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The granulation of fertilizers is a well—-established technique, which is used

because granulated products are easier to handle and apply than powders,

There are var.ous types of granulatica, but # basic dis vinction can be made
between processes using mainly solid raw materials g.g_l_d.”_t_l}.?gg._in which the main input
of nutrients (N, P) comes from the direct use of ammonia and phosphoric acide. The
laiter process is usually known as the slurry granulation process and 1is widely used
because, among other things, it provides a wide range of formulations and emp'lojys rav

matcrials which have undergone little processing, and are therefore cheap (1).

We shall here describe an alternative to the slurry prccess, developed and used
by S.A. CROS, the main purpose of which is to reduce investment and ocperating costs,

Thie alternative involves the use of a specially designed pipe reactor.

On other occasicns; organizations concerned with research and development relating
to fertilizer production processes have reported cn the savings achieved by the use
of & pipe reactor in a pilot plant (2). Our ovn experience in industrial plants is
based on different operating conditions and the savings achieved are substantial

enough to make it worth while to enter into the details here,

SLURRY PROCESS

General description

A simplified flow chart for a typical slurry process is given in figure 1.

The preliminary neutrulization of the ammonia and phosphoric acid takes place in
a *ank equipped with an agitatore Liquid ammonia and a blend of concentrated
phosphoric acid (52-54 per cent P2O5) and dilute phosphoric acid (30 per cent P205)

co:ing from the scrubber and dust collectors are normally used,

The slurry formed is pumped through an insulated tube to the granulator, where
it is poured on to the moving bed constituted by the recycle. In the granulator,
ammoniation can also be brought up to the N/P205 ratio desired by adding more of the

raw materials (ammonia and phosphoric acid) through a system of injectors.,

The product leaving the granulalor goes to the drying drun, where the excess
water is climinated. The following stages of cooling, screening and crushing are
typical for any granulation process, The recycle of solids consists of granules

larger than the maximum desired size (norma,liy more than 4 rm) after crushing, and
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those finer than the smallest size acoepted (less than 1 ma)e The granules grow
through the formation of a coating of slurry on a solid particle in the granulator
and evaporation of the water from the coating as a result of the heat of reaction

and the heat in the drier, prcducing an approximately spherical distribution of the
solid phase,

Thus, the amount of solid matter recycled depends on the amount of water present
in the slurry, and the greater the liquid phase, the larger will be the recycle,

The main items of equipment whose size is influenced by the recycle are:

- The granulator

- The drier

- The cooler

~ The ocnveyor belts and elevators
- The screens . :

- The crusher

— The scrubbing colums

- The dust collecting system

SIMPLIFICATION JF THE AMHONIATION SYSTEM

Pipe reactor

Ir order to nimplify the equipmont for a slurry plont, &,pipe reactor has been
developed (3) (4) (5) (6) (7) to take the place of the agitated tank type reaotor in
which the ammonia and phosphoric acid react.

The reactor designed and used by S.A, CROS (figure 2) consists basically of a
hollow cylinder with an internal mixing systemn, The desired amounts of ammonia and
acid, previously measured, are fed into the cylinder, where they react, and the
slurry formed leaves the cylinder through the openings in the outlet tute c~~_-_..d
to it.

The cylinder is very small in size and can therefore be placed at the inlet to
the granulating drum, with the outlet tube located in the drum, over the rotating
bed of solids,




ID/WCe275/9
Page 5
Fii-;are 2
PIPE REACTOR
y
. MIXING CHAMBLR
''''' /L — SLUKRY
' = @
< ;i JOUTLET **
_____ 7/
\J

SULPRURIC ACID
PHOSPHORICAZID

0 AMMONIA (L1Q)




ID /WG 274 /4
Fage ¢

All the heat of reaction produced in neutralization of the ammonia by the acid
is absorbed in the evaporation of the water.present. Since the slurry formed need
not be pumped, its water content, and thus its fluidity, may be nuch lower than in
the case of the conventional processes described above. The water is eliminated in
the forn of vapour at the exit from the outlet tube, and since the liquid phase in

the granulator is smaller it is possible:

- To reduce the proportion of recycle substantially,

- To reduce fuel consumption in the drier and even,
for some formulations, to eliminate the need for
this very COStHK riece of equipment

The feed pressure of the raw waterials and the pressure of the steam generated

in the reactor facilitate the exit of the slurry froi the reactor and its distri-

bution over the solids in movement inside the granulator,

For formulations with a low N/P ratio (esg. ilAP), there is no loss of ammonia.
When the N/P ratio increases, the unreacted amnonia is recovered by scrubbing with
dilute acid in a colwmn no larger than those used for conventional slurry processes,

with recycling of the scrubbing licuid.

AFPLICATION 70 A SPECIFIC PLANT

In order to make the ahbove nore specific, we shall refer to a plant for the
menufacture of DAP (18—46—0) in the two alternative versions - the traditional slurry

process and the us: of the pipe reactor.
In our experience, for the manufacture of this product

— The proportion of recycle used with the pipe reactor
is no wore than 4:1, by couparison with conventional
levels of 8:1, owing to the s.uller amount of liquid
phase present in the pipe reactor alternative.

— The items of equipiient whose size is suvstantially
affected by this reduction in the amount of recycle
are, as pointed out above, those relating to transport
of solids (bucket elevators and interuediate conveyor
belts) and those which make up the screening and
crusiiing system. Other items of equipment, such as
the granulator and the dust collector gysten, are also
affected, although to a lesser degree, owing to the
smaller volume of soli¢s circulating through the plant
for the same hourly output
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-~ With the use of the pipe reactor, the moisture level
at the outlet from the granulator does not exceed a
maximun of 2 per cent, and it is therefore possible
to eliminate the drier and thus also the oonsumption
of fuel oil involved in the use of the drier,

Figure 3 shows a typical flow chart for the produotion of DAP using a pipe reactor

Figure 4 indicates the items of equipment which are made superfluous by the use
of this process (agitated tank type reactor, pump, slurry pipes and drier),

DIRECT OPERATING COSTS

Figure 5 contains a comparative table of fuel oil and electricity consumption
for the two alternatives oonsidered here.

Consumption of raw materials, other auxiliary services and labour are not indi-
cated because they are virtually equal in both cases.

Fuel o0il consumption is null when the pipe reactor is used because it is

unnecessary to dry the DAP, whose final moisture content at the exit from the plant
is from 1.5 to 2 per cent,

The difference in electricity consumption results from the absence of the drier
and the smaller amount of power required for the motors as a result of the smaller
total flow of recirculated solids,

INVESTIENT

Taking into account only investment attributable to equipment and materials
within the hattery limits, the conclusion is that replacement of the agitated tank
and the slurry transfer system by tls pine reactor, elimination of the drier a»"

reduction of the size of the screening, crushing and solids transport systems
reduces the investment in equipment by at least 50 per cent as compared with the
investment necessary for a conventional plant. We have ascertained that, under
standard Spanish conditions, the installed plant represents an invesiment 2,5 to
247 times the value of the equipment,
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OOMPARISON OF INPUTS

Conventional process . Pipe reactor
. per tonne  pesetas/tonne per tonne  pesetas/tonne
Fuel oil (kg) o 119 - -
Electrioity (iWh) % @ 21 _42
Total, pesetas/tonne 209 o 42
Price of fusl oilt 7 pesetas/kg
Prioe of electrioity: 2 pesetas/kih
;l?‘t.
Figure 6
INDIRECT OPERATING COSTS
(per tonne of produot)y
Pipe reaotor c onal prooess
Investment 12547 1 851,0
Yaintenance 5043 T4.0
Depreciation 125,7 185.1
Taxes and insurance 25,1 37.0
Profits 188,.6 277.7
389.7 573.8

Lc( Note: An output of 25 tonnes/hour x 7,000 = 175,000 tonnes/year has been
assumed,
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INDIRECT OPERATING COSTS

Indirect operating costs are those related to the total value of investment in
the plant: ‘

- Maintenance 2%
- Depreciation 10%
- Profits on capital 15%
~ Taxes and insurance 2%

Financial costs on investment and operating capital are not anoluded, although in a
more rigorous analysis they could of course have to be taken into acocount.

The comparative values of these indirect costs are indicated in figure 6.

The sum.of total operating costs indicates & savings of approximately
350 pesetas/tonne.

OTHER APPLICATIONS
Use of the pipe reactor also makes possibles

- Utilization of raw materials which have undergone little
prooessing (ammonia and phosphoric acid) rather than
derivatives which already have a certain value added
incorporated in them (8);

- Transformation of a solid granulation process into a
slurry process with limited additional investment,
making poss.ole greater flexibility in production,
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