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An effort has been made to focus the importance of enhancing urea product
quality on a sustainable basis with due consideration to the cost of urea production.
The paper highlights the significance of two major aspects of urea quality i.e.
moisture content and particle size distribution. It also discusses the measures
taken at IFFCO Aonla to improve these parameters and the success attained in
achieving them through improved efficiency.
*
Introduction
The need to improve the quality of one's
product in today's^ world is mandatory.
Whether it is the urban elite or the illiterate
villager, they all want the best of the ware
available in the market. So is true for urea
as well. Farmers all around want urea
- Which does not cake
- Which is big in size and contains the
least dust
therefore, it is the endeavour of every
-.. Àa manufacturer to some how make its
product conform to the above traits.
It is generally believed that upgrading the

quality of a product entails a large
investment and higher operating expenditure. But it need not necessarily be so.
Quality of a product can be vastly improved
without any capital investment and
surprisingly at lower operating cost.

A Brief on IFFCO Aornla
IFFCO Aonla fertiliser complex stands 28
km away from Bareilly in Uttar Pradesh
(India). It is a 5200 TPD urea giant and has
two streams of ammonia-urea trains. The
process licensor for both the ammonia
plants is M/s. HaldorTopsoe and for urea
plants is M/s Snamprogetti.
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The Phase I urea plants were commissioned
in 1988 and are based on the Ammonia
Snipping technology. Pressurised ammonia
and urea is fed to the reactor. The urea
solution from the reactor, containing about
34 wt% urea, then enters the HP stripper
where unconverted ammonium carbamate
is decomposed with the help of MP steam
on the shell side. The HP stripper is a
Titanium tube falling film heat exchanger.
It has female type ferrules for uniform flow
distribution. The decomposed vapours of
ammonia and carbon-dioxide flow to the
HP condenser where they condensate to
form ammonium carbamate, which is
ejected back to the reactor. The urea
solution from the HP stripper outlet,

Figure 1 - Schematic diagram of urea plant
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containing about 46 wt% urea then goes
through MP and LP decomposers for further
purification. Urea solution at a
concentration of 71.2 wt% is further
concentrated to 99.7 wt% fn a two stage
vacuum evaporator before prilling (Figure
1).
This paper intends to show exactly how the
quality of urea was enhanced and energy
was saved in the urea plants of Phase I at
IFFCO Aonla, by simple improvements in
the overhauling methodology of key
equipment.

physical appeal.
Moisture Content
Significance of Moisture Content
The residual moisture in prills builds up
liquid bridges between adjoining prills. A
pile of urea has about 40% voidage through
which air circulation is established. The
water from these liquid bridges is
evaporated by the circulating ah- and thus
urea cakes are formed. Therefore, it is
preferable to keep the moisture content as
low as possible.

Quality Aspects of Prilled Urea
.As stated earlier, fertiliser consumers
prefer urea which has less
- moisture content and
- a good particle size distribution (psd)
These are the two factors which ultimately
affect the caking tendency of urea and its

Problems in Maintaining Moisture
Content
Generally it is not practically and
economically viable to keep the moisture
content below 0.3 wt%. A vacuum better
than 0.03 ata is required to obtain a
moisture below 0.3 wt% which is
practically difficult to achieve. The

second factor, which governs the moisture
in the prills, is the atmospheric humidity.
Humidity plays spoils port during
monsoon and disturbs whatever moisture
content is obtained at the outlet of the
evaporation section. Though the second
factor is not under human control, it is
desirable and possible to maintain proper
vacuum in the evaporation section.
Measures Taken to Reduce Moisture
Content
At IFFCO Aonla it was felt that the vacuum
achieved in the evaporation section was
away from the design. It was also
diagnosed that the reason was more related
to the performance of the upstream
equipment than the evaporators themselves.
The urea concentration to the inlet of the
evaporation section was remaining around
67-68 wt% as against the design of 71.2
wt%.
Actions were therefore taken in the shut-
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Figure 2 - Modification in the hold down plate of stripper

14

FERTILISER

NEWS

OCTOBER 2003

low pressure steam and also in the higher
opening of HP vent control valve. The
carbamate solution outlet temperature from
HP condenser also had risen from 152°C to
159°C, indicating lesser heat transfer in HP
condenser and therefore lesser LP steam
generation.
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Figure 3 - HP stripper bottom temperature profile

downs of April 2001 and OctoberDecember 2001.
Performance
Strippers

Enhancement of

HP

~The HP strippers have female type ferrules.
A Hold-Down plate is provided to secure
the ferrules tightly over the top end of the
lube to ensure equal division of liquid flow
through each tube. The holes in the holddown plate act as a guide and a step inside
the guiding hole is given to ensure that the
plate rests over the tope edge of the ferrules
and prevent any movement of the ferrules
over the tubes.
But it was observed that many of the
ferrules, especially in the central region,
were not sitting tightly over the tubes. They
were getting dislodged from the tube-tops
because of flow-turbulence, causing severe
maldistribution of urea solution in the tubes.
The result was a low stripper bottom
temperature (206 °C) even at a very high
"earn pressure in the stripper shell (25.6
v
wg/sq. cm).
On previous occasions, teflon bushes were
provided in between the ferrule and the tube
to provide tightness, but the effect did not
last long. Therefore during the April 2001
shut-down the step in the guide-hole was
machined by 7 mm, to allow the hold-down
plate to slide further down over the ferrule
and secure them (Figiare 2).

of210°C(Figure3).
The higher temperature could be
maintained at a much lower stripper shell
steam pressure of ~ 23.5 kg/sq. cm. (Figure
This decreased the load on the downstream
sections as also the recycling cost of the
ammonium carbamate/carbonate solution
from there.
Performance
Condensers

Enahncement of HP

It was felt that the condensation of
carbamate in the HP condensers was not
occurring to the full extent It was reflecting
in greater let down from high pressure to

During the shut-down of OctoberDecember, 2001 the partition plate
segments between the inlet and outlet
channels of HP condenser were tested for
leakage. Inter-channel passing was noted
to be 600 litres/hr. The plates were fitted
after putting flexo-seal gaskets. The interchannel passing dropped down to 180 litres/
hr, which we intend to improve further at
the next opportunity.
The carbamate solution outlet temperature
came down to 153°C. Due to better
condensation, steam generation improved
and ammonia losses to MP section through
the HP vent reduced.
Performance Enhancement of MP and LP
Decomposers
These exchangers were known to develop
severe fouling caused by the corrosion
product from the reactor, the stripper and
the decomposers themselves. The deposits
used to be removed with die help of hydrojet
cleaning using a water pressure upto 400
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This step improved the stripper bottom
temperature very close to the design value

Figure 4 - Stripper shell steam pressure trend
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kg/sq.cm and a standard no/./le of I? mm
diameter. Bui desired heat transfer was not
obtained a.s indicated by the urea
concentration at the outlet of LP
decomposer. It remained around 67-68 wt
% as against the design of 71.2 wr%. It
was suspected that perhaps the standard
nozzle of 12 mm dia was not big enough as
the tube ID was -34 mm.
During shut-down of October-December.
2001 a nozzle diameter of 25 mm was
employed at a water pressure of 500 kg/sq
cm. The de-scaling was so effective that
the urea concentration at LP decomposer
outlet rose to -70wt%.
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Figure 5 - Comparison of moisture in prills. May 2001 vs May 2002

Comparison of Moisture Content Before
and After
This ultimately lessened the concentration
^Iuad on the Evaporation section and
improved the moisture content of the prills
(Figure §).
Due to reduction in moisture the caking
tendency of urea decreased remarkably.
Particle Size Distribution
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Significance of Particle Size Distribution
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The prill size distribution is measured over
the sieve of following sizes :

Figure 6 - Particle size distribution (May 2001 vs May 2002)

2.8mm - 2.0 mm - 1 .7 mm - 1 .4 mm - i .0
mm
Every urea manufacturer desires to produce
mills with maximum quantity of 1.7 mm 2.0 mm size for the natural reasons of lesser
caking tendency, good strength and better
appeal to customers.
Problems in Mainiaining Particle
Distribution
The prill size can be increased by reducing
prilling bucket speed. But it was observed
at IFFCO Aonla that any attempt to reduce
the bucket speed resulted in sporadic
overflow which produced lumps of prills.
To prevent such "overflows" the bucket
speed had to be kept higher than what was
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Figure 7 - KS consumption {MJ/MT urea)
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Ever since, the sudden "overflows" of
the bucket have stopped and the
bucket speed could be brought down by
about 70 rpm. The natural consequence
was a remarkable improvement in the
prill size.
•Comparison of particle size distribution
before and after is given in Figurée.

Conclusion
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Figure 8 - Specific energy profile of urea I at IFFCO Aonla

considered to be appropriate at the
particular prilling load.
After considerable efforts and analysis it
was deduced that the reason for sudden
"overflows" was not the change in process
parameters like melt temperature,
concentration or bucket speed etc. It was
suspected that perhaps lumps of urea or its
derivatives like biuret, triuret etc., which
deposit on the walls of the II stage
evaporator were the source of this trouble.
They would fall into the holder in the melt
pump suction and start getting dissolved in
urea melt, which is a good solvent. As the
lumps become smaller they get into the

suction of the pump and get through into
prilling bucket. There, these solid particles
lodge themselves in the bucket holes (size
of which is 1.2 to 1.3 mm) and cause the
bucket to overflow. The phenomenon would
stop once these particles get dissolved and
recur when fresh particles take their place.
Measures taken to Maintain Particle Size
Distribution
To prevent this, a strainer having hole
diameter of ~ 3 mm was put in the suction
of the melt pump to catch such particles of
lumps at the pump suction and allow them
to get dissolved there.

The ultimate aim of all the activities
undertaken was to produce a high quality
urea on a sustainable basis to compete in
today's aggressive market. It is however,
also essential to keep the cost of urea low
to maintain the edge when urea pricing is
decontrolled.
In a nutshell,
- The improvement obtained in the
properties of the urea prills has been q-_!te
significant and is being achieved c . a
sustained basis.
- The equipments overhauled during the two
opportunities during April 2001 to March
2002 are performing as well as they did
immediately after overhaul.
- The steam consumption (Figure 7) and
hence the energy consumption per MT urea
Figure 8 has reduced drastically.
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For display of your literature, products and services at the time of FAI Seminar 2003, Table(s)
(6'x3') would be made available on all the three days i.e. December 4-6, 2003. The charges
would be Rs. 20,000 for each table. You may send your requirements of Table to FA! on or
before November 28, 2003 along with demand draft drawn in favour of The Fertiliser Association
of India.
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