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ABSTRACT

Indian Farmers Fertilizer Cooperative Limited (IFFCO) was established on 3rd
November, 1967 as a multiunit cooperative organization of board objectives
of augmenting fertilizer production, ensuring fertilizer availability at farmers
door step, strengthening cooperative fertilizer distribution system and
educating training and guiding the farmers for improving agriculture
productivity.

Aonla unit of IFFCO is one of the six natural gas based fertilizer plants to be
setup in the country on HB]J pipeline which runs through four states. The
original HBJ pipeline comes from Hazira. IFFCO Aonla is 18 km southwest of
Bareilly-Aonla Road.

The project consists mainly of Ammonia plant, Urea plant and Offsite facilities
like Water Treatment System, Inert Gas Plant, Instrument Air Plant, Bagging
Plant, Laboratory and Storage for spares consumable and products. In
addition of these infrastructure facilities such as railways, siding etc. are also
created. [IFFCO Aonla was mechanically completed in the record time of 36
months.

To get the maximum of the project IFFCO Aonla has two urea production units
Urea-I and Urea-II and each of these two units has two sub-units. Each of these
two units has one prill tower (common of two sub-units).

IFFCO Aonla also has facilities for the storage of Naptha that could be used as
an alternative fuel, when Natural Gas is not available. This contains liquid
waste treatment units in approximately each plant, that's why IFFCO Aonla is
zero liquid effluent discharge plant.
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I. INTRODUCTION (ABoOUT IFFCO)
Indian Farmers Fertiliser Limited also known as IFFCO, is the world’s largest
Fertiliser cooperative federation based in India. IFFCO has 40,000
member cooperatives. IFFCO has been ranked#37 in top companies in India in
2011 by Fortune India 500 list.
IFFCO AONLA (Bareilly) is mainly committed to the production of Urea and has
two units for Urea Production (AONLA -1 and AONLA-II).The total plant
production is given below:

AONLA UNIT

YEAR OF COMMISSIONING 1988

INITIAL INVEATMENT Rs. 6,516 MILLION (AONLA-1)
YEAR OF EXPANSION 1996

INVESTMENT Rs. 9,547 MILLION (AONLA-II)
YEAR OF DEBOTTLENECKING 2008

INVESTMENT Rs. 1,492 MILLION

PrRODUCT CAPACITY TECHNOLOGY
AMMONIA 1.148 MMT/YEAR HALDOR TOPSOE, DENMARK
UREA 2.000 MMT/YEAR SNAMPROGETTI, ITLY

1. WHY UREA?

Urea or carbamide is an organic compound with the chemical
formula CO(NHz)2. The molecule has two —NH> groups joined by a
carbonyl (C=0) functional group.

Page 6
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¢ Properties of Urea:

Structure:

O

PR

H,N”~ “NH,

Melting point: 133-135 °C
Dipole moment: 4.56 D
Flash Point: Not Flammable
Appearance: White Solid

+ Uses of Urea:

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.

» Action of Urea in Soil:

Many soil bacteria possess the enzyme urease and the
following reaction occurs:

UREA + UREASE — Two0 AMMONIA MOLECULE + CARBON
DIOXIDE

Thus urea fertilizers are very rapidly transformed to the
Ammonium form in soils. Ammonium and nitrate are
readily absorbed by plants, and are the dominant sources of
nitrogen for plant growth. 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 .

Page 7
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For fertilizer use, granules are preferred over prills
because of their narrower particle size distribution, which is
an advantage for mechanical application.

e Explosive:
Urea can be used to make UREA NITRATE, a high explosive that is
used industrially and as part of some improvised explosive
devices.

e Chemical Industry:

Urea is a raw material for the manufacture of many important
chemical compounds, such as

v’ Various plastics, especially the UREA-FORMALDEHYDE RESINS.

v’ Various adhesives, such as urea-formaldehyde or the urea-
melamine-formaldehyde used in marine plywood.

v’ Potassium cyanate, another industrial feedstock.

II. UREA MANUFACTURING PLANT
The Urea Manufacturing Plant (IFFCO) is divided into three parts:
1. Steam and Power Generation Plant
2. Off site Plants
3. Production Plants (Urea and Ammonia Plant )

FLOW OF UREA FROM PLANTS TO FARMERS:

OFFSITE PLANTS UREA PLANT
AMMONIA PLANT

A 4

\ 4

BAGGING PLANT
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1. STEAM AND POWER GENERATION PLANT
For efficient and uninterrupted running of a fertiliser plant a reliable
source of power is very much essential. All the major rotating
equipments of Ammonia and Urea plants are driven by electric motors.
To meet the demand of high pressure steam and dependable electric
power, The Steam and Power Generators have been installed. The steam
generators of Aonla unit supplies high pressure steam to the process
plants and gas turbine generator meets the power requirement of the
plants.

IFFCO Aonla has two Gas Turbine Generators (GTG), each has a capacity
of 18 MW. So, IFFCO is generating in total 36 MW. The Flow Chart of the
Steam and Power Generation Plant has been given below:
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> POWER GENERATION
Power Generation in IFFCO is done by GAS TURBINE GENERATOR (GTG). Gas
Turbine Generators basically involve three main sections:

o The compressor, which draws air into the engine,
pressurizes it, and feeds it to the combustion chamber at
speeds of hundreds of miles per hour.

« The combustion system, typically made up of a ring of fuel
injectors that inject a steady stream of fuel into combustion
chambers where it mixes with the air. The mixture is
burned at temperatures of more than 2000 degrees F. The
combustion produces a high temperature, high pressure gas
stream that enters and expands through the turbine section.

o The turbine is an intricate array of alternate stationary and
rotating aerofoil-section blades. As hot combustion gas
expands through the turbine, it spins the rotating blades.
The rotating blades perform a dual function: they drive the
compressor to draw more pressurized air into the
combustion section, and they spin a generator to produce
electricity.

EXMAUSY
4
run,
- .

2 i
| COMBUBTOR

comr & — GENERATON
. ‘

1
1. TURSINE
A

FLOW CHART
First air from atmosphere is compressed in compressor then compressed air
enters in combustion chamber along with a fuel (In IFFCO fuel that is
commonly used now a days is Natural Gas). After combustion the mixture of
gases acquires a very high temperature and a high pressure then it rotates the
turbine, from turbine we get electricity.
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So, now we have two options:
= Exhaust gases of turbine at a temperature of about 500°C could be
vented into atmosphere.
= We could also utilize the energy of these gases to generate steam.

If we follow first case efficiency of our plant would be about 27% and if we
follow second one, efficiency of our plant would be 87%. So, IFFCO follows the
second process. There is also a stack for the gases to exhaust that is being
used in case of any problem in Heat Recovery Steam Generating Units (HRSG).

HEAT RECOVERY STEAM GENERATORS (HRSG)

To the stream 4 in the above flow chart a HRSG unit is connected to utilize the
heat contained in the exhaust gases by converting water into HIGH PRESSURE
STEAM. Exhaust gases of HRSG is vented to atmosphere through stacks.

Gases enters in HRSG units are not sufficiently heated so as to obtain high
pressure steam. So, Heaters are provided in the HRSG units through which we
obtain desired temperature in the HRSG units.

The water that enters in the HRSG units to get converted into High Pressure
Steam , first passed through Deaerator then, through BOILER FEEDWATER PUMP
(BFW) water is pumped to HRSG units and boiler.

= DEAERATOR: Deaerator is a device that is used to remove mainly Oxygen
and Carbon Dioxide from feed water of plants.
Dissolved oxygen in boiler feed water causes corrosion damage in steam
systems by attaching to the walls of metal piping and other metallic
equipment and form oxides (rust). Dissolved Carbon Dioxide forms
carbonic acid which further leads to corrosion (rust).

The plant also contains a Steam Generator (SG) unit to generate HP steam.
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» STEAM GENERATOR (SG)
Steam Generator is used to generate High Pressure, Medium Pressure
and Low Pressure steam. Flow chart of the Steam Generator is given
below:

FLOW CHART

Components of Steam Generator:

e ECONOMIZER:
An Economizer for a heat recovery steam generator utilized to

improve the efficiency of the Rankine cycle by preheating the
water that flows to the evaporator section.

e BOILER:
This section simply contains two drums and two tubes connecting
them. Two drums are WATER AND MUD DRUMS. Water (Steam)
through these tubes due to Density Difference that is due to
Temperature Difference.

e PRIMARY AND SECONDARY SUPER HEATERS (PSH AND SSH):
This section has been connected after boiler and the output of
secondary super heater is the high pressure steam. The heat
required in these heaters is given by the combustion of natural
gas (NG) as shown in the above flow chart.
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> NAPTHA STORAGE PLANT
e WHAT IS NAPHA?
Naphtha normally refers to a number of flammable liquid
mixtures of hydrocarbons, i.e. a component of natural gas
condensate or a distillation product from petroleum, coal tar,
or peat boiling in a certain range and containing certain
hydrocarbons. It is a broad term covering among the lightest and

most volatile fractions of the liquid hydrocarbons in petroleum.
Naptha is a colorless to reddish-brown volatile aromatic liquid,
very similar to gasoline.

e NAPTHA IN PLANT
[FFCO buys Naptha from outer agencies and it comes in the plant
through trains. Pipelines are available with required pumps to
store naptha in large tanks. Naptha is used as a fuel in power and
ammonia plant but now a days it is not in use and in place of it
Natural gas (from HAZIRA-BIJAPUR-JAGDISHPUR (HB]J) Pipeline)is
used. Still, for any emergency a sufficient quantity of naptha has
been kept in a tank.
* FIRE SAFETY IN NAPTHA STORAGE
Because naptha is a mixture of flammable hydrocarbons so, a
strong safety is required.
Automatic Mechanism to extinguish fire:
Every tank is connected to two pipelines of FIRE SAFETY
DEPARTMENT. One pipe contains a heat sensitive liquid at 6 atm

pressure and this pipeline has been rounded through upper
open face of tank and about 28 small bulbs (in a tank) have
been connected to this pipeline and other one has the

provision for the flow of a mixture of foam and water to
extinguish fire.

So, in case of fire in tank temperature increases as a result of
which the bulbs get fused that leads to several holes in the
pipeline, as a result of which pressure in pipe decreases then
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automatically entry valve of second pipe gets opened and
mixture of foam and water starts coming. So, this does not
require labor and is completely automatic system.

2. OFFSITE PLANTS
Offsite Plants are to support production plants. Without offsite plants,
production plants have no existence. So, offsite plants are of great
importance.
Following are the plants come under offsite section:

Raw water system

Water Treatment Plant (Demineralized Water Plant )

Cooling Towers

Effluent Treatment Plant

Instrument Air Plant

Inert Gas Generation Plant

Ammonia Storage Plant

YV YV VVYVYY

» RAW WATER STORAGE
water obtained from natural sources like rivers, lakes, ponds or sub soil
water is not fit for use directly as boiler feed water, modern high
pressure boilers need feed water which should be of high degree of
purity and conditioned with certain chemicals.

The surface water is generally more turbid but has comparatively less
dissolved salts. The underground water is well filtered under the crests
of earth and turbidity from 2 to 5 ppm on silica scale but dissolved salts
are more and sometimes render the water useless for industries without
proper treatment.

Thus surface water, if available in plenty is preferred because of its
purity and less laborious treatment.

In IFFCO underground sub soil water is the only source of raw water.
Raw water from raw water storage is used for following purposes:

= [n Water Treatment Plant




UREA MANUFACTURING PLANT (IFFCO) |

= Cooling Water Make Up

= For Fire Protection System
= For Cleaning Plant Area

* For Drinking Purpose

Raw water is stored in Raw Water Storage Tank and is supplied
continuously where it needs.

Major demand of raw water at IFFCO is given below:

1. Raw water requirement for 12 hours of plant operation at the root of
1500 m3/hr = m3.
2. Reserve fire water required for 24 hr supply.

Characteristics of Storage Tank:

Total storage capacity = 32760 m3
One Raw Water Storage Tank = 33696 m3
Volume of storage tank =78 m * 108 m * 45 m

Separate tank for drinking water is provided in which there is no
storage of water, water comes in and continuously goes out.

» DEMINERALIZED WATER PLANT
Underground water cannot be used directly in the plant because it
contains little impurities and high concentration of dissolved salts. The
dissolved salts are of numerous kinds but most significant among them
are chlorides, sulphates, carbonates, bicarbonates, and silicates of
calcium, magnesium, sodium and iron. The dissolved salts of calcium
and magnesium make the water hard.
Hardness is of two types, Temporary and Permanent Hardness.
Temporary hardness is due to the presence of carbonates and
bicarbonates of calcium and magnesium. Permanent hardness is caused
by chlorides and sulphates of calcium and magnesium.
Bicarbonates of calcium and magnesium and sulphates of calcium form

hard scale on boiler tubes.
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Silica gets deposited on the blades of condensing turbine resulting in
lower turbine efficiency and unbalance of rotors causing mechanical
failure.

Underground water specifications:

e Turbidity - 5 ppm

e Total alkalinity - 424 ppm as CaCOs3
e Total Hardness - 348 ppm as CaCO3
e [ron-0.06 ppm as Fe

e TDS-650ppm

e Silica-16to 33 ppm as SiO:

e PH-78

The water that could be used in Plant (D. M. Water) should have
following specifications:

e PH-68t07.3

e Silica <0.02 ppm

e Total Electrolytes - 0.1 ppm (Max)
e Hardness - Nil

v' CHEMISTRY OF WATER TREATMENT PROCESS
Demineralization or better said De-ionization is the exchange process of
ions, positively and negatively charged. Salts dissolved in water ionize
into negatively and positively charged ions.
For example, a salt calcium sulplate CaSO4 will ionize into acidic ion Ca**
and the conjugate basic ion SO4~ . In order to remove this salt CaSO4
from water, these ions must be removed separately.
The first step of exchange process, the ionized cations (positive ions)
are exchanged from the hydrogen ions associated in the fish net like
matrix of solid resin. Then the water is passed over other resin whose
matrix is having OH-mobile ions to exchange the anions (Negative ions).

Some reactions showing how cations and anions are removed through
resin (Re) are given below:
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Exchange of cations:
, ReH + C(CaS0s — RexCa + H2504
v  Re2Ca + 2HCI — 2ReH + CaCl;

Exchange of Anions:
v ReOH + HCI — ReCl + H0
v ReCl + NaOH — ReOH + NacCl

The first reactions are the cation or anion removal and second one are
resin recovery reaction.

il

s e .
— )
——

WHITE TANK FILLED WITH HYDROCHLORIC ACID FOR RECOVERY OF RESIN.
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Flow chart of DM Plant is given below:

FLow CHART OF DM PLANT

SiLicA REMOVAL REACTION:
ReOH + H,Si0s — ReHSiOsz + H:0

First water is passed through sand filter in which sand is thrown out
from water and then to cation and anion removal units which are
completely filled with resin and water is poured in the tanks from upper
side and exit of water is at bottom of tanks, so Resin adsorbs the cation
and anion. The resin in the DM Plant keep regenerating in short
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intervals of time by passing it through different solutions (NaOH, HCI,
H2S04).

Degasifier removes acids like Carbonic acid and air is continuously
passed through degasifier.

FANS TO SUCK AIR FROM ATMOSPHERE USED IN DEGASIFIER UNIT
Reaction in Degasifier:

H2C03 — HzO + COZ

» COOLING TOWERS
Most of the units of any chemical plant are Heat Exchangers (may be
condenser, Boiler or Evaporator). So, every heat exchanger requires a
cold fluid to absorb heat and one hot fluid to release heat.
In most of the heat exchangers cold fluid is water and the plant to cool
water is called cooling tower.
Cooling Tower is also a type of heat exchanger and in IFFCO heat
absorbing fluid is air and heat releasing fluid is water. So, water cools
down in this process.
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A VIEW OF CoOLING ToWERS oF IFFCO

Round shapes in the above photo at the top are Induced Draft (ID)
Fans. ID Fans suck air from atmosphere passes it through water, so
air comes in contact with water and heat transfer takes place as a
result of which water cools down.

Chlorine (stored in yellow tanks) is also mixed in water to kill
bacterias and to increase its purity level. Hydro Chloric acid and
Hydrogen Sulphate are also mixed to maintain PH of water.
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> EFFLUENT TREATMENT PLANT

Effluent treatment plant is for the treatment of waste water of

Ammonia and Urea Plant. Waste water contains a little bit ammonia,
salts and several other impurities. The flow chart of Effluent
Treatment Plant is given below:

WASTE WATER >

CONTAMINATED
EFFLUENT TANK

Air out

—

N

Steam out

/\/

N

AIR STRIPPER

STEAM

e

STRIPPER

N

irin team in

GUARD POND

By

USED

FOR IRRIGATION

GUARD POND
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In the air stripper air comes in at bottom and comes out with

impurities at top.

In the steam stripper steam comes in at bottom and comes out

with impurities at top.

» INSTRUMENT AIR PLANT

Atmospheric air can’t be used directly to open and close valves
because it contains moisture and many other impurities that
could cause corrosion and could Kill the life of valves.

So, Air used in plants is moisture and impurities free and is
known as instrument air. Instrument air is in use in each of the
plants and is kept in green color tanks in every plant.

Flow chart of Instrument Air Plant is given below:

ATMOSPHERIC A|[r> DRYER

AN
N

BED OF
ACTIVATED

ALUMINA

N

INSTRUMENT AIR >

Page 22



UREA MANUFACTURING PLANT (IFFCO) |

> INERT GAS PLANT
In this plant inert gas (N2) is generated, which is used for
purging and for Production of Ammonia in Ammonia Plant.

AN

SEO
us
N2

AT
=

Flow Chart of Inert Gas Plant is given below:

DRYER CoLD BOX FRACTIONAL
ATMOSPHERC AIR > DISTILLATION

OTHE

LiQul
DS

Cold box (cuboidal Box) contains there units:

e Heat Exchanger
e Expansion Turbine
e Condenser

v" FRACTIONAL DISTILLATION: Fractional Distillation is the
method of separating two fluids on the basis of their
boiling points. Because Nitrogen is most light here so, we
get Nitrogen at the top in the gaseous form.
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» AMMONIA STORAGE
Ammonia is stored in Ammonia storage tanks so that in case of
any problem in the Ammonia Plant, Ammonia could be
supplied from these tanks.
Ammonia is stored at a gage pressure of 400 mm water at a

temperature of -33 °C in liquid form. Gaseous Ammonia is
continuously returned back to Ammonia Plant.

AMMONIA STORAGE TANK
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3. AMMONIA PLANT
Ammonia is a important raw material to manufacture Urea.
Ammonia is manufactured in Ammonia Plant. Ammonia plant is
based on HALDOR TOPSOE TECHNOLOGY.
To manufacture ammonia, we need hydrogen and nitrogen in
gaseous form. We get Nitrogen from Inert Gas (From
Atmosphere) plant and hydrogen from Natural Gas.
Natural Gas is supplied at the battery limit by GAS AUTHORITY OF
INDIA LIMITED (GAIL) from gas wells located in Bombay through
HAZIRA-BIJAPUR-JAGDISHPUR (HB]) Pipeline.

GAIL has plans to set up certain facilities for extraction of
higher hydrocarbons from the gas due to which the gas would
become leaner.

Properties of Rich and Lean Gas (Gas by GAIL)
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To get the Ammonia manufactured, the following steps should be
followed:

» Desulphurization

» High Pressure Catalytic Reforming

» Water Gas shift reaction

» Carbon Dioxide absorption and stripping
» Ammonia Synthesis

» Refrigeration

Pre-

Reformer Process

Air Comp.

Recycle gas

Steam

LNG /NG
Shift

Converters

Primary
Reformer

Secondary
Reformer

phuriser A

Steam
r "
Co2
. Syn.&
Removal =] Metha Syn.Gas EA Rgfrign Synthesis
Section nator Compressor I ' Converter
oop
v
PGR 1 Ammonia
S

02

+ =

FLOW CHART OF AMMONIA PLANT
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» DESULPHURIZATION
Natural Gas contains sulphur compounds in the form of
sulphides, disulphides, mercaptions, thiophenes etc. which are
poisonous to the catalysts used in Ammonia plant.
Two steps in Desulphurization:

Hydrogenation of sulphur compounds in the presence of
catalyst. Hydrogen reacts with organic sulphur
compounds to form hydrogen sulphide in HYDROGENATOR.

This hydrogen sulphide is absorbed by zinc oxide in
sulphur absorber.

HYDROGENATION
Common type of sulphur compounds present in Natural
Gas:

v Hydrogen Sulphide (H2S)

v Mercaption sulphur (R-SH)

v" Sulphides (CH3-S-CH3)

v" Disulphides (CH3-S-S-CH3)

v" Cyclic Sulphides (-S-CHz-)

Reactions in the hydrogenation process:
RSH + Hz — RH + HaS
COS + Hz — CO + HaS

Favorable temperature for this reaction is between 380
to 390 °C.

SULPHUR ABSORPTION
Each reactor contains 13.8 m3 of Zinc O xide.

Page 27



UREA MANUFACTURING PLANT (IFFCO) |

Reactions:
Zn0 - H>S
Zn0 + COS

Il

/nS + H20
nS + CO2

I

Now the gas is sent to primary reformer.

» PRIMARY REFORMER

In primary reformer hydrocarbons are converted into
hydrogen

Reforming Reactions:
CnH2ns2 + nH20 + Heat — nCO + (2n+1)H:

Heat is supplied by burning mixed fuel gas in 576 fired wall

burners and 208 tubes. Catalyst used in primary reformer is
Nickel based.

PRIMARY REFORMER
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» SECONDARY REFORMAR
In the secondary reformer combustion and reaction of the
primary reformed gas with process air takes place.
Secondary reformer is a conical cylindrical vessel. High
pressure shell is insulated from inside with refractory
material to protect shell from high temperature. The reaction

with air in the secondary reformer combustion zone is as
follows:

3H2 + 1.502 + 3.715N; = 2H20 + 3.175N2 + H:20
2CHs +1.502 +13.00N2 = CO2 + CO +4H2 + 13.00N2 + Heat

SECONDARY REFORMER
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» SHIFT CONVERSION
Shift conversion means the reaction of carbon mono oxide and
steam to produce carbon dioxide and hydrogen. The
conversion takes place in two reactors high temperature shift
reactor and low temperature shift reactor.
e HIGH TEMPERATURE SHIFT CONVERSION
The following reaction takes place:
CO + H,0 = C(CO; + H; + Heat
As indicated by the reaction carbon mono oxide is converted
into carbon dioxide and getting an additional mole of
hydrogen. The reaction gives about 65 °C temperature rise
when passes through catalyst bed.
Approximate analysis of the gas leaving high temperature
shift converter is given below:

Gas Mole %
H> 60.22 %
N> 20.73 %
CcO 3.15 %
COz 15.37 %
Ar 0.25%
CHa 0.28 %
Steam 0.394 %

e LOwW TEMPERATURE SHIFT CONVERSION
The gas coming out of high temperature shift converter
contains 3.15% of carbon mono oxide that should be
reduced to lower values before sending to COz removal and
methanation. Temperature in LT shift converter is
maintained between 200 to 240 °C.
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Approximate analysis of gas leaving the LT shift converter:

Gas Mole %
H> 61.34 %
\p 20.15 %
COz 17.25 %
Ar 0.24 %

CH4 0.27 %

Steam 0.355 %

» PROCESS CONDENSATE STRIPPING AND CO2 ABSORPTION
After low temperature shift conversion the process
condensate is sent to process condensate stripping section.
Process condensate is sent to the stripper to remove volatile
gases such as ammonia, methanol, and carbon dioxide. Process
condensate stripper has 28 trays. Steam is pumped at bottom
and condensate is flooded at top of vessel.
Carbon dioxide (COZ2) is removed from the process gas by
absorption in a solution of potassium carbonate known as
Benfield. The gas is contacted with the Benfield solution in an
Absorber and leaves at the top. The solution itself is

regenerated by heating in a stripper column and the released
COZ2 is used as a feedstock in the production of Urea.
Absorption of carbon dioxide by Benfield solution:

K.CO3 + H;0 + CO, = 2KHCOs3
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» METHANATION
The gas stream leaving the Absorber consists primarily of
hydrogen and nitrogen in addition to small quantities of
unabsorbed carbon oxides. Since carbon dioxide and carbon
monoxide would poison the ammonia synthesis catalyst, the
concentration must be reduced to less than 10 ppm. In the
Methanator the carbon oxide and carbon monoxide is
converted back to methane over a Nickel catalyst in a reaction
which is reversed to that of steam reforming.

METHANATOR

Reactions in Metanator:
CO + 3H2 = CH4 + H20 + Heat (Nickel Catalyst)
CO2 + 4H2 = CH4 + H20 + Heat
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» AMMONIA SYNTHESIS

The process gas leaving the Methanator is compressed
and sent to the ammonia synthesis reactor which is a
vessel containing four beds of catalyst. The first bed is
Iron Oxide i.e. magnetite while the other three contain a
Ruthenium based catalyst.

This latter catalyst allows conversion of hydrogen and
nitrogen into ammonia at lower pressure and
temperature and with greater yield.

AMMONIA REACTOR
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> REFRIGERATION

compre

Gaseous NH; ssor

The effluent from the ammonia converter is cooled
successively with incoming feed gas, cooling water, and
refrigerated ammonia liquid to condense the ammonia in the
stream at -280F. The liquid is then pumped to storage tanks
where the temperature is maintained in order to keep it in the
liquid state. The unreacted hydrogen and nitrogen is returned
to the synthesis converter as an uncondensed recycle gas
stream.
At IFFCO refrigeration circuit is three level chiller (chiller
cools but don’t change state while condenser changes state as
well):

e High Level Chiller

e Medium Level Chiller

e Low Level Chiller

Flow chart of Refrigeration cycle:

Medium Level
High Level Chiller > Chiller

N/

Low Level
To UREA AND AMMONIA STORAGE Chiller
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4. UREA PLANT
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A VIEW OF UREA PLANT
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> REACTIONS:
Urea is produced from ammonia and carbon dioxide in two
equilibrium reactions:
2NH3 (Lig.) + CO2(g) = NH2COONHs — Exothermic Reaction
(Ammonium
Carbamate)
NH:COONHs+ = NH:CONH: + H20— Endothermic Reaction
(Urea)

Overall reaction is Exothermic.
Reaction 1 is favored when solution pressure is greater than
decomposition pressure.
Decomposition pressure is the pressure at which carbamate
decomposes into ammonia and carbon dioxide.

NH2COONHs = 2NHs + CO2
Decomposition pressure is a function of concentration of
Ammonia and temperature.

The urea manufacturing process, is designed to maximize
these reactions while inhibiting biuret formation:
2NH2CONH2, = NH:CONHCONH2 + NHs

(Biuret)
This reaction is undesirable, not only because it lowers the
yield of urea, but because biuret burns the leaves of plants. This
means that urea which contains high levels of biuret is not
suitable for use as a fertiliser.
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» PROCESS IN PLANT
Plant at I[FFCO is based on SNAMPROGETTI TECHNOLOGY.
Urea production is based on the reaction of ammonia and
carbon dioxide in urea reactor and all other units besides it
are designed to maximize the efficiency of plant.

UREA PLANT FLOW CHART

Urea is manufactured by direct synthesis of gaseous COz and liquid
NHs. The process consists of following operations:

e Urea Synthesis

e High Pressure Recovery

e Medium Pressure Recovery
e Low pressure Recovery
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e Urea Concentration
e Waste Water Treatment
e Urea Prilling
o UREA SYNTHESIS
Both the raw materials are supplied by ammonia plant. Liquid
Ammonia along with carbonate solution pumped in the reactor
at bottom. COz along with atmospheric air in also pumped in

reactor.
TUrea I i I :
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Following reaction occurs in this reactor:
2NH3 (Lig.) + CO2(g) = NH2COONHs — Exothermic Reaction
(Ammonium
Carbamate)
NH2COONHs = NH2CONH: + H20—> Endothermic Reaction
(Urea)

Overall reaction is Exothermic.

Oxygen in the air (supplied with carbon dioxide) forms a
passive oxide layer on the insides of vessel surfaces to prevent
corrosion by carbamate and urea.

The Reactor product contains 38 % by weight Urea.

e HIGH PRESSURE STRIPPER
Urea enters the tube of HP Stripper operating at 147 atm/190
°C which is falling type heat exchanger. The stripper tubes are
provided with liquid dividers also called ferrules.
Urea reactor supplies a mixture of urea, ammonia, carbon
dioxide, water and carbamate. In the HP Stripper unconverted
is converted into ammonia and carbon dioxide by using
Henry's Law.
HENRY’S LAW in HP stripper:
Excess of ammonia is passed due to which partial vapor

pressure of ammonia increases, by Henry’s law concentration
of ammonia should increase in solution that could only be
achieved by decomposition of ammonium carbamate.
Following reaction occurs in HP stripper:

NH:COONHs = 2NHs3(Lig.) + CO2(g)
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e HIGH PRESSURE CONDENSATION AND SEPARATION
Gases from high pressure stripper enter in HP Carbamate
condenser in which most of the ammonia and carbon dioxide
reacts to form ammonium carbamate.
Condensate from HP Carbamate condenser is passed to HP
Carbamate Separator which passes liquid carbamate again to
Urea Reactor and urea to MP Decomposer.

e MEDIUM PRESSURE SECTION
The MP Decomposer consists of three parts. The top part is MP
Separator, the middle is MP Decomposer and bottom one is MP
Urea solution holder. The urea from stripper is let down to 18
atm from 147 atm. As a result of pressure let down some
solution flashes, producing vapors of ammonia carbon dioxide
and water. The heat of vaporization is taken from 207 to 140
°C. This solution is then distributed over bed of pall rings in the
MP Separator. The vapors rising from the MP Decomposer
below come into intimate contact. Thus more carbamate is
decomposed by hot vapors. These vapors now filled out of MP
Condenser.
The MP Absorber consists of two sections. The top section sis
called the rectification section and the bottom portion is called
absorber section. The liquid and vapor mixture from medium
pressure condenser enters the absorber portion of MP
absorber comes out through a sparer. A liquid level is always
maintained above the sparer to absorb vapors of ammonia
carbon dioxide and water.
The purpose of this section is to partially strip out the
reactants, ammonia and carbon dioxide from the urea solution
and, after their condensation in water, to recycle the obtained
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solution to the reactor, together with the ammonia and carbon
dioxide aqueous solution resulting from the downstream
sections of the plant. The ammonia excess is separated in this
section and recycled to the reactor separately. A distillation
column is provided for this purpose. The operating pressure is
17 bar g. A particular feature is included in this section.
Ammonia and carbon dioxide are partially condensed in the
shell of a preheater within the vacuum section, thus recovering
some energy in the form of 200kg of steam per ton of urea.
Another particular characteristic of the MP section is the
washing of the so-called inerts (CO, H2 and CH4 contained
mainly in the carbon dioxide and the passivation air). As
already emphasized, the quantity of passivation air in the
Snamprogetti technology is very small (one third compared
with other technologies). It is therefore easy to recover
ammonia from the inerts without the risk of explosion mainly
due to H2/02 mixtures. No hydrogen removal from carbon
dioxide is required.

e LOW PRESSURE SECTION
Further stripping of ammonia and carbon dioxide is made in
the LP section, operating at 3.5 bar g. The vapors, containing
ammonia and carbon dioxide, are condensed and recycled to
the reactor via the MP section. An appropriately sized tank
is provided in this section to collect all the solutions from the
plant when it is shut down for long time. Therefore, in no
circumstances are solutions discharged from the plant.

e VACUUM CONCENTRATION
The urea solution leaving the LP section is about 70% b.w. and
contains small quantities of ammonia and carbon dioxide.
The final concentration of the urea solution (99.8% b.w.) is
made under vacuum in two steps at 0.3 and 0.03 bar abs. for
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the prilled product, and in one or two steps for the granular
product, according to the granulation technology chosen.
An important feature of this section is the pre concentration of
the urea solution to about 86% b.w. The necessary heat is
provided by partial condensation of the vapors (ammonia and
carbon dioxide essentially) from the MP section evaporator.
Particular care is taken in the design of this section to minimize
temperatures and residence times so as to keep the biuret at
minimum values. A simple solution has been found to the
problem of lump formation in the second vacuum separator:
lump formation is prevented by wetting the internal walls of
the separator by means of a small recycle of molten urea.

e PROCESS CONDENSATE TREATMENT
The excellent result achieved by Snamprogetti Technology in

the treatment of waste water from urea plants has received

worldwide recognition.

All possible and convenient heat recoveries have been
introduced into this section in order to minimize energy
consumption.

FLOW CHART OF WASTE WATER TREATMENT IN UREA PLANT:
VAPORS HYDROLYZER

BUFFER WASTE CO,
VALORS ] \WATER TANK e
WASTE WATER DISTILLATION /
TANK TOWER
OVERHEAD
AMMONIA<TO REACTOR CONDENSER
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e UREA PRILLING
Prilling is the easiest technology to manufacture solid urea with
commercially valid chemical and physical characteristics. Molten
urea (99.8% b.w.) is sprayed at the top of the prill tower, ata
effective height of 72.5m and height from ground 94m which is
according to climatic conditions; at the bottom, essentially
spherical urea particles, namely prills, are collected and sufficiently
cooled in order to be sent to storage or directly to the bagging
section without screening, coating or any other treatment.
At the top of prill tower a bucket with holes at its side surface is

‘‘‘‘‘‘‘

s e PRILL TOWER
rotated with the help of motor. Due to centrifugal force, urea
in liquid form comes out of bucket through holes of surfaces.
Natural Draft fan converts urea in the solid form, during the

air time (time of urea droplets in air) of urea granules.
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UREA AT BOTTOM OF PRILL TOWER

Urea granule’s size could be made high or low by adjusting the
speed the motor rotating the bucket.
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