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NOTES ON A4 PILOT-PLANT FOR THE MANUFACTURE OF PHOSPHORIC
' ’ ‘ ACID BY THE WET PROCESS.

By P.FLEURY, - (Union Francaistd'Engrais et de Produilts Chimiques.)

INTRODUCTION: General observations.

Among the raw materials requlred for the production of fertllisers,
phosphoric acld is daily gaining in importance. As a matter of fact
consumers show an Increasing interest in fertilisers. The phosphoric
acld content of high-grade fertiliser and of superphosphate in par-
ticular, 1s limited to comparatively low values owing to the ‘Po0s
content of phosphate rock. The richest of the latter does not enable
the manufacturer to go beyond 18 or 19%. In order to go beyond this
limit 1t 1s necessary to use phosphoric acid by means of which it is

‘ossible to obtaln concentrated superphosphates. v

The manufacture of phosphorlc acid by the dry process has not: in
fact been generally adopted in European countries, especially in France,
owing to the axcessive price of electric power. Although the wet pro-
cess constitubes, in fact, a waste of sulphurlc acid seeing that the
latter, of primary necessity, 1s converted to sulphate of lime, a
bulky residue to be discarded, it is thils process which is almost ex-
clusively adopted by the manufacturers of phosphatic fertilisers.

In addition to the above mentioned‘disadvantage in connection
with the wet process, there are two further drawbacks to be considered:

1) It produces a very impure acid containing iron salts, calcium
salts, sulphuric acid and fluorine containing compounds; with
the exception of speclal cases however, such as the manufacturc
of di-ammonium phosphate, these impurities do not constitute a
great disadvantage for ordinary usages.

2) It provides only relatively diluted liquors which have to be con-
centrated by evaporation which, In additlon to fuel costs give
rise to problems of corrosion and furring, which are sometines
difficult to solve. - ‘

The studies‘which we have undertaken since 1937 have reosulted in
»1949 In the erection of a pillot-plant functioning since then at the




MONDEVILLE works, near Caen. This work was aimed at produclng by
the wet process,.as concentrated a phosphoric acid as possible in
order to permit its direct use, without evaporation, in the manu-
facture of concéntrated superphosphate without the necessity of
modifying the apparatus for the manufacture of ordinary super-
_phosphate. R

Preliminary studles.

At the time of which we are speaking, the known and applied . -
processes produced in general phosphoric acid containing only 20
to 25% w/w Pp0s, sulphate of lime being invariably obtained in the
form of gypsum.

Moreover, 1f this process has since then been developed to
give a 30/32% acid, the methods by which sulphate of lime 1s pre-
cipitated, eilther in the form of semi-hydrate or anhydrite, have,
to our knowledge, not yet been applied on an industrial scale,
although they have formed the subject of some very interesting
papers which have been presented here in France by S. NORDENGREN.

Experiments carrled out from 1937 to 1943, at first In the
laboratory and subsequently on a seml-industrial scale, have
enabled us to work out a process based on gypsum which produces,
from North African phosphates and 75% sulphuric acid, a phosphoriq
acid with a density of1.40 containing about 32% of Po05. An
adequate filtration speed 1s achieved by crystallisation of the
sulphate of lime in a satisfactory form.

Durlng this period filter materials have been studied &nd
this problem was subsequently solved in a highly satlsfactory. .
- manner by the use of textiles based on synthetic resins. The re- -

sistance'of~materials-to‘thefaction of hot and impure acid has

elso been studied. - R ‘ R

Events taking place in the year 1944, especially in our region,
retarded the construction of an industrial plant until 1949. It
would have been possible, at the time, to construct without delay -
an up-~to-date works since research work, similar to ours, had been
carrled out on a small scale in various places and would have
permitted at that time the installation of efficient plants having
a steady output.- ' - - s

vu,vIt'was,however,fCOnsidered preferable to commence by: instal-~
ling a pllot-plant with a small capaclty and with a comparativelsy
short periocd of operation, which would permit of the application:
of-various varlations of the wet process. This plant has, as a
matter of fact, focussed attention on certain practical diffi-~
culties which appear on an industrial scale only. In addition,
the value of the manufactured product, although the cost price was,
of necessity, higher than in a plant with a large output, allowed
an appreclable return for the cost of development and gave added
justification to ‘the installation of a pllot~plant.

In-describing this small ‘installation it is not our intention
to represent it as a technical Innovation. We were of the opinion,
however, that it was of interest to demonstrate the principle of an
experimental plant much favoured in the United States but less in
evldence 1n Europs. L -

Technigue of manufacture.

The process adopted 1s discontinudus and is characterised by a
serles of single and independent operations. This procedure obvioug-
ly gives a smaller output than a continuous process but i1t simpli-
fies the apparatus and, above all, it enables the manufacturer to
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observe at once the effect of any variation in the operating
conditions. ‘ '

With a continuous apparatus, on the contrary, the mass of the
products undergolng reaction is, of necessity, voluminous compared
with the production per unit of time and the effect of any modi-
fication noticeable is only after a period which may be considerablec.

In addltion the chosen process allows Intermittent or contin-
uous operation in one, two or three operations a day, stoppages
and restarting not presenting any special problem.

The teChnique which has been developed in the course of pre-
liminary experiments with gypsum 1ls as follows:-

The ground phosphate rock is attacked by phosphoric acid of
a falrly high concentration, from previous operations, containing
25 to 284 Po0g by welght and of density about 1.30.

If 1t 1s deslired to work at a higher concentration, the
quantity of this acld must be correspondingly higher. One is limited
in this respect by the diagram for the state of hydration of cal-
cium sulphate which has been established, especially by NORDENGREN.
For a final concentration of 32%, corresponding to a density of
1.38, the temperature of 85° cannot be exceeded without risking the
formation of semi-hydrate crystals which retard the filtration.

“In any case, the diagrams in qiestlon have been established.
for pure acids and in the case of acids, contalning salts in
solution as well as sulphuric acid, with a PoOs content consider-
ably lower than that of a pure acid of the same density, the curves
are slightly modified, or to be more exact, there may be a retard-
ation In crystal transformations. '

It is possible to carry out the attack at a slightly higher
temperature without modifying the crystalline form especially if
precipitation of calcium sulphate takes place at a temperature and
concentration which corresponds to a point shown on the curve of
separation of the zones gypsum/semi-hydrate. As a matter of fact,
1t is possible to assume that at the moment of introduction of
sulphuric acid to the magma, the sclubilisation of the PgpOs of the
phosphate is not Instantaneous but progressive. The concentration
of the Pg0s therefore does not attain its maximum and a rise in
the temperature at that moment has no disadvantage, but on the
contrary, permits of a more rapid reaction and a more complete
attack. ‘

With a given initlal concentration and temperature, the crystals
size of calcium sulphate and consequently the speed of filtration
and the facility of washing, depends in particular on the volume
of recycled phosphoric acid, l.e. in short, on the quantity of water
in the presence of which calcium sulphate is precipitated.

If 2,500 litres of phosphoric acid are recycled per ton of
phosphate which corresponds (at a concentration of 26%) to approx-
“imately 1.5 times the quantity of PoOs contained in the phosphate,
large crystals are obtailned which are readily filtered and washed.

The recycling of the sludge from a preceding operation in
place of the filtered acid, a process particularly applied by -DORR,
does not seem to us advantageous as compared with our mode of
operation. '

In a batch process it is a question of time-saving in order to
reduce the time of attack to a minirmum retaining at the same time
a satlsfactory rate of extraction of Po05. For this reason and on
account of the small dimensions of the apparatus which causes
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increased heat losses and in addition owlng to the comparatively

low concentration of the sulphuric acid used, we have been induced

to heat the vessel used for the attack in order to maintain the

temperature at 85°, Under these conditions the complete time of
attack did not exceed 1.15 hours.

The phosphate 1s introduced into the phosphoric acid raised
-to a temperature of 60° and submitted to vigorous agitation for
approximately 15 minutes, after which sulphuric acid is added ‘
ragidly at room temperature. The temperature rises rapidly to 85/
90~ which is maintained by heatlng, and agltation 1s decreased at
the same time in order to assist the formation of crystals. Lfter
an hour the magma 1is ready for filtering 98% of the PoOg having
been soclubilised. ‘

v Flltration and washing are the subjoect of special arrangements
which we propose to describe when dealing with the apparatus.

Description of apparatus.

. The instéllétion 1s characterised by two special features,
the remainder being bullt on the usual lines. : ‘

1), Both flltration and washing is carried out‘in a contihuous"
. centrifugal drier with a horizontal axis and automatic ex-
traction of the cake.

2) Waéhing’is carried out with liquids the concentration of which
- 1s progressively and continuously decreasing thanks to an. .
appropriste device. ‘ . : »

The dimensions of the apparatus have been determined by the
size of the driler. The largest model available at that time requires
a tank (panier) two metres in diameter with a capacity of 1,100
litres. As each batch has to be filtered in one operation the
quantity of the treated phosphate per batch may not exceed 400 kgs.

. Cholce of the combined drier-and fllter was the result of
several considerations. Experiments on a semi-industrial scale .
.were carried ocut with vacuum filters. In a discontinuous instal-
latlon the output of such apparatus 1s fairly small; on the other ‘
hand continuous fllters, e.g. band filters, are made for produc -
tions much higher than those to which we had agreed to limit
ourselves. (2 to 3 tons of Po0s5 per day.) S ,

Experiments conducted with a small model of the drier with a
tank of 0.50 metres, ‘had shown that the speed of filtration could
be highly satlafactory, that the washing was very regular and
complete and that, due to thorough drying, the calcium sulphate -
extractad by the scraper was in the form of a powder which was
hardly moist although 1t contained about 20% water. This indicates
a potential use for the latter, ospeclally after drying, as a
filler in mixed fertilisers. : : ,

- ‘Another advantage of the drier is that the filltrates are
-discharged into the open which avoids all questions of joints, air-
tight receptacles and of extraction by pump or barometric column
Indispensable to vacuum filters., - :

ﬁay-out of_plénﬁ.'(Seé dlagram attached)

The plant was housed in an existing concrete building‘arrangod
on a metal framework on the principle of gravitational flow.

L At the top at a distance of 10.50 metres frem the fioof’is'a
hopper for ground phosphate coming from the grinding plant; the
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maximum fineness of Morocco phosphate (Kouribgha) corresponds to
a residue of 10% on sieve No.150.

Below is an automatic weilgher and a volumetric gauge for the
sulphuric acid from a lead chamber plant (Gaillard system.) This
ecid with a density of 1.65 contained 75% of HoS04e On the same
floor are tanks for the recycled phosphoric acid %provided with
colls for re-heating and cooling,) tanks for weak washing acid
and a water-heater for the final washing.

: Further below is the only mixer in which mixing takes place
successively and in an order which can be varled according to re-
quirements. It is a "Dietrich" apparatus of 2,000 litres capacity,
the hemi-spherical bottom of which is double-walled thereby per-
mitting heating with steam at low pressure. The tank for breaking
down the phosphate is of steel lined with lead. (plombe a la
goutte?) The agitator with variable speed is of 18/8 stainless
steel containing molybdenum. The paddles as well as the baffles
fixed to the cover form an anti-froth device. The generated gasesg
are drawn off through steel pipes lined with ebonite and carried
to the washing installation of the superphosphate plant. The
apparatus 1s emptied through the bottom, lead piping conveying the
sludge to the drier placed on the lower floor.

The drier is a "Robatel" apparatus of the two-metre-type
with a very large blade for scraping. With the exception of the
shaft which is yacheted the drier is made completely of 18/8
stalnless steel containing molybdenum. The tank has a diameter
of 2 metres and a thickness of 0.80 metres which gives a filter
surface of about 4.5 me. Thereis no lateral filter surface.

The vessel turns at 500 revs. a minute, the centrifugal
force developed at the perimeter corresponding to 270 g. It is
equipped with a 2 mm stainless steel gauze on which is placed the
"Thermovyl" filter cloth. The latter is polyvinyl chloride(plastiglsed?)
which can withstand a temperature of up to 90° without losing
shape. The chemical resistance of this clcth is 100% and it lasts
several months. ‘ )

When fully charged the thickness of the cake in the vessel
reaches 25 centimeters and the dried cake of sulphate of lime has
a thickness of about 15 centimeters. This thickness, which is
greater than when working with vacuum filters, indicates that the
filtration 1s not as rapid as might be expected, taking into ac-
count the differsnce in pressure between the two types. This
pressure hasy however, the advantage of glving a regular and com-
pact cake without the slightest fissure so that washing is ccmpletc-
ly uniform over the entire surface.

. The removal of the dried cake is effected without stopplng the
vessel by means of a rabble arm in special "Uranus"™ steel operatced
by a hydraulic servo-motor; the removal of 650 to 700 kgs. of
gypsum takes only 2 to 3 minutes, the disintegrated product forming
a molst powder of a conslstency similar to superphosphate.

The drier is mounted on springs on a concrete bed of 40 tons,
which in turn rests on six pillars 2 metres in height by means of
"Amortimems" and "Wisco-freins" contrivances supplied by Ets.
MONNET . Thanks to these devices, an accidental unbalance of the
vessel caused for example, by an irregular charge, may produce
oscillations of the machine of several millimeters' magnitude
without causing any dangercus strain and without transmitting any
vibration to the floor. All the tubing and the driving gear in
connecticn with the drier have of course elastic joints. Once the
machine is moving it consumes only about 15 horsepower units (C.V.)
except at the moment of extraction additional load resulting from
‘the breaking action of the rabble arm. -
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For washlng, Ilnstead of following the usual procedure of
successive washings with dilute acids, followed by water, the
apparatus employed makes it possible to reduce the volume of the
liquid requlred, by effecting the washing in one operation with
a phosphoric acid solution the concentration of which decreases
progressively to nil at the end of the operations. a

This 1s based on the property of certain solutions of phos~-
phoric acid of different concentrations being difficult to mix
(it 1s known that one sometimes finds difficulty in obtailning a
completely homogenous acid by mixing.) It has been observed that
if the solutions enter a vessel slowly and at an approprilate point,
no appreciable mixing takes place and thus it 1s possible to super-
Impose progressively diluted acids and to surmount them by a layer
of water. Diffusion 1s very slow and does not take place in the
course of manufacture.

A simple devlce in a deep tank renders 1t possible to classi-
fy the solutions by density. For the washing of the cake the
solutions are taken from the bottom of the tank in the same order
as they are fed into the tank. '

As a matter of fact, in order to avold stirring up the liquid
when pumping it for the duration of the washing (especially with
pumps without pressure valve where the over-flow 1s returned by
suction) the weak solutions leaving the drier descend by gravity
and classify themselves in a tank on the ground; a pump takes them
up again In the same order and recycles them in a second identical
classifying tank on top of the drier in which they will go through
the following operation.During their passage they are reheated by
a steam coll heat exchanger.

Tﬁe“liquid 1s kept moving by means of vertical Kestner pumps
in stalnless steel. The tublng is in lead or rubber.

The personnel comprises only two workmen one belng at the
mixer and the other at the drier. Control consists of continued
measurements of temperature and density at different points of
the ‘circult as well as of periodical titrations of Po0Og, S04, otc.

oo, yin the clrculating solutions. o

Results obtained.

Since this plant 1s purely experimental no endeavour has becn
made to attain an intensive production. However, periods of regu-
lar operations have made 1t possible to carry out a serles of '
operations each of which lasted about 1.15 hours, both filtration
and drying not exceeding 45 minutes. The drier would have been
capable of dealing with a production of approximately 2.5 tons of
PoOs per 24 hours. '

The filtration speed which varies a great deal according to
the nature of the phosphate used, can, in the case of Morocco
phosphate from Kouribgha, reach more than 100 kgs. of P50y per
square metre of filter surface per hour.

Various quallities'of phosphate have bsen used, especially
hlgerian phosphates from Koulf. In their natural stete they re--
quire only coarse grinding and are readily attacked, but during
attack they form a tenacious froth in voluminous quantities; after
being calcined at low temperatures (350/400°C) to destroy crganic.
matter, this frothing is lessened ‘but both the phosphoric acid . -
and the gypsum assume a dark hue. After decarbonisation at 900°C,
the phosphate no longer froths but ‘requires finer grinding. _
Morocco phosphate, alsc requires fine grinding and produces little
froth. The sulphate of lime always contains less than 1% of PO
on the dry welght and the extraction efficiency of P50g 18 roang
about 97%. ‘ 5 S |



Corroslon resistance of materials.

For reaction at high temperatures at high sulphuric acid con-
centrations lead behaves best, but stalnless steel even when
containing molybdenum sometimes gives rapid corrosion, especlally
in the neighbourhood of welded jolnts.

18/8 stainless steel containing 3% molybdenum and rubber cre
‘fully resistant towards phosphcric acid at 80°C and above. Par-
ticularly for tubing rubber 1s preferable in view of the formation
of scale by the alkaline fluo-silicate on cooling the acid. Owing
to 1ts pliability, rubber permits of easier cleaning than metal.

In this respect it should be noted that the fluo-silicate
content of the acid 1s less if prepared at a higher temperature,
owing to the greater volatilisation of fluorine-containing gasecs
during the attack. For North African phosphates which contain
little silica, volatilisation can be increased by adding to the
mixture small quankities of precipitated silica.

Plastic materials and, in particular, polyvinyl chloride,
(either hard or reinforced semi-pliable) constitute a material
which is of great interest for tubing as the crystalline depcsits
do nct adhere to the surface and can be removed simply by washing.
‘In addition, they have complete chemical neutrality. Unfortunately
these products soften considerably with rlsing temperature.and are
not pressure-resistant. :

Plastic materials containing fluorine may perhaps be a definito

solution of problems of corrosion when it 1s possible to fabricate
them more readily and to reduce thelr price whichsyat present, 1is
too high.

Conclusions.

The pilot-~plant has served its purpose and the experience
gained wlll make it possible to construct an industrial plant of
nermal dimensions In which it will be possible to apply a more
~up-to-date technique with greater chance of success.
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Schema d'une installation pilote pour la fabrication
de l'acide phosphorique par voie humide
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