ::2,
C2H6 consumed = 29.83 kg mol / hr
H2O Consumed = 2*29.83     = 59.66 kg mol / hr
CO produced     = 59.66 kg mol / hr
H2 produced       = 5* 29.83   = 149.15 kg mol / hr

From reaction ::3,
C3H8 consumed = 2.29 kg mol / hr
H2O consumed   = 3*2.29 = 6.87 kg mol / hr
CO produced      = 6.87 kg mol / hr
H2 produced       = 7 * 2.29 = 16.03 kg mol / hr

Total CO produced from the first four reactions
= 1142.57 + 59.66 + 6.87 
= 1209.1 kg mol / hr

From Reaction: 5,
CO consumed 	= 0.6 * 1209.01
                               = 725.46 kg mol / hr
H2O consumed      = 725.46 kg mol / hr
CO2 produced	= 725.46 kg mol / hr
H2 produced 	= 725.46 kg mol / hr

Total H2 produced 
= 3427.71 + 149.15 + 16.03 + 725.46 
= 4318.35 kg mol / hr

Total H2O consumed 	
= 1142.57 + 59.66 + 6.87 + 725.46
= 1934.56 kg mol / hr
H2O remaining 
= 5397.6 – 1934.56
= 3463.04 kg mol / hr
N2 is used as an inert gas 
So, N2 Input = N2 Output

	Output from Reformer

	Component
	kg mol / hr
	Mol%
	Mol. Wt.
	Kg/hr

	N2
	0.18
	0.0019
	28
	5.04

	H2
	4318.35
	45.55
	2
	8636.7

	CO
	483.64
	5.102
	28
	13541.92

	CO2
	725.46
	7.65
	44
	31920.24

	CH4
	489.67
	5.16
	16
	7834.72

	H2O
	3463.04
	36.53
	18
	62334.72

	Total
	9480.34
	100.00
	-
	124273.34




· Isothermal Shift Reactor :
CO + H2O  CO2 + H2
CO inlet = 483.64 kg mol/hr. 
Assume 90% of CO is converted into CO2.
CO outlet    = 0.1 * 483.64 = 48.364 kg mol/hr.
CO converted to CO2 = 483.64 – 48.364 = 435.276 kg mol/hr.
H2O consumed = 435.276 kg mol/ hr.
H2O outlet = 3463.04 – 435.276 = 3027.764 kg mol/ hr
H2 produced 	= 435.276 kg mol/hr.

	Output from ISR

	Component
	Kg mol / hr
	Mol %
	M.wt
	Kg/hr

	N2
	0.18
	0.0022
	28
	5.04

	H2
	4753.626
	50.14
	2
	9507.252

	CO
	48.364
	0.51
	28
	1354.192

	CO2
	1160.736
	12.24
	44
	51072.384

	CH4
	489.67
	5.16
	16
	7834.72

	H2O
	3027.764
	31.94
	18
	54499.752

	Total
	9480.34
	100.00
	-
	124273.34




· CO2 Absorber :

The absorption of CO2 is done by MDEA solution.

CO2 inlet = 1160.736 kg mol/ hr
Assume efficiency of CO2 absorber is 99%.
CO2 outlet (remaining) = (0.01 * 1160.736) = 11.60736 kg mol/hr.
CO2 absorbed 	= 1160.736 – 11.60736 = 1149.13 kg mol/hr.

	Output From CO2 Absorber

	Component
	Kg mol / hr
	Mol %
	M.wt
	Kg/hr

	N2
	0.18
	0.0022
	28
	5.04

	H2
	4753.63
	57.06
	2
	9507.252

	CO
	48.364
	0.58
	28
	1354.192

	CO2
	11.61
	0.14
	44
	512.16

	H2O
	3027.764
	36.34
	18
	54499.752

	CH4
	489.67
	5.88
	16
	7834.72

	Total
	8331.22
	100
	-
	73713.116




· Pressure Swing Adsorbers :

Assume that 99.9% of CO, CO2 & CH4 are get adsorbed.
Assume that 100% H2O & 0.5% H2 get adsorbed in PSA unit.
CO outlet = 0.001 * 48.364 = 0.048364 kg mol/ hr.
CO2 outlet = 0.001 * 11.61 = 0.01161 kg mol/ hr.
CH4 outlet = 0.001 * 489.67 = 0.48967 kg mol/ hr.
H2O outlet = 0 kg mol/ hr.
H2 outlet = 0.995 * 4753.626 = 4729.86 kg mol/ hr.
	Composition at PSA Outlet 

	Component
	Kg mol / hr
	Mol %
	Mol. Wt.
	Kg/hr

	H2
	4729.86
	99.988
	2
	9459.72

	CO
	0.0484
	0.001
	28
	1.3552

	CO2
	0.01161
	0.0002
	44
	0.51216

	CH4
	0.48967
	0.0104
	16
	7.83472

	Total
	4730.41
	100 %
	-
	9469.42
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(B) AMMONIA SYNTHESIS SECTION
· Ammonia CASALE Converter :      
	Composition of the synthesis gas inlet to Converter

	Component
	Mol%
	Kg mol / hr

	N2
	24.75
	5540.75

	H2
	74.25
	16622.25

	Inerts
	1
	349.283

	Total
	100
	23284.432



For the recycle loop of ammonia synthesis, we have conversion per pass = 17%  & recycle feed contains 12.5 mole % inerts.
Basis: 100 Kg-mol / hr. of fresh feed.
Let, M = Mixed feed, F = Fresh feed, R = Recycle feed
Feed material balance
F + R = M  M = 100 + R -----(1)
[image: ]


Proportion of N2 to H2 any where in process is 1:3 (on mole basis).
Inerts in recycle = 0.125R kg mol
N2 - H2 in recycle = 0.875R kg mol
N2 - H2 in fresh feed = 99 kg mol
(N2 - H2 in mixed feed) = (N2 - H2 in fresh feed) + (N2 - H2 in recycle feed)
			  = 99 + 0.875R
Conversion per pass =17%
N2 - H2 reacted = 0.17 (99 + 0.875R)
N2 - H2 un-reacted = 0.83 (99 + 0.875R)
Kg mol of gas leaving condenser = 0.83 (99 + 0.875R) + Inerts -----(2)
Inerts will be unaffected during the course of reaction and condensation.
→ Material balance of inerts:
Inerts in fresh feed + Inerts in recycle feed = Inerts in mixed feed
1 + 0.125R = Inerts in mixed feed = Inerts in gas leaving condenser -----(3)
From equation (2) & (3),
Kg mol of gas leaving condenser = 0.83 (99 + 0.875R) + (1 + 0.125R)
= 83.17 + 0.85125R
→ Material balance of gas leaving condenser:
Kg mol of gas leaving condenser = kg mol gas purged + kg mol gas recycled
83.17 + 0.85125R = P + R -----(4)
To avoid built up of inerts in recycle loop we must have,
Kg mol inerts in fresh feed = Kg mol inerts in purge
1 = Kg mol inerts in purge
Concentration of inerts in gas leaving condenser, in purge and in recycle feed is same.
So, mole % of inerts in purge = 12.5
1/p *100 = 12.5
P = 8 kg mol -----(A)
Substituting in equation (4)
R = 505.34 kg mol -----(B)
M = 100 + R = 100 + 505.34 = 605.34 kg mol -----(C)
Now, Recycle ratio = R/F = 5.0534
Purge ratio = P/R = 0.016


	Composition of Ammonia outlet from Converter

	Component
	Mol%
	Kg mol / hr

	N2
	19.462
	2270.386

	H2
	58.38
	11666.93

	Inerts
	1.5
	34.89

	NH3
	20.3998
	4076.8

	Total
	100
	19984.48



From the Inlet and outlet values of ammonia, conversion = 772.15 /  4076.8
							       = 18.94 %
[image: mb Casale]






8. ENERGY BALANCE


· Isothermal Shift Reactor
Inlet gas temperature = 2600C = 260+273 = 533 K
Outlet gas temperature = 2500C = 250 + 273 = 523 K
Taking reference temperature as 250C
Enthalpy of reactant above 250C = 298 K
HR = m Cp mix dT
Where, m = flow rate & Cp mix = a + bT + cT2 + dT3
Where, a, b, c & d are constants for CO2 gas at temperature 533 K.
a = 24.67, b = 153.12*10-3, c = 477.25*10-6, d = 468.87*10-9
HR = 124273.34 [24.67 (533-298) + (153.12*10-3)/2*(5332 – 2982) + (477.25 * 10-6)/3*(5333 – 2983) + (468.87 * 10-9)/4*(5334 – 2984)]
= 6109611478 kJ / hr = 1459.6 Gcal
Now, for outlet flow rate
amix = 0.0017 (20.733) + 0.14 (29.59) + 0.427 (8.61) + 0.021 (29.03) + 
	    0.113 (21.36) + 0.0022(19.15) + 0.293 (18.296)   = 24.83
Similarly,
bmix = 130.74 * 10-3         cmix  = -395.4 * 10-6          dmix = 385.72*15-9

Enthalpy of products over 25 0C = 298 K

      Hp = 124273.34 [24.82 (523 - 298) + (130.73*10-3/2*(5232–2982) - (395.41*0-6)/3*(5233 – 2983) + (385.71*0-9)/4*(5234 – 2984)]
     = 3913618003 kg/hr = 934.975 Gcal

For reaction at 250C;      CO(g) + H2O (g) = CO2 (g) + H2(g)
Heat of reaction at 250C
Hr0 = (Heat of formation of products) - (Heat of formation of reactants)
      = (-393.51) – (-110.53-241.82)
      = - 41.16 kJ / mol. Thus exothermic reaction.

Total heat of reaction (for CO moles)
      = - 41.16*(1165420 – 291354)      = -35976556.56 kJ / hr

Desired heat of reaction, Hr  = Hp - HR + Hr0
                                        = 3913618008 – 4598298656 – 35976556.56
                                              = -720657209.6 KJ / hr = -172.167 Gcal
[image: eb ISR]

· Ammonia Synthesis Converter

	Inlet Gas Properties

	Component
	Flow Rate (Kg mol/hr.)
	Cp at 1840C (kcal/kg mol K)

	H2
	16661.56
	6.9906

	N2
	5553.8625
	7.03119

	Ar
	293.111
	4.967

	CH4
	42.4028
	10.525

	NH3
	772.93055
	9.6982

	Total
	23323.895
	



Qin = mCp∆T

       = { (16661.564 * 6.9906) + (5553.8625 * 7.0311) 
           
+ (772.9305 * 9.6982) + (42.40284 * 10.525) + (293.111 * 4.967) }* (184-25)

       = 26222725 Kcal.   = 26.22 Gcal.

	Outlet Gas Properties

	Component
	Flow Rate (Kg mol/hr.)
	Cp at 423.40C (Kcal/kg mol K)

	H2
	11698.805
	7.029

	N2
	3899.6017
	7.3457

	Ar
	292.2699
	4.967

	CH4
	42.0388
	13.833

	NH3
	4083.3318
	11.515

	Total
	
	




Qout = mCp∆T

       = { (11698.805 * 7.029) + (3899.6017 * 7.3457) 
           
+ (292.2699 * 4.967) + (42.0388 * 13.833) + (4083.3318 * 11.515) } (423.4 - 25)

       = 63651741 Kcal.     = 63.65 Gcal.

∆Q = 63.65 – 26.22  = 37.43 Gcal.

[image: eb casale]





















10. EQUIPMENT DESIGN
[image: LINE]

· Ammonia CASALE Converter
Catalyst used is Fe - based
Sp. Gravity = 2.80
Porosity = 0.5

First Stage

Temp = 360 0C = 6330K
Moles entering first stage =  197.88 + 8311.125 + 45.42
			     n    = 8554.425 kmol/hr
P = 1 atm		R = 0.082 lit atm/gmol K
Now assuming ideal Gas										PV = nRT	So,          1 * V = 8554425 x 0.082 x 633								         V = 444026014.6 lit/hr
Now reaction occurs very fast								Assume Space time = 1 sec										Active volume  = vol. Flow rate x Space time								  = 444026014.6 x 1/3600								              = 123340.6 lit	= 123.34 m3

Now porosity = 0.5
     Volume of the Catalyst = (active vol.) – (Porosity * Active vol)						             = 123.34 – (0.5 * 123.34)								             = 61.67 m3	

Now taking 30 % excess volume										Total volume     = 1.3 * 61.67										              = 80.171 m3		
Taking L/D = 1.5;   80.171 = 0.785 x 1.5 D3 									          D = 4.0833m         = 4083.3 mm	            
                                        L = 1.5 x 4083.3    = 6124.95 mm
Weight of catalyst	 =  2800 x 61.67 	   = 172676 kg

Second Stage

Temp = 3700C = 6430K

Moles entering first stage = 3849.5 kmol/hr

P = 1 atm		R = 0.082 lit atm/gmol K

Now assuming ideal Gas;	PV = nRT	

                    So,             1 x V = 3849500 x 0.082 x 643								              V = 202968737 lit/hr

Now reaction occurs very fast
Assume Space time = 1 sec									 Active volume = vol. Flow rate x Space time								 = 202968737 x 1/3600									 = 56380.2 lit   = 56.38 m3
Now porosity = 0.5										 Catalyst Vol.  = (active vol.) – (Porosity * Active vol)							= 56.38 – (0.5 * 56.38)									= 28.19 m3	
Now taking 20 % excess volume									 Total volume = 1.2 * 28.19										           = 33.83 m3	
	
Taking L/D = 1.5;   33.83 = 0.785 x 1.5 D3 									      D = 3.0627 m										      D = 3062.7 mm										       L = 1.5 x 3062.7	 = 4594 mm

Weight of catalyst	 =   2800 x 28.19	 = 78932 kg
Third Stage
Temp = 3750C = 6480K
Moles entering first stage = 5987.88 kmol/hr
P = 1 atm	R = 0.082 lit atm/gmol K
Now assuming ideal Gas										PV = nRT	So,     1 x V = 5987880 x 0.082 x 648								     V = 318172000 lit/hr
Now reaction occurs very fast							Assume Space time = 1 sec									Active volume = vol. Flow rate x Space time							                        = 318172000 x 1/3600									= 88381.1 lit	      = 88.381 m3
Now porosity = 0.5									 
       Catalyst Vol.  = (active vol.) – (Porosity * Active vol)					                        = 88.381 – (0.5 * 88.381)	= 44.19 m3	
Now taking 20 % excess volume									Total volume	= 1.2 * 44.19    = 53 m3		
      Taking L/D = 1.5;          53 = 0.785 x 1.5 D3 								       D = 3.5571 m   = 3557.1 mm										     L = 1.5 x 3557.1	 = 5335.65 mm
Weight of catalyst	 = 2800 x 44.19 	 = 123732 kg
Total volume of all 3 beds	
= 123.34 + 56.38 + 88.381
= 268.101 m3
Total weight of catalyst of all 3 beds
= 172676 + 78932 + 123732
= 375340 Kg.
= 375.34 MT
Total Length of all 3 beds
= 6.124 + 4.594 + 5.335 = 16.053 m

· MDEA Storage Tank Design:

The storage tank is used to store MDEA used in the removal of CO2 from the gaseous mixture coming from ISR to obtain pure Hydrogen gas. The tank is of working volume 1000 m3 but can be filled up to 1040 m3. As MDEA is filled only up to 85% of tank capacity, the tank capacity is designed for 1167 m3 volume. Design is as per the code API 650. The internal diameter of tank is 11m and height is 12.28m.

Solution :

	V = (/4) D2 H = 1167

	    Therefore, H = (1167 x 4) / (3.14 x 121)
			  = 12.28 m

	Therefore, H / D = 1.117

Now, number of plates required of size 6.3m x 1.8m, 

	n = Circumference / Length of Plate

	   =   2R -  C           =      2 *3.14 *5.5 – 0.003
	     --------------                 -----------------------------
		  L			         6.3

	                              n = 5.482  = 5.5 plates

Number of courses,  x =       H – nC
			          ---------
				  w

	Therefore,    x = 12.28 – 5.5 *0.003
			   -------------------------
				    1.8

		        x = 6.813 courses 

For the first course, pressure developed at the bottom,

	P =  (H – 0.3) * 100

	    = 750 *10-6 (12.28 – 0.3) *100 	    = 0.899 kgf / cm2


Thickness of 1st course,                      P D
				 t =     -------  + C
				             2fJ

				   =     0.899 * 1100
				        ------------------  + 0.3    cm
				         2 * 980 * 0.85

				   =   0.965 cm
				   =   9.65 mm.       ~ 10 mm.


For  2nd course, assume t = 0.8 cm.,

			         0.8 =      P * 1100
				        -----------------   + 0.3
				         2 * 980 * 0.85	

			           P = 0.833 kgf / cm2

		So,         0.833  = 750 * 10-6 (H – 0.3) * 100

		                      H = 11.40 m		  


For  3rd course, assume t = 0.6 cm.,

			       0.6 =      P * 1100
				     -----------------   + 0.3
				     2 * 980 * 0.85	

			        P = 0.2271 kg-f / cm2

		So,      0.2271 = 750 * 10-6 (H – 0.3) * 100

		                   H = 3.33 m	

The same thickness of 0.6 cm is kept for the remaining courses.
   

Bottom diameter,          Db	= [Di + 2ts + (2*65/1000)]
                         	            = [11 + (2*0.010) + (2*65/1000)]
                                      Db 	= 11.15 m

Assume roof plate thickness of 10 mm
Wt. per unit area(roof plate)	= thickness*density
                                            	= 0.010*8.6*104
                                             	= 860 N/m2

Total pressure on the roof	= superimposed load + wt. of roof plate
                                    	= 1250 + 860
                                    	= 2110 N/m2

                       Sin α 	= (D/t) * [P/(0.204*E)] 0.5
       		                        = (11*103/10) [(0.002110) / (0.204*2*105)] 0.5
                       Sin α 	= 0.2501
     	                             α	= 14.486

Assume roof plate thickness of 15 mm

Wt. per unit area(roof plate)	=	thickness*density
                                            	=	0.012*8.6*104
                                            	=	1032 N/m2

Total pressure on the roof	=	superimposed load + wt. of roof plate
                                    	=	1250 + 1032
                                    	=	2282 N/m2

                       Sin α	= (D/t)*[P/(0.204*E)] 0.5
       		                        = (11*103/12) [(0.002282) / (0.204*2*105)] 0.5
                       Sin α	= 0.2167
     	                            α	= 12.515







· Centrifugal Pump

Head : 0.8 m
Assumed Efficiency,  = 60 %

	Parameter
	Inlet
	Outlet

	Flow Rate (m3/hr.)
	3.138 * 10-3
	9.47 * 10-3

	Pressure (kPa)
	179.3
	8011.6



Applying Bernoulli’s Equation,

  P1          g z1          u12                             P2          g z2          u22      
----- + ------ + ------ +  Wp      =  ----- + ------ + ------ 
          gc             2 gc			   	    gc	      2 gc

Where; u1 = Q1 / A
	 A = 0.785 d2  = 0.785 * (0.35) 2  = 0.0962 m2 
 u1 = 0.0326 m/s
 u2 = 0.0984 m/s

Substituting all the above values in Bernoulli’s equation we get;

   Wp  = 12250.82 J/kg.

Now, Total Power required     = m * Wp 
Where; Total mass Flow Rate = 86504 kg/hr.
				        = 24.029 kg/sec.

 P = 24.029 * 12250.82
       = 188.4 kJ/sec.        = 250 HP





11. COST ESTIMATION AND PROFITABILITY
[image: LINE]

· Basis: 330 days of Production per Year

· PURCHASED EQUIPMENT COST = Main Equipment + Auxillary  Equipment Cost

   
	Equipment
	Quantity
	Total cost (Crore Rs.)

	Reformer
	1
	65

	Desulfurizers
	2
	3

	ISR
	1
	8

	CO2 Removal section
	1
	20

	PSA
	12
	70

	ASU
	1
	6

	Cold Box
	1
	43

	Heat Exchangers
	25
	65

	Pumps
	20
	15

	Compressors
	12
	17

	Vessels
	3
	3

	
	Total
	315




Total Capital investment = Fixed Capital investment + Working Capital Investment

· FIXED CAPITAL INVESTMENT = (Direct cost + indirect cost)


	Direct Cost

	Sr No.
	Type Of Cost
	% Of Equipment Cost
	Cost (Rs. In Crores)

	1
	Equipment
	----
	315

	2
	Installation
	15
	47.25

	3
	Instrumentation
	20
	63

	4
	Piping
	35
	110.25

	5
	Building
	15
	47.25

	6
	Yard Improvement
	4
	12.6

	7
	Service
	22
	69.3

	8
	Land
	4
	12.6

	
	                                                                   Total
	677.25

	Indirect Cost

	Sr. No.
	Item
	% Of Equipment Cost
	Cost (Rs. In Crores)

	1.
	Engg.& Supervision
	15
	47.25

	2.
	Construction, Expansion
& Contractor’s Fee
	16
	50.4

	3.
	Contegencies
	6
	18.9

	
	
	Total
	116.55 crores



      TOTAL FIXED CAPITAL = (DIRECT + INDIRECT) CAPITAL
                                             = 677.25 + 116.55
                                             = 793.8 CRORES

INITIAL WORKING COST = 15% OF TOTAL INITIAL COST

F.C.I., X = 793.8 + 0.15 * X

X = 933.9 CRORES
                                                                              
	FIX CAPITAL INVESTMENT= A + B = Rs. 933.9 crores/-

· WORKING CAPITAL INVESTMENT

        Total capital Investment	=  Fixed Capital Investment + Working Capital
			TCI	= 933.9 + 0.15 TCI
			TCI	= 1098.68 crore Rs.

       Working Capital Investment	= 15% Of Total capital Investment
					= 164.80 crores

· TOTAL PRODUCTION COST
      Total production Cost = Manufacturing Cost + General Expenses
Manufacturing Cost  = Direct Production Cost + Fixed Charges + Plant           Overhead Costs
	Direct Production Cost

	Raw Materials
	Annual Requirement(m3)
	Specific Cost
	Cost (Crore Rs.)

	Natural Gas 
	2.9*108
	3.25 Rs/Nm3
	94.25

	Direct Production Cost

	Utilities
	Annual Requirement
	Specific Cost
	Cost (Crore Rs.)

	Water (m3)
	3.36*106
	3.5 Rs/m3
	1.176

	Electricity (KWH)
	1.485*108
	2.25/ KWH
	33.4

	Total
	34.576



	Direct Production Cost

	Particulars
	Basis Chosen
	Cost (Crore Rs.)

	Maintenance & Repairs 
	5 % of FCI
	46.695

	Operating Supplies
	0.012 % of FCI
	0.1120

	Operating Labour (OL)
	10 % of TPC
	0.1X

	Laboratory Charges
	10 % of OL
	0.010X

	Patents and Royalties
	1 % of TPC
	0.01X

	Total
	46.807 + 0.120X



Where, 	     X 	= Total Production Cost

	Fixed Charges

	Particulars
	Basis Chosen
	Cost (Crore Rs.)

	Depreciation
	----
	39.195

	Interest
	10 % of TCI
	109.86

	Local Taxes
	4 % of FCI
	37.356

	Insurance
	1 % of FCI
	9.339

	Total
	195.75




Now,		F.C.I. = Rs. 933.9 Crores
Salvage Value = Rs. 150 Crores
Life Of plant = 20 Years

 BY STRAIGHT-LINE METHOD,

Depreciation = Initial investment – Salvage Value / Life Of Plant
                = (933.9 – 150) / 20 = Rs. 39.195 Crores per annum


 Manufacturing Cost = Direct Production Cost + Fixed Charges 
				    = 94.5 + 34.576 + 46.807 + 0.120 X + 195.75 
				    = 371.633 + 0.120 X
	General Expenses

	Particulars
	Basis Chosen
	Cost (Crore Rs.)

	Administrative Costs
	15 % of OL
	0.015 X

	Distribution & Marketing Costs
	 12 % of TPC
	0.12 X

	R & D
	4 % of TPC
	0.04 X

	Total
	0.175 X



	Total Production Cost	= Manufacturing Cost + General Expenses
				X	= 371.633 + 0.120 X + 0.175 X

	Total Production Cost	= 527.14 Crore Rs/yr.

    Manufacturing Cost = 434.89 crores                               


· INCOME DUE TO AMMONIA SALE
Sales Price					= Rs 18500/ MT
Daily Production	 			= 1450 MT/Day
Working Days				= 330 Days
Annual Income from ammonia		=1450 * 18500 * 330
= 885.225 crores

· INCOME DUE TO ARGON SALES
Sales Price					= Rs 30/Nm3
Daily Production				= 8980 Nm3/Day
Working Days 				= 330 Days
Annual Income from Argon		= 30 * 8980 * 330
 			                      		= 8.89 crores

 TOTAL ANNUAL INCOME 		= 894.115 Crore Rs/yr.

Gross Annual Earning	= Total Sales Earning – Total Production Cost
				= 894.115 – 527.14 = 366.975 Crores
Taxable Income = Gross Profit - Depreciation = 327.78 Crore Rs

			Income Tax	= 30 % of Gross Annual Earning
					= 0.30 * 327.78
					= 98.334 Crore Rs/yr

			Surcharge	= 3 % of Income Tax
					= 0.03 * 98.334
					= 2.95 Crore Rs/yr.

	Net Annual Earning	= Gross Annual Earning – Income Tax – Surcharge – Dep.
					= 366.975 – 98.334 – 2.95 – 39.195
					= 226.50 Crore Rs/yr.

Now,
     Operating Profit Margin = [Operating Profit / Annual income] * 100
                                    = 25.33 %
        Gross Profit Margin     = [Gross Profit / Annual income] * 100
 			            = 41.04 %

          Rate Of Return           = (Net Profit / T.C.I.) * 100
                                    = 20.61 %

Pay Back Period 	= F.C.I. / Net Profit
			            = 4.12 Years

· BREAK EVEN POINT (Z)	

             Total Product Cost Rs/yr = (Selling Price Rs/MT)*(Breakeven Point MT/day)
			                                                        *(Total Days of Production)

		      527.14 * 107   = 18500 * n * 330

				 n  = 863.456 MT/day

    Actual Rate of Production = 1450 MT/day

      		Breakeven Point =  59.54 % of Total Capacity





12. PLANT LOCATION AND LAYOUT

The geographical location of the plant can have a strong influence on the success of an industrial venture. Preliminary, the plant should be located where the minimum cost of production and distribution can be obtained easily and than other factors, such as room for expansion and general living conditions are also important.
· RAW MATERIAL:
The sources of raw materials are one of the most important factors influencing the selection of a plant site. In our case, raw material NG supplied by GAIL is availed through a pipeline. The other raw material N2 is availed directly from the air.
· MARKETS:
Proximity to the major markets is an important consideration in the selection of a plant site because the buyer usually finds it advantageous to purchase from local sources. It should be noted that market is needed for byproduct as well as for major final products. As Baroda is itself an industrial city so there are many local buyers, in and around the city like Chhani village, Vasad, Anand, etc. which makes the dealings much easier.
· ENERGY AVAIBILITY:
Power and steam requirement of chemical industries are perhaps the largest among all industries. Hence this is also a further factor of influence. In the western region, particularly in Gujarat & Maharashtra, electricity is supplied by the state electricity board by the agreement with N.T.P.C. (National Thermal Power Corporation). It will be needed to purchase electricity from G.E.B. (Gujarat Electricity Board). They also have there own power plant which helps in saving much of the cost.
· CLIMATE:
If the plant is located in extreme climate, costs may be increased by the necessity for construction of protective shelter around the process equipment and special cooling tower or air conditioning equipment may be required, if the prevailing temperature is too high. Excessive humidity can also cause a serious effect on the economical operation of the plant. All these factors are examined when a plant location is to be chosen.
The climate history of the region under consideration indicates mild weather condition, moderate to heavy rainfall, comparatively dry to moderate humid climate. Hurricane, tornado, flood and earthquake history suggest negligible probability of occurrence.
· TRANSPORTATION FACILITIES:
Western railways network covers all western parts of the country. Gujarat is connected with the neighbouring states by railways, national highways and airways. Kandla & Mumbai are two major ports, suitable for export of finished products. 
Transportation is not a problem as a separate railway track is provided inside the company area so that raw materials and products can be transported with ease to and from far away places. Transportation of finished products is also done through trucks and tankers by road in certain cases and for transportation through roadways they have contract with local transporters.
· WATER SUPPLY:
Water is required in the ammonia plant for steam generation, for CO2 shift conversion in ISR, for cooling purpose, etc. The plant therefore must be located where dependable supply of water is available. A large river or lake is preferable, although deep wells or attend sub well may be satisfactory, if the amount of water required is not too great. In our case, Mahi River is near to the company and so abundant water is available for proper functioning of the plant.
· WASTE DESPOSAL:
With increasing industrialization, more and more waste is being released to the atmosphere. Therefore many legal restrictions have been placed on the methods for deposing the disposing of the waste materials from the process industries. Generally, ammonia plant is not producing waste that creates disposal problem. So, waste disposal is not a major consideration in the plant. Though there are few gases like H2, CO2 and NH3 which are scrubbed off and then vented off in the atmosphere or sent to flare.
· 
LABOUR SUPPLY:
Skilled and unskilled labour avaibility with suitable labour rates is important factor. Attention must be given in labour studies as kind, diversity, intelligence, wage scale , regulation, efficiency, cost, stability in work and rates.
In our case, there is no such problem so far for avaibility of labour. In and around Baroda city, there are many qualified persons and unskilled labourers are hired mostly from neighbouring village like Bajwa, Ranoli, Nandesari, Chhani and Vasad.
· TAXATION AND LEGAL RESTRICTION:
State and local tax rates on property, income, unemployment, insurance and similar items vary from one location to another. Similarly, local regulation on zoning, building codes, nuisance, aspects and transportation facilities can have a major influence on the final choice of the plant site. In fact, zoning difficulties and obtaining the permits can often be much more important in terms of cost and time delay.
GSFC is a semi-government company and so not much problems arise in the legal site and the government is also provides some subsidies on certain product like urea to aid the company as well as the buyers.
· SITE CHARACTERISTICS:
The characteristics of the hind at a proposed plant site should be examined carefully. The topography of the land and the soil structure must be considered, since either or both may have a pronounced effect on construction cost. It takes real vision when locating a new plant to provide adequate land for future expansion. Land is relatively cheap compared to overall plant costs if provision is made for too much land it can be sold usually at a profitable rate later on, provided that there are other plants in the immediate neighbourhood of a site under construction.
In case of GSFC, the land is suitable topographically as well as hard soil is there which aids the easy construction and erection of the plant. Also there is good quantity of the land kept vacant near the company premises for future expansion of the company.

· FLOOD AND FIRE PROTECTION:
Industrial plant is located along rivers or near large bodies of water and there are risks of flood or hurricane damage. Protection from losses by fire is another important factor in selecting a plant location. In case of major fire assistance, help from outside should be available in short time to prevent fire in short time to prevent the spreading of the fire as well as excessive loss of human life.
As in the case of fire, there is a fire station run by the company in the company premises and if required, the fire department of city can also be engaged.
· COMMUNITY FACTORS:
If the minimum number of the facilities for satisfactory living does not exist, it often becomes a problem managing the staff. But here the company has developed a full-fledged township with all the facilities such as residential buildings, shopping centre, sports stadium, swimming pool, golf ground, basket ball court, school, etc. where employees can resides and avail such facilities well. Bus service is also provided at law fares to the colony residents so that they can visit Baroda city whenever they want. Company also provides loans to at a very law interest rate and has set-up a consumer society for the employees.

13. HAZARDS AND SAFETY

It is necessary to know the hazardous properties and effects upon the human body of the chemicals used in the plant.
This chapter includes the monographs describing briefly the hazardous properties and their effects, recommended first aid and methods for dealing with spillages.
· Hazards and Remedies
(1) Ammonia (Gas)
■ Toxic effects: The gas irritates all the parts of the respiratory system.
■ Hazardous reaction: Forms explosive mixture with air, violent reactions with Boron, Halides.
■ First aid: Vapor inhaled	: Standard Treatment
Affected eyes	: Standard Treatment
■ Fire hazards: Explosive limits	: 16-25%
Ignition temperature	: 651°c
■ Disposal: Surplus gas or leaking cylinder can be vented slowly into the water-fed scrubbing tower.
(2) Hydrogen
■ Toxic effects: Classed as a simple asphyxiate gas.
■ Hazardous reaction: Reaction hazards with oxidants such as chloride dioxide, copper oxide.
■ Fire hazards: Explosive limits		: 4-75%
Ignition temperature	: 585°c
■ Disposal: Surplus gas or leaking cylinder can be vented slowly to air in a safe open space.
(3) Methane
■ Toxic effects: Methane is non-toxic but can have narcotic effects in high concentration in the absence of air.
■ First aid: Vapor inhaled	: Standard Treatment
■ Fire hazards: Explosive limits		: 5-15%
Ignition temperature	: 537°c
■ Disposal: Surplus gas or leaking cylinder can be vented slowly to air in a safe open space.
(4) N-Methyl Di Ethanol Amine
■ Toxic effects: The vapor irritates the eyes and respiratory system.
■ Hazardous reaction: Forms explosive mixture with air, violent reactions with Boron, Halides.
■ First aid: Vapor inhaled	: Standard Treatment
Affected eyes	: Standard Treatment
(5) Nickel
■ Toxic effects: The salts will irritate the eyes and it is assumed to be poisonous if taken by mouth.
■ First aid: Vapor inhaled	: Standard Treatment
Affected eyes	: Standard Treatment
■ Disposal: Soluble Ni salts should be dissolved in water and the solution run to waste diluting greatly with running water.

· Standard treatment:
(1) Inhalation:
■ Remove the casualty out of the danger area.
■ Loosen the clothing. Administer O2 if available.
■ If the breathing has stopped, apply artificial respiration.
(2) Splashing in the eyes:
■ Flood the eyes thoroughly with the large quantities of gently running water.
■ Ensure the water baths the eyeballs by gently rising open the eyelids and keeping them apart until the treatment is completed.
■ All the eye injuries from the chemicals requires medical advice.

· SAFETY
(1) Basic Safety Rules:
There are few basic safety rules which must be observed when working in ammonia manufacturing area:
■ No smoking
■ No consumption of alcoholic liquor
■ No drinking except water foundations
■ Do not tamper with faulty equipments or electrical fittings
■ Wear all personal protective equipments provided
(2) Personal Protective Clothing and Equipments:
A wide range of clothing and equipments for personal protective in a variety of materials are available, among of which are found suitable to task should be used:
	Sr. No.
	Personal Protective Device
	For Protection against

	1.
	Safety hats
	Chemical splashes working with overhead pipes, tanks, heat exchangers, etc.

	2.
	Dust masks
	Inhalation of harmful dusts

	3.
	Air masks
	Inhalation of smoke, harmful gases

	4.
	Safety footwear
	Corrosive chemicals, falling objects

	5.
	Eye protector
	Chemical splashes or sparks

	6.
	Gloves
	Abrasion, corrosive & poisonous chemicals

	7.
	Safety units
	Any kind of accidents

	8.
	Barrier creams
	Dermatitis or skin infection



· MATERIAL SAFETY DATA SHEET
· CHEMICAL NAME: Ammonia, Anhydrous
· Composition: 99+% ammonia
· SYNONYMS: Ammonia, liquefied
· FORMULA: NH3
· MOL. WT.: 17.03
(i) STATEMENT OF HEALTH HAZARD
· Hazard Description
■ Irritant and corrosive to skin, eye, respiratory tract and mucous membranes.
■ May cause severe burns, eye and lung injuries. Skin and respiratory related diseases aggravate by exposure.
■ Not recognized by OSHA as a carcinogen.
■ Not listed in National Toxicology Program annual report.
■ Not listed as a carcinogen by International Agency for research on Cancer.
· Exposure Limits
■ 50 ppm PEL-Federal OSHA
■ 25 ppm-TWA-NIOSH
■ 35 ppm STEL-NIOSH
■ 300 ppm IDLH-NIOSH
(ii) EMERGENCY TREATMENT
· Effects of over exposure
■ Eye: lachrymation, edema, blindness
■ Skin: irritations, corrosive burns, blister formation. Contact with liquid will freeze the tissue, then produces a caustic burn.
■ Inhalation: heavy, acute exposure may result in severe irritation of the respiratory tract, glottal edema, bronchial spasm, pulmonary edema and respiratory arrest.
■ Chronic effects: bronchi nits. Extreme exposure (5000 ppm) can cause immediate death from spasm, inflammation or edema of larynx.
(iii) EMERGENCY AID
■ Skin: flush with copious amounts of water while removing contaminated clothing and shoes. Do not rub, or apply ointment on affected area.
SEEK IMMEDIATE MEDICAL HELP.
■ Ingestion: if conscious, give large amount of water to drink.
■ Eye: flush with copious amount of water for 15 min. Eyelids should be held apart and away from eyeball for thorough rising.
SPEED AND THOROUGHNESS IN RINSING THE EYES IS MOST IMPORTANT IN PREVENTING LATENT PERMANENT INJURIES.
■ Inhalation: remove to fresh air. Administer to O2 or artificial respiration if necessary.
(iv) FIRE AND EXPLOSION HAZARD DATA
· Flash point: None
· Auto ignition temperature: 651°c catalyzed by iron; 850°c uncatalyzed
· Flammable limits in air: LEL 15% UEL 28%
· Extinguishing media: Non combustible
(v) SPECTAL FIRE FIGHTING PROCEDURES
■ Must wear protective clothing and respiratory protection.
■ Stop source if possible. Cool fire exposed containers with water spray.
■ Stay upwind and use water spray to knock down vapor and dilute.
(vi) UNUSUAL FIRE AND EXPLOSION HAZARDS
■ Not generally a fire hazard.
■ If relief valves are in-operative, heat exposed storage containers may become explosion hazards.
■ Ammonia contact with chemicals such as mercury, chlorine, iodine, bromine, silver oxide or hypochlorite can form explosive compounds.
■ Special hazard with chlorine to form chloramines gas, also a primary skin irritant and sensitizer. Combustion may form toxic nitrogen oxides.
(vii) CHEMICAL REACTIVITY
· Stability: stable at room temperature. Ammonia will react exothermically with acids and water.
· Condition to avoid:
■ Avoid mixing with sulfuric acid or other strong mineral acids.
■ Avoid mixing with hypochlorite (chlorine bleach) or other halogens & NaOH. Avoid contact with galvanized surfaces, copper, brass bronze, aluminum alloys, mercury gold, silver and strong oxidizers.
■ Avoid heating.
· Hazardous decomposition products: H2 and N2 gases above 450°c.
(viii) SPILL AND LEAKAGES
■ Wear respiratory protection and protective clothing.
■ Stop source if possible.
■ If exposure concerns are present, stay upwind and use water spray downwind of leak source to absorb ammonia gas and dilute.
CAUTION: ADDING WATER DIRECTLY TO LIQUID SPILLS WILL INCREASE VOLATILAZATION OF AMMONIA, THUS INCREASING POSSIBILITY OF EXPOSURE.
(ix) WASTE DISPOSAL
■ Listed as hazardous substance under CWA.
■ Classed as hazardous waste under RCRA comply with all regulations.
■ Suitably diluted product may be disposed of on agricultural land as fertilizer.
■ Keep spill from entering streams or lakes.
(x) SPECIAL PROTACTION AND PROCEDURES
· Respiratory protection: NIOSH approved respiratory protection with full face piece for gas and vapor contaminants effective for anhydrous ammonia and able to be used for entry and escape in emergencies.
· Ventilation: Local exhaust sufficient to keep ammonia gas below permissible exposure limits.
· Protective equipments:
■ Splash-proof, chemical safety goggles, rubber gloves and boots to prevent contact.
■ Respiratory protection.
■ Cotton work clothes recommended.
(xi) HANDLING AND STORAGE
· STORAGE FACILITY:
As ammonia is toxic and hazardous, therefore it demands greater care in large storage and handling. Ammonia leakages can not only result in loss of material and environmental pollution but may also lead to explosion and even loss of life.
In ammonia storage facility, a maximum of 20,000 Nm3 liquid ammonia is stored at -33°c and slightly above atmospheric pressure in two vertical cylindrical cup and outer tank that are fabricated from low temperature carbon steel.
The outside of the outer tank is insulated with 100 mm thick polyurethane foam foamed in situ. The tank bottom is insulated with resin bonded glass wool and stacked to thickness 250 mm on a deck suspended from above the roof.
Storage Instruction:
■ Store and use with adequate ventilation.
■ Do not store at temperature above 52°c.
■ Do not store in confined space.
■ Cryogenic containers are each equipped with a pressure relief device and a pressure controlling valve. Under normal conditions, these containers will periodically vent the product.
■ Use adequate pressure relief devices in system and piping to prevent pressure buildup; entrapped liquid can generate extremely high pressures when vaporized by warming.
· HANDLING:
■ Never allow any unprotected part of your body to touch un-insulated pipes or vessels containing cryogenic fluids. Flesh will stick to the extremely cold metal and will tear when you try to pull free.
■ Do not get liquid in eyes, on skin or on clothing. For liquid withdrawal, wear face shield and gloves.
■ Use a suitable hand truck to move containers. Cryogenic containers must be handled and stored in upright position.
■ Close container valve after each use; keep closed even when empty.
■ Do not drop or tip containers, or roll them on their sides.
■ If valve is hard to open, discontinue use and contact your supplier.

14. EFFLUENT TREATMENT


The effluent discharged from the ammonia plant mainly contains several ammonical components, methanol, waste condensed CO2, MDEA, COD and impurities.
The effluents from different plants contain different constituents which may be acidic or basic. The mixture of these different types of effluents cause neutralization of the mixture which is desirable.
This neutralized mixture should be diluted in order to reduce the concentration of the effluents which is done at the ETP by adding some amount of the fresh water to the mixture.
There after the mixture is allowed to settle down so that suspended solids and sludge can be separated in the clarifiers.
The COD is reduced by adding several components like potassium permanganate.
The ETP at GSFC has the following characteristics:
Capacity	      : 3175 m3/day
Process know-how: M/s. Associated Industrial Consultants Pvt. Ltd.
Construction by    : M/s. Enviro Control Associate Pvt. Ltd.

This reclaimed sewage treatment is proposed for:
· Removal of Organic Matter
· Removal of Suspended Solids
· Removal of Hardness
· Disinfection
The removal of organic matter and part of SS shall be achieved by biological oxidation with the help of Extended Aeration type Activated Sludge Process followed by Alum Treatment and clarification by providing clariflocculator.
The removal of fine SS, turbidity and Hardness shall be achieved by pressure filtration, softening and chlorination.
The existing raw sewage is being pumped to oxidation pond and this branch line shall be taken from 150 mm diameter line leading to oxidation pond connected to aeration tank of the reclaimed sewage treatment plant.
Initially the sewage is subjected to biological oxidation by providing extended aeration type ASP consisting of aeration tank, secondary clarifier, sludge recirculation and disposal arrangement.
The raw sewage is collected in the aeration tank consisting of a surface aerator through screen chamber to mix the tank content and to supply O2 to bacteria in the tank.
From the tank, the sewage is taken by gravity to secondary settling tank is taken to clariflocculator by gravity which is a combined unit consisting of Central Flocculation Zone and Peripheral Clarifier Zone.
The alum from the Alum solution preparation tank is dosed in a quantity of around 20 mg/l with solution strength 10% in the inlet chamber of clariflocculator. The flocculation takes place in central zone whereas solid settlement takes place in the clarifier zone.
The treated sewage from clariflocculator is collected in the treated effluent sump and pumped to pressure filter which removes SS and colloidal solids; with the help of transfer pumps. The filtered water (about 500 m3/day) with 110 kg load hardness as CaCO3 is passed through softener for hardness removal.
From softener, the treated water is collected in the chlorine contact tank and mixed with balance filtered water which is directly collected though pressure filter in Chlorine contact tank where chlorination takes place.
The chlorine dose is added from chlorinator and is about 5 mg/l after which the reclaimed sewage is collected in the sump from where it is pumped for different reuse locations as cooling tower make up/horticulture purpose.
The excess sludge collected from the secondary clarified settling tank and Clariflocculator sludge is pumped to the plant with the help of sludge transfer pumps through 75 mm diameter chlorine pipeline.

15. FUTURE DEVELOPMENT


NOX Removal Unit:
The NOX removal unit is a future development that can be added to the existing process. This unit will be responsible for removing NOX that are produced in the reformer furnace.
The present system removes only the SOX that are present in the natural gas by converting it into H2S in the desulfurizer unit. The NOX are not removed by the system and directly routed to the stack along with other flue gases.
Increased levels of NOX can cause eye irritation and can cause respiratory problems too. The NOX removing unit will work such that the nitrogen oxides will be converted into free nitrogen and oxygen which can be used in the latter part of Ammonia production as follows:
1. The nitrogen released can be added to the existing nitrogen produced in the Air Separation Unit or if not required it may be disposed off safely into the atmosphere. 
2. The oxygen can be routed to some other plant requiring oxygen as raw material for production (e.g. caprolactum plant) along with the present oxygen coming from the shift reactor or can be stored or even be safely disposed into the atmosphere.
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