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Introduction to Plant nutrients, Fertilizer specifications,

Terminology and Definitions

1.1 Introduction

A fertilizer 1s a material that furnishes one or more of the chemical elements necessary for
the proper development and growth of plants. The most important fertilizers are fertilizer
products (also called chemical or mineral fertilizers). manures, and plant residues. A
fertilizer product is a material produced by industrial processes with the specific purpose of
being used as a fertilizer. Fertilizers are essential in today’s agricultural system to replace

the elements extracted from the soil in the form of food and other agricultural products.
1.2 Plant Nutrients

Chemical elements that are essential for the proper development and growth of plants are
typically referred to as plant nutrients. The list of plant nutrients recognized as being

necessary for plant growth has increased over the years and now totals sixteen,
1.2.1 Expression

Many countries express quantities or percentages of the primary nutrients in terms of
elemental nitrogen (N), phosphorus pen oxide (P,Os), and potassium oxide (K,0,).
Secondary nutrients and micronutrients usually are expressed on an elemental basis
although calcium and magnesium sometimes are expressed in the oxide form. However,

several countries express all plant nutrients on an elemental basis.



Classification of Elements Essential for Plant Growth

Major elements (Available from air or water)  Carbon
(Macronutrients)
Hydrogen
Oxygen

Primary nutrients Nitrogen
Phosphorus
Potassium

Secondary nutrients Calcium
Magnesium
Sulfur

Minor elements Boron

(Micronutrients) Chlorine
Copper
Tron
Manganese
Molybdenum
Zinc

1.2.2 Fertilizer Grade

All fertilizer labels have three bold numbers. The first number is the amount of nitrogen (N).
the second number is the amount of phosphate (P,Os) and the third number is the amount
of potash (K,O). These three numbers represent the primary nutrients (nitrogen(N) -

phosphorus(P) - potassium(K)).

This label, known as the fertilizer grade. is a national standard. A bag of 10-10-10 fertilizer

contains 10 percent nitrogen, 10 percent phosphate and 10 percent potash.



Fertilizer grades are made by mixing two or more nutrient sources together to form a blend
that is why they are called "mixed fertilizers." Blends contain particles of more than one

color. Manufacturers produce different grades for the many types of plants.

You can also get fertilizers that contain only one of each of the primary nutrients. Nitrogen
sources include ammonium nitrate (33.5-0-0), urea nitrogen (46-0-0), sodium nitrate (16-0-
0) and liquid nitrogen (30-0-0). Phosphorus is provided as 0-46-0 and potash as 0-0-60 or
0-0-50.

1.2.3 Fertilizer Specifications

Specifications are the requirements with which a fertilizer should conform, as
agreed upon between buyer and seller. Fertilizer specifications meet differing requirements

depending on the use or intent of the specification information.

Specifications are normally used in the contract between the buyer and seller of a
fertilizer to ensure agreement on product characteristics or more often to define the product

in sufficient detail to effect the satisfaction of both buyer and seller.
1.3 Terminology and Definitions

The below specified definitions are those given by International Association for
Standardization (ISO) and Association of American Plant Food Control Officials
(AAPFCO)

Fertilizer Material- A fertilizer that meets any of the following conditions (AAPFCO):

1. Contains important quantities of no more than one of the primary plant nutrients

(nitrogen, phosphorus, or potassium).

8]

Has 85% or more of its plant nutrient content present in the form of a single

chemical compound.



-

3. Is derived from a plant or animal residue or by product or natural material deposit
which has been processed in such a way that its content of plant nutrients has not

been materially changed except by purification and concentration.

Fertilizer- In the simplest terminology, a material, the main function of which is to provide

plant nutrients.

Soil Conditioner — Material added to soils, the main function of which is to improve their

physical and/ or chemical properties and/ or their biological activity.

Liming Material — An inorganic soil conditioner containing one or both of the elements
calcium and magnesium, generally in the form of an oxide, hydroxide, or carbonate,

principally intended to maintain or raise the pH of soil.

Straight Fertilizer: A qualification generally given to a nitrogenous, phosphatic, or
potassic fertilizer having a declarable content of only one of the primary plant nutrients, i.e.

nitrogen, phosphorus, or potassium.

Compound Fertilizer: A fertilizer that has a declarable content of at least two of the plant

nutrients nitrogen, phosphorus and potassium, obtained chemically or by blending or both.

Granular Fertilizer:— Solid material that is formed into particles of a predetermined mean

size.

Coated Fertilizer — Granular fertilizer that is covered with a thin of a different material in

order to improve the behavior and/ or modify the characteristics of the fertilizer.
Other related terms are:

Coated Slow-Release Fertilizer (AAPFCO)- A product containing sources of water-
soluble nutrients, release of which in the soil is controlled by a coating applied to the

fertilizer.



Polymer-Coated Fertilizer (AAPFCO)-A coated slow-release fertilizer consisting of
fertilizer particles coated with a polymer (plastic) resin. It is a source of slowly available

plant nutrients.

Controlled-Release Fertilizers- Fertilizers in which one or more of the nutrients have
limited solubility in the soil solution, so that they become available to thea growing plant

over a controlled period.

Nitrogen Stabilizer (AAPFCO) - A substance added to a fertilizer to extend the time that

the nitrogen component of the fertilizer remains in the soil in the ammonia cal form.

Liquid Fertilizer — A term used for fertilizers in suspension or solution and for liquefied

ammonia (ISO).
Solution Fertilizers (ISO) — Liquid fertilizer free of solid particles.

Suspension Fertilizer (ISO) — A two-phase fertilizer i which solid particles are

maintained in suspension in the aqueous phase.

Suspension Fertilizer (AAPFCO) — A fluid containing dissolved and UN dissolved plant
nutrients. The suspension of the undissolved plant nutrients may be inherent with the
materials or produced with the aid of a suspending agent of nonfertilizer properties.
Mechanical agitation may be necessary in some cases to facilitate uniform suspension of

undissolved plant nutrients.

Suspension Fertilizer — A liquid (fluid) fertilizer containing solids held in suspension. for
example, by the addition of a small amount of clay. The solids may be water-soluble in a

saturated solution. or they may be insoluble, or both.

Shurry Fertilizer (AAPFCO)-A fluid mixture that contains dissolved and undissolved
plant nutrient materials and requires continuous mechanical agitation to assure

homogeneity.



Powder — A solid substance in the form of very fine particles. Powder is also referred to as
“no granular fertilizer” and is sometimes defined as a fertilizer containing fine particles,

usually with some upper limit such as 3 mm nut no lower limit.

Formula — A term used in some countries to express, by numbers, in the order N-P-K
(nitrogen- phosphorus- potassium). the respective content of these nutrients in a compound

fertilizer.

Bulk — Qualification given to a fertilizer or soil conditioner not packed in a container
(ISO).

Guarantee (of Composition) — Quantitative and/ or qualitative characteristic ~ with which

a market product must comply for contractual or legal requirements.

Declarable — Content — That content of an element (or an oxide) which, according to
national legislation, may be given on a label or document associated with a fertilizer or soil

conditioner.

Fertilizer unit — The unit mass of a fertilizer nutrient (in the form of the element or an

oxide) generally I kg.

Plant Food Ratio — The ratio of the numbers of fertilizer units in a given mass of fertilizer

exnressed in the order N - P — K.



Nitric acid — Part 1

Nitric acid (HNOs), also known as aqua fortis and spirit of niter, is a highly corrosive and
toxic strong mineral acid which is normally colorless but tends to acquire a yellow cast due
to the accumulation of oxides of nitrogen if long-stored. Ordinary nitric acid has a
concentration of 68%. When the solution contains more than 86% HNOs, it 1s referred to as
fuming nitric acid. Depending on the amount of nitrogen dioxide present, fuming nitric acid
is further characterized as white fuming nitric acid or red fuming nitric acid, at

concentrations above 95%. Nitric acid is also commonly used as a strong oxidizing agent.

Pure anhydrous nitric acid (100%) is a colorless mobile liquid with a density of 1.512
g/em’ which solidifies at —42 °C to form white crystals and boils at 83 °C. Anhydrous nitric
acid should be stored below 0 °C to avoid decomposition. The nitrogen dioxide (NO)
remains dissolved in the nitric acid coloring it yellow, or red at higher temperatures. While
the pure acid tends to give off white fumes when exposed to air, acid with dissolved
nitrogen dioxide gives off reddish-brown vapors, leading to the common name "red fuming
acid" or "fuming nitric acid". Fuming nitric acid is also referred to as 16 molar nifric acid. It

1s the most concentrated form of nitric acid at Standard Temperature and Pressure (STP).

Nitric acid forms an azeotrope with water at a concentration of 68% HNOj;, which is the
ordinary concentrated nitric acid of commerce. This solution has a boiling temperature of
120.5 °C at 1 atm. Two solid hydrates are known: the monohydrate (HNO;'H,O) and the
trihydrate (HNO;-3H,0). Nitrogen oxides (NO,) are soluble in nitric acid and this property
mfluences more or less all the physical characteristics depending on the concentration of
the oxides. These mainly include the vapor pressure above the liquid and the boiling

temperature, as well as the color mentioned above.

Nitric acid is subject to thermal or light decomposition: 4 HNO; — 2 H,O + 4 NO; + O».
This reaction may give rise to some non-negligible variations in the vapor pressure above

the liquid because the nitrogen oxides produced dissolve partly or completely in the acid.



1. Preparation of Nitric Acid

All plants for the production of nitric acid are currently based on the same basic
chemical operations: Oxidation of ammonia with air to give nitric oxide and oxidation of
the nitric oxide to nitrogen dioxide and absorption in water to give a solution of nitric acid.
The efficiency of the first step 1s favoured by low pressure whereas that of the second is
favoured by high pressure. These considerations, combined with economic reasons give
rise to two types of nitric acid plant, single pressure plants and dual pressure plants. In the
single pressure plant, the oxidation and absorption steps take place at essentially the same
pressure. In dual pressure plants absorption takes place at a higher pressure than the

oxidation stage.

The oxidation and absorption steps can be classified as: low pressure (pressure
below 1.7 bar). medium pressure (1,7 - 6,5 bar) and high pressure (6,5 - 13 bar). Except for
some very old plants, single pressure plants operate at medium or high pressure and dual
pressure plants operate at medium pressure for the oxidation stage and high pressure for the

absorption.

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

heating and energy recovery by expansion of the waste gas to atmosphere in a gas turbine.



Fig 1. Process Flow Diagram for Nitric Acid Manufacturing
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Although there are three main processes in the nitric acid production (mono, dual and

atmospheric pressure) but the routes are more or less the same as follows:

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

atmospheric or special paper filter elements) and then heated.

2. Air Preheating:

In this step filtered air is introduced through a series of steel pipes, in which fledges are
provided on its outer surface to increase the heating surface area. Steam, at 3 kem/cm?,
140°C is passed through the pipes and air outside. The steam condensate is collected by

steam traps and recycled to the boilers.

3. Ammonia evaporation and filiration

Anhydrous liquid ammonia is evaporated. superheated and its pressure is maintained
according to the process (whether atmospheric or pressure). The ammonia is filtered

(usually across ceramic candle filters that are cleaned every now and then).



Ammonium Sulphate

Ammonium sulfate was once the leading form of nitrogen fertilizer, but it now supplies a
relatively small percentage of the world total nitrogen fertilizer because of the rapiud growth in
use of urea, ammonium nitrate. The main advantages of ammonium sulfate are its low
hygroscopicity, good physical properties (when properly prepared), chemical stability and good
agronomic effectiveness. It reaction in the soil is strongly acid forming, which is an advantage on
alkaline soils and for some crops such as tea; in some other situations its acid forming character
1s a disadvantages. Its main disadvantages i1s its lower analysis (21%N), which increases
packaging, storage and transportation costs. As a result, the delivered cost at the farm level is
usually higher per unit of nitrogen than that of urea or ammonium nitrate. However, in some
cases, ammonium sulfate may be the most economic source of nitrogen when the transportation

at low cost, or when a credit can be taken for its content.

Ammonium sulfate is available as a byproduct from the steel industry (recovered from coke oven
gas) and from some metallurgical and from chemical processes.

Commercial form, storage and transportation:

Fertilizer grade ammonium sulfate specifications normally indicate a minimal nitrogen content,
which is usually not less than 20.5%. limitations on free acidity and free moisture are also
generally demanded: typical figures are 0.2% for free H,SO4 and 0.2% for free H,O.
occasionally, maximal values for certain organic or inorganic impurities may also be specified
for byproduct material.

Properties of Pure Ammonium sulfate:

Formula (NH4)> SO4
Molecular weight 132.14
Nitrogen content 21.2%
Color White
Density of soild, 20° 1.769




Specific gravity of 1.2414 at 20°C

saturated solutions

1.2502 at 93°C
Specific heat of solid 0.345 cal/g-°C at 91°C
Specific heat of saturated 0.67 cal/g-°C at 20°C
solutions
0.63 cal/g-°C at 100°C
Heat of crystallization 11.6 kcalkg from 42%
solution
Heat of dilution 6.35 kcalkg from 42%
tol.8% solutions
Melting point 512.2°C
Thermal stability Decomposes above 280°C
pH 5.0
Loose-bulk density 962kg/m’
Angle of repose 28"

Critical relative humidity
At20°C 81.1%
At30°C 81%

Solubility, g/100g of

water
At 0°C 70.6
At 100°C 103.8

Several factors contribute to trouble free storage of ammonium sulfate and other fertilizers. First,
the product should be of uniform crystal size and should contain a low percentage of lines. It
should be dry and preferably have below 0.1% free moisture. No free acidity should be cooled
with dry air under controlled condition after drying, particularly when the ambient temperature
and humidity are sufficient high to cause subsequent moisture condensation after cooling in a
bulk storage pile or in sealed bags. Ammonium sulfate is commonly shipped in polyethylene or

paper bags.



The majority of its production is coming from coking of coal as a byproduct. Ammonium
sulphate is produced by the direct reaction of concentrated sulphuric acid and gaseous ammonia

and proceeds according to the following steps.

1. Reaction of Ammonia and Sulphuric Acid:

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

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

mixed by a circulating pump (from upper part of the crystalliser to the evaporator)

2. Crystallization

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

crystalliser.

3. Drying of the wet Ammonium Sulphate Crystals
The wet A.S crystals are conveyed (by belt conveyors) to the rotary dryer to be dried
against hot air (steam heated) and then conveyed to the storage area where it naturally

cooled and bagged.

The following presents the process block diagram for ammonium sulphate production.



Fig 10.1 Process Flow Diagram for Ammonium Sulphate Manufacturing
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Ammonium Nitrate

Ammonium Nitrate is in the first place a nitrogenous fertilizer representing more than
10% of the total nitrogen consumption worldwide. It is more readily available to crops
than urea. In the second place, due to its powerful oxidizing properties is used with

proper additives as commercial explosive.

8.1 Introduction

It is applied as a straight material or in combination with calcium carbonate,
limestone, or dolomite. The combination is called calcium ammonium nitrate (CAN) or
ammonium nitrate-limestone (ANL) or various trade names and in compound fertilizers
including nitrophosphates. It is also a principal ingredient of most liquid nitrogen
fertilizers. The nitrogen in ammonium nitrate is more rapidly available to some crops than
urea or ammonium sulfate; most crops take up nitrogen mainly in nitrate form: thus,
ammoniacal nitrogen must be converted to nitrate in the soil before it becomes effective.
Many crops respond well to a mixture of ammonium and nitrate nitrogen. Even though
the nitrification process is rapid in warm soil, it is slower in cool soil (10°C and below).
Urea may cause seedling damage due to volatilization of ammonia, and ammonium
sulfate 1s strongly acid forming. For these and reasons ammonium nitrate and CAN are
effective fertilizers in zones with medium and low temperatures during the cropping
period, especially in those with a short vegetation period.

The main advantages of ammonium nitrate are as follows:

It 1s quite hygroscopic:
There is some risk of fire or even explosions unless suitable precautions are taken:
It is less effective for flooded rice than urea or ammoniacal nitrozen fertilizers;

It 1s more prone to leaching immediately after application than ammoniacal products.



8.2. Ammonium Nitrate Properties
Ammonium nitrate is a white crystalline substance with a nitrogen content of
35% and a density of about 1.725 kg/ms. The melting points depend on the content of the
water, and it is practically impossible to obtain dry product in the industrial conditions.
In production and storage of ammonium nitrate, transformations of the crystal states
that may affect the quality of the product occur.
Some additives such as Mg(NOs),, (NHy) »SO4, and some others can slightly change

the critical relative humidities.

8.3 Ammonium Nitrate Production
The production process comprises three main unit operations: neutralization, evaporation,

solidification (prilling and granulation). Individual plants vary widely in process detail.

Neutralization:

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

exothermic reaction.

NH; + HNO; ——» NH4; NO3

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

solution.



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

solid ammeonium nitrate, it is concentrated by evaporation.

Evaporation to Concentrate the AN

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

depending on whether ammonium nitrate will be granulated or prilled.

Mixing the Filling Material:
In order fo reduce the nitrogen content of AN from 35% to 33.5%, the proper filling

material is added (about 4% by weight of powdered limestone or dolomite or even kaolin)

Prilling or Granulation

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

abatement equipment is cheaper.



Fig 8.1 Process Flow Diagram for Ammonium Nitrate Manufacturing
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4. Drying, Screening

n

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

Final Cooling

The hot proper size granules, are then cooled (against cooled and humid free air) down to
40°C and treated with anti-caking (usually amines) and then coated with an inert material

(usually, kaolin, limestone or dolomite) and then conveyed to the storage.

Fig 8.1 illustrates the block flow diagram for ammonium nitrate production process.

Major Hazards

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

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

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

Pure solid AN melts at 169° C. On further heating it decomposes by way of a complex
series of reactions. Up to about 250° C it decomposes primarily into N>O and H>O. Above
300° C reactions producing N2, NO. NO; etc., become significant. These reactions are
exothermic and irreversible. They are accompanied by the vapour pressure dependent

endothermic dissociation into HNO3z and NH; vapours which can provide a temperature



limiting mechanism, provided the gases can escape freely. If they cannot, the
endothermic dissociation is suppressed and a run-away decomposition can develop,
leading to explosive behavior.
A number of materials have a strong catalytic effect on the thermal decomposition of
A N. These include acids, chlorides, organic materials, chromates, dichromate, salts of
manganese, copper and nickel and certain metals such as zinc, copper and lead. The
decomposition of AN is suppressed or prevented by an alkaline condition. Thus the
addition of ammonia offers a major safeguard against the decomposition hazard. The
release of toxic fumes is one of the main hazards associated with the decomposition of
AN.
Strongly acidic conditions and the presence of contaminants should be avoided to counter
the explosion hazard in AN solutions. Explosions can occur when ammonium nitrate is
heated under confinement in pumps. Reasons for pump explosions include:
1) No (or insufficient) flow through the pump.
2) incorrect design (design may incorporate low flow and/or
high temperature trips).
3) poor maintenance practices.
4) contamination.
8.4. Product Handling
Ammonium nitrate may be stored in bulk although in most climates this requires air-conditioned
facilities. Storage facilities should have adequate ventilation to allow quick dispersion of heat
and toxic gases in the event of fire The storage area must be equipped with a high efficiency
sprinkler system. Ammonium nitrate has its own oxygen for burning, and only large amounts of
water can extinguish a fire. In most countries the commercial product is bagged in bags that
should be “moisture proof ”: at least one ply should be impermeable to moisture. If they are
properly designed, plastic-film bags or bags with plastic liners are suitable. Bulk shipment is
common in some countries using covered, hopper-bottom cars. Before loading, the inside of the
vehicle should be thoroughly cleaned. It is important to prevent contamination of ammonium
nitrate with organic materials such as grease or other hydrocarbons. chlorates, nitrates, and metal

salts (Zn, Cu), which when ignited may support fire.



CALCIUM AMMONIUM NITRATE

INTRODUCTION

Calcium ammonium nifrate (CAN) is a nitfrogenous fertilizer produced by
freating ammonium nitrate solution with powdered limestone. It is a white fo grey
chalky powder, with the colour depending on the Ilimestone used in the
manufacturing process. Made with dolomific limestone, the fertilizer contains 20%
nitrogen, é % calcium and 4 % magnesium. If the quantity of limestone is smaller than
that of used ammonium nifrate, the nitfrogen content can go up tfo 28 %. CAN is
prefered to ammonium nitrate in acid soils. The most common grade of CAN
contains about 21% nifrogen, corresponding to 60% ammonium nifrate.

Calcium nitrate contains 15.5% nitrogen and its manufacturing process
involves reaction of lump Iimestone with concentrated nitric acid, addition of
ammonia to neutfralize excess of acid, evaporation of the resulting solution, and
priling or flaking the melt. The resulting product is a double salt, Ca(NO3z)2NHiNO3
cdlled calcium ammonium nitrate and is more useful than the single salt calcium
nitrate.

Ammonium nitrate is first prepared by the reaction of ammonia and nitric
acid. Ammonium nitrate so obtained contains some un-reacted nitric acid which is
neutralized by adding calcium carbonate (obtained as a by-product, in the
manufacturing of ammonium sulfate) on cooling grains of calcium ammonium
nitrate separates out.

The granules of calcium ammonium nitrate are finally coated with thin layer
of soap stone powder, which; acts as a protective coating and prevents the
absorption of moisture during storage and fransportation CO2 is obtained as a
byproduct.



Reaction

NHz + HNO3 — NHsNO3s
CaCOsz + 2HNO3z — Ca(NQOgz)2 + CO2 + H20

CaCOs + NHz+ 3HNOz — Ca(NOs3)2 + NH4NO3 + CO2+H20
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Figure: Manufacturing of Calcium Ammonium Nitrate



CAN is produced by mixing quickly concentfrated ammonium nitrate solution
with ground or powdered calcific or dolomitic limestone. Both priling and
granulation technologies are used to produce CAN.

Prilling process

Ammonium nifrate solution is premixed with ground limestone just before
prilling. Prill towers of 30 to 50m height are employed. 1 to 3 % China clay, kieselghur
or calcined fuller's earth is used to condition the prilled CAN. The mean parficle size
of CAN formed is 2 fo 2.5 mm.

Granulation process

The various methods used for granulation are

Pug mill process

Drum process

Cold spherodizer process
Fluid bed process

VvV VYV

Calcium ammonium nifrate is produced by granulating concenfrated
ammonium nitrate solution with pulverized limestone or dolomite in a granulator.
Ammonium nifrate solufion is prepared by reacting preheated ammonia with nitric
acid in a neutralizer. Ammonia is preheated to 85°C by vapours from the neutralizer
which also preheats nitric acid to about 65°C. Ammonium nitrate liquor of 82-83%
concentration which is produced in the neutralizer is concentrated to ?2-24% in @
vacuum concentfrator heated with steam and stored in a tank.

Concenfrated ammonium nifrate is pumped and sprayed into the granulator
which is fed with weighed quantity of limestone powder and recycle fines from the
screens. The hot granules are dried in a rotary drier by hot air.

Dried hot granules are screened and fines and oversize recycled. Granules of
proper size dre cooled in d rotary cooler by air and coated with soapstone dust in a
coating drum. The final product is sent to storage.



Handling and storage

CAN is better to store in air conditioned silos below 30°C. CAN is normally
bagged in polyethylene-lined jute or HDPE bags

PROPERTIES
> Molecular formula  : 5Ca(NOs)2.NH4NO3.10H20
» Molecular weight  :1080.71gm/mole
» Appearance : White granular
» Qdour : Odourless
> Melting point 1169°C (approximately)
» Density 1 1.725gm/ml (20°C)
» Solubility : Solubility in water

CAN is a granulated nitrogenous ferfilizer that supplies nifrogen o plants in @
balanced and secure manner. The combination of ammonium nitrogen and nifrate
nitrogen makes CAN a special product with neutral pH. The excellent granulation
and specific surface coating has very good spreading properties

SE
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CAN is a valuable source of nitrogen. As d ferfilizer it can be applied for all
types of soil and dll plants.

It is a nitrogen ferfilizer supplying nutritive elements (N as NH4* and NQOa, Mg
and Ca as carlonates). It is suitable for blending with other granulated
fertilizers

» Commonly used on fruit, process and vegetable crops

v
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UREA

INTRODUCTION

Urea (NH2CONH2) or carbamide is an organic compound has two —NH2
groups joined by a carbonyl (C=0) functional group. Urea serves an important role
in the metabolism of nifrogen containing compounds by animals and is the main
nitfrogen containing substance in the urine of mammails.

Urea has the highest nitrogen content ava*ilable in a solid ferfilizer (46%). It is
easy to produce as prills or granules and easily fransported in bulk or bags with no
explosive hazard. It dissolves readily in water. It leaves no sdlf residue after use on
crops and can often be used for foliar feeding.

Urea is an acceptable ferfilizer for rice and preferable to nitrates for flooded
rice because of the reduction of nifrates fo N2O and/or nifrogen (in anaerobic
conditions) which is lost to the atmosphere. Also, rice can utilize the ammonium form
of nitrogen efficiently. Hydrolysis and nitrification (in aerobic conditions) are rapid in
fropical, sub-tropical and warm climates

Urea can be sprayed on leaves and can dlso be mixed with insecticides or
herbicides for soil application. A urea ammaonium nitrate mixture with herbicide is
also used for weed conftrol.

Disadvantages

» When applied to a bare soil surface, urea hydrolyzes rapidly result info loss of
significant quantity of ammonia by volatilization. Such losses vary from soil to
soil and are greater for ured in d pellet form rather than in solufion form.

» |t is phytotoxic due to rapid hydrolysis of ured in soils can cause injury to the
seedlings by ammonia,

» The fertilizer grade urea may contain toxic biuret which is formed during urea
manufacture by an excessive temperature rise. Above 2% concentration of
biuret in urea is harmful fo plants.
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Figure: Manufacturing of Urea

Reaction

NH2COONH4 AH =-37,021 Kcal
NH2CONH2 + H2O AH =+ 6.3 kcals

CO2 + 2NHs
NH2COONH34




Urea is always made in an ammonia plant because it produces CO2 as by
product, which can be used directly without further freatment.

Two redctions are involved in the manufacture of urea. First ammonium
carbonate is formed under pressure by highly exothermic reaction between cartoon
dioxide and ammonia followed by the endothermic decomposition reaction. While
the former reaction under pressure, reaches to dalmost completion and the
decomposition reaction incomplete. Unconverted carbon dioxide and ammonia,
along with un decomposed carbamate, must be recovered and reused. The
synthesis is further complicated by the formation of a dimer called biuret,
NH2CONHCONH2.H20 which must be kept low because it adversely affects the
growth of some plants.

Liguid ammonia, gaseous carbon dioxide and recycle materials charged in
the heat exchanger-reactor at the pressure of 14MPs at 170 - 190°C to form
carbamate, with most of the heat of reaction carried away as useful process steam.
The carbamate decomposition reqaction is both slow and endothermic. The mixture
of unreacted reactants and carbamate flows fto the decomposer. The
stoichiometric ratio of CO2/NHs conversion to ured is essenftidlly about 55%, but by
using an excess of CO2 (or NHs) the equiliorium can be driven as high as 85%. The
reactor must be heated to force the reaction to proceed. CO: is introduced at
process pressure followed by stripper. All the unreacted gases and undecomposed
carbamate to be removed from the product, the urea must be heated at lower
pressure (400kPa). The reagenfs are reacted and pumped back info the system.
Evaporation and prilling or granulating produces the final product. Overall, over 99%
of both CO2 and NHa are converted to ureda, making environmental problems to
minimum. Carbamate is highly corrosive to both ordinary and stainless steel, but with
oxygen present, 300 series stainless steel resist it very well, so some air is infroduced
adlong with CO2 reagent to reduce system corrosion.



AMMONIUM CHILORIDE

INTRODUCTION

Ammonium chloride (NH4Cl) is white crystalline salt highly soluble in water.
Solutions of ammonium chloride are mildly acidic. Sal ammoniac is a name of the
natural, mineralogical form of ammonium chloride. The mineral is commonly formed
on burning coal dumps, due to condensation of codl derived gases. It is also found
around some types of volcanic vent. It is used as a flavouring agent in some types of
liquorice. It is the product from the reaction of hydrochloric acid and ammonia.

Severadl methods are used to produce ammonium chloride. The most
important is the dual salf process (modified Solvay process) wherein ammonium
chloride and sodium carbonate are produced simultaneocusly using common salt
and anhydrous ammonia as the principal starfing materials. When ammonium
chloride is mixed with phosphorous and potassium fertilizers, a large amount of soil
calcium is lost as its conversion into soluble calcium chloride causes it to leach out
easily.

Ammonium chloride is used as fertilizer. A coarse form of it is prefered to the
powdered form for direct application. Its crystals are used in compound fertilizers. As
a fertilizer, ammonium chloride has an advantage in that it contains 26% nitrogen,
which is higher than that found in ammonium sulfate (20.5%). In terms of per unit cost
of nifrogen, ammonium chloride is relatively cheaper than ammonium sulfate and
has some agronomic advantages for rice. Nitrification of ammonium chloride is less
rapid than that of urea or ammonium sulfate. Therefore, nifrogen losses are lower
and yields, higher.

However, ammonium chloride is a highly acid forming ferfilizer and the
amount of calcium carbonate required to neutralize the acidity is more than the
ferfilizer itself, Further, it has lower nifrogen content and higher chloride content
compared to ured and ammonium nitrate, making it harmful to some plants.

Like ammonium sulfate, ammonium chloride can be applied to wet land
crops. In terms of the agronomic suitability, it is generally rated as equal to other
straight nitrogenous fertilizers.



Ammonium chloride is used as a fertilizer for rice and some other crops in a
limited way since, it may increase the residual chloride content of some sails. It is not
ideal for chilies, potatoes and tobacco as the added chlorine affects the quality
and storability of these crops.

MANUFACTURE

Ammonium chloride is manufactured by two processes

1. Direct reaction
2. Duel salt process

1. Direct reaction

The direct reaction process for manufacture of ammonium chleride is not
widely used.

2. Duel salt process

Raw materials

Basis: 1000kg of ammonium chloride

Ammonia (30%) = 1000kg

CO2 = 840kg

NaCl =1115kg

Water = 350kg
Reaction

NHsz + H2O + CO2 —® NH4HCOs3
NHHCO3 + NaCl — NaHCOs3 + NH4Cl
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Figure: Manufacturing of Ammonium Chloride by dual salt process

manuracriure

The most widely used process for producing ammonium chloride is the salting
out process for soda ash manufacture or modified Solvay's process.

In the process, 30% solutfion of ammonia is freated with carbon dioxide in a
carbonating tower to form ammonium carbonate. The ammonium bicarbonate as it
is formed, reacts with sodium chloride to give sodium bicarbonate and ammonium
chloride. The bicarbonate is separated by filiration, washed and calcined fo

produce sodium carbondte.



In the modified Solvay’s process, ammonium chloride in the solution, after
separation of the sodium bicarbonate, is salted out by ammoniating the solution,
cooling below 159C and adding washed sodium chloride.

The precipitated ammonium chloride is cenfrifuged, washed and dried. The
fine crystals can be granulated by roll compaction. Large ammonium chloride
crystals of 2 fo 3 mm size have been developed by cooling, nucleafion and
crystallization, under closely controlled conditions in specially designed vessels.

The slurry from the crystallizer is centrifuged, washed and dried to about 0.25%
free molsture In a rotary drier at 105°C. After the removal of ammonium chloride, the
liquor is reammoniated to start a new cycle of operations.

As the demand for soda ash is comparatively lower than that for nifrocgen
fertilizers, ammonium chloride from this source is not likely to meet the nitrogen
fertilizer needs.



NH4Cl as fertilizer
Advantages

» Its low cost, as it is often directly available as a by-product from important
industries such as the Solvay soda industry and potassium sulfate industry
» The fact that it combats certain plant diseases and prevents others

Disadvantages

» Incompatibility of Cl-ions with the physiology of many plants

» The corrosive action which it exhibits owing to the high degree of hydrolysis
that it undergoes

» Difficult to store as it has tendency to cake.

The pronounced acidic behaviour of ammonium chloride can be countered
by mixing it with Ca(OH)2 and calcium cyanamide.

PROPERTIES
» Molecular formula : NH4Cl
» Molecular weight  : 53.491gm/mole
» Appearance : White solid, hygroscopic
» Odour : Odourless
» Melting point : 338°C (decomposes)
» Density 1 1.527gm/mi
» Solubility : Solubility in water, alcohol

Used as fertilizer.

Used fo produce low temperatures in cooling baths. Ammonium chloride

solutions with ammonia are used as buffer solution.

» Itis aningredient in fireworks, safety matches and contact explosives.

» Used in a ~5% aqueous solution to work on oil wells with clay swelling
problems.

» Itis also used as electrolyte in zinc carbon batteries.

» Uses in hair shampoo, in the glue that bonds plywood, and in cleaning
products. In hair shampoo, it is used as a thickening agent in ammonium
based surfactant systems, such as ammonium lauryl sulfate.

» Used in the texfile and leather industry in dyeing, tanning, textile printing and

to luster cotton

v
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POTASSIUM CHILORIDE

INTRODUCTION

Potassium chloride (KCI) is a metal halide salt composed of potassium and
chlorine. It is odorless and has a white or colorless vitreous crystal appearance, with
a crystal structure that cleaves easily in three directions. Potassium chloride crystals
are face centered cubic. "Muriate of potash” is name which is occasionadlly
association with its use as a ferfilizer containing 60% plant food as K20.

Potash varies in colour from pink or red to white depending on the mining and
recovery process used. White potash or soluble potash is usually higher in analysis
and is used primarily for making liquid starter ferfilizers. It occurs naturally as the
mineral sylvite and in combination with sodium chloride as sylvinite.

sh mineral or brine

Potash mineral or sylvinite contain potassium chloride and sodium chloride

ufacture

Potassium chloride is obtained by following methods

Leaching process
Flotation process



Leaching process

The solubility of potfassium chloride and sodium chloride increases as the
temperature increases. Individually both are much more soluble in hot water than in
cold water. But in solufions saturated with both sodium and potassium chloride, the
concentration of NaCl diminishes as temperature rises, while the concentration of
potassium chloride increases. These solubility characteristics are used fo extract
potassium chloride from sylvinite. Crushed ore is mixed with sufficient quantity of
recycle brine which is already saturated with NaCl and heated almost to hilling to
dissolve KCI. The KCI rich brine on clarification and then cooling by vacuum
evaporation produces KCI crystals which are centrifuged, washed, dried and
packed. The filirate (brine) Is recycled for leaching more ore.

Flotation process

Amine acetate
Starch
Sylvinite }

}

Reactor

Water

KCI

Uncoated particles Air
Figure: Manufacturing of Pottasium Chloride by Flotation Process

Floatation process for extraction of potassium chloride Is much chedper than
leaching process and hence is used more extensively in the industry. In the process
the ore is crushed to +10 mesh size then washed fo remove clay slimes. To render it
inert to amines, washed crushed ore is treated first with starch or mannogalactan
gums and then with an amine acetate which selectively coafs KCI particles. Air is
then bubbled through the slurry. The air bubbles attach themselves to the coated
particles and float them fo the surface while the uncoated particles sink. The floated
KClis cenfrifuged, dried and packed.



Handling and storage

The crystalline potassium chloride is free flowing and does not normally pose

any problem in handling and storage. Potassium chloride is imported as bulk cargo
and transported to NPK ferfilizer and mixing plants in open frucks or in bags.

It is stored in bulk in closed storage yards. Caking occurs In presence of

impurities when humidity is high and the mass tends to become like rock. Retrieval
from such storage may pose problems and sometimes explosives may have 1o be

used.

PROPERTIES
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Molecular formula : KClI
Molecular weight  : 74.55gm/mole

Appearance : white crystalline solid

Odour : Odourless

Boiling point : 1420°C

Melfing point . 770°C

Density 1 1.984gm/ml

Solubility : Soluble in glycerol and water, slightly soluble in alcohol,
insoluble in ether

Moisture :0.5% by wt. (Max.)

As a ferfilizer

Used as thickeners, stabilizer, mineral salts, geling agents and acidity
regulator in food

Used as a salf replacer in foods, for recovery of potassium in the human body,
It's used In brewing, as a salt substitute (as salt free, sodium free, and low
sodium products), gelling agent, and in reduced sodium breads.

Used in various pharmaceutical preparations to correct potassium deficiency.
It used as a substitute for table salt in the diet of people with cardiovascular
disorders, in administration of the potassium ion, and as a consfituent of
Ringer's solution.



Functions of Potassium in Plants

olassium is vilal to many plant process-

es. A review of its role involves under-

standing the basic biochemical and
physiological systems of plants. While K does
not become a part of the chemical structure of
plants, it plays many important regulatory
roles in development.

Potassium (K) increases
crop yield and improves
quality. It is required for
numerous plant growth

Enzyme Activation
Enzymes serve as cata-
lysts for chemical reactions.
being utilized but not con-
sumed in the process. They

processes.

bring together other molecules in such a way
that the chemical reaction can take place.
Potassium “activates” at least 60 different
enzymes involved in plant growth. The K
changes the physical shape of the enzyme
molecule, exposing the appropriate chemical-
ly active sites for reaction. Potassium also
neulralizes various organic anions and other
compounds within the plant. helping to stabi-
lize pH between 7 and 8...optimum for most
enzyme reactions.

The amount of K present in the cell deter-
mines how many of the enzymes can be acti-
vated and the rates at which chemical reac-
tions can proceed. Thus. the rate of a given
reaction is controlled by the rate at which K
enters the cell.

Stomatal Aectivity (Water Use)

Plants depend upon K to regulate the
opening and closing of stomates...the pores
through which leaves exchange carbon diox-
ide (CO,). water vapor. and oxygen (Oy) with
the atmosphere. Proper functioning of stom-
ates is essential for photosynthesis. water and
nutrient transport, and plant cooling.

When K moves into the guard cells
around the stomates, the cells accumulate
water and swell. causing the pores to open and
allowing gases to move freely in and out.

When water supply is short, K is pumped out
of the guard cells. The pores close tightly to
prevent loss of water and minimize drought
stress to the plant.

If K supply is inadequate. the stomates
become sluggish — slow to respond — and
water vapor is lost. Closure
may take hours rather than
minutes and is incomplete.
As a result, plants with an
insufficient supply of K are
much more susceptible to
walter stress.

Accumulation of K in plant roots pro-
duces a gradient of osmotic pressure that
draws water into the roots. Plants deficient in
K are thus less able to absorb water and are
more subject lo stress when waler is in short
supply.

Photosynthesis

The role of K in photosynthesis is com-
plex. The activation of enzymes by K and its
involvement in adenosine triphosphate (ATP)
production is probably more important in reg-
ulating the rate of photosynthesis than is the
role of K in stomatal activity.

When the sun’s energy is used lo com-
bine CO, and water to form sugars. the initial
high-energy product is ATP. The ATP is then
used as the energy source for many other
chemical reactions. The electrical charge bal-
ance at the site of ATP production is main-
tained with K ions. When plants are K defi-
cient. the rate of photosynthesis and the rate of
ATP production are reduced. and all of the
processes dependent on ATP are slowed
down. Conversely. plant respiration increases
which also contributes to slower growth and
development.

In some plants. leal blades re-orient
toward light sources to increase light intercep-
tion or away to avoid damage by excess light.



in effect assisting to regulate the
rate of photosynthesis. These
movements of leaves are brought
about by reversible changes in
turgor pressure through move-
ment of K into and out of special- .
ized tissues similar to that .
described above for stomata. .

How potassium works to increase crop yields:

¢ Increases root growth and improves drought resistance
e Activates many enzyme systems

e Maintains turgor; reduces water loss and wilting

* Aids in photosynthesis and food formation

Reduces respiration, preventing energy losses
Enhances translocation of sugars and starch

Produces grain rich in starch

¢ Increases protein content of plants

Transport of Sugars

Sugars produced in photo-
synthesis must be transported
through the phloem to other parts
of the plant for utilization and storage. The
plant’s transport system uses energy in the
form of ATP. If K is inadequate, less ATP is
available, and the transport system breaks
down. This causes photosynthates to build up
in the leaves. and the rate of photosynthesis is
reduced. Normal dev elopment of energy stor-
age organs, such as grain, is retarded as a
result. An adequate supply of K helps to keep
all of these processes and transportation sys-
tems [unctioning normally.

Water and Nutrient Transport

Potassium also plays a major role in the
transport of water and nutrients throughout the
plant in the xylem. When K supply is reduced.
translocation of nitrates, phosphates, calcium
(Ca), magnesium (Mg). and amino acids 1s de-
pressed. As with phloem transport systems.
the role of K in xylem transport is often in con-
junction with specific enzymes and plant
growth hormones. An ample supply of K is
essential to efficient operation of these systems.

Protein Synthesis

Potassium is required for every major

step of protein synthesis. The “reading” of the
genelic code in plant cells to produce proteins
and enzymes that regulate all growth process-
es would be impossible without adequate K.
When plants are deficient in K. proleins are
not synthesized despite an abundance of avail-
able nitrogen (N). Instead. protein “raw mate-
rials” (precursors) such as amino acids.
amides and nitrate accumulate. The enzyme

nitrate reductase catalyzes the formation of

¢ Builds cellulose and reduces lodging
e Helps retard crop diseases

proteins, and K is likely responsible for its
activation and synthesis.

Starch Synthesis

The enzyme responsible for synthesis of
starch (starch synthetase) is activated by K.
Thus, with inadequate K. the level of starch
declines while soluble carbohydrates and N
compounds accumulate. Photosynthetic activ-
ity also affects the rate of sugar formation for
ultimate starch production. Under high K lev-
els, starch is efficiently moved from sites of
production to storage organs.

Crop Quality

Potassium plays significant roles in
enhancing crop quality. High levels of avail-
able K improve the phy V'-lcal quality. disease
resistance, and shelf life of fruits and vegeta-
bles used for human consumption and the
feeding value of grain and forage crops. Fiber
quality of cotton is improved. Quality can also
be affected in the field before harvesting such
as when K reduces lodging of
enhances winterhardiness of many crops.

The effects of K deficiency can cause
reduced yield potential and quahtv long
before visible symptoms appear. This * hldden
hunger” robs profits from the farmer who fails
to ]{eep soil K levels in the range high enough
to supply adequate K at all times during the
growing season. Even short periods of defi-
ciency. especially during critical developmen-
tal stages, can cause serious losses.

Quality factors are addressed in more

detail on pages 28 and 29. BC|
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3.1 RawMaterialsPhosphoric acid, Sulphuric acid, Phosphate rock, Sulfur pyrite

3.2 Method of Productiepecification, Storage and handling of Phosphatic Fertilizers
3.3 Ground Rock Phosphate

3.4 Bone Meal

3.5 Single super phosphate

3.6 Triple super phosphate

3.7 Thermal Phosphate



3.1Phosphate rock (PR) is the raw material used in the manufacture of most commercial phosphate
fertilizers on the market. With access to large, fighlity reserves of phosphate rotkprocco,
China and US are the most important players in phosphate industry.

Ground phosphate rock from the mines is first sent to recovery units to separate sand and clay and
to remove impurities. Most of the processes are wet to facilitate materialaraasg to reduce
dust.

A weak phosphoric acid (485%) is produced from the reaction of PR with sulfuric acid, using a
wet- process. The obtained phosphoric acid is then used in the production of a series of liquid or
solid fertilizers. The most importannhes are single and triple superphosphates (SSP, TSP) and
ammonium phosphates (MAP, DAP). Usually the plants are using flexible process technologies,
allowing the manufacture of at least two products with interchangeable lines (e.g. TSP and DAP
combinatia).

SSP is simple to produce but is nowadays less popular. TSP results from the reaction of PR with
phosphoric acid, using the common D@iiver slurry granulation process. GTSP (granulated
TSP) is obtained in this way, with very good storage and hangliopgerties.

Economical and with high nutrient content, ammoniated phosphates such as andndt
ammonium phosphate (MAP, DAP) are another popular choice of fertilizers. They are obtained
when ammonia (liquid or gaseous) is added to the weak phospbiokic a

Phosphate fertilizers production flewart can be illustrated in the following figure :

> Sulfuric Acid PE‘O:\‘ Rl‘.“];l.‘:'BOCk Phosphoric Acid .
,\mglc < - \_:f;i,t‘.g'\} ! >— Tl'lpIL‘ o
Superphosphate (SSP) Superphosphate(TS P)
| Sulfuric Acid
2. Removal of Gypsum
3. Concentration

Fvaporate
Ammonium —ee— Amonis Phospharic Acid LL.L == Superphosphoric
Phosphates Acid (SPA)
MAP. DAP




3.2Phosphatic fertilizers

As the name suggests, insoluble phosphatic fertilizers are completely insoluble in water. They are
very slightly soluble in wdaacids like citric acid but are readily soluble in strong acids. Their use

is, therefore, always recommended for strongly acidic soils. These fertilizers also contain
phosphorus in the available form PBut this form is very slowly available in comparison to
pervious two forms, i.e. ##Qy and HPQ. These fertilizers are applied in large quantities and also
ploughed under with green manuring crops or other organic materials. This group of phosphatic
fertilizers is available in two main forms:

a. Rock phosphate 20-40% ROs
b. Bonemeala. Raw bonemeal 2- 25% B0s
c. Steamed bonemeal 22% B0s

a. Rock phosphatesin India, rock phosphate is mainlilized for the manufacturing of various

other phosphatic fertilizers. It is also used directly to the field, as a phosphatic fertilizer in strongly
acidic soils. After mining, it is processed aimhlly groundand sold inhe polythene bags for

field use. Rock phosphate is suitable for permanent, long duration crops like frpitatation
crops(orange, apple, tea, coffee, etc.). Rock phosphate responds very well in soils rich in organic
matter, because acids releaseddagomposing organic matter help solubilizing the rock
phosphate. Legumes which have a high Ca and P requirement, give greater response to rock
phosphate than ndegumes.

Areas having strongly acid soils are the most suitable ones for applicatiok phagphate. Such
areas are found in the whole of Kerala. Shimogha, Coorg and Mysore districts of Karnataka,
Chotanagpuregion ofBihar, partsof Assam Meghalaya, West Bengal and rice cropped laterite
soils of Orissa.

b. Bonemeal:Bonemeal is the oldephosphatic fertilizer used by Indian farmers. Presently. it is
marketed: in two forms.

i. Raw bonemeal-The bones collected from city slaughter houses and from the countryside, are
dried and crushed without any treatment. Beside®3520 P205' raw bonemeallso contains-2%
nitrogen.

il. Steamed bonemealThe bones collected are given a steam treatment in a sterilization chamber.
They are then dried in warm, rotating ovens. Bones become brittle and easy for grinding.



3.3 Apatite is the moshabundant crystallinphosphate mineral found as an accessaneral in
practically all kinds of igneous rockSometimes, it is concentratedgne g m a,imetallie \eims
and magmatic deposits. lalso occursn metamorphic rocks and as a secondaperal in

phosphatic rocks of sedimentary origin.

Fluor-apatite CgPO43F is the mostommon variety of apatite and also a secondaryce of
fluorine. Collophane is apparentlycayptocrystalline or amorphouslcaum phosphateomplex.

Rock phosphates or phosphorites sedimentary phosphatic deposits comprising-fgrained

mixture of various calcium phosphatagst important being hydroxgpatite, carbonat@patite,

fluor-apatite and their solid solution&bout 80% phosphate production in the waddlerived

from phosphate rocks (phosphorit®ntaining one or more phosphatic mineratsjally calcium
phosphate of sufficient puritgnd quantity to permit its use directly after concentration in
manufactiring commerciaproducts.

Phosphate rock is also the source ofpbgduct fluorine. Apatite & rock phosphatentaining 3
to 4% CaFare useful for recovery diuorite. Hydrofluorasilicic acid is recovered dw/-product

from phosphoric acid plants dugmprocessing of rock phosphate.
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