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Summary

Soil fertility is determined by three major elements namely Nitrogen, Phosphorus & Potassium (N, P, K)
of which nitrogen plays a very important role. For this reason, Urea (Containing 46% of N) consumption
is very high all over the world. Generally, the plants are able to recover a fraction of Nitrogen present
in Urea and this fraction is known as Nitrogen Use Efficiency (NUE). This NUE stands anywhere between
30 to 50%. Thus, two third of Urea Nitrogen escapes from the soil in the form of nitrogen, ammonia
and nitrates etc. and is not used by the plants. Engro Fertilizers, Pakistan, researched and experimented
use of “Azadirachta indica” commonly known as neem oil as nitrification inhibiting agent. Based upon
the results of extensive laboratory trials, coating urea with neem helps in slow release of nitrogen,
nourishing the crops for a longer period. The process reduces pollution of groundwater. There is an
increase in crop yield and also serves as an efficient natural insecticide. It also serves as an anti-caking
agent and will reduce the amount of urea required by a plant by ~10-20%. This paper explicates Engro’s
experience and research on neem coated urea, methods of preparing an effective neem oil emulsion,
quantities of raw materials to be used per unit of urea, its uses and results obtained after extensive
laboratory and commercial trials.
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Soil fertility is determined by three major elements namely Nitrogen, Phosphorus &
Potassium (N, P, K) of which nitrogen plays a very important role. For this reason, Urea
(Containing 46% of N) consumption is very high all over the world. Generally, the plants are
able to recover a fraction of Nitrogen present in Urea and this fraction is known as Nitrogen
Use Efficiency (NUE). This NUE stands anywhere between 30 to 50%. Thus, two third of
Urea Nitrogen escapes from the soil in the form of nitrogen, ammonia and nitrates etc. and is
not used by the plants. Engro Fertilizers, Pakistan, researched and experimented use of
“Azadirachta indica” commonly known as neem oil as nitrification inhibiting agent. Based
upon the results of extensive laboratory trials, coating urea with neem helps in slow release of
nitrogen, nourishing the crops for a longer period. The process reduces pollution of
groundwater. There is an increase in crop yield and also serves as an efficient natural
insecticide. It also serves as an anti-caking agent and will reduce the amount of urea required
by a plant by ~10-20%.

This paper explicates Engro’s experience and research on neem coated urea, methods of
preparing an effective neem oil emulsion, quantities of raw materials to be used per unit of
urea, its uses and results obtained after extensive laboratory and commercial trials.

INTRODUCTION

Snam Progetti divides Urea plant into following major sections i.e.

1. Urea synthesis and NH3, CO2 recovery at high pressure.

2. Urea purification and NH3, CO2 recovery at medium and low pressures.
3. Urea concentration.

4. Urea prilling.

5 Waste water treatment.
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Snamprogetti ammonia stripping process is characterized by a urea synthesis loop operating at about 160
Kg/cm2 (abs); with ammonia to carbon dioxide molar ratio at urea reactor inlet of 3.3 to 3.6. This allows a
high CO2 conversion into urea in the reactor itself. There are two kinds of chemical reactions at the same
time in the urea reactor:

2NH3 + CO2 <> NH2-COO-NH4 + 32560 kcal/kmol of carbamate (at 1 atm; 25°C)
NH2-COO-NH4 <« NH2-CO-NH2 + H20 - 4,200 kcal/kmol of urea (at 1 atm; 25°C)

First reaction is very fast & exothermic and the second one is weakly endothermic and occurs in the liquid
phase at low speed. Downstream the urea synthesis, the decomposition and relevant recovery of
unconverted chemical reagents occurs. It is carried out in three subsequent steps: High Pressure
Decomposition in H.P. stripper; Medium pressure Decomposition in M.P. Decomposer and, finally, Low
Pressure Decomposition in Low Pressure Decomposer.

The decomposition reaction is the reverse reaction of the first one above showed, viz.:
NH2-COO-NH4 <> 2NH3 + CO2 - Heat,
And, as can be inferred from the equation, it is promoted by reducing pressure and/or adding heat.

The urea reactor effluent solution enters the stripper, under slightly lower pressure than the urea reactor,
where a fair part of the unconverted carbamate is decomposed in NH3 and CO2. The overall yield of the
H.P. synthesis loop referred to CO2 is as high as 83-85% (on molar basis). Downstream of the stripper
residual carbamate and ammonia are recovered in two recycle stages operating at 18.5 kg/cm2 (abs)
(namely M.P. section) and 4.8 kg/cm2 (abs) (namely L.P. section) respectively.

Ammonia and carbon dioxide vapors from the stripper top, after mixing with the carbonate recycle solution
from M.P. section, are condensed, at the same pressure level of the stripper itself, in the 1st and 2nd High
Pressure carbamate condensers, thus producing the L.M.P and the L.P. steam which are used in
downstream sections. After separating the inert gases which are passed to M.P. section, the carbamate
solution is finally recycled to the reactor bottom by means of a liquid/liquid ejector, which exploits H.P.
ammonia feed to reactors as motive fluid.

Downstream of the two recovery stages urea is concentrated to 99.75% via two vacuum concentrator
stages. The solution leaving the L.P. decomposer bottom with about 70% wt. urea, is sent first to the tube
of vacuum pre concentrator and then pumped to first vacuum concentrator both operating at a pressure of
0.34 kg/cm2 (abs). The mixed phase coming out from the process side of the first vacuum concentrator
enters the first gas-liquid vacuum separator from where vapors are again extracted by the first vacuum
system while the urea melt (~ 95 wt%), by gravity & differential pressure flow, enters the bottom of second
vacuum concentrator operating at a pressure of 0.03 kg/cm2 (abs). The extracted urea melt (~99.75%
pure) from the second concentrator is sent to prilling tower. Droplets of molten urea from the prilling bucket
fall along the natural draught prilling tower and solidify and cool while encountering a countercurrent air
flow.

Below picture elucidates a short process description of Snam’s urea plant.
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Fig. 1: Basic Process Description

NEEM COATING ON UREA PRODUCT — AN EXPERIENCE AT ENGRO

a) Purpose of coating Neem on Urea Product

With 46% N content, Urea is the most popular Nitrogenous fertilizer around the world. When Urea is
applied to soil, it is first hydrolyzed into Ammonical form (Ammonium lon i.e. NH4+) and then to nitrite
(NO2-), followed by to nitrate (NO3-) forms by the process called nitrification. Nitrification process is
necessary for making nitrogen available to plants. However, if the process of nitrification is too rapid;
nitrogen will escape to atmosphere and plants will not be able to recover it from Urea efficiently. Generally,
the plants are able to recover a fraction of Nitrogen present in Urea and this fraction is known as Nitrogen
Use Efficiency (NUE). This NUE stands anywhere between 30 to 50%. Thus, two third of Urea Nitrogen
escapes from the soil and is not used by the plants. Hence this leads us to regulate the urea hydrolysis
and nitrification. This regulation is done by some chemical/natural agents called Nitrification inhibitors.
However, most of the nitrification inhibitors are costly chemicals (examples nitrapyrin, dicyandiamide and
ammonium thiosulphate) which are not economically feasible. It has been scientifically established that
Neem oil serves as an effective nitrification inhibitor whose benefits when coated on urea area mentioned
below:

e Neem coating leads to more gradual release of urea, helping plants gain more nutrients and
resulting in higher yields.

e Lower underground water contamination due to leaching of urea.
e Neem serves as a natural insecticide and an anticaking agent

b) Properties of Neem Oil

The properties of neem oil used are as follows:
1. Neem Oil purity = 98.5%+
2. Color= Yellowish brown clear liquid
3. Moisture = 0.5% Max.
4. Specific gravity = 0.9 t0 0.94 at 30 oC
5. lodine value = 65 to 80
6. Azadirachtin Content = min 150 ppm
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7. Saponification Value = 180 to 205
8. Up saponi cable matter =<2 %
9. Density of neem oil = 0.92g/cms
10. Viscosity of neem oil = 35CSt

As per standard limits of PSQA, Azadirachtin content in final product must be greater than 50 ppm
corresponding to 250ppm of neem oil coat. Engro started its coating setting a standard in Pakistan of
500ppm of neem oil coat. So, 0.5kg of neem oil is required per ton of urea. Cost of neem oil is 2.21$ per

kg.
c) Process employed for coating of Prilled Urea

1. Process Description

Coating of neem oil on urea product requires preparation of solution of neem oil in water. Neem oil is not
soluble in water so it requires an emulsification agent. On Laboratory scale, tests were done on the use of
Lab grade 25% Ammonical water as an emulsifying agent. The results were favorable for the use of
Ammonical water as an agent. It was then decided to use it in our emulsion preparation method.

Following is a block diagram of emulsion preparation process:
| |
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Fig. 2: Block diagram of emulsion preparation process

Below two images depict neem solution change in color before and after addition of emulsifying agent.

Fig. 3: Neem Oil & water (Before Fig. 4: Neem emulsion (After addition
addition of Ammonical solution) of Ammonical solution)
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Design capacity of Engro’s EnVen plant is 3835 MTPD which is
equivalent to 160TPH of product over the belt. For coating 500
ppm of neem oil over this product, first and the foremost step was
to add accurate quantities of raw materials and emulsifying agent.
For the aforementioned urea production, total neem emulsion
required was 3835kg, with pure neem oil amount of 1917.5kg (50%
of total emulsion). 0.1grams of 25% Ammonical solution is required
per 50grams of pure neem oil used and the remaining being water.
Engro’s Laboratory researched and registered its test for
determining amount of Azadirachtin in the coated product.

Fig. 5: Coated Urea on
Conveyer Belt

Below is the Process flow diagram of the facility used during coating activity
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Fig. 6: Block Diagram of emulsion preparation process

Before stating coating, stroke testing of the diaphragm metering pump was done. This testing was made
basis for selection of the pump strokes during neem coating. The stroke testing results are as mentioned

below:
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Table-1:
Pump stroke test results
Strokes Flow (Litre/min) Flow (Litre/hr)

10 05 30
20 0.980 58.8
30 1.37 82.2
40 1.87 112.2
a0 2.35 141
60 26 156
70 315 189
80 348 208.8
90 39 234
100 43 258

For a coat of 500 ppm corresponding strokes needs to be adjusted at 70%. To determine efficaciousness
of the spraying unit, we set the strokes primarily at 70% and collected a sample then adjusted them to 50%
and collected another sample. These samples reported Azadirachtin content in them to be 99.5ppm and
90ppm. Minimum limit of the active agent was 50ppm, so, strokes were further reduced to 45% and
coating as started. Following are the results obtained during coating.

Azadirachtin content in Finished Product
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Fig. 7: Active agent content in finished product

2. Required Equipment

e One transfer Pump for transferring neem oil into the tank where emulsion is to be prepared
(Capacity of used pump: 4ma/hr)

e A tank of capacity depending on the design capacity of plant (Tons per hour of product passing
through belt conveyer) (Capacity of used Tank: 4.82ma)

e Agitator for mixing and emulsion preparation (Rpm of Used agitator: 70)
e Neem emulsion storage tank (Capacity of used Tank: 4.82 ma)
e Gear Pump for transferring neem emulsion to nozzles (Capacity of gear pump used: 220LPH)

e Spray nozzles for spraying neem emulsion on urea over the belt conveyer. (Capacity of each
nozzle: 1.6LPM)
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NEEM IN PAKISTANI MARKET

Neem story is very different in Pakistan. Its oil extraction is being done in the country but at a small scale.
Neem seed and oil are not traded in Pakistani commodity market. As this tree seed and leaves have toxic
properties, so it is not fed to the animals, hence each year all its fruit and leaves are wasted. Consequent
result of less production of oil is high prices. After lots of struggles, a pharmaceutical company agreed on
selling at 9% per kg of neem oil. But purchasing at this rate was neither economically feasible nor gives a
positive message to the market. Hence, if we want to start neem coating in Pakistan permanently, either its
market needs to be improved or else oil should be imported from India or any other country where prices of
neem oil are low.

In case we are successful in marketing this Neem coated Urea, it will start a total new industry in Pakistan
with lots of parties setting up efficient Neem oil extraction plants and lively hood to thousands of people.

DISCUSSION AND BENEFITS OF NEEM COATING ON UREA

The decrease in the local urea sales whereby increasing the sale of imported urea led local fertilizer
producers to slash their prices. Consequently, to deplete our urea inventory price was lowered by PKR 70.
It is important to mention here that government, in Fiscal Year 2016-17 (FY17) budget, reduced urea
prices by PKR 400/bag to PKR 1,400/bag. But this price cutting didn't result in the expected sales. So,
Engro decided of neem coating on Urea Product, hoping to attract the customers with its uses. Indian
government decision of coating 100% produced urea further strengthened our decision. For test run
purposes, 10,000 MeT of urea was coated and sent to selected warehouses for marketing.

Engro Fertilizers Limited started first ever coating in Pakistan and homogenized the procedures for
production of Neem Coated Urea. To have a uniform and consistent coating of Neem emulsion on urea
prills and maintaining the contents of Azadirachtin in final product, Laboratory results and tests were
performed after every two hours.

Summarizing the benefits of neem coating on urea product as under:
e Increase in price of coated urea per 50kg bag

e Decrease in nitrification and consequent increase in the yield of crops thus strengthening
agricultural business

e Reduction in raw material consumption due to decrease in the amount of fertilizer required by
plants

e Reduction in environmental pollution of ground water due to leaching of nitrates and gaseous
emissions

e Lively hood to thousands of people

e Profit to the farmers due to reduction in the amount of fertilizers required per crop by
approximately 30%

e Neem serves as a natural insecticide
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