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ABSTRACT 

Fertilizer have played vital role in the success of India s green revolution and consequent self – reliance 

in food grains production. The increase in fertilizer consumption has contributed significantly 

production in food grains in the country. Urea acts as a very effective fertilizer in contemporary world. 

Basically urea (also known as carbamide) is a waste product of many living organism, and is the major 

organic component of human urine. This is because it is at the end of chain of reaction which break 

down the amino acids that make up protein. Urea is produced commercially by several steps, which 

begin with direct reaction of ammonia with carbon dioxide in a high pressure, high temperature reactor. 

when urea is placed on the surface of the soil ,a chemical reaction takes place that changes the urea to 

ammonium bicarbonate . it is very important starting material in a number of chemical syntheses , and is 

used on an industrial scale for the manufacture of fertilizers, pharmaceutical and resins. 

Urea, because of its high nitrogen content, is often used as a component of agriculture fertilizers Also, urea 

has the ability to weakly bond to many large organic compounds, surrounding them in an inert shell 

and so inhibiting intermolecular hydrogen bonding. This behavior prevent the large molecules sticking 

together , and so can be used to separate mixture ,in , for example , the production of aviation fuel and 

lubricating oils. In general urea provide the most nitrogen at the lowest cost . it is easy to store and does not 

pose as a fire risk for long term storage. Urea may be mixed with other fertilizers or may be applied on its 
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own. For plants that love acidic soils , urea is one of the top fertilizers for acidifying soils . urea is an 

important endogenous product of mammalian metabolism. This paper focus on the production of urea, 

factor affecting production of urea, properties of urea, uses ,advantages and disadvantages of urea. It is 

summarized that the how to produced urea with different methods. 

Key words: Production of urea, factors affecting production of urea 

 

Introduction 

Fertilizer is any organic and inorganic 

material that is added to soil to supply one 

or more plat nutrient essential for growth of 

plant. Fertilizers are broadly divided into 

organic fertilizer and inorganic or 

commercial fertilizer. both organic and 

inorganic fertilizers provided the same 

needed chemical compound. Organic 

fertilizer nearly always have much lower 

concentration of plant nutrient and have the 

usual problems of

 economical collection ,treatment 

,transportation and distribution .inorganic 

fertilizers are usually much more 

concentrated with up to 64%of their weight 

being a given plant nutrient , compared to 

organic fertilizers that only provide 0.4% or 

less of their weight as a given plant nutrient 

. organic fertilizers provided other macro and 

micro plant nutrient. 

Among the macronutrient are nitrogen, 

phosphorus and potassium. These three 

elements are those most rapidly removed 

from the soil by plants. Therefore, many 

commercial plant fertilizers supply these 

three essential element .therefore, many 

commercial plant fertilizers supply these 

three essential elements. The amount of each 

element is indicated by N-P-k Numbers. 

The 

analysis information at right (taken from a 

package of garden of fertilizers) shows an 

N- P-K rating of 15-30-15. These numbers 

indicate the percent by weight of nitrogen, 

diphosphorus pentoxide ,and and 

potassium oxide in the fertilizer .the 15-30-

15 rating indicates that 15% by weight of the 

fertilizers is nitrogen (N). It also indicates 

that the weight of phosphorus in the 

fertilizer is the same as it would be if the 

fertilizer contained 30% diphasphorus 

pentaoxide ( P2O5 ). The amount of 

potassium in the fertilizer is the same as it 

would be if the fertilizer were 15% 

potassium oxide (k2O). the source of 

nitrogen used fertilizers are many , including 

ammonia (NH3),

 diammonium phosphate 

,ammonium nitrate , ammonium sulfate , 

calcium cyanamide , calcium nitrate sodium 

nitrate , and urea. 

Agricultural fertilizer are used by anyone 

who has grown a garden, maintained  a 

lawn ,or kept house plants healthy. As they 

grow, plants extract nutrients they need 

from the soil .unless these nutrient are 

replenished, plants will eventually cease to 

grow. In nature, nutrient are returned to 

the soil when plants die and decay. 

However, this does not occur with 

cultivated plants humans cultivate plants 

mainly for food, either for themselves or 

for livestock. When cultivated plants are 

harvested, the nutrient 
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that the plants extracted from the soil are taken 

away. to keep the soil productive, it is necessary 

to replace these nutrients artificially . the kinds 

and amounts of nutrient that plants need have 

been determined and can be supplied by applying 

to the soil substances that contain these 

nutrients. 

Urea or carbamide is an organic compound with the 

chemical formula CO(NH2)2. The molecule has two 

–NH2 groups joined by a carbonyl (C=O) functional 

group. Urea is in many ways the most convenient 

form for fixed nitrogen. It has the highest nitrogen 

content available in a solid fertilizer (46 %).It is easy 

to produce as prills orgranules and easily transported 

in bulk or bags with no explosive hazard. It leaves no 

salt residue after use on crops. Its specific gravity is 

1.335, decomposes on boiling and is fairly soluble in 

water. 

Urea is an important nitrogenous fertilizer. Its 

utilization is increasing steadily, it being the 

preferred nitrogen fertilizer worldwide. It is used in 

solid fertilizer, liquid fertilizer, formaldehyde resins 

and adhesives. 

 
 

Fig.1- Urea Granular Fertilizer Agricultural 

Grade (46%) 

 
 

Production of urea History. 

Urea was first discovered in urine in 1727 by 

dutch scientist Herman Boerhaav , though this 

discovery is often attributed to the French 

chemist Hilaire Rouelle . In 1828 the German 

chemist Friedrich wohler obtained urea 

artificially by treating silver cyanate with 

ammonium chloride. 

This was the first time an organic compound 

was artificially synthesized from inorganic 

starting materials , without the involvement of 

living organism . the results of this experiment 

implicitly discredited vitalism the theory that 

the chemicals of living organism are 

fundamentally different from inanimate 

matter. This insight was important for the 

development of organic chemistry . 

Physiological production of urea 

Urea is synthesized in the body of many 

organism as part of the urea cycle, either from 

the oxidation of amino acids or from ammonia. 

In this cycle , amino groups donated by 

ammonia and L- aspartate are converted to 

urea , while L-ornithine , citrulline , L-

argininosuccinate, and L- arginine act as 

intermedites. urea production occurs in the liver 

and is regulated by N- acetyglutamate . urea is 

then dissolved in blood and further 

transported and excreted by the kidney as a 

component of urin. In addition , a small amount 

of urea is excreted 
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( along with sodium chloride and water ) in 

sweat. 

Amino acids from ingested food that are not used 

for the synthesis of proteins and other biological 

substances are oxidized by the body , yielding 

urea and carbon dioxide , as an alternative source 

of energy . the oxidation pathway starts with the 

removal of the amino group by a transaminase, 

the amino group is then fed into into the urea 

cycle. Ammonia is another byproduct of 

metabolism of nitrogenous compound. Ammonia 

is smaller, more volatile and mobile than   urea.   

if   allowed   to accumulate ,ammonia would raise 

the pH in cells to toxic levels. Therefore many 

organism converted ammonia to urea, even 

though this synthesis has a net energy cost. Being 

practically neutral and highly soluble in water, 

urea is a safe vehicle for the body to transport 

and excrete excess nitrogen. 

Laboratory preparation of urea 

Urea in the more general sense can be accessed 

in the laboratory by reaction of phosgene with 

primary or secondary amines, proceeding 

through an isocynate intermediate .non-

symmetric ureas can be accessed by reaction of 

primary or secondary amines with an isocynate.

 Also, urea is 

produced when phosgene reacts with ammonia: 

COCl2 + 4 NH3 → (NH2)2CO + 2 NH4Cl 

Industrial production of urea 

In industry, urea is produced from synthetic 

ammonia and carbon dioxide .large quantities 

of carbon dioxide are produced during the 

manufacturing of ammonia from coal or from 

hydrocarbon such as natural gas 

and petroleum –derived raw materials. such 

point sources of co2 facilitate direct synthesis of 

urea. 

The basic process of , developed in 1922 is also 

called the Bosch-Meiser urea process after its 

discoverers. The process consists of two main 

equilibrium reactions, with incomplete 

conversion of the reactant . the first is an 

exothermic reaction of liquid ammonia with 

dry ice (solid CO2) to form ammonium 

carbamate . The second is an endothermic 

decomposition of ammonium carbamate into 

urea and water. Unconverted reactants can be 

used for the manufacture of other products, for 

example ammonium nitrate or sulfate , or they 

can be recycled for complete conversion to urea 

in a total recycle process. 
 

 
Fig.3- A urea production plant 

 

Urea production plant in India 

Some urea production plant name in India are 

given below: 

!) IFFECO: Anola 
 

2) KRIBHCO: Hgira 
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3) IGCL: Jagdispur 
 

4) KSFL: shahjahanpur 
 

5) TCL: Babrala 
 

6) NFL: panipat 
 

Factor affecting production of urea 

1) Temperature 
 

2) Pressure 
 

3) Concentration 
 

4) Residence Time 
 

5) Biuret formation 
 

Major engineering problems 

1) Carbamate decomposition and recycle 
 

2) Production of granular urea 
 

3) Heat dissipation in the autoclave 
 

4) Corrosion 
 

Temperature 

Process temperature (185OC) favours equilibrium 

yield at a given pressure (180 atm). The conversion 

of ammonium carbamate to urea gradually increases 

as the temperature increases. However, after a 

particular temperature, depending upon the pressure, 

the conversion suddenly drops with further increase 

in temperature. The pressure corresponding to this 

temperature which is usually in the range of 175- 

185OC, is known as the decomposition pressure 

which is about 180 atm. 

 

PRESSURE 
The main reaction is sufficiently slow at 

atmospheric pressure. However, it starts almost 

instantaneously at pressure of the order 100 atm and 

temperature of 150OC. There is reduction in volume 

in the overall reaction and so high pressure favours 

the forward reaction. This pressure is selected 

according to the temperature to be maintained & 

NH3: CO2 ratio 

 
CONCENTRATION 
Higher the concentration of the reactants, higher will 

be the forward reaction according to the law of mass 

action. CO2 being the limiting reagent higher 

NH3:CO2 ratio favours conversion. Since, 

dehydration of carbamate results in urea production, 

lesser H2O:CO2 ratio favours conversion. Water 

intake to the reactor should therefore be minimum. 

 
Residence time 

 
Since, urea reaction is slow and takes about 20 min 

to attain equilibrium, sufficient time is to be 

provided to get higher conversion. Reactor is 

designed to accommodate this with respect to the 

other parameters of temperature, pressure and 

concentration. 

BIURET FORMATION 
A problem faced during manufacture of urea is the 

formation of biuret during the production of urea. It 

is not a desirable substance because it adversely 

affects the growth of some plants. Its content in urea 

should not be more than 1.5 % by weight. 

2NH2CONH2 ↔ NH2CONHCONH2 + NH3 

(Biuret) 

Although the production of urea is high at high 

pressure and high temperature, the reaction is not 

operated at maximum temperature and pressure 

because: 

1) Increased pressure increases capital & operating 

costs of compression and reaction equipment. 

2) Increased temperature accelerates 

decomposition of urea to biuret, a compound that 

adversely affects the growth of some plants. 

3) The above stipulated conditions produce 

intolerable corrosion rates, and a compromise design 

must be chosen. 

Properties of urea 

1) Molecular weight 60.05 
 

2) Relative humidity 60% 3)Maximum nitrogen 
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content 46.6% 4Specific gravity 1.335 

Heat of fusion 60 Cal/gm(endothermic) 
 

Heat of solution , in water 58Cal/gm 

(endothermic) 

Bulk density 0.74gm/cc 
 

Physical properties of urea 

1) Urea is white, odorless , hygroscopic solid. 
 

2) It is non-corrosive. 

Distribution of urea in 

environment 

Urea in environment is 99.84% and 0.16% 

partitioning into water and air, respectively. 

Uses of urea In agriculture 

More than 90% of world industrial production of 

urea is destined for use as a nitrogen-release 

fertilizer. Urea has the highest nitrogen content of all 

solid nitrogenous fertilizers in common use. 

Therefore, it has the lowest transportation costs per 

unit of nitrogen nutrient. The standard crop- nutrient 

rating (NPK rating) of urea is 46-0-0. 

Many soil bacteria possess   the enzyme 

urease, which catalyzes the conversion of the urea 

molecule to two ammonia molecules and one carbon 

dioxide molecule, thus urea fertilizers are very 

rapidly transformed to the ammonium form in soils. 

Among soil bacteria known to carry urease, some 

ammonia-oxidizing bacteria (AOB), such as species 

of Nitrosomonas, are also able to assimilate the 

carbon dioxide released by the reaction to make 

biomass via the Calvin Cycle, and harvest energy by 

oxidizing ammonia (the other product of urease) to 

nitrite, a process termed nitrification. Nitrite- 

oxidizing bacteria, especially Nitrobacter, oxidize 

nitrite to nitrate, which is extremely mobile in soils 

because of its negative charge and is a major cause of 

water pollution from agriculture. Ammonium and 

nitrate are readily absorbed by plants, and are the 

dominant sources of nitrogen for plant growth. Urea 

is also used in many multi-component solid fertilizer 

formulations. Urea is highly soluble in water and is, 

therefore, also very suitable for use in fertilizer 

solutions (in combination with ammonium nitrate: 

UAN), e.g., in 'foliar feed' fertilizers. For fertilizer 

use, granules are preferred over prills because of 

their narrower particle size distribution, which is an 

advantage for mechanical application. 

The most common impurity of synthetic urea 

is biuret, which impairs plant growth. Urea is 

usually spread at rates of between 40 and 300 

kg/ha but rates vary. Smaller  applications incur 

lower losses due to leaching. During summer, urea is 

often spread just before or during rain to

 minimize losses from volatilization 

(process wherein nitrogen is lost to the atmosphere 

as ammonia gas). Urea is not compatible with other 

fertilizers. Because of the high nitrogen 

concentration in urea, it is very important 

to achieve an 
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even spread. The application equipment must be 

correctly calibrated and properly used. Drilling must 

not occur on contact with or close to seed, due to the 

risk of germination damage. Urea dissolves in water 

for application as a spray or through irrigation 

systems. 

 

 

 
Fig.5- A farmer spraying the fertilizer 

 

In chemical industry 
 

Urea is a raw material for the manufacture of 

many important chemical Compound such as: 

Various plastic, especially the urea 

– formaldehyde resins. 
 

In explosive 

Urea can be used to make urea nitrate , a high 

explosive that is used industrially and as part 

of some improvised explosive devices. 

In laboratory  

A mixture of urea and Choline chloride 

is used as a deep eutectic Solvent , a 

type of ionic liquid. Urea can in 

principle serve as a hydrogen source 

for subsequent power generation in fuel 

cells. Urea present in urine/waste water 

can be used directly electrolysis of urea 

solution occurs at a lower voltage and 

thus consume less energy than the 

electrolysis of water. 

In medical use 

If covered by an occlusive dressing 40% urea 

preparation may also be used for nonsurgical 

debridement of Nails . Urea 40% “dissolves the 

intercellular matrix” of the nail plate . 

Urea is the main component of an alternative 

medicinal treatment referred to as urine therapy . the 

blood urea nitrogen (BUN) Test is a measure of the 

amount of nitrogen in the blood that comes from urea. 

Other commercial Uses 

 
⮚ A non-corroding alternative to rock 

salt for road de-icing, and the hardening of 

ski-resort terrain park take-offs and 

landings. 

⮚ A flavor-enhancing additive for cigarettes. 

⮚ A main ingredient in hair removers such as 

Nair and Veet. 

⮚ A browning agent in factory- produced 

pretzels. 

⮚ An ingredient in some skin 

cream, moisturizers, hair conditioners. 

Advantage and disadvantage of urea 

Advantages of Urea : 

1) In General , urea will provide the most 

nitrogen at the lowest cost. 

2) It is easy to store and does not cause as a fire 

risk for long term storage. 

3) Urea may be mixed with other fertilizer or 

may be applied on its own. 

4) For plants , that love acidic soils , urea is one 

of the top fertilizer for acidifying soils. 

5) Urea will supply immediate and powerful 

application of nitrogen. 

Disadvantage of urea 

1) Very soluble in water and hygroscopic 

water , and requires better packing quality. 

2) Not as stableas other solid nitrogenous 

fertilizers, decomposition even at room 

temperatures that result in serious loss. 

3) If urea contents impurities more than 2%, it 

cannot be used as Fertilizers, since the 

impurities are toxic to contain crop , 
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particularly citrus. 

Conclusion 

The discovery of by Friedrich wohler in 1828 

that urea can be produced from inorganic 

starting materials was an important conceptual 

milestone in chemistry , as it showed for the 

first time that a substance previously known 

only as byproduct of life could be synthesized 

in the laboratory without any biological 

starting materials, contradicting the widely 

held doctrine of Vitalism. Urea is synthesized in 

the body of many organisms as part of the 

urea cycle, 

either from the oxidation of amino acids or from 

ammonia. The handling of urea by the kidneys is 

a vital part of mammal metabolism. Besides its 

role as carrier of waste nitrogen, urea also plays a 

role in the countercurrent exchange system of the 

nephrons, which allows for re-absorption of 

water and critical ions from the excreted urine. 

Urea has the highest nitrogen content of all solid 

nitrogenous fertilizers in common use. Therefore, 

it has lowest transportation costs per unit of 

nitrogen nutrient. many soil bacteria possess the 

enzyme urease ,which catalyzes the conversion 

of the urea molecule to two ammonia 

molecules and one carbon dioxide molecule, thus 

urea fertilizer are rapidly transformed to the 

ammonia form in soil. Among soil bacteria known 

to carry urease , some ammonia – oxidizing 

bacteria (AOB) , such as a species of 

Nitrosomonas ,are also able to assimilate the 

carbon dioxide released by the reaction to make 

biomass via the Calvin cycle, and harvest energy 

by oxidizing ammonia to nitrite , a process 

termed nitrification. 

For use in industry, urea s produced from 

synthetic ammonia and carbon dioxide. large 

quantities of carbon dioxide are produced 

during the manufacture of ammonia from coal 

or from hydrocarbons such as natural gas and 

petroleum –derived raw materials. Such point 

sources of CO2 direct synthesis of urea. 
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