


During the last four decades, the fertilizer industry in many 
developed countries has made significant advances in the produc
tion of many new types of phosphate fertilizers. The chemistry un
derlying the production processes of many such fertilizer materials 
is rather complex and poorly documented.

Courses on 'Fertilizers’ and ‘Soil Fertility and Fertilizer Use’ are 
generally included in the curricula of undergraduate and post
graduate students in the disciplines of Agronomy, Soil Science and 
Agricultural Chemistry of Agricultural Universities in India. However, 
due to non-availability of modern textbooks on fertilizers giving em
phasis on the process chemistry and agronomic evaluation of phos
phate fertilizers and allied topics such as phosphorus fertility of soils 
and methods of its evaluation, determination of phosphorus require
ments of crops and soils and production and consumption trends of 
phosphate fertilizers in India, students studying the above men
tioned courses are at a loss to comprehend the topic of phosphate 
fertilizers in its proper perspective.

Keeping these shortcomings of textbooks on fertilizers in mind, 
I have written this book, which I believe will enable the reader to 
have a good grasp on the subject of phosphate fertilizers and will 
stimulate his/her interest in the chemistry of soil and fertilizer phos
phorus.

I am thankful to M/S Coromandel Fertilizers Ltd., M/S Madras 
Fertilizers Ltd., M/S Gujarat Narmada Valley Fertilizers Co. Ltd., and 
M/S Rashtriya Chemicals and Fertilizers Ltd. for providing the 
details of manufacture of some complex NP/NPK fertilizers currently 
produced in their plants. I express my thanks to the Director, Central 
Potato Research Institute, Shimla for providing some publications of
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the Institute and reprints of research papers relating to phosphorus.

I am indebted to the following soil scientists who have provided 
me with reprints of their research publications and other reference 
materials on various aspects of soil and fertilizer phosphorus :

Dr. C. Misra, Dr. U.K. Misra, Dr. D. Sahoo, Dr. G.C. Sahu and 
Dr. S.K. Sahu of Orissa University of Agriculture of Technology 
Bhubaneswar; Sri K.B. Gadnayak, Soil Chemist, Bhubaneswar; Dr.
S.K. Mohanty, Dr. D. Panda, and Dr. R.N. Dash of Central Rice 
Research Institute, Cuttack; Dr. B.S. Mathur of Birsa Agricultural 
University, Ranchi; Dr. J.N. Hajra and Dr. S.R. Mandal of Bidhan 
Chandra Krishi Viswavidyalaya, Kalyani; and Dr. A.S. Chavan of 
Konkan Krishi Vidyapeeth, Dapoli.

I am also thankful to M/S Agrotech Publishing Academy, 
Udaipur for taking up the publication of this book.

June 16, 1997

Bhubaneswar.
P.C. Ghosh 

Director of Horticulture, Orissa (Retired)
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Introduction

1.1 Historical Background

The element phosphorus was discovered by the German al
chemist H. Brand in 1669. However, its importance in plant nutrition 
was not realised until 1840, when the distinguished German chemist 
Justus Von Liebig put forward his "mineral theory" of plant nutrition 
contradicting the then prevalent "humus theory" which regarded the 
mineral elements non-essential for plants. Liebig asserted that 
plants obtain the mineral substances such as silica, phosphate, and 
salts of potassium, sodium, magnesium and calcium from the soil 
and these only are needed to be supplied as fertilizers, He stated 
that nitrogen is obtained by plants from the ammonia present in air; 
however, this view was found to be erroneous, as proved by the 
experiments conducted by J.B. Lawes and J.H. Gilbert at 
Rothamsted in England around mid-1850s.

Liebig had shown in 1839-1840 that the phosphorus present in 
bones is rendered more soluble by treatment with sulphuric or 
hydrochloric acid. During the same period, Lawes had conducted 
some field experiments testing the effect of ‘superphosphate of lime’ 
(produced by treating bones with sulphuric acid) on some crops and 
obtained encouraging results. This prompted him to take out a 
patent in 1842 for the process of manufacture of superphosphate by 
treatment of coprolite (phosphate bearing fossilized dung) with sul
phuric acid and set up a plant to manufacture superphosphate in 
1843. This was a humble beginning of the modern phosphate fer
tilizer industry, which during the past 150 years has achieved 
tremendous growth in the manufacture of a wide range of phos
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phate fertilizer materials.

The commercial mining of phosphate rock deposits in several 
locations in the U.S.A. and in North Africa during the latter part of 
the nineteenth century paved the way for rapid development of the 
phosphate fertilizer industry based on production of superphosphate 
by treatment of ground phosphate rock with sulphuric acid. The fer
tilizing value of basic slag, a by-product of the steel industry was 
discovered in 1879 and this material ranked next to superphosphate 
as a phosphate fertilizer in the United Kingdom, Germany, and other 
steel manufacturing countries of Europe. However, its use in these 
countries during the past few decades has declined considerably 
due to the manufacture of high analysis complex nitrogen-phosphate 
materials. In India, the first commercial production of superphos
phate commenced in 1906 at Ranipet in Tamil Nadu and this con
tinued to be the sole indigenous processed phosphate fertilizer till 
the mid-1960s.

1.2 Raw Materials for Production of Phosphate 
Fertilizers

It is estimated that the element P occurs in the lithosphere to 
an extent of about 0.12 percent. About 200 minerals containing 5 
per cent or more of phosphorus are distributed in nature. Of these, 
the most important commercially is a calcium phosphate mineral 
belonging to apatite group represented by the formula, Caio(P0 4 )6  

(F,CI,OH)2. The predominant mineral of this group is fluorapatite. 
Caio (P04)6F2- Extensive deposits of phosphate rock (or rock phos
phate) containing apatite mineral are found in Morocco, South 
Africa, U.S.A. and erstwhile U.S.S.R. Smaller deposits occur in 
several other countries of the world including India. Rock phosphate 
serves directly or indirectly as an important raw material for the 
manufacture of all phosphatic fertilizers, It is estimated that the fer
tilizer industry consumes about 80 per cent of the total world 
production of rock phosphate (Banerjee, 1979).

The analysis of a typical high grade rock phosphate material 
from Nauru Island in the Pacific ocean is as follows :



Introduction 9

CaO, 54.4%; P2O5, 38.9%; Fe2C>3+Al2 0 3 , 0.3%; SiC>2, 0.2%; 
CO2 , 2.0%; F, 2.6% (quoted by Me Kelvey et al, 1953). High grade 
rock phosphate deposits are scanty in India. Among the indigenous 
rock phosphates, the materials mined at Jhamarkotra in Udaipur dis
trict of Rajasthan having a grade of 32.4% P2O5, is currently utilised 
for production of phosphate fertilizers. However, a large quantity of 
high grade rock phosphate is regularly imported from abroad to 
meet the growing needs of the domestic fertilizer industry.

The second important raw material for the production of phos
phate fertilizers is sulphuric acid, H2SO4. During 1993-94, about 93 
percent of all indigenous phosphate fertilizers produced in India was 
based on processes involving H2SO4 directly (as in single super
phosphate) or indirectly, as in ammonium phosphates and several 
complex NPK materials produced by ammonium phosphate route. 
The most important raw material for manufacture of H2S0 4 is 
elemental sulphur which is not produced in India and has to be 
imported from abroad.

Iron pyrite ore, having 40 to 50 per cent sulphur and containing 
several iron sulphide minerals, is an alternative raw material for 
production of H2SO4. India has large deposits of pyrite and this 
material is currently used in some locations for the manufacture of 
H2SO4 . In certain countries of the world such as Japan, Germany 
and former U.S.S.R., production of H2SO4 is largely based on 
pyrites.

Nitric acid produced by oxidation of synthetic ammonia is also 
a raw material next in importance to sulphuric acid in the production 
of certain types of nitrogen-phosphorus containing fertilizers com
monly known as nitrophosphates. These materials are, however, 
currently produced in India to a much smaller extent in comparison 
with those based on direct or indirect use of sulphuric acid.

1.3 Phosphate Fertilizers Produced in India

Many kinds of phosphate fertilizers are currently produced in 
India. These include single nutrient carriers like normal superphos
phate (SSP) or triple superphosphate and multinutrient carriers like
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ammonium phosphates, nitrophosphates and NPK complex fer
tilizers of varying composition. There has been an increasing trend 
towards manufacture of complex NP and NPK fertilizers based on 
ammonium phosphate route during the past 20 years. In 1993-94, 
di-ammonium phosphate and normal superphosphate together ac
counted for about two-third of the total P2O5 nutrient produced in 
India, the former contributing 2 1/2 times as much as the latter. The 
total production of P fertilizers had reached a peak of 2.56 million 
tonnes of P2O5 during 1991-92 but decreased to 1.87 million tonnes 
in 1993-94. The chemical composition, process chemistry and brief 
outline of the process of manufacture of various phosphate fer
tilizers, irrespective of whether these are currently produced in India 
or not, are discussed in later chapters of this book.

Single superphosphate is the oldest fertilizer material produced 
in India. The first superphosphate factory having an annual capacity 
of 6900 tons P2O5 was established in 1906 at Ranipet in Tamil 
Nadu. Since, then, the number of units producing this fertilizer has 
increased to 78 as on October 1994. Indigenous production of some 
complex NP fertilizers such as ammonium phosphate sulphate, 
nitrophosphate, diammonium phosphate and urea ammonium phos
phate commenced during the 1960s. The total installed capacity for 
production of P fertilizers as on October 1994 stood at 2.83 million 
tonnes P2O5 comprising of 2 .0  million tonnes in form of complex 
NP/NPK fertilizers manufactured in 17 plants and the remaining 0.83 
million tonnes as single superphosphate.

1.4 Some Terms Used in Fertilizer Literature

Some terms commonly occurring in the fertilizer literature need 
explanation at the outset as these will be used frequently in this 
book.

(a) Fertilizer Material

It is a natural or manufactured substance consisting of a single 
chemical compound or a mixture of several compounds of standard 
composition which may contain one or more major plant nutrients in
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a concentrated and available form, Examples of common fertilizer 
materials are ammonium sulphate, urea, single or triple superphos
phate, diammonium phosphate, muriate of potash etc.

(b) Basic Material

It is a simple chemical product containing usually one major 
nutrient used as a raw material in the manufacture of complex or 
mixed fertilizers (Smith and Makower, 1963). Examples are; am
monia, phosphoric acid, superphosphate, ammonium nitrate, am
monium sulphate, urea, nitrogen solutions (solutions of NH4NO3 or 
urea in aqua-ammonia), ammonium phosphates, potassium chloride 
etc. Some basic materials like ammonium phosphates contain both 
N and P.

(c) Straight fertilizer material

It refers to a fertilizer material which contains a single major 
nutrient. Examples are ammonium sulphate, urea, calcium am
monium nitrate, superphosphate, muriate of potash etc.

(d) Complex fertilizer material

It refers to any mixture of the basic materials in a mechanical 
or chemical combination containing two or more major plant 
nutrients. Examples are urea ammonium phosphate, nitrophos
phates, ammonium phosphate sulphate and fertilizer materials con
taining N,P, and K in various proportions. The term ‘Compound 
fertilizer’ has been used in the past for denoting mixture of basic 
materials.

In the U.S.A., the term ‘Mixed fertilizers’ is more commonly used 
for compound or complex fertilizer materials.

(e) Fertilizer Grade

The grade of a fertilizer material represents the minimum 
guarantee of its major plant nutrients expressed on a percentage 
basis of the total nitrogen, available P2O5, (sum of water-soluble 
and neutral NhU-citrate soluble) and water-soluble K2O in that order. 
The grade of the fertilizer is clearly written on the container.
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