
A LATEST APPROACH 

TO 

ROMOVING NEEM OIL FROM SPILL UREA  

WITH  

ACTIVATED CARBON FILTER 
 

 
AUTHOR 

 
Prem Baboo 

Sr. Manager(Prod) 

National Fertilizers Ltd.,India 

   prem.baboo@nfl.co.in 

Sr. Advisor & Expert, www.ureaknowhow.com 

Fellow of Institution of Engineers(India) 

mailto:%20%20prem.baboo@nfl.co.in
http://www.ureaknowhow.com/


INTRODUCTION 
 

National Fertilizer Limited is comprised mainly of two Ammonia plants (Line-I and 

Line-II) having a capacity of 1750/1864 MTPD respectively based on the technology 

supplied by M/S Haldor Topsoe as limited of Denmark and two Urea plants (Line-I and 

Line-II) laid in two streams and having capacity of 3030 MTPD & 3231 MTPD 

respectively supplied by M/S Saipem of Italy. Alongside the above plants there is a 

Captive Power Plant (C.P.P) for power generation along with a waste heat boiler fired 

on turbine exhaust with supplemental firing by natural and a package boiler and 

Demineralized (DM) water Plant used to supply water to Boiler Feed Water (BFW) 

section for steam generation. 

The other offsite and support facilities include 15,000 MT atmospheric ammonia 

storage, storage for raw materials and finished products, bagging facilities to pack 

prilled urea in 50 kg bags by automatic filling cum stitching machines, The government 

of India now compulsory Neem coated urea to all fertilizers plant. So we have started 

100 % Neem coated Urea. The benefits of Neem coated urea is slow release of nitrogen. 

Less loss of nitrogen leaching & vitalization. Water treatment units, liquid effluent 

treatment facilities, workshop, warehouse, railway siding and residential buildings.  

  

WHY NEEM COATED ? 
 

Through FCO (Fertilizers Control Order), 2015 the government has made mandatory for 

all indigenous producers of urea to coat maximum of their production. 

 “Government of India has done away with the cap on neem- coated urea and now it can 

be produced 100%. It is a win-win situation for both industry and farmers. It has been 

noted that farmer’s income would increase with the help of neem-coated urea as 

productivity would increase with less usage of urea.” 

The soil health is deteriorating because of excessive use of urea slow release of Nitrogen 

urea is the solution of leached urea and votalization. 

Now all the plants of India are started neem coating urea and some minor problem 

creates to recover spill neem coated urea due to neem oil. The neem oil creates problem 

in heat exchangers fouling/scaling through emulsion and creates foaming in distillation 

tower section that is the major problem in waste water sections. Now this is the 

challenging to solve the problem. Oil accumulates on surface of heat exchanger causing 

poor heat exchange due to oil fouling in starting and consequently scaling. 

Now we are searching a technique and installed an activated carbon filter for 

removing oil from spill urea solution this type of technique is the first in India and now 

solve the problems, Now all the plant are installing the same technique to remove neem 

oil from spill urea solution. 

 

 

 



Followings are advantages of Neem Coated Urea 

1. Coating urea with Neem prevents its misuse as well as puts the fertiliser in slow 

release of Nitrogen mode. 

2. Nourishing the saplings for a longer period, and thus avoiding the repeated use of 

fertiliser.  

3. The process reduces pollution of groundwater. There is an increase in crop yield and 

efficient pest control management leading to savings. It also increases the shelf life of 

the product. 

4. Pest control. Even the rats, hare, fox are also go away due to its bitter smell. The Neel 

Gai ,Indian Name (chamois) also cannot bear its bitter smell 

WHY REQUIRMENT OF RECLAMING SPILL UREA SOLUTION 

FILTRATION? 
In the process of bagging/packing some of the bags ruptured causing spillage of urea 

that can be recovered in urea plant. “When spill urea reclaims with process stream the 

neem oil is carryover with water vapour through vacuum evaporator section. The waste 

water generated in vacuum evaporators sent to distillation tower to recover ammonia 

from waste water. In this processing neem oil creates major problem of foaming in 

waste waster section causing interruption in distillation tower & reflux accumulator, 

pressure of distillation hunts due to foaming.” 

“For Solve this problem neem oil must be removed from urea solution generated in 

dissolving area with spill urea” The only answer “Activated Carbon Filter” 

 

Salient features of cold pressed neem oil 
 
Sr. 
No 

Compound Value 

1  Azadirachtin A & B : More than 3000 PPM 

2  Nimbin : More than 4000 PPM 
3  Salannin : More than 6000 PPM 

4  Colour : Dark – Greenish Brown 
5  Odour : Garlic, Repulsive 
6  Moisture & Insoluble Impurities :         1 % 
7 Refractive index at 40°C : 1.465 to 1.4705 
8  Specific Gravity @ 30°C : 0.908 to 0.934 

9 Titer : 35.8 °C 
10  Iodine Value : 65 to 80 

11 Saponification Value : 75 to 205 
12 Unsaponifiable Matter % By weight : 2 % By Mass, 

Max 
13  F.F.A. % By Weight : Up to 15 % 

 

The spill urea reclaiming having some neem oil that Neem oil creates problem in waste 

water section because foam is produced in distillation tower and reflux accumulation 



tank that causing problem  control of waste water section. For removing that neem oil in 

spill urea an activated carbon filter is installed after lumps dissolving pump discharge. 

 

The characteristic of activated carbon used for spill Urea 
 

 
 

The activated Carbon filtering is a method of filtering that uses a piece of activated 

carbon to remove contaminants and impurities, utilizing chemical adsorption. Each 

piece of carbon is designed to provide a large section of surface area, in order to allow 

contaminants the most possible exposure to the filter media. One kg of activated carbon 

contains a surface area of approximately 222 acres. This carbon is generally activated 

with a positive charge and is designed to attract negatively charged water 

contaminants. Carbon filtering is commonly used for water purification, but is also used 

in air purifiers, oil removing from organic matter and also oil removed from spec urea 

Typical particle sizes that can be removed by carbon filters range from 0.5 to 50 

micrometres. The particle size will be used as part of the filter description. The efficacy 

of a carbon filter is also based upon the flow rate regulation. When the filtering media is 

allowed to flow through the filter at a slower rate, the contaminants are exposed to the 

filter media for a longer amount of time.  

DESCRIPTION OF THE PROCESS 

The Urea solution from dissolving tank is pumped in a column which contains active 
carbon, this solution leaves the column through a draining system. Before feed in 

Activated carbon column the solution is passed through filters so that dirt particles 
removed. The activity of an active carbon column depends on the temperature and the 

nature of the substances. Solution goes through the column constantly, which gives an 

accumulation of substances in the filter. For that reason the filter needs to be replacing 

periodically. A used filter can be regenerated in different ways; granular carbon can be 

regenerated easily by oxidizing the organic matter. The efficiency of the active carbon 
decreases by 5 - 10% 1). A small part of the active carbon is destroyed during the 



regeneration process and must be replaced. If you work with different columns in 

series, you can assure that you will not have a total exhaustion of your purification 
system. 

DESCRIPTION OF ADSORPTION OF OIL FROM UREA SOLUTION: 

Molecules from liquid phase will be attached in a physical way to a surface; in this case 
the surface is from the active carbon. The adsorption process takes place in three steps: 

 Macro transport: The movement of oily material through the macro -pore system 

of the active carbon (macro-pore >50nm) 
 Micro transport: The movement of oily material through the meso-pore and 

micro-pore system of the active carbon (micro-pore <2nm; meso-pore 2-50nm) 

 Sorption: The physical attachment of oily material on the surface of active carbon 
in the meso-pores and micro-pores of the active carbon. 

The design of  activated carbon filter for Urea solution services, filtration media Neem 

oil is not a conventional type ACF like water filtration because corrosive nature of Urea 

in place of sand/gravel, Silicon rubber or polyethylene material are used and the bed 

height is normally less about 3.0-3.5 meter and diameter  of ACF is about 0.9-1.3 meter. 

Urea flow rate about 5-7 m3/hr having temp 60-80 deg C and Concentration of urea 

about 40-42%.Vessel material is  SS 304L  Filtration rate(HSV) is about 0.88-1.3 

m3/hr.m2. Pressure of Flow is about 4.0-4.5 Bar. Activated Bed depth about 2.0-2.5 

meter. You can design as per your requirement as per dissolving rate.  

The main objective of this installation is to examine the removal of oil from oil–urea 

solution system by adsorption on powdered activated carbon (PAC) on different value 

like residence time, surface area etc.. The results gave evidence of the ability of the 

adsorbents to adsorb oil and that the adsorptive property of the three adsorbents has 

been influenced by different factors. The effects of contact time, the weight of 

adsorbents and the concentration of adsorbate on the oil adsorption have been studied. 

Oil removal percentages increase with increasing contact time and the weight of 

adsorbents, and decrease with increasing the concentration of adsorbate. Equilibrium 

studies show that the Freunlich isotherm was the best fit isotherm for oil removal by 

bentonite, PAC, and DC. The data show higher adsorptive capacities by DC and bentonite 

compared to the PAC. 

Adsorption isotherms describe how adsorbate interacts with adsorbents and are 

important in optimizing the use of the latter. Adsorption process is the physical 

adhesion of the polluting chemicals onto the surface of a solid. A wide range of materials 

for urea solution remediation have actually been employed in recent months. The 

activated carbon, is an adsorbent that is commonly used in the removal of a wide 

variety of organic compounds including oil from urea solution and has proven to be 

technically feasible, we have practically proved the process and it is proven. Those who 

have the problem of oil in the process can be applied the same. 



 “The adsorption of a substance from a liquid phase to the surface of a solid phase in a 

system leads to a thermodynamically defined distribution of that substance between the 

two phases when the system reaches equilibrium; that is when the rate of adsorption of 

solute onto the surface of the adsorbent is the same as the rate of its desorption from 

the surface of the adsorbent.” Therefore, there is no further net adsorption occurs. 

Several mathematical relationships have been developed to describe the equilibrium 

distribution of solute between the solid and the liquid phases at a constant temperature 

and thus aid in the interpretation of the adsorption processes. The most widely used 

models are the Langmuir and the Freundlich isotherms. They are useful for describing 

the adsorption capacity of a specific adsorbent. 

The Langmiur isotherm 

The Langmiur equation for solid–liquid system is commonly written as: 

Equation (1) 

                                    ………………………………………………………………… (1) 

where qe is the amount of adsorbate per unit weight of adsorbent (mg/g), Ce is the 

concentration of adsorbate in solution at equilibrium after the adsorption is complete 

(mg/L), KL is the amount of solute adsorbed/unit weight of an adsorbent in forming a 

complete monolayer on the surface (mg/g), and b is the constant related to the energy 

or net enthalpy of adsorption. 

The linear form of Langmuir expression is 

Equation (2) 

      …………………………………………………………………. (2) 

Therefore, a plot of  Ce/qe versus Ce gives a straight line of slope b/KL and intercepts 

1/KL. 

The essential characteristics of the Langmuir isotherm could be expressed in terms of a 

dimensionless constant, separation factor or equilibrium parameter r that is defined as 

follows-  

                         ………………………………………………….………………..… (3) 



Where C0 is the initial adsorbate concentration (mg/L) and b is the Langmuir constant 
related to the energy of adsorption (L/mg). The value of r indicates the shape of the 
adsorption isotherm to know whether adsorption is unfavourable (r > 1), linear (r = 1), 
favourable (0 < r < 1), or irreversible ((r = 0). 

For preliminary studies, the extracted oils from the studied oil–urea solution samples 

were determined before and after treatment at different conditions like time weight etc 

and the results are given in Table- 1 

 

 

Table-1 

 

The above results show the adsorption is directly proportional to the residence time of 

the fluid stream. Also the temperature is also the factor which was not consider above 

results was on constant temperature i.e. 78 0C.The flow rate control by inlet control 

valve. When the flow reduces the temperature automatically rise because the tracing 

steam in lined. 



 

 

Fig.-1 

We are dissolving about 4-5 TPD plus normally urea spillage/lumps during 

interruption. This device is perfect for removing Neem oil from spillage urea. Operation 

is not continuous. Back wash with DM water provision with delta P reached more than 

1.0 kg/cm2. PG etc accessories are required. The whole arrangement as following 

drawing Figure 2.Process Flow diagram as shown in the figure -1. 



 

Fig.-2 

 

 

Fig. -3(Installation Job under progress) 

The urea solution feed from 

top of the filter. One 

backwashed line is also taken 

from top and backwashed 

inlet line 2” is the hot water 

injection from out let line. The 

ACF backwashed when ∂P 

reached about more than 1.0 

bar. Normal ∂P is 0.3-0.5 bar. 

The backwashed urea 

solution is collected in 

effluent basin and sent to ETP 

for bio hydrolysis of urea 

effluents. 



CONCLUSION: 
 

We had faced the problem in line-I of urea plant of oil in reclaimed urea solution from 

about one year including one annual shut down. All the heat exchanger of common 

section E-18A/B (distillation tower feed Exchanger), E-19A/B/C (Hydrolyser pre 

heater) were found badly choked from neem oil emulsion with water and sediments. 

The problem of foaming in distillation tower and reflux accumulator causing 

interruption in maintaining pressure and level of accumulator, due to which more 

requirements of steam in distillation tower i.e. energy loosed. The result also indicate 

that micro-sized oil particles is a favourable sorbent for non-polar substance such oily 

product. Finally we have installed activated carbon filter for removing neem oil from 

reclaimed urea solution. The project is running satisfactory and no foaming problems 

are observed till date and no heat exchanger efficiency down, no fouling/scaling on heat 

exchangers observed, about 90-98 % Neem oil removed by activated carbon filters 

according to temperature maintain by urea solution, flow rate of urea solution and 

tracing steam on activator carbon filter. 
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