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GAS SCRUBBING SYSTEMS IN FERTILIZER INDUSTRY TA/8G/ 1Y

P. CHINAL, IJ.F. PRIAT, Ph. 3EGARD
CdF CHIMIE AZF, France

1. INTROOUCTION

The units in which fertilizers: powder and/or granule superphosphates,
ammonium nitrates, ammonium nitrophosphates, NP, NPK, PK are produced,
generate gaseous effluents which cause raw  material losses and
environmental polluticon unless they are adequately treated.

Scrubbing installations have been concelved for a long time as auxiliary
and secondary  equipment, which resulted in operating trovbles, poor
efficiency and poliution transfer from gaseous to liguid effluents,

AZF, which has beem operating for several decades, plants producing all
these types of fertilizers, obviously met with these problems.

In a first stage, it has eguipped its plants with gas scrubbing treatment
procured from other specialized firms and big ampunts have conseguently
been invested inm  this sector. More  freguently, the results wers
unsatisfactory, feeble and, in some cases, disastrous, This can be
explained by the fact that such equipment did not cope with
characteristics specific to fertilizer industry, did net rum
satisfactorily (sprayer clogging, scrubber amd demister incrustation,
deposition, settling of precipitates) and could not be actually integrated
into operating processes without causing serious troubles.

Very often, 1t happened that these installations became disabled or that
their operating principle was entirely modified. For example, a scrubber
previously designed to recover ammonia by serutbing with phosphoric acid
was finally operated with lost water to transfer ammonia losses and
fluorine compound emissions to sewer.

AZF, which was developing its own processes to produce any types of
fertilizers, inferred from these unfortunate attempts that it should
concelve as part of its processes, gas treatment eguipment like plain
reactors perfectly consistent with the production unit into which they
should fit.



2, SELFCTION OF THE TYPES OF EQUIRMENT

Industrial expertise gainmed in many plants using various equipment which
evidernced unfitness for fertilizer industry, erranegus conception of
design or sizing, mistakes in the comstruction ang, in particular, in the
chaice of materials, has been complemented by:

- pilot studies on transparent models,

- mathematical modelings of fluld mechanics and of materials and erergy
transfer,

AZF gas treatment system consists of elements which have been kngwn far
long but calculated, designed, sized, assembled and equipped with specific
accessories by fertilizer producers to be used in fertilizer production:

a) cyclones - AZF design program allows their size to be determired as a
function of expected efficiency and treatment feed gas characteristics.
They are equipped with adeguately located inspection doors, easy to
operate, which facilitate both surveillance and maintemance. Cyclones and
their receiving hoppers are fitted with automatic cleaning systems,

b} venmturis - AZF venturis comprise a single liquid atomizer of special
design, nonclogging, which delivers a solid jet of water with an angle of
15 degrees at outlet of the divergent section., They are so designed that
the pressure drop is none or very small, and, in some cases, they can have
a slightly driving effect. Their selection is a function of optimum
distribution of energy between gases and the liguid.

c) cyclonic spray tower - In AZF system, cyclomic spray towers are
twofold: complementary transfer of material downstream the venturi (which

can be coaxial - figure 5), and efficient demisting preventing the
scrubbing liguid from being entrained to stack.

d) liguid-gas separators - AZF has designed twe types of separators. One
of them 1is intended to receive the gas/liquid mixture discharged fram
venturis, This is the separator currently installed in the gas scrutbing
system designed for DAP-NPK wunits (figure 1). It also acts as scrubbing
liquid reserve.

The other 1s a cyclonic separator which can be installed directly at
bottom of a stack to ensure the demisting of an existing installation
which let liquid droplets be discharged with gases (figure 7).

e) aceessories - It is of importance that accessories to a gas scrubbing
system bs efficient, AZF was thus led to very carefully study the design
of scrubbing ligquid supply systems, piping supports, the selection of
valves, pumps, control and measuring devices {pHweters) and to conceive
nonclogging spray nazzles.
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These types of equipment are used separately or jointly in function of the
problems met. Assemblies more frequently used in AZF units or at AZF
licensors' are described below.

3. CRANULATION UNITS (figures 1, 2, 3, 4, 5)

More often, the AZF system installed in DAP, NPK, PK, and also,
supertriple granulation units, consists of two venturi scrubbers, 2
separator and a cyclonic spray tower.

Gases discharged from the granulator (and from phosphate attack tank in
the case of supertriple slurry granulation) are exhausted in a venturi.
Gases are separated from the scrubbing liquid in a compartment of the
separator, and discharged into the final cyclone tower by a blouwer. The
second venturi delivers the dry gases to the second separator compartment.
Scrubbed gases are then sent to the final cyclonic spray tower.

The same scrubbing liquid stored in the separator is sprayed into the two
venturis. Plant water and heat balances can thus be easily optimized as
gases delivered by the dryer are dry with a high evaporative, and, then,
cooling efficiency whereas Qgases received from the granulator and from the
reactor mainly are water vapour.

The liquid present in the separator is strongly agitated by venturi jets
and the high delivery rate of the pump. No deposition or plugging hazards
exist.
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Figure 2 : AZF's plant in L'OSERAIE (FRANCE)



For granulation of DAP  or ammonium phosphate-based fertilizer, the
scrubbing liquid used in venturis 1s  an ammonium phosphate solution of
which N/P molar ratio is kept automatically at a value near 1.4 through a
makeup supply of phosphoric acid under contral of an in-line pHmeter.

This ratio value has been selected by AZF after numerous inlab and pilot
studies as it allows the fluorine compound gaseous emissions to be Limited
to very low values while achieving good recovery of ammonia not fixed
during granulation. AZF units have been so operated for many years.

Cyclonic spray  tower carries out a complementary sbsorption of the
ammonia warranting to the assembly described above an ammonia captation
yield of above 95%.

It is sprayed with a diluted acid solution of which pH is controlled by
means of phosphoric, sulfuric or nitric acid depending on the type of
product manufactured in  the granulation unit, and of available acid. For
DAP production, sulfuric acid reguired by the formula equilibriuvm is
generally introduced into this tower as also the gquantity of uwater
corresponding to  the water halance equilibrium and to densities in the gas
serubbing unit.

The excess scrubbing liguid produced in the spray tower gravity flows into
the venturi stage, and the venturi scrubbing liguid is sent to the pipe-
reactar of the granulator.

No liguid effluent is discharged.
A granulation unit operated according to the AZF process, with two pipe -

reactors and equipped with  the third reactor represented by RZF gas
scrubbing system, warrants an overall ammonia yield of about 99%,

* A W 111 1 RS

Figure 3 : Sprayer on the top of venturi
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Figure 5 shows a variant to this system. It consists of a cyclonic spray
tower housing a coaxial venturi fitted with a centrifugal disperser at its
lower end. This venturi represents the first scrubbing stage, the touwer
body through which gases delivered from the venturi flow accordino to a
cyclonic path acting as the second stage. In the second stage, exhaust
gases from an external venturi in which gases from another system have
been treated in a first stage, can be injected tangentially.

This system can be installed in preference to the first system in cases
where the 1layout or special arrangements need it. When gases from a
granulation unit have to be treated, the venturi inside the tower receives

gases from the dryer, the external venturi treating gases from the
granulator.

CYCLONIC COLUMN WITH INTERNAL VENTURI AZF PROCESS
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4. POUDER SUPERPHOSPHATE PRUDUCTICN UNITS (figures B, 3, 10)

A7F has developed two processes for production of simple, double or triple
powder superphosphate. A process uses a rotary den, and the other, a
curing belt. Uhichever the process, attack of natural tricalcium phosphate
containing calciun fluoride with an acid releases HFE + S5iF4 fluorine
compounds.

Acid release is particularly high when simple superphosphate is produced
and the phosphate attack carried out using 70-76% H2504 sulfuric acid. In
this case, and depending on the gquantity of reactive silica present in
phosphate, SiF4 gas whose absorption in water wmakes colloidal silica
precipitates according to the reaction:

3 SiF4 + 2 HZ[0 == 2 H25iF6 + 5i02

is released in preference.

%ilica precipitation, which occurs inmside the gas scrubbing system, is
highly prejudicial as 1t tends to clog all liguid and gaseous circuits
unless the plant bas been specially designed tuv avoid these troubles.

All producers of simple superphosphate sre well aware of this problem and
pay attention to it.

To avoid these difficulties, it is of importamce that silica precipitates
withinm a  turbulent liquid mass instead of on walls not sprayed
permansntly.

AZF system accounted for these phenomenon as well as for administrative
reguirements, sometimes more exacting than those of the US agency, E.P.A.,
however very strict.

It nenerally consists of three stages, each of them made up of a venturi
and a tower., The scrubbing 1liquid flows systematically from a stage to
amother countercurrently with gases, UWater is introduced into the third
stage and a solution with a 10% (or more) fluorine concentration can be
vbtained in the first stage while gases delivered from stack still have a
fluarine content of the order of from 10 to 20 mg/m3

This fluasilicic acid concentrated solution  produced in the first
scrubbing stage cam be filtred and used to produce sodium or potassium
fluosilicates, or recycled to the mixer simultaneously with phosphate armd
sulfuric acid, which allows saving about 3 % of sulfuric acid,
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Figure 10 : Superphosphate Plant (NANTES) First venturi

5. PRODUCTION OF AMMONIUM NITRATE SOLUTIONS (figure 11)

The venturi cyclonic spray tower unit has also been efficiently used to
reduce ammonia and nitrate losses in the production of ammonium nitrate
solutions, and to avoid the production of polluted condensate.

The scrubbing system for mists sprayed with a 30% nitrate acid solution is
set between the neutralizer and the first exchanger where ammonia required
in the process is evaporated by exchanging calories with the vapour.

Condensate with a nitrate content of less than 0.1 g/l can thus be

obtained which can perfectly be used as process water in the nitrate acid
unit.
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6. EXAMPLES OF REALIZATIONS

a) AZF simple superphosphate production unit in NANTES;

In 1980, AZF had to install in this plant a2 rotary den to produce simple
superphosphate, The administrative authorizetion was function of the
compliance with very exacting reguirements about pollution:

- no polluted liguid effluent,

- delivery to atmosphere of less than U.45 kg/b fluorine.

The umit capacity was to be 35 t/h, using:

* 15,250 tons of MORROCO phosphate,

* 4,130 tons of SENEGAL phosphate,

* 18,230 tons of 72% sulfuric acid

per hour. In view of the fluorine content of phosphates used, of in-lab
tests and of AZF industrial expertise, the amount of fluorine released by
this production was estimated at 300 kg/h.

The number of transfer units can be expressed as follows :
r Ye - m Xs
NUT = === Log —~—=ww=u-
-1 Ys - m Xe
where r is the extraction coefficient, Xe and Ye, the guantities of
polluting agent at 1liguid and gases inlet, Xs and Ys, the same elements at
outlet,

This expression can be simplified since, in the present case, r is hilgher
than 109, and fluorine vapour pressures in HZ25iF6 solutions =t &
temperature of about 70C, very low. It can thus become:

Ye ¥g
NUT = Loy -- or - = g NUT
Y¥s Ya

The table of correspondences between the NUT and the resulting fluorine
absorption yields is as follows @

The number of transfer units reguired by the Administration for the rotary
den gas scrubbing inmstallation was consequently B.5.

Theoretical studies, pilot tests and industrial experience gained in other
installations resulted in the definition of a set of three venturis and
three topwers according to the diagram im figure B8, the fluosilicic acid
solution with a concentration of about 10% obtaired in the first stage
beiny recycled back to the mixer.

The number of transfer units required had to be distributed over the three
stages in the following way: 1.5 - 2.0 - 3.0. The delivery rate selected
for suitable cleansing of the rotary den, the mixer and the first section
of superphosphate conveyor, 15 000m3/h, was to result in a fluorine
content of gases delivered through stack of 30mg/m3.
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The installation has been built according to this procedure and the
fluorine content measured at stack outlet ranges fram 10 ta 20mg/m

b) Serubbing of gases from the biggest granular fertilizer plants in the
world in USSR (IFA - Technical Longress 1984 - 2)

Soviet standards to be complied with,regarding gaseous effluents from this
enormous units (130t/h 17.17.17) built to AZF process were drastic:

- ammonia .eeednn. Cetesrersaaarenrnenns 10 kg/h maximum
-Fluoril‘lE ------ R R EE N NI A I ¢1¢'5 kg/h maximum

These gaseous effluents were subjected to a treatment in venturi-cyclonic
tower units sprayed with an ammonium sulfate acid solution and, then, in
venturi-cyclonic tower units sprayed with lime milk,

Below are the calculation elements applied for the venturi-tower unit in
which ammonia present in gases from the granulator and fram the reactor is
treated,
GB?ES entering a gas scrubbing unit have the following composition in
ka/h:
Ory 2ir sescosvnancnnananss 33 500
H20 VEBPOUT susevesssssssns 12 434
FlUOTANE cvvvunnsrsvassans 15.3

-NH3 a % Frud ¥R NE AR AE A 1 197
which corresponds to a volume flow rate of 5B,4B5mgh at 91zC.

Calculation of the average molecular weight of scrubbing liquid:

P where A = 1,200 kg/m3
M = covsememdmmmmmee oo a = 480 ko/m3
a +f- a Ma = 132
fla 18
1 200
M 2 mmmcmcmme e x 27.5
480 + 1 200 - 480
132 18
Calculation of L (liquid flow rate in kmoles) @
1 x.2
L = —mmm-
il

The spraying pump capacity is 125.3 m3/h
125.3 x 1 200
[ = weruerem—————— = 5 428
27.5
Calculation of G {gaseous flow rate in kmoles)

11.78 .X  11.79 (33 00 + 15.3 + 1 .197)

[ = acomcwems = memmmmmmmmmm————————————a———— =1 196
(273 + t) 0.94 (273 + 91)

L = 4.5

G
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Caleculation of the required number of transfer units

It is determined from in and out ammonia comterts,

{1t 197) 10-3
At inlet we have -=-------a- = 21.2 g/m3
56 4865
mg 1076 21 200 x 56 485
WheTe Y8 = --memee = cocmcmcccccccnn- = 58.875.10 mole/mole dry air

Ma,G 17 x 1 196 x 106
Exit gases should have the following composition in kg/hi
dry air sevesvene.. 23 500
H2D vapouT...vesnen 10 045 t = 76.5°C
TlUOTIMNE svsvivunen 2.6
= NH3 eiiiriierinne. 7233

which corresponds to a volume flow rate of 45,215m3/h :

m' g' 10-6 149 x 49 215

£ —— % mmmmm e —————— = 0,361. 10"Role/mole dry air
Ma. G 17 x 1 196 x 106

The in-lab study of 40% ammonium sulfate solutions demomstrated that the
vapour pressure of ammonium in solution is negligible. The term mXe can
thus be eliminated from the formula applied to obtain the depletion
efficiency which becomes:

Ye - ¥Ys  5B.875 - 0,361

EG = =-mm-m- = mmmm—mmmmmmmes = 00,993
: Ye 58.875
The number of transfer units is abtained by writing
1
NUT = Log -----= = 4,06
1 - EG

Pilot tests and measurements made in industrijal-scale plants have shown
that the assembly defined for this unit should allow five tramsfer units
to be easily reached.

A similar calculation has been performed for fluorine absorption.

During a guarantee test in MELEOUS unit, the results were as follows:

guaranteed values values obtained
ammnnia R R AR . 1D kg/h ......... YN RS 5.5 kg/h
Fluurine L R N ] L) 105 kg/h lllll A A s F bl a i a DI17 kg/h

7. CONCLUSION

Mary studies have been carried out, and are still developed, for the
purpose of getting full control of the verious problems met with gas
scrubbing in fertilizer industry. They allowed AZF to conceive a complete
system taking into account gas scrubbing from all its angles and backed up
by theorstical studies, mathematical modelling, and also, and principally,
industrial expertise: a system conceived by fertilizer producers for
fertilizer production.
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JESCULSIUN ¢ (Rapporteurs Messrs A. Bourgot & M. Sart, Prayon-Rupel,

Mr .

Belgium)
Mr. P. BECKER, COFAZ 3A, France

Congerning the exnaust gases and the recycling {in the ¢ase of
33P, what 1is the HZ304 concentration in the recycled 10%
sclution, for ex. 98% H2304 or do you adjust {t?

- In the aystem with three ¢onsecutive venturia, 1s the liguid
the driving force or uo you have a ventilator? What the KW
consumption? What is the preassure drop of the whole system?

-~ How many NTU per unit of venturi?

For 35P wae use TO0% H2s04. derubbing liquors repreaent a very
small part and resault in slight savings on the acid consumption
F.ex., at the BASSE-INDRE plant, for a production of 35 t/hr, we

recyecle about 0.5 m3/nr of liquids.

The gas scrubbing system includes an extraction ventilator
Gownstream; the pressure drop is almest nil since we put

preferably the energy at the level of scrubbing liquid sprayera,
about 3.5 bars. It is the aesign of our venturis. Opne must finag

the good compromise between the energy put on gases and on
serubbing liquids. For example, a system including a venturi + a
cyclonie tower has a pressure drop of 80-100 mm wg. Thua, the
toree stages at BASSE-INDRE have a total presaure drop of 250-300
mm wg.

At BASSE-IWDRE the total NTU is 7.5, hence about 2.5 NT/stage

Conaumpbion‘ of electricity {excluding rock grinding): 3.2 kW/t
35P.

P. BRCKER

I think that the concentration of 70% H2S04 is obtained after mixture
with the recyeling, as it iz difficult to produce S5P with a 70 acid

with later dilution.

In our plant, with 40 t/hr production, the recyeling is 2 m3/hr. The
figures shaould be reviaed.

Answers given later:

= For 35 t/hr the recycling is 1.5 to 2 m3/hr

- The 70=-72% concentraticon ia, indeed, after dilution with recycled
scrubbing liquors.

U =

Mr. T, NURMI, Kemira Oy, Finlana

Your firat flowsheet snowed the exhauster was placed between

venturi and apray c¢yclonic column in quite dirty conditions. Have
you had any leakage problems with the exhauster?



A

19 - 16

Yes, for the granulator gas circuit, the ventilator is logated
between tne venturi serubber and the cyclonic tower and it thus
receives gases stilll containing particles, dust, ammonia, etc..,
out these gases are saturated since they are cooled in the first
atage: we have no particular problem in 50 far as the connecting
pipea between the first and the second 3tages are as short as
possible, witn the right slope and egquipped with auxiliary
sprayers wnhicn can be usea if necessary.,

Mr. M.H. JENNEKENS, DSM Fertilizers, Netherlands

In case of DAP proauetion, what i3 the temperature of the
Sc¢ruboer liquia? Is this liquid a =sclution or a slurry?

In the «case of 18-46-0 DAP producticn, the solution in the
eyclonic tower i3 acidified with He50U, and iz used in the
formulation; the temperature of the strubbing liquors in the last
scrubber is about 40=4%5° (C. For the first stage the scrubbing

liqueor is made of a solution of ammonium Sulphate phosphate; ita
temperature is acout 60-65° C.

It is 3 secrubbing liquor with a density of 1.350, pH 4-5,
N/P=1.4, Thus it is not a slurry but a true solution.

Mr. B.O. PER5SON, Supra, Sweden

In the DAP proauctiocn the NH3:P205 ratio in the ascrubber is
clalmed to be 1l.4. What 1is the concentration? What is the
NH3-losa in that casa?

In the case of DAP productiaon (AZF produces 50,000 t/yr in N® §
plant at Rouen + several seasons at Avignon and Sas van Ghent)
the ammonia losses for the first seasons represented 15 to 18% of
the ammonia supplied. 3JSince then progreas was made and,
presently, for DAP, 12 to 13% of the ammonia used for production
enters in the scrubbing system. As the scrubbing plant efficlency

is 90 to 95%, this enableas to guarantee for the plant an overall
recovery equal or above 99% for ammonia.

Mr. M. BARLOY, SCPA, France

Since the fluorine contained in the gaa is recycled with the
secrubping liguors in the granulator ana ends in the finisnea
preoauct with a new equilibrium in the gases:

- wnat is the equilibrium fluorine content at the scrubber inlet,
with reference to a waste water s¢rubbing aystem and for
several productions?

- In what form is fluorine in the finished product?

For 35P the F content of gases in a balanced system is about
three times the conventional value. From investigations made at
BASSE~INDRE for 35 t/hr SS5P production, the F c¢ontent in the

exhaust gases of the den is about Y g/m3 if ascrubbing liquors are
not recycled ang about ll g/m3 when they are recycled.

In the finished production F is in the form of calecium fluoride.



